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Abstract 

Integrated STEM education makes learning relevant and applicable, blending the 

mindset, skillset, and toolset necessary in developing a depth of understanding for 

science, technology, engineering and mathematics. Based on the theoretical framework of 

Kelley and Knowles (2016) the ‘Spaceship Earth’ project was designed to engage 

primary school children in 4th class (ages 9 and 10 years old) in real-world project-based 

experiments in the classroom that are used to develop collaborative problem-solving 

skills and a framework for asking and answering scientific questions. This project 

involved researchers from two Universities and the Irish National Meteorological Service 
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working collaboratively on a high-altitude balloon mission. High-altitude balloons have 

an established track record of safe and effective use in weather forecasting, astronomy, 

and STEM outreach. During the project lifecycle the children devised experiments that 

they launched to the stratosphere using the high-altitude balloons. Once the experiments 

returned to Earth, the children engaged in analysis and discussion about their experiments 

that extended and deepened their learning. This celestial project framework represents a 

new dawn of innovation for STEM education and public engagement. 

Keywords: STEM; Outreach; High-Altitude Balloons. 

 

1 Introduction 

There has been a growing awareness that excellence in Science, Technology, Engineering and 

Mathematics (STEM) is necessary to help students develop the knowledge and skills required to 

live and work in the 21st Century (Stohlmann, Moore and Roehri, 2012; Hallisy, Butler, Hurley 

and Marshall, 2013; English, 2017). In Ireland for example, high quality STEM education has 

been recognised as essential in promoting economic growth and ensuring future success for the 

country (STEM Education Review Group, 2016). Nonetheless it is important to recognise that 

the acronym STEM has been contested in recent years. The benefits of integrating the arts across 

all STEM disciplines and changing the acronym STEM to STEAM (Science, Technology, 

Engineering, Arts and Mathematics) has been widely discussed (Henriksen, 2014; Connor, 

Karmokar and Whittington, 2015), as well as STEM (Science, Technology, Engineering, 

Mathematics and Medicine) (Church et al., 2021). 

This study focuses on the original acronym STEM for the primary reason that in Ireland the 

STEM Education Review Group (2016) do not incorporate the arts or medicine in their report 
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‘STEM Education in the Irish School System’. The STEM Education Review Group (DES 

2016a) identified the need for significant reform in the area of STEM education in Ireland, 

acknowledging that the quality of STEM education in the current 1999 Irish primary curriculum 

is insufficient (Burke 2014; Gilleece et al. 2020; NCCA 2005; Perkins 2020).The report provides 

recommendations and proposed actions to advance STEM education across all Irish primary and 

post-primary schools, stating that technology should be used to transform science and 

mathematics lessons from a ‘teacher-directed model to a facilitatory or constructivist model’ 

(DES 2016, p.41). Similar international reports published in the US (Granovskiy 2018) and 

Australia (Education Council 2018) provide similar recommendations. Considering these reports, 

the aim of this research was to design an intervention to enhance STEM teaching and learning at 

primary level.  

The most recently published Primary Curriculum Framework (NCCA, 2023) offers a promising 

opportunity for a revision and revitalisation of STEM education to all primary school students in 

Ireland. The goal of the ‘Spaceship Earth’ project was to inspire, engage and educate teachers 

and young children about STEM through launching high-altitude balloons from Ireland to the 

‘Edge of Space’, as space is seen as an amazing way to enthuse people about STEM. 

Furthermore given the current justifiable concern regarding climate change, the ability of high-

altitude balloons to carry student projects & cameras to the edge of space (~30,000m), allows 

reflection on the uniqueness of our blue planet - Spaceship Earth.  

The future of space science depends on our ability to attract and engage students into STEM 

disciplines (Larimore, 2020; Hodson, 2003; Jones et al., 2012). Authentic, hands-on experience 

with space applications enhances engagement and learning in the STEM disciplines and can help 

to attract disinterested students to STEM careers (Baran et al., 2019). On researching the STEM 
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education at primary level and tools currently available to teachers, it was decided to design an 

outreach programme to explore the impact a high-altitude balloon experiments on students’ 

learning and evaluate the potential of these to enhance STEM education in primary school 

setting. This paper will propose a conceptual framework to guide primary school teachers and 

educators interested in building an outreach STEM education programme. 

 

2 Background 

The STEM Education Policy Statement in Ireland states that STEM education should “enhance 

STEM learning for learners of all backgrounds, abilities and gender” (DES 2022, p.2). 

Additionally, the Action Plan for Education 2016-2019 (DES 2016b) states as a goal the need to 

“enhance the quality of learning experiences for young children” (p.28). They also stress the 

desire to significantly reduce the gap between low achieving students in literacy and numeracy in 

DEIS and those in non-DEIS schools and the need to increase the take up of gateway subjects: 

Physics, Chemistry and Mathematics to the highest level (DES 2016). The Delivering Equality 

of Opportunity in Schools (DEIS) programme was set up by the Irish Department of Education 

in 2002 (Fleming & Harford 2021) to provide to equality of opportunity in schools irrespective 

of socio-economic location of the school or students.  

The overarching goal of STEM education is to empower the current generation with innovative 

mindsets (Granovskiy 2018; Education Council 2018). Many educators intuitively believe that 

curriculum integration produces greater learning outcomes in school subjects (Czerniak, Weber, 

Sandman, & Ahern, 1999; Frykholm & Glasson, 2005). They believe that curriculum integration 

helps teachers and students develop a deeper understanding of STEM disciplines, while also 

allowing them to see STEM as an interconnected entity with a strong connection to the real 
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world. Unfortunately, according to Cuadra & Morena (2005), there is a gap between how STEM 

subjects are taught in schools and the knowledge, skills, and beliefs required for true STEM 

education. 

Reducing the gap between current instructional practices and the actual skills needed for STEM 

education is contingent upon the expertise of STEM teachers to successfully transition from the 

departmentalised model of teaching to an integrated teaching model (Furner & Kumar, 2007). 

