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Abstract 
This research investigates whether skills development, attitudes towards science, 

interest in lifelong learning about science, and the likelihood of future participation in 

science education and careers, are impacted by participation as a science outreach 

presenter. Local presenters are the heart of the operation team of Science Caravan, the 

most extensive science outreach programme in Thailand run by the National Science 

Museum (NSM). This programme involves students from local high schools or 

universities who volunteer to assist as presenters. About 8,000 presenters have helped 

visitors to be actively involved in science activities. However, little is known about the 

impact of presenting.  

This study employed mixed methods; data were collected in two phases. Phase 

one involved three questionnaires. Two questionnaires were administered to current 

presenters (N = 690), pre-presenting survey (before training) and post-presenting survey 

at 12 locations of the Science Caravan tour between November 2017 and February 2018. 

Also, during the Science Caravan tour, 64 current presenters were observed to assess the 

improvement of science communication skills over their four days of presenting. An 

alumni survey was used to collect data from alumni presenters who had participated in the 

programme. This questionnaire was administered online from October 2017 to March 

2018, and 726 alumni presenters responded. Phase two of data collection was performed 

a month after finishing at each location. This phase involved telephone follow-up 

interviews with 19 current presenters and 19 alumni presenters. Questionnaires, 

observations and interview data were analysed using a combination of descriptive 

statistics, non-parametric and parametric statistics, and thematic content analysis.There 

was significant impact of presenting on the students improved self-confidence and four 

essential skills: communication, problem-solving, critical thinking and interpersonal 

skills. Through a combination of training and immersive experience, presenters perceived 

substantial acquisition of science communication skills and understood some key 

elements of effective science communication. Direct observations over four days of 

presenting confirmed improved science communication skills.  

The results demonstrate that while these presenters already possessed positive 

attitudes towards science, the brief experience of being Science Caravan presenters 

enhanced presenters’ science attitudes in all scales –with more positive attitudes in Self-

concept in science, Value of science to society and Future participation in 
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science, decreased Anxiety about science presenting. Moreover, presenting resulted in 

increased reported interest in life-long learning activities regarding science. This increase 

in life-long learning activities is related to students’ attitude and self-efficacy in science. 

The impact on academic and career plans was directly linked to participants’ 

experience during their tenure in the programme. The results indicate that pre-existing 

participants’ interest in science-related aspirations was strengthened. The experience from 

the programme influenced presenters’ decisions about careers in different ways, such as 

inspiring aspiration, confirming interest in STEM, providing new information for possible 

STEM careers, and developing an appreciation of teaching. Self-concept, self-efficacy, 

education level, and interest in science-related activities are significant predictors of 

intentions of future participation in science.  

Volunteer participation as a presenter in even short-duration events such as 

Science Caravan appears to be an effective model to offer skills development, foster a 

positive attitude towards science, increase interest in life-long learning activities and 

inspire young people to future involvement in science study or science-related careers. 
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Chapter 1 - Introduction  
 

1.1 Introduction 

This chapter introduces this thesis study. The focus of the thesis is the impact of 

participation as a volunteer presenter in informal science settings on presenters’ attitudes 

towards science, lifelong learning, and academic and career choices. The thesis involves a 

case study using a mixed methods approach that reflects a pragmatic worldview. This 

chapter begins with a discussion of learning science in informal contexts, then the value of 

presenting, followed by an overview of the context of science in Thailand and the case 

study of the Science Caravan programme run by Thailand’s National Science Museum. 

This chapter explains the background and rationale of the research and the researcher’s 

motivations in conducting this study. The chapter concludes with a brief description of the 

six chapters that comprise this thesis.  

 

1.2 Learning science in informal contexts 
Experiences in informal contexts for science learning have a uniquely positive 

impact on education because of their ability to promote interest in science in the real world 

(Bell et al., 2009). Informal science learning usually refers to students' learning experiences 

in various out-of-school contexts involving scientific understanding, knowledge, or skills 

development that happens without the presence of a formal education curriculum 

(Livingstone, 2006). It can include science centres, museums, zoos, individuals' homes, or 

any public space (Hofstein & Rosenfeld, 1996; Ramey-Gassert & Walberg, 1994). Other 

forms of science learning outside the classroom can also consist of media sources, such as 

television programmes, books or online engagement (Phipps, 2010). Bell (2009) and others 

classified four kinds for learning taken into consideration: 

1. Everyday learning experiences such as conversations or socialising 

2. Designed settings such as science centres, museums and camps 

3. After-school and adult programmes such as science clubs and personal science 

hobbies 

4. Science in the media, such as information found on radio, television and social 

media 

These forms are settings in which people can obtain knowledge outside of formal learning. 

Out-of-school experiences can increase student enjoyment for learning science 

(Solis Recendez, 2020). Out-of-school programmes are most effective when they are 

https://www.tandfonline.com/doi/full/10.1080/21548455.2011.629455?casa_token=gWHLHB4_FAcAAAAA%3ApeL_S3_V5acM5eTD4g06PHJL4-HhZDLPRsLB-dvdn6tqtV3trWaRppKDsrZ_Yxeham5dxXJfRywc
https://www.tandfonline.com/doi/full/10.1080/09500693.2016.1251631?src=recsys
https://www.tandfonline.com/doi/full/10.1080/09500693.2016.1251631?src=recsys
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learner-centred and focus on real-world applications of knowledge (Worker & Smith, 

2014). Science outreach as an out–of–school programme for students has been designed 

according to the experiential learning theory. 

Experiential learning involves learners’ performing an activity and then processing 

that activity to make a personal and global connection to the learning. John Dewey believed 

that learners accumulate knowledge from their experiences; living and interacting in a 

social environment fosters the development of combined experiences to construct 

knowledge (Roberts, 2003). David Kolb (1984) extended the research of Dewey and others 

by introducing the Lewinian Experiential Learning Model that consists of the four-stage 

continuous cycle (Kolb & Kolb, 2009), commonly referred to as the Kolb Cycle. It 

includes: 

1. Concrete experience: doing/having an experience 

2. Observations and reflections: reviewing/reflecting on the experience 

3. Formation of abstract concepts and generalizations: concluding/learning from the 

experience 

4. Testing implications of concepts in new situations: planning and trying out of what 

students have learned 

Kolb believed that these stages are an ongoing cycle of learning, integrating, knowing, and 

doing. Generally, experiential learning models have similar chronological cycles with five 

phases (Woffinden & Packham, 2001; Yonghui & Hui, 2009): 

1. Experience: Engaging in the interactive activity. 

2. Share: sharing experience with those in their environment. 

3. Process: processing about what has been learned 

4. Generalize: connecting this experience to real-life. 

5. Apply: Applying for similar and different situations. 

Out-of-school experiences are ideal environments for such social interaction. Bevan 

and Xanthoudaki (2008) point out that the main strength of out-of-school environments is 

that they ‘create a stimulating environment for rich learning experiences, social interaction, 

and active exploration’ (Astor-Jack et al., 2006, p.69). Moreover, out-of-school 

programmes are generally less formal than the traditional classroom style and provide 

opportunities for learners to interact on a more personal level with teachers and friends 

(Khisty & Wiley, 2013). Therefore, informal environments are a crucial channel for 

increasing awareness, appreciation, and interest in STEM. 
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Informal science learning has many advantages. It fosters positive attitudes towards 

science and encourages learners to study their interest in a relaxed atmosphere (Kelly, 

2000). Moreover, informal science learning is essential for students to learn about natural 

science and develop essential skills for science learning (Bell et al., 2009). Furthermore, 

learning science in informal contexts may make a significant practical contribution to 

society (Bell et al., 2009). It allows learners from different backgrounds to learn science 

and share ideas and provides opportunities for scientists to communicate with the public 

during such activities and events (Falk, & Storksdieck, 2005; Schwan et al., 2014). 

Therefore, learning in science museums and centres, science festivals, and science 

demonstrations extends the educator role and encourages direct interaction between 

scientists and the public (Braund, & Reiss, 2012). 

 

1.3 Value of presenting 

In the context of this study, presenters are an important group of people who interact 

with visitors in science museums, science centres and outreach programmes. Rodari and 

Xanthoudaki (2005), and Johnson (2005), describe presenters’ multiple functions, 

including welcoming or facilitating, encouraging visitors to be actively involved in 

activities, preparing materials, and ensuring visitor safety. Kamolapattana (2016) reports 

that the presenters’ role is to promote an atmosphere whereby visitors engage in 

communication and interaction.  She pointed out that the main role of presenters is to 

facilitate or co-learn with visitors, connecting the visitor with scientific knowledge through 

guidance or encouragement. Kamolpattana (2016) summarised three vital skills or areas of 

knowledge required by presenters when they interact with visitors: knowing their visitors, 

communication skills, and scientific content. These finding are in line with the essential 

elements of science communication with a focus on the audience. Science communicators 

should understand who the audience is in order to make the story relevant and interesting 

in terms of choosing appropriate language, as well as using an appropriate style and 

platform to communicate (Longnecker, 2016; Mercer-Mapstone et al., 2017). Moreover 

Bray et al. (2012) report that science communicators need to have a good understanding of 

the nature of science in order to be able to design and create appropriate and efficient 

resources for their audiences; if one understands something well enough, they can more 

easily explain it. 

https://www.tandfonline.com/doi/full/10.1080/09500693.2016.1251631?src=recsys
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Science museums can have substantial impacts on science literacy, skills and 

abilities, and career development by having students being presenters (Motto, 2008; 

Storksdieck et al., 2002). Storksdieck et al. (2002) investigated the impact of the Science 

Career Ladder Programme at the New York Hall of Science with 107 alumni presenters in 

which 70% of respondents had contributed in the programme for over one year. The authors 

reported that the alumni presenters developed self-confidence, communication skills, math 

and science knowledge, and teaching skills. Sickler and Johnson (2009) conducted a 

retrospective survey on the same programme as the Storksdieck et al. (2002) study, with 

164 alumni presenters.  They found, similarly, that the experience as a presenter helped 

students developed knowledge, skills and confidence in giving oral presentations, and 

presentations, and in developing interpersonal, critical thinking and problem-solving skills 

(Sickler & Johnson, 2009). Approximately 90% of respondents in Sickler and Johnson’s 

study had stayed within the programme over six months.  Additionally, a large proportion 

of alumni (n = 79) in their study had gone on to choose careers and majors in science and 

education.  

In another study by Diamond et al. (1987), students who contributed to the 

Exploratorium’s Presenter Programme for at least four months had greater curiosity, 

interest and self-confidence in learning science. They suggested that because presenters can 

touch, manipulate, and visualise phenomena in the exhibits, science is seen differently from 

the way they have learned it in classroom. Moreover, the authors pointed out that the 

Presenter Programme influenced ‘Communication and Self-esteem’ of presenters. The 

experience made them feel important, indicating that teaching plays an influential role in 

improving the presenters’ self-esteem (Diamond et al., 1987). They also suggested that 

science museums through relatively short-term programmes may be able to play a profound 

role in stimulating presenters’ social development, communication abilities and interest in 

science. This raises a question as to whether even short-term presenting experiences can 

have a similar impact. 

Participating in science outreach as presenters plays an important role in improving 

essential skills for science communication and self-confidence in undergraduate and 

postgraduate students (Illingworth & Roop, 2015; Mackay et al., 2020). For example, Beck 

et al. (2006) assessed the immediate and long-term impact of participating in an outreach 

‘Young Scientist Programme’ (YSP) in the USA. They found that medical students and 

postgraduate students volunteering in this programme ranked teaching, mentoring, and 
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communication as the most valuable skills acquired through participating. In a recent study 

in the USA by Clark et al. (2016) on an outreach programme, ‘Present Your PhD Thesis to 

a 12-Year-Old,’ almost all of the presenters surveyed indicated that the programme 

improved their ability to explain their research and their speaking skills to a general 

audience. The researchers point out that this is an unsurprising outcome as a postgraduate 

student in this programme spends time and effort generating a simplified presentation of 

their study. Furthermore, over 70% of presenters in ‘Present Your PhD Thesis to a 12-Year-

Old’ programme stated that the programmes were worthwhile and gave them new 

perspectives on their studies (Clark et al., 2016). 

Being a science outreach presenter influenced the career paths, and professional 

identities of science postgraduate students (Beck et al., 2006). A retrospective evaluation 

done by Beck et al. (2006) surveyed past volunteers in the Young Scientist Programme 

(YSP) at Washington University in the USA. They found that teaching experience was 

selected as one of the most significant benefits of the programme.  Additionally, Beck et 

al. (2006) revealed that one- third of YSP’s former volunteers continue to participate in an 

outreach in their community throughout their careers.   A qualitative study by Laursen et 

al. (2012) on the Science Squad, an outreach programme in the USA, indicated that 

contributing as a presenter for one to six semesters provided STEM graduate students with 

essential skills for being scientist-educators. Presenters also reported that the experience 

confirmed their career plans and gave knowledge and skills required in their chosen path. 

Moreover, in the same study, participation facilitated postgraduate students with alternative 

career directions by providing a low-risk chance to explore career alternatives or providing 

an opportunity to explore new professional choices in science.  For example, some students 

discovered that they were happier and better at teaching than doing research. Similarly, 

Diamond et al. (1987) pointed out that contributing as a presenter in a museum helped 

students clarify their ideas about their desires in an occupation. 

It is clear that the experiences of presenting in outreach or museum programmes 

can develop science communication skills and other essential skills as well as influence 

academic and career decision-making. However, what is not known is whether short-term, 

one-off experiences can have a similar impact.  The following section discusses the context 

of the thesis, and describes a short-term (six days) presenting programme that are the focus 

of this study.  
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1.4 Thesis context 

1.4.1 Science in Thailand and attitude towards science 
On August 18th each year ‘Thai National Science Day’ is celebrated.  This date was 

chosen to commemorate the day in 1868 that ‘The Father of Thai Science’, King Rama IV 

of Thailand had predicted that a solar eclipse would take place in the Southern province of 

Thailand (Chen, 2014). The King made this accurate prediction over a century before there 

were any calculators. With a keen interest in and comprehension of science and astronomy, 

the King proved to the people that an eclipse was a scientific phenomenon and can be 

predicted through scientific knowledge (Chen, 2014). King Rama V, his son, realised the 

importance of science and technology and carried on his father’s policy of transforming 

and developing Siam into a modern and progressive nation (Triyarat, 2017). 

Achievement in science is often is often associated with the level of development 

of a country, and is seen to be a symbol of progress (Konrad & Wahl, 1990). Countries that 

are world leaders succeed in science and technology (National Research Council, 2003). In 

Thailand, the government aims primarily to succeed as a developed country through 

scientific knowledge to support sustainable development, to improve the quality of living, 

and to promote the potential of its citizens. Therefore, the Thai government has continued 

to promote development in science, technology and innovation (UNCTAD, 2015). 

There is a strong correlation between a country’s economic well-being and its 

number of engineers and scientists (Osborne, 2003). For example Germany, Japan, 

Australia, and New Zealand are known as developed countries, with 4,380, 5,386, 4,814, 

and 4,009 researchers per million people respectively, while Thailand, a developing 

country, had just 974 researchers per million people (UNESCO, 2017). Economic 

performance can be driven by scientific advancements. Many young people think science 

careers are less creative and less people-oriented than other popular career choices because 

of common misperceptions that science is a difficult, uncreative, and socially isolating 

pursuit (Masnicka et al., 2010). Due to a lower number of students who graduate in science 

and technology, Thailand currently faces a shortage of qualified science and technology 

graduates and trained technicians, as well as inadequate promotion of the entrepreneurial 

and innovation skills required by an innovative economy (UNCTAD, 2015). A 2008 survey 

of Thai Public Opinion on Science and Technology was conducted with 5,800 new 

graduates from large cities, and demonstrated that barely 0.2% of respondents intended to 

start scientific careers (National Statistic Office Thailand, 2008). 
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In Thailand, the number of Thai graduates in science and technology is low 

(Suranaree University of Technology, 2015). In 2015, the percentage of high school 

students studying science and technology was 55%, whereas the percentage of studying 

social science and humanities was 45%. In higher education, however, only 32% of students 

were studying science subjects (Suranaree University of Technology, 2015). The difficulty 

of the science curriculum is the foremost barrier, and many students decide to pursue other 

studies after finishing high school. Pruekpramool et al., (2011) found that science was 

considered a favourite subject by few students, and in some cases, they rated it low as it 

seemed complicated and harmed their overall grade.  

Students' attitudes towards science are one of the critical determinants in 

successfully learning science  (George, 2006). Holding positive attitudes are related to 

student interest in science education and science-related careers (Harrison et al., 2011). A 

study by Yuenyong and Narjaikaew (2009) indicated that Thai students and adults have a 

positive attitude towards science in general and recognise the significance of science and 

technology in their daily lives and their country’s development. Another survey by the 

National Statistics Office of Thailand (2008) with 5,800 respondents showed the public 

opinion on science and technology that 93.5% of respondents perceived that ‘science plays 

an important role in daily life’, and 90.7% agreed that ‘science and technology lead to a 

better quality of life’. Also, 87.9% believed that ‘science and technology are important to 

develop the country’. Even though the results from these surveys showed that many people 

in Thailand acknowledge the importance of science and technology, they make a decision 

not to study science or embark on scientific careers. 

To summarise, science and technology education is essential for Thailand 

(Yuenyong & Narjaikaew, 2009). The Thai government is exploring directions to motivate 

young people to become interested in science and proceed to study science and technology 

to enhance the number of workers in this area in order to improve the country’s 

development (Quality Learning Foundation Thailand, 2015). Science education via 

different platforms, including informal learning is seen as a key way to encourage young 

people to realise the importance of science and promote positive attitudes towards science 

study, science literacy and scientific skills and other skills needed in a young Thai 

population for the country’s development. 
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1.4.2 Case study context: NSM Science Caravan 

This study focused on Science Caravan, an outreach programme by the National 

Science Museum (NSM) Thailand. Over more than ten years, about 8,000 presenters have 

facilitated and encouraged approximately 1,000,000 visitors to be actively involved in 

science activities. National Science Museum, Thailand, a state enterprise under the 

umbrella of the Ministry of Science and Technology, has developed a number of activities 

to promote 21st century skills (see section 2.2.1) across their four museums; Science 

Museum, Natural History Museum, Information Technology Museum, and NSM Science 

Square at the Street Ratchada. However, these four museums are located in central 

Thailand. This means the majority of Thai youth find it difficult to access these services. 

To serve Thai youth across the country, Science Caravan was initiated in 2006 to 

inspire science and promote public awareness of science and technology in Thai students 

in rural communities, as well as encourage skills development regarding creativity, 

thinking, problem-solving and science process skills. Science Caravan is a large-scale 

science outreach programme, bringing 60-80 science exhibits and hands-on activities, 

science shows, two science labs, a mobile planetarium, and professional teacher training to 

rural communities in at least 20 Thai provinces each year (see Figure 1.1). Selected 

locations, mostly universities and schools, are planned three years ahead of time by working 

cooperatively with local government offices.        

Figure 1.1 A typical setting of the exhibition space of Science Caravan 

A typical model of science outreach programme involves science lab outreach or 

mobile laboratories, often with one topic or type of activity provided for students, one 

example being chemistry outreach operated by the University of Otago, New Zealand. 

Many mobile museums feature a travelling-bus/tractor trailer-style programme with built-

in exhibits inside the vehicle and allow visitors to come inside and participate in the 
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exhibition inside, such as Lab in a Box operated by the Otago Museum. The Science 

Caravan has a 40-foot tractor-trailer, but this is used to carry freight to the target venues; 

this includes all exhibits, a loudspeaker system, tools, and materials for exhibiting and 

organizing the programme.  

The Science Caravan has developed a programme of volunteer presenters and works 

with local communities by offering an opportunity at each venue to 60-70 local high school 

or undergraduate students who volunteer to assist Science Caravan as a presenter. Since 

basic science knowledge is a requirement for presenters, the majority of presenters were 

recruited from science major undergraduate students or high school students studying in 

science stream who have basic science knowledge. The programme for presenters aims to 

foster science communication skills, interpersonal skills, problem-solving skills and critical 

thinking skills – essential skills for learning, life, and career. 

At each location, Science Caravan is run from 8.30 am - 4.00 pm., Tuesday – Friday. 

A Science Caravan trip starts on a Saturday morning as a transportation day to a target 

location.   On the Sunday and Monday, 60-70 local presenters receive two days of training 

from NSM staff in essential science communication, natural science, and how to think 

critically to solve expected problems that could be happening in the Science Caravan. 

During the science communication training, presenters are valued as being part of a Science 

Caravan programme in inspiring science to visitors, as well as developing their own skills.  

After receiving training, each presenter is assigned to exhibits or activities which 

they are responsible for from 8.00 a.m. – 4.30 p.m., Tuesday– Friday with 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 (Figure 1.2). On Friday afternoon, after 

4.30 p.m., all exhibits are disassembled and put into containers by the logistics company. 

The next cycle begins with transport on Saturday morning to the next location.    
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Figure 1.2 Presenters are given feedback of their performance. 

       

1.5 Motivations for the research 

During my ten years working as a science communicator at the National Science 

Museum (NSM), Thailand, my mission was to enhance knowledge, understanding, 

imagination and skill in science and technology through scientific exhibits, activities, 

science communication and research. My responsibilities were broad ranging including 

development of science activities, short-term educational programmes, professional 

development for science communication, and production of science television programmes 

for young children. I accumulated valuable work experience in science communication 

through developing science communication workshops, writing scientific articles, 

developing scientific contents for digital media online, such as e-exhibitions, and working 

intensively to develop exhibitions. All of these serve the main purposes of the organisation: 

to inspire and encourage both children and the general public to develop an interest in 

science. Here I had opportunities to travel across Thailand to help my team organise the 

Science Caravan programme. In addition to students who visit the programme, students 

who volunteer to be presenters in the programme obtained benefits.  

During this experience, I particularly observed that some of the presenters whom I 

mentored during the programme developed communication skills and interpersonal skills 

as a result of their presenting. Anecdotal evidence from speaking with alumni presenters 

who revisited the programme showed that alumni presenters were inspired to study science 

in the future and some developed a love of teaching. Some of them connecting via personal 

Facebook went on to study science. This sparked my curiosity about whether or not the 

programme affected those presenters to change their attitudes towards science, interest in 

lifelong learning about science, or academic and career decision making. I also wondered 



12 

 

what skills they gained from being presenters, and whether or not those skills were useful 

for them beyond the programme in their life. These thoughts and observations guided the 

focus of this thesis research, with the structure of the thesis explained in the next section. 

 

1.6 Structure of thesis 

This thesis consists of seven chapters, with an outline of the following six chapters given 

below. 

Chapter 2: Literature review  

In this chapter, the first part reviews the background context for this study, situating the 

study in the literature and identifying gaps to which the thesis research contributes. The 

second half discusses theories that guide the research design, including Social Cognitive 

Theory, the Theory of Planned Behaviour, Interest development, and the Expectancy-Value 

Theory. Each theory is considered in relation to generic skills development, attitude 

towards science and factors affecting STEM studies and career choices. The research aims 

and questions are then presented.  

 

Chapter 3: Methodology 

This chapter describes the research design and methodology of this study, which employed 

mixed methods. It presents the development of questionnaires, interview protocols and the 

observation instrument. Additionally, it describes the methods used for research data 

collection and data analysis and provides demographics of participants. Ethical issues 

associated with the research are discussed. 

 

Chapter 4: Knowledge and skills development through presenting 

This chapter is the first of three findings chapters, focusing on how participation in 

presenting resulted in developed essential skills, self-confidence and knowledge. It also 

looked at the perceived usefulness of skills gained from the programme in participants’ 

education and careers.  

 

Chapter 5: Attitudes towards science and life-long learning behaviour 

Changes in attitudes towards science after participating in the programme are described in 

this chapter. Gender and education level are key variables which affect the students’ 

attitudes to science. The data analysis shows the increased interest in life-long learning 
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activities about science. Attitudes towards science and beliefs about self-efficacy are found 

to be the main predictors of intended life-long learning behaviour regarding science. 

 

Chapter 6:   Academic and career decision-making 

The findings in this chapter show that participating as a presenter can strengthen 

participants’ interest in science, and inspire them to pursue STEM education and careers, 

as well as explain reasons of how the Science Caravan programme influenced their 

academic and career choices. Moreover, Chapter 6 presents the analysis of variables 

affecting students’ future participation in science. 

 

Chapter 7: Conclusions, implication and future research 

Chapter 7 presents conclusions and integration of the main finding of each research 

question in order to illustrate the interrelationships among theories, concepts, empirical 

evidence, and research findings of the present study. Additionally, it proposes 

recommendations for implementation and future research. 
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Chapter 2 – Literature Review 
 

2.1 Introduction 

This thesis study examines the impact of participation as a presenter in informal 

science settings on presenters’ attitudes towards science, lifelong learning, and academic 

and career choices. The literature review presented in this chapter focuses on essential skills 

for the 21st century, concepts related to attitudes towards science in different contexts, 

lifelong learning and factors contributing to STEM learning and career orientation. There 

is then an overview of the theories that helped guide this research, including Social 

Cognitive Theory, the Theory of Planned Behaviour, Interest development, and Expectancy 

Value Theory. At the end of the theoretical framework section, these theories are integrated 

to provide a framework for this study. This chapter also explains the significance of the 

research and concludes with this study’s aim and research questions. 

 

2.2 Conceptual framework 

This section investigates the conceptual perspectives that have informed the thesis. 

It comprises four main topics associated with the expected impacts of participating in the 

Science Caravan programme. First, skills for 21st century section explains the essential 

skills students need for success in the 21st century and how experts support students with 

to develop those skills. Second, a section on attitudes towards science investigates the 

significance of science attitudes, definitions, attitude measures, and research findings. 

Third, the definition of lifelong learning and its importance is assessed. Finally, four factors 

contributing to STEM education and careers are examined. The concepts presented within 

this chapter are relevant to all four research questions.    

2.2.1 Cultural contexts  
 

Culture implies patterned ways of thinking, feeling, and acting reflected in the 

values, behaviours, and practices that differentiate members of one group from other groups 

(Thapatiwong, 2011). Parrish and Linder-VanBerschot (2010) argue that sources of 

thinking, feeling and acting can be seen at several levels. They describe human nature as 

unique to the individual, an essential foundation for all people, shaped by cultural 

influences and personality (Hofstede et al., 2010).  

Cultural aspects potentially play an important role in shaping people's learning and 

an educator's teaching strategies (Parrish, & Linder-VanBerschot, 2010). In a meta-
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analysis, Marsh et al. (2015) evaluated the internal/external frame of reference model of 

self-concept and achievement relations with fourth and eighth graders in 13 countries based 

on data of the Trends in International Mathematics and Science Study (TIMSS). The 

authors found weaker achievement-self-concept relations for students in the Middle Eastern 

Islamic countries than Asian and Western countries, particularly for the younger age cohort. 

They concluded that those Middle Eastern Islamic students do not receive as much 

evaluative feedback about their achievement as do Western and Asian students and are not 

socialised in such a way as to evaluate their academic skills with classmates critically. 

In Thailand, a hierarchical system has influenced the learning of Thai students in 

classroom environments. Students prefer to keep quiet during class and avoid asking or 

answering questions (Bogart, 2012). Furthermore, Thai students are taught to be respectful, 

non-aggressive, accepting and tolerant (Deveney, 2005). Kainzbauer and Hunt (2016) 

pointed out that the hierarchical nature in the Thai context inhibits communication in 

classrooms as students are unwilling to criticise or even question their teacher. The 

hierarchical system also influences staff in workplaces. Junior staff might avoid asking for 

clarification in meetings and be unwilling to disturb supervisors or people more senior 

(Holmes, & Tangtongatavy, 1995; Kainzbauer, & Hunt, 2016).  

Thais are aware of protecting other's feelings and respecting (face-saving) as a key 

way to maintain their relationships socially (Kamolpattana, 2015). For example, teachers 

implement humour to deliver negative feedback to students in a one-on-one discussion 

(Kainzbauer & Hunt, 2016). Furthermore, Thai students prefer sitting quietly and listening 

to their teachers (Deveney, 2005) and are reluctant to signal a contribution, even with their 

body language. Whereas in western classrooms, it would be usual for students to highlight 

or discuss mistakes, in Thai culture, a student hesitates to show any form of error on the 

part of others. Despite this social acceptance that errors should not be highlighted, it is 

expected that students avoid answering questions, even when they are confident of a correct 

answer, in case they seem foolish and 'lose face' with their friends if the answer is incorrect. 

 

2.2.2 Skills for 21st century  
The world economy in the 21st century has dramatically shifted from the industrial 

age, turning natural resources into products, to the Knowledge age, turning information, 

expertise and technological innovation into services we need. This requires the skills of 

workers in the job market to change from routine manual labour to expert thinking and 

complex communication (Trilling & Fadel, 2009). This global economy offers a 

https://www.sciencedirect.com/science/article/pii/S1041608017300134?casa_token=fi0vZAmXadoAAAAA:f7FAIPD4NRlsSS77va5TNU2dBmDtLrbKp8DcUro9QcI0wKWDh5hrw-EWLF-O4hBwOhnVlrU#bb0205
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tremendous opportunity for those who have the skills to take advantage of it (Kay, 2010). 

Doing well on examinations in school no longer guarantees a permanent job or career as it 

did for the previous generation. 21st century skills are needed in an era in which work, and 

life requires students who are already equipped with those essential skills. Companies, 

educators, policymakers, and others are requesting schools and universities to promote “21st 

century skills,” which are required skills for life, career, and citizenship (Hilton, 2015). 

Therefore, integrating these essential skills in the education system seems to be a vital 

component for preparing students to experience the global challenges of the 21st century. 

Consequently, over the last decade or so, universities have developed graduate profiles, 

detailing the range of attributes (knowledge, skills and abilities), that they aim to develop 

in their students, so their graduates are well equipped for work and society (Clanchy & 

Ballard, 1995). 

Mastery of key subjects is necessary for student achievement (Partnership for 21st 

Century Learning, 2019). Key subjects refer to the key subject knowledge that is necessary 

for student success in the 21st century and includes English; reading; or language arts; world 

languages; arts; mathematics, economics; science; geography; history; government; and 

civics (Partnership for 21st Century Learning, 2019). Apart from subject knowledge, 

individual learning skills are considered particularly important in the twenty-first century. 

According to Trilling and Fadel (2009), 21st century skills comprise three main skillsets, as 

shown in Table 2.1: 

a. Learning and innovation skills 

b. Information, media and ICT (information, communication, and technology) skills   

c. Life and career skills 

 

Table 2.1 Components for each set of 21st century skills (adapted from P21 2019) 
Skill sets Learning and 

innovation skills 

Information, Media, 

and Technology 

Skills 

Life and career 

skills 

12 components • Creativity and 

Innovation 

• Critical Thinking 

and Problem 

Solving 

• Communication 

• Collaboration 

• Information 

literacy 

• Media literacy 

• ICT (Information 

and 

communication 

technology) 

literacy 

 

• Flexibility and 

adaptability 

• Initiative and 

self-direction 

• Social and cross-

cultural skills 

• Productivity and 

accountability 

• Leadership and 

responsibility 
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 The learning and innovation skills set includes four components comprising both 

knowledge and skills. These include critical thinking and problem-solving skills, 

communication, and collaboration skills, and creativity and innovation (Partnership for 21st 

Century Learning, 2019). Students must have the ability to use technology to develop 

content knowledge and skills in the context of learning core subjects (Dede, 2010). 

Information, media and technology skills consist of three key components: information 

literacy (IL), information and communication technology (ICT) skills, and media literacy 

(Partnership for 21st Century Learning, 2019). Life and career skills assist students to cope 

with their life and work environments (Chu et al., 2017). On top of content knowledge and 

thinking skills, the Partnership for 21st Century Learning (2019) has identified five skill 

elements for life and careers including flexibility and adaptability, initiative and self-

direction, social and cross-cultural interaction, productivity and accountability, and 

leadership and responsibility. These will help learners get ready for challenging working 

environments. 

 

According to Geisinger (2016), apart from the fundamental skills of reading, 

writing, interpretation, and synthesis, 21st century learning and assessment are essential to 

be emphasised. One approach to fostering 21st century skills is to focus on creativity and 

innovation skills, creating new and worthwhile ideas, as well as elaborating, refining, 

analysing, and evaluating students’ own ideas. This can then improve and maximise 

creative efforts; critical thinking and problem-solving skills such as the capacity to find, 

analyse, synthesise, and apply knowledge to new situations; the ability to communicate 

effectively in multiple styles and environments; and interpersonal skills that enable 

individuals to collaborate with others and demonstrate ability to work effectively and 

respectfully with diverse teams (The Partnership for 21st Century Learning, 2019; Darling-

Hammond et al., 2020). Ability to work with others and positive communication are also 

profoundly valued in the workplace, as employers consistently assert that effective 

communication is one of the most valued attributes in workers (Nagaoka et al., 2014). 

Engaging students in scientific processes may help them develop 21st century skills 

(National Research Council, 2010). For example, developing and presenting scientific 

content based on empirical evidence, as well as dealing with questions appropriately about 

an argument, involves complex communication skills and non-routine problem-solving 

skills. Scholars in science education have indicated that developing the 21st century skills 

demands a different manner of teaching and learning than that emphasised in prior eras of 
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education, when learning was conceptualised as the possession of facts, and teaching as the 

transmission of information (Darling-Hammond et al., 2020). Providing a learning 

environment that is relevant to the real world will help inspire students to obtain the 

knowledge and skills the 21st century demands (Kay & Greenhill, 2011). 

Pedagogical approaches fostering 21st century skills have been developed through 

applying content to new situations and problems, the creation of ideas and solutions, and 

collaborative problem-solving (Darling-Hammond et al., 2020). For example, the DEEPER 

framework of scaffolding Science, Technology, Engineering, and Mathematics (STEM) is 

collaborative problem solving, and consists of six problem-solving steps: Define, Explore, 

Explain, Present, Evaluate, and Reflect (Antonenklo et al., 2011). The DEEPER framework 

also provides supports for information, media, and technology skills, as well as life and 

career skills (e.g. social skills, initiative, flexibility and adaptability), with important 

implications for both K-12 and college science education (Antonenko et al., 2014). Wan 

Husin et al. (2016) examined the changes in 21st century skills among 125 secondary school 

students after participating in the Project-Oriented Problem Based Learning approach, an 

integrated STEM education programme in Malaysia. They found that the level of 21st 

century skills (digital age literacy, inventive thinking, and effective communication) among 

the students increased significantly. Furthermore, for success beyond the school, students 

also require positive mindsets, and social awareness, along with strategy use, goal-setting, 

and self-regulation that they have developed and internalised through experience; they must 

be able to apply these to new and uncertain environments and tasks (Nagaoka et al., 2014). 

The Thai government recognises the importance of preparing the human resource 

to support changes and competitions in the 21st century by setting national strategies for 

development and strengthening of human resources for the period 2018-2037. The aim of 

the strategy is to develop Thai people of all ages in a multidimensional manner to become 

competent, skillful, and quality citizens through improving learning opportunities to 

encourage lifelong learning and development of learning skills, thus developing 21st 

century skills (National Strategy Secretariat Office, 2018). To support this national 

strategy, many organisations in Thailand which are related to the education system, such 

as the National Science Museum, Thailand (NSM), are developing projects and activities 

to foster these skills in order to prepare young citizens confronting the 21st century work 

world. 
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2.2.3 Attitudes towards science 
Poor public attitudes towards science have been a concern of researchers in science 

education for more than 40 years (Shah & Mahmood, 2011; Tytler & Osborne, 2012).  

Science careers are not popular, with many young people having general perceptions that 

science careers are less creative and less people-oriented, thinking that science is a 

problematic, uncreative, and socially isolating pursuit (Bennett & Hogarth, 2009; Masnicka 

et al., 2010). Yet scientific advancements require scientists and economic performance can 

be driven by scientific advancements. Therefore, negative attitudes towards science may 

have potentially detrimental effects on both personal and national prosperity (Osborne, 

2003).  

Negative attitudes about studying science are of concern to governments around the 

world (Venville et al., 2013), and the issues have been raised to find a solution to increase 

students’ positive attitudes towards science (Kind et al., 2007). A previous study involving 

both undergraduate students majoring in science and those majoring in something other 

than science, unsurprisingly showed that science students have more positive attitudes 

towards science than non-science students (Gogolin & Swartz, 1992). The question for 

science policy and education is how to persuade more young people to pursue science 

studies and careers. One of the key factors in science education is students’ attitudes 

(George, 2006). Attitudes are positively connected with student achievement. A positive 

attitude can motivate student interest in science education and science-related careers 

(Harrison et al., 2011; George 2006). Some studies, including Simpson and Oliver (1990), 

Wilson (1983), and Soyibo (1985) have illustrated that students’ positive attitudes towards 

science correlate highly with their science achievement. Therefore, science education 

should pay attention to increasing students’ interest in science and positive science attitude, 

and this should start in primary school (Van Driel et al., 2001). The subsections below 

consider attitude in more detail, first providing a definition, then discussing measures of 

attitude and thirdly, research findings on attitudes towards science.  

 

2.2.2.1 Definition 

Attitude is a complex construct. A definition of attitude given by Reid (2006) 

describes it as “a knowledge about the object, the belief, idea components (cognitive); 

feeling about the object, like or dislike component (affective); and a tendency towards 

action, the object component (behavioural)” (p.4). The structure of attitude constructs can 
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be distinguished into three elements: cognitive, affective, and behavioural (Brown, 2006; 

Fazio & Olson, 2007). 

Attitudes are evaluative (positive or negative) reactions to people, issues, or objects. 

In other words, attitude means a judgment of something in the emotional domain, such as 

good or bad, important or unimportant, pleasant or unpleasant (Kind et al., 2007). In 

addition, attitudes are generally, but not always, associated with one’s behaviour. Positive 

attitudes are joined with approach tendencies, and negative attitudes are linked to 

withdrawal and avoidance (Brown, 2006).  

Tytler and Osborne (2012) explain that attitudes towards science are a complex 

concept with several dimensions, including positive attitudes towards science and 

scientists, science learning experiences, science activities, and the pursuit of science 

careers. Moreover, attitude towards science consists of a large number of sub-constructs. 

As Osborne et al. (2003) cited in their review, many studies incorporated a range of 

components in their measure of attitudes to science including the perception of the science 

teacher, anxiety towards science, the value of science, self-esteem about science, 

motivation towards studying science, enjoyment of science, attitudes of peers and friends 

towards science, attitudes of parents towards science, the nature of the classroom 

environment, achievement in science, and fear of failure in science studies. This diversity 

can lead to uncertainty about which aspects of attitude are under investigation within 

research studies (van Aalderen‐Smeets et al., 2012). Also, there is no universal agreement 

on the specific dimensions that make up the concept of attitude towards science (Kind et 

al., 2007). Thus, caution is needed in selecting items and constructing an instrument to 

measure ‘attitudes towards science’; researchers must be clear which dimensions of attitude 

the instrument is measuring and not assume that ‘science attitude’ is unidimensional 

(Hillman et al., 2016). 

Osborne et al. (2003) noted that there is a difference between attitudes towards 

science as described above and scientific attitudes. Scientific attitudes are defined as certain 

scientific actions or logic. A scientific attitude is an approach where one responds 

consistently, reasonably and objectively in specific ways to a problematical circumstance. 

It is the ability to do something in a way that relies on established principles rather than 

unproven principles. An individual with a scientific attitude will minimise irrationality and 

acceptance of unverified assumptions and mass opinions which have no empirical evidence 

(Olatoye & Aderogba, 2012).  
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To summarise, people with a scientific attitude are not necessarily scientists, but 

they habitually reflect, work and demonstrate traits that are characteristic of scientists. In 

contrast, attitude towards science indicates a commonly positive or negative feeling 

regarding science – whether an individual likes or dislikes science (Crawley & Koballa, 

1994; Olasehinde & Olatoye, 2014). This study focuses on participants’ attitudes towards 

science, specifically as impacted by their involvement with a science outreach programme, 

NSM Science Caravan in Thailand. 

 

2.2.2.2 Attitude measures 

Brown (2006) notes that attitudes do not have a physical basis; they are 

hypothetical, cognitive structures and unobservable constructs. Researchers infer that a 

person holds an attitude by measuring the respondent's reaction to a statement or object. 

The self-report format is the most common approach to measure attitude; respondents 

express their attitudes in verbal or written ways. There are several procedures to measure 

using scales, including Thurstone, Likert, and Semantic differential methods (Brown, 

2006).  

Likert-type scales are commonly used measures of attitudes towards science. This 

often involves participants responding to statements that relate to a topic using a three to 

seven-point choice ranging from strongly agree to strongly disagree (Kind et al., 2007; 

Osborne et al., 2003; Lovelace & Brickman, 2013). Another procedure is the Thurstone 

method, which involves a panel of judges giving value to each statement; participants then 

select scaled statements that best reflect their opinions. This method requires time and is 

cumbersome. The third approach is the Semantic differential method that involves 

participants giving judgments about an issue represented by opposite words, for instance, 

good/bad. This focuses on respondents' feelings rather than beliefs and behaviours (Kind 

et al., 2007; Brown, 2006). 

Many studies have shown potential weaknesses of attitude measurement within a 

quantitative approach (Kind et al., 2007; Osborne et al., 2003). Potential weaknesses 

include a lack of precision of definitions, poor design of questionnaires and person answer 

questions within the questionnaire, incompetent to address matters of reliability and 

validity appropriately, and lack of standardisation of the questionnaire (Bennett et al., 

2000). To avoid potential shortcomings, any new instrument needs to be tested for 

reliability and validity. Cronbach's alpha is widely accepted as a way to measure internal 
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consistency or reliability of a psychometric instrument (Tytler & Osborne, 2012). There 

are numerous studies regarding students’ attitudes towards science in which researchers 

have adopted instruments from inventories, while others have developed instruments to suit 

their particular purposes and context (Kind et al., 2007; Venville et al., 2010), such as  

attitudes towards science and gross anatomy (Plaisant et al., 2014), and attitudes towards 

science learning (Lovelace & Brickman, 2013; Shah & Mahmood, 2011;).  

 

2.2.2.3 Research findings 

In general, many factors contribute to students' attitudes towards science, such as 

gender, extra-curricular activities, parental or carer involvement and classroom 

environment (Osborne et al., 2003). The relationship between gender and science learning 

has received extensive attention for many years. For example, older research has shown 

that male students in Australia had a more positive attitude than females towards science, 

and had higher achievement scores (Rosier & Barkis, 1990). Similarly, Catasambis (1995) 

used data from a sample of approximately 1,052 schools and 24,500 of eighth-grade 

students in the USA and found that female students had less positive attitudes toward 

science, participated in fewer relevant extracurricular activities, and aspired less often to 

science careers than males; however, female students did not lag behind their male 

classmates in science achievements tests. The same results of girls having a less positive 

science attitude than boys were shown in a longitudinal study in the USA by George 

(2000). George’s study revealed that boys have higher initial status on attitudes toward 

science in middle high school, but their attitudes dropped faster than girls in high school. 

This is not in line with the study in the UK by Kind, Jones, and Barmby (2008), who found 

that the decline in science attitudes was more noticeable for female than male students. 

Similarly, Becker (1989) and Weinburgh (1995), in a meta-analysis of research from 1970 

to 1991, concluded that of all variables that may affect attitude towards science, gender was 

the most significant. In a meta-analysis of eighteen studies representing 6,753 students, 

Weinburgh (1995) reported that boys consistently exhibited a more positive attitude 

towards science.  

A longitudinal study done by Breakwell and Robertson (2001) examined whether 

differences in attitudes towards science between males and females (aged 11-14 years) in 

the United Kingdom changed over a 10-year period. Their studies showed that males had a 

more positive attitude and better performance in science as compared to females. Boys also 
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engaged more in extracurricular science activities and liked science more at school. In 

addition to the science attitude level, gender also plays an essential role in science course 

decisions. Farenga and Joyce (1998) found that attitudes towards science were a crucial 

predictor for the number of science courses preference for females, but not for males. Also, 

Hassan (2008) found that male pupils obtained higher scores in motivation, enjoyment of 

science, and self-concept of ability, whereas female students showed higher scores for lack 

of anxiety. 

In addition to gender, there are other factors influencing students' attitudes towards 

science. Gibson and Chase (2002) showed a longitudinal impact of an inquiry-based, 

hands-on science programme, when attitudes towards science increased significantly, and 

students maintained more positive science attitudes and a higher interest in science careers 

than students in a control group. These findings align with those of studies where there 

were positive impacts on students' interest in science and thus an eagerness to learn science 

by using science-based activities (Laursen et al., 2007). Chen and Howard (2010) found 

that there were positive changes in students' attitudes and perceptions towards scientists 

after they experienced live simulation or innovative instructional activities. Their results 

support the suggestion of Siegel and Ranney (2003) that it is possible to increase students' 

positive attitudes about science by using innovative and issue-based activities.  

As mentioned earlier, attitudes towards science are related to achievement in 

science (George, 2000). For example, a significant association was found with a mean 

correlation ranging from 0.16 to 0.70 between students' science attitude and students' 

achievement (Wilson, 1983; Marsh, 1992). Bloom (1976) showed that attitude accounted 

for up to 25% of the variability in students' achievement scores. However, a more recent 

study by Olasehinde and Olatoye (2014), with 204 senior secondary school students in 

Nigeria showed that scientific attitude and attitudes towards science do not significantly 

predict science achievement. Even though students held positive scientific attitudes and 

positive attitudes to science, there was no significant relationship with science achievement 

(Olasehinde & Olatoye, 2014). 

Parental involvement is another factor that can significantly influence students' 

attitude and performance in science. Oluwatelure and Oloruntegbe (2010) reported that 

students could achieve more significant academic progress in science subjects if parental 

involvement was high. Like Simpson and Oliver's study (1990), they found some evidence 
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that family support of science and attitudes towards science of same-sex parents produced 

relatively high correlations with attitudes towards science. Rana (2002) found that parents’ 

socio-economic status, students' self-concept, and gender were factors influencing students' 

attitude towards science. 

Other studies have demonstrated that the classroom environment is critical in the 

development of students' attitudes. In a study by Myers and Fouts (1992), comprising 699 

students from 27 high schools in the USA, positive attitudes were associated with high 

levels of involvement, high student-to-student affiliation, high teacher support, high order 

and organisation, high teacher use of innovative teaching strategies, and low levels of 

teacher control. In that study, negative attitudes towards science were found in classrooms 

which were high in teacher control and low in the other environmental variables.  A 

longitudinal study by Simpson and Oliver (1990) found that students’ attitudes towards 

science are strongly positively linked to their friends’ attitudes towards science. This link 

peaks in the Year 9. Koch (2005) stated that teacher feelings and attitudes to science could 

influence their students’ feelings and attitudes as well. When teachers are enthusiastic in 

teaching science subjects, the students are more likely to be enthusiastic towards the 

subjects as well. These findings are in line with a study by Bauer (2002), which revealed 

that positive science attitudes were influenced by teachers' passion, effectiveness in 

teaching, and delivery of experiments. 

It can be seen that many factors may be acting to influence science attitudes. 

