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Dialectical dividends: fostering hybridity of new pedagogical
practices and partnerships in science education and outreach
Diogo Martins Gomes and Veronica McCauley

School of Education, National University of Ireland, Galway, Ireland

ABSTRACT
Science literacy has become socially and economically very
important. European countries stress that science graduates are
fundamental for economic growth. Nevertheless, there is a
declining student participation in science. In response, there has
been a call to change the way science is taught in schools, which
focuses on inquiry methods rooted in constructivism. Universities
and other organisations have responded by developing outreach
programmes to improve student engagement in science. Given
this context, there is a necessity for research to ascertain if this
new relationship between outreach and education is worthwhile.
This study examines and compares primary teachers and outreach
practitioners understanding and perceptions of constructivist
science pedagogy, in an effort to understand the potential of a
teacher-outreach partnership. For this, qualitative and quantitative
methods were employed, taking a dialectic pragmatic stance.
Contradicting the recurrent view, teachers and outreach providers
revealed favourable views in relation to constructivism, despite
recognising barriers to its implementation. These results support a
partnership between teachers and outreach practitioners and the
realisation of the hybrid role of each participant. The results also
reveal an important dynamic in outreach access to schools.
Specifically, the outreach connected teachers acted as
gatekeepers by negotiating access into their colleagues classrooms.
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Introduction

Governments worldwide, realising that science influences every aspect of modern life,
aspire to boost scientific capacity in order to promote economic growth and develop a
well-informed and empowered society (DJEI [Department of Jobs, Enterprise and
Innovation], 2015; European Commission, 2016; Itzek-Greulich et al., 2015; Osborne &
Dillon, 2008). Traditionally, an increase in scientific capacity has been targeted through
the schools and these efforts have been carried out through curricular change and
teacher training (Bell, Lewenstein, Shouse, & Feder, 2009). Apart from the formal experi-
ences, students have abundant opportunities to be involved with science, for example
after-school science programmes, open day visits to universities or science camps (Bell
et al., 2009). Efforts to provide informal opportunities to engage with science and integrate
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it with formal learning are comparatively new (Tressel, 1994; Woods-Townsend et al.,
2016). Therefore, the links to formal learning are not usually planned or accounted for
(Crane, 1994; Monteiro, Martins, Souza, & Carvalho, 2016).

Nevertheless, in recent years, informal opportunities have increased in number (Hol-
megaard, Madsen, & Ulriksen, 2014; Stocklmayer, Rennie & Gilbert, 2010; Tan, Barton,
Kang, & O’Neill, 2013) in response to the shortage of science graduates (European Com-
mission, 2011; Osborne & Dillon, 2010; Regan & DeWitt, 2015). Informal learning
activities are being recognised as a supplement to the formal learning of science (Euro-
pean Commission, 2007; NSF [National Science Foundation], 1998; Stocklmayer et al.,
2010).

In Ireland, informal opportunities are also increasing, reflecting this global trend
(Davison, McCauley, Domegan, & McClune, 2008; SFI [Science Foundation Ireland],
2014a). There has been a shift to meet the challenge of engaging young people in
science. This shift led to the introduction of science as a subject in its own right within
the Irish primary curriculum in 2003. Before that, there was a recognised ‘neglect of
science in primary schools’ (Varley, Murphy, & Veale, 2008, p. 15). To aid this integration
of science in Irish primary schools, different institutions, particularly universities, intro-
duced new informal science outreach programmes (SFI, 2014a). Due to the recent intro-
duction of science at primary level and the existence of a great number of science outreach
programmes, this research examines them in the context of primary-level education in
Ireland. This study situates between science outreach and science education in order to
promote a more efficient collaboration between both areas and a more engaging science
experience. The next sections analyse (1) the curricular change in science education, par-
ticularly at primary level (2) how these reforms are accepted by teachers and (3) the role of
science outreach in science education.

Curricular change in science education

Changing science education to make it more engaging and meaningful for students is not a
new objective. Schwab (1963) was one of the first researchers to design a model for science
education that challenged the ‘traditional way of teaching’ (Schwab, 1963, p. 21). Since then,
many authors have questioned the way science is taught in schools (McCoy, Smyth, & Banks,
2012; Osborne &Dillon, 2010). In parallel, several authors have reported a decline in number
of students pursuing a science-related career (Fortus & Vedder-Weiss, 2014) and the declin-
ing participation in the physical sciences (Hampden-Thompson & Bennett, 2013).