Spaceship Earth aims to engage teachers, and students, in an inquiry-based learning activity that 

transcends the traditional subject boundaries that exist between STEM disciplines whilst 

simultaneously empowering teachers with the skills and expertise necessary to independently 

implement such cross-disciplinary STEM activities in the future. 

In recent years, several universities and agencies around the world have commenced operating a 

high-altitude ballooning program with the aim of sparking participants' interest in STEM (e.g. 

University of Maine; Overlook Horizon Inc.; European Space Agency). These programs were all 

in some way inspired by 'Project Icarus', an MIT-based project, which in 2009 launched a camera 

into the stratosphere that demonstrated that reaching the stratosphere was technically feasible, 

affordable, and of significant interest to the public (Gallucci, 2017). The Spaceship Earth project 

was design to ignite interest from children and schools at primary level, as well as engaging 

students’ parents and the wider communities, in an attempt to highlight the importance and 

relevance of STEM in our lives while simultaneously enhancing the learning experience of the 

participants. 

2.1 The Irish Primary Education Curriculum  

In Ireland, STEM education has undergone immense change in the last number of years – for 

example, policy change with the Action Plan for Education 2016-2019 (DES 2016b) and then 
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more specifically the Digital Strategy for Schools 2015-2020 (DES 2015) and the STEM 

Education in the Irish School System reports (DES 2016a, DES2022). The post-primary 

education system in Ireland consists of a three-year lower secondary period called the Junior 

Cycle, followed by a two- or three-year upper secondary period, called Senior Cycle. Curriculum 

has been reformed in the redesign of the Junior Cycle and Senior Cycle subject specifications 

(NCCA 2017, 2018). Aligned with this STEM policy changes has been the growth in the 

informal learning environments evidenced in leveraging industrial internship opportunities, as 

well as community involvement such as coding clubs, the Coderdojo movement (Davis, 2013) 

and CSforALL Summits (Cooper, Bookey & GruenBaum, 2014). 

The curriculum in Ireland provides a broad learning experience for children in their first eight 

years of school (children typically start primary school at age 5 years.) The Primary School 

Curriculum (1999) outlines the syllabus content and outcomes of children’s learning, aiming to 

develop each child’s potential to the full; encourage a love of learning and help children develop 

skills they will use all their lives. It is designed to nurture the child in all dimensions of his or her 

life—spiritual, moral, cognitive, emotional, imaginative, aesthetic, social and physical. Many of 

its assertions around integration offer space for the introduction of science and space education 

in the primary school setting. The curriculum emphasises the importance of connecting learning 

in different subjects giving the child, a broad and rich perspective and the interconnectedness of 

ideas (NCCA 1999). It clearly states that “a rich experience of different aspects of the curriculum 

outside the classroom adds enormously to the relevance and effectiveness of the child’s learning” 

(NCCA 1999, p.15). 

2.2 STEM Outreach for Primary Schools 
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Teaching children creative problem-solving skills from a young age will future benefit many 

STEM fields by developing a strong science, mathematics, and technology base from the 

beginning of a child's education (Petre & Price 2004; Rogers & Portsmore 2004; Jorgenson & 

Vu 2016; Selwyn 2015).  

The primary school science curriculum is critical as it “cultivates a positive attitude to science 

and provides pupils with opportunities to experience the excitement of working as a scientist” 

(DES 2008, p.iii). This inspectorate report (DES 2008) on the science curriculum in Irish 

primary schools recommended to give children more opportunities for open-ended 

investigations. A key aim of Spaceship Earth was to instil in young children an excitement for 

atmospheric science and in turn encourage them to explore other STEM disciplines. Two of the 

four concept strands in primary science are Energy and forces and Environmental awareness and 

care and are addressed in the Spaceship Earth project (DES 2008). Many of the procedural 

understanding concepts expected to be learned in primary school are also concentrated upon in 

our mission such as questioning, observing, predicting, investigating, experimenting, estimating, 

measuring and analysing (DES, 2008). A main comment of the Department of Education 

inspectors’ study was on the over use of textbooks and not enough practical activity-based 

learning (DES 2008), both of which were addressed as part of the Spaceship Earth project 

through the use of the weather balloon and experiment design.  

For primary school level, some science fairs and competitions are seen as intimidating due to 

their length and complexity. Suggestions given by Schmidt and Kelter (2017) in making these 

outreach events more age appropriate would be to assist shorter and smaller projects, allowing 

children work in larger groups. High Altitude Balloon Projects allow children to work in large 
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groups and create reasonably attainable projects which can be completed in short steps that keep 

the children engaged.  

 

3 Theoretical Framework 

Jean Piaget’s (1898-1980) influence is visible in STEM school philosophy with echoes of ‘active 

learners’ and ‘taking information in through their experiences in their own world’ (Constable 

2014, p.10). His focus on ‘the material, physical world of the senses and active movement’ 

(Bruce 2011, p.10) can be recognised too within the principles of forest schools. Likewise, 

Steiner (1864-1925) strove to develop the link he had observed between children and the natural 

world. Steiner provided learning environments and natural materials that encouraged creativity 

and free thinking (Edmunds, 1987). From the progression education movement, John Dewey 

(1859-1952), similarly advocated the use of the outdoors as an essential component of a child’s 

education and valued it immensely in the education of children (Rivkin 1998, p.199). Rivkin 

(1998, p.200) envisions the school stepping in to provide an adapted version of the ‘ideal home’, 

Dewey’s antidote to an industrialised world, where the learning is led by the child’s needs, 

provides opportunities to interact with one another and the environment. 