Attitudes are an essential factor affecting science learning. Analyses of attitudes towards 

science are essential in order to make predictions about whether and how students will 

engage with science later in life and in their careers. Improving understanding of how 

factors influence attitudes towards science may enable teachers, instructors and outreach 

organisers to enhance student achievement and participation in science-related careers. 

Consequently, such information is of huge value to organisers of the NSM Science 

Caravan. It is essential not just for the students but also for national economic development. 

 

2.2.4 Lifelong learning 

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 
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features, which may be different from other education approaches. For example: 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 centres, and zoos, but can include daily experiences, for 

example, at home, after school time, at play, from travel, reading magazines, surfing the 

internet or watching television. Therefore, many efforts towards bridging the gap of 

individual’s learning between formal and informal contexts reflect an awareness of life-

long 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 influenced people’s life-long science learning interest, which mostly 

began in childhood.   

    From the perspective of learners, encountering information (e.g. science) in a 

wide range of contexts – structured and unstructured – outside school settings can influence 

attitudes and abilities (Lin & 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 determined by the individual’s identity, a construct 

that comprises the individual’s values, beliefs, attitudes, prior understanding and skills. 

Engaging in learning environments where learners are self-directed and intrinsically 

motivated to discover and explore for themselves can improve their perceived value of a 

particular domain-specific knowledge (Kong et al., 2014).  

Dunlap and Grabinger (2003) posited that one of the key attributes of lifelong 

learners is motivation which enhances the capacity of self-direction towards lifelong 

learning. Lifelong learners are people who have positive attitudes and abilities to learn 

throughout their lives. In particular, students who can use knowledge to solve problems or 

to satisfy their curiosity are likely to become lifelong learners (Crow, 2006).   

According to Schober et al.’s (2013) review, while lifelong learning cannot be 

considered a psychological construct, the concept is relevant to educational psychology and 

developmental psychology, involved with motivation to learn and self-regulated learning. 

In a school context, however, life-long learning competencies have been examined through 

many psychological constructs as determinants of students’ motivation towards learning, 

such as interest, self-concept (Fryer, 2015), self-regulation, and goal orientation (Schunk et 

al., 2008). Interestingly, Kurbanoglu (2003) argued that self-regulation is critically 
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determined by self-efficacy, which is truly a key component of lifelong learning. 

Furthermore, a meta-analytical review showed that motivation, support (e.g. resource, 

socialisers), and self-efficacy are significant antecedents that increase school children’s 

willingness to employ a self-directed learning approach (Boyer et al., 2014).   

 

2.2.5 Factors Contributing to STEM Learning and Career Orientation 

In order to promote students' interest in the STEM fields, educators, policy-makers, 

and scientists have to understand the factors that play a role in student persistence with 

STEM. Various studies have investigated factors influencing student's interest in STEM 

careers. Literature shows four different kinds of reasons student select their intended STEM 

career choices: interest in STEM (Dabney et al., 2012; Maltese & Tai, 2010; Mohtar et al., 

2019; Morgan et al., 2001; Nugent et al., 2015; Venville et al., 2013), perceived competence 

(Chachashvili-Bolotin et al., 2016; Mohtar et al., 2019; Nugent et al., 2015; Sahin et al., 

2017; Venville et al., 2013), social reinforcement (Chachashvili-Bolotin et al., 2016; 

Maltese & Tai, 2010; Mohtar et al., 2019; Nugent et al., 2015; Sahin et al., 2017; Venville 

et al., 2013), and extrinsic rewards and career perceptions (Mohtar et al., 2019; Nugent et 

al., 2015; Chachashvili-Bolotin et al., 2016).  

2.2.4.1 STEM interest 

The worldwide decline in interest of students in studying STEM has been discussed 

in many studies (e.g. Fitzgerald et al., 2013; Hofstein et al., 2011; Osborne & Dillon, 2008; 

Osborne et al., 2003; Tytler, 2007). There have been concerns globally regarding effective 

ways to develop and stimulate students' interest in STEM (Krapp et al., 1992; Osborne et 

al., 2003; Venville et al., 2010). Many studies have revealed the potentially positive impact 

of out-of-school activities or informal learning activities to stimulate interest in STEM 

(Dabney et al., 2012; Krishnamurthi et al., 2013; Shaby et al., 2017; Stocklmayer et al., 

2010; Tal, 2012; Venville et al., 2013; Miller et al., 2018).  Recently, Miller et al. (2018) 

showed that students who participate in a STEM contest are three times more likely to 

pursue a STEM career when they engage in more than one competition. Out-of-school 

activities may provide students with interest, motivation, and a better understanding of 

science through enjoyment while engaging in the activities (Hayden et al., 2011; 

Longnecker, 2016).  

Two kinds of out-of-school activities greatly influence students' interest in science 

(Dabney et al., 2012). First, structured out-of-school activities may involve a particular 
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pattern of activities such as museum visits, science camps and competitions (Bell et al., 

2009). Second, unstructured out-of-school activities comprise the individual pursuit of 

activities such as watching science documentaries, reading nonfiction and science fiction 

or outdoor activities such as bird watching in an individual's leisure time (Dabney et al., 

2012; Maltese & Tai, 2010). Dabney et al. (2012) reported that undergraduate students 

participating in structured out-of-school activities in their high school at least a few times 

a year had 1.5 times higher odds ratio to report a career interest in a STEM area at university 

than those students who had not participated in such activities. Additionally, students who 

participate in unstructured out-of-school activities at least a few times a year in high school 

had 1.3 times higher odds to report interest in a STEM career at university than those 

students who had not participated in such activities. 

Several studies on specific STEM out-of-school activities have found associations 

between programme participation and increased likelihood of pursuing a career in a STEM 

area (Dabney et al., 2012; Naizer, 1993). There is an underlying importance of STEM 

interest for questioning or curiosity and the happiness of learning science (Krapp et al., 

1992). This curiosity and happiness lead to an increase in an individual's engagement with 

science activities in the future (Hidi & Renninger, 2006). Recently, Dabney et al. (2017) 

examined the degree to which participation in informal science experiences during high 

school was associated with female undergraduates' likelihood to pursue STEM careers (N 

= 7,417). They found that participation in out-of-school science activities during high 

school raises females' possibility of STEM career interest when enrolling in university 

study. Additionally, their findings indicated that the odds of a female being interested in 

STEM upon enrolling in university was higher for those who had two or more years 

participation in out-of-school STEM activities in their high school compared to those who 

did not. Nazier (1993) surveyed 300 educators in STEM areas about factors influencing 

them to pursue their STEM professions. They reported that long-term engagements with 

out-of-school programmes and hobbies regarding STEM in their childhood, such as playing 

with chemistry sets, collecting fossils, and making and fixing things, inspired them to 

pursuit STEM professions (Nazier, 1993). In another survey of scientists in Australia and 

New Zealand (N = 726), scientists reported that childhood out-of-school activities such as 

watching science televisions shows, reading science books and visiting science centres or 

museums influenced their career decisions (Venville et al., 2013). 

According to Hidi and Renninger (2006) interest development begins with a trigger 

stimulation in a particular situation. Particular situations in the environment may spark 
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interest, and previous studies suggest that informal learning environments are of great 

importance in stimulating interest in STEM. For example, researchers have found that out-

of-school activities are an excellent complement to school and can develop students' 

interest in these subjects (e.g. Cleaves 2005; Rennie 2014; Stocklmayer et al., 2010; Tal, 

2012). One example is the results of the study by VanMeter-Adams et al. (2014), in which 

about 65% of both high school student and undergraduate students demonstrated a strong 

talent and interest in STEM. They reported childhood experiences such as visiting a 

museum, reading fiction or nonfiction books, and watching TV shows or movies were the 

most significant elements to spark young student interest in STEM, while learning in hands-

on science laboratories helped students to prolong their interest in STEM (92.6%). In the 

study reported by Venville et al. (2013), scientists reported that secondary school science 

classes and one particular science teacher were amongst the top influences on the decision 

to study science. It could be said that both formal and informal opportunities are important. 

In this study, the focus is on informal out-of-school activities – participation in Science 

Caravan. 

 

2.2.4.2 Perceived competence 

Many previous studies have found that academic self-concept is a significant 

predictor of STEM study and career choices (e.g. Chen et al., 2015; Nagengast & Marsh, 

2012; Parker et al., 2014; Venville et al., 2013; Volodina & Nagy, 2016). For example, 

Volodina and Nagy (2016) found that high school students' academic self-concept is closely 

connected to an occupational interest, which in turn is strongly related to career choices. 

Scientists reported the two top influences on their choice to study science were firstly that 

they were interested in science and secondly, they perceived they were good at science 

(Venville et al., 2013). Chen et al. (2015) also found that university students' positive self-

concept has an effect directly on the intended occupational. The authors, therefore, 

suggested that universities may provide interventions or activities to improve students' self-

concept, career exploration, and life exploration in order to assist them in understanding 

their competence and value.  

Another motivational belief that affects vocational choices is academic self-efficacy 

(Choi et al., 2012). For instance, while undergraduate students in a faculty of science had 

decided on a specific major (e.g. physics), they felt unsure about an area of specialisation 

which affects specific career options available to them after graduation (Roscoe & Strapp, 

2009). Therefore, increasing university students' self-efficacy can be a beneficial influence 
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on their persistence throughout the course, enhanced career exploration, and increased 

career opportunities (Komarraju et al., 2014). 

 

2.2.4.3 Social reinforcement 

Social reinforcement is used here to refer to family, friends, peers and teachers. 

Family is identified as an essential resource for improving STEM motivation and 

persistence in adolescents (Harackiewicz et al., 2012). For example, in Australia, Dawes et 

al. (2015) conducted surveys with 649 first-year undergraduate students studying science 

and engineering to determine the reasons for pursuing STEM degrees. They reported that 

a teacher, parents or relatives, or a famous person in the field played significant roles 

influencing on students' STEM choices. 

STEM students often describe their family as a significant factor that influences 

their career choice (Nugent et al., 2015; Sjaastad, 2012). Dabney et al. (2016) reported that 

doctoral students and scientists in STEM fields who had families with higher parental 

education were more likely to be involved in out-of-school science experiences, and 

therefore were more likely to receive positive support to develop their early interest in 

science. Regarding how social support influences the choice to study science, scientists 

reported these influences in descending order: father, mother, other family member, peer 

and family friend (Venville et al., 2013).  Similarly, Alexander et al. (2012) suggest that 

the parent's ability in answering questions regarding science is associated with the 

development of their children's interest in science. Parents' behavior is also a significantly 

positive predictor of students' participation in STEM (Simpkins et al., 2005). Rodrigues et 

al. (2011) investigated the influence of parents on students' choices in STEM careers. They 

found that the influence linked to the parents' perception that STEM careers would be the 

best options for their children.  

A study by Brasier (2008) indicated that parent's expectations are significantly 

involved in students' decision to study at a university. Students whose parents actively 

support their children's learning have higher achievement than their friends (Epstein, 2001). 

In a 5-year study by Rutchick et al. (2009), parental academic expectations also had long-

term impacts on influencing students' expectations. Results from another longitudinal study 

of 10–14-year-old students in the UK by Archer et al. (2012), found that parents' attitudes 

also influenced students' future aspirations in STEM areas. It can be concluded that parental 
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expectations and attitudes play a crucial role in students' efficacy, as well as academic and 

career choices (Lee et al., 2015).  

Support from teachers is also seen as a significant factor in promoting student 

learning (Clotfelter et al., 2007; Rivkin et al., 2005) and STEM interest (Nugent et al., 

2015). Research by Darling-Hammond (2000) showed that teacher quality had the strongest 

association with student achievement compared to other student factors such as socio-

economics and minority status. The impact of a teacher is affected by their instructional 

practices (Logan & Skamp, 2008; Swarat et al., 2012) and encouragement (Wang & Eccles, 

2012). Moreover, surveys from students in Australia regarding their perceived assistance 

from teachers have shown teachers impacted their attitudes toward school and their plan 

for further study in higher-level (McInerney, 2008). 

Attitudes of friends, achievement, and norms can influence a student’s motivation 

for study (McInerney, 2008; Olitsky et al., 2010; Ryan, 2001). Nugent et al. (2015) 

collected survey data from 800 youths aged 10–14, who were attending one week of 

robotics camps conducted across the USA and found that peers can be highly influential in 

increasing STEM interest, which can lead to a prediction of a student’s career orientation. 

In particular, same-gender peer relationships have a positive influence on students' 

academic interest and confidence (Liem & Martin, 2011; Rabenberg, 2013). Friends play 

an essential role especially in early adolescence (ages 10-14) in this process and influence 

each other's choices, engagement and career aspiration (Olitsky et al., 2010; Wong, 2012).  

 

2.2.4.4 Extrinsic rewards and STEM career perception 

Research showed many students and parents viewed science occupations only in 

terms of becoming a scientist, doctor or science teacher (Archer et al., 2013). Students' 

knowledge of STEM career requirements such as subjects needed and teachers', families' 

and children's awareness of the variety of science-related careers can significantly impact 

their career occupations (Archer et al., 2013; Franz-Odendaal et al., 2016). Franz-Odendaal 

et al. (2016) conducted a survey with 568 middle-high school students and found that 50% 

of respondents knew only 10 out of 24 careers on a given list and the top two careers that 

the students had knowledge about were teaching and mechanical engineering. They pointed 

out that students are unlikely to consider pursuing careers that they are unfamiliar with, and 

not all students have STEM role models in their schools, homes, or communities. 

Women's rationalisations for preferring particular careers are often different from 

the reasons influencing men's career choices. A study with 500 STEM undergraduates   in 
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the USA indicated that good salary is the most significant reason for pursuing a STEM 

degree in male and pre-med students, while females and engineering and science students 

reported that they find their degree programme subject intellectually stimulating and 

challenging (Interactive, 2011). Moreover, in the same study, female students were more 

likely than male students to say that they chose STEM to make a difference. Nonetheless, 

it is important to note that the most significant reason to choose STEM study for both 

females and males is the positive feeling towards STEM careers; either they enjoyed, liked, 

or loved the career or something connected to the career (Lloyd et al., 2018). 

Gender differences are found in aspiration to different types of STEM study and 

careers. Males tend to be more likely to name engineering professions as favoured STEM 

occupations, while females are more likely to name a career in the medical sciences such 

as a doctor, nurse and vet (Ikkatai et al., 2020; Lerdpornkulrat et al., 2012; Lloyd et al., 

2018). Some experts suggest that females are often influenced by different values, which 

in turn influence their career choice, such as placing more value on interpersonal factors 

such as helping or enjoying positive relation with coworkers, while men place more value 

on rewards such as high potential career earnings and attaining high status (Morgan et al., 

2001). In Japan, Ikkatai et al. (2020) investigated gender bias on STEM careers between 

the perception of females and males. They found that respondents perceived nursing suited 

as the best careers for women, and mechanical engineering were the worst careers for 

women but the best for men. Moreover, their results indicated that Japanese view STEM 

careers, except nursing, as being suited to males, not females. Similarly, Sahin et al. (2017) 

surveyed 697 students who were either currently students or already graduated from a 

university in the USA, and found that men and Asian students are more inclined to select a 

STEM major in university than women and non-Asian students. 

 

2.3 Contribution and significance of this study  
The discussion above shows benefits of participation in informal science learning 

settings in terms of skill development, and increased positive attitudes towards science, 

life-long learning behaviour, and interest in STEM study and careers. All of the studies 

reviewed examined long-term participation as a learner. There is a paucity of studies which 

examine whether short-term participation as a presenter can influence attitudes, skill 

development or career decision-making. Moreover, most research on science outreach 

presenters has focused on postgraduate students and young scientists. This study fills a gap 
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by focusing on attitudes and skill development of high school and undergraduate students 

presenting with Science Caravan over a one-week period.  

In particular, this research examines the impact of being presenters in science 

outreach with the NSM Science Caravan’s on attitudes toward science, academic or career 

choices, and science communication skill development. The benefits of this research 

include a better understanding of how volunteering in science presenting impacts attitudes 

towards science, skill development and lifelong learning. This has implications for informal 

learning, science communication training and other science engagement including outreach 

activities which aim to create public awareness of science and increase science literacy. It 

may also have implications for volunteering more generally. The next section discusses 

theories that guided the research. 

 

2.4 Theoretical framework 

Investigating the impact of the Science Caravan programme on presenters is 

complex given possible impacts such as skills development, attitudes towards science, 

behavioural engagement with science, and career decision-making. In order to understand 

these impacts, this thesis draws on four theories:  Social Cognitive Theory, Interest 

development, Theory of Planned Behaviour and Expectancy-value Theory. Each is 

considered in a section below. 

 

2.4.1 Social Cognitive Theory 

Bandura’s Social Cognitive Theory is a model of behaviour and learning in which 

individuals learn from observing someone else performing that behaviour (Bandura, 1986).  

Social Cognitive Theory includes modelling, outcome expectations, self-efficacy, goal 

setting, and self-regulation within a social context. The models used for learning can be a 

live model (real person), or symbolic models (media images, verbal and written material).  

Modelling can be used either to promote or to inhibit an individual's behaviour. For 

example, if the outcome of the action is positive, the individual is more likely to continue 

to exhibit the behaviour, but if the outcome is negative, the actions will be inhibited. 

Outcome expectations refer to the consequence that individuals expect from their actions 

(Bandura, 1986). For example, a student may anticipate a reward from parents after getting 

high marks on a physics exam. Expectations shape people's decisions about which action 

to continue and which to inhibit (Frey, 2018). Individuals are more likely to undertake 
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behaviours they believe will result in value outcome than those which they do not see as 

having favourable consequences (Compeau & Higgins, 1995).  

Schunk (1981) used modelling treatment to teach mathematics skills to children. In 

Schunk's research, in the cognitive modelling treatment, a trainer provided instructions and 

cognitive practice allowed students to observe an adult model solve division problems and 

provide the relevant strategy when the student encountered difficulties to solve problems. 

In the Didactic treatment, a trainer told students to study on their own and referred them to 

the relevant section and told them to review it when they experienced conceptual difficulty 

during treatment. This treatment pointed out the significant impact on children’s 

performance, with new skills acquired by observing the model's performance.  

Feedback provides information about how well an individual is performing or 

progressing towards a goal (Ashford & Cummings, 1983). Whether the feedback is positive 

or negative plays a critical role in directing behaviour, either to reinforce the behaviour that 

contributes to high performance or eliminate or improve the performance. In other words, 

feedback allows people to decide if more effort or a different strategy is needed to attain 

their goal (Locke & Latham, 2012).  

Previous studies showed that positive feedback from successful experience helped 

to build self-confidence; on the other hand, negative feedback depresses self-confidence 

(Petruzzello & Corbin, 1988; McCarty, 1986). Feedback is also necessary for individuals 

to feel a sense of competence because the individuals must be able to judge their own 

performance. The feedback from the task itself and/or from others provide the information 

needed to make a judgment about competence (Ilgen et al., 1979). Schunk and Rice (1991) 

reported that a combination of feedback on progress and a process goal promoted self-

efficacy and skills among children with reading problems. 

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 ones with lower self-efficacy 

(Frey, 2018).  In different contexts, an individual can perform a different level of 

achievement if the individual perceives a different level of self-efficacy. As such, learners 

are more likely to imitate a model's behaviour if they have a high level of self-efficacy. 

Hence, self-efficacy influences outcome expectations; individuals who judge themselves 
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with higher efficacy will expect more positive performance outcomes (Bandura, 1986). For 

example, a student who is confident in their ability at biology to achieve a gold medal, will 

anticipate social recognition and rewards. 

Goal is defined as an “object or aim of action” (Locke & Latham, 2012, p. 4). Locke 

and Latham (2012) pointed out that goals guide individuals' actions in order to satisfy 

needs, and that goal setting affects individuals' behaviour or performance. Locke et al. 

(1984); Locke and Latham (2012) reported that people with a specific and high level of 

goal perform at a higher standard than people with an easy goal or an impossible goal. A 

challenging goal leads to more top effort and enhances the persistent effort to develop 

strategies to attain the required goal levels. Related to this, a specific high goal requires 

individual knowledge and skills to achieve the goal (Locke & Latham, 2012; Lunenburg, 

2011). 

In the Social Cognitive Theory (Bandura 1986), a significant factor to attain a goal 

is self-efficacy. Self-efficacy and outcome expectations shape goal setting because 

individuals set goals based on the outcome that they expect and their perceived self-

efficacy. In the same vein, In the same vein, Schunk, (1996) reported that giving learners 

with a goal of learning increases their self-efficacy, skill and motivation. People with high 

self-efficacy tend to set higher goals under the belief that they are achievable, which leads 

to higher task performance. However, if individuals determine that the goal is difficult or 

impossible to attain, they will reject the goal. Therefore, the critical success of goal setting 

is to enhance self-efficacy (Lunenburg, 2011). 

 

2.4.2 Interest development 
Interest is “a motivational variable [that] refers to the psychological state of 

engaging or the predisposition to reengage with particular classes of objects, events, or 

ideas over time” (Hidi & Renninger, 2006, p. 112). Generally speaking, when individuals 

enjoy doing something, they will want to repeat it because the activity will have captivated 

their attention. Interest is recognised as an important cognitive and affective motivational 

element that guides attention, facilitates learning in different content areas and develops 

through experience (Hidi, 2000; Renninger & Hidi, 2011). The level of a person's interest 

has been found to be a powerful influence on their level of learning, attention, and goals 

(Hidi & Renninger, 2006). Scientists reported that interest was the single most powerful 

influence on their choice to study science (Venville et al., 2013). Higher levels of interest 
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result in higher levels of cognitive activation, which can then produce stronger links with 

learning (Voss & Schauble, 1991). 

Situational and individual interest have been identified as two types of interest 

(Krapp, 2002; Hidi, 2000; Hidi & Renninger, 2006). Situational interest refers to attention 

and affective response reaction to a specific set of circumstances and this interest may be 

fleeting or persistent (Hidi, 2000; Hidi & Renninger, 2006). For example, a student who is 

not interested in science may watch an engaging television show one day that demonstrates 

how Coronavirus can spread widely and attack humans. Fascinated and somewhat 

frightened, the student's interest is triggered. When situational interest is maintained, it may 

contribute to the development of the early stages of individual interest, and it may lead to 

increased knowledge, value, and positive feelings (Hidi, 2000). Individual interest refers to 

personal orientation, or an individual's tendency to reengage with particular objects, 

stimuli, and events and is considered to be relatively stable and long-lasting (Bye et al., 

2007; Hidi, 2000; Hidi & Renninger, 2006). Individual interest has been described as the 

energising force behind intrinsic motivation (Alexander et al., 1997). Although one’s 

interest and intrinsic motivation are two separate constructs, similar outcomes are predicted 

by these constructs in that they both create and sustain a deepening involvement with 

content and affect over time (Bye et al., 2007). For example, students interested in science, 

value and seek out chances to engage in their spare time in science activities that they find 

stimulating and enjoyable. 

Developing and maintaining interest require significant triggers throughout the 

interest development process. Hidi and Renninger (2006) suggest a four-phase model of 

interest development in informal science learning environments, including: 

(1) Triggered situational interest that can be sparked by environments or 

instructional conditions such as hands-on activities.  

(2) Maintained situational interest, which is “a psychological state of interest that 

is subsequent to a triggered state and involves focused attention and persistence 

over an extended episode in time, and/or reoccurs and again persists” (Hidi & 

Renninger, 2006, p. 114). The learning environment of cooperative group work 

can contribute to maintaining this state (Hidi & Renninger, 2006).  

(3) Emerging individual interest, which is characterised by positive affect, stored 

knowledge and value (Hidi & Renninger, 2006). It refers to “a psychological 

state of interest as well as to the beginning phases of a relatively enduring 

predisposition to seek repeated reengagement with particular classes of content 



37 

 

over time” (Hidi & Renninger, 2006, p. 114). In this state, students value the 

chance to revisit action regarding their interest. The stored-value component of 

individual interest works in tandem with the stored-knowledge component that 

refers to a person's developing feelings of competence related to the particular 

engagement (Renninger, 2000).  

(4) Well-developed individual interest refers to the positive feeling of continuing 

preference to reengage with specific content over time (Hidi & Renninger, 

2006). In this stage, individuals store more knowledge and have more value for 

a specific subject than for other activities (Hidi & Renninger, 2006).  

In short, these phases of interest development can be characterised by varying 

amounts of affect, knowledge, and value in each phase (Hidi & Renninger, 2006). 

As with models of intrinsic motivation, interest results from a feeling of self-

efficacy and control that arises from mastery (Morgan et al., 2001). Moreover, it is based 

on the concept of a cognitive-emotional regulation system that is accountable for both the 

development of interest-related intentions or goals and the evaluative feedback during a 

particular person–object interaction (Krapp, 2005). It is presumed that interest development 

will only occur if both kinds of feedback information (cognitive–rational and emotional 

feedback) are experienced in a positive direction (Krapp, 2005). This leads to the 

recommendations for interventions that focus on increasing a person’s feelings of 

competence and control through positive feeling and enjoyment (Morgan et al., 2001). 

Moreover, Eccles and colleagues (e.g. Eccles et al., 1983; Wigfield & Eccles, 2002) have 

considered interest as value, in addition to feeling (Renninger & Hidi., 2011). Their studies 

have focused on task interest as one of the significant components of the Expectancy-value 

Theory. 

 

2.4.3 Theory of Planned Behaviour  
The Theory of Planned Behaviour (TPB; Ajzen, 1991) is frequently used for 

predicting behaviour in various contexts (Willekens, 2017).  The theory was extended from 

the Theory of Reasoned Action by Ajzen in 1991. The Theory of Planned Behaviour has 

stated that an individual’s intention can predict the possibility of engaging in action, and 

that this intention is influenced by an attitude towards the behaviour, subjective norm and 

perceived behavioural control. Attitude towards behaviour is described as "the degree to 

which a person has a favourable or unfavourable evaluation or appraisal of the behaviour 
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in question" (Ajzen, 1991, p. 188). Subjective norm "refers to the perceived social pressure 

to perform or not perform the behaviour" (Ajzen, 1991, p. 188). Ajzen (1991) also 

discussed perceived behaviour control. This described the influence of past experiences in 

determining the person’s perception of their capability to perform the action and to 

overcome obstacles. In other words, individuals have beliefs regarding their ability, 

knowledge, and skills to perform the behaviour and beliefs about whether they have 

sufficient resources and opportunity to do so. According to the Theory of Planned 

Behaviour, the more favourable the attitude and subjective norm concerning a behaviour, 

and the higher the perceived behavioural control, the more likely a person will be to perform 

the behaviour (Ajzen, 1985). However, internal and external factors can interfere with 

performing intended behaviour (Ajzen, 1985). For example, to carry out the behaviour 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). Another 

important external factor is often support (Longnecker, 2016); in the example of visiting a 

science museum, children in particular would need family backing and transport.  

Personal attitude is generally defined as the degree to which a person has a 

favourable or unfavourable feeling about a particular subject, which is gained from 

experience and has a direct influence on people's response to objects and situations 

(Allport, 1935; Ham et al., 2015). Experts have found that attitude is a powerful predictor 

of behavioural intention (Ajzen, 1991; Taylor & Todd, 1995), but not necessarily its actual 

performance (Ajzen, 1985). The relationship between attitude and intention is confirmed 

to be stronger than the relationship between intentions and actual behaviour (Kim & 

Hunter, 1993), which is expected, considering that the relationship between intentions and 

behaviour is under the powerful influence of external factors such as opportunity and time 

(Ajzen, 1985). A clear example of the relationships is provided by a study on physical 

activity attitudes, intentions and behaviour among 18–25-year olds in Scotland; it revealed 

that positive attitude towards physical activity was strongly associated with good intentions 

to do exercise (Poobalan et al., 2012). However, young people were unable to translate 

these into actual behaviour (Poobalan et al., 2012). While longitudinal surveys of Year 9 

Australians confirmed the positive relationship between intention and actual action, it was 

found that attitudes to school have a substantial influence on students' intentions to continue 

to Year 12, and those intentions affect their participation in Year 12 (Khoo & Ainley, 2005). 

Ajzen (1985) stated that the successful performance of social behaviour was shown to 
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depend on the degree of control an individual has over internal and external factors that 

may intervene with the accomplishment of an intended action. 

Perceived behavioural control refers to “the perceived ease or difficulty of 

performing the behaviour. It is assumed to reflect past experience as well as anticipated 

impediments and obstacles” (Ajzen, 1991, p. 188), and it aligns with the concept of self-

efficacy (Ajzen, 1991, 2002). Self-efficacy refers to an individual’s judgments about their 

ability and motivation to perform a particular action (Bandura, 1986, 1997). Bandura and 

colleagues have provided evidence showing that an individual's confidence in their ability 

to perform a specific task significantly influences behaviour (Bandura et al., 1999). 

Notably, individuals who believe they are capable of a specific skill or task are inclined to 

have a greater intention to use that skill or perform that task. Greater levels of self-efficacy 

lead to higher levels of behavioural intention (Compeau & Higgins, 1995; Gis; Schwarzer 

& Renner, 2000; Ooi et al., 2011; Zhao et al., 2005). For example, a study of 265 graduate 

students in business administration across five universities in the USA, showed that 

entrepreneurial self-efficacy mediates the relationship between the perceived learning from 

entrepreneurship-related programmes, past entrepreneurial practice, and risk tendency on 

entrepreneurial plans (Zhao et al., 2005).  

The third construct, subjective norm refers to the individual’s perceptions about the 

judgment of influential others and their response depends on whether or not a particular 

behaviour is deemed appropriate (Ajzen, 1991). In other words, important others' opinions 

are significant in shaping an individual's intention as to whether they perform the behaviour 

(Ajzen, 1985). It can be said that the subjective norm is associated with behavioural 

intention. A recent study investigated Chinese adolescents' intention to choose between 

playing online games and doing homework (Wang et al., 2017). The results showed that 

adolescents' attitude and perceived behavioural control (parental monitoring), as well as 

manipulated subjective norm (peer and parent support), significantly influenced their 

choice intention in online gaming situations (Wang et al., 2017). 

Attitudes, subjective norm, and perceived behavioural control do not necessarily 

have an equal influence on the intention to perform behaviours (Yamada & Fu, 2012). 

Attitude towards the behaviour and perceived behavioural control were most often the 

significant variables responsible for this explained variation in intention (Godin & Kok, 

1996), with the subjective norm construct generally being a weak predictor of intentions 

(Armitage & Conner, 2001). Using a survey with 991 Australian and 892 Hong Kong 

undergraduate students, Tsai and Coleman (2005) examined factors that underpinned 
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participation in regular active recreation and found a positive attitude towards active 

recreation was the most potent predictor of participation intention for both cultural groups. 

They revealed that perceived behavioural control was also a significant predictor, whereas 

subjective norm failed to predict participation intention. It was also reported that the 

intention of participation positively correlated with their routine participation for both 

groups. Nevertheless, perceived behavioural control showed a more considerable direct 

influence on participation for students in Australia than those in Hong Kong. A recent 

systematic review with 40 qualified studies and meta-analysis on intentions to consume 

alcohol and actual alcohol consumption revealed that attitudes had the most robust 

relationship with intentions, followed by subjective norms and perceived behavioural 

control (Cooke et al., 2016). Cooke et al. (2016) also reported that self-efficacy had a 

stronger relationship with intentions compared with perceived control. The intention had 

the most substantial relationship with alcohol consumption, followed by self-efficacy. In 

contrast, perceived behavioural control had negative relationships with alcohol 

consumption (Cooke et al., 2016). These studies showed that not all the TPB’s components 

are necessary equally significant in predicting intention, and that these variations may be 

due to difference of activities and social context.  

In the field of leisure participation, many researchers have applied the TPB to 

predict behavioural intention and action. Ajzen and Driver (1992) examined college 

students' attitudes, subjective norms, perceived behavioural control, and intentions about 

spare-time activities including spending time on the beach, jogging or running, mountain 

climbing, boating, and biking. One year later, the participants were asked to report their 

participation in these activities. Their findings were consistent with the TPB; attitudes, 

subjective norms, and perceived behavioural control predicted intentions of the activities, 

and intentions and perceived control predicted actual leisure activities. To confirm the 

applicability of the TPB on an outdoor recreational programme, Kouthouris and Spontis 

(2005) asked 329 university students in the USA about their intention to participate in 

outdoor activities on phase one. Of the 329 participants, 187 participated in phase two, and 

they reported actual participation in one activity such as kayaking, orienteering and archery. 

The results indicated that perceived behavioural control, role identity, and attitudes toward 

participation significantly predicted students' intention in participating in the activities. 

Moreover, the results showed that students’ intention to participate significantly predicted 

their actual action. These studies confirm the use of TPB to explain and predict intention 

that translates to leisure behaviour. 
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Many studies have revealed the effectiveness of interventions in changing intention 

and behaviour by altering TPB components (Fishbein & Cappella, 2006; Gratton et al., 

2007; Murphy & Brubaker, 1990; Sanderson & Jemmott, 1996; Sheehan et al., 1996). The 

most common interventions were information, persuasion, increasing skills, goal setting, 

self-efficacy, rehearsal of skills, modelling, and social encouragement support (Hardeman 

et al., 2002). For example, Murphy and Brubaker (1990) determined the effects of exposure 

to persuasive messages in teaching 99 high school students about testicular cancer and the 

testicular self-examination procedure, and to encourage them to perform the examination 

once a month. They divided the participant into two groups; the theory-based message 

group was instructed by a 12-minute videotape presentation. It was developed based on the 

TPB and provided the necessary information about testicular cancer and self-examination. 

The presentation was designed to change viewers' outcomes and normative beliefs about 

performing self-examination. In contrast, the control group was delivered an audio-visual 

presentation providing information about testicular cancer as well as other forms of cancer. 

They followed-up one month later and found that participants exposed to the TPB-based 

message reported a significantly stronger intention to perform self-examination in the 

future than students in the control conditions, and they had significantly higher scores on 

the measure of self-examination knowledge than the control groups.  

Other studies have shown that time and other factors can affect the durability of 

intentions and hence the strength of the noticed intention-behaviour relationship (Ajzen, 

1985). In the USA, Cordero et al. (2010) compared effect of two interventions to increase 

math self-efficacy among 99 first-year undergraduate students on their willingness to 

pursue STEM careers. Their participants were randomly divided into two groups of the 

intervention: Performance Accomplishment plus Belief Perseverance and Performance-

Accomplishment as the control condition. The researchers leading the session for both 

groups allowed participants to experience performance accomplishment and complete a 

number series in math tasks. Participants in the Performance Accomplishment plus Belief 

Perseverance experimental group were asked to write a rationale for their suitability for a 

career within mathematics and sciences. In contrast, the control group were asked to write 

a rationale for their suitability to win a travel scholarship. Participants in the combined 

intervention demonstrated immediately higher math self-efficacy than did the control group 

and the effect was maintained at a 6-week follow-up.  However, there were no differences 
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between the groups in interest in technical careers, confidence in completing math/ science 

courses, or willingness to enrol in math/science courses.  

2.4.3.1 The Integrated Model of Science Communication or Koru model  

Transmission of information is often the intervention applied by science 

communicators to affect an individual’s behaviour. The Integrated Model of Science 

Communication or Koru model (Longnecker, 2016) extends the TPB in the context of 

science communication. According to the Koru model, whether a person’s engagement 

with new information leads to behaviour change is influenced internally by their values, 

beliefs, attitudes, awareness, affect, understanding and skills and externally by their control, 

social norms and support (e.g. from parents, teachers, etc). The model consists of three 

main components: communication of information, engagement with that information, and 

use of that information. Delivery of information or facts to individuals can occur in various 

ways and availability of different avenues of delivery is influenced by culture. In this study, 

one particular channel of communication involves informal education provided via Science 

Caravan as described in section 1.3.2 – this channel can help individuals to gather facts and 

transform them into coherent information. Informal learning as described in section 1.2 is 

the most effective when it is learner-centred and focuses on real-world applications of 

knowledge (Worker & Smith, 2014). Evaluation of delivery can help determine 

effectiveness of different modes. Internal influences (an individual’s identity e.g. attitudes, 

beliefs and skills) and external influences (e.g. social norm and control) can affect an 

individual’s engagement with information and its use. The Koru model provides a visual 

to imagine how a receiver's identity determines the flow and use of information. (Figure 

2.1). The Koru model incorporates aspects of the Theory of Planned Behaviour and the 

Expectancy-value Theory and demonstrates how they relate to different channels of science 

communication, using a life-long learning lens. Section 2.4.3 provides detail about the 

Theory of Planned Behaviour which relates to factors affecting engagement with and use 

of information, while Section 2.4.4 describes the Expectancy-value Theory as it relates to 

motivation to engage with and use information.  

 

 

 



43 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1 Koru integrated model of science communication (from Longnecker, 2016, used 

with permission) 

 

2.4.4 Expectancy-value Theory 

 One theory that has been used to understand adolescents’ academic motivation is 

Expectancy-value Theory (Eccles et al., 1983; Eccles & Wigfield, 2002). The theory 

postulates the model of achievement-related choices which is used to predict and explain 

behaviours related to academic outcomes, performance and choices. The underlying ideas 

of the theory are task choice, performance, and persistence, which are motivated by an 

individual’s expectations of success (e.g. self-efficacy) and subjective task values (e.g. 

interest-enjoyment, attainment, utility, and cost (Eccles & Wigfield, 2002; Wigfield & 

Eccles, 2000). For example, young people are more likely to choose to study particular 

subjects if they believe in their ability to perform well, and perceive the values of the 

subjects for them, which in turn, influences subsequent choices they make. The model 

further illustrates that expectations for success and subjective task values are mainly 

affected by an individual ‘s characteristics (e.g. self-concept, beliefs, attitudes, gender, prior 

experiences) and social characteristics (e.g. cultural stereotypes, family demographics).  
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In accordance with subjective task values involving an individual’s characteristics, 

Ball et al. (2017) found that both intrinsic values (interest-enjoyment) and utility values 

(perceived usefulness of engagement and achievement) can predict students' attitudes 

towards STEM-related careers. Bell et al. (2009) clearly showed that the strongest predictor 

of an affinity for STEM careers was intrinsic value, whereas the best predictor of the 

perceived importance of STEM careers was utility value. The study concluded that 

integrating these two task values into a curriculum structure or academic interventions 

would be useful for improving students’ attitudes towards STEM-related subjects. In 

addition to intrinsic values and utility values, attainment values, in particular of education 

long-term, contribute significantly in influencing individuals’ occupational choice, which 

are affected by intrinsic values and self-concept (Guo et al., 2015). 

Regarding expectations for success involving individual’s characteristics, previous 

studies have shown that students’ ability self-concepts, perceptions of the subject, and 

performance expectancies influence their decision to choose to study the subject which is 

affected by personal interpretation of achievement of their past performance (Bøe & 

Henrikson, 2015; Eccles & Wigfield, 2002). As a result, students are more likely to feel 

competent and interested in the subject if they think they have achieved in it well (Denissen 

et al., 2007). According to the model of achievement-related choices and performance, 

although expectancies and values are both predictive of achievement-related outcomes, 

expectations for success are strongly predictive of achievement-related performance 

whereas subjective task values are strongly predictive of achievement-related choices 

(Leaper, 2011; Patrick, 2004). In a longitudinal study, however, Guo et al. (2015) found 

that students’ perception of academic self-concept in high school contributes more than 

task values to the prediction of occupational goals and educational attainment. This aligns 

with results reported by Venville et al., (2013) in which scientists reported that being good 

at science was a strong reason for them choosing a science career. 

 The role of self-related perceptions has long been of interest in social psychological 

research, and in particular in the school context (Bong & Skaalvik, 2003). Many models 

and theories of self-perceptions related to cognitive abilities have been proposed and 

examined. Self-concept is one of the constructs that has received great attention and tested 

in many studies over the last decades (Jansen et al., 2015). In general, self-concept refers 

to one’s self-perceptions that are formed via one’s interpretations of experiences in specific 
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situations or environments (Marsh & Martin, 2011; Shavelson et al., 1976). Based on the 

review of Jansen et al. (2015) review, for example, when students respond to the item “I 

perform well in science class”, each individual interprets “well” more or less differently 

based upon one’s frames of reference.  

External frames of reference involve comparing one’s own performance with peers’ 

or class average ability (social comparisons). Internal frames of reference involve 

comparing one’s own current ability with prior performance and achievement in the same 

subject (temporal comparisons) or other subjects (dimensional comparisons). While the 

self-evaluation of one’s own academic performance in a given domain is processed and 

judged base on different sources of information and frames of reference, the influence of 

external and internal comparisons on each one of the student’s self-concept may depend 

upon which frames of reference are most relevant to oneself at a given time (Skaalvik & 

Skaalvik, 2002).         

Self-concept is generally accepted as: a multidimensional, hierarchical, stable, 

developmental, evaluative and domain-specific construct (Bong & Skaalvik, 2003; Jansen 

et al., 2015). Consistent with previous studies, Guay et al. (2003) found that as children 

grow older, academic self-concept responses become increasingly reliable and stable, and 

become more strongly associated with academic achievement. In another study, self-

concept is especially conceptualised in the domain of academia, which is formed 

particularly via academic experiences, including: knowledge, perceptions of performance, 

outcomes, and achievement (Marsh & Martin, 2011). While many previous studies focused 

on cognitive appraisal, such as the impact of positive academic self-concept on students’ 

engagement, learning strategies, performance, persistence, and achievement (e.g. 

Akomolafe et al., 2013; Green et al., 2012; McInerney et al., 2012), self-concept evaluation 

also asks for information about students’ affective responses to self-perceptions in each 

particular domain (Beier & Rittmayer, 2009).  

Overall, academic self-concept evaluations reflect one’s perception of cognitive and 

affective reflections. In this sense, therefore, self-concept can reflect one’s academic 

competence and also reflect affective perceptions of study such as intrinsic motivation, 

satisfaction, and anxiety (Bong & Skaalvik, 2003; Khalaila, 2015). Besides, research has 

shown that academic self-concept is a significant predictor of course selection in secondary 

school students (e.g. Emmanuel et al., 2014; Guo et al., 2015; Marsh & Martin, 2011) and 
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educational attainment levels in university students (e.g. Coetzee, 2011; Guay et al., 2004; 

Khalaila, 2015; Sikhwari, 2014). However, control can be a factor that sometimes limits 

actual study selection (Venville et al., 2010). In addition, academic self-concept is valued 

as an indicator of occupational motivation. For example, the construct is highly predictive 

of future-oriented motivation towards pursuing science-related careers (Jensen, 2015) and 

self-reported previous decisions (Venville et al., 2013).  

 

2.4.5 Integrated framework 
This study examines skills, self-efficacy, self-concept and attitudes which are 

constructed through performing and observing someone else perform in the Science 

Caravan environment. Students’ academic decision making is a complex process, and many 

theories have been applied to understand it (Bøe & Henriksen, 2015). This thesis research 

draws on the four theories discussed above (Social Cognitive Theory, Interest 

Development, the Theory of Planned Behaviour, and the Expectancy-value Theory), to 

examine the impact of participation in the Science Caravan programme as a presenter on 

attitudes, skills development, life-long learning behaviour regarding science and intention 

to learn science in the future. Figure 2.2 shows an overall view of the research framework 

that was developed, based on theoretical aspects reviewed in this chapter. 

 

 

 

 

 

 

 

 

 

Figure 2.2 Theoretical framework of the impact of presenting on volunteers  
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 In the Science Caravan context, modelling refers to the trainers of science 

communication for volunteer presenters and also mentors and their peers who work with 

presenters during six days of the Science Caravan event. Presenters have the opportunity 

to learn and practice effective ways of dealing with similar situations in their efforts. In this 

thesis study, presenters who expect positive benefits from presenting would be expected to 

be more highly motivated than those who do not expect positive benefits and to persist 

more in their effort to learn in order to exhibit high performance. These processes are 

expected to shape skills development and lead to increased self-efficacy and self-concept. 

Moreover, during the science communication training, presenters are encouraged to value 

being a part of Science Caravan programme in inspiring science to visitors; they also gain 

positive feedback from trainers, mentors, peers, and visitor while training and presenting. 

This pleasant atmosphere could promote presenters’ positive attitudes towards science 

which could perhaps trigger students’ interest in science activities, education and science-

related careers. However, students’ prior experience and individual factors such as gender 

and education level are also considered as influence variables.  

 

2.5 Research aim and questions 

The broad aim of this research was to investigate the impact of contributing as a 

presenter in a short-term (6-day) programme within an informal science learning 

environment. This thesis addresses four research questions aiming to investigate the short-

term and long-term impacts of participating as a presenter in a science outreach programme 

on skills and knowledge development, attitude towards science, life-long learning 

behaviour and academic and career choices. A case study approach was adopted, focusing 

on the Science Caravan, an initiative run by the National Science Museum, Thailand 

(NSM):  

The research questions addressed in this thesis are as follows: 

1. What skills, abilities and knowledge are developed and retained by volunteers 

through presenting in the Science Caravan outreach programme? 

2. Does presenting in the Science Caravan outreach programme influence volunteer 

presenters’ attitudes towards science? If so, how? 

3. Does participating in the Science Caravan outreach programme influence life-long 

behaviours of volunteer outreach presenters? 
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4. How does participating in the Science Caravan outreach programme influence 

career and academic choices of volunteer outreach presenters? 

This research hypothesises that increased self-efficacy, self-concept and positive attitudes 

can explain students’ intention to engage with STEM activities in their lifelong learning, 

STEM study and pursue STEM careers. The study examines how these variables are 

related. 

 

2.6 Conclusions 

This chapter was divided into two main parts-the conceptual framework and 

theoretical framework. Firstly, the conceptual framework introduced the foundations upon 

which the thesis is based. Based on this literature, several skillsets – learning and innovation 

skills, information, media and ICT skills, and life and career skills – are considered as 

essential skillsets for success in the 21st century. To equip students with these skills, 

providing various opportunities for your people to develop these essential skills seems to 

be a vital solution for preparing students to experience the global challenges of the 21st 

century. 

Positive attitudes towards science can motivate student interest in science 

education, lifelong learning about science and science-related careers. The literature 

reported that many factors contribute to students' attitudes towards science, such as gender, 

extra-curricular activities, parental involvement and classroom environment. Therefore, 

fostering positive attitudes towards science through extra-circular activities regarding 

science in the long term would help to support students' attitude. However, few studies have 

measured students' attitude towards science as a presenter making a short-term 

contribution. 

Four main factors contributing to STEM learning and career decisions have been 

identified: interest in STEM, perceived competence, social reinforcement, and extrinsic 

rewards and career perceptions. Among these main factors, interest in STEM has been the 

most emphasized by those already in STEM studies or careers. The other three main factors 

also significantly influence students' STEM interest. Furthermore, past research has found 

that informal environments can spark students' interest, while hands-on activities in the 

laboratory prolong their interest in science. 

This chapter examined theories that were used to guide the research design. In order 

to understand the impact of participation as a presenter, four established theories and one 

model were selected and integrated to guide the research: Bandura’s Social Cognitive 
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Theory, Interest Development, the Theory of Planned Behaviour, the Koru Model of 

Science Communication, and the Expectancy-value Theory.  