The European Commission (2007) states that in order to increase interest in science,
science education needs to change and suggests that this involve ‘a reversal of school
science-teaching pedagogy from mainly deductive to inquiry-based methods’ (p. 2).
Such claims are supported by evidence presented by several authors such as Koksal and
Berberoglu (2014) who document the positive effect of a guided-inquiry approach on
sixth-grade Turkish students’ cognitive as well as affective characteristics; and Jocz,
Zhai, and Tan (2014) who suggest that inquiry learning can increase Singaporean students’
interest in school science when the everyday applications of science are emphasised and
peer discussion is encouraged.

Inquiry learning is stressed in the Irish primary-level curriculum (DES [Department
of Education and Skills], 1999). The curriculum advocates that students need to plan,
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design and perform investigations in order to learn and make sense of science. Further-
more, the curriculum explicitly values a constructivist approach. This constructivist
approach recommends starting from the child’s ideas and favouring a developmental
view (DES, 1999). Finally, creativity in science and the learning of science are
highlighted.

From curricular guidelines to practice in schools

Curricular reforms acknowledge the increasing importance of primary education in terms
of supporting progressive change in science education. The final years of primary level
are highlighted as a key time for the school to motivate students towards a career in
science (European Commission, 2007; Tytler, Osborne, Williams, Tytler, & Cripps
Clark, 2008).

In spite of curricular efforts, reports from the UK, Australia and Ireland, for example,
reveal a gap between the intended and actual student curricular experience (ASTEC
[Australian Science, Technology and Engineering Council], 1997; HM Inspectors of
Schools, 1999; Varley et al., 2008). These reports indicate that primary-level teachers
are reluctant to teach science. Research indicates that many do not have the preparation,
confidence or the belief that science should be one of the most relevant subjects in primary
education (Avraamidou, 2013; Kim & Tan, 2011). Mulholland and Wallace (2003), for
instance, assert that pre-service early childhood teachers see themselves as a ‘non-scien-
tists’. Nichols and Koballa (2006) conclude that primary-level teachers lack of science
knowledge. Thomson and Gregory (2013) conclude that shifting primary-level teachers’
practices towards supporting a constructivist approach will first require changing their
beliefs about science teaching and learning. Furthermore, Mintzes, Marcum,
Messerschmidt-Yates, and Mark (2013) report the relevance that self-efficacy plays in
implementing constructivist practices. They state that the highest levels of self-efficacy
are found in those who have a strong science background and an inclination to engage
in reform-based teaching practices. This leads to research such as that by Kanter and
Konstantopoulos (2010) that states ‘if teachers are lacking in content knowledge or
pedagogical content knowledge, they may not be able to employ the inquiry-based
aspects’ (p. 174).

In Ireland, only 10% of Irish primary-level teachers have science in their university
degree (Eivers & Clerkin, 2013). The TALIS (OECD [Organisation for Economic Co-oper-
ation and Development], 2010) international survey programme concludes that teachers
in Ireland use the traditional model of teaching even more than teachers in other
countries. The curricular change in primary level, the difficulties teachers face in imple-
menting these changes in relation to science education, and the relevance given to
primary level as the key time to motivate students towards science, form the rationale
behind why primary level has been chosen as the focus of this study.

Science outreach: a remedy for a broken system?

Stocklmayer et al. (2010) argue that change in science education does not seem achievable
in the near future. Schools systems have shown repeatedly to be resisting it. In response to
these concerns, science outreach lies at the centre of the European Union’s policy to create
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an economy supported by science literate people who are interested in research and inno-
vation (Davison et al., 2008). The European Commission (2007) advocates that science
outreach can accelerate the pace of change in science education.

In Ireland, SFI, a state agency, is the primary investor in scientific research (SFI,
2014a). As such, the SFI has strongly invested in science outreach (SFI, 2014a). SFI Dis-
cover programme is described as an auxiliary instrument to education. One of its central
objectives is to support and develop the education and outreach sector (SFI, 2014a). Fur-
thermore, it aims to increase the number of students following a science career with
strategies such as SFI Smart Futures 2014–2017 (SFI, 2014b). Its objective is to increase
the uptake of science in second and third level by 10%. According to this strategy, SFI
are charged with organising visits by volunteer research staff to schools to showcase
their research, discuss more general science issues and promote careers in science
(SFI, 2014b).