Though the powerful value of the outdoors and nature has been recognised for many centuries, 

the educational discipline of outdoor education research has only recently developed as the 

complex nature of student learning and teacher practices evolved. The Swiss philosopher 

Rousseau longed for a society unshackled by restrictions and spoke out against urbanisation and 

civilisation as the cause of our alienation from nature and from feeling (Gupta, 2005). Rousseau 

asserted that we should follow the desires of childhood ‘indulge its sports, its pleasures, its 

delightful instincts’ (cited in Rusk and Scotland 1985, p.180). He claimed that between the ages 
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of two and twelve years, as the child’s intuitive reasoning is directly linked to body movement 

and the senses, we should allow nature to take its own course (Crain, 2005). Echoed by 

Pestalozzi later, Rousseau believed that allowing the child’s nature to lead did not equate to 

leaving the child to their own devices, in fact, he warned explicitly against this (cited in Rusk 

and Scotland 1985). 

In order to design and implement a series of ‘spaceship’ sessions in a primary school setting, we 

must explore its impact from the child’s perspective. When designing the research, the following 

eight salient values, emerging from the literature review, were considered as central to 

implementing the Spaceship Earth project within the primary school context for effective 

learning, Table 1. Each element of the outreach project aimed to incorporate these sensitivities. 

 

Table 1. Literature supporting SpaceShip Earth design  

Sensitivity Main Authors cited in literature  

Incorporate reflection to 

inform future sessions 

Froebel (Lilley 1967) 

Connect the child to natural 

world 

Steiner (Edmunds 1987), Dewey (Rivkin 1998), 

Malaguzzi (Constable 2014), Pestalozzi (Rusk and 

Scotland 1985), Sobel (2005) 

Centre around the learner  Piaget (Constable 2014), Rousseau (Rusk and Scotland 

1985) 

As a skilled practitioner, 

provide an enriched 

environment  

Roe et al. (2013), Farah et al. (2008) 

Incorporate adventure through 

uncertainty and supported risk 

Dewey (Rivkin 1998), Beames and Brown (2016) 

Develop a space for creativity 

and agency 

Steiner (Edmunds 1987), Malaguzzi (Constable 2014) 
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Incorporate authentic challenge 

to achieve flow 

Csikszentmihalyi (1990), Beames and Brown (2016) 

Integrate curriculum subjects National Council for Curriculum and Assessment (1999), 

Ireland, Department of Education and Skills (1999), 

Bacon (2018) 

 

 

4 Research Method 

As research has evolved from researching ‘on’ children to ‘for’ and ‘with’ them (Fargas-Malet et 

al. 2010), it was decided to invite the primary school fourth class pupils to participate. The 

methodology employed in this study echoes the work of Scaife and Rogers (1999) who advocate 

involving school pupils in the design process as they have motivational information and insights 

adults do not. This understanding, of action research with an interpretative research paradigm, 

helps identify it as the methodology of choice for this exploratory study of the potential of space 

and science within the primary school context. 

4.1 Participants 

For a study to be action research there must be a ‘collaborative development of ideas, processes, 

designs, actions, and reflective evaluation on the success or failure of these actions’ (Greenwood 

2015, p.204). Throughout the intervention and during the three Space Lessons (Figure 3) 

teachers and students were reflecting on their experiences, deepening their understanding and 

interpreting meaning for themselves.   

Aiming for the highest level of good quality participation possible within action research, Pant 

(2014) recognises the role of action research in the redistribution of power, away from the 

professional researchers, the ‘knowledge elite’ (p.291), toward those directly experiencing the 
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situation being studied. Considering this, the school pupils, teachers, and school leaders were 

invited to participate in the study.   

The United Nations Conventions on the Rights of the Child (Children’s Rights Alliance 2010) as 

well as Irish National Strategy on Child and Young People’s Participation in Decision Making 

2015-2020 (Department of Children and Youth Affairs 2015) promotes involving children’s 

view in matters that affect them. Therefore, this study employs a participatory methodology 

where the pupils are one of the key stakeholders in the action research process described in the 

next section.   

4.2 Data Collection and Analytical Approach  

Guided by Kitchen and Steven (2008) the research methodology focused on measuring changes 

in children’s attitudes towards STEM.   

A pre-validated survey designed to measure children’s attitudes towards STEM (Faber et al 

2013) was administered. All participants completed the same questionnaire at two different 

stages of the project (pre- and post-launch of the high-altitude weather balloons). The 

questionnaire took approximately 20 minutes to complete each time. The collection of data from 

the participants was conducted by an existing classroom teacher (and not one of the researchers, 

so as to not influence the participants while they are completing the questionnaires.)  

Final data was analysed using SPSS. Descriptive statistics was generated from both versions of 

the questionnaire. A participant identifier will be recorded as well as their answers from the 

'before' survey and 'after' survey. Results will be compared to see if there was a statistically 

significant difference in their attitudes towards STEM after participating in the project. 

Depending on whether the data is parametric or not, paired t-tests or Wilcoxon's test was used to 
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identify any differences. Correlations within the data was also examined for any existing 

associations within the data.  

Teachers views on the project were also gathered through interviews as they were asked their 

opinion, feedback and suggestions regarding the project, implementation and integration in 

classroom lessons. The study was approved by the Faculty of Education and Health Sciences 

Research Ethics Committee at the participant University (EHSREC approval number: 

2020_02_04_EHS).  

 

5 Designing an Integrated Outreach STEM project  

Supportive outreach is critical to the implementation of policy, enabling teachers to keep abreast 

of advancements in best practices. Taking the work by Kelley and Knowles (2016) as the 

foundational framework (see Figure 1), the design of the Spaceship Earth programme (see Figure 

2), was formed by taking their five components as central to the integrated STEM outreach 

education programme.  

 
Figure 1. Integrated STEM outreach (Kelley and Knowles 2016) 
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The Spaceship Earth project was funded by Science Foundation Ireland (SFI) in collaboration 

with Universities and Met Eireann (Irish Meteorological Society) with an overall aim designed to 

inspire, encourage and engage the general public, teachers, and especially young children to 

learn more about STEM. Interacting in real world problem-solving experiments an overarching 

ambition of the project was to expose the primary school pupils to the possibilities of pursuing a 

STEM based career in their future. Taking the Kelley and Knowles framework which was 

developed for secondary and high school education, our adaptation, see Figure 2, was designed 

for primary school outreach activity, with Spaceship Earth as the case in point. The 12-month 

project was administered over the academic year, the duration of each component integrated 

throughout the Spaceship Earth project. 