Bandura's Social Cognitive Theory is a model that can explain behaviour and 

learning in which individuals learn from observing someone else performing that 

behaviour. The model includes modelling, outcome expectations, self-efficacy, goal 

setting, and self-regulation within a social context. Therefore, this model can help explain 

skills development. 

Interest Development is relevant to this project as interest is the foundation in 

engaging in activities and subjects. The development of interest can be divided into four 

phases – Triggered situational interest, Maintained situational interest, Emerging individual 

interest, and Well-developed individual interest. Developing and maintaining interest 

requires significant triggers throughout the process. Moreover, interest development will 

occur if both cognitive–rational and emotional feedback is experienced in a positive 

direction.  

The Theory of Planned Behaviour states that attitude towards the behaviour, 

subjective norm and perceived behavioural control can be used to predict an individual's 

intention and the possibility of behaviour. However, the effect is not necessarily equal, 

depending on context and activities. Many studies reported that subjective norm is the 

weakest predictor of behavioural intention. Moreover, the Koru model adds control and 

support to study of effectiveness of science communication, as external factors (e.g. time, 

money, weather, etc.) can interfere with actual behavior, even if the intention to perform a 

behaviour is robust. Furthermore, the quality of intervention can change behavioural 

intention by alteration of the three components. 

 In order to understand students' academic and career motivation, the Expectancy-

value Theory is used to predict and explain behaviour related to academic outcomes, 

performance and choices. The model further illustrates that expectations for success and 

subjective task values are mainly affected by an individual's characteristics (e.g. self-

concept, beliefs, attitudes, gender, prior experiences) and social characteristics (e.g. cultural 

stereotypes, family demographics).  
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Chapter 3: Methodology 
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Chapter 3 - Methodology 
 

3.1 Introduction 

This study investigates the impacts of participating as a presenter in a science 

outreach programme (NSM’s Science Caravan) on attitudes towards science, academic and 

career decision- making and skills or knowledge development.  Training and performing 

with science presenter programmes are generally recognised as means to develop 

knowledge and skills, and to increase awareness about academic or/and career decision 

making through a learning experience (Sickler & Johnson, 2009). This chapter outlines the 

reseach methodology and design used in this study, including the epistemological 

framework, research design, sampling procedure, development of instruments, ethical 

issues, data collection and data analysis procedure.  

My ten years of working experience at NSM included the development and training 

programme for youth,. This gave me insight into science communication. However, the 

effectiveness of being a presenter in the Science Caravan has never been evaluated before. 

There was an excellent opportunity to employ my skills and knowledge to conduct this 

research. In addition, working with the Science Caravan allowed me to know how exhibits 

and activities work and how the programme presenters work, including the benefits of being 

presenters. This led to my selection of this research topic and facilitated development of 

appropriate research methods. 

 

3.2 Research paradigm and theoretical framework  

 

Paradigms are worldviews or belief systems that reflect and guide researchers' 

decisions to conduct their study (Tashakkori & Teddlie 1998). This thesis draws on a 

pragmatic paradigm which is used in both pure science and social science research 

(Morgan, 2014). Pragmatism argues that it is impossible to access a single reality using one 

scientific method (Kivunja, & Kuyini, 2017). Social studies with a pragmatic world 

view allow researchers to mix multiple research techniques, including both qualitative and 

quantitative approaches, as relevant to the nature of the research questions. (Morgan, 

2014).  Accepting pragmatism as a basis for social research requires the efforts of 

researchers considering the variety of choices and difficulties when mixing the quantitative 

and qualitative phases and dealing with the multiple data acquisition techniques and the 

combination of data analysis (Burke et al., 2004; Teddlie & Tashakkori, 2009). 
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Human behaviour is complex; it depends on the social milieu and is defined by 

environmental factors as well as genetics. Challenges with mixed methods require expertise 

in treating research as a human experience that depends on the researcher's beliefs and 

actions (Morgan, 2014). Use of mixed methods, including surveys, interviews, and 

observation, allows triangulation of data from different sources to explain solutions 

to address research questions and increase confidence in findings. For these reasons, 

pragmatism was identified as the most appropriate paradigm to guide this research thesis. 

This study drew on four established theories (Social cognitive theory, Theory of 

Planned Behaviour, Interest development and Expectancy-Value Theory) and the Koru 

Model of science communication as described in Chapter 2 to develop an integrated 

framework (Figure 2.2) that guided the research design. This framework was used to 

explore and describe the Science Caravan programme presenters’ changes in personal 

beliefs about their abilities to learn or perform skills, attitudes towards science, life-long 

learning behaviour and academic or/and career decision making. 

3.3 Research design 

Using a combination of quantitative and qualitative methods is a good approach for 

gaining breadth and depth in data (Johnson & Onwuegbuzie, 2004; Creswell, 2009) and so 

mixed methods were used to explore the research questions of this study. The mixed 

methods employed for data collection included a survey before and after presenting, 

observations of presenters, and in-depth interviews. In order to understand the views of 

participants in a whole population, surveys are a good fit as a quantitative approach 

(Creswell, 2011). However, Creswell (2011) explained that quantitative methods provide 

limited information about the context in which participants talk and also the views of people 

may not be directly heard. Observations of participation were made to triangulate data about 

skills development. Interviews were conducted as a qualitative research approach, 

providing context and depth to probe the research questions (Daniel & Harland, 2018). 

Because a qualitative approach limits the number of participants studied, making it difficult 

to generalise finding to a large group, data were collected using three different methods 

(questionnaire, interviews, observations as outlined in Table 3.1 and explained in sections 

below), to take advantage of the strengths and compensate for weaknesses of the various 

techniques (Creswell, 2011; Johnson & Onwuegbuzie, 2004). As well as offering more than 

one way of looking at a situation, use of mixed methods facilitates capturing different 

perspectives and allows for triangulation (O'Leary, 2010). In addition to triangulation of 
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data collection methods, different sources of data were tapped – both current and alumni 

presenters. 

Table 3.1: Overview of methods and sources of data used to address the research 

questions 

Research Questions Method used for data collection and source of 

data 

What skills, abilities and knowledge 

are developed and retained by 

volunteers through presenting in the 

Science Caravan outreach 

programme? 

 

Current Presenters 

• Pre - post surveys onsite (web -based) 

• Observations 

• Semi-structured interview via telephone 

Alumni Presenters 

• Online survey 

• Semi-structured interview via telephone 

Does presenting in the Science 

Caravan outreach programme 

influence volunteer presenters’ 

attitudes towards science? If so, how? 

 

Current Presenters 

• Pre - post surveys onsite (web -based) 

• Semi-structured interview via telephone 

Alumni Presenters 

• Online survey 

• Semi-structured interview via telephone 

Does participating in the Science 

Caravan outreach programme 

influence life-long behaviours of 

volunteer outreach presenters? 

 

Current Presenters 

• Pre - post surveys onsite (web -based) 

• Semi-structured interview via telephone 

Alumni Presenters 

• Online survey 

• Semi-structured interview via telephone 

How does participating in the Science 

Caravan outreach programme 

influence career and academic choices 

of volunteer outreach presenters? 

 

Current Presenters 

• Pre - post surveys onsite (web -based) 

• Semi-structured interview via telephone 

Alumni Presenters 

• Online survey 

• Semi-structured interview via telephone 

The research was conducted in two phases as shown in Figure 3.1. A convergent 

parallel design was employed in the first phase to examine all four research questions. This 

allowed the researcher to obtain data by the use of questionnaires with two groups of 

participants at the same time. Observations of current presenters were conducted at twelve 

locations to examine the development of science communication skills. This research 

design provided triangulation through the use of two sources of quantitative and the 
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qualitative data collected separately and then drawing meaning from the merged analysis 

of those independent results (Creswell, 2011) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1: Phases of research for this study involved convergent parallel design for Phase 

1 and explanatory sequential design in Phase 2. Quantitative (QUAN) and qualitative 

(QUAL) methods were used. 
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The second phase of the research involved in depth investigation into how 

contributing as a presenter influenced skills development, academic and career choices, and 

life-long learning behaviour. This phase used explanatory sequential design (Guest, 2013) 

in which the quantitative data set in phase one provided information for further data 

collection and analysis. Qualitative follow-up telephone interviews were undertaken in 

phase two. As suggested by Creswell (2011) and Sickler and Johnson (2009), this was done 

in order to obtain detailed information on specific impacts attributed to the programme and 

to elaborate on the findings in the previous phase. Therefore, this study combined 

convergent parallel and explanatory sequential designs for triangulation and 

complementarity. Creswell (2011) noted that many studies have used more than one mixed 

methods design in their research by blending different designs. 

3.3.1 Participants  
There were two groups of participants recruited for this study: current presenters 

with Thailand National Science Museum’ Science Caravan and alumni presenters. In order 

to investigate the short-term impacts of being a presenter in Science Caravan, the first group 

of participants were recruited from current presenters working onsite. At each venue of the 

2017-2018 Science Caravan tour, approximately 60 high school students (16+ years) or 

undergraduate students who volunteered to be presenters were invited to complete two 

questionnaires, and to be observed and interviewed. This research was approved by the 

Human Research Ethics Committee of the University of Otago, New Zealand (Reference 

17/116; Appendix C). The Pre-presenting survey was administered on the morning of the 

first day of training, before the training was begun (n = 764), and the Post-presenting survey  

after presenters had finished on Day six (n = 723). During the training, the researcher 

recruited participants who consented to being observed one time each day while performing 

from the third to the sixth (final) day (n = 64). A month after the Science Caravan tour had 

finished at each location, selected participants were emailed to find time for follow-up 

telephone interviews, as described in Section 3.5.5 (n = 19).  

The second group of participants included alumni who were presenters with Science 

Caravan between 2005 and 2017. This group allowed investigation of the long-term impact 

of being presenters. Unfortunately, there is no contact list of alumni presenters. It was 
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impossible to contact them by telephone, mail or e-mail to invite them to complete the 

Alumni Survey. Instead, recruitment of alumni presenters was conducted via social media. 

Social media, such as Facebook is viral in Thailand, with 93% of the Thai 

population being Facebook users in December 2017 (Statcounter, 2019). It was the primary 

avenue used to reach a particular population and recruit participants, via these Facebook 

pages: คาราวานวิทยาศาตร์ (Science Caravan) with 15,052 followers, and Enjoy Science Career 

page with 510 followers (number of followers recorded on September 13, 2017). The 

contents on these Facebook pages include previous schedules of the Science Caravan. 

Photographs of presenters and visitors engaging with activities and exhibits were posted at 

the end of every day during each event. During training at each venue of the Science 

Caravan, presenters were alerted about the pages. Therefore, it was considered likely that 

many of the alumni presenters had followed these pages. Invitations to participate in the 

survey, with a link to the online survey, were posted and boosted on the Facebook pages in 

order to request sharing with friends who were alumni presenters (Appendix F).  

Two techniques were used to recruit alumni to participate. This recruitment 

involved snowball sampling, as users were asked to share, or circulate the posts with friends 

who were alumni presenters. This technique helped the researcher discover participants 

through the connections of respondents who share the same characteristics and who know 

each other (Seale, 2018). Moreover, the researcher sent requests to relevant networks to 

circulate the survey link via Facebook, such as schools’ Facebook pages. Also, the 

Facebook platform facilitates users to track audiences who engaged with posts such as 

clicks on the like button, comments, and tags. This allowed the researcher (as an NSM 

Science Caravan staff) to follow these clues and send invitations through Facebook 

messenger to 859 alumni presenters. The posts reached 4,684 engagements; this included 

sharing, comments, clicks on like button, photos, and the questionnaire link. Recruitment 

strategies together resulted in 938 clicks on the questionnaire link, and 726 (77.4%) 

completed the survey. 

 

 3.3.2 Locations 
For this study, participants were presenters at 12 locations of a Science Caravan 

tour which visited four regions of Thailand from November 2017 to February 2018 (Figure 

3.2). The Science Caravan stayed six days at each location, two days for exhibit installation 

and presenter training and four operating days open to visitors.  Current presenters were 
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asked to participate in this research onsite, providing approximately 60 participating 

presenters at each of 12 locations. Data collection occurred at each location of this Science 

Caravan tour.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2 The 12 locations of the Science Caravan tour providing research locations of 

this study- different colours indicate different regions. 

 

3.4 Development of instruments 

3.4.1 Questionnaires 
Questionnaires are a commonly used method in social science research to obtain 

data from and about people to answer research problems (Robson, 2011). A questionnaire 

often consists of a sequence of specific questions that are individually matched with a 

quantitative ordinal scale (Daniel, & Harland, 2018). A questionnaire can also generate 

qualitative data through the use of open-ended questions (O'Leary, 2010). In a structured 

survey, questions are standardised and scheduled; this means each participant is asked 

questions in the same way, with items in the same order, so that variations in responses can 

be associated to real differences among respondents, rather than to different ways of asking 
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a question (Seale, 2018). This approach was used as it can provide a comprehensive, 

representative summary of particular characteristics, beliefs, attitudes, views or behaviours 

(Daniel & Harland, 2018). In this study, data from questionnaires were triangulated with 

other methods such as interviews and observations. 

3.4.1.1.Questionnaire design 

Three questionnaires were developed to explore the research questions of this study: 

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 question in the questionnaires was selected to address a research objective and 

minimize collection of tangential information. It is important to keep the length of 

questionnaires to the minimum needed because a longer questionnaire leads to fatigue and 

less cooperation and completion. (Sinkowitz-Cochran, 2013; Callegaro et al., 2015). 

Callegaro et al. (2015) noted that response quality starts to decline after approximately 20 

mins. 

In preparing the questionnaires, the principles kept in mind were that questions 

would be short, specific, straightforward, avoiding vague words and double questions and 

using simple language written for the appropriate reading level of respondents (Callegaro 

et al., 2015; Robson, 2011; Seale, 2018; Sinkowitz-Cochran, 2013). Since negation may 

lead to misinterpretation (Callegaro et al., 2015; Sinkowitz-Cochran, 2013), negative 

statements were used sparingly (e.g. “Science and technology are not useful for national 

development”). In addition, every attempt was made to avoid leading or value-laden terms. 

These terms may raise issues of social desirability, whereby respondents might tend to 

answer a question by social norms and in a manner that they think would be viewed 

favourably by others (Sinkowitz-Cochran, 2013; Sue & Ritter, 2012).  

Both close-ended and open-ended questions were used in the questionnaires for this 

research. Close-ended questions allow respondents to select one answer from a list provided 

(Callegaro et al., 2015) and can provide a blank space for respondents to supply answers 

that were not offered as an option. This type of question is simple to respond to, is well-

known to most respondents, and can provide a reliable measurement (Sue & Ritter, 2012). 

The formats of close-ended questions in this study included dichotomous, multiple choice 

and rating scales. Attention was paid to clarity of layout as recommended by Fowler (2013) 

so that it is easy to see how to proceed. 
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A few open-ended questions were used in this study to obtain information in 

participants’ own words about a topic. Open questions were used immediately after selected 

closed questions to provide respondents with an opportunity to elaborate why they selected 

a particular answer. However, open-ended questions can be time-consuming for both 

respondents and the researcher (Sinkowitz-Cochran, 2013). For the respondents, it requires 

one not only to recall prior experiences but also to make a decision as to how best to explain 

and with how much detail; for the researcher, open-ended questions need to be coded which 

is time consuming and can complicate the analysis (Sinkowitz-Cochran, 2013). In this 

study, respondents were not forced to answer open-ended questions and the proportion of 

responses varied from 35 to 56% of respondents. 

The questionnaires were divided into six parts (see Table 3.2). Complete 

questionnaires can be found in Appendix A (English) and B (Thai). Questionnaires began 

with demographic questions, followed by self-confidence, self-perception of skills 

development, academic and career choices, attitudes towards science, and life-long learning 

behaviours. For the self-confidence and skills development questions, items were 

developed by the researcher by focusing on abilities related to contributing in science 

outreach programmes and required skills for the 21st century. Items related to academic and 

career choices focused on the influence of being presenters on academic and career 

decision. Life-long learning behaviours consisted of eight items focusing on free-time 

activities associated with science, with items developed by the researcher, informed by 

Venville et al. (2013). 

To measure attitudes towards science, many different studies have developed 

instruments, some of which incorporate over ten dimensions (Tytler & Osborne, 2012). 

Even though there are numerous inventories regarding students’ attitudes towards science, 

a set of questions from an inventory may not suit the particular purpose and context. 

Changes after participation as a presenter were expected to result in four dimensions: (I) 

Future participation in science (II) Value of science to society (III) Self-concept about 

science (IV) Anxiety about science presenting. Twenty- four items were included in the 

questionnaires. They were adapted from three sources (Hillman et al., 2016; Kind et al., 

2007; Weinburgh & Steele, 2000) and developed by the researcher to suit the particular 

context of the programme in Thailand. For example, all items in Anxiety about science 

presenting scale were related to experience from being presenters with Science Caravan. 

The items consisted of positive and negative statements in order to confirm respondents 
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were paying attention. For example, participants who responded “strongly agree” to all 

statements when responses were inconsistent across positive and negative statements could 

be removed in data cleaning. Five-point Likert-type scales ranging from strongly agree to 

strongly disagree were used to measure a value for items that related to the different 

constructs (Kind et al., 2007; Lovelace & Brickman, 2013; Osborne et al., 2003). An 

overview is provided in Table 3.2. 

 

An advantage of a quantitative approach is that, assuming a sufficient sample size, 

it can provide generalisable findings, which are focused on the identification and 

description of the nature of the problem (Osborne et al., 2003; Penrice, 2016). However, 

this approach, often through questionnaire types surveys, can limit the focus of 

respondents’ responses (Osborne et al., 2003). In contrast, qualitative methods provide the 

chance to study attitude in context, including underlying and as-yet unidentified influences 

(Penrice, 2016). This allows examination of meaning and interpretations to reach a more 

in-depth and productive understanding of respondents' attitudes through using interviews 

and focus groups. However, qualitative methods cannot provide generalisable findings 

(Kind et al., 2007; Osborne et al., 2003).  Nevertheless, they can provide a richer 

understanding of the problem and the findings are often transferable to other contexts. In 

the present study, I developed and used attitude scales to measure presenters' attitudes 

towards science. A primary justification for using an attitude scale is the use of more than 

one question to measure the same construct, which can increase the reliability of the 

instrument (Gardner, 1996). Moreover, scales are simple to use in questionnaires and 

distribute to respondents (Kind et al., 2007). 
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Table 3.2 Questionnaire structure, with number of items for the scale representing each 

construct, examples of items, and which questionnaire contained those items. (Complete 

questionnaires are found in Appendix A (English) and B (Thai).) 
Construct Sub-construct Number 

of Items 

Example of Item Sources  

Demographic 

information 

 7 

7 

9 

- What level are you studying?  The researcher and 

supervisors 

Self-

confidence 

 

 

 4 

5 

 

1 Open-

ended 

question 

- I am confident in discussing 

and sharing ideas about science 

 

- How or why did your 

confidence increase after 

presenting? 

The researcher and 

supervisors 

Self-efficacy  

 

 

 

 

 

 

 

 

Retained 

skills 

Skills 

development 

-Science 

knowledge 

 

 

 

7 

 

3 

 

 

Open-

ended 

questions 

 

 

 

- I have an ability to simplify 

content 

 

- I have a lot scientific 

knowledge. 

 

 

Please give a specific example 

of how your abilities were 

improved from the programme. 

 

- Have you used skills or 

knowledge which you gained 

from the experiences you got 

as a presenter? 

The researcher and 

supervisors 

 

 

 

 

 

 

 

The researcher and 

supervisors 

Academic and 

career choices 

 

-Career in the 

future 

 

-Academic and 

careers decisions 

1 

 

 

3 

 

 

1 Open-

ended 

question 

- In the next ten years, describe 

your desire to have a science 

career 

 

- Being a presenter is likely to 

influence my career decisions. 

 

- Please specify a career that 

you would most prefer 

 

The researcher and 

supervisors 

Attitudes 

towards 

science 

-Future 

participation in 

science 

 

-Value of 

science to 

society  

 

 -Self-concept 

about science  

 

 

-Anxiety about 

science 

presenting 

 

4 

 

 

 

 

7 

 

 

7 

 

 

 

8 

 

- I would like to have a job 

working with science. 

 

 

- Science is useful in helping to 

solve the problems of everyday 

life. 

 

- I usually understand what 

people are talking about in 

science. 

 

- I worry about explaining the 

science content to school 

children 

 

Kind et al., 2007 

 

 

 

Hillman et al.,2016; 

Weinburgh & Steele, 

2000. 

 

Weinburgh & Steele, 

2000; The researcher 

and supervisors 

 

Weinburgh & Steele, 

2000; The researcher 

and supervisors 

 

Life-long 

learning 

behaviour 

 8 - My spare-time activities are 

likely to be science related. 

The researcher and 

supervisors 
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The questionnaires were administered via QualtricsXM, a survey web-based 

platform. There are significant reasons to use web-based surveys rather than paper-based 

surveys. In this study, participants could access the questionnaires quickly and easily 

because the platform could be accessed on computers as well as smartphones and tablets. 

This allowed respondents to complete the questionnaire at a convenient time and locations 

since people keep their mobile phone with them most of the time (Sue & Ritter, 2012). 

Furthermore, a web-based survey is an economical means to gather data from a large 

number of participants who are geographically dispersed (Sue & Ritter, 2012). Respondents 

can complete a self-administered questionnaire by themselves without the interference of 

the researcher (Sinkowitz-Cochran, 2013); therefore, participants are more likely to freely 

and honestly answer the questions (Sue & Ritter, 2012). Another advantage of the web-

based questionnaires was reducing human errors because data were collected directly on a 

server and stored in a digital file; this helped the researcher manage the data. 

However, a web-based questionnaire has disadvantages. Sample bias was possible 

for Alumni Survey in this study as respondents were limited to alumni presenters who had 

a Facebook account (participants and sampling are discussed in section 3.5.1). For those 

alumni who responded to the questionnaire, they might hold a more favourable opinion 

about the Science Caravan programme, since those individuals may have been more likely 

to have maintained contact with the Science Caravan Facebook page or staff. As a result, 

they might be more receptive to responding to a questionnaire about the programme. In 

addition, respondents might be likely to report their feelings or attitudes inaccurately; a 

social desirability response bias can occur when people react in the way that shows them 

in a good light (Robson, 2011), although this is less of an issue for anonymous responses. 

Although many attempts were made to reach out to the alumni and encourage broad 

participation, the researcher does not know the reasons why some alumni seeing the post 

did not respond, nor the characteristic of non-respondents. To address this issue, the results 

from both current and alumni presenters were used to confirm and triangulate the findings. 

 

3.4.1.2 Validity 

The questionnaires were developed in English by the researcher after working as a 

science communicator with Science Caravan for ten years. Content validity involved 

assessment by experts in the content in a particular area.  The seven experts, one a professor 

in science communication, one a professor in Higher Education, four PhD candidates in 

Science Communication, and a professional practitioner in Science Communication, 
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participated in the content validity review during June - July 2016. No changes were made 

to content in response to comments received in verifying validity. The questionnaires were 

then translated into Thai and sent to a Thai researcher and the acting director of the science 

communication division at the National Science Museum, Thailand to confirm the correct 

translation and to ensure that each statement could be clearly understood. At that point, the 

questionnaire was piloted in two steps with a total of 96 presenters who were presenting 

with Science Caravan and the National Science Fair in August 2016.  

 

3.4.1.3 Pilot study 

At the first stage of any data gathering, piloting should be done (Robson, 2011). 

Pilot testing helps the researcher to determine problems of the designed instrument 

(Robson, 2011; Seale, 2018), checking that the questions are understandable, unambiguous, 

and have the same meaning for the researcher and all respondents. 

The questionnaire was first administered onsite with a small group of current 

presenters (n = 40) who were presenting with Science Caravan in the Trang province 

(southern part of Thailand) on 11 August 2016. Cronbach's alpha coefficient was used as 

an indicator of internal consistency to show how a set of items are closely related to each 

other as a group or a scale in a psychometric instrument (Tavakol & Dennick, 2011). The 

alpha coefficient was calculated for each scale. If the value of alpha was between 0.70 and 

0.95, reliability was deemed to be acceptable (Tavakol & Dennick, 2011). 

The results of this first pilot demonstrated that some of the statements intended to 

measure attitudes towards science were not suitable for Thai students. For example, there 

were some negative statements that were confusing, appeared to lead to misinterpretation 

and were time-consuming to answer. The Cronbach’s alpha value of ‘self -concept about 

science’ (a construct of attitudes towards science) in the pilot version was 0.55, indicating 

that there were poor correlations between items and the items with low inter-item 

correlation values were revised. Cronbach’s alpha was recalculated after removing two 

negative statements, which resulted in an increased alpha value to 0.72. To investigate this 

dimension further, three negative statements in the ‘self-concept’ and one statement in the 

‘value of science to society’ dimension were changed to positive statements (see Table 3.3) 

and a second pilot test was conducted. 

The revised questionnaire was tested with 56 current presenters who were 

presenting with a science outreach programme in Bangkok, Thailand, from August 20-28, 
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2016. All dimensions in the final questionnaire were found to be reliable with alpha values 

at 0.7 or above, indicating that the questionnaire was ready to collect data from the actual 

subjects. These results revealed evidence that negative and complex items need time in 

interpretation and can lead to confusion in Thai students. The complete pilot and final 

versions of the questionnaires can be found in Appendix A (English) and B (Thai).  

 

Table 3.3 Items in Pre-presenting survey, Post-presenting survey and Alumni survey 

which were revised after pilot tests 

Pilot version Revised version 

Value of science to society  
Technology is an example of  

an important product of science.  

Science can produce useful technology 

Self-concept in science  
I do not do very well in science.  I do very well in science studies. 

Science is not difficult for me.  Science is easy for me. 

No matter how hard I try, I cannot  

understand science. 

If I try hard, I can understand science. 

 

3.4.1.4 Factor analysis  

 It is essential to check the reliability of an instrument after collecting actual data. 

In this instance, the instrument included a combination of items from different inventories, 

new items and items modified to be appropriate for the Thai context. Exploratory factor 

analysis was used to identify underlying factors that explain the pattern of correlations 

within a set of factors and confirm the unidimensionality of each factor with a set of items. 

Exploratory factor analysis techniques were conducted using SPSS Version 24 to 

summarise a large set of items into smaller sets of dimensions or scales (Pallant, 2011). In 

this study, three sets of statements, including 'attitude towards science', 'self-efficacy', and 

'life- long learning behaviour about science' were extracted. 

A scree plot is a diagnostic test to examine whether exploratory factor analysis 

works well on the data set. A Scree plot is a line plot of the eigenvalues of factors and is 

used to find a position at which the shape of the curve changes direction and shifts 

horizontal (Pallant, 2011). This plot allows researchers to examine the pattern of decreasing 

variability attributable to each successive scale in order to inform the selection of how many 

such scales should be considered (Frey, 2018). All points above the horizontal in the graph 

are factors that contribute the most to explaining the variance in the scales. The scree plot 
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and eigenvalue over 1 guide the researcher in retaining an appropriate number of factors 

and continuing with the analysis.  

 

  i: Attitude towards science measurement. 

Even though most attitude measurement items were derived from inventories, some 

of them were modified to suit the Thai context. To assess the suitability of the data for 

factor analysis, two statistical measures were used (Table 3.5). Items were scored on a scale 

of 1 to 5 (1 = strongly disagree, 2 = disagree, 3 = neither agree nor disagree, 4 = agree, and 

5 = strongly agree). Negative item scores were reversed before analysis. Bartlett’s test of 

sphericity and the Kaiser-Meyer-Olkin (KMO) were used to assess the correlation among 

variables which are sufficient to specify the underlying constructs and to examine the 

degree of correlation between variables (Mazas et al., 2013; Pallant, 2011). The result of 

Bartlett's Test of Sphericity showed statistical significance (p < .05) and The Kaiser-Meyer-

Olkin (KMO) value was 0.902 which is greater than the minimum required value of 0.600. 

This indicates that the sample size is adequate and factor analysis is appropriate.  

 

Table 3.4 KMO and Bartlett’s sphericity test for attitude towards science measurement 
 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .902 

Bartlett's Test of Sphericity Approx. Chi-Square 6824.213 

df 276 

Sig. .000 

 

Exploratory factor analysis was employed to examine the dimensions of 24 items 

derived from the data. Four factors were obtained with eigenvalues greater than 1 (6.195, 

4.158, 1.825, and 1.179). This is confirmed by the Scree plot which shows four points 

above the horizontal line ( Figure 3.3), indicating there are four factors that contribute the 

most to explaining the variance in the attitudes towards science scales.   
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Figure 3.3 Scree plot from the factor analysis of attitude measurement in Pre-presenting 

survey  

 

There are two methods of rotation, orthogonal and oblique. Oblique methods enable 

the scales or factors to correlate. In the social sciences, some correlation between scales is 

generally expected (Costello, & Osborne, 2005). In this study, scales in attitudes towards 

science are correlated. At the same time, uncorrelated scales were yielded by orthogonal 

rotations (Costello, & Osborne, 2005). Accordingly, employing orthogonal rotation can 

cause a loss of relevant data if the scales are correlated, and oblique rotation should 

theoretically be more accurate (Costello, & Osborne, 2005). 

There are three types of oblique rotation; direct Oblimin, Quartimin, and Promax. 

For attitude scales, Oblique Oblimin rotation was performed since data violated the 

assumption of multivariate normality (Costello & Osborne, 2005). More importantly, it 

created a more accurate and more explicit pattern of results in exploratory factor analysis 

(Osborne, 2015). 

Based on the theoretical starting point of four dimensions of attitude, Oblimin 

rotation was performed in SPSS Version 24. The rotated solution revealed four factors. 

These results of factor analysis, with loading less than 0.35 not being shown, are presented 

in Table 3.6 . The items relating to each dimension were grouped and ordered. In the four 

factors solution to the analysis, the extracted factor corresponded to the four dimensions of 

attitude towards science that were predicted in the questionnaire designed. This analysis 

provided confirmation that the dimensions designed were distinct, and each of the 
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dimensions was unidimensional (Kind et al., 2007). As we can see in Table 3.6, one item 

of the ‘value of science’ was related more to the ‘anxiety about science’ factor. This is 

indicated by the item being quite close to both areas. In this case, the dimension should be 

associated with the greatest factor weight. 

Table 3.5 Factor analysis loading results > 0.35 for 24 items on attitude towards science in 

final Pre-presenting, Post-presenting and Alumni survey 

Scales 

Item number 

in 

questionnaire 

Attitude items  
Factors 

1 2 3 4 

Self-concept 

in science 

19 I can talk about science with others. .69       
23 I learn science quickly. .69    

15 I do very well in science studies. .67    

7 
I usually understand what people are talking 

about in science. 
.63    

3 Science is easy for me. .59    

24 
I have a good feeling toward teaching 

science to school children. 
.43    

9 I would enjoy studying science. .43    

Anxiety 

about 

science 

presenting 

12 
It makes me anxious about how I will deal 

with questions from students. 
  .81     

16 
I worry about explaining the science 

content to school children. 
 .72   

20 
It makes me nervous when school teachers 

ask me to explain science-related topic. 
 .72   

8 
I feel tense when someone talks to me about 

science. 
 .71   

4 
I become anxious when it is time to explain 

a science concept in front of my classmates. 
 .66   

10 
Discoveries in science do not affect how I 

live    
 .37   

Value of 

science to 

society 

2 Science can produce useful technology     .68   

14 
Science is useful in helping to solve the 

problems of everyday life. 
  .61  

18 
Everyone should have some basic scientific 

knowledge. 
  .57  

1 
It is exciting to learn about new things 

happening in science. 
  .54  

22 
Science is not important to a country’s 

development. 
 .36 .47  

11 If I try hard, I can understand science.   .46  

6 
People don’t need to understand science 

because it does not affect their lives. 
  .38  

Future 

participation 

in science 

21 I would like to be a scientist.       .79 

17 I would like to be a science teacher.    .68 

13 
I would like to have a job working with 

science. 
   .58 

5 
I would like to study more science in the 

future. 
      .50 
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ii: Skills and self-efficacy in science 

There were ten items designed to measure students’ abilities, skills and self-efficacy in 

science. The same factor analysis procedures described above were employed to determine 

sets of scales. The Kaiser-Meyer-Olkin (KMO) value was 0.904, and the Bartlett’s Test of 

Sphericity showed statistical significance. The results support the factorability of the 

correlation matrix among items (Table 3.6). 

 

 Table 3.6 KMO and Bartlett’s sphericity test for self-efficacy  
  

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .904 

Bartlett's Test of Sphericity Approx. Chi-Square 3542.097 

df 45 

Sig. .000 

 

Exploratory factor analysis was employed to examine the dimensions of ten items 

derived from the data. Two factors were obtained with eigenvalues greater than 1 (5.202, 

and 1.180). A Scree plot shows that there are two points above the horizontal line ( Figure 

3.4), indicating there are two factors that contribute the most to explaining the variance in 

the self-efficacy scales.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.4 Scree plot from the factor analysis of self-efficacy in the Post-presenting 

survey data.  
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For the self-efficacy, Promax rotation yielded the best result of the data set, which 

mean most of the items were loaded into the self-efficiency scales that designed and more 

explicit pattern of self-efficacy in this study. The rotated solution revealed two factors. 

These results, with loading less than 0.35 not being shown, are presented in Table 3.8. The 

results showed that two dimensions were grouped in the questionnaires with both scales 

showing a number of strong loadings with the correlation coefficients range from 0.40-

0.87, with all items loading substantially on only one scale. The interpretation of the two 

scales was consistent with the scales that were designed, with ‘skills’ items loading strongly 

on Factor 1 and ‘self-efficacy in science’ items loading strongly on Factor 2. 

 

Table 3.7  Factor analysis results for ten items on students’ abilities in the Post-presenting 

survey data. 

Scales Items 
Factors 

1 2 

Self-efficacy in skills 

I have ability to simplify content .76 
 

I can adjust content to suit the audience .87 
 

I can communicate ideas effectively .75 
 

I can solve unexpected problems. .61 
 

I am good at problem solving. .40 
 

I am good at critical thinking. .41 
 

I am sure I can work as a part of team. .52 

 

Self-efficacy in science 

I have a lot scientific knowledge   .75 

I can get good marks in science class 
 

.84 

My understanding of science is good   .86 

 

iii: Life-long learning behaviour about science  

Seven items were designed to measure life-long learning behaviour about science. 

The Kaiser-Meyer-Olkin (KMO) value for this set of statements was 0.88, and the result 

Bartlett's Test of Sphericity showed statistical significance (Table 3.8).  

Table 3.8 KMO and Bartlett’s sphericity test for Life-long learning behaviour about 

science 
 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .880 

Bartlett's Test of Sphericity Approx. Chi-Square 2693.289 

df 21 

Sig. .000 
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Exploratory factor analysis was employed to examine the scales of responses to 

seven items. One factor was obtained with an eigenvalue greater than 1 (4.25) and scree 

plot as shown in Figure 3.5 confirming that these items relate to one factor. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.5 Scree plot from the factor analysis of life-long learning behaviour about 

science in data from the Post-presenting survey.  

 

Factor analysis identified only one independent scale in these items from the 

questionnaires by showing the number of heavy loadings with the correlation coefficients 

range from 0.62 - 0.83, and all items loading substantially on only one factor (Table 3.9 ). 

The interpretation of the one component is that there is no subscale on this set of questions, 

and these items only measure one concept of life-long learning about science. 

 

Table 3.9 Factor analysis results for seven items related to life-long learning about science 

in data from the Post-presenting survey.   

Scale Items 
Factor 

1 

Life-long learning 

about science 

Visiting science museum, science centre, zoo .62 

Watching science documentaries or TV show .77 

Reading science articles .80 

Browsing updated science news .83 

Searching for science information that is interesting to you .83 

Visiting website, Facebook and Blogs about science .81 

Participating in science events or public lectures about science or 

related topics 
.76 



71 

 

 

3.4.1.5 Reliability 

Reliability is concerned with a questionnaire's ability to produce coherent and 

consistent results (Tavakol & Dennick, 2 0 1 1 ) .  The application of Cronbach's alpha is 

commonly used for calculating the reliability of questionnaires; it measures internal 

consistency of a set of items in the scale related to one concept (Tavakol & Dennick, 2011). 

One rule of thumb considers alpha above .9  to be excellent, above .8  good, above .7 

acceptable, above .6  questionable, and lower values unacceptable (George & Mallory, 

2009). In general, a Cronbach's alpha value close to 1.0 means a higher internal consistency 

of a set of items in a questionnaire (Gliem & Gliem, 2003) .  However, an alpha' too high' 

may also suggest redundancy (Tavakol & Dennick, 2011), and some suggest it should not 

exceed 0.9 (Streiner, 2003).  

 A measure is unidimensional if the items in an instrument measure the same 

construct (Tavakol & Dennick, 2011). However, many dismiss this acceptance that a high 

alpha implies unidimensionality, saying that a high alpha value does not indicate that it is 

unidimensional (Gliem & Gliem, 2003; Kind et al., 2007). In order to confirm 

unidimensionality, an independent technique, such as factor analysis, should be used before 

interpreting any Cronbach's alpha, even if the value is high (Field, 2013; Gliem & Gliem, 

2003; Kind et al., 2007; Tavakol & Dennick, 2011). 

After the set of questions was confirmed and translated from English to Thai, then 

internal consistency was determined before the questionnaires were administered. The pilot 

study was conducted on-site in Thailand, as mentioned earlier. However, the property of 

Cronbach’s alpha is specific to sample of test, therefore the calculation for alpha should be 

done each time the questionnaire is administered with different groups of respondents 

(Tavakol & Dennick, 2011). After factor analysis was conducted with three sets of 

questions including ‘attitudes towards science’, perceived abilities, and life-long learning 

behaviours, the internal consistency was determined with three samples of population  for 

this study, which were current presenters (pre and post survey) and alumni presenters as 

show in Table 3.10. 
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Table 3.10 Analysis of internal consistency reliabilities (Cronbach’s alpha), showing that 

all values exceeded 0.7 

Constructs Scales 
Number 

of items 

Cronbach’s 

alpha 

Cronbach’s 

alpha 

Cronbach’s 

alpha 

Pre-

presenting 

survey  

Post-

presenting 

survey  

Alumni 

Survey  

Current 

presenters 

Current 

presenters 

Alumni 

presenters 

Attitudes towards 

science 

Future participation 4 .72 .75 .79 

Anxiety about 

science presenting 
6 .76 .82 .78 

Value of science to 

society 
7 .77 .73 .71 

Self-concept about 

science 
7 .83 .86 .86 

Perceived abilities 

Skills  7 .81 .87 .87 

Self-efficacy in 

science knowledge 
3 .84 .85 .77 

Life-long learning 

behaviour about 

science 

Life-long learning 

behaviour about 

science 

7 .83 .89 .88 

n = 764 for Pre-presenting survey , n = 723 for Post-presenting survey , and n = 726 for Alumni Survey . 

3.4.2 Interviews 
There are limitations to the online questionnaire in obtaining a deeper understanding 

of how contributing with Science Caravan influenced presenters’ skills gained, attitude 

towards science, and academic and career choice, as well as life-long learning behaviour. 

Qualitative research interviews can be employed to develop a deeper understanding of 

participant perspectives and experiences (Kvale & Brinkmann, 2009). This study employed 

semi-structured interviews. This allowed the researcher to prepare a set of possible 

questions to guide the conversation and also rearrange or probe with follow-up questions 

appropriate to different participants. 

The interview protocol included an introduction, a list of the topic headings and 

possible key questions, sets of associated prompts and closing comments (see Appendix E) 

It was developed in English and then translated into Thai for Thai participants. The main 

questions were designed to answer the research questions associated with participants’ 

experience with the Science Caravan programme. Telephone interviews were used because 

of physical distance from participants. The obvious advantages of remote interviews are 

that they can facilitate participants to choose a date and time for their convenience and also 

save cost and time of travel, as well as possibly reduce bias of responses due to influence 
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of interviewer characteristics (Robson, 2011). However, remote interviews lack visual cues 

that would be observed and provide additional information, perhaps leading to further 

exploration of a topic or to changing the topic (Robson, 2011). 

 

3.4.3 Observations 
In this thesis, direct observation of presenters while on task was one method used 

to complement the quantitative and qualitative data gathered through questionnaires and 

interviews in order to strengthen and increase the validity of the findings. Observation 

enables the researcher to describe the behaviours of the target samples under study on site 

through observations made in those situations (Kawulich, 2005). DeWalt (2011) and Webb 

et al. (1966) suggested that observation can be used to increase the validity of a study, and 

also can serve to better understand the findings.  

The observation rubric used in this study was adapted from a marking rubric used 

to assess science communication student presentations, developed by Professor Nancy 

Longnecker and Dr Jan Dook at the University of Western Australia (N. Longnecker, 

personal communication, August 3, 2017). The researcher developed the observation rubric 

(Appendix G) in order to assess whether science communication skills improved while 

selected current presenters were performing with either science exhibits, or Enjoy science 

careers exhibition, or fun science activities. The rubric consists of seven criterions; 

introduction, clear voice, appropriate language, encouragement of audience, explicit 

mention of content, conclusion, and question management, based on previous studies of 

effective science communication (Bray et al., 2012; Mercer-Mapstone & Kuchel, 2017), 

the extensive experience of the researcher, and assessments conducted over twelve years 

by the research supervisor and teaching colleagues. Each criterion was described with a 

clear definition of scoring schemes ranging from 0 – 5.  

All participants completing the Pre-presenting survey were asked for their consent 

to be observed. The observation rubric was pilot tested on November 7, 2017 in Sakon-

nakhon province with five presenters. The pilot showed that some of the criteria in the 

rubric were not fit for the actual situations and the rubric could not evaluate all those 

presenting in the Science Caravan because of the nature of some of the presenting activities. 

For example, presenters responsible for visitor services did not have a chance to explain 

science content. After the pilot, the observation rubric was revised, and it was determined 

that two groups of presenters were appropriate for assessments – those responsible for 

Science exhibits and for the STEM career exhibition. Each observation took about 15-20 
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minutes per day per presenter, depending on the length of their presentations. Additional 

benefit of the rubric lies in its use for providing concrete feedback to presenters about their 

performances over the course of the four days of presenting. At end of the four days, they 

were provided written feedback by the researcher.  Sixty-four presenters were observed 

(see section 3.5.6). 

 

3.5 Data collection 

3.5.1 Data collection procedure 
The Science Caravan spent six days at each location (Figure 3.6). The first two days 

comprised presenter training and exhibit installation. During the subsequent four operating 

days, the Science Caravan was open to visitors, with presenters onsite to help explain the 

exhibits. In this study, current presenters were asked to participate in this research onsite. 

The Pre-presenting survey was administered in the morning of the first day of training 

before training began, and the Post-presenting survey was administered at the end of day 

six. The last question of the Post-presenting survey asked whether the participant was 

willing to be contacted for a follow-up interview. During the four days of presenting, the 

researcher selected six of the participants who had consented to being observed and used 

the observation rubric during one of their presentations each day while presenting from the 

third to the sixth (final) day (see the details of observation recruitment in section 3.5.6). A 

month after the Science Caravan tour had finished at each location, all of the consenting  

participants from that location were emailed to ask for follow-up telephone interviews. 

Alumni Survey for alumni presenters was administrated online via Facebook. Semi-

structured telephone interviews with alumni presenters were undertaken at this period as 

well.  
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Figure 3.6 Science Caravan programme with quantitative and qualitative data collection 

3.5.2 Population and sampling procedure 
 The two populations or participants are described below; the first group was current 

presenters who were contributing to the Science Caravan from November 2017 to February 

2018. The second group was alumni presenters who contributed between 2005 and 2017. 

 

3.5.2.1 Current presenters 

A census method can be employed to survey everyone in the population of interest 

to obtain the most accurate information and avoid sampling problems such as non-response 

bias (Robson, 2011; O'Leary, 2010). All current presenters at the locations in Figure 3.5 

were asked to participate in this research. Participants were asked to consent and provide 

their names on the Pre-presenting and the Post-presenting survey in order to enter data as 

“matched pairs” of pre- and post-scores for each individual for statistical analysis. Once 

paired pre-post questionnaires were matched, data were anonymized for analysis. Each 

questionnaire took approximately 15-20 minutes to be complete.  

Pre-presenting survey  

was administered 

before the training 

had started. 

DAY 1 

DAY 2 

DAY 5 

DAY 4 

DAY 6 

DAY 3 

Science communication 

training and exhibits 

installation 

Science exhibits and 

activities were opened 

to welcome local 

visitors from 8 am - 4 

pm. 

 

After 4 pm on Day 6, 

all exhibits and 

activities were packed 

in order to prepare for 

the next trip. Post-presenting 

survey  was 

administered after 

finishing on Day 6 

A month 

later 

Follow -up telephone 

interviews with current 

presenters 

 

• Six presenters were 

observed once a day 

• Semi- structured 

telephone interviews 

with alumni 

presenters 
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A total of 800 current presenters were involved in this study; however, there were 

some situations that the researcher could not control. For example, some participants could 

not come on the first day of the training day, or some participants could not come on the 

final days. As a result, the actual number of participants was lower, with 764 participants 

completing the pre-survey, and 723 participants completing the post-survey. There were 

690 participants who completed matched pre and post surveys. As shown in Figure 3.7a, 

of the 690 respondents, 66% (n = 454) identified as female, 33% identified as male (n = 

231) and the remaining 1% (n = 5), preferred not to say. This showed that female students 

were more likely to be a volunteer in the programme compared to the gender ratio of Thai 

population in the age of 16 to 25 years at 51% for male and 49% for female (National 

Statistics Office, 2019). The largest group of participants (Figure 3.7b) was between 16-17 

years (51%) followed by 24% of the aged 20-21 years, and 12% between the ages of 22 to 

25. The percentage of participants studying in high school (55%) was slightly higher than 

undergraduates (45%) (Figure 3.7c). The undergraduates in this study ranged from year 1-

4 while high school students were in year 1 or 2 of their secondary studies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.7 Gender (a), age (b) and education level (c) of current presenters who completed 

matched Questionnaires A and B (n = 690). 
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3.5.2.2 Alumni presenters 

The second population was alumni presenters, who had been Science Caravan 

presenters between 2005 and October 2017.  The aimed recruited sample size of alumni 

presenters was determined by comparing the total number of participants to the sample 

required to produce results that are accurate + 5% with 95% confidence by using a ‘sample 

size calculator’ from www.surveysystem.com/sscalc.htm (O'Leary, 2010). From the data 

base of the programme presenters (accessed in 2017), the total number of presenters from 

2005 to October 2017 was approximately 8,000 presenters. Accordingly, an acceptable 

sample size for this study was determined to be 367 or higher. 

To provide incentives for participation, every twentieth respondent who completed 

Alumni Survey received a NSM shopping bag (Figure 3.8). Even though not every 

respondent received the incentive, lotteries with small prizes, but a higher chance of 

winning can be effective in increasing the response rate (Deutskens et al., 2 0 0 4 ) .  The 

Facebook post gained positive feedback from participants with 4,684 engagements. 

 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 3.8 A shopping bag was given to every twentieth respondent of Questionnaire C. 