SFI has a specific programme for science outreach at the primary level, Discover
Primary Science and Maths (DPSM). DPSM (2014) provides resources for teachers and
students to develop inquiry learning activities and training for primary-level teachers
(DPSM, 2014). The DPSM outreach programme aims specifically to help teachers
develop the Irish primary science curriculum.

Stakeholders envision a relevant role for science outreach in engaging students with
science. Research conducted by Henriksen, Jensen, and Sjaastad (2015) suggest that stake-
holders wishing to improve science participation need to consider partnerships with edu-
cational institutions. Fallik, Rosenfeld, and Eylon (2013, p. 69), in their review of formal
and informal learning, also conclude that there is ‘a serious lack of contact between formal
and informal learning contexts that teach the same concepts’ and recognise ‘the need to
create productive collaborations between informal science education organisations and
schools’ (p. 70). How these partnerships can fruitfully work is still a contested and
debated field (Stocklmayer et al., 2010). This study is centred precisely on the problematic
relation between science education at primary level and outreach.

Research aims

This study is situated between two spaces. The first space is science education at the
primary level, the second, science outreach initiatives. This study is focused on univer-
sity-driven science outreach because the latter forms the majority of outreach initiatives
in Ireland (Davison et al., 2008). It analyses and compares the views that teachers and out-
reach practitioners have regarding the objectives envisaged by curricular reforms, in order
to understand the potential for fruitful partnerships. The overall aim of the research is to
examine and compare primary teachers’ and science outreach practitioners’ understand-
ing and perception of a constructivist approach to science teaching, in order to improve
the hybrid practice of science education/outreach in Ireland.

The methodological phase of this research is guided by two research questions:

RQ 1: What are primary teachers’ and science outreach practitioners’ understanding and
perceptions of a constructivist approach to science teaching?

RQ 2: How do primary teachers and science outreach practitioners understand conceptual
and pedagogical dilemmas in science teaching and learning?
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Methods

To address the research questions, this study follows a dialectic pragmatic stance. Dialec-
tical pragmatism emphasises that ‘pragmatism for mixed methods takes quantitative and
qualitative methods seriously but then develops a synthesis of the research study’ (Teddlie
& Tashakkori, 2009, p. 73). Since this study uses qualitative and quantitative methods, it
employs deductive and inductive logics to address the confirmatory and exploratory
research questions (Johnson & Onwuegbuzie, 2004). For the purposes of this paper, the
authors will draw reference from a semi-structured interview process that allowed for
both qualitative and quantitative analysis.

Sampling

The semi-structured interview designed for this study obtained both quantitative and
qualitative information, with an emphasis on the latter.

This stage of the study followed a purposive sampling strategy (Cohen, Manion, &
Morrison, 2007) for each research participant group, teacher and outreach practitioner.
It is biased as it is not randomly picked, and as such does not pretend to represent the
wider population (Palys, 2008). To select the outreach practitioners, web searches
focused on scientists and science outreach officers who worked with primary-level stu-
dents. Thirty outreach practitioners were interviewed. For the teacher population, the
objective was to select teachers from large and small schools. Small schools are schools
with less than 180 pupils (Ó Slatara & Morgan, 2004). Four primary schools were selected,
two small schools and two large schools. Thirty-one teachers were interviewed. To follow
ethical guidelines (Cohen et al., 2007), access was negotiated through the principals. Table
1 presents the selected characteristics of the participants. The number of participants
selected for interview is justified following principles from the constant comparative
process (Onwuegbuzie & Collins, 2007).

Dilemmatic nature of the interview

The semi-structured interview sought to examine and compare how teachers and science
outreach practitioners understand conceptual and pedagogical dilemmas in science teach-
ing and learning. As such participants were presented with six dilemmas. The dilemmas
consisted of three conceptual dichotomies (Autonomy/Dependency, Induction/Deduction
and Creativity/Guidance) and of three respectively related pedagogical dichotomies
(Open/Guided Inquiry, Inductive/Deductive Activity and student/teacher-led construc-
tion of object), as illustrated in Figure 1. The conceptual dilemmas are drawn from rel-
evant popular theorists who present the concepts in a concise manner and the
pedagogical application is sought from activities recommended for the Irish primary
science curriculum.

