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Research suggests that children as young as 6 years old could begin to develop a negative
attitude towards the STEM disciplines and this results in disengagement and loss of
interest in these ateas, particularly for girls. Finding ways to address this apparent lack of
interest among young students is critical as reports highlight a lack of students coming
through the STEM ‘pipeline’ and pursuing careers in STEM. Our investigative study
explored the impact of utilising a STEM outreach activity in an attempt to ascertain its
impact on primary school girls’ attitudes towards STEM in Ireland. A survey was used to
collect data on the students’ attitudes toward STEM prior to engaging with the outreach
activity and then immediately upon completing the activity. Results reveal that the
attitude of the students was initially positive towards STEM and remained so for the
duration of the outreach activity, although there was a significant decline in their attitude
towards science. This research highlights valuable insights regarding the potential
benefits to students of engaging in outreach activities from an early age but also alludes
to the risk of overshadowing of individual disciplines that can occur when analysing the
disciplines as a combined ‘meta-discipline’.

Introduction

It is generally accepted by governments and policy advocates across the world that if a
country wishes to be at the forefront of the current technological revolution, it will require
a large and well educated STEM (science, technology, engineering and mathematics)
workforce (Marginson et al., 2013; Department of Education and Skills, 2017). Individuals
from a STEM background are deemed to be critical thinkers who have a creative and
innovative mindset, which is essential to address current and future social, economic, and
global challenges (Caprile et al., 2015). Additionally, it is widely accepted that a diverse
STEM workforce will be needed to address key global challenges such as “climate change,
overpopulation, resource management, agricultural production, health, biodiversity, and
declining energy and water sources” (Thomas & Watters 2015, 42). STEM education is
viewed as a global priority as it links scientific inquiry, formulating questions and
investigating hypothesis, with the engineering design process where individuals engage
with the problem to arrive at a solution (Kennedy & Odell, 2014).
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Even though there is widespread acknowledgement of the importance of STEM and the
essential role that it will play in our futures, there does not yet exist widespread agreement
of what STEM, or even STEM education, actually is. The term STEM education can be
used in reference to education in any of the individual disciplines of STEM or in relation
to interdisciplinary or cross-disciplinary combinations of the individual STEM disciplines
(English, 2016; Li, 2014). Other researchers clearly stress the importance of the
interdisciplinary or cross-disciplinary nature of STEM education and only define it in this
regard (e.g. Johnson, Peters-Burton, & Moore 2015; Kelley & Knowles 2016). The
concept of STEM integration can also be viewed differently with designations such as
multidisciplinary, interdisciplinary, and transdisciplinary (Vasquez, Sneider & Comer,
2013) commonly being used to describe the level of integration. Vasquez, Sneider and
Comer (2013) defined a multidisciplinary approach as one involving two or more
disciplines being learned in isolation but sharing a common theme. In an interdisciplinary
approach, closely linked concepts and skills are learned simultaneously across two or more
disciplines with the goal of improving knowledge and skills. Finally, a transdisciplinary
approach builds upon the interdisciplinary approach by applying the learning to real-world
problems or projects to augment and enhance the overall learning experience (Vasquez et
al., 2013).

In recent years more and more countries have moved to promote STEM activities and
develop STEM skillsets (e.g. collaboration, problem solving, communication, analytical
and critical thinking, etc.) in their cutriculum at all levels, especially primary/ elementary
school levels (Ching et al., 2019). Even with this increased emphasis on STEM, numerous
studies have reported the worrying trend of students’ interest and motivation in STEM
subjects being on the decline (Thomas & Watters, 2015; Elias, 2009). Additionally, global
studies show that although girls commence primary education on a level footing
academically with boys in the subjects of mathematics and science, as they progress
further in their education the gaps between them in terms of performance, representation,
interest, and attitudes only widen (UNESCO, 2017). Many articles report on a lack of
participation, progression, and achievement in STEM education for females and
consequently there have been many initiatives and interventions that aim to help increase
females’ interest in, and engagement with STEM (UNESCO 2017; Fairhurst et al., 2024).
In their review of interest and persistence in 119 STEM education publications, van den
Hurk, Meelissen and van Langen (2019) found that the majority of studies focused on
only one or two STEM disciplines. Our study therefore addresses gaps in the literature by
focusing on all four STEM disciplines. We investigated the impact of a STEM outreach
activity on a cohort of Irish primary school girls’ attitudes towards STEM, guided by the
following research questions:

¢ What is the attitude of the Irish primary school girls towards STEM prior to
engagement in the outreach activity?

e What impact does the STEM outreach activity have on Irish primary school girls’
attitudes towards STEM?

e What impact does the STEM outreach activity have on Irish primary school girls’
attitudes towards the individual subjects of science, technology, engineering and
mathematics?
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Literature review
Gender issues in STEM

Regardless of how STEM or STEM integration is defined, there exists an internationally
accepted need to have a committed STEM education focus and a skilled STEM
workforce. Unfortunately, many studies still report the inequality that exists between
genders when it comes to STEM education and careers (e.g. Sadler et al., 2012; Cheryan et
al., 2017). This gender disparity is usually to the detriment of females with fewer females
than males choosing to study STEM subjects in school and university (Department of
Education and Skills, 2017; UNESCO 2017; National Academies of Sciences,
Engineering, and Medicine, 2020). Consequently, females are less likely to select academic
pathways that involve STEM subjects or to pursue careers in STEM (Jones, Howe & Rua,
2000; Lent et al., 2005). According to Martinez and Christnacht (2021), participation of
females in the STEM workforce in the United States has increased from 8% in 1970 to
27% in 2019, even though they constitute 48% of the overall workforce. These numbers
are even worse among ethnic-racial minority women, where of the 27% of female STEM
workers in the workforce in 2019 only 5% of them were women of colour (Martinez &
Christnacht, 2021).

Although most research highlights the disparity between males and females in STEM
disciplines, there are some positive results. Miller and Wai (2015) highlighted how, in a 30-
year review of degree to PhD transitions in the US, the difference between males and
females in STEM disciplines appears to have diminished. That said, research does still
indicate that the proportion of female students in certain STEM disciplines, e.g.
engineering and computer science, are much lower than males (Cheryan et al., 2017,
Martinez & Christnacht, 2021). To try to better understand this issue, Charlesworth and
Banaji (2019: 7229) advocated for an increased research focus on ‘earlier transitions’ such
as high school-to-college (18/19 years old), and middle school-to-high school (13/14
years old). The disparity between male and female students is still evident at these early
transition points, which can have a significant impact on later educational and career
choices. Additionally, gender stereotypes, which assert that STEM disciplines are
masculine subjects and that females will perform more poorly in these fields, also
undermine females' confidence, interest, and willingness to engage in STEM subjects
(Kijima et al., 2021; Mackenzie et al., 2021). Master, Meltzoff and Cheryan (2021) revealed
how children as young as 6 years of age endorse negative stereotypes that girls are less
interested than boys in computer science and engineering, which may have a detrimental
impact on their selection of school subjects and future career pathways. With ongoing
evidence of low interest, under-representation, and endorsement of negative stereotypes,
it is necessary to explore ways to maintain or increase females” STEM interest from
primary school onward, which was one of the goals of this research study.

Interestingly, not all researchers have found a difference between the attitudes of male and
female students regarding STEM subjects (Miller et al., 2002; Akpinar et al., 2009). Some
researchers have found that subject selection has a more pronounced influence on
students’ attitudes towards STEM. For example, Jones, Howe and Ria (2000) reported
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that male students were more interested in the physical sciences, whereas female students
preferred the life sciences. In fact, in a study in 2002 the biggest factor influencing
students’ attitudes towards science was the pedagogical approach employed by the teacher
(Miller et al., 2002).

Primary STEM education

In Ireland, the meaning of STEM education is complex and varied. The Department of
Education and Skills (DES) defined STEM education as being ‘multi-faceted’ and stated
that it ‘goes well beyond the main disciplines that constitute the acronym’ (Department of
Education and Skills, 2017: 5), but no specific definition is provided. Typically, the
teaching of STEM subjects in Ireland happens in isolation, although schools are
encouraged to utilise cross-disciplinary approaches, especially at the primary education
level (Department of Education and Skills, 2017).