 

A total of 726 responses were collected with a wide range of alumni presenters who 

were presenting between 2007 and 2017 (Figure 3.9). The majority of respondents (79%) 

to Alumni Survey were female. The alumni sample is more imbalanced, relative to the Thai 

population, than the current participant sample. This is consistent with previous studies 
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investigating online survey response and non-response bias which have found that females 

were more likely to respond to surveys than males (Cull et al., 2005; Sax et al., 2003; Smith, 

2008). The age of respondents was mainly under 20 (51%) or between the age of 20 to 25 

(45%). The highest number of respondents were undergraduates (46%), followed by high 

school students (38%), while 8% of respondents were working full-time job and 2.5% of 

respondents owned their businesses. A high school diploma was the highest qualification 

obtained by 57% of respondents. Bachelor’s degree (27%), and junior high school diplomas 

(14%) were also common while 2% of respondents had completed master or doctoral 

degrees. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.9 Gender (a), age (b), current occupations (c) and education level (d) of alumni 

presenters (n = 726) 

 

This study had several potential biases in representation of alumni presenters. 

Firstly, while all current presenters responded to the surveys (100% response rate), only 
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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 and Facebook 

pages: คาราวานวิทยาศาสตร์ (Science Caravan), and Enjoy Science Career page were the primary 

avenues to reach alumni presenters to recruit participants. It seems likely that alumni 

presenters following these pages hold more favorable opinions about the Science Caravan 

programme. These alumni presenters may have been more diligent in maintaining contact 

with the programme and staff, and more receptive to responding to a survey about the 

program. This is an important consideration in determining potential bias (Sickler & 

Johnson, 2009), as are the characteristics of non-respondents (Robson, 2011). Secondly, 

further indication of a biased sample of alumni presenters is that unlike current presenters, 

no non-science alumni presenters responded to the survey. Therefore, a long-term impact 

of participating in Science Caravan on non-science presenters was not examined in this 

study.  

 

3.5.3 Recruitment for interviews 
Purposive sampling involves samples selected with a particular purpose in mind 

(Daniel & Harland, 2018). The appropriate number of interviewees can range broadly, 

depending on research questions, time and budget, or reaching saturated data (Daniel, & 

Harland, 2018).  This study used purposive sampling to select 38 participants. Of the 723 

current presenters, 95% had consented to follow-up interviews and provided contact detail 

at the end of the Post-presenting survey. Of the 726 alumni presenters at the time of the 

survey, 61% volunteered to follow-up interview by providing contact detail at the end of 

Alumni Survey.  

Several criteria were used to select the participants involved in interviews. Ten 

current presenters who were high school students and nine current presenters studying in a 

university were selected in order to explore potential different perceptions between high 

school students and undergraduates. Emails or personal messages through Facebook 

accounts were sent to the first five participants in each category to invite them to be 

interviewed. Another group of 19 alumni presenters was recruited to investigate the views 

of full-time workers and students at either undergraduate or postgraduate level. Questions 

for alumni presenters focused on the impact of participating with Science Caravan on their 

academic and career choices. Again, emails or personal messages through Facebook 
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accounts were sent randomly to 35 students and 35 full-time workers who provided the 

contact details. 

Thirty-one emails and 99 personal messages through Facebook accounts were sent 

to participants depending on the contact details they gave to invite them to be interviewed. 

This included a link to the information sheet and consent form that indicated the topic and 

questions as well as a blank space to book a date and time for an interview. The first and 

second participants responding the invitation were booked for an interview. After that, the 

researcher confirmed the date and time with participants. Reminder messages were sent 

twice – the first a day before and then an hour before the interview time. This reminded 

interviewees to prepare themselves and find a suitable place to be interviewed. All 

interviews were conducted between October 2016 and April 2017 by the researcher and 

two devices were used to audio-record each interview, with permission. Each interview 

took 15 – 30 minutes.  A set of tokens of appreciation was sent to thank interviewees (see 

Figure 3.10) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.10 A set of tokens of appreciation was sent to each interviewee consisting of a 

Science Caravan bag, a notebook and a pen. 

 

3.5.4 Recruitment for observations 
Seven hundred and twenty-seven presenters consented to be observed. Sixty-four 

participants were purposively selected to represent presenters at a range of different 

exhibits. Criteria for selecting presenters for observation were: 1) had consented to be 

observed; 2) was responsible for one of the activities from Enjoy Science Careers 

exhibition, Science exhibits, or Fun science activities; 3) ticked an answer to show a 

negative or neutral opinion (strongly disagree, disagree, or neither agree nor disagree) with 
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either item, “I have an ability to simplify content” or “I can adjust content to suit the 

audience”, in pre-test survey, and 4) randomised representation of two presenters from 

Enjoy Science Careers exhibition, and the other two from Science exhibits, and Fun science 

activities. Consenting participants were observed while presenting once a day by the 

researcher to ensure that their presentation was assessed consistently, from the first to the 

fourth (final) day.  

Direct observation with intervention is commonplace and occurs in situations in 

which participants know the researcher (Daniel & Harland, 2018). In this study, the 

researcher adopted the role of observer and facilitator as a member of NSM staff. All 

participants knew who the researcher was, and that they were participating in a research 

project because of an introduction on the first day of science communication training. As a 

participant of the NSM team and staff member who had been in charge of presenter training 

for many years, it was natural for the researcher to be involved in some activities during 

this research project such as the training by assisting the NSM staff member who was 

currently facilitating the training sessions. Making sure participants are comfortable with 

the open process is essential (O’Leary, 2010) and efforts were made to help presenters feel 

familiar with the researcher in order to build trust. This helps participants avoid acting 

unnatural while being observed. Participants were familiar with the researcher not only in 

the training sessions but also while presenting through her helping participants work with 

visitors in general. Although participants knew that observations were being made during 

the Science Caravan programme, they did not necessarily know who was being observed 

until the end of the final day when the researcher provided feedback. 

 

3.6 Data analysis 

3.6.1 Quantitative analysis 
A few different processes were used for quantitative data analysis. The 

questionnaires were administered using Qualtrics XM. Data were downloaded and imported 

to SPSS version 24. Cleaning of data occurred at the first step of the analysis. 

Questionnaires which were less than 80% completed were excluded from the analysis. In 

six cases, even though 100% of the questionnaire was done, they were excluded if the same 

response was detected throughout the questionnaire; for example, if all items were only 

answered as ‘neither agree nor disagree’,it was assumed that those respondents did not pay 

attention and respond accurately.  
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Descriptive statistics and two types of non-parametric analysis were employed with 

ordinal data. Descriptive statistics were used to examine the basic features of the data set 

and to obtain an overview of the results (O’Leary, 2010). Demographic information was 

obtained to investigate the influence of gender and education levels. In order to compare 

ordinal data and matched samples and test for changes after an intervention (Allen & 

Seaman, 2007; Boone & Boone, 2012), Wilcoxon Signed Rank Test was applied to Likert 

item data (individual items), to detect change in self-confidence, skills, and interest in life-

long learning behaviour about science before and after presenters’ participation. Kruskal 

Wallis test was used to compare interest in science between four groups: high school current 

presenter, science-majors current presenter, non-science majors current presenter and 

alumni presenter. 

 

Different types of statistical techniques were used in the different conditions of interval 

data analysis. Parametric analysis (paired t-test) was used to compare Likert scale data 

(Allen & Seaman, 2007; Boone & Boone, 2012), the scales comprised of combined Likert 

item scores (Daniel & Harland, 2018; Joshi et al., 2015), to investigate any improvement 

of attitude towards science. A one-way repeated measures ANOVA was conducted to 

compare scores on the science communication skills from Day 1 to Day 4 after the 

summative judgments made using the rubric were combined and recorded as percentages.  

Paired t-tests were used to compare the differences between pretest and posttest scores on 

attitude scales. A two-way, between-groups analysis of variance (two-way ANOVA) was 

used to examine the impact of the intervention of presenting with Science Caravan, gender, 

and education levels on the scores of attitudes towards science. When the two-way ANOVA 

detected a main effect, independent t-test was used to determine differences in scores.  

Hierarchical multiple regression has been widely used to test theoretical 

assumptions to explain or predict a dependent variable with a set of predictors 

(independent) variables (Petrocelli, 2003). Jeong and Jung (2016) explained that in standard 

multiple regression, all independent variables are entered simultaneously, while 

hierarchical multiple regression involves theoretically based decisions that the researcher 

can make about when to enter variables into the analysis. Before performing hierarchical 

multiple regression, the assumptions for multiple regression should be met, and the decision 

on the order of variables entry should be made (Jeong, & Jung, 2 0 1 6 ) .  Preliminary tests 

have specific assumptions that describe characteristics of the data that must be present for 
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the test to be validly interpreted. Failure to meet the assumptions could produce biased 

outcomes.  

Four statistical tests were used to ensure the characteristics of the data are valid. 

The relationship between the independent and dependent variable must be linear for the 

linearity assumption. Homoscedasticity or equal variances across groups is tested. 

Normality of Residuals demands that the distribution of residuals is normally distributed. 

In order to diagnose multicollinearity, the correlation between variables, tolerance, variance 

inflation factor (VIF), and condition number must be examined (Alin, 2010). 

In this study, hierarchical multiple regression was used to determine whether the 

four scales of attitudes and, self-efficacy in science knowledge could predict interest in life-

long learning behaviours about science. Self-efficacy in science knowledge, attitude scales 

and interest in life-long learning about science were used to predict future participation in 

science. Effect of gender and education level were also considered.  

 

3.6.2 Qualitative analysis 
Interviews were transcribed verbatim, retaining frequent repetitions. After an 

interview was transcribed, the transcript was read and the interview listened to by the 

researcher at least twice to ensure that all of the responses were captured. Three full 

interviews were translated from Thai to English by the researcher and checked by another 

person who is bilingual (Thai-English) to ensure the translations were accurate.  

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, then similar meanings were grouped into codes (Daniel 

& Harland, 2018; Kvale & Brinkmann, 2009) as described in the coding manuals 

(Appendix H).  

Intercoder reliability is a quality support measure that is concerned with the extent 

to which different coders judge the meaning and structure of the same text, and how 

consistency in meaning is asserted (Daniel & Harland, 2018). In this study, the researcher 

initiated the coding manual, and the supervisors reviewed what was coded using three 

translated transcripts (English version). The coding manuals were revised four times after 

discussions between the researcher and the supervisors until the researchers agreed upon 
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overarching themes. The final version of intercoder reliability used two rounds with 

different coders. The English version was used in the first round with five researchers. 

Three Thai transcriptions were used by the researcher and another Thai speaking researcher 

in order to confirm that the manual could be used for both Thai and English transcriptions.   

Intercoder reliability was calculated and percent agreement between the five researchers 

was 96.3%. Experts recommend that the minimum acceptable inter-coders 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 =.904 (95% CI, .898 to 

.910), p < .001, showed that there was very consistent agreement between the coders 

(McHugh, 2012). 

Content analysis was used to analyse the answers from open-ended questions 

(Daniel & Harland, 2018; O’Leary, 2010).  This involved the identification of keywords in 

the text of response to opened-ended questions for the Pre-presenting Survey, Post-

presenting Survey and Alumni Survey. These were then tallied for analysis. For example, 

in the question, ‘Please specify a career that you would most prefer’, if respondents 

provided an answer of career, I then categorised them into groups. For example, if the 

answer was doctor, nurse, vet, dentist, I put them into health science. The responses were 

counted and summarised.  

 

3.7 Ethical consideration 

The study was granted approval by the Human Ethics Committee at the University 

of Otago (No 17/116). In accordance with the ethics approval, participants were told they 

would remain anonymous and it was expected that no harm would be experienced while 

participating in this research. The procedures were designed to ensure participants 

voluntarily participated and gave consent to the researchers before any information was 

obtained. Information sheets and consent forms were linked to each questionnaire 

(Appendix D). Consent to participate in the research project was indicated on the first page 

of the online survey via a checkbox, indicating that the respondents agreed to participate 

and were satisfied with the information provided. Participants were able to withdraw at any 

time by simply closing their browser window and not submitting their responses. 

Unsubmitted responses were not included in analysis. On the last page of the Pre-presenting 

survey, consent to be observed in the study was indicated by checking a box indicating that 
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the presenter agreed to participate by being observed. Selected participants who had agreed 

to be interviewed in the second phase of data collection were sent a link to the consent form 

that indicated the topic and questions as well as a blank space to fill in a date and time for 

an interview. Again, interviewees were informed that they could withdraw from the 

interviews at any time and without any disadvantage. 

 

3.8 Conclusions 

 

This study employed mixed methods with two phases of data collection. In the first 

phase, three sets of questionnaires were developed to investigate the research questions. 

The Pre-presenting survey  and Post-presenting survey  were conducted with current 

presenters on-site at 12 locations of the Science Caravan tour during November 2017- 

February 2018. The Alumni Survey  was used to collect data from previous presenters; this 

questionnaire was administered online from October 2017-March 2018. Alumni presenters 

were recruited from those who were following Science Caravan related Facebook pages. 

During the Science Caravan events, 64 selected current presenters were observed to assess 

their science communication skills over their four days of presenting and determine if there 

was any improvement. The second phase of data collection was performed a month after 

finishing each tour, and involved follow-up interviews with a total of 19 current presenters 

and 19 alumni presenters who indicated their willingness to be interviewed. Questionnaires, 

observations and interview data were analysed using a combination of descriptive statistics, 

non-parametric and parametric statistics, and thematic content analysis. The results of the 

investigation into each research question are discussed in Chapters 4, 5 and 6.  
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Chapter 4: Skills development through presenting 
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Chapter 4 - Skills development through presenting 
 

4.1 Introduction 

The findings presented in this chapter relate to the first research question: Were 

skills, abilities, and knowledge developed and retained through science outreach 

presenting? If so, what was developed and how? In particular, this case study aimed to 

investigate the impacts of short-term participation as a presenter in a science outreach 

programme on (1) self-confidence, (2) 21st century skills development, and (3) science 

communication skills. Data were collected from current and alumni presenters at the 

Science Caravan, a science outreach initiative run by the Thai government. Study 

participants were presenters with Science Caravan for a six-day period.  

Mixed methods data collection included questionnaires and interviews of current 

and alumni presenters, and observations of current presenters. There were 690 current 

presenters who completed matched questionnaires before and after their presenting period 

and 726 alumni presenters responded to one questionnaire. Direct observations of current 

presenters allowed triangulation of self-reported data on science communication skills with 

empirical measure of communication skills. Interviews were conducted to develop a deeper 

understanding of the impacts of being a presenter. 

 

4.2 Overview of findings 

In response to a question asking what benefits there were from the experience of 

being a presenter, communication skills and confidence were the top two mentioned 

benefits by both alumni and current presenters (Table 4.1). Knowledge, interpersonal skills, 

and problem-solving skills were mentioned less often. Basic science process skills 

including observing, classifying, measuring, inferring and predicting (Turiman et al., 

2012), were unexpectedly mentioned as improvement of skills. These skills  might 

normally be expected to develop by studying science in a classroom (Foulds, & Rowe, 

1996; Roth, & Roychoudhury, 1993). However, a learning environment with hands-on 

exhibits and activities can empower participants to improve their science process skills 

(Turiman et al., 2012). In the Science Caravan, some presenters facilitated visitors doing 

experiments in the science lab. This would have allowed them to learn how to use scientific 

instruments. Other presenters who looked after science exhibits had to explore the 
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principles underlying those exhibits before presenting to audiences.  This would have 

encouraged them to observe or/and predict the phenomena of exhibits. 

Table 4.1: Percentage of categories of coded responses to a question about what aspects 

current (n=254) and alumni (n=394) presenters took from their experience in Science 

Caravan.  

Confidence  Communication 

skills  

Knowledge Interpersonal 

 skills 

Problem 

solving 

skills 

Basic science 

process skills 

Current 

presenters 

46.8% 39.8% 9.5% 12.6% 3.2% 0.8% 

Alumni 

presenters 

35.5% 45.7% 14.5% 11.2% 8.9% 4.8% 

    N.B.: Multiple responses were allowed 

Changes in self-confidence, science communication skills, interpersonal skills, problem-

solving skills are described in detail below.  

 

4.3 Increased confidence 

Questionnaire respondents answered whether their participation contributed to an 

improvement in their self-confidence and several related areas such as talking to new 

people, ability to teach others, discussing and sharing ideas about science, and talking to a 

large group and rated how much. As shown in Figure 4.1, the programme had a large impact 

on increasing presenters’ confidence in both current and alumni presenters, with over 85% 

of respondents agreeing or strongly agreeing that presenting with Science Caravan 

increased their confidence. The numbers of respondents who disagreed or strongly 

disagreed with the statement was so small (less than 0.4%) that they barely appear on Figure 

4.1.  
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Figure 4.1: Response of current presenters (n = 690) and alumni presenters (n = 726) to 

the statement: “Being a presenter in Science Caravan increased my confidence” 

 

To investigate which areas of confidence improved, current presenters were asked 

about four aspects before and after being presenters. As shown in Figure 4.2, the presenters’ 

confidence significantly increased in all four areas of self- confidence: talking to new 

people, ability to teach others, discussing and sharing ideas about science, and talking to a 

large group. These results demonstrate the short-term impact of their experience as a 

presenter in boosting their self-confidence about speaking to the public.

0

10

20

30

40

50

60

Strongly disagree Disagree Neither agree nor
disagree

Agree Strongly agree

P
er

ce
n

t 
o

f 
re

sp
o

n
se

Current presenters Alumni presenters

50

55

60

65

70

75

80

85

90

talking to new people my ability to teach

others

discussing and sharing

ideas about science

talking to a large group

P
er

ce
n
t 

o
f 

re
sp

o
n
se

Before After

** 

* ** ** 

Figure 4.2: Current presenters responded to questions about their confidence before 

and after their six-day Science Caravan experience (n = 690). N.B.: * p < .05, ** p < .005 
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To determine longer-term perspectives, alumni presenters were asked to reflect and 

rate whether their confidence had changed after presenting with Science Caravan in the 

same four areas (Figure 4.3). Over 90% of respondents agreed or strongly agreed that 

presenting with the Science Caravan increased their confidence. Talking to new people was 

the area where alumni presenters reported increasing their confidence the most (97.8%). 

Discussing and sharing ideas about science was the item with the lowest agreement, but 

was still a very positive response (93.4%). This evidence confirmed that six days of 

presenting with Science Caravan increased presenters’ self-confidence about expressing 

themselves in public.  

 

 

Figure 4.3: Alumni presenters were asked to agree or disagree with statements that their 

previous experience as a presenter with the Science Caravan had increased their 

confidence in four areas (n = 726).  

 

Results from current and alumni presenters provided evidence that while students 

contributing to Science Caravan were already confident, their self-confidence increased 

after presenting to audiences for six days. In particular, confidence increased in four areas: 

talking to new people, ability to teach others, discussing and sharing ideas about science, 

and talking to a large group. This is in line with findings reported in a study on 

postgraduates who participated in science outreach programme as a presenter for one to six 

semesters (Laursen et al., 2007). Those authors found that presenters’ confidence increased 

in public speaking, communicating science to others, and managing a classroom. Harrison 
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et al., (2011) also reported that postgraduates involved in a Bristol ChemLabS Outreach as 

presenters had enhanced confidence in sharing knowledge with people who had different 

levels of knowledge of the subject.  Also, students participating in the Exploratorium’s 

Presenter programme for at least four months agreed that their self-confidence increased in 

both their ability to teach people and to understand science (Diamond et al., 1987).   

Previous studies in various programmes (e.g. Laursen et al., 2007; Diamond et al., 

1987; Harrison et al., 2011) found that self-confidence was improved by presenting over a 

long period. The results of this study demonstrate that self-confidence in talking to a large 

group or public, sharing an idea about science, and teaching, can be improved in a short 

period (only six days). This may be because the Science Caravan programme provided the 

opportunity for presenters to perform their presentation five to ten times a day for four days. 

Moreover, the results from the observations (see section 4.4) showed that presenters’ 

performance improved day by day. It could be said that a feeling of competence in 

presenting to the public fulfilled their feeling of confidence as further explained in 4.3.2. 

While an increase in self-confidence was seen in the responses to the questionnaires, 

it came across even more strongly in interviews with alumni and current presenters. 

Different ways in which presenting with Science Caravan helped improve self-confidence 

were mentioned by 38 out of 39 of the interviewees.  

I felt that being a presenter helped me by practicing. I might not have had 

the courage on the first day. Once I did it, it really helped me increase my 

confidence and I did it better.  [Current presenter, female, undergraduate] 

 

It seems that interacting with many people pushed me to be confident, and 

I did it. In other words, it would be difficult to work in that situation if I 

could not do it. I was not confident and stuttering every now and then. 

However, I tried to improve myself and gain more self-confidence.  

 [Current presenter, female, undergraduate] 

 

I obtained the confidence from being a presenter because I had chances to 

meet people and talk to them and had suggestions from NSM staff.  

 [Current presenter, male, undergraduate] 

 

While almost all interviewees mentioned that increased confidence was a general 

impact of the programme, the area in which confidence was developed differed between 

individuals, as described below. 
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In an open-ended survey question, respondents explained how or why their 

confidence increased after presenting. These responses were coded into four categories: 

knowledge gained, skills improved, both, or neither (Figure 4.4). The vast majority of 

respondents mentioned that their confidences improved by applying skills learned during 

the Science Caravan; for example, many participants reported adjusting their talks to 

various audiences, which helped them to gain confidence. For others, their confidence 

improved because of the knowledge gained. Consistent with this is an example from one 

interview: “From those days, it made me more confident to talk and express myself. I could 

organise my talk better because the staff guided me on how to speak and include 

knowledge” [alumni presenter, male, undergraduate]. There were three themes mentioned 

by interviewees for helping them increase their self-confidence: the importance of positive 

feedback, competence in communicating, and confidence in speaking Thai language for 

those whose first language was a rural dialect. Each aspect is considered below. 

 

 

Figure 4.4: The percentage of respondents providing particular reasons that their 

confidence improved (current presenters = 370, alumni presenters = 247).  
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4.3.1 Self-confidence increased through positive feedback 

Positive feedback from visitors was one the main reasons that participants 

mentioned for an increase of self-confidence. They reported enjoyment and positive feeling 

when they got a positive response. The following two quotes illustrate this: 

It increased my confidence. One thing that made me confident was a 

teacher and his student who came to me, and I explained to the child while 

he was there. After finishing the presentation, he told me, “You are good 

at presentation. You could be a teacher.” It made me happy and want more 

to be a teacher.  [Current presenter, female, undergraduate] 

                                                                                                                                              

At first, it increased my confidence and courage. Also, I got positive 

feedback from when I taught the children the amount of sugar that should 

be consumed per day. I taught and taught and then asked them questions 

to let them reflect what I presented. Once they responded to me the same 

thing that I said, it made me proud and gain more confidence since what I 

said was actually received by the children and got used.  

 [Current presenter, female, undergraduate] 

 

Previous studies have indicated that positive or negative feedback is significant for 

the self-confidence of recipients (Kampkuiper, 2015; Petruzzello & Corbin, 1988; 

McCarty, 1986). Presenters at the Science Caravan reported receiving positive feedback 

and increased confidence, as previous research has found. 

On the other hand, negative feedback depresses one’s confidence (McCarty, 1986). 

Some students provided reasons for lacking confidence by receiving negative feedback 

from visitors. For example, “When I explained or talked to children, they did not listen to 

me. It made me have less confidence” [current presenter, female, undergraduate]. Another 

said “I met visitors who were hard to deal with” [current presenter, male, high school 

student]. In some situations, negative feedback makes people put in more effort in order to 

develop their performance, while positive feedback makes people repeat their performance 

in the same way with the same energy (Ilgen et al., 1979).  
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Feedback can also significantly affect self-efficacy (Kampkuiper, 2015). Some 

interviewees reported that positive feedback from visitors boosts their belief in their ability. 

For example: 

Once I tried to do… tried to talk and communicated to others and then they 

understood. It made me feel more confident that I was able to do it. It then 

turned me into a new person who was different from myself in high school, 

to be more courageous to talk and communicate.  

 [Current presenter, female, undergraduate] 

 

 Ilgen et al., (1979) reported that negative feedback lowers self-efficacy and positive 

feedback raises self-efficacy. These effects can easily explain that positive feedback 

implies a job done correctly. When people do a job correctly, confidence in doing the next 

job correctly rises. Feedback is also usually necessary for individuals to feel a sense of 

competence; the individuals must be able to judge their own performance. Feedback from 

the task itself and/or from others provides the information needed to make a judgment about 

competence (Ilgen et al., 1979).      

 

4.3.2 Self-confidence through competence 

Some participants felt that their self-confidence increased day by day while 

presenting by taking the experience each day to improve themselves. For examples, one 

commented: 

Competence in communicating made me more confident. For the first day, 

I was not that confident. I took the experience on the first day to develop 

my Day 2. So, on Day 3 presenting, I was the most confident to speak.  

 [Current presenter, female, undergraduate] 

 

I felt that being a presenter helped me practising. I might not have the 

courage on the first day. But, once I did it, it really helped me increase my 

confidence and [I] did it better.  

     [Current presenter, female, high school student] 

It is clear that mastery experiences or competence can serve to increase self-

confidence (Bressan & Weiss, 1982), as the more experience one has at a particular task in 

a variety of situations, the more self-confidence can be generated (Petruzzello & Corbin, 

1988).  
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4.3.3 Confidence to speak Thai 

Thailand uses Thai as the official language; however, people in some border areas 

speak other languages such as Malay, Cambodian, or Burmese in their daily life. For 

presenters who live in those areas, presenting in Thai to a large group of visitors is 

challenging, but could boost their confidence. One presenter said: 

In the past, I did not dare to speak (Thai) and was afraid to do it. 

Participating in this programme guided me through the way of 

encouraging myself to be brave and realise the existing potential of mine… 

I am a Malay living in the three southern border provinces. My ability to 

speak Thai is not fluent because I normally speak Malay language to other 

people in my community. After participating in the programme, I felt that 

I had more courage to speak Thai, which might be more obvious and more 

understandable and I dare to speak it more.  

 [Current presenter, female, undergraduate] 

 

Presenting was a good opportunity for the students to practice Thai and helped them 

increase self-confidence and benefit from this experience in the future. On the other hand, 

one presenter responded that her confidence had not improved, saying “I cannot speak 

Burmese” (current presenter, female, undergraduate). It is possible that she was presenting 

in Mae Hong Sorn province, the border area where somewhat visitors spoke Burmese rather 

than Thai. 

 

4.4 Improvement in science communication skills 

In the previous section, it was shown that self-confidence in communication skills 

of both current and alumni presenters increased as a result of their presenting experience. 

But did their actual skills improve? This was determined through direct observation of 

presentations over time and through self-report. 

Sixty-four current presenters were observed over their four days of presenting using 

an instrument designed to measure science communication skills (Figure 4.5). A one-way 

repeated measure ANOVA was conducted to compare scores of science communication 

skills from Day 1 to Day 4. The mean scores increased significantly day by day from a low 

level of acceptability on the first day at 46.7% to a higher level on day four at 72.0%. 

Presenters’ science communication skills improved over their short time presenting with 

Science Caravan. This was an expected outcome, because being a presenter involved 

repeating presentations of the same topic for different visitors at least five times and 
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sometimes ten times each day. This intensive practice can lead to mastery over their tasks 

and to being more effective.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.5: Observations of presenters over their time presenting with Science Caravan 

showed significant improvement of science communication skills (n = 64). The quality 

of their presentation performance was marked on a rubric as poor (0 - 49%), adequate 

(50 - 69%), good (70 - 79%).  N.B.: ** p < .001 

 

In interviews, both alumni and current presenters mentioned presenting in front of 

a large group of visitors, approaching visitors to provide them the opportunity to ask 

questions, and explaining science to a wide range of students, while keeping it exciting and 

correct. The following comments illustrate their feedback:  

I used not only verbal communication but also had to have gestures. Mostly I 

used role-playing, media, stories telling, songs; all are what children favour.  

First of all, we need to know what kind of things that kids in these age ranges 

like. For example, primary school students like games and stories, and then 

we include content in the games or kid stories so they will pay more attention 

rather than reading from a textbook. We need to know our target audience. 

What do they like?  What don’t they like?  

 [Current presenter, female, undergraduate] 
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It helped me to improve. At that time, I was responsible for science exhibits. 

There was a wide range of students from primary school to high school 

students who needed explanations using different words. Primary school 

students need explanations in a simple way. On the other hand, I could go 

more in-depth for high school students. 

 [Alumni presenter, male, undergraduate] 

The various tasks enabled the presenters to grow and understand the key elements 

of science communication. They explained suitable ways to communicate with different 

ages of audiences. Improving communication skills is well-documented as one of the main 

benefits of being a presenter (e.g. Andrews et al., 2005; Carpenter, 2015; Laursen et al., 

2007; Sickler & Johnson, 2009). Moreover, science communicators need to have a good 

understanding of the nature of science in order to be able to design and create appropriate 

and efficient resources for their audiences, because if one understands something well 

enough, they can more easily explain it to others (Bray et al., 2012). 

Participants repeatedly mentioned that their science communication skills 

developed through the programme. They reported that they drew on these skills from 

experience while presenting. For example, one said: 

It helped me a lot. Back then, I was told that I was a poor communicator. No 

one understood what I was talking about, and I rarely talked to others. I 

preferred to listen. While being a presenter, I had to talk and explain scientific 

content to visitors. It made me become someone who likes to speak to others, 

have confidence, and learn how to explain my knowledge to others. It helped 

me indeed.  [Current presenter, female, undergraduate] 

 

Some interviewees described that their abilities improved through following the 

suggestions from NSM staff who guided them while being a presenter. One commented:  

My science communication skills were improved a lot in because I was 

responsible for the planetarium which means I had many chances to present 

to students. At that time, my mentor taught me about presenting that it should 

have part 1, 2, 3 and a final part. Let students enjoy all that we were talking 

about. These are the skills that I gained from being a presenter.  

  [Alumni presenter, male, undergraduate] 

 

That comment demonstrates that presenters’ performances were influenced not 

only by their initial training on science communication, but also by mentoring by NSM 

staff during their time as a presenter. 
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 For short-term impacts on self-efficacy items, current presenters responded on pre- 

and post-questionnaires. Wilcoxon Sign Rank test was conducted to investigate whether 

certain skills were significantly different between before and after contributing with 

Science Caravan (Figure 4.6). 

 

 

 

 

 

 

 

 

Figure 4.6. Current presenters’ self-efficacy about their science communication skills, 

combining responses of “agree” and “strongly agree” before and after being presenters (n 

= 690). N.B.: ** p <.001 

 

The responses showed that three statements related to self-efficacy on science 

communication skills increased significantly. “I have the ability to simplify content”, “I 

can adjust content to suit the audience”, and “I can communicate science effectively” 

increased by 22.6%, 20.0% and 15.6% respectively. These items are some of the essential 

elements of effective science communication that the presenters learned through their 

training and presenting. This indicated that their self-efficacy or belief about performance 

is related to the quality of their performance on presenting. Individuals with higher self-

efficacy were more likely to give a better performance than ones with lower self-efficacy. 

This is one of the reasons to support the improvement of skills seen by observation (Figure 

4.5).  

Alumni presenters were additionally asked whether presenting had: “improved my 

ability to simplify content”, “taught me to adjust content to suit the audience”, and 

“improved my ability to communicate ideas effectively”. This self-report was a proxy 

measure of science communication skills as mentioned above. Over 95% of respondents 

reported a strong impact from being a presenter with Science Caravan in improving their 
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science communication skills (Figure 4.7). These findings are in line with the essential 

elements of science communication with a focus on the audience. Science communicators 

should understand who the audience is in order to make the story relevant and interesting 

in terms of choosing appropriate language, as well as using a style and platform to 

communicate (Longnecker, 2016; Mercer-Mapstone & Kuchel, 2017). The findings show 

that the programme helped presenters to develop their communication skills significantly. 

 

Figure 4.7: The percentage of alumni presenters who perceived that being a presenter in a 

science outreach programme increased their science communication skills and scientific 

knowledge (n = 726). 

 

4.5 Improvement in generic skills and self-efficacy in science knowledge 

Apart from science communication skills, the programme also appeared to have a 

substantial impact on current presenters in terms of improving specific skills and abilities, 

which can be categorised into four groups: interpersonal skills, problem-solving skills, 

critical thinking skills and science knowledge. Wilcoxon Sign Rank test shows the 

significant increase in self-perception of these skills after contributing with Science 

Caravan (Table 4.2). As shown in Table 4.2, the most improvement came in self-efficacy 

in science knowledge, followed by problem-solving skills. The smallest increase was in 

interpersonal skills. Each area of improvement is considered in the following subsections.  
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Table 4.2 Percentage of volunteer alumni presenters (n = 726) who agreed or strongly 

agreed that their previous experiences with the Science Caravan programme increased 

their confidence across four areas. 

 

4.5.1 Acquired science knowledge  

In Table 4.2, the responses showed that the current presenters’ self-efficacy in 

science knowledge increased significantly. The item “I have a lot of scientific knowledge” 

showed the highest increase at 19.2% followed by “my understanding of science is good” 

at 16.1%. These results indicated that the programme helped the presenters perceive their 

self-efficacy about science in general. Consistent with qualitative interviews, they also 

indicated that being presenters helped them academically, with general or specific value on 

increased understanding of content. A variety of specific science content was mentioned, 

depending on activities that presenters were responsible for at the time. The following three 

quotes illustrate this: 

It helped me understand very much. I now understood that science is not just 

experiments. At first, when people think about science, they believe that 

science is about experiments and a lot of formulas, but in fact, science is with 

us. Our bodies, our health; personal health care is science.  

 [Current presenter, female, undergraduate] 

 

 

Yes. I got better to understand, for example, physics, I was not confident 

about and did not like it much, and some topics, I did not want to study at 

Skills Statements 

Before (%) 
 

After (%) 
% 

Increase 
p 

Agree 
Strongly 

agree 
total 

 
Agree 

Strongly 
agree 

total 
  

 Self- efficacy 

in science 
knowledge 

I have a lot of 

scientific 

knowledge. 

26.5 2.2 28.7 

 

38.4 9.5 47.9 19.2 .000 

I can get good 
marks in science 

class. 

35.2 4.0 39.2 
 

41.9 6.9 48.8 9.7 .000 

My understanding 
of science is good. 

35.9 2.8 38.7 
 

46.8 7.8 54.7 16.1 .000 

Problem -

solving 

I can solve 

unexpected 

problems. 

57.8 9.2 67.0 

 

60.8 16.0 76.8 9.8 .000 

I am good at 
problem solving. 

47.3 5.3 52.6 
 

53.7 10.5 64.2 11.7 .000 

Critical 

thinking 

I am good at 

critical thinking. 
56.8 10.1 66.9 

 
59.6 13.9 73.5 6.6 .000 

Interpersonal 

I am sure I can 

work as a part of 
team. 

54.9 31.5 86.4 

 

52.2 36.3 88.5 2.2 .049 
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all. But when I signed up to work there (as a presenter), I had to understand 

every single part of the exhibits. I had to know how did it work and also its 

principles in order to explain to the visitors and let them understand as I do. 

So it made me understand more about mechanics.  

 [Current presenter, female, undergraduate] 

 

I got to know about the respiratory system in humans and crystallization. 

These were things that I had never known about. Being a presenter helped me 

understand clearly.  [Alumni presenter, female, undergraduate] 

 

Less than 50% of alumni presenters agreed with the statement, presenting “helped 

me get a good mark in science class” (Figure 4.8). For current presenters, the item “I can 

get good marks in science class” received the lowest percent increase after presenting, at 

about 10% (Table 4.2). One possible reason for low agreement is that volunteers may 

already have been getting good marks in science class and so there was a ceiling effect. 

Another possibility is that respondents might hesitate to self-report their abilities to get 

good marks in science class. Another possible reason is the science content in the activity 

that they were responsible for did not relate to their class, so what they learned was not 

specifically helpful to getting good marks in science class as some respondents described 

in their interviews. For example, one said: 

I got a bit (of science knowledge) because my responsibility was not 

associated with what I was studying at the moment.  

 [Alumni presenter, female, undergraduate]  

 

These findings show that students who were trained as presenters developed their 

understanding of science in various content through presenting the activities or exhibits. 

This supports the findings of the study on the Science Career Ladder Programme at the 

New York Hall of Science, where its former participants who worked as presenters reported 

that the programme helped them acquire knowledge and skills that are useful throughout 

their lives (Storksdieck et al., 2002; Sickler & Johnson, 2009). 

 

4.5.2 Critical thinking and problem-solving skills 

Current presenters reported only modest increases in abilities related to problem-

solving and critical thinking skills when asked about Science Caravan programme’s 

influence in improving these skills as seen in Table 4.2. For the statements regarding the 

abilities, “I am good at problem-solving”, and “I can solve unexpected problems”, around 
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10% of the respondents indicated improvement and “I am good at critical thinking”, 

received a 6.6% improvement. These self-reports were similar to those reported by alumni 

presenters (Figure 4.8). One of the significant impacts of the programme on its participants 

was that it afforded them a chance to develop problem-solving skills. This can be seen from 

reflection by alumni on the statements: improved my ability to solve unexpected problems 

(96.8%) and improved my problem solving (94.6%). Ninety-three percent of the 

respondents stated that the programme improved their critical thinking.  

Although these skills were less mentioned than other skills on the questionnaires, 

participants did describe how the programme supported them to develop critical thinking 

and problem-solving skills. It seemed like these skills were fostered while explaining 

exhibits to visitors. Interviewees described two ideas of how these skills improved: dealing 

with questions and dealing with situations. 

 

i) Dealing with questions 

Thirty-five of the 38 interviewees reported that their problem-solving skills 

developed because they had to deal with unexpected questions. For example, one said: 

I was pretty much improved. The first time I engage with an exhibit, and 

then I got a question from a kid that I had no ideas about the exhibit at the 

time. So, then I avoided explaining, but I told him to think and solve the 

problem by playing with the exhibit first while I was searching for the 

content and then could explain to him. It worked well, and I still use the 

skills in many situations.  [Current presenter, female, undergraduate] 

 

ii) Dealing with situations 

The participants also stated that the actual situations in the Science Caravan were 

not smooth. The problems they faced allowed them to think critically to anticipate the 

outcomes of an action they did. For example, one commented: 

I improved my problem-solving skills after meeting problems. Once I found 

the problems, I use the thinking process to find ways to solve the problems. 

Once the problem-solving process begins, then I use my judgment to 

consider what is the outcome of our action.  If we do something 

inappropriate, the results will be likely to be negative. On the other hand, 

if we behave appropriately, the effect will be positive. When we think 

critically, we make the decision and take that action to solve the problem. 

The results will come out in a good way. I will use the technique calmly 

and keep smiling.  [Current presenter, female, undergraduate] 
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Critical thinking and problem-solving skills are essential for the world in 21st 

century (The Partnership for 21st Century skills, 2015). Schools and universities are being 

requested by companies, educators, and policymakers in fostering these skills to their 

students (Hilton, 2015). Therefore, integrating the essential skills in the education system 

seems to be a useful solution for preparing students to experience the global challenges of 

the 21st century. The improvement of these skills can occur through training and experience. 

In real-world situations, different experiences play a crucial role to foster the skills to 

students. The results of this study confirmed that being a part of science outreach 

programme can promote presenters’ skills, which can be used while presenting with Science 

Caravan, and also be applied in their life in the future, as discussed in section 4.6.3 and 

4.6.4. 

 

Figure 4.8: Alumni presenters rating of their increase in their skills and abilities (n = 

726). 

 

4.5.2.1 Multiple perspectives 

The ability to see multiple perspectives was another problem-solving method 

described in the interviews. One participant described how approaching a problem from 

different views could be beneficial. He indicated that these skills grew out of engaging with 

exhibits. 

From playing the handcuff-chained activity, then finding a solution to untie 

a loop. It made me change the view that there are many different ways to 

solve this puzzle. I may think that if it was put and pass through my head, 

again and again, it is possible to solve the loop. But if we look at those 
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problems from a different angle, they could be addressed in various ways. 

The problem we encountered might be a big problem if we look at the other 

side. It was a good experience to come to my life that will help me solve 

other problems.  [Current presenter, male, undergraduate] 

 

This is an interesting aspect that contributing as a presenter helped him to discover 

and perceive a different view of problem-solving that could help him overcome a challenge 

in his life in the future.  

 

4.5.3 Interpersonal skills 

Although perceptions of the statement “I am sure I can work as a part of the team” 

revealed the lowest percentage difference with 2.2% increase, the statement showed the 

highest favourable rating both before and after presenting at 86.4 and 88.6% (Table 4.2). 

This means that presenters already thought that they had teamwork skills. However, 

contributing as presenters involved not only working with friends but also others such as 

NSM staff. These findings are similar to results from alumni presenters in that almost all 

survey respondents (96.8%) reported that they improved their interpersonal skills regarding 

teamwork and collaboration skills (Figure 4.8). Over a third (37.5%) of interviewees also 

mentioned that working as a presenter helped improve their interpersonal skills. These 

skills allow them to deal positively with challenging situations and interactions with people. 

The skills include teamwork, responsibility, leadership, flexibility, patience, and empathy. 

Participants described the development of the skills throughout the Science Caravan as 

follows: 

One of the Science Caravan staff told me that whatever happens, we have 

to smile. I do not know what the skill is. I had to be patient because 

sometimes working was not always smooth. I experienced chaos too, but I 

could go through it without letting it look bad.  

 [Current presenter, female, undergraduate] 

 

Very useful. Both speaking and socialising. If there was not this activity, I 

could not get along with such a variety of people. We worked as a team; 

we met various people. Some were our colleagues, some were others. We 

should have good relationships with all of them.  

 [Alumni presenter, male, undergraduate] 

It made me work better with others. I usually work with younger people 

than me in my faculty, but being a presenter gave me a chance to work 

with the Science Caravan staff that I had never known before.                   

      [Alumni presenter, male, undergraduate] 
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At least one participant indicated that working as a presenter in the Science Caravan 

programme opened her eyes to people with different life experiences. She reported that the 

experience supported her to become a person who is less likely to judge people by their 

appearance. 

There was a child who was not normal. He could not quite communicate 

well. He had autism. But he had ideas. Once I was focusing on his thoughts, 

he had a more intensive idea than ordinary people. He asked questions that 

other people are not capable of asking. I felt like he had a variety of 

thought. I felt like we just cannot judge people from the outside. He might 

not be good at communicating, but he might have a better idea than us.  

 [Current presenter, female, undergraduate] 

 

These results showed that working with Science Caravan helped presenters foster 

specific skill sets for working as a professional. In particular, having good interpersonal 

skills increases a tendency to work well with colleagues or other people (Okoro et al., 2017; 

Zhang, 2018). Presenters with such skills are more likely to have or build good relationships 

with others, whether family members, peers, colleagues, or clients. In accordance with 

career paths more specifically, people with robust interpersonal skills are more likely to be 

promoted in both their professional lives (Okoro et al., 2017), and personal lives. Therefore, 

these skills are considered essential skills acquired for a wide range of life at work as well 

as in education and society. 

 

4.6 Retention of skills 

In this study, 68% of the alumni presenters reported that they still used the skills 

they gained from being a presenter with the outreach programme a lot or somewhat (Figure 

4.9). This provides evidence that the skills which presenters gain can be beneficial long-

term in their life.  
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Figure 4.9 Alumni presenters perceptions of using skills they gained from presenting 

with Science Caravan (n = 726). 

These results are in line with findings reported in Hanson and Overton’s study in 

2010 about skills required by chemistry graduates in nine universities across the UK. They 

reported that generic skills (e.g. problem-solving, team-working, oral presentation and time 

management skills) were scored at a higher level of usefulness than the 

chemical/knowledge skills. A study by Albas and Imam (2016) indicated that problem-

solving and interpersonal skills provide workers with more benefits in performing in their 

work settings. This is not surprising given those skills (communication, problem-solving, 

interpersonal and confidence) are essential skills for life in the 21st century. 

Results from interviews were consistent with the results from the questionnaire. 

Many respondents reported that they continue to use skills and knowledge in their study, 

careers and daily lives as detailed below. 

 

4.6.1 Useful skills for science studies 

Some participants suggested that they feel more strongly about science after 

presenting than in the past. Their experience as a presenter helped them learn science more 

quickly.  For example, one commented: 

They are useful skills for my study because I am studying science. It helped 

me better understand about science experiments. It made me like science 

more than in the past, and it helped me quickly to learn science because I 

do like science.  [Current presenter, female, undergraduate] 
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This relates to another significant finding of this study. A poor feeling or attitude 

about science is a concern by governments all around the world (Venville et al., 2013), and 

the issue has been raised to find a solution to increase student’ s positive attitudes towards 

science (Kind et al., 2007).  One of the key factors in learning science is students’ feeling 

(George, 2006). Holding positive feelings can motivate student interest in science education 

and science- related careers ( Harrison et al., 2011). These aspects are discussed further in 

Chapter 6.  

 

4.6.2 Useful skills for presentation  

Interviewees indicated that they have used or plan to use the techniques and lessons 

from their days as a presenter to help them draw attention from audiences, with one 

mentioning he got a good mark while presenting a scientific poster. Some of the participants 

applied the gained skills to their presentation in their classroom. Quotes included: 

On my last year as an undergrad student, I had to present a project. 

Communication was so important. Back then, I got a good mark and won 

the best poster presentation because of my communication skills rather 

than the content which was not concrete. If we are good at presentation, 

we drew attention and got good marks from the judges. I believe that. 

  [Alumni presenter, male, undergraduate] 

 

At that time, I experienced preparing information for presenting. After that, 

I took that experience to apply to my presentation in the classroom. It was 

beneficial. If I have a chance to be a presenter again, I will. It made me 

better in many skills.  [Alumni presenter, female, high school student] 

 

The development of oral presentation skills is time-consuming, and requires 

practise, and experience from actual situations. The evidence shows that contributing as a 

presenter can help students promote their oral presentation skills, which is an essential skill 

for study and work life. People good at presenting can communicate a fact, data or idea 

effectively. They are in demand by employers (Alshare & Hindi, 2004), and they have a 

tendency to succeed in their career. 

 

4.6.3 Useful skills for science teachers 

Some participants chose science teaching as their career. They reported that the 

skills and knowledge they gained while presenting have been used until now. Also, some 
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current presenters who see their future clearly as a science teacher agreed that the gained 

skills will be surely useful for them in the future. Two examples were: 

I still use the skills for both teaching and being an MC. They are problem-

solving and communication skills. Also, the knowledge, I have used it until 

today. The gained knowledge and the abilities that I learned from being a 

presenter on those days became a part of my career today. It complements 

my knowledge from those days until today, and it made me more confident. 

Furthermore, I got many ideas to create innovations that were inspired by 

exhibits and activities in Science Caravan to apply as media for my 

teaching.  [Alumni presenter, male, undergraduate] 

 

 

It was very beneficial because I will surely be a science teacher in the 

future. Science, communication skills, classroom management skills, 

getting along with children, adults, and communities are the required skills 

for teachers.  [Current presenter, female, undergraduate] 

 

The evidence shows that their experience from being a Science Caravan programme 

presenter was particularly beneficial to careers in science teaching.  This experience can 

help future teachers to develop science communication skills and classroom management 

skills, which are skills they will need. Being a presenter with a science outreach programme 

is thus recommended for science education students considering a teaching career. 