 

Figure 2. Integrated STEM outreach for Spaceship Earth  
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The delivery of Spaceship Earth occurred during the Covid-19 pandemic when access to schools 

was severely restricted. Consequently two Space Lessons were conducted online by the 

university experts, with over 300 primary school pupils attending in three different locations 

nationally. The learning intention of Space Lesson 1 was to introduce STEM and ‘space’ to the 

pupils. The learning intention of Space Lesson 2 was to debate with the pupils the idea of 

weather and discuss the role that high-altitude balloons play in helping us predict the weather. 

We then briefly outlined some experiment ideas that other children have previously sent up to 

the edge of space. With the assistance of their teachers, supported by the research team, the 

pupils designed the experiments to send to the edge of space. The launch of the weather balloons 

happened at the Met Eireann Observatory with some of the pupils and their parents attending. 

When the payloads were sourced after their flights, the experiments were returned to the schools 

and a follow-up ‘Space Lesson 3’ delivered (see Figure 3), meeting with the pupils to talk to 

them about the success of the project and to outline some of the preliminary results. 

 

Figure 3. Roadmap for Spaceship Earth 

 



 

15 

The framework for Spaceship Earth, an integrated STEM outreach project, had four pillars as 

depicted in Figure 2 and are each described in the following sections.  

5.1 Situated STEM Learning   

The integration of high-altitude balloon practical experiments in the primary school curriculum 

can provide an effective method of involving pupils in a space-related mission. According to the 

basic constructivist theory, pupils learn most when they are given the opportunity to explore and 

create knowledge that is of personal interest to them (Papert, 1993). It is agreed that 

constructivism is a valuable perspective because once students are engaged in what they are 

doing, they are more motivated to learn. The approach can be particularly valuable to pupils who 

may have found the traditional instruction-based settings and subjects challenging. The 

constructivist method of teaching allows a learner build their knowledge (construct) as a result of 

experiences and reflection. Lectures and textbooks have only a passive role – the process of 

learning is very much a personal one. It follows that each learner’s view is personal and, as such, 

is unique to each learner. A teacher’s task in a constructivist setting is to facilitate the learner’s 

building of this view. This view of the teaching process is similar to Laurillard’s model of 

teaching as conversation or by participation in debate (Laurillard, 1993). Constructivism 

suggests that learners construct their own understanding, key principles of which involve situated 

learning, social knowledge, and collaboration. As with any theory, constructivism doesn’t 

provide a complete picture of learning. Attention, perception, metacognition, and the limitations 

of working memory all influence learning, as does modelling and judiciously applied reinforcers. 

These concepts come from information processing, social cognitive theory, and behaviourism. 

Effective educators and educational programmes draw from such theories to promote as much 

learning as possible. 
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An example of the impact of the Spaceship Earth programme demonstrated that the pupils were 

able to recall key information from a presentation delivered during the project, including 

scientific facts, to younger students a whole year later with no revision done on the project. The 

excitement of practical hands-on learning had a strong influence on the pupils peaking their 

interest in STEM and encouraging them to retain the information they had learned (Kansaku, 

Kehr & Lanier, 2007). 

5.2 STEM Design  

Three high-altitude balloons, containing small but numerous educational projects chosen by the 

pupils, were realised to the edge of space to help teach them about the conditions in space. In 

terms of engineering the STEM design the four elements (science, technology, engineering and 

mathematics) were integral to the experiments offered and chosen. The pupils were exposed to 

all four STEM elements in offering a range of experiments to choose from, Table 2. 

Table 2. STEM activities embedding in SpaceShip Earth  

S Science Experiments sent to space, example :  

- Sunflower Seeds and comparing the growth of 

sunflower seeds exposed to space conditions - with 

regular sunflower seeds on the Earth’s surface. 

- Low pressure causes objects to expand in space. 

Sending a marshmallow to space will it get bigger 

after being exposed to the reduced pressure in space? 

- Low pressure causes liquids to boil and this is why 

astronauts wear protective gear so that their bodily 

fluids don’t boil. If we send a wet sponge in the 

weather balloon what will happen?  

- Rubber band test to investigate what happen to its 

elasticity. Space conditions should cause the rubber 
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band to lose some of its ability to return to its original 

shape. 

- A food test, demonstrating the cold temperature in 

space, certain foods would freeze in the middle if sent 

to space. 

T Technology Using GPS trackers, data loggers, online learning, zoom 

meetings - all of evidence of the Technology utilised. 

E Engineering Paper plane making activities to engage the class in the 

design process of the larger plane to be launched 

M Mathematics Interpreting experiment data after and from the data 

loggers. Examining the graphs of the flight of the 

balloons and drawing correct conclusions from them.  

 

As the maximum payload in each balloon was 1500g, with 500g allocated for electronics (e.g. 

gps/data logger), the remaining 1000g was allocated for the experiments which consisted of 

roughly 20 experiments each weighing 50g. In total three balloons, containing small but 

educational projects chosen by the students to teach them about the conditions that can be found 

in space, were prepared for launch. One larger weather balloon was then utilised to attempt to 

break the world record for the highest Paper Aircraft launch. In the first two online lessons the 

Spaceship Earth team held paper plane making activities to engage the children in the design 

process of the larger plane to be launched.  

Once the balloons has reached the edge of space and returned to Earth the experiments were 

returned to the schools and the students were able to compare the experiments exposed to near 

space conditions with their original ground level form, analysing and discussing differences.  