Although there has been a significant international research focus placed on STEM and
STEM education in the past 20 years, the emphasis on STEM education as a research
domain at primary level has not always been as prominent. One of the reasons for the
increased focus at primary level in recent times is possibly down to the fact that
researchers now accept that primary school students have the capacity to engage with a
STEM curriculum that incorporates student-centred problem solving and critical thinking
(DeJarnette, 2012). In Ireland, many innovative activities and competitions are organised
to engage and encourage participation in STEM among the primary school population.
Examples of such activities/competitions include:

- The Primary Science Fair @BTYSTE (https://btyoungscientist.com/the-primary-science-
fair-at-btyste/); - ESB Science Blast (https:/ /www.esbscienceblast.com/); and

- Reell IFE Science (https:/ /teellifescience.com/).

In recent years, more and more researchers have advocated for the commencement of
students’ STEM education journey at an eatlier age, with many identifying primary
education as the ideal time to initiate this journey (National Science Board, 2010). Aligning
with the work of renowned educationalists Piaget, Dewey, and Steiner - all of whose work
was listed as fundamental in the design of the theoretical framework underpinning this
project (see Connolly et al, 2023) - an integrated primary school STEM education
curriculum should be centred around the learner, incorporate adventure through
uncertainty and supported risk, develop a space for creativity and agency and connect the
learner to the natural world.

Regardless of the advocacy for engaging students in STEM education as eatly as possible,
there are issues to consider when attempting to organise an integrated STEM education
curriculum at primary school level. Hourigan et al. (2022: 705) pointed out that teachers
within their study felt that the enactment of a transdisciplinary approach to an integrated
STEM curriculum was ‘a step too far’ and that they would run the risk of diluting the
mathematics and science curricula, which could lead to poor content knowledge
development in these areas. Similarly, Kurup et al. (2019) found that although pre-service
teachers have strongly held beliefs and intentions towards teaching STEM in their future
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classrooms, they exhibited a lack of understanding and pedagogical knowledge regarding
how best to integrate the instruction of the STEM subjects.

STEM outreach activities

STEM outreach can take place at every age level from pre-school all the way through to
adulthood. The term ‘STEM outreach’ is used to classify activities that are delivered
‘outside of the traditional student/teacher trelationship to STEM stakeholders (students,
parents, teachers...) in order to support and increase the understanding, awareness and
interest in STEM disciplines’ (Tillinghast et al., 2020: 10). While many outreach activities
can happen outside of the traditional school setting, and for this reason may be seen as
informal learning, it is still important that the learning be specifically structured to achieve
a desired outcome (Jarman, 2005). Formal STEM learning activities typically take place in
the school setting whereas informal STEM learning activities could take place in
museums, parks, summer camps, libraries, or even at home. Hussim et al. (2024: 2) stated
that the National Research Council in the US has defined informal STEM learning as
learning that “occurs throughout one’s everyday experiences, designed settings, and
activities outside the classrooms that focus on a single STEM area or utilise an integrative
approach to STEM”. Regardless of where the learning occurs, there is significant research
available to demonstrate that outreach activities can positively impact students’
perceptions, interest, and engagement in STEM and even increase the likelihood that
students will pursue a career in STEM (Roberts et al., 2018; Kwon et al., 2021; Kitchen et
al., 2018).

A key consideration when designing a STEM outreach activity is that the purpose of the
activity and the evidence provided to measure the overall impact of the activity align. In
some past outreach activities, there has been a misalignment between program objectives
and what was actually measured in the evaluation, which resulted in an incomplete picture
regarding the impact of the outreach initiatives (Husher, 2010). Vennix, den Brok and
Taconis (2018) also pointed out that although there are many benefits to engaging with
STEM outreach activities, care must be taken as the impact of the outreach activity will
ultimately depend on the specific characteristics (e.g., teaching methods, location,
objective) of the activity.

Method
The Spaceship Earth project

The Spaceship Earth project was a Science Foundation Ireland (SFI) Discover-funded
project run between University of Galway, University of Limerick and Met Fireann (the
Irish meteorological service). Ethical approval for this project was obtained from the
faculty of Education and Health Sciences’ ethics committee in the University of Limerick
— approval number 2020_02_04_EHS. The aim of the outreach project was to inspire,
engage, and educate teachers, students, and the public about STEM through launching
high-altitude balloons to the edge of space. The format of Spaceship Earth was to engage
students in real-world project-based experiments in the classroom that are used to develop
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collaborative problem solving skills and a framework for asking, analysing and answering
scientific questions. Students developed experiments that they could launch into the
stratosphere (approximately 30-35 km above sea level) and then analysed and reported on
the outcomes of their experiments. For more information regarding the theoretical
tframework underpinning the design of the Spaceship Earth project, please see Connolly et
al. (2023).