 

4.6.4 Useful skills for other careers  

Not only were the skills gained useful for science teachers, but also other careers in 

general. The interviewees stated that experience from their days as a presenter showed them 

ways to deal with problems. For example, one said: 

Definitely beneficial because right now I work with my aunt as a part-time 

job. I have to talk and communicate with the boss and customers. There 

were unexpected problems that I had to deal with. Experience from being 

a presenter showed me how to cope with problems, how to react. Keep 

smiling. Everything is useful.  

 [Alumni presenter, female, undergraduate] 

 

The evidence showed that acquired communication and problem-solving skills are 

useful to various careers as one of the crucial skills in the workplace (Green et al., 2001). 

An outreach programme is a good opportunity to foster these skills to students in order to 

equip them with these skills for the future. It is consistent with universities’ developed 
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graduate profiles, detailing the range of attributes (knowledge, skills and abilities), that they 

aim to develop in their students, so their graduates are well equipped for work and society 

(Clanchy & Ballard, 1995). 

 

4.7 Conclusions 

This chapter presented findings related to the first research question Were skills, 

abilities, and knowledge developed and retained through science outreach presenting? If 

so, which ones and how? The data from 690 current presenters and 726 alumni presenters 

in Science Caravan showed the impact of their participation in the programme on 

knowledge and skills development. The results demonstrate that the brief experience of 

being a Science Caravan presenter can substantially foster high school students and 

undergraduates with knowledge and five essential skills: communication, problem-solving, 

critical thinking, interpersonal and science process skills, that are important for their lives 

and careers.  

The most significant impact was the students’ improved self-confidence. It seemed 

to be particularly powerful for those individuals who described themselves as shy when 

they entered the Science Caravan. Positive feedback from their audiences (visitors, peers 

and NSM staff) played an important role in enhancing confidence in their abilities, as well 

as knowledge and skills gained. Science communication skills were emphasised in this 

study as the main skills that we anticipated would improve. Through a combination of 

training and immersive experience, those presenters reported understanding some key 

elements of effective science communication and substantial acquisition of science 

communication skills. This was confirmed by results from observations over four days of 

their performance. Particularly, for undergraduates who were prospective science teachers, 

Science Caravan provided valuable experience that helped them to develop essential skills 

for their future careers.  

The social milieu is significant in developing the new skills. The presenters depend 

strongly on each other’s help, and this fosters feelings of interdependency and cooperation 

among cohorts. Moreover, assistance and advice from NSM staff mentors developed 

constructive relationships with presenters. The study shows that the Science Caravan serves 

as a useful model for a learning experience for high school students and undergraduates. 

The relatively short-term programme appears able to play a profound role in fostering the 

essential skills for success in 21st century. Having explored the skills developed through 
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being a presenter, the next chapter presents findings for the impact of presenting on 

attitudes towards science.  
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Chapter 5: Impact of presenting on attitudes towards 
science 
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Chapter 5 - Impact of presenting on attitudes towards 
science  
 

5.1 Introduction  

Science and technology education are essential for Thailand (Yuenyong & 

Narjaikaew, 2009). Prior studies indicated that Thai students and adults have a positive 

attitude towards science in general and value the importance of science and technology in 

their daily lives and their country’s development (National Statistics Office of 

Thailand,2008; Yuenyong & Narjaikaew 2009). A study by Yuenyong et al. (2008) 

suggested that science literacy engages with culture and values and varies across countries. 

They revealed that New Zealand and Thai students held different value judgments about 

decision-making for energy-related technological and societal issues. 

Even though previous studies showed that many people in Thailand acknowledge 

the importance of science and technology, most decide not to study science or embark on 

scientific careers. Moreover, research conducted by PISA in 2009 into international 

scientific literacy revealed that Thai students had a scientific literacy PISA 2018 score 

below the OECD average (OECD, 2019). As a result, the Thai government explores 

directions to motivate young people to become interested in science and proceed to study 

science and technology in order to enhance the number of workers in this area and thus 

improve the country’s development (Quality Learning Foundation Thailand, 2015). 

Therefore, science education in different platforms, including informal learning such as the 

Science Caravan programme, is perceived as an essential way to encourage young people 

to realise the importance of science and promote positive attitudes towards science, science 

literacy, science careers, and scientific skills in young Thai people to stimulate the 

country’s development.This chapter addresses the second and third research questions: ‘ 

Does presenting in the Science Caravan outreach programme influence volunteer 

presenters’ attitudes towards science? If so, how?’ and ‘Does participating in the Science 

Caravan outreach programme influence life-long behaviours of volunteer outreach 

presenters?’ The chapter describes the impact of short-term participation (a six-day period) 

as a presenter in a science outreach programme on the presenters’ attitudes towards science 

and their life-long learning behaviour. A set of 24 items in a 5-point, Likert-type instrument 

was administered to current presenters (n = 690), who are high school students (n = 380), 

science major undergraduates (n = 223), and non-science major undergraduates (n = 87), 

before (pretest) and after (posttest) their presenting period. Alumni presenters (n = 678) 
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responded retrospectively to one questionnaire about their previous presenting. The 

research instrument used to measure changes in attitudes included four items for Future 

participation in science, seven items for Self-concept in science, seven items for Value of 

science to society and six items for Anxiety about science presenting (see Table 5.1). A 

higher score represented a more positive attitude, except for the item Anxiety about science 

presenting where a lower score represents less anxiety. Data analysis methods are described 

in Chapter 3.  

The following sections present findings on changes in attitudes about science after 

presenting. Analysis includes examination of changes in presenters’ attitudes towards 

science and life-long learning behavior, and also considered differences between specific 

cohorts of presenters –female and male participants, as well as high school and university 

presenters. 

5.2 Changes in attitudes about science after presenting  

The current presenters were asked about their level of agreement with each 

statement on the 24 items of attitude scales before and after participation in the programme. 

The results of participant responses are presented in Table 5.1. Paired-sample t-tests 

revealed significant impact of presenting for all four subscales of the attitude scales. 

Table 5.1 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). 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. 

 

Subscales 
     Before         After  

t d 
Mean (S.D.)  Mean (S.D.)   

Self-concept in science 
3.52 (.46)  3.78 (.51)  

 
15.58*** .55 

(7 items)  

Future participation in 

science  3.43 (.65)  3.62 (.68)  

 

9.25*** .28 

(4 items)  

Value of science to society  
4.11 (.52)  4.25 (.52)  

 
8.03*** .27 

(7 items)  

Anxiety about science 

presenting 3.08 (.54)  2.81 (.70)  
 

10.98*** .43 

(6 items)  

N.B.: *** p < .001 
d = Cohen's d effect size with the following intervals for d: (0.2) = small, d (0.5) = medium, d (0.8) = large 

effect (Sawilowsky, (2009) 
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The largest difference before and after presenting were for Self-concept in science, 

indicating that the experience of presenting enabled self-perception of increased 

competence in science. This augments results presented in Chapter 4 which showed that 

presenters have increased self-confidence after their experience with Science Caravan. 

Presenting with the Science Caravan offers opportunities to learn and acquire mastery 

through experience. Bandura (1997) pointed out that previous attainments or mastery 

experiences when individuals overcome obstacles or succeed in challenging tasks are 

powerful interpretation sources. Most people do not quickly forget their mastery or failure 

experiences; successful performance in an area can have especially lasting effects on their 

perception of self-competence (Usher & Pajares, 2009). In other words, presenters would 

be more likely to experience mastery if they are actively engaged in challenging tasks. 

Therefore, if presenters succeed in completing tasks, their mastery experiences may lead to 

a higher self-concept. The improvement in science communication skills described in 

section 4.2 is strong evidence for a mastery experience. 

All of the high school students who presented were already studying science and 

most undergraduate students who presented were studying in STEM areas such as 

engineering, marine science, or science education. As such, it was surprising that the scores 

for the pretest ‘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 pretest = 3.77, and posttest = 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 posttest the current 

presenters reported increased positive intentions about participating in science in the future. 

This is consistent with answers from in-depth interviews that academic and career plans 

changed due to presenting with the Science Caravan programme, as discussed in detail in 

Chapter 6. For example,  

In the beginning, I thought that after I graduate, I will get whatever job, and 

earn money. The point of studying bachelor's degree for me was to work in 

order to have a lot of money for my family. But now, my goal has expanded. 

I want to graduate to be a science teacher to educate children.  

 [Current presenter, female, undergraduate] 

 

A ceiling effect was likely in the Value of science to society scale, which had the 

highest mean score of all scales, both pretest and posttest. Current presenters already had a 

highly positive attitude about the value of science before presenting at Science Caravan. 
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However, this finding is not necessarily peculiar to presenters; it is consistent with results 

of a previous study about public opinions in Thailand about science and technology. In a 

survey conducted by the National Statistics Office of Thailand (2008), of 5,800 Thai 

respondents, 93% of respondents agreed that ‘Science plays an important role in daily life’; 

91% agreed that ‘Science and technology leads to a better quality of life’ and 88% agreed 

that ‘Science and technology are important to a country’s development. 

It is interesting that on average, presenters ‘neither agree nor disagree’(mean = 3.08) 

on the Anxiety about science presenting  scale. It might be because they had no experiences 

regarding those items (see Table 3.5), 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 posttest. This indicates 

that the experience of presenting helped to reduce science anxiety when confronting a 

situation of explaining science to others. 

 Although current presenters reported they had less Anxiety about science presenting 

aftesr 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.  

Sometimes I got questions when I did not have enough information. 

 [Current presenter, male, high school student] 

 

I was afraid to give a wrong explanation. 

 [Current presenter, male, high school student] 

 

I was afraid that I could not explain to [visitors] well enough, make them 

understand, and answer the questions.  

 [Current presenter, female, high school student] 

 

Anxiety of some presenters was exacerbated when they were asked questions by 

teachers. As someone who has been involved with the Science Caravan for over ten years, 

anecdotal evidence shows that some teachers can be excessively challenging to presenters. 

It is possible that their intention may be showing off their own knowledge to presenters or 

to their students. 

Teachers asked me in-depth details.   



 

116 

 

 [Current presenter, female, undergraduate student] 

 

Some teachers made me anxious. 

  [Current presenter, female, high school student] 

 

Each presenter was responsible for approximately ten different exhibits. It was 

challenging to have a clear understanding of them all with three hours training for all 

exhibits and presenters might not be as proficient at some subjects. For example, presenters 

may have knowledge about biology, but were responsible for physics exhibits. It is 

important to ask or provide presenters as much information as possible about Science 

Caravan’ activities in order to put the right person into the right presenting position. It is 

also possible that unclear explanations were given by some trainers. Supplying presenters 

with more effective background information may be helpful to them.  

As the presenters included science and non-science majors, it is possible to test for 

a difference in attitudes towards science between the two groups. An independent-sample 

t-test was used for this purpose. The results revealed that science-major presenters reported 

a significantly higher level in Future participation in science for pretest and posttest, and 

low levels of Anxiety about science presenting for pretest (see Figure 5.1). It can be 

reasoned that science-major presenters are already engaged with science disciplines and 

committed to science-related careers. Moreover, the number of science courses already 

taken is a possible reason for their lower level of Anxiety about science presenting (pretest). 

Interestingly, there are no significant differences between science and non-science majors 

in the Value of science to society, Self-concept in science, and Anxiety about science 

presenting (posttest). This is inconsistent with results from a previous study conducted with 

102 non-science students and 81 science students in the USA which showed that students 

majoring in science held a higher level of self-concept in science and value of science in 

society than non-science students (Gogolin & Swartz, 1992). A possible reason could be 

speculated that non-science presenters with Science Caravan had studied in science stream 

in their high school. Since basic science knowledge requirements were informed in the 

process of presenter recruitment, all presenters were determined to have sufficient existing 

scientific knowledge to be trained in a particular area related to content in the Science 

Caravan and in science communication. 
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Figure 5.1 Undergraduate presenters’ attitudes towards science before and after presenting, 

tested with independent t-test for the mean scores of science major presenters (n = 223) and 

non-science major presenters (n = 87) Higher scores indicate more positive attitudes 

towards science with the exception of the Anxiety about science presenting scale, where 

higher scores indicate more anxiety. N.B.: * p < .05, *** p < .001 

 

The brief intervention studied in this thesis resulted in significant and consistent 

positive changes in attitudes towards science in each of the attitude scales tested. 

Participation in the Science Caravan activities involved a total of six consecutive days, 

comprising two days of training and four days of presenting. Comparisons of pre and 

posttest responses demonstrate a significant increase in positive attitudes about Future 

participation in science, Value of science to society, and Self-concept in science. Presenters 

also reported a significantly lower level of Anxiety about science presenting after six days 

of participation. It can be said that the experience of presenting in the Science Caravan led 

to significantly more positive attitudes towards science. One factor may be that the 

programme provided an opportunity for presenters to obtain new encouragement from 

visitors’ positive feedback (see section 4.3.1). Attitudes can be developed from three 

elements – cognitive information, affective information and behavioural information 

(Zanna & 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 behaviour. As a result, presenters’ attitudes towards 

science were more positive. As Olson (1993) pointed out, a new affective experience can 

be a powerful source of influence, possibly particularly for affect-based attitudes.   

The current presenters experienced the value of being a significant person providing 

an exciting science experience (Figure 5.2), as well as inspiring visitors about science, 

especially young school children who were the majority of visitors. As values are viewed 
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as potential determinants of preferences and attitudes (Longnecker, 2016), this perhaps also 

enhanced presenters’ positive feelings in explaining the exhibit to visitors.  

 

 

 

 

 

 

 

 

 

 

Figure 5.2 Presenter explaining science exhibits to visitors. 

 

Additional comments on 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]. This supports findings of a study by Milfont, Duckitt, and 

Wagner (2010) who examined the influence of values on environmental attitudes and 

ecological behaviours in Brazil, New Zealand, and South Africa. They provided evidence 

for a value–attitude–behaviour cognitive hierarchical model where values were shown to 

be associated more strongly with attitudes than with specific behaviours. In addition, task 

values are associated with situational engagement (Lau & Roeser, 2002). This provides 

further evidence that Science Caravan presenters were active and enthusiastic while 

presenting to audiences. 

To triangulate the findings in relation to long-term impact, 678 alumni presenters 

who contributed in different time frames between 2007 and 2017 were asked to rate their 

level of feeling with the 24 attitude items on a five-point Likert scale. A one-way ANOVA 

was employed to compare the difference between each score scale of alumni presenters 

presenting in different years from 2007 to 2017. There was no significant difference of 
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respondents who presented in different years in the mean score of four attitude scales (Table 

5.2). This indicates that the perception of alumni presenters from each year is similar. 

Respondents had similar experiences while presenting with the Science Caravan 

programme, irrespective of which year they participated and so further analysis pooled 

results from all alumni presenters. 

 

Table 5.2 Alumni presenters’ one-way ANOVA results in four scales (n = 678). 
  Sum of 

Squares 

df Mean 

Square 

F Sig. 

Self-concept 

in science 

Between Groups 156.266 9 17.36 1.14 .331 

Within Groups 9934.660 653 15.21     

Total 10090.926 662       

Future 

participation 

in science 

Between Groups 76.849 9 8.54 .85 .568 

Within Groups 6542.165 653 10.02     

Total 6619.014 662       

Value of 

science to 

society 

Between Groups 51.783 9 5.75 .48 .885 

Within Groups 7750.419 653 11.87     

Total 7802.202 662       

Anxiety 

about 

science 

presenting 

Between Groups 272.544 9 30.28 1.34 .214 

Within Groups 14785.160 653 22.64     

Total 15057.704 662       

 

Alumni presenters’ responses showed the greatest effect of presenting for the scales, 

Self-concept in science (Figure 5.3a) and the Value of science to society (Figure 5.3c), 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 5.3b). However, a still high 70% of respondents reported that their 

expectation about a continued future participation in science areas was much or a little 

increased, while 24% of respondents felt it was about the same after presenting. A possible 

explanation of this lower change compared to the other scales (and compared to the change 

for current presenters shown in Table 5.1) is that some presenters had already intended to 

study science and have a career in science. It might also be because while being presenters, 

most of them were already studying in a science programme. It is also the possibility that 

the sample of alumni presenter respondents was more biased while the sample of current 

presenters represented an almost complete census. Possibly, respondents to the alumni 

survey were more likely to be those who had continued in science. Another likely 

explanation for the difference between results from alumni and current presenters is that 
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alumni presenters were reporting a memory of how their experience impacted their 

intentions while current presenters’ responses were related to their current feelings. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.3 Alumni presenters’ retrospective rating (percentage) of how being a presenter 

had impacted their attitudes towards science in four scales (n = 678). 

 

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 5.2d). 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 some had continued anxiety 

about science presenting after six days of their experience with the programme. 

 

5.3 Changes in female and male participants' attitudes towards science  

We have seen that being a presenter with Science Caravan programme increased 

participants’ positive attitudes towards science. Demographic data were used to see if there 

was an effect of presenter gender. Analysis using a two-way ANOVA technique can tell 

the differences between two groups: (1) before and after the intervention; and (2) male and 

female participants. An independent-sample t-test technique was conducted after two-way 

ANOVA analyses to determine whether there was a significant difference between each 

group (Pallant, 2011).  
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There was a significant effect of being a presenter on all scales (Table 5.3). There 

was no effect of gender on presenter responses to scales of Self-concept in science or Value 

of science to society. A gender gap in self-concept is not present in all STEM areas (Jansen 

et al., 2014), but research has revealed that males have higher self-concept in math and 

physical science whereas females possess higher self-concept in biology (Nagy et al., 2006; 

Jansen et al., 2014). In other studies, male students have reported a higher self-concept in 

math and science while females report a higher self-concept in the verbal domains (Evans 

et al., 2011; Marsh, 1989). In posttest results in this research, girl presenters had a higher 

self-concept, but the difference was not statistically significant. The balance between 

Science Caravan subjects and nature of being presenters that emphasize verbal domains 

may explain why the degree of self-concept in science between the male and female 

presenters was not different. 

Interest is an essential element in development of self-concept (Todt & Schreiber, 

1998, p. 25 cited in Wender, 2004). In general, females are more likely to prefer having 

things to do with people, having a relationship to everyday life that relates to natural 

phenomena and humanity (Wender, 2004). In contrast, a study on different types of interest 

in physics among students in the 12‐16 age range in Germany indicated that males are more 

likely to be fascinated by hardware and machines and focus on the object at hand (Häussler 

et al., 1998). This is consistent with results from the PISA 2018 assessment, which revealed 

a 20.5% gender gap in Thai students where female students held higher expectations to 

work as a health professional than male counterparts. In contrast for Thai students, 19.4% 

of males and 14.5% of females expect to work as a science and engineering professional 

(OECD, 2019). Even though the Science Caravan exhibits mainly relate to physics content, 

and to a lesser extent math and biology, the nature of presenting requires interacting with 

people.  

There was no interaction effect between gender and the presenting intervention for 

Future participation in science (Table 5.3). There were significant main effects for the pre-

/posttest mean scores of Future participation in science (Table 5.3). There was no 

significant difference in this scale between males and females before their involvement as 

a programme presenter; however, after contributing as a programme presenter, females had 

more positive response in Future participation in science than males, t (6 8 8 )  = 2.26, p < 

.05. This could be a consequence of higher self-concept in females after presenting (Figure 

5.3b), but there was no statistical difference between males and females. It is consistent 

with a study of 73 female undergraduate students majoring in STEM areas, which found 
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that stronger females’ self-concept with STEM enhances their commitment to pursue a 

STEM career (Stout et al., 2011). Academic self-concept is one of the strong predictors of 

academic and occupational aspiration (Beghetto, 2007; Lau & Roeser, 2002; Nagy et al., 

2006). The overarching conclusion drawn from these results is that students who perceive 

themselves to be more confident, and more capable in science are more likely to consider 

pursuing science-related courses at higher levels and pursuing careers in science, than 

students who have less positive Self‐concept in science. 

Results from the Pre-presenting and Post-presenting survey of current presenters 

show that being presenters influenced students' positive attitudes about science. It is 

interesting to note that in a short-term period, the presenting experience was more beneficial 

to female presenters than male presenters in Future participation in science and Anxiety 

about science presenting (Figure 5.3). 

Table 5.3 Results of a two-way ANOVA with regard to gender of current presenters (n = 

690).  

 
Scale df Mean 

Square 

F Sig. Effect 

size 

R2 

      

1) Self-concept in science (7 items) 
     

Intervention 1 1003.5 85.74*** .000 .059 
 

Gender 1 17.75 1.52 .218 .001 
 

Intervention*Gender 1 15.32 1.31 .253 .001 .071 

Error 1376 11.7 
    

2) Value of science (7 items) 
     

Intervention 1 277.38 21.32*** .000 .015 
 

Gender 1 33.12 2.52 .112 .002 
 

Intervention*Gender 1 3.39 0.26 .611 0 .02 

Error 1376 13.13 
    

3) Future participations (4 items) 
     

Intervention 1 159.13 22.55*** .000 .016 
 

Gender 1 48.07 6.81** .009 .005 
 

Intervention*Gender 1 2.56 0.36 .547 0 .024 

Error 1376 7.06 
    

4) Anxiety in science (6 items) 
     

Intervention 1 691.71 48.98*** .000 0.034 
 

Gender 1 72.8 5.15* .023 0.004 
 

Intervention*Gender 1 58.03 4.11* .043 0.003 .051 

Error 1376 14.12         
N.B.: * p < .05, ** p < .01, *** p < .001 
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In the pretest, there was no difference between males and females in their Anxiety 

about science presenting (Figure 5.3). Previous studies have revealed that females reported 

feeling more anxious about science than did their male counterparts (Mallow,1994; Udo et 

al., 2004). A possible reason for present results may be that the items in this scale did not 

involve specific knowledge about science but asked about perception of explaining science 

in general. Example items were ‘I feel tense when someone talks to me about science’ and 

‘I worry about explaining the science content to school children’.  

 

Figure 5.4 Current female and male presenter responses on four attitude scales before 

presenting (a) and after (b). 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 < .05, ** p < .01  

 

The results from the posttest revealed that there were both significant main and 

interaction effects related to gender on the Anxiety about science presenting scale. There is 

an effect of being presenters on reducing level 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 5.4). The six days of experience presenting with the Science Caravan was more 
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effective for female presenters than their male counterparts in fostering self-confidence in 

science presentation and reducing their anxiety about science presenting.  

Females’ interest in the particular subjects on everyday life and natural phenomena 

(an emphasis of Science Caravan exhibits) potentially allowed female presenters to engage 

more with the exhibits. This is consistent with results in a study by Koul et al. in 2011 who 

reported that Thai female high school students were interested in studying medicine, 

nursing, and pharmacy as their top three career choices. In contrast, the top three careers 

that Thai male students were interested in studying were engineering, medicine and law. 

Practical experience with the Science Caravan gave knowledge about the content. These 

interests may initiate new activities that contribute to the expansion of object-knowledge, 

of self-knowledge, and of the creation of self-concept (Hannover, 1998 cited in Wender, 

2004) that are closely associated with reducing anxiety (Branden,1994 cited in Marsh & 

Martin, 2011) about the exhibit topics that they were responsible for. This is consistent with 

interviews with female presenters reporting that an existing interest stimulated further 

curiosity and engagement regarding the topic. For examples: 

It really stimulated me. Because the Sugar Monster exhibition is about our 

bodies, health care, sugar consumption, amount of sugar, illness, and 

physical exercises. Since I am a woman, we like something that involves the 

body. Also, the need to take care of my health to be good looking all the time 

is what motivated me greatly.  

 

Even though I study science, I have never known about sugar level. This is 

new knowledge for me as well. When I was curious, I responded to my 

curiosity by walking to the panels of the exhibition and reading them. If I 

did not understand some parts clearly, I asked the staff of the exhibition. 

Then they explained to me again.  Moreover, learning with friends, having 

conversations and having feedback from peers, is fun.  

 [Current presenter, female, undergraduate] 

 

Those exhibits stimulated my curiosity very much. Although I was assigned 

to be responsible for some exhibits, other exhibits drew my attention to play, 

learn, and understand them all. When I didn’t understand, I asked NSM staff 

to explain.         

             [Alumni presenter, female, high school] 

 

Results about gender and intervention effects on Self-concept in science are 

different for alumni presenters (Figure 5.5) and current presenters (Figure 5.4). 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 posttest (3.7- 
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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. This is 

inconsistent with previous studies in which males reported higher valuing of mathematics 

and science and competence in those domains (Marsh et al., 2005; Jacobs et al., 2002). 

There may be cultural differences as this thesis case study is in Thailand whereas other 

studies have mainly been done in western societies. This view is supported by the 

assessment results of the Programme for International Student Assessment (PISA) in 2015. 

That report revealed results of the academic performance and achievement of secondary 

school students, which showed that Thai female students outperformed male students 

particularly in science, including self-efficacy and attitude towards science (Buckley, 

2016). 

 

   
Figure 5.5 Alumni presenters’ attitudes towards science in four scales, with results of 

independent samples t-tests with regard to gender (n = 678). N.B.: * p < .05 

 

5.4 Changes in high school and university presenters’ attitudes towards science  

The pretest and posttest scores of current presenters who were high school students 

(n = 377; all in a science stream) and those who were university students (n = 313; 72% 

majoring in STEM areas) were compared for the four attitude scales. There were significant 

main effects on all four attitude scales of both presenting intervention and education level 

(see Table 5.4). There were no interaction effects; any observed effects for any of the 

four attitude scales were similar for high school and undergraduate presenters. 

Current presenters who were undergraduate students had significantly more positive 

responses than high school students about their intention for Future participation in science 

both for pretest, t(688) = 4.78, p < .001), and posttest, t(688)= 5.81, p < .001, and for Self-
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concept in science in the posttest only, t(688)=2.98, p = .003 (Figure 5.6). In contrast, high 

school students had more positive responses than undergraduate students on Value of 

science to society, pretest, t(688) = 2.57, p = .01, and posttest, t(688) = 2.69, p = .007) and 

Anxiety about science presenting (pretest, t(688) = 3.74, p < .001, and posttest, t(688) = 

4.45, p < .001 (Figure 5.5). 

Table 5.4 The results of a two-way ANOVA with regard to education levels 

N.B.: * p < .05, *** p < .001 

 

High school and undergraduate presenters possessed similar Self-concept in science 

in the pretest, but undergraduates had higher Self-concept in science in the posttest (Figure 

5.6). This finding could be as a result of the fact that science-major undergraduates had 

more prior science knowledge than high school students since they had taken more science 

courses having completed high school and also studied science in university. When 

realizing that the conceptual science content in the Science Caravan’s exhibits was not 

difficult for them, this could result in undergraduates feeling more confident in their 

Scale df Mean 

Square 

F Sig. Effect 

size 

R2 

1) Self-concept in science (7 items)      
 

Intervention 1 1230.22 105.66*** .000 .071  

.076  Education level 1 74.02 6.36* .012 .005 

Intervention*Education level 1 43.16 3.71 .054 .003 

Error 1376 11.64       

2) Value of science to society 

 (7 items) 

     
 

Intervention 1 326.09 25.05*** .000 .018  

.028  Education level 1 182.49 14.02*** .000 .010 

Intervention*Education level 1 0.06 .00 .944 .000 

Error 1376 13.02       

3) Future participations in science 

(4 items) 

     
 

Intervention 1 194.40 28.54*** .000 .020  

.058  Education level 1 386.61 56.77*** .000 .040 

Intervention*Education level 1 4.68 .69 .407 .000 

Error 1376 6.81    

4)Anxiety about science presenting 

(6 items) 

      

Intervention 1 882.20 63.65*** .000 .044  

 

.069 
Education level 1 471.01 33.98*** .000 .024 

Intervention*Education level 1 22.02 1.59 .208 .001 

Error 1376 13.86       
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competence after presenting with the Science Caravan. In contrast, the high school 

presenters might not be as familiar with some content because they had less science 

experience and fewer years of science studies. 

 

 

 

 

 

 

 

 

 

 

Figure 5.6 Current high school and university student presenter responses to four attitude 

scales before (a) and after (b) presenting. Significant differences represent results of 

independent sample t-test with regard to education level.  
N.B.: * p < .05, ** p < .01, *** p < .001 

 
Figure 5.6 Current high school and university student presenters’ responses to four attitude 

scales before (pretest) and after (posttest) presenting; results of independent sample t-test 

with regard to educational level 
 

High school presenters reported lower Future participation in science than 

undergraduate presenters (Figure 5.6). The lower intention to continue to study science or 

pursue a science career in the future could be related to science courses taken by students 

at each level. Although high school presenters had begun to study in the science stream 

already, the advanced science course might change their mind about continuing to study 

science at a higher level. This result is consistent with studies that show students’ attitudes 

toward science generally decline over the high school years; grade 7- 11, (George, 2000; 

George, 2006). Some reasons given by Year 11 students for not choosing science is that 

they were unable to picture themselves as scientists, and they did not think they were good 

at science (Lyons & Quinn, 2015). Another reason for not choosing particular science 

classes is that students perceive they can get a better grade in another subject; this may be 

a calculated decision as the high school grades may determine entry into preferred 

university courses (Venville et al., 2010). Science-major undergraduate presenters had 

already chosen to study science at a university, so they were potentially more committed to 

choosing science-related careers. 
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 Undergraduate presenters reported higher Anxiety about science presenting than 

high school presenters both before and after their experience (Figure 5.6). Researchers have 

pointed out that many reasons lead to science anxiety, including previous negative 

experiences in science subjects, science-anxious teachers, lack of good examples, 

generalised belief related to gender and racial, and the stereotyping of experts in the mass 

media (Bryant et al., 2013; Mallow et al., 2010). However, the items in this scale mostly 

related to anxiety about science presentation or answering questions from various 

audiences. This relates not only to prior science knowledge but also previous presentation 

skills. This finding could be the result of the fact that high school presenters had fewer 

previous negative science presenting experiences than undergraduate presenters or felt less 

pressure to demonstrate competence. 

Amongst current presenters, undergraduate presenters had higher positive attitudes 

towards science than high school presenters except for the Value of science to society scale 

(Figure 5.6). This finding could be the result of the fact that science-major undergraduates 

had more experience in science courses than high school students. It would appear that 

more exposure to science could lead to more positive science attitudes (Craker, 2006). This 

finding is consistent with the finding reported by Craker (2006) that undergraduates having 

more than three science courses in high school had higher attitudes about science in the 

areas of confidence, usefulness, and perception of the teacher. It supports the reasoning that 

more experience leads to more positive attitude towards science (Craker, 2006). 

Furthermore, a possible reason that undergraduate presenters had lower Value of science to 

society than high school presenters is the fact that approximately one-third of undergraduate 

presenters were studying in non-science majors such as English, business and public 

management, while all high school presenters were studying in science stream.  

In order to further understand the differences in education level about presenters' 

attitude, independent-sample t-test was employed to determine whether there is any 

difference between high school and science major undergraduate groups. Similar results 

can be seen in Figure 5.7 except for Value of science to society scale that there is no 

significant difference between high school students and science-major undergraduates. 

These findings can be interpreted that high school and science students had the same level 

of Value of science to society after their experiences as presenters and so there was a ceiling 

effect. 
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Figure 5.7 Current high school and science major undergraduate presenter responses to 

four attitude scales before (a) and after (b) presenting. Signiant differences represent results 

of independent sample t-test with regard to educational level.   
N.B.: * p < .05, ** p < .01, *** p < .001 

 

Similar results were found in alumni presenters, presenters who had been 

undergraduates had higher positive perceptions than high school presenters about Self-

concept in science (p < .001) and Future participation in science (p < .001). No differences 

were seen in their Anxiety about science presenting, and Value of science to society (Figure 

5.8). These findings have the similar pattern as current presenters. It could be the fact that 

the majority of respondents are high school and undergraduate students who were studying 

in science -related areas. Moreover, Figure 5.8 shows the alumni’s attitude had higher level 

than current presenters’ attitude in Self-concept in science, Future participation in science, 

Value of science to society scales, and lower level for Anxiety about science presenting. 

This finding could be the result of the fact that alumni presenters who participated in this 

study might hold a more favourable opinion about the Science Caravan programme, since 

those individuals may have been more likely to maintain contact with the Science Caravan 

Facebook page or staff. As a result, they might be more receptive to responding to a 

questionnaire about the programme. 
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Figure 5.8 Alumni presenters’ results of independent samples t-test with regard to 

education level during being presenters.  (n = 678) N.B.: *** p < .001 

 

5.5 Attitudes towards science and behaviour related to lifelong learning 

 Attitudes towards science integrate experiences with various aspects of science. 

Attitudes one holds as a result of these experiences may influence subsequent decisions and 

behaviours. Changes in intentions related to life-long learning behaviours were additional 

facets investigated in this study.  

 Life-long learning is understood as continuous learning throughout life, including 

learning outside of school settings (Wang, 2008). It is one of the most important attributes 

that people should possess (Collins, 2009). It provides ability to find new information. 

These skills and competencies enable individuals to adjust to the rapidly changing era when 

science and technology have massive inputs on social, economic and cultural experience 

(Uzunboylu & Hürsen, 2011). Results of this study allow examination of the association 

between science attitudes and life-long learning behaviour. 

 

5.5.1 Increased interest in life-long learning activities after presenting 
 High school current presenters and undergraduate current presenters (science 

majors) were asked to respond to items regarding their interest in daily spare-time activities 

related to science. Wilcoxon sign rank test was employed to compare data between pretest 

and posttest. There was a significant increase in current science major presenters’ interest 

in science-related activities in their free time, z = 8.78, p < .001, d = 0.76 (Figure 5.9). 

Among science-related activities, ‘Browsing updated science news’ was the highest 

increase in respondents’ interest, z = 6.36, p < .001, d = 0.53 followed by Reading science 

article, z = 4.91, p < .001, d = 0.41, Participating in science events or public lecture about 
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science, z = 4.66, p < .001, d = 0.38, Visiting website, Facebook and Blogs about science, 

z = 3.87, p < .001, d = 0.32 and Searching for science information that is interesting to you, 

z = 2.51, p < .01., d = 0.21. This indicated that the experience as a presenter stimulated 

interest in science-related activities.  

   

  
Figure 5.9 Response to items from pretest and posttest on interest in life-long learning 

activities about science from current high school presenters (n = 380) and undergraduate 

presenters with science majors (n = 223). N.B.: * p < .05, ** p < .01, *** p < .001 

 

However, there was a significant decrease on Visit science museum, science centre, 

zoo, z = 2.72, p < .01, d = 0.22 and Watching science documentary or TV show, z = 

2.32, p < .05, d = 0.19. It is interesting to note that science major presenters changed their 

preferences for obtaining science knowledge. They are more likely to favour active learning 

seeking science knowledge that is of interest to them rather than passive learning receiving 

information from, examples include, watching science documentary, TV show or visiting 

science museums. Although their interest in these activities significantly decreased, over 

80% of respondents rated these items highly in both pretest and posttest. 

To investigate further, data from nonscience presenters were extracted for analysis (Figure 

5.10) in order to examine whether contributing to the programme particularly affected non-
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science presenters’ interest in science-related activities or if impact was similar to the 

findings from the presenters with science majors. There are three different results for the 

non-science presenters. Interestingly, Watching science documentaries or TV show was 

found to significantly increase after presenting, z = 2.74, p < .01, d = 0.60, even though a 

large proportion already indicated a strong inclination for this life-long learning activity. In 

contrast, Reading science articles (z = 1.49, p =.13, d = 0.32) and Searching for science 

information that is interesting you (z= 1.61, p=.11, d = 0.34) were not significantly 

different before and after presenting. A possible explanation is that Watching science 

documentaries or TV show is easier for access and comprehension, and is more enjoyable 

for a non-science major than Reading science articles or Searching for science 

information. Moreover, one possible reason might be that all presenters had the chance to 

watch astronomy documentaries in the mobile planetarium. In the regional area, watching 

documentaries in a planetarium is uncommon. Anecdotal evidence showed that this was a 

positive and new experience. This might have triggered further interest in watching science 

documentaries. 

The largest increase in interest in life-long learning behaviour for non-science 

presenters was for Participating in science events or public lecture about science (z = 3.78, 

p < .001, d = 0.86). This is possibly related to their largely positive experience with Science 

Caravan which may have been their first participation in a science event. These findings 

provide clear evidence that contribution as a presenter influenced non-science presenters’ 

interest in activities which are related to lifelong learning in science, with 58% of non-

science presenters indicating My spare-time activities are likely to be science related (z = 

2.86, p < .001, d = 0.63) after presenting compared to 42% before. This could lead to 

increasing science literacy for non-science students. 
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Figure 5.10 Non-science presenters’ percentage of response to items from pretest and 

posttest on interest in life-long learning activities about science (n = 87). 
N.B.:  * p < .05, ** p < .01, *** p < .001 

 

Over 90% of alumni presenters reported increases in their interest to Visit science 

museum, science centre, zoo (Figure 5.11). In addition, 80 to 85% of respondents agreed 

that they were more interested in Searching for science information that is interesting 

you; Visiting websites, Facebook and Blogs about science; Participating in science events 

or public lecture about science; and Watching science documentary or TV show.   Less 

than 80% of respondents reported an interest in Browsing updated science news, 

and Reading science articles activities. It is interesting to note that almost half of 

respondents agreed that presenting increased their inclination for spare time activities 

related to science. This indicated that a significant number of respondents maintained 

interest in ongoing engagement with science-related activities.  
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Figure 5.11 Alumni presenters views on life-long learning activities in science. 

 

The results provide clear evidence that participation by presenting enhanced interest 

in science-related activities for both current and alumni presenters, as illustrated by these 

examples from current presenters: 

I bought a Rubik’s cube to play with in my free time. The exhibit in the 

Science Caravan influenced that. I wanted to solve a puzzling thing.  

 [Current presenter, male, undergraduate] 

                              

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] 

 

According to Hidi and Renninger (2006), interest refers to “a motivational variable 

that refers to a psychological state of engaging or the predisposition to reengage with 

particular classes of objects, events, or ideas overtime” (p. 112). People have their interest 

triggered when an experience catches their attention (Renninger & Bachrach, 2015). One 

explanation may be that the positive, novel experience of being a presenter triggered their 
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interest in science-related activities. In addition, the new experience with positive feeling 

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).   

Furthermore, results from alumni presenters confirmed that they were still 

interested in the science-related activities, up to ten 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 updated. Because I love to 

know about the advancement of technology, and I want to update my 

knowledge.     [Alumni presenter, male, undergraduate] 

 

This could indicate that presenters maintain life-long learning behaviours related to 

science. The results support Hidi and Renninger (2006), that people engage with the object 

of their interest after interaction between the person and particular content.  

 

5.5.2 Attitudes towards science as a predictor of life-long learning behaviour  
The Theory of Planned Behaviour (Ajzen, 1991) has stated that an individual’s 

intention is a reasonable predictor of engaging in a behaviour and that this intention is 

influenced by attitudes towards the behaviour, subjective norm and perceived behavioural 

control (PBC). According to Ajzen (2002) the concept of PBC aligns with the notion of 

self-efficacy. In this study, the possible effect of gender and education level were assessed. 

It was predicted that two influencing constructs would be developed through the presenting 

experiences: Self-efficacy in science knowledge and Attitudes towards science. Multiple 

scales related to these two constructs were developed, measured and applied as variables to 

predict the impact of contribution as a presenter on behaviours related to Lifelong learning 

about science.  

Hierarchical multiple regression was used to assess the ability of attitudes towards 

science (four scales (Future participation in science, Value of science to society, Self-

concept in science, and Anxiety about science presenting) were combined) and self-efficacy 

(one scale) in science knowledge to predict intentions for Life-long learning behaviour 

related to science, after controlling for the influence of gender and education level. 

Preliminary analyses ensured that the assumptions of normality of data, linearity, and 

homoscedasticity of variance are not violated. Multicollinearity was of potential concern in 
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this analysis; it inflates the variances of the parameter estimates and exists when the 

independent variables are highly correlated. This may lead to a lack of statistical 

significance of individual predictor variables (Joshi et al., 2012; Pallant, 2011). The 

multicollinearity diagnostics revealed that the variance inflation factor (VIF), which 

measures how much variance of an estimated regression coefficient is increased because of 

multicollinearity (Joshi et al., 2012), was below 10 for all predictor variables. According to 

Pallant (2011), a variance inflation factor less than 10 indicates the nonexistence of 

multicollinearity between the predictor variables. It implies that the associated regression 

coefficients are robust estimates (Joshi et al., 2012). 

For the pretest, gender and education level were entered at step 1, explaining .4% 

of the variance in life-long learning behaviour about science (see Table 5.5). 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 < .001. The two 

control measures explained an additional 27.7% of the variance in Life-long learning 

behaviour, after controlling for gender and education level, (R2 change = .28, F change 

(2,678) = 130.51, p < .001).  In the final model, two control measures were statistically 

significant, with Attitudes towards science being a better predictor (beta = .47, p < .001) 

than Self-efficacy in science knowledge (beta = .12, p = .001). This means that Attitudes 

towards science, as measured in this study’s scales, made the strongest unique contribution 

to explaining intention for Life-long learning behaviour with current presenters. The 

relationship was positive since those having positive feelings in Attitudes towards science 

and Self-efficacy in science knowledge while being presenters were more likely to intend to 

practice life-long learning behaviours related to science. 

In the questionnaire administered immediately after presenting, hierarchical 

multiple regression of results from current presenters revealed similar results to those before 

presenting. It indicated that their experiences of presenting have impacts on interest in Life-

long learning behaviour (see Table 5.5).  The proposed model yields two significant 

variables explaining 32% of variance of Life-long learning behaviour (F (4,677) = 79.39 , 

p < .001). Attitudes towards science was the strongest predictor (beta = .36, p < .001), 

followed by Self-efficacy in science knowledge (beta = .30, p < .001). In the posttest, Self-

efficacy in science knowledge was a stronger predictor than in the pretest. It means that 

increase of positive Self-efficacy in science knowledge added to its ability to predict 

behavioural intention towards lifelong learning in science. 
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Table 5.5 Results of hierarchical regression analysis on current presenters' interest in life-

long learning activities about science as criterion variables (n = 684) 

Independent variables 
Life-long learning behaviours 

(pretest) 

Life-long learning behaviours 

(posttest) 

  Beta t r2 Beta t r2 

step 1 
  

.004 
  .015 

gender .06 1.55  
.06 1.65  

educational level .01 0.2 
 

.09 2.40*  
step2 

  
.277 

  .319 

gender .05 
  

.02   
educational level .03  

 

.06   
Attitudes towards science .47 13.05***  

.36 10.07***  
Self-efficacy in science 

knowledge 

 

.12 

 

3.28** 
 

.30 8.52***  

N.B.: * p < .05, ** p < .01, ***p< .001 

 

Investigation with alumni presenters revealed that their experiences of presenting 

also had long-term impacts on life-long learning behaviour (see Table 5.6).  The proposed 

model yields three significant predictors explaining 38% of variance of life-long learning 

behaviour scores (F (4,671) = 103.55), p < .001). Interestingly, three predictors were found 

significant, attitudes towards science was the strongest predictor (beta = .47, p < .001) 

followed by Self-efficacy in science knowledge (beta = .25, p < .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 life-long learning behaviour about science. 

As predicted, the findings of the present study offered empirical evidence that 

Attitudes towards science and Self-efficacy in science knowledge are associated with Life-

long learning behaviour. The results of this study confirm the value in studies of science 

outreach of the Theory of Planned Behaviour, that attitude towards behaviour and perceived 

behaviour control can predict behavioural intention. These results are consistent with those 

of Kouthouris and Spontis (2005) who asked 329 university students in the USA about their 

intention to participate in outdoor activities. Their results indicated that students' intention 

in participating in the activities were significantly predicted by perceived behavioural 

control, role identity, and attitudes toward participation. 
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Table 5.6 Results of alumni presenters’ hierarchical regression analyses with life-long 

learning behaviours regarding science as criterion variables (n = 678)  

 

Independent variable Life-long learning behaviour 

  Beta t r2 

step 1 
  

.02 

gender -.065 -1.69  

educational level .1218 3.08*  
step2 

  
.39 

gender -.03 -.80  

educational level -.08 -2.38* 
 

Attitudes towards science .47 12.96***  

Self-efficacy in science 

knowledge 

.25 7.14***  

                     N.B.: * p < .05, ** p < .01, *** p < .001 

 

These results are also consistent with some of those of Lau and Roeser (2002), who 

found that attitudes towards science were related to extracurricular engagement; but they 

found no significant relationship with competence beliefs. Results of this study were 

consistent with what would be expected from Expectancy – value theory. It states that an 

individual’ beliefs about their competency and the extent to which they are interested in a 

particular activity is related to the value that they attach to it (Wigfield & Eccles, 2000). In 

other words, students are likely to choose their science activities when they tend to feel 

competent and interested in science activities and find them enjoyable. There is a strong 

relationship between self-concept and interest, and these lead to choosing of intended 

activities in the future.  

 

5.6 Conclusions 

The data from current presenters and alumni presenters in Science Caravan were 

used to address the second and third research questions, and showed the impact of their 

participation as presenters on attitudes towards science and interest in science-related 

activities. These increases in positive attitudes and greater interest can lead to changes in 

intentions about life-long learning behaviour which may lead to a positive feedback loop 

and increase in scientific literacy. The results demonstrate that these presenters already 

possessed positive attitudes about science. This is not surprising since they were already 

studying in a science stream. Nevertheless, the brief experience of being Science Caravan 

presenters enhanced high school students’ and undergraduate students’ science attitudes in 
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all four scales – Self-concept in science, Value of science to society, Future participation 

in science, and Anxiety about science presenting. 

This study’s results indicate that:  

(1) Presenting increased positive attitudes towards science; 

(2) Females had lower science anxiety than males after presenting; 

(3) Undergraduate tertiary students reported more positive expectations about 

Future participation in science, and higher Self-concept in science than high school 

students, while high school students reported more positive attitudes about the Value of 

science to society, and reported lower Anxiety about science presenting;  

(4) Presenting resulted in increased reported interest in life-long learning activities 

in science; and  

(5) Attitudes towards science was the best predictor of intention of Life-long 

learning behaviour. 

 

A significant impact of participation was that after presenting, females had less 

Anxiety about science presenting than male students. This contrasts with results from 

previous studies in which both the US and Danish female undergraduates were significantly 

more anxious about discussing science than their male counterparts (Mallow, 1994; Bryant 

et al., 2013). This thesis study is the first the researcher is aware in a Thai context.  

Morrell and Lederman (1998) have pointed out that many factors can influence a 

person’s attitude, including the type of science courses taken, previous science experiences, 

and science teachers. In this thesis’ research, undergraduates reported more positive 

attitudes about ‘Future participation in science’, and Self-concept in science than high 

school students. In contrast, high school students reported more positive attitudes about 

the Value of science to society, and reported lower level of Anxiety about science 

presenting. This finding could be due to science-major undergraduates having more 

experience in science courses than high school students.  

Not only positive science attitudes, but also interest in life-long learning behaviour 

about science were increased after presenting. This study offers evidence that there is a 

strong relationship between attitudes towards science and interest in science activities. 