These dilemmas are based on concepts and practices, constructivist and inquiry based
methods that are popular in science education curricular reform (European Commission,
2007) and specifically championed in the Irish primary-level curriculum (see Figure 2).

The reasoning behind the choice of a dilemmatic methodology is now explained. For
this research, contextualised and specific dilemmatic cases were presented to the
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participants. The cases followed the classic definition of dilemma in which two conclusive
arguments (dichotomy) are presented in opposition (Tillema & Kremer-Hayon, 2002).
The dilemma framework can lead the research participants to interrogate their own
beliefs and question institutional routines (Windschitl, 2002). The dilemmatic reflection
is used to better facilitate the dialectical thinking of the participants. This reflection
allows the participants to engage in inductive and deductive thinking (dialectically)
when confronted with the dichotomies (Bencze & Bowen, 2009). To promote deductive
thinking, they are explicitly presented with opposing perspectives. Afterwards, the partici-
pants engage in inductive thinking, as they develop claims about the dilemma, when asked
to relate to their own practice. The dialectic reflection allowed the unravelling of the ten-
sions and contradictions faced by practitioners when having to make choices during their
practice (Yoon & Kim, 2010) and the understanding of the perceptions of the participants

Table 1. Selected characteristics of the participants.
Teachers
Years of experience Years Frequency

Less than 3 9
3–10 14
More than 10 8
Total 31

Outreach initiatives in the classroom Frequency
Yes 21
No 10
Total 31

Size of the schools teachers taught in Frequency
Small 8
Large 23
Total 31

Years the teachers were teaching Frequency
Infant classes (4–6 years) 10
1st and 2nd classes (6–8 years) 15
3rd and 4th classes (8–10 years) 4
5th and 6th classes (10–12 years) 2
Total

Biological sex Frequency
Female 29
Male 2
Total 31

Outreach practitioners
Role Frequency

Ph.D. Student 13
Post Doc/staff 17
Total 30

Years of experience Years Frequency
Less than 3 13
3–10 13
More than 10 4
Total 30

Area of Science Frequency
Science 6
Computer science 3
Physics 3
Biology 16
Engineering 2
Total 30

Biological sex Frequency
Female 18
Male 12
Total 30
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in relation to a constructivist approach to science teaching. The overall aim was to provide
an insight into a strategy to improve science education/outreach practice in Ireland.

In order to present the participants with the conceptual dichotomous choices, theoreti-
cal explanations/quotes were presented in the form of a short video clip. The opposing per-
spectives were based on claims about constructivist approaches drawn from the science
education literature. This methodology is congruent with previous studies in which tea-
chers analysed claims from researchers about inquiry learning (Bencze & Bowen, 2009).
Although conceptual dilemmas are core to understanding epistemological positions, ped-
agogical dilemmas are of no less relevance. Pedagogical dilemmas deal with the concrete
(Windschitl, 2002). They are contextualised activities that teachers and outreach prac-
titioners develop with their students. The pedagogical choices teachers make in their

Figure 1. Dichotomies that guide the semi-structured interview.

Figure 2. Statements from the Irish primary-level curriculum (DES, 1999).
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teaching may not be in accordance with their conceptual positions. This is what has been
called the dichotomy beliefs/practice, in which teachers’ beliefs are often not reflected in
their practice (Savasci & Berlin, 2012). By presenting both, it is possible to compare
participants’ views of their conceptual and pedagogical choices. The pedagogical dilemmas
were developed in two steps, as evident in Figure 3. First, they each emerge from their
conceptual counterpart. Each of the pedagogical dilemmas presented is aligned with one
of the conceptual dilemmas. Second, in order to contextualise them in practice, the dilem-
mas take into account the Irish curriculum and activities prescribed in it. The three activi-
ties were selected from the DPSM website and presented in two ways. Flower power
activity was presented as an open inquiry and a structured one following the definition
of Blanchard et al. (2010). Building a magnetic car was presented as an inductive activity
(Taba & Spalding, 1962) and as a deductive one according to the advance organiser model.
Finally, Wag the dog was presented as a student-led construction, which increases unique-
ness and therefore creativity (Beghetto, 2007), or a teacher-led construction.