5.3 Technological Literacy 
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Based on the work of Kelley and Knowles (2016, p.6) “technology consists of a body of 

knowledge, skills, and practices.” The Covid-19 pandemic arose in the middle of this research 

study. Therefore the format of Spaceship Earth and engaging the pupils in real-world project-

based experiments in the classroom had to be redesigned. The pandemic has shed much light on 

the challenges within our education system, and due to the Covid-19 pandemic the interaction 

and presentation of the Space Lessons were conducted online. 

Online environments can exhibit technological affordances and features that more effectively 

support collaborative learning (Woo & Reeves, 2007; Roberts & McInnerney, 2007; Garrison et 

al., 2003). The use of digital technologies in these environments enable active online dialogue 

and collaboration, both synchronously and asynchronously (Gunawardena & McIsaac, 2004; 

Romiszowski & Mason, 1996) and adapting these technologies provides for student 

collaboration in a more participatory culture (Herrington et al., 2010). Also it is evidenced that 

collaborative group work can be enabled through the use of online tools allowing pupils to share 

knowledge through authentic, communal tasks, thereby building interdependence and shared 

learning.  

In this project, the high-altitude balloons, which start out measuring about 1.8 metres (6 feet) in 

diameter before release, expand in the high altitudes due to the reduced air pressure to be about 7 

or 8 metres (23 to 26 feet) in diameter. Filled with helium, the balloon has a lower density than 

air which then generates the lift. The balloon expands until it bursts and drops the payload. The 

experiments are returned to Earth via a parachute deploying as pressure increases on the descent 

to ground level, allowing the experiment to glide safely at approximately 5m/s to landing. 

Attached to the payload were GPS trackers using the surrounding satellites to send signals to a 

mobile app (STRATOfinder, https://www.stratoflights.com/en/shop/gps-tracker-stratofinder/) to 

https://www.stratoflights.com/en/shop/gps-tracker-stratofinder/


 

19 

give a 5m radius location of the payload's landing. A HDaction camera (similar to a GoPro) was 

also used to gather breath-taking footage of the flight capturing the Earth's blue hemisphere 

contrasting against the darkness of space in the stratosphere.  

5.4 Mathematical Thinking and Science Inquiry  

Mathematical thinking is vital because it equips students with the ability to use mathematics. 

NRICH (2019) states that “exploring, questioning, working systematically, visualising, 

conjecturing, explaining, generalising, justifying, proving ... are all at the heart of mathematical 

thinking.” Supported by an atmosphere of questioning, challenging, and reflecting and 

importantly mathematical thinking and science inquiry helps in understanding yourself and the 

world (Mason, Burton, & Stacey 2011; Schmidt & Kelter 2017). It was our intention to develop 

the students’ mathematical thinking and scientific inquiry provoked by contradiction, tension, 

and surprise.  

Infant classes, namely junior and senior infants (pupils aged 5 and 6 years old) focus on basic 

scientific skills developments such as questioning, observing, predicting/estimating, 

investigating, measuring and analysing while experimenting (DES 2008). The pupils begin their 

science education looking at basic topics like living things and properties of materials such as 

plastic and metal etc. Furthermore pupils continue to develop their scientific skills and branch 

out to slightly tougher subjects like environmental awareness and care in the curriculum. In most 

Irish primary schools it is in 2nd / 3rd class (ages 7 and 8 years old) when the first mention of 

space and its conditions come into the classroom as pupils begin to explore the topic of energy 

and forces such as light, sound, and heat. This was the deciding factor for our class group 

selections for the Spaceship Earth workshops and we invited the 4th class groups (age 9 or 10 
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years old) to participate. It is also at this stage where the school pupils have a higher ability to 

evaluate projects and experiments from their previous explorations and investigations. 

 

6 Conclusion 

The Spaceship Earth project provided primary schools with an innovative opportunity to engage 

in an integrated curriculum project that the research team designed with the assistance of 

teachers and students to develop a deeper understanding of STEM disciplines, while also 

allowing students to see STEM as an interconnected entity with a strong connection to the real 

world.  

The project had profound success in the schools involved in the exploratory cycle. Data gathered 

resulted in a positive attitudinal change for the children who participated in each of categories of 

the Feber et al (2013) survey administered. The survey included descriptions of subject areas that 

involve math, science, engineering and/or technology, and listed jobs connected to each subject 

area. Gathering this data of the children who participated in the SpaceShip Earth not only 

informs the project team and education designers but can influence STEM educational policy.  

During Space Lesson 3 in particular the project team met with the pupils and teachers to talk to 

them about the success of the project and outline some of the preliminary payload experiment 

results with the children. The reflective discussion with the teachers exemplified the value in the 

importance of purpose and empirical relevance to practitioners in conceptualising and enacting 

educational design (McKenney and Schunn, 2018) and also in supporting them to conduct and 

participate in research (Teaching Council 2021).  

In supporting the students to send experiments to the ‘edge of space’ the project team designed 

an integrated STEM outreach project developing students’ learning, rather than a project rather 
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than purely riding on the coattails of society’s interest in all things STEM (English 2017). The 

integrated approach to STEM is important in inter- and transdisciplinary knowledge acquisition, 

as often the STEM acronym masks projects which are mainly scientific or engineering projects 

(English 2017). The Spaceship Earth project undoubtedly succeeded in achieving this 

‘integrated’ approach by interweaving the four pillars of STEM together throughout the project 

and by embedding opportunities for students to engage with each pillar across the entire project. 

 

7 Conflict of Interest 

The authors declare that the research was conducted in the absence of any commercial or 

financial relationships that could be construed as a potential conflict of interest. 

 

8 Author Contributions 

CC let writing with all authors contributing to the final paper. 

 

9 Funding 

This work was supported by Science Foundation Ireland Discover Funding Programme. 