Similar to previous studies, attitudes towards science is the strongest predictor of life-long 

learning behaviour.  

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” 



 

140 

 

(Gogolin & Swartz, 1992, p. 500). This study revealed that Science Caravan provided a 

valuable experience for presenters that helped them to develop more positive attitudes 

towards science for their future aspiration. The following chapter presents findings about 

the influence of being a presenter on academic and career decision making.  
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Chapter 6: Academic and career decision making 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Chapter 1 
Introduction 

 

Chapter 2 
Literature review 

Chapter 5 
Impact of presenting on 

attitudes towards 
science 

Chapter 4 
Skills development 
through presenting 

Chapter 3 
Methodology 

Chapter 7 
Conclusions, 

implications and future 
research 

Chapter 6 
Academic and career 

decision making 

6.1 Introduction 

6.2 Overview of findings 

6.3 Programme strengthens 

students’ interest in science 

6.4 Aspiring to careers in 

science-related professions 

6.5 Programme influences on 

academic and career decision 

6.6 How does the Science 

Caravan programme influence 

academic and career choices?  

6.7 Self-concept as the strongest 

predictor for Future 

participation in science 

6.8 Conclusions 

 



 

142 

 

Chapter 6 - Academic and career decision making 
 

6.1 Introduction 

To fulfil their academic and career aspirations, students need competence in 

academic and career decision making. This is especially true for high school students who 

are at a stage of development which involves crystallising and specifying their career 

preferences (Tang et al., 2008). Adequate information about career choices is necessary to 

facilitate students’ career decision-making process. Providing information about possible 

STEM careers is one way to increase future participation in these areas (Jensen, 2015). 

 Many studies have found interest to be one of the significant factors influencing 

young people’s education choice, particularly in science (e.g. Hazari et al., 2010; Jensen & 

Henriksen, 2015; Maltese & Tai, 2010; Tang et al., 2008; Regan & Childs, 2003; Venville 

et al., 2013). Positive experiences in learning environments such as math and science out-

of-school activities can contribute to science interest development, cognitive abilities and 

aspiration in these domains (Dickhauser & Stiensmeier-Pelster, 2002; Guthrie et al., 2006; 

Jensen, 2015; Rotgans & Schmidt, 2011; Renninger & Bachrach, 2015; Thoman & 

Sansone, 2016 ). Dabney et al. (2012) found that students’ participation in out-of-school 

activities, as well as their middle school interest in science and mathematics, plays a 

significant role in promoting students’ interest in pursuing a STEM career while in university.This chapter 

addresses the final research question: ‘How does participating in the Science Caravan 

outreach programme influence career and academic choices of volunteer outreach 

presenters?’ It describes the impact of short-term participation (a six-day period) as a 

presenter in a science outreach programme on presenters’ academic and career decision-

making. Questionnaires with closed and opened-ended questions were administered to 

current presenters before and after their presenting period. Alumni presenters responded 

retrospectively to one questionnaire about their previous experiences. Interviews from 

current (n = 19) and alumni presenters (n = 19) revealed reasons for how contributing as a 

presenter influenced presenters’ academic or career choices. 

The following sections present an overview of findings, and then key findings 

related to how participating in Science Caravan influence presenters’ academic and career 

choices. strengthens students’ interest in science, aspiring to careers in science-related 

professions, influences on academic and career -co 

https://ovidsp-dc2-ovid-com.ezproxy.otago.ac.nz/sp-4.04.0a/ovidweb.cgi?QS2=#118


 

143 

 

6.2 Overview of findings 

Subject areas of current and alumni presenters who were studying at the time of 

completing the questionnaire are reported in Table 6.1. Of the current presenters, 55% were 

high school students who were studying in a science-math stream. The remaining 45% of 

current presenters were undergraduate students. Seventy-two percent of the undergraduates 

were studying science and math education or science areas. Non-science major presenters 

(28%) were studying in a range of disciplines such as public management, business, 

tourism, and English/pre-school education. 

Table 6.1 Subject areas of current presenters and alumni presenters who were still studying 

at the time of completing the questionnaire. 

 
Current presenters Count Alumni presenters Count 

High school students 380 High school students 281 

• Science – math stream 
 

• Science – math stream   

Undergraduate students 310 Postgrad and undergraduate students 348 

Science majors  
 

Science majors    

• Engineering 19 • Engineering 33 

• Science, Marine science, ICT 84 • Science, Marine science, ICT 103 

• Science/Math education 113 • Science/Math education 153 

• Health science 7 • Health science 33 

Non-science majors  
 

Non-science majors    

• Public management 32 • Economics/Accounting/Finance 8 

• Business/Tourism 18 • Business/Tourism 3 

• English education 22 • English/ Pre-school/Thai education 8 

• Pre-school education 15 • Communication arts 4 

    • Law 3 

 

 

Interestingly, the majority of alumni presenters responding to the questionnaire 

were still studying in high school (39%) or university (46%), and only 15% had completed 

studies; some selecting ‘other’ were waiting for further study (See Figure 6.1). As with 

current presenters, alumni presenters were studying mainly science and math education or 

science areas. All alumni presenters who were university students with non-science majors 

at the time of taking the Alumni questionnaire had been science-math high school students 

when they were presenters with the Science Caravan programme. 
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Figure 6.1 Activity of alumni presenters (n = 726) at the time of taking the questionnaire. 

 

6.3 Programme strengthens students’ interest in science 

Consistent with results presented in Chapter 5, over 85% of both alumni and current 

presenters who responded to the surveys agreed that being a presenter increased their 

interest in science (Figure 6.2). Kruskal Wallis test was used to compare this agreement 

between four groups – high school current presenters, science-major current presenters, 

non-science major current presenters and alumni presenters. The interest in science in high 

school presenters is significantly lower than science-majors presenters (p < .01), non-

science majors presenter (p < .001), and alumni presenters (p < .001). There are no 

significant differences between science-major presenters, non-science major presenters, 

and alumni presenters. 

As the majority of alumni and current presenters were high school and university 

students who were studying in STEM disciplines, it could be expected that they were 

already interested in science. Nonetheless, they reported that contributing to the programme 

as presenters strengthened their interest in science. Moreover, these results provide 

evidence that the programme can increase interest in science in non-science major 

presenters who might have had less interest in science before presenting.   
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Figure 6.2 Alumni presenters (n =726) and current presenters (n = 690) responded to the 

statement Being a presenter in Science Caravan programme has increased my interest in 

science. Current presenters were divided into their education level (high school, n = 380)  

and university (non-science majors, n = 87, and science majors, n = 223). 

 

For some presenters who were not interested in science, presenting in this 

programme stimulated their interest. For example: 

Before being a presenter, I was a person living in a bubble and was not 

interested in science at all. Once I learned about astronomy, it made me 

see that we are so small. There are so many things that I don’t know. I 

then started to be interested in science. 

 [Alumni presenter, female, high school student] 

 

These findings confirm that the experience of presenting with Science Caravan can 

enhance presenters' interest in science. Moreover, this programme supported the 

development of scientific interest for some students who were not already interested in 

science.  Experience can trigger interest (Renninger & Bachrach, 2015). As discussed in 

Chapter 2, interest consists of cognitive and affective components that occur concurrently 

during the development of interest (Renninger & Hidi, 2011). As knowledge about science 

content develops while being a presenter, concurrent valuing of and feeling about science 

can combine with increased knowledge to enhance interest. Previous research concluded 

that interest develops in relation to a learning environment (Guthrie et al., 2006; Rotgans 

& Schmidt, 2011; Thoman & Sansone, 2016). Out-of-school activities and the features of 

a task are characteristics of a learning environment that can contribute to interest 

development (Renninger & Bachrach, 2015). Presenters' experiences with Science Caravan 

as a learning environment appear to trigger new interest or enhance existing interest in 

science. 
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In addition, interest develops from a feeling of competence and control that arises 

from mastery of the environment (Morgan et al., 2001). Models of intrinsic motivation 

suggest that interest results from a feeling of efficacy or ability and control while working 

on an activity (Bandura, 1986). As described in Sections 4.4 and 4.5, current presenters 

reported that their abilities in science communication and other skills significantly 

increased as a result of participation in the Science Caravan programme. This may help 

explain the increase of interest in science for presenters. 

 

6.4 Science-related profession as aspiring careers  

Current presenters were asked to describe their desire to have a science-related 

career in the next ten years in pre and posttest questionnaires. Wilcoxon signed ranks tests 

were conducted to investigate whether there were differences between their pretest and 

posttest answers. There was a significant increase in reported desire to have a science career 

for all current presenters (Figure 6.3; high school, z = 4.10, p < .001; undergraduate science 

majors, z = 3.20, p = .001; and undergraduate non-science majors (z = 3.51, p < .001). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
Figure 6.3 Desire to have science-related careers in the next ten years as reported by 

current presenters: a. high school students (n = 380); b. science major undergraduates (n = 

223); and c. non-science major undergraduates (n = 87) responded.  
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Current presenters were asked what career they would prefer the most. Their 

answers were coded and categorised (Figure 6.4) into seven groups: 1) health science 

careers such as medical doctor, dentist, nurse and veterinarian; 2) math and science teachers 

such as biology teacher, physics teacher; 3) engineer; 4) STM (science, technology and 

mathematics) careers such as researcher or scientist; 5) non-science teacher such as English 

teacher or pre-school teacher; 6) nothing related to science such as lawyer, businessman; 

7) not sure. 

High school presenters have the most consistency in preferences about their future 

career before and after presenting. Health science careers were the most frequently 

mentioned preference for high school presenters followed by an engineer, nothing related 

to science, STM careers and teacher, respectively (Figure 6.4).  In contrast, presenters who 

were university students were most likely to state a preference to be a math or science 

teacher, followed by STM careers. This is consistent with the high proportion of university 

presenters who were studying science and maths education (Table 6.1). Approximately 

12% of undergraduate presenters were unsure about their career preference. However, there 

are no statistically significant changes in career intentions between pretest and posttest for 

either high school or undergraduate presenters, even with the increase in desire to have a 

science career in the next ten years. 
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Figure 6.4 Percentage of high school current presenters (n = 380), undergraduate 

presenters (science majors, n = 223), and undergraduate non-science majors (n = 87), who 

responded about career preferences before and after being a presenter. 
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Alumni presenters were also asked to provide a preference about their careers. For 

those alumni presenters who were currently students, their answers were coded and 

categorised (Figure 6.5).  As with current presenters, the greatest career preference for 

alumni presenters who were studying in high school was for health science careers, while 

undergraduate presenters were more likely to state a preference to be a science or math 

teacher or have a STM career. 

 

Figure 6.5 Coded responses of preferred careers of alumni presenters who were students 

when they responded to the questionnaire (High school= 275; University = 349) 

 

More high school presenters had interest in health science-related careers and 

engineering than in STM careers or  teaching. This is consistent with previous findings in 

Thailand where medicine and engineering have been the most favoured career choice for 

Thai high school students in science-math streams, whereas teaching was at the low level 

of students’ aspirations (Koul et al., 2011, 2016; Lerdpornkulrat et al., 2012). This is similar 

to a study by Modood (1993), who found that Asian students in the UK have a clear 

preference to study for degrees in medicine-related studies or engineering, but a low 

percentage apply for education degrees. This may result from high salary expectations in 

science-related professions as well as parental pressure. Other studies have revealed that 

salary expectations influence cultural beliefs and career decisions (Correll, 2001; Dick & 

Rallis, 1991). In Thailand, general physician, dentist, pharmacist and engineers are high-

earning science-related careers, whereas teachers earn lower salaries (Koul et al., 2011). 

Venville et al. (2013) found that practicing scientists chose a science career without 
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expectations of high salaries, demonstrating an awareness that a career in science provided 

intellectual stimulation and other benefits rather than high financial reward. 

As could be expected, undergraduate presenters stated preferences for careers 

related to their studies. A previous study reported that perceived interest and competence in 

a profession were critical influences on career choice (Morgan et al., 2001). Undergraduates 

who initially chose science majors stated intentions to be a science or math teacher, engineer 

or to have a STM career. Non-science major presenters stated preferences for non-science 

related professions. Experience in the Science Caravan programme provided some 

presenters with new information with regards to STEM careers choices via the STEM 

careers exhibition, and their interest in STEM careers increased after their participation, as 

described in section 6.6.4. 

 

6.5 Programme influences on academic and career decisions 

To investigate the impact of being a presenter on academic and career decisions, 

both alumni and current presenters were asked to respond to two statements regarding how 

being a presenter had influenced their academic and career decisions. Approximately 40% 

of both current and alumni presenters reported that they felt their academic and career 

goals remained unchanged after the programme. However, 60% of current presenters 

agreed that being a presenter was likely to influence their academic decisions (Figure 

6.6a). This is consistent with interview results that being a presenter influenced academic 

and career plans. The quotes below provide examples of how presenting changed 

academic plans: 

 

It influenced my major selection in the third year because I was responsible 

for the astronomy zone (planetarium) and paper plane which were 

associated with physics. I chose physics as my major because of that. I 

became so crazy about astronomy at that time.  

 [Alumni presenter, male, undergraduate student] 

 

Actually, if I had not been a presenter, I might have studied engineering and 

ended up in a job already instead of studying a PhD programme in science. 

 [Alumni presenter, male, undergraduate student] 
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Figure 6.6 Responses of (a) current presenters (n = 690) and (b) alumni presenters (n = 

726) to questions about whether being a presenter in the Science Caravan programme had 

influenced their academic and career decisions. 

 

 The evidence from interviews shows that contributing to and having responsibility 

for science activities led to new interests and enjoyment. Presenting influenced alumni 

when choosing an academic plan to fulfil their interest and passion. Although the students 

had pre-existing interests in science, participating in the programme sparked particular 

interests. These findings are consistent with findings of Venville et al. (2013), who found 

that free-choice, science-related experience can be a factor in chosing to study science. 

Availability of informal science activities may contribute to student interest and enjoyment 

in science (Stocklmayer et al., 2010). 
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In this study, presenting also altered career plans for some: 

In the beginning, I thought that after I graduate, I will get some job and earn 

money. The point of studying a bachelor’s degree for me was to work in 

order to have a lot of money for my family. But now my goal has expanded. 

I want to graduate to be a science teacher to educate children.  

 [Current presenter, female, undergraduate] 

 

I had never opened my mind about teaching at all. I thought that science 

was quite stressful. Once the Science Caravan came here, the science 

exhibits and toys in Science Caravan made children relax and have fun. It 

made me change my mind and study education in order to be a teacher.  

 [Alumni presenter, female, undergraduate] 

 

For current presenters (Figure 6.6a), 56-61% agreed that being a presenter 

influenced their career decision. This is consistent with the questionnaire responses from 

alumni presenters (Figure 6.6b); around 65% of them agreed with the statements that 

presenting influenced decisions related to further study or career choices. It is not surprising 

that 9-10% of nonscience major undergraduates disagreed that contributing to Science 

Caravan was likely to influence their academic and career choices. They had likely already 

chosen their nonscience majors, and it would be extremely challenging for them to change 

at that point to have a science related-career. Interestingly, approximately 42% (Figure 

6.6a) of nonscience major students were influenced to confirm their choice not to pursue 

science careers which is consistent with Figure 6.4c that none of them reported pursuing 

science-related careers in pre and posttest. However, over 40% of nonscience students 

reported being a teacher as a career they would like (Figure 6.4c). It is possible that the 

experience of presenting confirmed their choice to be a teacher in their majors. And whether 

they teach science or another discipline, a positive experience with science presenting could 

well enhance their teaching career. 

 Further evidence of the impact of presenting is shown in Figure 6.7. Of the 122 

alumni presenters participating in the programme while they were studying at high school, 

80% went on to study science-related disciplines in university, studying in STM areas 

(30%), health science (19%), engineering (16%) or science and math education (15%). 

Interestingly, the proportion of health science students is not consistent with the proportion 

of intended careers, where health science careers are the most preferred, as shown in Figure 

6.4. These differences most likely reflect the fact that health sciences, such as medicine and 

dentistry have the highest entrance cut-off requirements and limited capacity, compared to 

other science-related disciplines (Consortium of Thai Medical Schools, 2019).  Koul et al. 

(2011) have provided evidence that not all Thai high school students aspiring to high 
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income science-related fields are fit or qualified for careers requiring science and math 

proficiency. 

 

Figure 6.7 Coded responses of chosen subject study of alumni presenters who were high 

school students while being presenters (n = 122). 

 

Those alumni presenters (n = 57) who were working full-time at the time of 

completing the questionnaire listed their current occupation (Figure 6.8). Overall, the 

majority of them (40 of the 57) were working in science-related careers. This may be an 

accurate reflection of the large number of alumni presenters who pursue these fields. 

Another possible explanation is that there was a bias towards science-related careers 

because of a higher response rate from alumni who had maintained an interest in science. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.8 Number of alumni presenters reporting about their current occupations (n = 

57). 

For those presenters who reported that participation in the Science Caravan 

programme did not influence their academic and career decision, other reasons were 

provided. Consistent with prior research (Maltese & Tai, 2010; Venville et al., 2013), the 
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influence of supportive parents and teachers was found in this study. There is also evidence 

from this study that is consistent with a study by Adamuti‐Trache and Andres (2008), who 

found that the career satisfaction of parents in STEM occupations, especially the mother, 

can have a significant influence on their children’s career aspirations.  

 Interviewees mentioned factors that influenced their career and academic decisions. For 

example: 

It is about inspiration. My parents are currently involved in public health. I 

saw my mom's outfit that is a Princess Mother's Medical Volunteer uniform. 

I then told my mom that I want to have one. My mom responded to me that 

you have to study to be a medical doctor. She further said that it is tiring. 

Are you sure? I wanna have that outfit, help people so that’s what I want to 

be.  

 [Alumni presenter, female, high school student] 

 

In the beginning, I was hesitating between art and science streams. Which 

one would suit me the best? But my parents wanted me to study science 

because it is easier to find a job. They (my parents) made me confident to 

choose to study science.  [Alumni presenter, male, undergraduate] 

 

Support from teachers is also seen as a significant factor in promoting student learning 

(Clotfelter et al., 2007; Rivkin et al., 2005). For example:  

My teacher has always inspired me.  

 [Alumni presenter, male, undergraduate] 

 

This study supports prior findings that teachers are one of the key influencers in 

decision-making in choosing a science-related career. In the study reported by Venville et 

al. (2013), scientists reported that secondary school science classes and one particular 

science teacher were amongst the top influences of them choosing to study science. The 

impact of a teacher is influenced by their instructional practices (Logan & Skamp, 2008; 

Swarat et al., 2012) and encouragement (Wang & Eccles, 2012). 

 

6.6 How does presenting in the Science Caravan programme influence academic and career 
choices? 

 Interviews further explored how involvement in the Science Caravan programme 

influenced changes in direction in terms of study and careers. Thematic analysis was 

conducted of transcripts of 38 in-depth interviews about how being presenters influenced 

academic and career choices. Responses were coded and placed into four categories:1) 

gaining inspiration and curiosity; 2) confirming interest in STEM; 3) developing an 

appreciation of teaching; and 4) providing information for study and career choices. Of the 

38 interviewees, 19 stated that they had changed or intended to change their direction, 11 
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indicated that the programme confirmed their previous academic or career intentions, and 

the remaining eight mentioned that their academic/career goal stayed the same. 

 

6.6.1 Getting inspiration and curiosity 
 Experiences from being a presenter inspired students in different ways, depending 

on their particular role as a presenter. For presenters who were responsible for STEM 

science careers exhibits, some gained new knowledge about possible careers, that sparked 

their interest and curiosity: 

I got more curious. Back then, I was responsible for the Sound engineer 

exhibit. I had not even known about this career. After being assigned the 

topic, I studied the topic and got a lot of information. Even after Science 

Caravan was finished, I still studied more about this career because I am 

interested in it very much.  [Current presenter, male, undergraduate]      

                                                                                    

Some presenters mentioned that the experience gained from volunteering inspired 

a new life goal. The following quote demonstrates the valuable role Science Caravan 

programme played in providing a mindset about future career plans and life. The 

cumulative experience from the programme not only fostered useful skills as described in 

Chapter 4, but also inspired the participants in different ways: 

It created a new life goal, being able to see the importance of communities 

at large rather than myself as the priority. From the past of having a goal 

in graduating and getting whatever job, to now being a science teacher to 

educate children who lack a chance to come and see things like this. It truly 

changed me in many ways. It made me not value money, but I value 

happiness, smiles and the knowledge that the children gained.  

 [Current presenter, female, undergraduate]  

 

Outreach programmes - like a mobile science, technology, and engineering 

exhibition have been shown to trigger a significant situation motivation, which can 

progressively increase intrinsic motivation to learn more about the subjects (Salmi et al., 

2016). At the same time, a positive outreach experience can influence the development or 

maintenance of interest towards the subjects, and vice versa (Schiefele, 2009). In turn, 

students’ positive perceptions towards outreach which include science-related activities 

potentially influence them to become more involved in science and motivated to pursue 

future STEM activities and careers (Vennix et al., 2018).    

 

6.6.2 Confirming an interest in STEM 
  Over one-quarter of respondents stated that the programme strengthened their pre-

existing science interests and reinforced that they were on an academic and/or career path 
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that was right for them. This included confirming their interest, providing knowledge or 

skills needed within their chosen path, and refining their ideas about careers in education.   

For example: 

I want to be a plant scientist. Being a presenter very much confirmed that 

for me. It was not just reading from the internet. Presenting about this 

exhibit helped me know myself and what I truly want to be.  

 [Alumni presenter, female, high school student] 

 

I already like science. After being a presenter with the Science Caravan, I 

felt like it was right for me because I already like science. It’s fun. So, I will 

continue to study science in a university.  

 [Current presenter, female, high school student] 

 

So far, I would like to be a teacher, and I am studying in the science-math 

stream. Since I already like science, being a presenter confirmed to me that 

I truly like this kind of job. Being a presenter provided me chances to 

explain, to share knowledge with people I don’t know.  

 [Current presenter, female, high school student] 

 

Although these presenters held pre-existing interests in scientific study and /or 

careers, contributing to the Science Caravan programme added value by providing 

substantial experience to confirm and strengthen their interest and choices. Based on the 

interest model (Hidi & Renninger, 2006; Renninger & Hidi, 2011; Regan & DeWitt, 2015), 

the decision to continue or pursue science can be promoted in a learning environment that 

provides positive feelings, knowledge and values relevant programme activities. 

Researchers have pointed out that interest is one of the strongest predictors of academic 

decision (Ainley & Ainley, 2011; Regan & DeWitt, 2015; Venville et al., 2013).  

 

6.6.3 Developing an appreciation of teaching 
 As presenting or explaining are closely associated with teaching and vice versa, it 

is not surprising that the majority of interviewees expressed an appreciation of teaching and 

also discovered a job that was right for them.  

I did it with happiness. It was right for me because I used to work in many 

jobs. I tried to experience many things because I would like to know how it 

is. Being a presenter made me know that teaching is right.  

 [Current presenter, female, undergraduate]  

 

 Presenters also recognised that understanding the different audiences and active 

learning are essential for science teaching and learning. This study found that presenters 

tried to adopt a supportive familial style in relationships to use in their presenting. This is 

consistent with a study by Kamolpattana et al. (2015) who found that pseudo-sibling 
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relationships, a common practice in Thai contexts, were used to build a friendly 

conversational circumstance. Kamolpattana, who studied presenting at the National 

Science Museum Thailand, discussed that within this circumstance, audiences did not see 

presenters as a teacher or professional, but instead identified them as someone with whom 

they were comfortable to communicate. The supports the value of this technique to reduce 

tensions and concerns of losing face during a conversation in a Thai hierarchical system. 

Oh, it means so much to me because teaching is not about giving a lecture 

in front of a class anymore. Teaching is not just a task involving teachers 

and students. For me, teaching might be like siblings teaching each other. I 

may add other activities outside the classroom.   

The knowledge obtained is teaching and learning among different ages.  I 

taught adults who are older than me, but listened to me and agreed with 

what I was saying.  It totally changed my frame of mind. When talking about 

teaching, people may think about teachers and students. For me now, 

teaching is not only associated with teachers and students, but it is the 

general public who can access education and obtain that knowledge. 

  [Current presenter, female, undergraduate] 

 

 Increasing the desire to be a science teacher, and gaining ideas about how to 

communicate with children, were expressed from alumni presenters who had become 

science teachers by the time of responding to the questionnaire. This indicates that the 

programme benefited future teachers directly by providing them with experience related to 

their future career.  For example, one said: 

Back then it inspired and increased my desire to be a science teacher since 

I was responsible for helping staff the planetarium. I feel like the children 

were interested in the exciting media like in the planetarium. It inspired me 

to teach children to have that feeling.  

 [Alumni presenter, male, undergraduate]                       

 

 Among the respondents’ reasons, there is clear evidence that the nature of being a 

presenter with the Science Caravan programme provided the opportunity to learn and 

develop an appreciation for teaching, which is similar to other science youth programmes 

for science outreach and museums (Beck et al., 2006; Diamond et al., 1987; Finkelstein, 

2005; Gupta & Negron, 2017; Laursen et al., 2007, 2012; Motto, 2008; Sickler & Johnson, 

2009; Storksdieck et al., 2002). Science Caravan could be strengthened by emphasis of the 

programme on communication with a variety of visitors, from young children to elders, and 

with various scientific disciplines including physics, biology, mathematics, chemistry, and 

health science.  
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6.6.4 Providing information about choices 
 In addition to providing communication skills and an appreciation of teaching, an 

advantage of being a part of the programme was obtaining information about possible 

STEM careers that the programme highlighted through the exhibit, Enjoy science careers. 

Science Caravan provides information about 20 diverse, possible STEM careers, for 

instance: data scientist, investment analyst, and nanomaterial researcher. Respondents 

stated that gaining new information regarding STEM occupations opened their eyes to 

consider alternative careers in STEM. 

I was responsible for the forensic scientist exhibit. Before being a presenter, 

I had no ideas what I want to do because I did not have a goal. After being 

a presenter, I know that there are some interesting careers out there.  

     [Alumni presenter, female, undergraduate] 

Very influential. Because the exhibition has information about careers that 

we can be, I had never known before. A researcher is a career that I want 

to be, but I can have other parallel careers such as a sound engineer or a 

smart farmer. Even though I have planned to be a researcher, I can access 

other careers at the same time.  [ Current presenter, male, undergraduate]                                                     

 

  

At the beginning of my study in chemistry, I thought that if I graduate, a job 

at factory would be the only choice of mine. But after participating with 

Science Caravan, it opened my eyes that there are jobs which possibly suit 

me better.  [Alumni presenter, male, undergraduate]                                                                        

 

 Being part of the Science Caravan offered presenters at least four days to help them 

discover new interests and academic and career possibilities. Through working with the 

exhibition, they learnt about previously unknown career options, expanding their awareness 

of academic and career choices. In particular, for high school students, if interested in a 

topic, the information about occupation pathways related to the topic can guide them to 

pursue a preferred career. For example, one high school presenter was interested in the field 

of occupational health and safety specialists because of the exhibition. Then, she came up 

with the plan to pursue the career by following the information guide about the career 

qualification from the exhibition:   

I think that I will study environmental science because of learning about 

occupational health and safety specialists from the exhibition.  

 [Current presenter, female, high school student] 

 

 The findings provide clear evidence that the Science Caravan has achieved the goal 

of promoting potential STEM careers. It is possible that it is particularly effective because 

Science Caravan has provided careers information within a culturally-specific environment 
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where presenters feel empowered. The results are consistent with a prior study investigating 

a university festival aiming to promote STEM education in the USA. Quagliata (2015) 

surveyed 203 students between the age of 7 and 17 who completed questionnaires before 

and after participation in the Imagine RIT: Innovation and Creativity Festival, a campus 

showcase at Rochester Institute of Technology (RIT). He reported that the festival 

increased student interest in STEM-related careers through providing opportunities for 

students to have conversations with undergraduate presenters whom they looked to as role 

models. He also observed that undergraduate presenters helped students link between 

subjects taught in class and careers they associated before, as well as new career pathways. 

 

6.7 Self-concept as the strongest predictor for Future participation in science  

Students' academic decision-making is a complex process, and many approaches 

have been taken to understand it (Bøe & Henriksen, 2015). For the purpose of this study, 

Self-efficacy theory (Bandura, 1986), the concept of interest development (Hidi & 

Renninger, 2006) and Expectancy-value theory (Wigfield & Eccles, 2002) were applied as 

components to predict the impact of contribution as a presenter on students' Future 

participation in science. The Wigfield and Eccles model predicts that young people are 

most likely to choose courses that they consider they can master, and have subjective value 

for them. 

Hierarchical multiple regression was used to assess the ability of four variables 

(Self-efficacy in science knowledge, Value of science to society, Self-concept in 

science, Life-long learning behaviour about science) to predict Future participation in 

science, after controlling for the influence of gender and education level for pretest and 

posttest (Table 6.2). Preliminary analyses were used to ensure that the assumptions of 

normality of data, linearity, and homoscedasticity of variance are not violated. 

Multicollinearity was of concern in this analysis as it inflates the variances of the parameter 

estimates and exists when the independent variables are highly correlated which can lead 

to a lack of statistical significance of individual predictor variable (Joshi et al., 2012; 

Pallant, 2011). The multicollinearity diagnostics revealed that the variance inflation factor 

(VIF) was below 10 for all predictor variables, indicating the nonexistence of 

multicollinearity between the predictor variables. This implies that the associated 

regression coefficients are robust estimates (Joshi et al., 2012). 
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For the pretest, gender and education level were entered at Step 1 and explain 3% 

of the variance in Future participation in science. After addition of the Self-efficacy in 

science knowledge, Value of science to society, Self-concept in science, and Life-long 

learning behaviour about science at Step 2, the total variance explained by the model as a 

whole was 39% (F (6, 676) = 71.50, p < .001). This demonstrated that the four variables 

explained 36% of the variance in Future participation in science, after controlling for 

gender and education level (R2 change = .36, F change (6, 676) = 98.66, p < .001).  In the 

final model, three variables were statistically significant, with Self-concept in science being 

the strongest predictor of future participation (beta = .48, p < .001) then education level 

(beta = .17, p < .001) and Life-long learning behaviour about science (beta = .15, p < .001). 

This means that before contributing to the Science Caravan programme, Self-concept in 

science scale made the strongest unique contribution to predicting Future participant in 

science for current presenters (see Table 6.2). Importantly, in this study, positive feelings 

regarding Life-long learning behaviour about science and studying at a university 

(education level) significantly predict intentions of Future participation in science. 

 

Table 6.2 Results of hierarchical regression analyses to determine main influences on 

current presenters’ Future participation in science (n = 684). 

N.B.: * p < .05, *** p < .001 

 

In the questionnaire immediately after presenting, hierarchical multiple regression 

of results from current presenters revealed similar results to those before presenting (see 

Table 6.2).  The proposed model yields four significant variables explaining 40% of 

variance of Future participation in science scores (F (6,675) = 75.91, p < .001). Four 

Independent variable 
Future participation in science 

(pretest) 

Future participation in science 

(posttest) 

  Beta t r2 Beta t r2 

Step 1 

      

gender .03 .72 .03 .05 1.4 .06 

educational level .17 4.4*** 
 

.22 5.9*** 
 

Step2 

      

gender .02 .60 .39 .03 .83 .40 

educational level .17 5.36*** 

 

.15 4.7*** 

 

Self-efficacy in science knowledge .01 .34 

 

.09 2.04*  

Value of science to society .04 1.07 

 

.04 1.11  

Self-concept in science .48 10.41***  .39 8.32***  

Life-long learning behaviour about 

science 
.15 4.07*** 

 

.19 5.19*** 
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variables were found to be significant, with Self-concept in science remaining the strongest 

predictor (beta = .39, p < .001), followed by Life-long learning behaviour about science 

(beta = .19, p < .001), education level (beta = .15, p <.001). This was followed by Self-

efficacy in science knowledge (beta = .09, p < .05) in the posttest results. This means 

positive feelings about Self-concept in science, Life-long learning behaviour about science, 

Self-efficacy in science knowledge and undergraduate studies are likely to influence future 

participation in science. 

As a variable, education level has a significant influence, and can affect the pursuit 

of science-related careers. Compared to high school presenters, university presenters are 

further advanced with their choices and commitments.  This finding is consistent with the 

results reported in section 6.4, which were unsurprisingly that undergraduate students 

choose their career associated with their studies. Self-efficacy in science knowledge was 

found to be the significantly weakest predictor (beta = .09, p < .05); in the pretest it was not 

a significant predictor at all.  

This analysis shows that the six-day presenting experience strengthened feelings of 

self-efficacy, increasing the predictive ability of Self-efficacy in science knowledge to 

Future participation in science. As described in Section 4.5, current presenters reported 

that mastery experiences in science presenting increased their self-efficacy. This possibly 

contributed to the significant increase in the predictive ability of Self-efficacy in science 

knowledge towards Future participation in science. These findings are in line with previous 

research indicating that science self-efficacy has a significant effect on science-related 

career aspiration (Jansen et al., 2015; Lent et al.,1991, 2008; Mau & Li, 2018; Tang et al., 

2008). 

Results for alumni presenters were similar to results for the current presenters 

before presenting (Table 6.3); the proposed model yields three significant predictors 

explaining 49% of variance of Future participation in science scores (F (6,671) = 108.64), 

p < .001). The investigation with alumni presenters showed that Self-concept in science is 

the strongest predictor (beta = .36, p < .001) of Future participation in science, then 

education level scale (beta = .30, p < .001) and Life-long learning behaviour about science 

(beta = .19, p < .001). 

Self-efficacy is not as strong a predictor as Self-concept in science for Future 

participation in science for students who participated in the Science Caravan. This is 

consistent with a study by Jansen et al. (2015) of 4,891 high school students in Germany 
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on students’ self-concept and self-efficacy in science. Students' science self-concept had a 

stronger impact than self-efficacy in science on career decision. However, self-efficacy was 

a better predictor of current ability such as science achievement (Jansen et al., 2015; Lent 

et al., 2016). 

 

Table 6.3 Results of alumni presenters’ hierarchical regression analyses with Future 

participation in science as criterion variables (n = 678)  

 

Independent variable Future participation in science 

  Beta t r2 

Step 1 
   

gender -.05 -1.29 .18 

educational level .42 12.08*** 
 

Step2 
   

gender .00 .12 .49 

educational level .30 10.58*** 
 

Self-efficacy in science knowledge .06 1.82 
 

Value of science to society .04 1.10 
 

Self-concept in science .36 8.46***  

Life-long learning behaviour about science .19 5.11***   

N.B.: * p < .05, *** p < .001 

 

As expected, Self-concept in science is the strongest predictor for Future 

participation in science. This is consistent with expectancy-value theory (Wigfield & 

Eccles, 2002), where self-concept significantly influences career choice development and 

is consistent with the Koru model of science communication in which identity is a dominant 

determinant of use of new information (Longnecker, 2016). The findings in this study are 

also in line with prior research with 15-year-old students in 50 countries, which found that 

positive science self-concept leads students to consider a science-related career (Sikora & 

Pokropek, 2012). Students’ perceptions of their self-concept are strongly influenced by the 

feedback they receive from others around them (Falk & Dierking, 2018). In this thesis 

study, positive feedback from visitors promoted presenters’ self-concept in science. The 

self-concept allowed presenters to see their potential and see how well they achieve the 

expectations to cope with the future demands of the chosen career. 

As noted by Jansen et al. (2015), self-concept and self-efficacy are related, but they 

use different frames of reference to describe one’s beliefs about competence. The results 

presented above strengthen the theoretical conceptualisation of both competence beliefs. 



 

163 

 

Self-concept refers to one’s knowledge and perceptions about oneself in situations, and it 

is stable and more likely to reflect general ability in a particular domain within social and 

internal frames of reference (Bong & Skaalvik, 2003; Jansen et al., (2015). For example, 

one study on adolescents in Germany and the USA found that students evaluate their self-

concept, linking to their prior achievements in mathematics compared to other subjects 

(Gniewosz et al., 2015). As aforementioned, the majority of presenters in this study were 

studying in a science-related area. Even though prior achievements in science were not 

collected, because of the nomination and selection process of presenters it could be 

presumed that they were good at science. Consequently, it can be reasoned that such 

presenters are likely to be interested in further study in science and/or pursuit of a science-

related career.   

Self-efficacy is a more malleable construct which can be enhanced through 

perceived confidence in capability for mastery of specific tasks at designated levels (Bong 

& Skaalvik, 2003; Jansen et al., 2015). In this study, presenters were trained in both 

communication skills and science content regarding the exhibits. Four days of repeated 

performance help them master this experience and foster their perceived competence in 

science through presenting. As an active antecedent of the development of self-concept, 

self-efficacy is not so difficult to enhance (Bong & Skaalvik, 2003). It could be said that 

increasing self-efficacy potentially supports effects of self-concept on academic and career 

choices. 

As expected, undergraduate presenters are more likely to continue in their pursuit 

of higher education in science and in science-related careers. The majority of undergraduate 

presenters in this research were already studying in STEM areas and intended to remain in 

their chosen academic pathways. This is not surprising as it is difficult for undergraduate 

students to change their chosen academic and/or career pathways. In order to promote 

STEM study and careers, this study confirms that middle and high school are the best time 

to foster positive attitudes and self-concept in science, which in turn influence pursuing 

STEM academic and career choices (Razali et al., 2018). 

One of the most interesting findings of this study is that interest in science activities 

in free-time plays a significant role in predicting Future participation in science. This 

means tendency to engage in science-related activities is associated with higher education 

enrolment in science and science career choices. It could be explained that interest reflects 

the intrinsic motivation present when someone is engaging in an activity and is increased 

with satisfaction after engagement (Hidi & Renniger, 2011). When people become more 
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interested in a topic, they become more willing to find ways of obtaining knowledge, skills 

and information regarding the topic and are increasingly willing to spend the time and effort 

required to learn about the topic (Liu & Falk, 2014). One study with 6,556 undergraduate 

students in the USA found that students who engaged in out-of-school science activities 

were more likely to be interested in a STEM discipline at a university (Dabney et al., 2012). 

This is consistent with findings in Venville et al. (2013) in a survey with 722 scientists in 

Australia and New Zealand, who found that participation in out-of school activities was a 

common influence on their decision to study science.  This finding is similar to prior study 

with 11th-grade high school students in the USA (Lau & Roeser, 2002), who found that 

task value, competence belief, and extracurricular engagement in science were the main 

predictors of an anticipated choice of science majors or careers.  

Moreover, research has shown that popular science and leisure activities in 

childhood such as reading science, science fiction, and conducting a home experiment, 

could be a starting point for students’ interest in science (de Lepe et al., 2015; Jensen & 

Henriksen, 2015; Maltese & Tai, 2010). A sense of interest-enjoyment in a subject is 

important to encourage students’ interest in science. Nevertheless, research shows that 

students’ interest in science can decline in early adolescence (Carlone et al., 2014). Ongoing 

encouragement in science activities should be seen as a way to both initiate and maintain 

students’ interest, which can play a key role in influencing the pursuit of science majors or 

careers. 

It is interesting to note that Value of science to society is not found as a predictor in 

this study. One reason may be that the items in this variable are valuing science in general, 

rather than being specific about value of studying science and having a science career. 

Research with non-science undergraduate students by Gogolin and Swartz (1992) indicated 

that the majority of students valued the importance of science in general, but the reason 

why they chose not to study science was because of their inability to grasp a scientific 

concept. 

No gender effect was found in the intention of students to pursue science-related 

careers in this Thai case study. This finding aligns with a study in the USA with 491 10th 

and 11th-grade high school students enrolling in Earth science, chemistry, biology, or 

physics (Lau & Roeser, 2002). Lau and Roeser found no gender effects for predicting 

anticipated science majors and career choices. It is possible that the items concerned science 

in general, and were not specific to sub-disciplines of science where gender stereotypes 

may occur. For example, research on gender influence on choice of biology or physics, 
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showed that girls are more likely to choose biology, while boys prefer chemistry and 

physics (Jenkins & Nelson, 2005). The effect of gender stereotype was supported by Sikora 

and Pokropek (2011), who studied the science career plans of 15-year-olds in 50 countries. 

They found evidence of gender segregation, with girls tending to prefer biology, agriculture 

and health careers, whereas boys tended to choose computing, engineering and 

mathematics careers. 

6.8 Conclusions 

The data from current and alumni presenters in Science Caravan was used to address 

the fourth and final research question and showed that the impact of the programme on 

academic and/or career plans was directly linked to participants’ experience during their 

tenure in the programme. This study’s results indicate that:  

1. Pre-existing participants’ interest in science aspiration were strengthened. 

2. High school presenters preferred health science careers while undergraduate 

presenters anticipated STEM careers related to their current majors. 

3. The experience from the programme can influence presenters’ decisions about 

careers in different ways such as inspiring aspiration, confirming an interest in 

STEM, providing information for possible STEM careers, and developing an 

appreciation of teaching. 

4. Self-competence, education level, and interest in science-related activities are 

significant predictors of future participation in science. 

 

The findings show that the experience of presenting influences students’ interest in 

science in different ways. Presenting assists students to discover academic and career 

directions, and a particular interest in teaching. For those who entered the programme with 

some ideas of their intended career paths, the programme environment provided them with 

circumstances to test their abilities through experiences that may highlight their strengths 

and weaknesses. Additionally, to confirming existing interest and passions, the programme 

could provide presenters with a new experience that revealed undiscovered potential. On 

top of that, this study demonstrated that not only self-competence in science but also 

interest in science-related activities in free-time have a strong positive association with the 

selection of STEM related study and career. 

In summary, the findings of this study illustrate the importance of even short term, 

six-day learning experiences in supporting self-efficacy, self-concept, and interest in 

adolescents’ career development processes. Informal science activities can play a strong 
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role in complementing formal science education. Therefore, interventions that aim to 

increase numbers of students choosing STEM studies and careers may involve 

collaboration between school time and out-of-school science environments in order to 

support students to develop self-competence in their desired careers through practical 

learning activities. The following chapter concludes the thesis by discussing the main 

findings, considering limitations of the study and presenting implications of the research.   
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Chapter 7: Conclusions, implications and future 
research 
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Chapter 7 - Conclusion, implication and future 
research 
 

7.1 Introduction 

This study examined the impact of contributing as a presenter with a six-day science 

outreach programme, Science Caravan. Mixed methods comprising questionnaires, 

interviews and observations, were used to determine skills development, and changes in 

attitudes towards science, interest in science-related lifelong learning, and future 

participation in science academic and career choices. The research questions examined in 

this thesis are: 

 

1. What skills, abilities and knowledge are developed and retained by volunteers 

through presenting in the Science Caravan outreach programme? 

2. Does presenting in the Science Caravan outreach programme influence 

volunteer presenters’ attitudes towards science? If so, how? 

3. Does participating in the Science Caravan outreach programme influence life-

long behaviours of volunteer outreach presenters? 

4. How does participating in the Science Caravan outreach programme influence 

career and academic choices of volunteer outreach presenters? 

 

The study employed two phases of data collection. In the first phase, three 

questionnaires were developed to investigate the research questions. The Pre-presenting 

survey   and Post-presenting survey were conducted with 690 current presenters (360 high 

school students in science streams, 223 undergraduate students with science majors, and 87 

undergraduate students with non-science majors). These questionnaires were administered 

on-site at 12 locations of the Science Caravan tour around Thailand, between November 

2017 and February 2018. The Alumni Survey was administered through an online platform 

to collect data during the period of October 2017 to March 2018 from 726 alumni presenters 

who were following the Facebook page for Science Caravan. The questionnaires collected 

self-reported data on demographics, confidence, skills development, academic and career 

choices, attitudes towards science, and life-long learning behaviour. During the Science 

Caravan event, 64 selected current presenters were observed to collect empirical evidence 

about the improvement of science communication skills over their four days of presenting 
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after they had received two days training in science communication and exhibit-related 

scientific content.  

 

The second phase of data collection was performed a month after finishing the tour. 

This involved follow-up interviews with 19 current presenters and 19 alumni presenters 

who had indicated their willingness to be interviewed. Questionnaires, observations and 

interview data were analysed using a combination of descriptive statistics, non-parametric, 

parametric statistics, and thematic content analysis. This chapter summarises and 

synthesises the research findings. Implications of the findings and recommendations for 

further improvement are discussed. 

 

7.2 Key findings 

7.2.1 Research question 1: What skills, abilities and knowledge are developed and 

retained by volunteers through presenting in the Science Caravan outreach 

programme? 

Data collected from both current presenters and alumni presenters in Science 

Caravan showed the impact of their participation in the programme on knowledge and skills 

development (Figure 7.1). The results of this study demonstrate that the brief experience of 

being a Science Caravan presenter can substantially foster high school and undergraduate 

students’ self-confidence, self-efficacy about scientific knowledge and four essential skills: 

communication, problem-solving, critical thinking, and interpersonal skills. These findings 

align with those from previous studies conducted with students who had contributed for 

months as presenters in the Science Career Ladder Programme at the New York Hall of 

Science, in which presenters developed knowledge, skills and confidence in oral 

presentation and problem-solving skills (Sickler & Johnson, 2009; Storksdieck et al., 2004). 

The study reported in this thesis is significant because it demonstrates the value of 

even a brief but intense experience. Six days presenting with the Science Caravan 

programme which incorporated training, experience and feedback enhanced students' 

confidence and the essential skills. One possible reason for these outcomes is that the 

Science Caravan programme provided an intensive experience to presenters. The 

programme provides the opportunity for presenters to meet with approximately 1500 

visitors a day and perform their presentation five to ten times a day for four days. This helps 

presenters to practice and rapidly develop their skills. This evidence shows that duration of 

participation with a programme might not be the most important factor for increasing 
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presenters' skills. This intensive, authentic situation was useful in helping students develop 

their competence.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.1 Summary of findings relating to volunteer presenters’ skills, abilities and 

knowledge developed through the Science Caravan programme. 

 

Science communication skills were the focus of this study. Through a combination 

of training and immersive experience, presenters reported substantial acquisition of science 

communication skills and demonstrated that they understood some key elements of 

effective science communication. This was confirmed by results from observations over 

four days of their performance. Particularly, for undergraduates who were studying science 

education, presenting with Science Caravan provided valuable experience that helped them 

to develop useful skills for their future careers as teachers. These findings align with those 

of previous studies. For example, in a recent study by Clark et al. (2016), almost all of the 

presenters surveyed indicated that the Present Your PhD Thesis to a 12-Year-Old 

programmes improved their ability to explain their research and their scientific speaking 

skills to a general audience. Illingworth and Roop (2015) suggested that science outreach 
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plays an important role to improve essential skills for science communication in 

postgraduate students and young scientists who contribute as programme presenters. A 

strength of this thesis study is the triangulation of methods, providing results not only from 

self-report surveys but also from researcher observations that confirmed increased 

communication skills. This increases confidence in the self-reported results. 

Another triangulation in this study involved data collection from both current and 

alumni presenters. The majority of the alumni presenters reported that they still used the 

skills they gained from being a presenter in their science studies, presentations and careers. 