Participants

The Spaceship Earth project was conducted in three primary schools in the Republic of
Ireland. Two of the primary schools were selected due to their proximity to each of the
Universities involved in the study, whereas the third school was selected due to its
proximity to the balloon launch site. Each school selected students from 4th class (9 — 10
year olds) to participate in the research project. Unfortunately, one of the schools chose
not to participate in the research element of the project and another of the schools only
submitted the pre-surveys, and so the research presented in this paper is based on the data
(pre- and post-) from only one school — an all-girls school. The all-girls school is located
in the west of Ireland and has approximately 430 students enrolled. In total 51 students
from the all-gitls school participated in both rounds of data collection (65 in the first
round and then 53 in the second round).

Procedures

The Spaceship Earth project initially commenced in January 2020 but due to the global
Covid-19 pandemic, which led to the physical closure of all schools in Ireland in March
2020 and restrictions on access to schools and students when they reopened, it was
necessary to postpone the project for 12 months. In March 2021 the project
recommenced and previously interested schools were re-contacted and asked if they were
still interested in participating. Commencing in June 2021 a series of three 1-hour online
workshops were run with up to 15 different classes (approximately 300 students) in the
participating schools to discuss the project and the ideas of space, weather prediction,
high-altitude balloons, scientific experimentation and potential project ideas that might be
suitable for students to send up into the stratosphere. These ideas included comparing the
growth of sunflower seeds sent up into the stratosphere with sunflower seeds that
remained on the Earth’s surface or sending a marshmallow up into the stratosphere to
explore the impact of the reduced pressure on its shape and structure. Between July and
October 2021, the student experiments were launched with the assistance of Met Eireann
from their weather station in Cahersiveen, County Kerry in the south-west of Ireland. In
order to gain insight regarding the primary students’ attitudes towards STEM and to
explore whether the Spaceship Earth project had altered the students’ attitudes towards
STEM, a 20-minute pen-and-paper pre- and post-survey on student attitudes towards
STEM was administered. The pre-test was carried out among students prior to the first
online workshop in June 2021, and the post-test was carried out in November 2021
following the final online meeting,
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Survey instrument

The S-STEM research questionnaire, which is a questionnaire designed to assess students’
attitudes towards science, technology, engineering, mathematics, and their 21st century
skills, was utilised as part of this study. The S-STEM questionnaire was developed by a
research team at North Carolina State University (Unfried et al. 2015) and was utilised for
both the pre- and post-test. The S-STEM questionnaire consists of 37 5-point (strongly
agree to strongly disagree) Likert-type items (a sample of some of the questions is shown
in Table 1). Within the entire questionnaire, there are 26 items assessing students” STEM
attitudes, with 8 items (Q1-Q8) focusing on mathematics, 9 items (Q9-Q17) addressing
science, and 9 items (Q18-Q206) investigating engineering/technology. The remaining 11
items (Q27-37) in the questionnaire form the 21st century skills subscale. The
questionnaire consisted of both positively and negatively worded questions, which are
used to force the students to consider the questions more carefully with the intention of
reducing biases and obtaining a more meaningful response from the respondents.

Table 1: Examples of S-STEM questions

Strongly

: Neither agree By Strongly
disagree

Disagree .
S nor disagree agree

I am the type of student to do well
in math

I will need science for my future
work

I am good at building and fixing
things

I am confident I can help my peers

Data analysis

The data obtained from this study were entered into SPSS and analysed to check for
differences within the group. Tests for normality were conducted on both the pre- and the
post-data and it was found that the data was not normally distributed. For this reason,
non-parametric testing approaches were utilised. The reliabilities of the S-STEM
questionnaire for both pre- and post-testing were estimated using Cronbach’s alpha
coefficients. The Cronbach’s alpha coefficients were 0.946 and 0.941 for the pre- and
post-test, indicating a very high level of internal consistency in the outcomes of the two
tests. Wilcoxon signed-rank tests were used to check whether there were any significant
differences between the pre- and post-test scores within the S-STEM questionnaire, and
its subscales, for the girls.
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Results

Table 2: Results of the Wilcoxon signed-rank tests (post-pre) for the students

Wilcoxon signed-rank test (post-pre)