 

10 Reference  

Bacon, K. (2018) Curriculum Integration, Marino Institute, 

https://www.ncca.ie/media/3499/seminar-two_bacon-paper.pdf 

Baran, E., Canbazoglu Bilici, S., Mesutoglu, C., & Ocak, C. (2019). The impact of an out‐of‐

school STEM education program on students’ attitudes toward STEM and STEM careers. School 

Science and Mathematics, 119(4), 223-235.  https://doi.org/10.1111/ssm.12330 

Beames, S. and Brown, M. (2016) Adventurous learning: a pedagogy for a changing world, New 

York; London: Routledge, Taylor and Francis Group 

Bruce, T. (2011) Early childhood education, 4th ed., London: Hodder Education 

https://www.ncca.ie/media/3499/seminar-two_bacon-paper.pdf
https://doi.org/10.1111/ssm.12330


 

22 

Burke, D. (2014). Audit of mathematics curriculum policy across 12 jurisdictions 

https://ncca.ie/media/2031/audit-mathematics-curriculum-policy.pdf 

Children’s Rights Alliance (2010) The United Nations convention on the rights of the child, 

available: https://www.childrensrights.ie/childrens-rights-ireland/un-convention-rights-child 

Church, F. C., Cooper, S. T., Fortenberry, Y. M., Glasscock, L. N., & Hite, R. (2021). Useful 

Teaching Strategies in STEMM (Science, Technology, Engineering, Mathematics, and 

Medicine) Education during the COVID-19 Pandemic. Education Sciences, 11(11), 752. 

Connor, A., Karmokar, S., & Whittington, C. (2015). From STEM to STEAM: Strategies for 

enhancing engineering & technology education International Journal of Engineering Pedagogy 

5(2), https://www.learntechlib.org/p/207460/ 

Constable, K. (2014) Bringing the forest school approach to your early years practice, New 

York: Routledge 

Cooper, S., Bookey, L., & Gruenbaum, P. (2014). Future directions in computing education 

summit part one: important computing education research questions. Stanford InfoLab. 

Crain, W. (2015) Theories of development: concepts and applications, 6th ed., London: Routledg 

Csikszentmihalyi, M. and LeFerve, J. (1989) ‘Optimal experience in work and leisure’, Journal 

of Personality and Social Psychology, 56(5), 815-822. 

https://pdfs.semanticscholar.org/2c19/82f8de71b73771cb11ba192c10c30d92cd58.pdf 

Cuadra, E.,  &  Moreno,  J.  (2005). Expanding  Opportunities  and  Building  Competencies  for 

Young  People. Washington, DC: The World Bank. https://doi.org/10.1596/0-8213-6170-8 

Czerniak, C. M., Weber, W. B. Jr., Sandmann, A., & Ahern, J. (1999). A literature review of 

science and mathematics integration [Electronic Version]. School Science and Mathematics 99, 

421-431.   

Davis, M. R. (2013). Computer coding lessons expanding for k-12 students. Education Week. 

http://worldwideworkshop.org/pdfs/Globaloria_Press_EducationWeek_ComputerCodingLessons

forKids.pdf  

Department of Children and Youth Affairs (2015) National strategy on children and young 

people’s participation in decision-making 2015 – 2020, Dublin: The Stationary Office,  

https://www.dcya.gov.ie/documents/playandrec/20150617NatStratonChildrenandYoungPeoples

ParticipationinDecisionMaking2015-2020.pdf 

DES (2008) Science in the Primary School, Inspectorate Evaluation Studies, Department of 

Education https://assets.gov.ie/25306/c0e9699507af414996fa59f38ac22d2a.pdf 

DES (2016a) STEM Education in the Irish School, Department of Education, STEM Education 

Review Group, https://assets.gov.ie/25068/d5c86a91ac3b43869f827438f58d88c0.pdf 

https://ncca.ie/media/2031/audit-mathematics-curriculum-policy.pdf
https://www.childrensrights.ie/childrens-rights-ireland/un-convention-rights-child
https://www.learntechlib.org/p/207460/
https://pdfs.semanticscholar.org/2c19/82f8de71b73771cb11ba192c10c30d92cd58.pdf
https://doi.org/10.1596/0-8213-6170-8
http://worldwideworkshop.org/pdfs/Globaloria_Press_EducationWeek_ComputerCodingLessonsforKids.pdf
http://worldwideworkshop.org/pdfs/Globaloria_Press_EducationWeek_ComputerCodingLessonsforKids.pdf
https://www.dcya.gov.ie/documents/playandrec/20150617NatStratonChildrenandYoungPeoplesParticipationinDecisionMaking2015-2020.pdf
https://www.dcya.gov.ie/documents/playandrec/20150617NatStratonChildrenandYoungPeoplesParticipationinDecisionMaking2015-2020.pdf
https://assets.gov.ie/25306/c0e9699507af414996fa59f38ac22d2a.pdf
https://assets.gov.ie/25068/d5c86a91ac3b43869f827438f58d88c0.pdf


 

23 

DES (2016b) Action Plan for Education 2016 - 2019, Department of Education. 

https://www.gov.ie/en/collection/action-plan-for-education-2016-2019/  

DES (2022) Recommendations on Gender Balance in STEM Education, Department of 

Education https://assets.gov.ie/218113/f39170d2-72c7-42c5-931c-68a7067c0fa1.pdf 

Dewey, J. (1997) Experience and education, New York: Simon and Schuster 

Education Council (2018) Optimising STEM industry-school partnerships: Inspiring Australia’s 

next generation, Education Services https://www.chiefscientist.gov.au/sites/default/files/2019-

11/optimising_stem_industry-school_partnerships_-_final_report.pdf  

Edmunds, F. (1987) Rudolf Steiner education: the Waldorf school, London: Rudolf Steiner 

English, L. D. (2017). Advancing elementary and middle school STEM education. International 

Journal of Science and Mathematics Education, 15(1), 5-24. https://doi.org/10.1007/s10763-017-

9802-x  

Faber, M., Unfried, A., Wiebe, E. N., Corn, J., Townsend, L. W., & Collins, T. L. (2013, June). 