This evidence indicated that the gained skills were valued and were a useful fit into 

academic and career plans, providing long-term benefits. Notably, presenters training to be 

science teachers considered this experience to be particularly beneficial. They recognised 

that they developed science communication skills and classroom management skills, which 

they would need in the future. These findings highlight long-term benefits of contributing 

with the outreach programme. Presenters developed skills that were not only useful for 

presenting with the programme, but these skills could be retained and applied in other 

situations. One recommendation from this study is that being a presenter with a science 

outreach programme should be facilitated for science education students. 

The most significant impact of presenting involved the students' increased self-

confidence. It seemed to be particularly significant for those individuals who described 

themselves as shy when they entered the Science Caravan. Positive feedback from their 

audiences (visitors, peers and NSM staff), as well as knowledge and skills gained, played 

important roles in enhancing self-confidence in their abilities. The finding is consistent with 

previous studies which indicate that positive or negative feedback is significant for the self-

confidence of recipients (Kampkuiper, 2015; McCarty, 1986; Petruzzello & Corbin, 1988). 

Individuals must be able to judge their own performance and feedback is usually necessary 

for individuals to feel a sense of competence (Ilgen et al., 1979). The evidence showed that 

being a presenter with the Science Caravan programme engendered positive feelings 

through positive feedback while presenting in the Science Caravan environment, providing 

opportunities and senses for presenters to develop their confidence, competence, and could 

perhaps enhance their science identity. This is particularly relevant in the Thai context, and 

possibly in other non-western countries with a hierarchical system. 

Apart from exhibits, the social milieu is significant for development of new skills. 

In the Koru Model of Science Communication (Longnecker, 2016), support is a critical 

component which fosters an individual’s sense of identity and allows them to engage with 
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new information. The presenters depend strongly on each other's help, and this fosters 

feelings of interdependency and cooperation among cohorts. Moreover, assistance and 

advice from NSM staff mentors developed constructive relationships with presenters. The 

study shows that the Science Caravan serves as a useful model for a learning experience 

for high school and undergraduate students. The relatively short-term programme may be 

able to play a profound role in fostering essential skills needed for success in the 21st 

century. 

 

7.2.2 Research question 2: Does presenting in the Science Caravan outreach 

programme influence volunteer presenters’ attitudes towards science? If so, how? 

 
Presenter participation in Science Caravan impacted attitudes of both current and 

alumni presenters towards science. This was 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 pretest surveys demonstrate that current presenters 

already possessed positive attitudes towards science. There were no significant differences 

between non-science undergraduates and science undergraduates on their attitudes 

towards Value of science to society and Self-concept about science. There were differences 

in the scales of Future participation in science and Anxiety about science presenting 

between non-science and science undergraduates in pretest, with non-science 

undergraduates having lower intention for Future participation in science and higher for 

Anxiety about science presenting. These findings are consistent with the results from 

previous surveys which 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 (Yuenyong & Narjaikaew, 2009; National Statistics 

Office of Thailand, 2008). Nevertheless, the brief experience of being Science Caravan 

presenters had positive effects in all four areas (as one decreased – anxiety about science 

presenting (Figure 7.2). It indicated that six days of contributing to the programme could 

increase positive attitudes towards science. 
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Figure 7.2 Summary of findings relating to volunteer presenters’ attitudes towards science 

changed through the Science Caravan programme. 

 

There was no effect of gender on Self-concept in science, Value of science to 

society and Future participation in science. For the scale, Anxiety about science 

presenting, there was a greater effect for female presenters who reported less anxiety after 

their experience. Females’ interest in the particular subjects on everyday life and natural 

phenomena (an emphasis of Science Caravan exhibits) potentially allowed female 

presenters to engage with the exhibits enough to alleviate some of their prior anxiety about 

presenting. Practical experience with the Science Caravan gave knowledge about the 

content. These interests initiated new activities about the exhibit topics that they were 

responsible for. New interests and activities can contribute to the expansion of object-

knowledge and of self-knowledge (Hannover, 1998 cited in Wender, 2004) that are closely 

associated with reducing anxiety (Branden, 1994 cited in Marsh & Martin, 2011). The six 

days of experience presenting with the Science Caravan was more effective for female 

presenters than their male counterparts in fostering self-confidence in science presentation 

and reducing their anxiety about science presenting.  

With regard to education level, there was no significant difference between 

undergraduate and high school presenters on self-reported Self-concept in science in the 

pretest. However, undergraduates reported a higher level of Self-concept in science than 

high school students after participating for six days. The difference between high school 

and undergraduate presenters in development of Self-concept in science could be the result 

of undergraduates having more prior science knowledge than high school students, since 

they would have taken more science courses, having completed high school and begun 
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studying science in university. These findings align with those from previous studies, which 

found that many factors can influence a person’s attitude towards science, including the 

type of science courses taken, previous science experiences, and science teachers (Morrell 

& Lederman, 1998; Venville et al., 2013). Upon realising that the conceptual science 

content in the Science Caravan’s exhibits was not difficult for them, undergraduates may 

have felt more confident in their competence after presenting with the Science Caravan. In 

contrast, the high school presenters might not be as familiar with some content because 

they had less science experience and fewer years of scientific studies. 

There are many studies about attitudes of audience members after outreach 

programmes or visiting an informal setting environment (Luehmann, 2009; Mamlok-

Naaman et al., 2005; Salmi et al., 2016; Vennix et al., 2018; Yawson et al., (2016). 

However, research investigating presenters’ attitudes through participation in outreach 

activities is limited. This research is significant in that it clearly demonstrates that the 

informal science education setting, such as the Science Caravan outreach programme can 

not only influence visitors (Triyarat, 2017), but can also significantly influence presenters’ 

attitudes towards science. One possible reason is the experience of enjoyment while 

presenting; this was noted anecdotally during observations and mentioned in interviews. 

This supports findings of Mamlok-Naaman and colleagues (2005), who showed that 

student attitudes towards science were influenced by interest and emotion. 

Furthermore, when students are able to practice the science knowledge that they 

have learned in school and understand the utility of science in their daily lives, their interest 

in science may rise (George, 2006). The development of positive attitudes towards science 

can motivate students’ interest in science education and science-related careers (Crawley 

& Coe, 1990; Norwich & Duncan, 1990). Thus, it is important that this study revealed both 

science and nonscience students’ attitudes towards science could be developed by short-

term, intensive experience as a presenter.  

 

7.3.3 Research question 3: Does participating in the Science Caravan outreach 

programme influence life-long behaviour of volunteer outreach presenters?  
 

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 behaviours (Bennett, 2003). Changes 

in behavioural intentions related to life-long learning were investigated in this study. When 
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asked if their interest in daily spare-time activities related to science, current presenters 

agreed that these activities were likely to increase after the six-day programme: Browsing 

updated science news; Participating in science events or public lecture about 

science; Reading science articles; Visiting website, Facebook and Blogs about 

science; and Searching for science information that is interesting you.  Results from alumni 

presenters confirmed that they remained interested in the science-related activities. 

Hierarchical multiple regression was used to assess the utility of Attitudes towards 

science (combining four scales: Future participation in science, Value of science to society, 

Self-concept in science, and Anxiety about science presenting) and Self-efficacy in science 

knowledge to predict Life-long learning behaviour related to science, after controlling for 

the influence of gender and education level. In the final model, both variables were 

statistically significant, with Attitudes towards science showing the highest predictive 

capacity, followed by Self-efficacy in science knowledge (see Table 5.5). This means that 

the Attitudes towards science made the most substantial unique contribution to 

explaining Life-long learning behaviour with current presenters (See Figure 7.3). 

People have their interest triggered when an experience catches their attention 

(Renninger & Bachrach, 2015). One possible explanation noted by presenters in Science 

Caravan who had increased interest in life-long learning behaviour, was that they had a 

positive, novel experience while being a presenter which triggered their interest in science-

related activities. In addition, positive feelings can influence the development of interest, 

and interest shapes self-concept (Hannover, 1998, cited in Wender, 2004).  The results 

from alumni presenters supported Hidi and Renninger (2006) who found that students are 

engaged with the object of their interest after interaction between an individual and 

particular content.  

The results of this study demonstrate the value of using the Theory of Planned 

Behaviour to explore science outreach. The Theory of Planned Behaviour states that an 

individual’s intention can predict the possibility of engaging in behaviour and that this 

behavioural intention is influenced by attitudes towards the behaviour, subjective norm and 

perceived behavioural control (Ajzen, 1991). Anecdotal evidence showed that the value of 

feedback from NSM staff and visitors, teamwork and camaraderie as a social relatedness 

could potentially be another key factor that increases positive attitudes towards science and 

interest in science, which in turn enhance the likelihood of engaging in science-related 

activities.  This finding could spark future research to examine the effect of the subjective 

norm as another important factor that influences behavioural intention in the Science 
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Caravan context. With regard to the Theory of Planned Behaviour, attitudes towards 

science and self-efficacy were measured in this research. In the study reported in this thesis, 

students are likely to choose to continue to engage in science-related activities in their spare 

time when they feel competent and have positive attitudes towards science. There is a 

strong relationship between attitudes towards science, self-efficacy and interest, and these 

lead to choice of science-related activities in lifelong learning (see Figure 7.3).  

This study provides evidence of a strong relationship between attitudes towards 

science and interest in spare time science activities. Interest is a psychological construct 

that can be used to predict an intention to participate in science-related activities in the 

future (Ainley & Ainley, 2011). Therefore, an increase of students’ interest in science 

activities in their spare time can lead to an increase of intended life-long learning behaviour 

about science. This could increase the likelihood of participants to choose science study 

and careers. Several studies have found that interest is an important factor for choices of 

education and occupations in STEM areas (Bøe, 2012; Venville et al., 2010, 2013). The 

findings in this thesis revealed that presenters’ experience with Science Caravan provided 

a valuable experience that helped them to develop interest related to science in both non-

science and science students. One important aspect of these findings is that although non-

science presenters might not change their education and career plans, increased interest in 

science activities may raise their science literacy and lifelong interest in science. 

 

 

 

 

 

 

 

 

Figure 7.3 Summary of findings for presenting with a short-term science outreach 

programme influence life-long learning behaviour of young science outreach presenters.  
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7.2.4 Research question 4: How does participating in the Science Caravan outreach 

programme influence career and academic choices of volunteer outreach 

presenters? 

 

Both current and alumni presenters in the Science Caravan reported impacts of the 

programme on academic and career plans that were directly linked to their experience in 

the programme (See Figure 7.4). Many reported that being a presenter strengthened their 

pre-existing interest in science. Moreover, the programme increased interest in science for 

some non-science presenters.  

High school presenters had more interest in health science-related careers and 

engineering rather than STM careers and teaching, while undergraduate presenters 

anticipated STEM careers related to their current majors. This is consistent with previous 

findings in Thailand, where medicine and engineering were the most favoured career 

choices for Thai high school students in science-math streams, whereas teaching was at the 

low level of students’ aspirations (Koul et al., 2011, 2016; Lerdpornkulrat et al., 2012). 

This is similar to a study by Modood (1993), who found that Asian students in the UK have 

a clear preference to study for degrees in medicine-related studies or engineering, but a low 

percentage applied for education degrees. 

Their experience in the programme can influence presenters’ decisions about 

careers in different ways such as inspiring aspirations, confirming interest in STEM, 

providing information for possible STEM careers, and developing an appreciation of 

teaching. Presenting enabled students to discover academic and career directions and 

interest in particular of teaching. For those who entered the programme with some ideas of 

their intended career paths, the programme environment provided them with circumstances 

to test their abilities through experience that could highlight their strengths and weaknesses. 

The programme not only confirmed interests and passions, but also for some presenters 

provided a new encounter that revealed previously unknown potential. 

Hierarchical multiple regression was used to assess the ability of four variables 

(Self-efficacy in science, Value of science to society, Self-concept in science, and Life-long 

learning behaviour about science) to predict Future participation in science (see Table 

5.2). The model indicated that Self-concept in science and interest in Life-long learning 

behaviour about science had a strong positive association with the selection of STEM study 

and career (See Table 6.2 and 6.3). As predicted, Self-concept in science was the strongest 

predictor for Future participation in science. This is consistent with Expectancy-value 
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theory (Wigfield & Eccles, 2002), where self-concept significantly influences career choice 

development.  

Interest in science activities in free-time (interest-enjoyment value) plays a 

significant role in predicting Future participation in science. This means that tendency to 

engage in science-related activities is associated with higher education enrolment in science 

and science career choices. When people become more interested in a topic, they become 

more willing to find ways of obtaining knowledge, skills and information regarding the 

topic and are increasingly willing to spend the time and effort required to learn about the 

topic (Liu & Falk, 2014). The significance of these findings emphasised the influential role 

that out-of-school activity can have to increase students’ interest in free-time science 

activities and self-concept that leads to selection in education and occupations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.4 Summary of findings for the influence of participation in science outreach as 

presenters on career choices.  

 

7.2.5 Integrated findings 
Figure 7.5 presents the interrelationships among theories, concepts, empirical 

evidence, and research findings of the present study. The results of this study revealed that 

participating as a presenter in the Science Caravan programme increased future plans for 

participation in science, including academic and/or career plans. Participation also 

increased interest in life-long learning activities about science. These impacts are complex, 

and the explanations are integrated using Social Cognitive Theory, Interest, the 

Expectancy-value Theory and the Koru Model of Science Communication. 
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Figure 7.5 A model of factors affecting the development of volunteer presenters’ future 

participation in science due to participating in the Science Caravan programme. 

 

The evidence showed that the experience of presenting increased confidence and 

the essential skills for presenters’ future academic and career plans. Bandura's Social 

Cognitive Theory can partially explain this, as it is a model of behaviour and learning in 

which individuals learn from observing someone else performing the target behaviour 

(Bandura, 1986).   Social Cognitive Theory includes modelling, outcome expectations, self-

efficacy, goal setting, and self-regulation within a social context. The models used for 

learning can be a live model (real people) or symbolic model (media images, verbal and 

written material). In this study, participants were trained in science communication and in 

science knowledge, with both live explanations and background materials. Training was 

also provided about how to cope with possible issues while presenting.  

Participants learned from both training and modelling of peers; presenting increased 

their sense of self-efficacy. Feedback from trainers, cohorts, and visitors led to an enhanced 
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sense of identity and therefore to satisfied expectations and changed behavioural intentions. 

Expectations shape people's decisions about which action to continue and which to inhibit 

(Frey, 2018). Whether the feedback is positive or negative, it plays a critical role in direct 

behaviour either to reinforce the behaviour that contributes to high performance or 

eliminate or improve the performance. Other studies have shown that positive feedback 

from successful experience helped to build self-confidence, while negative feedback 

depressed self-confidence (McCarty, 1986; Petruzzello & Corbin, 1988). Feedback is also 

usually necessary for individuals to feel a sense of competence because the individuals 

must be able to judge their performance. In this study, presenting with the Science Caravan 

involved a specific task and feedback helped presenters gain mastery. This promoted self-

efficacy, self-confidence and skill development.  

Self-concept and self-efficacy are related, but they use different frames of reference 

to describe one's beliefs about competence (Jansen et al., 2015). The results presented here 

strengthen the theoretical conceptualisation of both competence beliefs. On the one hand, 

self-concept refers to one's knowledge and perceptions about oneself in situations, and it is 

stable and more likely to reflect general ability in a particular domain within social and 

internal frames of reference (Bong & Skaalvik, 2003; Jansen et al., 2015). On the other 

hand, perceived confidence in capability for mastery of specific tasks at designated levels 

is the principle of self-efficacy, which is likely to be more malleable (Bong & Skaalvik, 

2003; Jansen et al., 2015). In this study, self-efficacy was increased by mastering 

experiences through successful presenting. Presenters' self-concept was formed through 

prior experience and reinforced by the mastery experience at the Science Caravan. It could 

be explained that self-efficacious belief acts as an active antecedent of a development of 

self-concept (Bong & Skaalvik, 2003). These could contribute to a more general construct 

of a presenters’ sense of identity, as described in the Koru Model of Science 

Communication (Longnecker, 2016). 

One of the key factors in science education success is positive student attitudes 

(George, 2006). Attitudes are an essential component of science learning and so are at a 

foundational position in the outline of identity in the Koru Model of Science 

Communication (Longnecker, 2016). Understanding attitudes and their formation can 

improve programmes that aim to enhance students' achievement and their participation in 

science-related careers. Attitudes towards science that may change as a result of the science 

presenting experience may influence consequent behaviour or decisions. From theoretical 

perspectives, both enjoyment and interest experienced at Science Caravan play key roles to 
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increase presenters' positive attitudes towards science.   Moreover, gender and education 

level of presenters while presenting were factors that were related to presenters’ attitude. 

The experience of being a presenter increased presenters' positive attitudes towards science 

which was correlated with increasing intention of lifelong learning about science and 

students' interest in science-related education and careers. Similarly, Mamlok-Naaman et 

al. (2005) found that student attitudes towards science were mainly influenced by interest 

and emotion. They concluded that students were not willing to take a science class seriously 

when they found it to be boring.  

 This thesis study showed that interest is one of the key factors that influences 

presenters' academic and career plans. Hidi and Renninger (2006) state, "interest as a 

motivational variable refers to the psychological state of engaging or the predisposition to 

reengage with particular classes of objects, events, or ideas over time" (p.112). Essentially, 

if individuals enjoy doing something, they will want to repeat it because the activity will 

have captured their attention. Interest consists of cognitive and affective components that 

both occur during the development of interest (Renninger & Hidi, 2011). As knowledge 

about science content develops while being a presenter, valuing of and positive feelings 

about science can enhance presenters’ interest in science. Presenters' experiences with 

Science Caravan as a learning environment can trigger new interest or confirm or enhance 

existing interest in science. In addition, interest develops from a feeling of competence and 

control that arises from the mastery of the environment (Morgan et al., 2001). Models of 

intrinsic motivation suggest that interest results from a feeling of efficacy or ability and 

control while working on an activity (Bandura, 1986). Moreover, this study shows that 

influencers' beliefs and behaviour, such as parents and teachers, influenced the presenter's 

interest in science. When people become more interested in a topic, they become more 

willing to find ways of obtaining knowledge, skills, and information regarding the topic 

(Ainley & Ainley, 2011; Renninger & Hidi, 2011), and are increasingly willing to spend 

the time and effort required to learn about the topic (Koballa & Glynn, 2007; Liu & Falk, 

2014), especially if they derive feelings of self-efficacy (Bandura, 1997; Britner & Pajares, 

2006). 

 The Expectancy-value Theory has been used for understanding adolescents' 

academic motivation (Eccles et al., 1983; Eccles & Wigfield, 2002). The theory postulates 

the model of achievement-related choices and performance, which is used to predict and 

explain youths’ behaviours related to educational choice. Eccles et al. (1999) predict that 

students are more likely to select an academic area in which they think they can achieve, 
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and that has high subjective value for them. It shows that expectation of success and 

subjective value predict academic and career choices. The expectation of success depends 

on students’ self-concept in the particular area (Bøe & Henrisen, 2015). That self-concept 

was the most significant predictor of Future participation in science in this thesis is 

consistent with these previous research findings. With regard to Expectancy-value Theory, 

interest-enjoyment value refers to a feeling of enjoyment one derives from engagement.   

(Bøe & Henrisen, 2015; Wigfield, & Eccles, 2002). Learning behaviour about science as 

interest-enjoyment value can predict Future participation in science to academic and/or 

career choices in STEM.  

In conclusion, the findings illustrate the complexity of adolescents’ academic and 

career decision making. The process includes many variables such as attitudes towards 

science, interest, skills development, self-efficacy, self-concept, which in turn influence 

consideration of academic and/career options in STEM. Theory of Planned Behaviour, 

Social Cognitive Theory, Interest development, Expectancy-value Theory, and the Koru 

Model of Science Communication have been the theoretical frameworks used to explain 

the findings. 

 

7.3 Limitations of the study 

 

This study had several limitations. In the period of data collection, all current 

presenters responded to the surveys (100% response rate). However, 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 by telephone, mail or e-mail to invite them to 

complete the questionnaire. Facebook pages: คาราวานวิทยาศาสตร์ (Science Caravan) with 15,052 

followers, and Enjoy Science Career page with 510 followers at that time (September 13, 

2017) were the primary avenues to reach alumni presenters and recruit participants. It seems 

likely that alumni presenters following these pages hold more favourable opinions about 

the Science Caravan programme. These alumni presenters may have been more diligent in 

maintaining contact with the programme and staff, and more receptive to responding to a 

survey about the programme. Many attempts were made to reach out to alumni and 

encourage broad participation, but the researcher does not know the reasons why other 

alumni seeing the post did not respond. This is an important consideration in determining 
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potential bias (Sickler & 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, few non-science alumni presenters responded to the survey. Therefore, a long-

term impact of participating in Science Caravan on non-science presenters could not be 

examined in this study. There was no negative feedback about the programme obtained 

from respondents. While there was no evidence to indicate that the non-responding alumni 

had more negative or less positive impacts, 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. 

Another limitation involved the observations of presenters’ communication skills, 

which were limited to three of the eight types of activities where presenters contribute; the 

three types observed involved the 60 science concept exhibits, a science careers exhibit and 

fun science activities. An observation rubric was developed in order to assess whether 

science communication skills improved. The observation rubric consists of seven criteria – 

introduction, clear voice, appropriate language, encouragement of audience, explicit 

mention of science content, conclusion, and question management. It was based on 

previous studies (Mercer-Mapstone & Kuchel, 2017; Bray et al., 2012), on personal 

experience of effective science communication, and on discussions with the primary 

research supervisor who along with teaching colleagues has marked thousands of science 

communication presentations over more than fifteen years. Other types of activities in the 

Science Caravan could not be assessed with the rubric criteria (e.g. science lab, hands-on 

activities, a planetarium show). This study did not examine skill development related to 

those types of outreach activities. As a consequence, generalisation of the results beyond 

the impact of presenting with the science concept exhibits, science careers exhibit and fun 

science activities should be cautious. 

 

7.4 Implications 

Some implications can be drawn from the findings of this study. In general, the 

outreach learning atmosphere and experience was perceived positively by volunteer 

presenters. Firstly, the findings have revealed interesting insights that might be of general 

value to increase the number of high school students choosing STEM subjects and keep 

them motivated to pursue a possible career related to STEM. It is suggested that educators, 

teachers and schools should give more consideration to adding science outreach activities 
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to their curriculum. In particular, activities with an out-of-school element should be 

considered as valuable supplements to curriculum – those enabling performance and 

mastery of experience for the students, providing activities that connect curriculum and 

daily life, and focusing activities on the understanding of science.  

As there is no obligation to engage in outreach activities for a grade, students have 

some options to attend or to select a subject to work. Therefore, outreach activities create a 

specific learning context for students, with both formal and informal learning that may 

increase students' motivation towards engaging in STEM activities (Suter, 2016). As noted 

in Section 7.2 and discussed more extensively in Chapters 5 and 6, the development of 

positive attitudes towards science is associated with students' interest in science-related 

education and careers. Thus, it is important to use appropriate instructional strategies that 

enhance students' interest and attitudes towards science. 

Importantly, findings from this thesis support the value of involvement of science 

undergraduate students in the delivery of public engagement activities. Such experiences 

could be particularly valuable for pre-service teachers. This also aligns with findings of 

Mackay et al. (2020); as public engagement should be the business of every scientist, 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 in 

Thailand, the researcher recommends that informal science learning institutes and 

universities should cooperate to develop and offer programmes in this area to their students. 

Finally, participation in science outreach can enhance awareness about 

opportunities to pursue science-related careers, given authentic experience about different 

careers in various Science Caravan exhibits are positively associated with students' future 

academic/career plans. A previous longitudinal study in the USA showed that young 

adolescents begin to make decisions about their future academic and careers in junior high 

school (Tai et al., 2006). This suggests that teachers, schools and parents should provide 

opportunities to high school students to obtain information about possible science careers 

and pathways to pursue these careers. In this regard, informal science learning institutes 

such as science museums and science centres are potential partners, which can offer these 

experiences through exhibition and activities to students and their school communities. 
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7.5 Future research  

The results and discussions elaborated in this thesis research have 

stimulated interesting directions to be considered for future studies. The first area for 

expanding this research is to look into proportions of presenters continuing study in 

science-related discipline in higher education. Although this study used surveys and 

interviews of alumni presenters to investigate the long-term impact of the programme, a 

longitudinal study was not within the scope of the thesis. As mentioned above, the 

distribution of an online questionnaire survey via Facebook is likely to have introduced 

sample bias. None of the non-science alumni presenters responded to the survey. Therefore, 

a longitudinal design is required in order to examine the long-term impact of contributing 

as a presenter with the Science Caravan programme. 

Many studies about outreach programmes point out that science outreach activities 

influence students' attitudes and motivation. For example, the study by Vennix et al. (2018) 

of 729 high-school students engaged in 12 STEM activities in the USA and the Netherlands 

revealed that out-of-school learning environments indeed created opportunities to increase 

students' motivation in STEM and attitude towards STEM. However, the impact varied 

with respect to some particular characteristics of the activities. Another interesting question 

involves a comparison of presenters and visitors within the same outreach environment; 

does the experience of presenting or visiting have a more substantial impact on students' 

attitudes and future participation in the short and long term? In order to answer this 

question, a psychometric measurement would need to be developed to examine and 

compare the effect of both different experiences. 

 

7.6 Final concluding points 

This study has produced new and original results regarding the practice of being 

presenters in Science Caravan, a science outreach programme in Thailand. The implications 

of this study extend far beyond this single science outreach programme, with relevance to 

other informal learning institutes, and could particularly apply to other contexts that have 

similar roles for volunteer presenters. One significant contribution of this study has been 

the analysis of the impact for presenters in a science outreach setting and how the impact 

benefits participating student volunteers. There is potential relevance of these findings to 

schools, universities and informal science institutes.  

This study provides robust evidence that participation as volunteer presenters in a 

travelling science museum can enhance self-confidence, self-efficacy, self-concept, and 
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interest in life-long learning behaviour about science, as well as improve essential generic 

skills, and increase positive attitudes towards science. Participation also increased school 

students’ intentions to study and pursue science careers in the future. Making a contribution 

in a free-choice science learning environment – in this case Thailand’s NSM Science 

Caravan – is one effective way to provide a valuable experience to high school and 

undergraduate students to obtain the benefits from such a programme.  

The Science Caravan programme has delivered science-related activities to over 

two hundred cities and towns in regional, rural, and remote communities across Thailand 

from 2008 to the time of writing this thesis, providing training to 13,200 volunteer 

presenters who have assisted NSM staff to provide educational services for over three 

million school students. There is an excellent opportunity for schools and universities to 

use Science Caravan as a tool to foster 21st-century skills and positive attitudes towards 

science for their students. 

In conclusion, this research was novel in providing original results that provide 

foundational understanding of the impacts for the presenter of engagement with an informal 

science learning programme. Further research on outreach programmes or informal 

learning settings, building on the findings of this study, will provide deeper insights into 

impacts of such interventions with regard to an involvement or participation in science 

careers and in life-long learning. 
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Appendix B 
Pre-presenting survey  : Pretest for current presenters (Thai version) 
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Post-presenting survey : Posttest for current presenter 
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Alumni Survey: Alumni presenters 
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Appendix D 
Information to participants and consent form 

[Reference Number: 17/116] 
 [July 21,2017] 

 

Impacts of participation in science outreach on programme presenters 

INFORMATION SHEET   
ONLINE PRE-PRESENTING SURVEY  FOR CURRENT PRESENTERS 

 

Thank you for showing an interest in this project.  Please read this information sheet 

carefully before deciding whether or not to participate.  If you decide to participate we 

thank you.  If you decide not to take part there will be no disadvantage to you and we 

thank you for considering our request.   
 

What is the Aim of the Project? 

 

The aim of this research is to determine impacts of participating as a presenter in a 

science outreach programme, on academic and career decision-making, science fluency, 

and skills or knowledge development. This project is part of the research for Nantida 

Sripaoraya’s PhD degree in Science Communication.  
 

What Type of Participants are being sought? 
 

We are looking for people over the age of 16 who are working as a presenter with NSM 

Science Caravan programme. Participation is voluntary, and you have the right to 

withdraw at any stage without penalty. These contact lists will be stored in a secure server 

provided by the University of Otago and destroyed after completed analysis.  
 

What will Participants be Asked to Do? 

 

Should you agree to take part in this project, you will be asked to complete the Pre-

presenting survey . This will ask you basic questions about your attitude towards 

science/free choice learning activities/academic or career decision. The questionnaire will 

take about 15 minutes.  
Please be aware that you may decide not to take part in the project without any 

disadvantage to yourself of any kind. 
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Moreover, you will be asked for consent to be observed by Nantida Sripaoraya and a 

trained assistant. The researcher will make observations over time to get a sense of 

science communication skill improvement. You will be observed once a day, from the 

first to the fourth (final) day in order to assess whether or not science communication 

skills have improved. This should take about 15-20 minutes per day for each presentation, 
depending on the length of your presentations. Feedback will be given to you after final 
presentation. 
 

What Data or Information will be Collected and What Use will be Made of it? 

Participants are required to provide the raw data including personal information such as 

your name, educational level, career, age, and gender.  
 

The data collected will be securely stored in the Syncplicity Sync & Share Service 

provided by the University of Otago.  Data obtained as a result of the research will be 

retained for at least five years in secure storage. Any personal information held on the 

participants such as contact details may be destroyed at the completion of the research 

even though the data derived from the research will, in most cases, be kept for much 

longer or possibly indefinitely. 
 

The results of the project may be published and will be available at the University of 

Otago Library (Dunedin, New Zealand), but every attempt will be made to preserve your 

anonymity. A summary of results will be made available from the website: 
www.longneckerlab.net 

 

In the event that the line of questioning does develop in such a way that you feel hesitant 

or uncomfortable, you are reminded of your right to decline to answer any particular 

question(s) and also that you may withdraw from the project at any stage without any 

disadvantage to yourself of any kind. 
 

Can Participants Change their Mind and Withdraw from the Project? 

 

Yes, you may withdraw from participation in the project at any time and without any 

disadvantage to yourself. 
 

What if Participants have any Questions? 

If you have any questions about our project, either now or in the future, please feel free to 

contact either:- 
Nantida Sripaoraya, Centre for Science Communication   
Email: Srina908@student.otago.ac.nz Tel: + 64 3 479 7939 or +66 8 697 54530 

Prof. Nancy Longnecker, Centre for Science Communication 

Email: Nancy.longnecker@otago.ac.nz  Tel: +(64) 3 479 7885 

    

I understand that my participation in this questionnaire is entirely voluntary and that I am 

free to withdraw from the questionnaire at any time without disadvantage.  
 

I agree to participate in this questionnaire:  

mailto:Srina908@student.otago.ac.nz
mailto:Nancy.longnecker@otago.ac.nz


 

249 

 

( ) Yes, I agree  

( ) No, I do not want to participate  

 

I agree to participate in the observations:  
( ) Yes, I agree  

( ) No, I do not want to participate  
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[Reference Number: 17/116] 
 [July 21,2017] 

 

Impacts of participation in science outreach on programme presenters 

INFORMATION SHEET   
ONLINE POST-PRESENTING SURVEY  FOR CURRENT PRESENTERS 

 

Thank you for showing an interest in this project.  Please read this information sheet 

carefully before deciding whether or not to participate.  If you decide to participate we 

thank you.  If you decide not to take part there will be no disadvantage to you and we 

thank you for considering our request.   

 

What is the Aim of the Project? 

The aim of this research is to determine impacts of participating as a presenter in a 

science outreach programme, on academic and career decision-making, science fluency, 

and skills or knowledge development. This project is part of the research for Nantida 

Sripaoraya’s PhD degree in Science Communication.  

 

What Type of Participants are being sought? 

We are looking for people over the age of 16 who have worked as a presenter with NSM 

Science Caravan programme. Participation is voluntary, and you have the right to 

withdraw at any stage without penalty.  

 

What will Participants be Asked to Do? 

Should you agree to take part in this project, you will be asked to complete the online 

questionnaire. This will ask you basic questions about your experiences/ attitude towards 

science/free choice learning activities/academic or career decision, and benefit while 

being a presenter at NSM Science Caravan. The questionnaire will take about 15 minutes. 

To complete at the end of the questionnaire, you will be asked if you are willing to 
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participate in an interview. These interviews will be conducted face-to-face at the venue of 

NSM Science Caravan. The interviews section will be used to obtain a better insight into 

the link between programme participation and any short -term impacts. 

As a voluntary participant, you do have the right to withdraw at any point during the 

process. If you have put yourself forward for the interviews,and change your mind then 

contact the researcher to inform them of your decision. 

To take part all you have to do is complete the online questionnaire. If you would like to 

participate further, please leave your e-mail address in the space provided on the 

questionnaire. So we can contact you for an interview. 

Please be aware that you may decide not to take part in the project without any 

disadvantage to yourself of any kind. 
 

What Data or Information will be Collected and What Use will be Made of it? 

Participants are required to provide the raw data including personal information such as 

your educational level, career, age, and gender.  

 

The data collected will be securely stored in the Syncplicity Sync & Share Service 

provided by the University of Otago.  Data obtained as a result of the research will be 

retained for at least five years in secure storage. Any personal information held on the 

participants such as contact details, audio after they have been transcribed., may be 

destroyed at the completion of the research even though the data derived from the 

research will, in most cases, be kept for much longer or possibly indefinitely. 

 

The results of the project may be published and will be available at the University of 

Otago Library (Dunedin, New Zealand), but every attempt will be made to preserve your 

anonymity. A summary of results will be made available from the website: 

www.longneckerlab.net 
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In the event that the line of questioning does develop in such a way that you feel hesitant 

or uncomfortable, you are reminded of your right to decline to answer any particular 

question(s) and also that you may withdraw from the project at any stage without any 

disadvantage to yourself of any kind. 

 

Can Participants Change their Mind and Withdraw from the Project? 

 

Yes, you may withdraw from participation in the project at any time and without any 

disadvantage to yourself. 
 

What if Participants have any Questions? 

If you have any questions about our project, either now or in the future, please feel free to 

contact either:- 
Nantida Sripaoraya, Centre for Science Communication   
Email: Srina908@student.otago.ac.nz Tel: + 64 3 479 7939 or +66 8 697 54530 

Prof. Nancy Longnecker, Centre for Science Communication 

Email: Nancy.longnecker@otago.ac.nz  Tel: +(64) 3 479 7885 

    

I understand that my participation in this questionnaire is entirely voluntary and that I am 

free to withdraw from the questionnaire at any time without disadvantage.  

I agree to participate in this questionnaire:*  

( ) Yes, I agree  

( ) No, I do not want to participate  

 

 

 

 

 

 

  

mailto:Srina908@student.otago.ac.nz
mailto:Nancy.longnecker@otago.ac.nz
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[Reference Number: 17/116] 
 [July 21,2017] 

 

 
 

Impacts of participation in science outreach on programme presenters 

Information sheet for interviewees 

 

Thank you for your interest in this project.  Please read this information sheet before 

deciding whether or not to participate.  If you decide to participate, we thank you.  If you 

decide not to take part, there will be no disadvantage to you and we thank you for 

considering our request.   

 

What is the Aim of the Project? 

This research aims to determine impacts of participating as a presenter in a science 

outreach programme on attitudes toward science, academic or career choice, and skill 

development in science communication.  This project is part of the research for Nantida 

Sripaoraya’s PhD degree in Science Communication.  

 

What Type of Participants are being sought? 
Following a questionnaire, we are recruiting for people over the age of 16 who have 

worked as a presenter with NSM Science Caravan programme. Participation is voluntary, 

and you have the right to withdraw at any stage without penalty.  

 

What will Participants be Asked to Do? 

Should you agree to take part in this project, you will be asked to participate a short interview 

in which you will be asked about your attitudes toward science, career decisions, and skill 

development after being a presenter in the programme. These semi-structured interviews will 

be conducted by a researcher.  With permission, they will be audio recorded and should take 

about 20 -  4 0  minutes.  Audio recordings of the interviews will be transcribed and will send 

you a summary of your interview so that you can check it for accuracy.  The data that will be 

collected will include personal information such as name, gender, age, education level, but 

in the reporting of data your anonymity will be preserved.  

In the event that the line of questioning does develop in such a way that you feel hesitant 

or uncomfortable, you are reminded of your right to decline to answer any particular 
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question(s) and also that you may withdraw from the project at any stage without any 

disadvantage to yourself of any kind. 

What Data or Information will be collected and what use will be made of it? 

 

The data collected will be securely stored in the Syncplicity Sync & Share Service 

provided by the University of Otago.   Data obtained as a result of the research will be 

retained for at least five years in secure storage. Any personal information held on the 

participants and audio files after they have been transcribed, will be destroyed at the 

completion of the research even though the data derived from the research will, in most 

cases, be kept for much longer or possibly indefinitely.  

 

Results of the project may be published and will be available at the University of Otago 

Library Dunedin, New Zealand, but every attempt will be made to preserve your 

anonymity. A plain English summary of results will be available at 

<www.longneckerlab.net>. 

 

Can Participants Change their Mind and Withdraw from the Project? 

Yes, you may withdraw from participation in the project at any time and without any 

disadvantage to yourself. 

 

What if Participants have any Questions? 

If you have any questions about our project, either now or in the future, please feel free to 

contact either:- 

Nantida Sripaoraya or  Professor Nancy Longnecker 

Centre for Science Communication   Centre for Science Communication  
+ 64 3 479 7939     +(64) 3 479 7885  

Srina908@student.otago.ac.nz   Nancy.longnecker@otago.ac.nz 

 
        

 

 

 

 

 

 

 

 

 

 

 

  

mailto:Nancy.longnecker@otago.ac.nz
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[Reference Number as 17/116 ] 

[July 21,2017] 

 

Impacts of participation in science outreach on programme presenters 

CONSENT FORM FOR   
INTERVIEWEES 

 

I have read the Information Sheet concerning this project and understand what it is about.  

All my questions have been answered to my satisfaction.  I understand that I am free to 

request further information at any stage. 

I know that:- 

1. My participation in the project is entirely voluntary; 

2. I am free to withdraw from the project at any time without any disadvantage; 

3 I give permission for this interview to be recorded. 

4. Personal identifying information will be destroyed at the conclusion of the project 

but any raw data on which the results of the project depend will be retained in secure 

storage for at least five years; 

5.  This project involves an open-questioning technique. The general line of 

questioning includes attitude towards science, free choice learning activities.  The precise 

nature of the questions which will be asked have not been determined in advance, but will 

depend on the way in which the interview develops and that in the event that the line of 

questioning develops in such a way that I feel hesitant or uncomfortable I may decline to 

answer any particular question(s) and/or may withdraw from the project without any 

disadvantage of any kind. 

6 The results of the project may be published and will be available at the University 

of Otago Library (Dunedin, New Zealand), but every attempt will be made to preserve my 

anonymity.   

 

I agree to take part in this project. 

 

.................................................................    ................................................                            

       (Signature of participant)      (Date) 

 
............................................................................. 
       (Printed Name)  
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Appendix E 
Interview script 

 

 

 

 

 

 

Interview Guide for NSM Science Caravan Current Presenters 

Introduction 
Hello, my name is Nantida Sripaoraya from the University of Otago. I am a PhD student doing research on 

the impact of participating as science outreach’s presenters. Thank you for agreeing to speak with me. The 

interview will take 20 minutes. As you know, we are talking to science outreach presenters to help us 

understand the experiences and opinions of those who contribute this program. I would like to assure you that 

all of your responses will remain anonymous. I am the only person who will know your name and contact 

information. Your name will not be attached to any of my reports or analysis. I would like to ask you a 

permission to record your answers and make some notes so that I can make sure I get your responses accurate, 

but your answer will be anonymous. May we start the interview? 

สวสัดีค่ะ พ่ีช่ือนนัทิดา ศรีเปารยะ เป็นเจา้หนา้ของ อพวช. และก าลงัศึกษาในระดบัปริญญาเอกมหาวิทยาลยัโอทาโกประเทศนิวซีแลนด์ 
เก่ียวกบัผลท่ีไดจ้ากการเป็นอาสาสมคัรคาราวานวิทยาศาสตร์ อพวช. ก่อนอ่ืนตอ้งขอขอบคุณท่ียินดีพูดคุยกบัพ่ีวนัน้ีนะคะ การสัมภาษณ์
ในวนัน้ีจะใชเ้วลาประมาณ 20 นาที เราจะพูดคุยเก่ียวกบัการเป็นอาสาสมคัรในคาราวานวิทยาศาสตร์ ประสบการณ์ท่ีนอ้งไดรั้บ ค าตอบ
ท่ีนอ้งไดคุ้ยกบัพ่ีวนัน้ีจะไม่มีการเปิดเผยตวัตน พ่ีจะเป็นเพียงคนเดียวท่ีทราบช่ือของนอ้งและขอ้มูลการติดต่อต่างๆค่ะและช่ือของนอ้งจะ
ไม่มีปรากฎอยูใ่นท่ีใดๆเลย ในการพูดคุยกนัคร้ังน้ีพ่ีจะขออนุญาตบนัทึกเสียงและจดบนัทึกเพ่ือมัน่ใจว่าพ่ีไดเ้ก็บค าตอบของนอ้งครบถว้น
ค่ะ เรามาเร่ิมกนัเลยนะคะ 
 
Survey 

ID………………………………Date………………………Time………………............................................. 

Research Questions Interview questions  

 

Does participating in 

science outreach 

influence lifelong 

learning behaviour of 

young science outreach 

presenters? If so, how? 

 

Science literacy and engagement 

1. What is the first thing that comes to your mind when you think about 

science? อะไรคือส่ิงแรกที่เขามาในหัวเลยหรือนึกถึงเลยเม่ือน้องคิดถึงวิทยาศาสตร์ 
2. Do you think science is relevant to everyday life? น้องคิดว่าวิทยาศาสตร์เกี่ยวข้องกับ

ชีวิตประจ าวันหรือไม่? 

2.a Probe for Yes.Can you elaborate? ขยายความนิดนึงได้มั๊ยคะว่าเกี่ยวข้องอย่างไร 
2.b Probe for No..Why not? ขยายความนิดนึงได้มั๊ยคะว่าท าไมถึงไม่เกี่ยวข้องกัน 

 

3. Do you think that your experience as a presenter has influenced your ways 

of thinking and learning about science at all? น้องคิดว่าประสบการณ์ของน้องจากการเป็น
อาสมัครมีอิทธิพลต่อวิธีการคิดและการเรียนรู้เกี่ยวกับวิทยาศาสตร์ของน้องหรือไม่คะ? 

3.a Probe for Yes.In what way did it influence you?  Can you give a 

specific example? มันมีอิทธิพลต่อคุณอย่างไร? ให้ตัวอย่างพี่อย่างเฉพาะเจาะจงได้มั๊ยคะ  
3.b Probe for No..What other things in your life have had a greater 

influence on the ways you think? แล้วอะไรในชีวิตของน้องที่มีอิทธิพลต่อต่อวิธีการคิด
ของน้อง 

4.   You indicated that your spare-time activities are more/less likely 

to be 

       science related น้องได้ระบุในแบบสอบถามว่ากิจกรรมยามว่างของน้องมีความโน้มเอียง
ไปทางกิจกรรมที่ข้องกับวิทยาศาสตร์มากขึน้/น้อยลง 
       4.a Probe for Yes-Can you give me some examples of your 

favourite free- time  and why you chose these? ยกตัวอย่างกิจกรรมโปรดได้มั๊ย
คะแล้วท าไมถึงเลือกกิจกรรมน้ี 
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       4.b Probe for No--Can you tell me what activities that you like 

to do and why? บอกพี่ได้มั๊ยคะว่ากิจกรรมยามว่างที่น้องชอบท าคืออะไรและท าไม 

Were skills, abilities, 

and knowledge 

developed and retained 

through science 

outreach presenting? If 

so, which ones and 

how? 

 

 

Skills, Abilities, Knowledge gained 

5.     Do you think that being a presenter in the programme helped you 

       improve any skills such as, public speaking? น้องคิดว่าการเป็นอาสาสมัครช่วยพัฒนา
ทักษะการส่ือสารเช่นการพูดในท่ีสาธารณะและความสามารถในการท าให้เน้ือหาง่ายขึน้หรือไม่? 

        5.a.1 Probe for yes---Can you describe how those abilities improved?  น้อง
เล่าให้พี่ฟังได้มั๊ยคะว่าความสามารถนั้นเกิดขึน้มาได้อย่างไร 

6.  In the survey, you indicated that the presenter programme helped improve 

your self-confidence……What was it about the programme that helped 

you improve your confidence?  ในแบบสอบถามน้องระบุว่าโปรแกรมการน าเสนอช่วยเพิ่มความ
มั่นใจในตนเองให้กับน้อง ...... พี่เลยอยากทราบว่าอะไรในการท างานเป็นอาสาสมัครที่ช่วยเพิ่มความมั่นใจ
ให้กับน้อง? 

7. In your opinion, what is the most important characteristic of good science 

communication?  ในความคิดของน้องส่ิงที่ส าคัญท่ีสุดในการส่ือสารวิทยาศาสตร์คืออะไร? 

8.   Do you think to work as a presenter stimulated or motivated your curiosity 

about science or the topic that you had responsibility for? คุณคิดว่าการท างานเป็น
ผู้น ากิจกรรมในตอนน้ันกระตุ้นความอยากรู้อยากเห็นของน้องเกี่ยวกับวิทยาศาสตร์ในหัวข้อหรือกิจกรรมท่ีเรา
รับผิดชอบอยู่หรือไม่? 

        8.a Probe for Yes--How did you react to your curiosity? แล้วตอนนั้นท าอย่างไรกับ
ความอยากรู้ตรงน้ัน 

        8.b Probe for No--Back then, how did you manipulate your presentation? 

แล้วตอนนั้นเราจัดการกับการน ากิจกรรมอย่างไร 
9.   Did being a presenter in the programme help you understand science lessons 

better? การเป็นผู้น ากิจกรรมในตอนนั้นช่วยให้น้องเข้าใจบทเรียนวิทยาศาสตร์ดีขึน้ม๊ัย 

      9.a.1 Probe for Yes----Can you describe how that knowledge was gained? 

เล่าให้ฟังได้ม๊ัยคะว่าตอนน้ันได้ความรู้อะไร 
      9.a.2 Can you show me an example of the content which you have 

remembered? อยากให้ลองยกตัวอย่างเน้ือหาที่จ าได้ 

      9.b Probe for No----What was the source of your knowledge? อะไรคือแหล่งความรู้
ของน้อง หรือความรู้ของน้องได้มาจากท่ีไหน 

10.  You indicated that being a presenter can help you improve your skills in 

the areas of problem-solving and critical thinking.  น้องระบุว่าการเป็นอาสาสมัครช่วย
พัฒนาทักษะเกี่ยวกับการแก้ปัญหาเฉพาะหน้าและคิดอย่างมีวิจารณญาณ 

       10.a.1 Probe--Yes. Can you describe how those abilities improved? เล่าให้ฟัง
ได้มียคะว่าทักษะที่ว่านั้นพัฒนาได้อย่างไร 

       10.a.2 Probe---How do you use the skills in your daily life? น้องๆใช้ทักษะนี้ใน
ชีวิตประจ าวันอย่างไรบ้าง 

11.   With all of the skills that you improved, which skills did you develop 

         the most? ในทักษาะทั้งหมดที่น้องได้พัฒนาขึน้ อันไหนพัฒนาขึน้เมากที่สุด 

        11.a. Probe ---Which skills that you think were the most useful? ทักษะไหนท่ี
น้องคิดว่าเป็นประโยชนท่ีสุด 

12.   Do you think that being a presenter in the programme helped you 

        develop any skills that are useful to you academically or will be useful in 

your career? น้องคิดว่าการเป็นอาสาสมัครช่วยพัฒนาทักษะที่เป็นประโยชน์ในการเรียนหรือจะมี
ประโยชน์ต่อการท างานในอนาคตหรือไม่? 