Scale z p Effect size
The whole S-STEM 0 1.000 0
STEM subscale -1.106 269 -0.10951
Mathematics subscale -1.692 .091 -0.16753
Science subscale -2.043 .041 -0.20229
Eng/Tech subscale -1.147 251 -0.11357
21 Century Skills subscale -0.943 .346 -0.09337

The overall median score for the students on the S-STEM questionnaire in the pre-testing
was 4 and it was also 4 in the post-testing. A score of 4 shows that the students presented
a positive attitude towards the general area of ‘STEM’ in both pre- and post-testing. A
comparison of the pre-test S-STEM median score and the post-test S-STEM median
score was carried out using a Wilcoxon signed-rank test. The mean of the positive ranks
(8.50) was identical to that of the negative ranks (8.50) suggesting that values for the pre-
test S-STEM scores are generally the same as for the post-test S-STEM scores. The
Wilcoxon signed-rank test resulted in a Z statistic of zero, which yielded an exact p-value
of 1.000. This is not significant and so we cannot reject the null hypothesis of equal
medians for the two variables. The results suggest that students’ attitudes, as measured by
the S-STEM questionnaire, have not changed significantly between the two testing
periods.

When looking at the STEM subscale (excluding the 21st century skills questions from the
S-STEM questionnaire) the overall median score in the pre-testing was 4 whereas the
post-testing median score was 3.50. A Wilcoxon signed-rank test was carried out to see if
this decline in students’ attitudes between pre- and post-testing was significant. The mean
of the negative ranks (13.35) was larger than the mean of the positive ranks (10.25),
suggesting that the pre-test STEM scores are generally larger than the post-test STEM
scores. The Wilcoxon signed-rank test resulted in a Z statistic of -1.106, which yielded an
exact p-value of 0.269. This is not significant and so we cannot reject the null hypothesis
of equal medians for the two variables. The results again suggest that students’ attitudes,
as measured on the STEM subscale of the S-STEM questionnaire, have not changed
significantly between the two testing periods.

The next phase of the analysis focused on the individual subject discipline subscales.
Within the S-STEM questionnaire, there are three subject discipline subscales —
‘mathematics’, ‘science’, and ‘engineering and technology’. When focusing on the
mathematics subscale a Wilcoxon signed-rank test was again used to explore if there was
any difference between median scores pre- and post-participation in the outreach activity.
The overall median score in the pre-testing was 4 and the post-testing median score was
also 4. The mean of the negative ranks (14.44) was smaller than the mean of the positive
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ranks (14.53), suggesting that the pre-test mathematics scores are generally less than the
post-test mathematics scores. The Wilcoxon signed-rank test resulted in a Z statistic of -
1.692, which yielded an exact p-value of 0.091. This is not significant and so we cannot
reject the null hypothesis of equal medians for the two variables. The results suggest that
students’ attitudes towards mathematics have not changed significantly between the two
testing periods.

For the science subscale, a Wilcoxon signed-rank test was again used. The overall median
score in the pre-testing was 4 and the post-testing median score was 3. The mean of the
positive ranks (15.00) was identical to the mean of the negative ranks (15.00), suggesting
that values for the pre-test science scores are generally the same as for the post-test
science scores. The Wilcoxon signed-rank test resulted in a Z statistic of -2.043, which
yielded an exact p-value of 0.041. This is significant (< 0.05) and so we can reject the null
hypothesis of equal medians for the two variables. The results suggest that students’
attitudes towards science have changed significantly between the two testing periods.

The next subscale examined was the engineering and technology subscale. The overall
median score in the pre-testing was 4 and the post-testing median score was 4. The mean
of the negative ranks (12.14) was larger than the mean of the positive ranks (9.44)
suggesting that the pre-test STEM scores are generally larger than the post-test STEM
scores. The Wilcoxon signed-rank test resulted in a Z statistic of -1.147, which yielded an
exact p-value of 0.251. This is not significant and so we cannot reject the null hypothesis
of equal medians for the two variables. The results suggest that students’ attitudes towards
engineering and technology have not changed significantly between the two testing
periods.

The final subscale examined was the 21st century skills subscale. The overall median score
in the pre-testing was 4 and the post-testing median score was 4. The mean of the
negative ranks (9.50) was identical to the mean of the positive ranks (9.50) suggesting that
the values for the pre-test 21st century skills scores are generally the same as for the post-
test 21st century skills scores. The Wilcoxon signed-rank test resulted in a Z statistic of -
0.943, which yielded an exact p-value of 0.346. This is not significant and so we cannot
reject the null hypothesis of equal medians for the two variables. The results suggest that
students’ attitudes towards 21st century skills have not changed significantly between the
two testing periods.