Student attitudes toward STEM: The development of upper elementary school and middle/high 

school student surveys. In 2013 ASEE Annual Conference & Exposition (pp. 23-1094). 

Fargas-Malet, M., McSherry, D., Larkin, E., & Robinson, C. (2010). Research with children: 

Methodological issues and innovative techniques. Journal of early childhood research, 8(2), 

175-192. 

Farah, M. J., Betancourt, L., Shera, D.M., Savage, J. H., Giannetta, J.M., Brodsky, N.L., 

Malmud, E.K. and Hurt, H. (2008) ‘Environmental stimulation, parental nurturance and 

cognitive development in humans’, Developmental Science, 11(5), 793-801. 

https://doi.org/10.1111/j.1467-7687.2008.00688.x 

Fleming, B., & Harford, J. (2021). The DEIS programme as a policy aimed at combating 

educational disadvantage: fit for purpose?. Irish educational studies, 1-19. 

https://doi.org/10.1080/03323315.2021.1964568 

Frykholm, J., & Glasson, G. (2005). Connecting science and mathematics instruction: 

Pedagogical context knowledge for teachers. School Science and mathematics, 105(3), 127. 

Gallucci, M., (2017), The DIY space race is here, and it's awesome. Mashable. 

https://mashable.com/article/diy-space-race-high-altitude-balloons 

Gilleece, L., Nelis, S., Fitzgerald, C., & Cosgrove, J. (2020). Reading, Mathematics and Science 

Achievement in DEIS Schools: Evidence from PISA, 2018 (https://www.erc.ie/wp-

content/uploads/2022/03/ERC-DEIS-PISA-2018-Report1_Sept-2020_A4_Website.pdf 

Granovskiy, B. (2018). Science, Technology, Engineering, and Mathematics (STEM) Education: 

An Overview. CRS Report R45223, Version 4. Updated. Congressional Research Service. 

https://eric.ed.gov/?id=ED593605  

https://www.gov.ie/en/collection/action-plan-for-education-2016-2019/
https://assets.gov.ie/218113/f39170d2-72c7-42c5-931c-68a7067c0fa1.pdf
https://www.chiefscientist.gov.au/sites/default/files/2019-11/optimising_stem_industry-school_partnerships_-_final_report.pdf
https://www.chiefscientist.gov.au/sites/default/files/2019-11/optimising_stem_industry-school_partnerships_-_final_report.pdf
https://doi.org/10.1007/s10763-017-9802-x
https://doi.org/10.1007/s10763-017-9802-x
https://doi.org/10.1111/j.1467-7687.2008.00688.x
https://doi.org/10.1080/03323315.2021.1964568
https://mashable.com/article/diy-space-race-high-altitude-balloons
https://www.erc.ie/wp-content/uploads/2022/03/ERC-DEIS-PISA-2018-Report1_Sept-2020_A4_Website.pdf
https://www.erc.ie/wp-content/uploads/2022/03/ERC-DEIS-PISA-2018-Report1_Sept-2020_A4_Website.pdf
https://eric.ed.gov/?id=ED593605


 

24 

Greenwood, D.J. (2015) ‘An analysis of the theory/concept entries in the SAGE encyclopaedia 

of action research: what we can learn about action research in general from the encyclopaedia’, 

Action Research, 13(2), 198–213. https://doi.org/10.1177/1476750315573592 

Gupta, A. (2005) ‘Rousseau’ in Kierkegaard's romantic legacy: two theories of the self, Ottawa: 

University of Ottawa Press, 61-68. https://doi.org/10.2307/j.ctt1ckpgbc.10 

Hallissy, M., Butler, D., Hurley, J., & Marshall, K. (2013). Redesigning education: Meeting the 

challenges of the 21st century. 

Henriksen, D. (2014). Full STEAM ahead: Creativity in excellent STEM teaching practices. The 

STEAM journal, 1(2), 15. 

Hodson, D. (2003). Time for action: Science education for an alternative future. International 

journal of science education, 25(6), 645-670. https://doi.org/10.1080/09500690305021 

Jones, A., Buntting, C., Hipkins, R., McKim, A., Conner, L., & Saunders, K. (2012). Developing 

students’ futures thinking in science education. Research in Science Education, 42(4), 687-708. 

https://doi.org/10.1007/s11165-011-9214-9 

Jorgenson, D. W., & Vu, K. M. (2016). The ICT revolution, world economic growth, and policy 

issues. Telecommunications Policy, Vol. 40, No. 5, pp. 383-397, doi: 

10.1016/j.telpol.2016.01.002 

Kansaku, C., Kehr, L., & Lanier, C. (2007, June). Stem Related K 12 Outreach Through High 

Altitude Balloon Program Collaborations. In 2007 Annual Conference & Exposition (pp. 12-

1301). 

Kelley, T. R., & Knowles, J. G. (2016). A conceptual framework for integrated STEM 

education. International Journal of STEM education, 3(1), 1-11. https://doi.org/10.1186/s40594-

016-0046-z 

Kitchen, J. and D. Steven. 2008. Action research in teacher education. Action Research, 6(1), 7-

28. 10.1177/1476750307083716 

Laurillard, D. (2013). Teaching as a design science: Building pedagogical patterns for learning 

and technology. Routledge. 

Larimore, R. A. (2020). Preschool science education: A vision for the future. Early Childhood 

Education Journal, 48(6), 703-714. https://doi.org/10.1007/s10643-020-01033-9 

Lilley, I. (1967) Friedrich Froebel: a selection from his writings, Cambridge: Cambridge 

University Press  

McKenney, S. and C. Schunn. 2018. How can educational research support practice at scale? 