        12.a Probe--What skills are those? ทักษะเหล่านั้นคืออะไรคะ? 

        12.b Probe for No--Back then, what anything that you gain from the 

programme? อะไรที่คุณได้จากการเป๋นอาสาสมัคร 
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Does participating in 

science outreach 

influence career and 

academic choices of 

young science outreach 

presenters? If so, how? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Academic Achievement 

13.  Do you think participation in the outreach programme will influence on 

your academic decisions in the future? น้องคิดว่าการท างานเป็นผู้น ากิจกรรมในคาราวานจะ
มีอิทธิพลต่อการตัดสินใจด้านการศึกษาต่อของน้องในอนาคตหรือไม่ 

 

       13.a Probe for Yes.How does the programme influence your decisions? คิด
ว่าจะมีอิทธิพลอยา่งไร 

       13.b Probe for No. Can you tell me what experiences or factors have 

influenced on your academic choice?  บอกพี่ได้หรือไม่ว่าประสบการณ์ในหรือปัจจัยอะไรที่
มีอิทธิพลต่อการตัดสินใจด้านการเรียน 

 

Career Achievement 

14.  You indicated that you are now a science student. Do you want to work in 

a science careers?  น้องบอกว่าตอนน้ีน้องเป็นนักศึกษาในสาขาวิทยาศาสตร์ น้องอยากจะท างานใน
สาขาอาชีพด้านวิทยาศาสตร์มั๊ย 

      14. a Probe for Yes.  What kind of career in science that you would like to 

do? 

อาชีพอะไรที่น้องอยากจะท า 
15.Do you think being a presenter in Science Caravan will influence your 

career choice in the future? น้องคิดว่าการเป็นอาสาสมัครจะมีอิทธิพลต่อการตัดสินใจเกี่ยวกับ
อาชีพในอนาคตมั๊ยคะ 

16. Being a presenter, you had to teach and facilitate students. What does 

teaching mean to you? ตอนเป็นอาสาสมัครน้องได้สอนหรือได้น ากิจกรรม น้องรู้สึกอย่างไรกับการ
สอนและมีความความหมายอย่างไรกับน้อง 

17. Did your careers goals change in any way as result of working with the 

presenter programme ? If so, how? หลังจากเป็นอาสาสมัครเป้าหมายในการประกอบอาชีพ
เปลี่ยนไปมั๊ยคะ ถ้าเปลี่ยน ยังไง 

Lastly, is there anything that you would like to share with me that can help us understand how the program has impacted 

you? Thank you very much for your co-operation 

 
สุดท้ายนี้น้องมะไรเพิ่มเติมที่อยากจะเล่าเพิ่มเติมมั๊ย เพื่อให้ที่เข้าใจเพิ่มมากขึน้ว่าการเป็นอาสาสมัครมีผลอย่างอย่างไรกับน้องบ้าง 
ขอบคุณมากๆเลยนะคะ 
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Interview Guide for Alumni Presenters 

Introduction 
Hello, my name is Nantida Sripaoraya from the University of Otago. I am a PhD student doing research on 

the impact of participating as science outreach’s presenters. Thank you for agreeing to speak with me. The 

interview will take 20 minutes. As you know, we are talking to science outreach presenters to help us 

understand the experiences and opinions of those who contribute this program. I would like to assure you that 

all of your responses will remain anonymous. I am the only person who will know your name and contact 

information. Your name will not be attached to any of my reports or analysis. I would like to ask you a 

permission to record your answers and make some notes so that I can make sure I get your responses accurate, 

but your answer will be anonymous. May we start the interview? 

สวสัดีค่ะ พี่ช่ือนนัทิดา ศรีเปารยะ เป็นเจา้หน้าของ อพวช. และก าลงัศึกษาในระดบัปริญญาเอกมหาวิทยาลยัโอทาโกประเทศนิวซีแลนด์ เก่ียวกบัผลท่ีไดจ้ากการเป็น
อาสาสมคัรคาราวานวิทยาศาสตร์ อพวช. ก่อนอื่นตอ้งขอขอบคุณท่ียินดีพูดคุยกบัพี่วนัน้ีนะคะ การสัมภาษณ์ในวนัน้ีจะใชเ้วลาประมาณ 20 นาท ีเราจะพูดคุยเก่ียวกบั
การเป็นอาสาสมคัรในคาราวานวิทยาศาสตร์ ประสบการณ์ท่ีนอ้งไดรั้บ ค าตอบท่ีนอ้งไดคุ้ยกบัพี่วนัน้ีจะไม่มีการเปิดเผยตวัตน พี่จะเป็นเพียงคนเดียวท่ีทราบช่ือของ
นอ้งและขอ้มูลการติดต่อต่างๆค่ะและช่ือของน้องจะไม่มีปรากฎอยู่ในท่ีใดๆเลย ในการพูดคุยกนัคร้ังน้ีพี่จะขออนุญาตบนัทึกเสียงและจดบนัทึกเพื่อมัน่ใจว่าพี่ไดเ้ก็บ
ค าตอบของนอ้งครบถว้นค่ะ เรามาเร่ิมกนัเลยนะคะ 
 

Survey ID………………Date…………….............…Time.......................................................... 

Research Questions Interview questions for alumni   

Does participating in 

science outreach 

influence life-long 

learning behaviour of 

young science outreach 

presenters? If so, how? 

 

 

 

 

 

 

 

 

 

 

 

 

Science literacy and engagement 

1. What is the first thing that comes to your mind when you think about 

science? อะไรคือส่ิงแรกท่ีเขามาในหัวเลยหรือนึกถึงเลยเมื่อนอ้งคิดถึงวิทยาศาสตร์ 
2. Do you think science is relevant to everyday life? นอ้งคิดว่าวิทยาศาสตร์

เก่ียวขอ้งกบัชีวิตประจ าวนัหรือไม่? 

2.a Probe for Yes.Can you elaborate? ขยายความนิดนึงไดม้ัย๊คะว่าเก่ียวขอ้งอยา่งไร 
2.b Probe for No..Why not? ขยายความนิดนึงไดม้ัย๊คะว่าท าไมถึงไม่เก่ียวขอ้งกนั 

 

3. Do you think that your experience as a presenter has influenced your 

ways of thinking and learning about science at all? นอ้งคิดว่าประสบการณ์ของ
นอ้งจากการเป็นอาสมคัรมีอิทธิพลต่อวิธีการคิดและการเรียนรู้เก่ียวกบัวิทยาศาสตร์ของนอ้งหรือไม่คะ? 

3.a Probe for Yes.In what way did it influence you?  Can you give a 

specific example? มนัมีอิทธิพลต่อคณุอยา่งไร? ให้ตวัอยา่งพี่อยา่งเฉพาะเจาะจงไดม้ัย๊คะ  
3.b Probe for No..What other things in your life have had a greater 

influence on the ways you think? แลว้อะไรในชีวิตของนอ้งท่ีมีอิทธิพลต่อต่อวิธีการคิด
ของนอ้ง 

4.   You indicated that your spare-time activities are more/less likely     to 

be science related นอ้งไดร้ะบุในแบบสอบถามว่ากิจกรรมยามว่างของนอ้งมีความโนม้เอียงไป
ทางกิจกรรมท่ีขอ้งกบัวิทยาศาสตร์มากข้ึน/นอ้ยลง 
       4.a Probe for Yes-Can you give me some examples of your 

favourite free- time  and why you chose these? ยกตวัอยา่งกิจกรรมโปรดไดม้ัย๊
คะแลว้ท าไมถึงเลือกกิจกรรมน้ี 

       4.b Probe for No--Can you tell me what activities that you like 

to do and why? บอกพี่ไดม้ัย๊คะว่ากิจกรรมยามว่างท่ีนอ้งชอบท าคืออะไรและท าไม 

 

Were skills, abilities, 

and knowledge 

developed and retained 

through science 

outreach presenting? If 

Skills, Abilities, Knowledge gained 

 

5.     Do you think that being a presenter in the programme helped you 

       improve any skills such as, public speaking? นอ้งคิดว่าการเป็นอาสาสมคัรช่วยพฒันา
ทกัษะใดบา้ง เช่นการพูดในท่ีสาธารณะหรือไม่? 
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so, which ones and 

how? 
        5.a.1 Probe for yes---Can you describe how those abilities improved?  น้อง

เล่าให้พี่ฟังได้มั๊ยคะว่าความสามารถนั้นเกิดขึน้มาได้อย่างไร 
6.  In the survey, you indicated that the presenter programme helped improve 

your self-confidence……What was it about the programme that helped 

you improve your confidence?  ในแบบสอบถามนอ้งระบุว่าโปรแกรมการน าเสนอช่วยเพิ่มความ
มัน่ใจในตนเองให้กบันอ้ง ...... พี่เลยอยากทราบว่าอะไรในการท างานเป็นอาสาสมคัรท่ีช่วยเพิ่มความมัน่ใจ
ให้กบันอ้ง? 

7. In your opinion, what is the most important characteristic of good science 

communication?  ในความคิดของนอ้งส่ิงท่ีส าคญัท่ีสุดในการส่ือสารวิทยาศาสตร์คืออะไร? 

8.   Do you think to work as a presenter stimulated or motivated your curiosity 

about science or the topic that you had responsibility for?คุณคิดว่าการท างานเป็น
ผูน้ ากิจกรรมในตอนนั้นกระตุน้ความอยากรู้อยากเห็นของนอ้งเก่ียวกบัวิทยาศาสตร์ในหัวขอ้หรือกิจกรรมท่ีเรา
รับผิดชอบอยูห่รือไม่? 

        8.a Probe for Yes--How did you react to your curiosity? แลว้ตอนนั้นท าอยา่งไรกบั
ความอยากรู้ตรงนั้น 

        8.b Probe for No--Back then, how did you manipulate your presentation? 

แลว้ตอนนั้นเราจดัการกบัการน ากิจกรรมอยา่งไร 
 

9.   Did being a presenter in the programme help you understand science lessons 

better? การเป็นผูน้ ากิจกรรมในตอนนั้นช่วยให้นอ้งเขา้ใจบทเรียนวิทยาศาสตร์ดีข้ึนมัย๊ 
      9.a.1 Probe for Yes----Can you describe how that knowledge was gained? 

เล่าให้ฟังไดม้ัย๊คะว่าตอนนั้นไดค้วามรู้อะไร 
      9.a.2 Can you show me an example of the content which you have 

remembered? อยากให้ลองยกตวัอยา่งเน้ือหาท่ีจ าได ้

      9.b Probe for No----What was the source of your knowledge? อะไรคือแหล่ง
ความรู้ของนอ้ง หรือความรู้ของนอ้งไดม้าจากที่ไหน 

  

10.  You indicated that being a presenter can help you improve your skills in 

the areas of problem-solving and critical thinking.  นอ้งระบุว่าการเป็นอาสาสมคัรช่วย
พฒันาทกัษะเก่ียวกบัการแกปั้ญหาเฉพาะหนา้และคิดอยา่งมีวิจารณญาณ 

       10.a.1 Probe--Yes. Can you describe how those abilities improved? เล่าให้ฟัง
ไดม้ียคะว่าทกัษะท่ีว่านั้นพฒันาไดอ้ยา่งไร 

       10.a.2 Probe---How do you use the skills in your daily life? น้องๆใช้ทักษะนี้ใน
ชีวิตประจ าวันอย่างไรบ้าง 

11.   With all of the skills that you improved, which skills did you develop 

         the most? ในทกัษาะทั้งหมดท่ีน้องไดพ้ฒันาข้ึน อนัไหนพฒันาข้ึนเมากท่ีสุด 

        11.a. Probe ---Which skills that you think were the most useful? ทกัษะไหนท่ี
นอ้งคิดว่าเป็นประโยชนท่ีสุด 

12.   Do you think that being a presenter in the programme helped you 

        develop any skills that are useful to you academically or will be useful in 

your career? นอ้งคิดว่าการเป็นอาสาสมคัรช่วยพฒันาทกัษะท่ีเป็นประโยชน์ในการเรียนหรือจะมี
ประโยชน์ต่อการท างานในอนาคตหรือไม่? 

        12.a Probe--What skills are those? ทกัษะเหล่านั้นคืออะไรคะ? 

        12.b Probe for No--Back then, what anything that you gain from the 

programme? อะไรท่ีคุณไดจ้ากการเป๋นอาสาสมคัร 
 

 

Does participating in 

science outreach 

influence career and 

academic choices of 

young science outreach 

presenters? If so, how? 

Academic Achievement 

13.  Did your participation in the outreach programme have an influence on 

your academic decisions? การท างานเป็นผูน้ ากิจกรรมในคาราวานมีอิทธิพลต่อการตดัสินใจดา้น
การศึกษาต่อของนอ้งหรือไม่ 

       13.a Probe for Yes.How did the programme influence your decisions? มนัมี
อิทธิพลอยา่งไร 
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       13.b Probe for No. Can you tell me what experiences or factors have 

influenced on your academic choice?  บอกพี่ไดห้รือไม่ว่าประสบการณืในหรือปัจจยัอะไรท่ี
มีอิทธิพลต่อการตดัสินใจดา้นการเรียน 

 

Career Achievement 

14.  You indicated that you are now a………………. And that you work in 

        science. In what ways did the presenter programme influence this career 

choice, if at all? นอ้งระบุว่าตอนน้ีนอ้งเป็น....................และนอ้งท างานในสาขาวิทยาศาสตร์ การ
เป็นอาสาสมคัรมีอิทธิพลต่อการเลือกอาชีพมัย๊ ถา้มีอยา่งไร? 

15. Being a presenter, you had to teach and facilitate students. What does 

teaching mean to you?  ตอนเป็นอาสาสมคัรนอ้งไดส้อนหรือไดน้ ากิจกรรม นอ้งรู้สึกอยา่งไรกบัการ
สอนและมีความความหมายอยา่งไรกบันอ้ง 

16 Did career goals change in any way as result of working with the presenter 

programme? If so, how? หลงัจากเป็นอาสาสมคัรเป้าหมายในการประกอบอาชีพเปลี่ยนไปมัย๊คะ ถา้
เปลี่ยน ยงัไง 

  

Lastly, is there anything that you would like to share with me that can help us understand how the program has impacted 

you? 

Thank you very much for your co-operation 

สุดทา้ยน้ีนอ้งมะไรเพิ่มเติมท่ีอยากจะเล่าเพิ่มเติมมัย๊ เพื่อให้ท่ีเขา้ใจเพิ่มมากข้ึนว่าการเป็นอาสาสมคัรมีผลอยา่งอยา่งไรกบันอ้งบา้ง 
ขอบคุณมากๆเลยนะคะ 
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Appendix F 
Invitation to participate this study 

Facebook post on Science Caravan page 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  

 

 

 

 

Facebook post on Enjoy Science Careers page 
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Appendix G 
Observation rubric 

Criterion Fail 

0 

Poor 

1 

Adequate 

2 

Good 

3 

Very good 

4 

Exemplary 

5 

Total 

Introduction- sets tone; introduces topic 

in an engaging way 

Having no 

introduction. 

not related to a topic Let the audience 

know the topic is.   

Introduce with 

asking questions, or 

telling an anecdote 

or offering an 

interesting fact.    

Draw audience's 

attention and keep it 

throughout a 

performance.   

Draw audience's 

attention and keep 

them on a 

performance with 

enthusiastic 

curiosity. 

20 

Delivery - voice is clear, audible 

throughout room 

No one can hear Some of the audience 

at the front row can 

hear. 

Most people can 

hear. 

Everyone can hear, 

but some words are 

not clear.  

Everyone can hear 

the clear voice.  

Everyone can hear 

with an enthusiastic 

approach. 

10 

Delivery - language was appropriate to 

audience; effective humour and/ or 

analogies 

More than five 

times using jargon 

without 

description 

Use jargons 1-5 times 

without description   

Use jargon but 

provide 

descriptions.  

Use jargon but 

having clear 

explanations.  

No jargon/use 

common words that 

appropriate to 

audience.  

No jargon/use 

common words that 

appropriate to 

audience /having 

sense of humour. 

15 

Delivery - responsive to audience; 

encouraged audience participation    

1.Make it visual/show a picture(s)/use 

effective props    

2.Make eye contact   

3. Ask questions    

4. Listen the audience   

5.Use repetition   

6.Pause    

7.Use storytelling as a tool 

8.Ask for volunteer(s)                                                                                                                               

don't use any of 

item 

Use 1-2 items use item 1,2,3 Use 1,2,3 plus 

another items 

Use 1,2,3 plus 

another 2 items 

Use 1,2,3 plus three 

or more 

20 

Delivery - clear explanations/content 

was appropriate to audience 

Do not have any 

scientific content 

Difficult to follow and 

do not understand the 

whole presentation.  

Difficult to follow 

but can 

understand more 

than 50 percent.     

Easy to follow by 

showing an example 

but cannot 

understand some 

parts. 

Easy to follow with 

understanding the 

big idea by showing 

examples. 

Easy to follow with 

understanding every 

single of the 

presentation by 

showing the example 

which is related to 

daily life. 

15 
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Observation rubric (Cont.) 

 
Criterion Fail 

0 

Poor 

1 

Adequate 

2 

Good 

3 

Very good 

4 

Exemplary 

5 

Total 

Conclusion - good wrap that 

reinforces messages of the show 

Having no 

conclusion 

Having a conclusion 

but does not suit the 

content 

Having a conclusion Conclude with 

strength and 

emphasis. 

Conclude with a 

challenge.  

Conclusion that 

inspires 

10 

Questions managed effectively Gave audience a 

wrong answer in 

term of scientific 

content 

Did not get any 

question 

Got question(s) but 

could not answer 

effectively 

Got one question 

and answer 

effectively 

Got two questions 

and answer all of 

them effectively 

Got over two 

questions and 

answered all of them 

effectively 

10 

NAME:   DATE:  LOCATION:   TOTAL 100 
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Appendix H 
Coding manual for the interview questions: Impact on skills and self-confidence 

Code Definition Example Exclusion 

A useful skill for study 

and careers  

Described a skill that gained from being a 

presenter as a useful skill for study and 

career 

It was very beneficial because I will surely be a science teacher in the future. Science, 

communication skills, classroom management skills, getting along with children, 

adults, and communities are the required skills for teachers. 

The most beneficial is to 

control my emotion. Because I 

was short-tempered, but now I 

am calmer, since we worked 

with many people, we cannot 

be self -centred but altruistic. 

Boosting 

communication skills 

Explained at least a key element of effective 

science communication (knowing audience, 

using appropriate language, using the tools 

of storytelling and narrative, understanding 

of the nature of science)  

The communication process; I used not only verbal communication but also had to 

have gestures. Mostly I use role playing, media, stories telling, songs; all are what 

children favour.  First of all, we need to know what kind of things that kids in these 

age range like.  For example, primary school students like games and stories, and then 

we include content in the games or kid stories so they will pay more attention rather 

than reading from a textbook. We need to know our target audience. What do they 

like?  What don’t they like? 

  

Boosting critical 

thinking and problem-

solving skills 

Described a competence to think critically 

and logically in Science Caravan 

I got my problem-solving skills after meeting the problems. Once I found the problems, 

I use the thinking process to find ways to the problems. Once I problem solving process 

begins, then I use my own judgment to consider what is the outcome of our action.  If 

we do something inappropriate, the results will be likely to be negative. On the other 

hands, if we behave appropriately, the effect will be positive. When we think critically, 

we make the decision and take that action to solve the problem. The results will come 

out in a good way. I will use the technique calmly and keep smiling. 

  

Boosting interpersonal 

skills 

Described qualities and behaviours 

facilitating interaction and communication 

with others in order to adjust to a group and 

behave in a manner approved by the group 

while being a presenter. It includes 

teamwork, responsibility, leadership, 

flexibility, patience, and empathy. 

 

The most beneficial is to control my emotion. Because I was short-tempered, but now 

I am calmer, since we worked with many people, we cannot be self -centred but 

altruistic.   

In the beginning, I rarely 

speak to other people. Being a 

presenter encourage me to talk 

to new people, students and 

teachers who came from other 

communities. We had to 

communicate.  

Boosting self-

confidence  

The nature of work as a presenter and 

positive feedback from visitors support 

presenters' confidence 

It increased my confidence. One thing that made me confident that there was a 

teacher and his child came to me, I then explained to the child while he was there. 

After finishing the presentation, he told me that “you are good at presentation, you 

can be a teacher”. It made me happy and want more to be a teacher. 

  

Nothing changed Being a presenter does not support any skill     

Other Does not fit in any categories     
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Coding manual for the interview questions: Impact on academic and career plan 
Code Definition Example Exclusion 

Re-affirming a choice Being a presenter confirmed the 

feeling about existing academic or 

careers plan   

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. 

  

Changing academic or 

career plan due to the 

programme 

Described an academic or career plan 

had changed due to the experience 

from the Science Caravan programme 

presenters. 

Actually, if I were not a presenter, I might study engineering and might end up in a job 

already instead of studying PhD programme in science. Once I started to step in, I do not 

want to end up at Bachelor or Master degree. I want to continue to study further to be a 

researcher. The final goal is to be a lecturer at a university and also a researcher. The 

reasons why I desire to be a lecturer at a university is that I have speaking skills and 

communication skills. I think that I am able to communicate with others and want to do 

research as well. A lecturer at a university will suit me because I will be able to give a 

lecture and also do research. 

  

Providing information for 

choices 

Provided information during the 

Science Caravan event gave 

presenters about the ideas for 

academic and career choices. 

Very influential. Because the exhibition has information about careers that we can be, I had 

never known before. A researcher is a career that I want to be, but I can be others in 

parallel such as a sound engineer or a smart farmer. Even though I have planned to be a 

researcher, I can possess other careers at the same time. 

  

Developing an appreciation 

of teaching 

Described an appreciation of teaching 

during the Science Caravan event 

There was no one forced me to do. Once I did, it made me felt good, fun. I was happy to 

give knowledge to students. They gained the knowledge, and I received a good feeling. 

  

Nothing changed Being a presenter does not influence 

the academic or careers plan.  

It does not change.   

other Does not fit in any other theme     
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Coding manual for the interview questions: Impact on life-long learning behaviour and inspiration 
Code Definition Example Exclusion 

Influencing on Free-

time activities 

Being a presenter influenced free-

time choices which are more likely 

related to science.  

I bought a Rubik's cube to play in my free time. It was influenced 

by an exhibit in the Science Caravan. I wanted to solve a puzzling 

thing. 

I graduated in mathematics, then 

changed area to study in data science. I 

spent most of the free-time surfing on 

the internet in order to gain more 

knowledge because all of the 

knowledge can be found on websites. It 

is easy to access. I spent most of my 

spare time learning on YouTube and so 

on. 

Getting inspiration Described an idea or believe for 

doing something due to the 

programme experience. 

Volunteering affects my view a lot. I have never been a volunteer 

because I was studying hard.  I did not want to do other activities 

and even dislike them. Just want to focus on studying and finishing 

it as soon as possible and then get a job. But once I volunteered, it 

sparked my mind that if I completed my study, I would like to be 

like this. It creates a new life goal, being able to see the importance 

of communities at large rather than myself as priority. From the 

past of having goal in graduating and getting whatever job, to now 

being a science teacher to educate children that they lack a chance 

to come and see things like this. It truly changed me in many ways. 

It made me not value money, but I value happiness, smiles and the 

knowledge that the children gained. 

When I was curious, I responded to my 

curiosity by walking to the panels of the 

exhibition and read them. If I did not 

understand some parts clearly, I asked 

the staff of the exhibition. Then they 

explained to me again.  Moreover, 

learning with friends, having 

conversations and having feedback 

from peers, is fun. 

Different view of 

science after presenting 

Described a view or perspective 

about science has changed by the 

programme experience. 

It helped me understand very much. I now understood that science 

is not just experiments. At first, when people think about science, 

they believe that science is about experiments and a lot of formulas 

but in fact, science is with us. Our bodies, our health, personal 

health care is science.  

  

Stimulated curiosity in 

science 

Described how to react to curiosity  When I was curious, I responded to my curiosity by walking to the 

panels of the exhibition and read them. If I did not understand some 

parts clearly, I asked the staff of the exhibition. Then they 

explained to me again.  Moreover, learning with friends, having 

conversations and having feedback from peers, is fun. 

  

No change Being a presenter did not influence 

free-time activities and getting 

inspiration. 

    

Other Does not fit in any other theme     
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Appendix I 
Preliminary analyses checking for normality, linearity, homoscedasticity of variance and 

multicollinearity for hierarchical regression analysis on current presenters' interest in life-long 
learning activities about science as criterion variables (n = 684) in pre-test 

 

Coefficientsa 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 
t Sig. 

Correlations 

Co Lifelong 

Learning 

linearity 

Statistics 

B 
Std. 

Error 
Beta 

Zero-

order 
Partial Part Tolerance VIF 

1 

(Constant) 26.68 0.62   43.26 0.00           

SEX 0.47 0.31 0.06 1.55 0.12 0.06 0.06 0.06 0.97 1.03 

Education 

level 
0.06 0.29 0.01 0.20 0.84 0.02 0.01 0.01 0.97 1.03 

2 

(Constant) 6.94 1.33   5.22 0.00           

SEX 0.37 0.26 0.05 1.40 0.16 0.06 0.05 0.05 0.96 1.04 

Education 

level 
0.20 0.25 0.03 0.81 0.42 0.02 0.03 0.03 0.97 1.03 

Pre-Self-

efficacy 
0.25 0.08 0.12 3.28 0.00 0.31 0.13 0.11 0.83 1.21 

Pre-

Attitude 
0.21 0.02 0.47 13.05 0.00 0.52 0.45 0.43 0.83 1.21 

a. Dependent Variable: Pre- Lifelong learning 

 

 

 

Residuals Statisticsa 
 

Minimum Maximum Mean Std. Deviation N 

Predicted Value 21.24 34.36 27.55 1.971 683 

Std. Predicted Value -3.189 3.446 .003 .997 683 

Standard Error of Predicted 

Value 

.193 .545 .266 .055 683 

Adjusted Predicted Value 21.21 34.43 27.55 1.971 683 

Residual -12.149 11.106 -.006 3.164 683 

Std. Residual -3.828 3.499 -.002 .997 683 

Stud. Residual -3.842 3.516 -.002 1.001 683 

Deleted Residual -12.239 11.213 -.005 3.187 683 

Stud. Deleted Residual -3.882 3.546 -.002 1.002 683 

Mahal. Distance 1.517 19.131 3.990 2.263 683 

Cook's Distance .000 .028 .001 .003 683 

Centered Leverage Value .002 .028 .006 .003 683 

a. Dependent Variable: Pre-Lifelong learning 
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Normal P-P Plot of regression standardised residual for Lifelong learning in pre-test  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scatter plot for Lifelong learning in pre-test survey 
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Preliminary analyses checking for normality, linearity, homoscedasticity of variance and 

multicollinearity for hierarchical regression analysis on current presenters' interest in life-long 
learning activities about science as criterion variables (n = 684) in post-test survey 

 

Coefficientsa 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 
t Sig. 

Correlations 

Co Lifelong  

Learning 

linearity 

Statistics 

B 
Std. 

Error 
Beta 

Zero-

order 
Partial Part Tolerance VIF 

1 

(Constant) 26.39 0.65  40.47 0.00      

SEX 0.53 0.32 0.06 1.66 0.10 0.08 0.06 0.06 0.97 1.03 

Education 

level 
0.74 0.31 0.09 2.39 0.02 0.10 0.09 0.09 0.97 1.03 

2 

(Constant) 6.72 1.32  5.08 0.00      

SEX 0.13 0.27 0.02 0.49 0.62 0.08 0.02 0.02 0.95 1.05 

Education 

level 
0.46 0.26 0.06 1.77 0.08 0.10 0.07 0.06 0.95 1.06 

Post-Self-

efficacy 
0.65 0.08 0.30 8.52 0.00 0.46 0.31 0.27 0.80 1.25 

Post-

Attitude 
0.15 0.02 0.36 10.07 0.00 0.49 0.36 0.32 0.80 1.24 

a. Dependent Variable: Post LIFELONG LEARNING 

 

 

 

 

Residuals Statisticsa 
 

Minimum Maximum Mean Std. Deviation N 

Predicted Value 21.15 35.46 28.35 2.240 684 

Std. Predicted Value -3.213 3.174 .000 1.000 684 

Standard Error of Predicted 

Value 

.198 .511 .275 .055 684 

Adjusted Predicted Value 20.91 35.51 28.35 2.244 682 

Residual -18.363 10.500 -.001 3.272 682 

Std. Residual -5.597 3.201 .000 .997 682 

Stud. Residual -5.618 3.216 .000 1.001 682 

Deleted Residual -18.500 10.601 .000 3.297 682 

Stud. Deleted Residual -5.750 3.239 .000 1.004 682 

Mahal. Distance 1.481 15.542 3.996 2.177 684 

Cook's Distance .000 .047 .002 .003 682 

Centered Leverage Value .002 .023 .006 .003 684 

a. Dependent Variable: Post LIFELONG LEARNING 
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Normal P-P Plot of regression standardised residual for Lifelong learning in post-test 

 

 
 

Scatter plot for Lifelong learning in post-test survey 

 

 

 

 

 

Preliminary analyses checking for normality, linearity, homoscedasticity of variance and 

multicollinearity for hierarchical regression analysis on current presenters' interest in life-long 
learning activities about science as criterion variables (n = 678) in Alumni survey 
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Coefficientsa 

Model Unstandardized 

Coefficients 

Standardized 

Coefficients 

t Sig. Correlations Collinearity 

Statistics 

B Std. 

Error 

Beta Zero-

order 

Partial Part Tolerance VIF 

1 (Constant) 29.65 0.79 
 

37.70 0.00 
    

  

Gender -0.62 0.37 -0.07 -1.68 0.09 -0.06 -0.07 -

0.06 

1.00 1.00 

Educational 

level 

0.93 0.30 0.12 3.07 0.00 0.11 0.12 0.12 1.00 1.00 

2 (Constant) 2.24 1.52 
 

1.47 0.14 
    

  

Gender -0.24 0.30 -0.03 -0.80 0.42 -0.06 -0.03 -

0.02 

0.99 1.01 

Educational 

level 

-0.60 0.25 -0.08 -2.38 0.02 0.11 -0.09 -

0.07 

0.90 1.12 

Self-

efficacy 

0.67 0.09 0.25 7.14 0.00 0.47 0.27 0.22 0.75 1.34 

Attitudes 0.23 0.02 0.47 12.96 0.00 0.58 0.45 0.39 0.70 1.44 

a. Dependent Variable: Lifelong learning 

 

 

 
 

Normal P-P Plot of regression standardised residual for Lifelong learning in alumni 

survey 
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Scatter plot for Lifelong learning in alumni survey 
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Appendix J 
Preliminary analyses checking for normality, linearity, homoscedasticity of variance and 
multicollinearity for hierarchical regression analyses to determine main influences on current 
presenters’ Future participation in science (n = 684) in pre-test survey 

 

Coefficientsa 

Model 

Unstandardized 

Coefficients 
Standardized 
Coefficients 

t Sig. 

Correlations 

Co Lifelong 

Learning Linearity 

Statistics 

B 
Std. 

Error 
Beta 

Zero-

order 
Partial Part Tolerance VIF 

1 

(Constant) 12.19 0.43  28.70 0.00      

SEX 0.15 0.21 0.03 0.73 0.47 0.06 0.03 0.03 0.97 1.03 

Education 

level 
0.89 0.20 0.17 4.41 0.00 0.17 0.17 0.17 0.97 1.03 

2 

(Constant) -0.99 0.86   -1.15 0.25           

SEX 0.10 0.17 0.02 0.60 0.55 0.06 0.02 0.02 0.96 1.04 

Education 

level 
0.86 0.16 0.17 5.36 0.00 0.17 0.20 0.16 0.96 1.05 

Pre-Value 0.03 0.02 0.04 1.07 0.29 0.22 0.04 0.03 0.84 1.19 

Pre -Self-

concept 
0.39 0.04 0.48 10.41 0.00 0.58 0.37 0.31 0.42 2.39 

Pre- Self-

efficacy 
0.02 0.06 0.01 0.34 0.74 0.39 0.01 0.01 0.54 1.86 

Pre- 

Lifelong 

learning 

0.10 0.03 0.15 4.07 0.00 0.42 0.16 0.12 0.69 1.46 

a. Dependent Variable: Pre-Future participation in science 

 

 

Normal P-P Plot of regression standardised residual for Future participation in science in 

pre-test survey 
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Scatter plot for Future participation in science in pre-test survey 

 

 

Residuals Statisticsa 
  Minimum Maximum Mean Std. Deviation N 

Predicted 

Value 

8.83 18.84 13.74 1.619 683 

Std. Predicted 

Value 

-3.019 3.149 0.002 0.998 683 

Standard Error 

of Predicted 

Value 

0.125 0.387 0.203 0.042 683 

Adjusted 

Predicted 

Value 

8.83 18.86 13.74 1.620 683 

Residual -7.513 6.025 0.002 2.039 683 

Std. Residual -3.671 2.944 0.001 0.996 683 

Stud. Residual -3.687 2.958 0.001 1.002 683 

Deleted 

Residual 

-7.578 6.084 0.001 2.061 683 

Stud. Deleted 

Residual 

-3.721 2.975 0.001 1.004 683 

Mahal. 

Distance 

1.542 23.379 5.989 3.123 683 

Cook's 

Distance 

0.000 0.031 0.002 0.003 683 

Centered 

Leverage 

Value 

0.002 0.034 0.009 0.005 683 

a. Dependent Variable: Pre-Future participation in science 
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Preliminary analyses checking for normality, linearity, homoscedasticity of variance and 
multicollinearity for hierarchical regression analyses to determine main influences on current 
presenters’ Future participation in science (n = 684) in post-test survey 

 

Coefficientsa 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 
t Sig. 

Correlations 
Co Lifelong 

Learning Linearity 

Statistics 

B 
Std. 

Error 
Beta 

Zero-

order 
Partial Part Tolerance VIF 

1 

(Constant) 12.30 0.42   29.30 0.00           

SEX 0.31 0.21 0.06 1.50 0.14 0.10 0.06 0.06 0.97 1.03 

Education 

level 
1.18 0.20 0.23 5.95 0.00 0.24 0.22 0.22 0.97 1.03 

2 

(Constant) -0.29 0.86   -0.34 0.73           

SEX 0.14 0.17 0.03 0.83 0.41 0.10 0.03 0.03 0.96 1.04 

Education 

level 
0.76 0.16 0.15 4.71 0.00 0.24 0.18 0.14 0.93 1.08 

Post-Self-

efficacy 
0.13 0.06 0.09 2.04 0.04 0.48 0.08 0.06 0.45 2.21 

Post-

Lifelong 

learning 

0.12 0.02 0.19 5.19 0.00 0.46 0.20 0.15 0.68 1.48 

Post-

Value 
0.03 0.02 0.04 1.12 0.27 0.20 0.04 0.03 0.83 1.20 

Post Self-

concept 
0.29 0.04 0.39 8.32 0.00 0.59 0.31 0.25 0.40 2.49 

a. Dependent Variable: Post-Future participation in science 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Normal P-P Plot of regression standardised residual for Future participation in science in 

post-test survey 
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Scatter plot for Future participation in science in post-test survey 

 

 

 

 

 

 

Residuals Statisticsa 
  Minimum Maximum Mean Std. Deviation N 

Predicted 

Value 

10.2691 18.9710 14.5318 1.65538 682 

Std. Predicted 

Value 

-2.573 2.679 0.000 0.999 682 

Standard Error 

of Predicted 

Value 

0.126 0.443 0.200 0.045 682 

Adjusted 

Predicted 

Value 

10.2750 18.9572 14.5319 1.65514 682 

Residual -7.93595 6.95478 -0.00398 2.01797 682 

Std. Residual -3.917 3.433 -0.002 0.996 682 

Stud. Residual -3.939 3.447 -0.002 1.001 682 

Deleted 

Residual 

-8.02437 7.01382 -0.00400 2.03986 682 

Stud. Deleted 

Residual 

-3.982 3.475 -0.002 1.004 682 

Mahal. 

Distance 

1.621 31.493 5.986 3.425 682 

Cook's 

Distance 

0.000 0.046 0.002 0.004 682 

Centered 

Leverage 

Value 

0.002 0.046 0.009 0.005 682 

a. Dependent Variable: Post Future participation in science 



 

287 

 

Preliminary analyses checking for normality, linearity, homoscedasticity of variance and 
multicollinearity for hierarchical regression analyses to determine main influences on current 
presenters’ Future participation in science (n = 678) in alumni survey 

 
Coefficientsa 

Model Unstandardized 

Coefficients 

Standardized 

Coefficients 

t Sig. Correlations Co Lifelong 

Learning 

Linearity 

Statistics 

B Std. 

Error 

Beta Zero-

order 

Partial Part Tolerance VIF 

1 (Constant) 12.54 0.57   21.91 0.00           

Gender -0.35 0.27 -0.05 -1.29 0.20 -0.02 -0.05 -

0.05 

1.00 1.00 

Educational 

level 

2.67 0.22 0.42 12.08 0.00 0.42 0.42 0.42 1.00 1.00 

2 (Constant) -2.87 0.98   -2.93 0.00           

Gender 0.03 0.21 0.00 0.12 0.91 -0.02 0.01 0.00 0.98 1.02 

Educational 

level 

1.91 0.18 0.30 10.58 0.00 0.42 0.38 0.29 0.92 1.08 

Self-concept 0.29 0.03 0.36 8.47 0.00 0.61 0.31 0.23 0.42 2.39 

Value of science 0.04 0.03 0.04 1.10 0.27 0.42 0.04 0.03 0.55 1.83 

Self-efficacy 0.09 0.05 0.06 1.82 0.07 0.44 0.07 0.05 0.61 1.64 

Lifelong leaning  0.15 0.03 0.19 5.11 0.00 0.51 0.19 0.14 0.53 1.89 

a. Dependent Variable: Future participation in science 

 

 

 

 

 

 

 

 

 

 

 

 

 

Normal P-P Plot of regression standardised residual for Future participation in science in 

alumni survey 
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Scatter plot for Future participation in science in alumni survey 

 

 

 

 

 

 

Residuals Statisticsa 
 

Minimum Maximum Mean Std. Deviation N 

Predicted Value 9.9434 19.9548 15.7950 2.20840 678 

Std. Predicted Value -2.650 1.884 .000 1.000 678 

Standard Error of Predicted 

Value 

.132 .507 .223 .050 678 

Adjusted Predicted Value 10.0148 19.9544 15.7956 2.20856 678 

Residual -10.17598 5.25694 .00000 2.24061 678 

Std. Residual -4.521 2.336 .000 .996 678 

Stud. Residual -4.563 2.341 .000 1.001 678 

Deleted Residual -10.36586 5.27878 -.00060 2.26566 678 

Stud. Deleted Residual -4.632 2.349 -.001 1.004 678 

Mahal. Distance 1.315 33.291 5.991 3.334 678 

Cook's Distance .000 .056 .002 .004 678 

Centered Leverage Value .002 .049 .009 .005 678 

a. Dependent Variable: Future participation in science 
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Appendix K 
Alumni presenters’ means, measure of variability and sample size across years  
Descriptives 

Scale                    year N Mean Std. 

Deviation 

Std. 

Error 

95% Confidence 

Interval for Mean 

Minimum Maximum 

Lower 

Bound 

Upper 

Bound 

Future 

participation 

in science 

2007 8 4.03 0.59 0.21 3.54 4.52 3.00 5.00 

2008 4 3.81 0.38 0.19 3.22 4.41 3.50 4.25 

2010 6 4.42 0.74 0.30 3.64 5.19 3.00 5.00 

2011 4 4.00 0.74 0.37 2.83 5.17 3.00 4.75 

2012 23 4.24 0.69 0.14 3.94 4.54 2.75 5.00 

2013 29 3.95 0.80 0.15 3.64 4.25 1.75 5.00 

2014 59 3.90 0.83 0.11 3.69 4.12 1.50 5.00 

2015 110 3.98 0.83 0.08 3.82 4.13 1.25 5.00 

2016 218 3.97 0.79 0.05 3.86 4.07 1.00 5.00 

2017 202 3.87 0.79 0.06 3.76 3.98 1.50 5.00 

Total 663 3.95 0.79 0.03 3.89 4.01 1.00 5.00 

Self – 

concept 

about 

science 

2007 8 4.27 0.83 0.30 3.57 4.97 3.00 5.00 

2008 4 4.04 0.24 0.12 3.65 4.42 3.71 4.29 

2010 6 4.48 0.59 0.24 3.86 5.10 3.57 5.00 

2011 4 4.32 0.14 0.07 4.10 4.54 4.14 4.43 

2012 23 4.34 0.52 0.11 4.12 4.57 3.43 5.00 

2013 29 4.06 0.66 0.12 3.81 4.31 2.71 5.00 

2014 59 4.18 0.50 0.06 4.05 4.31 3.14 5.00 

2015 110 4.15 0.55 0.05 4.05 4.26 3.00 5.00 

2016 218 4.07 0.55 0.04 4.00 4.15 2.86 5.00 

2017 202 4.13 0.56 0.04 4.06 4.21 2.71 5.00 

Total 663 4.13 0.56 0.02 4.09 4.17 2.71 5.00 

Value of 

science to 

society  

2007 8 4.27 0.65 0.23 3.72 4.81 3.00 5.00 

2008 4 4.11 0.14 0.07 3.89 4.32 4.00 4.29 

2010 6 4.40 0.31 0.12 4.08 4.73 3.86 4.71 

2011 4 4.46 0.32 0.16 3.96 4.97 4.00 4.71 

2012 23 4.35 0.43 0.09 4.16 4.53 3.57 5.00 

2013 29 4.25 0.54 0.10 4.04 4.45 3.14 5.00 

2014 59 4.34 0.49 0.06 4.21 4.47 3.14 5.00 

2015 110 4.33 0.49 0.05 4.24 4.43 3.00 5.00 

2016 218 4.26 0.50 0.03 4.19 4.32 3.00 5.00 

2017 202 4.29 0.48 0.03 4.22 4.35 3.00 5.00 

Total 663 4.29 0.49 0.02 4.25 4.33 3.00 5.00 

Anxiety 

about 

science 

presenting 

2007 8 2.23 1.15 0.41 1.27 3.19 1.00 4.33 

2008 4 2.50 1.06 0.53 0.81 4.19 1.50 4.00 

2010 6 2.67 1.01 0.41 1.61 3.72 1.67 4.17 

2011 4 1.71 0.32 0.16 1.21 2.21 1.50 2.17 

2012 23 2.25 0.87 0.18 1.87 2.62 1.00 3.83 
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Descriptives (cont) 

Scale                    year N Mean Std. 

Deviation 

Std. 

Error 

95% Confidence 

Interval for Mean 

Minimum Maximum 

Lower 

Bound 

Upper 

Bound 

Anxiety 

about 

science 

presenting 

2013 29 2.70 0.64 0.12 2.45 2.94 1.50 3.67 

2014 59 2.44 0.76 0.10 2.24 2.64 1.00 4.67 

2015 110 2.38 0.79 0.07 2.23 2.53 1.00 4.33 

2016 218 2.48 0.81 0.06 2.37 2.59 1.00 4.33 

 2017 202 2.35 0.78 0.05 2.24 2.46 1.00 4.83 

 Total 663 2.42 0.79 0.03 2.35 2.48 1.00 4.83 
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Appendix L 
List of exhibitions display in Science Caravan programme 

 

List of exhibits in Science for Fun exhibition  

Science For Fun Exhibition 

Theme Exhibit Title Theme Exhibit Title 

Force & motion 

Energy Ball 1 

Light, colours, 

and sound 

Tap-a-phone 

Energy Ball 2 Sound Freak 

Pulleys The Abyss 

The Arch Kaleidoscope 

Rolling Race Periscope 

Lever Bendy Mirror 

Blow out Light Through 

Rolling Cone Light Angles 

Floating Ball Colour Mix 

Gear Train Colour Filter 

Sink vs Float 

Logic & Puzzle 

T or Tree 

Stress Lab Smart Pack 

Diver Hanoi Tower 

Mathematics 

Colour words Nice Dice 

Reuleaux Roll Sheep Pen 

Pyramid Piles Handcuffs 

Water Spin Soma Cube 

Cycloid Race Magic Square 

Clever Conics A-Maze-ing 

Capacity Duel Loop Holes 

Pythagoras 

Electricity & 

magnetism 

Electron Flow 

Probability Magnet Flip 

Reaction & sight 

Colour words Hand Battery 

Shady Sight Magnetic Brake 

Cloudy Sight Game of Coils 

Light Bloom Series Circuit 

Reaction Test Parallel Circuit 

Mirror Mirror AC Motor 

Memory Test Magnet Show 

Zoetrope Image Pins 
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List of exhibits in Enjoy Science Careers exhibition 

Enjoy Science Careers Exhibition 

Petroleum Geologist Biomedical Engineer 

Pharmaceutical Scientist  Product Designer 

Health Environmental and Safety 

Specialist 
Software Developer 

Satellite Engineer Nano Technology Researcher 

Smart Farmer Robotic and Mechatronic Engineer 

Pharmaceutical Scientist Cosmetic Scientist 

Animator Food Scientist 

Railway Systems Engineer Sound Engineer 

Investment Analyst Strength and Conditioning Coach 

Data Scientist Forensic Scientist 
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Appendix M 
Science communication training schedule for volunteer presenters 

 

Day  Time Topic 

Day 1 

9.00-9.30 a.m. Registration 

9.30-10.15 a.m. Ice breaking 

10.15-10.30 a.m. Coffee break 

10.30-11.15 a.m. 
NSM introduction/ 

Importance of volunteer presenters 

11.15 a.m.-12.00 p.m. Basic science communication/workshop 

12.00-1.00 p.m. Lunch break 

1.00-2.00 p.m. Science presentation 

2.00-2.15 p.m. Lunch break 

2.15-2.45 p.m. 

Introduce Science Caravan activities and 

exhibitions/ all presenters are assigned to a 

particular responsibility  

2.45-3.00 p.m. Debrief 

Day 2 

9.00-9.30 a.m. Registration 

9.30-9.45 a.m. Introduce NSM staff 

 

9.45 a.m.-12.00 p.m. 
Training in a particular responsibility/  

Coffee break  

12.00-1.00 p.m. Lunch break  

1.00-2.15 p.m. Presentation of each activity  

2.30-3.00 p.m. Debrief and conclusion  

 