Discussion

As with the majority of studies, the design of the current study is subject to limitations.
Since this was an investigative study, it was intended to have a small sample.
Unfortunately, due to circumstances outside of the control of the authors, data from two
of the three participating schools in the Spaceship Earth project could not be reported
upon and so only data from one school is presented here. The sample size of 51 is small
and so care needs to be taken when interpreting the overall results of the study. Ideally,
this study should be repeated with a larger sample size to see if the results can be
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replicated. An additional limitation arises when we consider the timing of the study. This
study took place soon after schools re-opened after the Covid-19 pandemic when certain
restrictions were active in the classroom. The long term consequences of online learning
on students during this extremely challenging time is only now becoming clear and the
impact on practical, hands-on subjects (e.g. science, engineering) appears to be more
significant than on other subjects (Chadwick & McLoughlin, 2021), which could be a
factor contributing to students’ decline in attitudes towards science.

The first research question sought to ascertain the attitude of the Irish primary school gitls
towards STEM prior to their engagement with the Spaceship Earth outreach activity.
Overall, the students, who were all aged between 9 and 10 years old, had a positive
attitude towards STEM as they returned a median score of 4 (out of 5) on the S-STEM
questionnaire at the start of the study. A study carried out by Zhou et al. (2019) found that
students in the early years of primary education have a more positive attitude towards
STEM than in the latter years. Kotte (1992) found that the largest disparity between male
and female students in terms of attitudes towards STEM happened between the ages of
10 and 14 years. Within this age range girls’ attitudes towards STEM, or the individual
STEM disciplines, declined significantly when compared to their male counterparts.
Catsambis (1995) also identified this difference in attitude between male and female
students in their study but noted that the disparity was only in terms of attitudes and that
it did not translate over to achievement, grades or even enrolment on courses. The
students in our study lie at, or close to, this potential threshold age where declines in their
attitudes towards STEM or STEM disciplines become more pronounced. As it stands
their overall attitude towards STEM prior to engaging in the outreach activity was
positive, but close attention should be paid to female students as they approach the 10 to
14 year old ‘danger zone’.

According to Kurdziel and Libarkin (2003) boys tend to be more self-assured than girls in
terms of their mathematics and science abilities and this lack of belief can have a negative
impact on female students” STEM attitudes and their confidence. In Ireland students as
young as 14 years of age informally start to make decisions regarding their selection of
subjects for their Leaving Certificate (upper secondary education), which can have a
knock-on effect on the potential college courses and careers that these students pursue in
the future. Sadler et al. (2012) also highlighted the importance of focusing on students’
attitudes towards STEM from an early age by showing that students’ career interests when
entering high school (approximately aged 14) were the strongest predictors of their career
interests when leaving high school. Frize (2010) echoed this sentiment by stating that
focusing on developing female students’ STEM self-esteem and confidence is extremely
worthwhile as it can have a positive influence on their overall STEM performance and
increase the likelihood that they pursue careers in STEM. Additionally, Mackenzie et al.
(2021) found that, to increase gitls' enrolment in specific science subjects e.g. physics and
chemistry, it is crucial for teachers to foster self-efficacy and a growth mindset in science,
particularly during the students’ adolescent years.

The second research question considered the possible change in students’ attitudes once
they had participated in the Spaceship Earth outreach program. No statistically significant
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change was detected in the students’ overall STEM attitudes, which in this instance is an
encouraging result as the students’ attitudes prior to engaging in the outreach program
were positive. Again, the importance of female students’ possessing a positive attitude
towards STEM, or individual STEM disciplines, is significant as researchers have
identified attitudes toward STEM content and career interests as key variables in
predicting student participation in STEM-related careers (Sadler et al., 2012; Frize, 2010).
Care needs to be taken when interpreting this result, as it cannot be attributed directly to
the Spaceship Earth outreach activity. Over the course of the months that the students
were engaged in the outreach activity, they were also naturally engaging with their
traditional school curriculum. For this reason, the overall impact of any outreach activity
can be difficult to evaluate and perhaps challenging to replicate. Bogue et al. (2013)
pointed out that although many STEM outreach programs anecdotally claim to have been
effective and to have had an impact; few are able to report tangible evaluation results.
There are many reasons offered in the literature around why this might be the case. These
reasons range from an emphasis on measuring short-term rather than long-term impacts
(Felix et al., 2004); the explicit description of the goals not being clear from the start
(Varner 2014), or a potential misalignhment between the objectives of the program and
what is measured in the evaluation (Husher, 2010). Therefore, although the evaluation of
the students’ attitudes towards STEM remained positive after their engagement with the
Spaceship Earth outreach activity, the proximity of the final data collection point to the
completion of the outreach activity means that the long-term impact of the outreach
activity remains difficult to assess.