Attending to educational designer needs. British Educational Research Journal. 44(6), 1084–

1100. https://doi.org/10.1002/berj.3480    

https://doi.org/10.1177/1476750315573592
https://doi.org/10.2307/j.ctt1ckpgbc.10
https://doi.org/10.1080/09500690305021
https://doi.org/10.1007/s11165-011-9214-9
https://doi.org/10.1016/j.telpol.2016.01.002
https://doi.org/10.1186/s40594-016-0046-z
https://doi.org/10.1186/s40594-016-0046-z
https://doi.org/10.1177/1476750307083716
https://doi.org/10.1007/s10643-020-01033-9
https://doi.org/10.1002/berj.3480


 

25 

NCCA (1999) Primary school curriculum, National Council for Curriculum and Assessment, 

https://www.curriculumonline.ie/getmedia/c4a88a62-7818-4bb2-bb18-

4c4ad37bc255/PSEC_Introduction-to-Primary-Curriculum_Eng.pdf 

NCCA. (2005). Primary Curriculum Review, Phase 1 Final Report with recommendations. 

National Council for Curriculum and Assessment 

(https://ncca.ie/media/1497/primary_curriculum_review_phase_1_final_report_with_recommend

ations_8.pdf 

NCCA, (2023). The Primary Curriculum Framework. National Council for Curriculum and 

Assessment, 

https://www.curriculumonline.ie/Curriculum/media/Curriculum/Primary/Curriculum/2023-

Primary-Framework-ENG-screen.pdf 

NRICH. (2019). NRICH, Thinking Mathematically. https://nrich.maths.org/mathematically 

Pant, M. (2014) ‘Empowerment’ in Coghlan, D. and Brydon-Miller, M., eds., The Sage 

encyclopaedia of action research, London: Sage Publications, 291-292. 

http://dx.doi.org/10.4135/9781446294406.n122 

Papert, S. (1993). The children's machine: Rethinking school in the age of the computer. Basic 

Books, Inc.. 

Petre, M., & Price, B. (2004). Using robotics to motivate "back door" learning. . Education and 

Information Technologies, 9(2), 147-158.  

Perkins, R. C., Aidan. (2020). TIMSS 2019: Ireland's results in mathematics and science 

Education Research Centre, https://www.erc.ie/wp-content/uploads/2020/12/03-ERC-TIMSS-

2019-Report_A4_Online.pdf  

Rivkin, M. (1998) ‘Happy play in grassy places: the importance of the outdoor environment in 

Dewey's educational ideal’, Early Childhood Education Journal, 25(3), 199-201. 

https://doi.org/10.1023/A:1025613413109 

Rogers, C., & Portsmore, M. (2004). Bringing engineering to elementary school. Journal of 

STEM Education, 5, 17-28.  

Roe, J., Thompson, C., Aspinall, P., Brewer, M., Duff, E., Miller, D., Mitchell, R., Clow, A. 

(2013) ‘Green space and stress: evidence from cortisol measures in deprived urban 

communities’, International Journal of Environmental Research and Public Health, 10(9), 

4086–4103. http://dx.doi.org/10.3390/ijerph10094086 

Rusk, R. R., and Scotland, J. (1985) Doctrines of the great educators, London: Macmillan 

Scaife, M., & Rogers, Y. (1999). Kids as informants: Telling us what we didn’t know or 

confirming what we knew already. The design of children’s technology, 27-50. 

https://www.curriculumonline.ie/getmedia/c4a88a62-7818-4bb2-bb18-4c4ad37bc255/PSEC_Introduction-to-Primary-Curriculum_Eng.pdf
https://www.curriculumonline.ie/getmedia/c4a88a62-7818-4bb2-bb18-4c4ad37bc255/PSEC_Introduction-to-Primary-Curriculum_Eng.pdf
https://ncca.ie/media/1497/primary_curriculum_review_phase_1_final_report_with_recommendations_8.pdf
https://ncca.ie/media/1497/primary_curriculum_review_phase_1_final_report_with_recommendations_8.pdf
https://www.curriculumonline.ie/Curriculum/media/Curriculum/Primary/Curriculum/2023-Primary-Framework-ENG-screen.pdf
https://www.curriculumonline.ie/Curriculum/media/Curriculum/Primary/Curriculum/2023-Primary-Framework-ENG-screen.pdf
https://nrich.maths.org/mathematically
http://dx.doi.org/10.4135/9781446294406.n122
https://www.erc.ie/wp-content/uploads/2020/12/03-ERC-TIMSS-2019-Report_A4_Online.pdf
https://www.erc.ie/wp-content/uploads/2020/12/03-ERC-TIMSS-2019-Report_A4_Online.pdf
https://doi.org/10.1023/A:1025613413109
http://dx.doi.org/10.3390/ijerph10094086


 

26 

Schmidt, K. M., & Kelter, P. (2017). Science fairs: a qualitative study of their impact on student 

science inquiry learning and attitudes toward STEM. Science Educator, 25(2), 126-132. 

Schoenfeld, A. H. (2014). Mathematical problem solving. Elsevier. 

Selwyn, N. (2015). Data entry: Towards the critical study of digital data and education. 

Learning, Media and Technology, 40(1), 64-82, 10.1080/17439884.2014.921628  

Sobel, D. (2005) Place-based education: connecting classrooms and communities, 2nd ed., 

Massachusetts: The Orion Society 

Stacey, K., Burton, L., & Mason, J. (1982). Thinking mathematically. Addison-Wesley. 

Stohlmann, M., Moore, T. J., & Roehrig, G. H. (2012). Considerations for teaching integrated 

STEM education. Journal of Pre-College Engineering Education Research (J-PEER), 2(1), 4.  

Teaching Council. (2021). Céim Standards for Initial Teacher Education, 

https://www.teachingcouncil.ie/en/news-events/latest-news/ceim-standards-for-initial-teacher-

education.pdf 

 

https://doi.org/10.1080/17439884.2014.921628
https://www.teachingcouncil.ie/en/news-events/latest-news/ceim-standards-for-initial-teacher-education.pdf
https://www.teachingcouncil.ie/en/news-events/latest-news/ceim-standards-for-initial-teacher-education.pdf