The third and final research question sought to investigate the STEM subject disciplines
individually and to check for any statistically significant differences over the duration of
the outreach activity. The disciplines of mathematics and engineering and technology
showed no significant change for the girls although there was a statistically significant
decline in the students’ attitudes towards science over the course of the study. This decline
in girls’ attitudes towards science is unfortunately not an outcome specific to this study.
Brotman and Moore (2008, 978) reported on several large quantitative studies which
highlighted that “girls’ overall attitudes toward science are either less positive than boys’
or decline more significantly with age”.

Other factors could equally be contributing to this decline. Thomson and Gregory (2013)
highlight how teachers’ beliefs regarding science teaching and learning influence their
instructional approaches in the classroom, and that a shift in beliefs might first be
necessary before we can witness a more constructivist and student-centred teaching
approach. Additionally, Kanter and Konstantopoulos (2010) pointed out how
improvements in both teacher content and pedagogical content knowledge along with the
adoption of more inquiry-based activities can have a positive impact on student
achievement in science. Interestingly, no statistically significant change was detected when
looking at the entire S-STEM survey or even the STEM subscale (once the 21st century
skills questions were removed). English (2016) previously highlighted this, where changes
in students’ achievement or attitude in one discipline could be masked or overshadowed
by the other disciplines when analysing the disciplines as a combined entity. She pointed
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out that more research is needed to identify ways to ensure that the learning in more
evenly distributed across each of the STEM disciplines.

Enhancing students’ proficiency more uniformly in the individual subject disciplines that
make up the pillars upon which the STEM platform resides is essential if we wish to see
an increase in STEM participation and engagement among all students. As Marginson et
al. (2013, 72) so eloquently put it, “we need to lift the level of the peaks of the STEM
mountain range, and broaden and elevate the whole of the range at the same time”.

Conclusion

Although this study found that the overall attitudes of the female students toward STEM
were positive, more research into the disparity that exists between male and female
students regarding STEM and the STEM disciplines is needed. If we are to address the
apparent shortfall in STEM graduates, more extensive research into the factors that
influence male and female students’ choice, interest, recruitment and retention in STEM
disciplines is needed. From a gender perspective, factors that negatively affect female
students’ attitudes and engagement in STEM disciplines need to be identified and
addressed. It is essential that we deepen our understanding of what engages female
students in STEM disciplines during their primary school education so that provisions can
be put in place to better prepare and entice female students towards STEM-related
disciplines.

Although outreach activities are a commonly used vehicle to increase the interest and
engagement of students in STEM, more research specifically tailored at identifying and
evaluating the success of these activities is needed. Many outreach activities inadvertently
choose to measure short-term success criteria, often because of short-term or limited
funding for the outreach activity, and so it is frequently challenging to quantify the long-
term impact of such activities on the students. Seeing as students’ attitudes towards STEM
appear to decline over extended periods of time, more longitudinal research studies
focusing on monitoring students’ attitudes and engagement with STEM activities, utilising
both quantitative and qualitative data, are essential to develop a more complete picture of
the factors which influence students’ decisions and ultimately their potential engagement
with STEM.

Finally, with the increased emphasis that is being placed on treating STEM as a unified
area of instructional practice, it is essential that we do not disregard the individual subject
disciplines that underpin the STEM ‘meta-discipline’. Most countries do not possess a
school subject called ‘STEM’ and so do not possess or have in place specific learning
intentions regarding STEM. It is important that we remain mindful of the individual
disciplines that form the bedrock of the STEM ‘meta-discipline’ as otherwise we run the
risk of diluting the curricula of these core disciplines, which will ultimately have a
detrimental effect on student knowledge, engagement and participation in STEM.
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