Quantitative analyses of the interview

Although the interview was qualitative in nature, as the practitioners were asked to rate
their teaching and learning preference in relation to the six dilemmas, it was possible to
develop a quantitative measurement and translate their rating of each dilemma into
data. Some of the teachers and outreach practitioners found it difficult to select one of
the options through a fixed alternative response, as initially they were presented with
two polar opposite concepts/pedagogies. When starting to reflect on the two views,

Figure 3. Framework for the development of the pedagogical dilemmatic cases.
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practitioners would refer to their classroom experience and felt constrained by just two
alternate views. Therefore, the initial two-point scale was modified to a five-point scale
to accommodate the practitioners who argued for a mix between the two options, or
were inclined towards one option but still agreed slightly with the other one. This was
done for each of the six dilemmas. Teachers and outreach practitioners’ responses were
used to define the scales. Figure 4 illustrates one of the six scales defined. The other five
can be found in the supplementary file.

The responses were coded separately by three researchers. After the initial coding
process, the three researchers consulted with each other to ensure agreement. A commu-
nicative validation by comparing the four transcripts between the three researchers was
carried out. After this consultation, both intra- and intercoder agreement was above
90%. This is above the range defined by Miles and Huberman (1994). SPSS 20 software
was used for the statistical analysis. Once participant information was entered, the data
were checked and cleaned for errors. The following data analysis was carried out: descrip-
tive statistics on the variables of interest, which included the mean, standard deviation, the
range of scores, kurtois and skewness and a Mann–Whitney U-test was used to test for
differences between teachers and outreach practitioners for the different dichotomies.

Qualitative analyses of the semi-structured interview

The qualitative data from the interviews were analysed to interpret how participants
understand conceptual and pedagogical dilemmas in science teaching and learning. The
coding and sorting of the interview data resulted in key themes that reflect respondents’
views of the six dilemmas. NVivo software was used throughout the coding process, as
the qualitative analysis of the interview transcripts borrowed principles from the constant

Figure 4. Five-point scale for the dichotomy Autonomy/Dependency.
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comparative coding process (Green, 2008). In this process, three concepts were used:
codes, categories and themes (Chenail, 2008). The codes, categories and themes explored
in this study are presented in Figure 5.

The coding started with abstracting obvious topics from the transcripts. This was
achieved in two sequential ways. First, the interviews were manually transcribed to MS
Word files with the help of the software Potplayer. After, the transcripts were printed
and analysed line by line. In the right column the researcher wrote the initial concepts
the participants were discussing. Second, the initial coding continued with NVivo 10.2
which enabled the grouping of related concepts. In NVivo these related concepts are
organised in containers named nodes. These initial nodes are topics, ideas or abstractions
that come from the study (Bryman, 2008). The coding in NVivo augmented the manual
coding. In NVivo, the nodes are linked to each of the research participants and to each of
the dilemmas. This is achieved by creating node classifications. Node classifications were
created for the different research participants and for each dichotomy. After the classifi-
cation, coding in NVivo started. The process of coding began by using the function ‘right
click’ to code each of the obvious topics that were appearing. For instance, some coded
topics were ‘you have to give them ways to explore’ (Interview 52) and ‘students
explore the materials on their own’ (Interview 18). The file also signals which transcripts
were coded. By clicking that information, it was possible to go back to the original tran-
script and verify the accuracy of the accounts. At this point, there were 19 initial codes, as
seen in Figure 5. Different methods available in NVivo were used to reflect on the codes
that were developing. First, code files permitted to analyse the consistency and frequency
of the code. Second, framework matrices were created to analyse the codes throughout the
different research participants.

Figure 5. Analytical stages of the qualitative analysis.
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The analyses of the framework matrices were used to disconfirm some codes, as they
did not have enough representability. For instance, some outreach practitioners referred
to their experience as students in the interview. Outreach officer Sabrina is an example:

I think the second one is quite an old fashion view. I know that when I was in school we
would do an experiment and the answer was given in the title: do an experiment to prove
that the boiling point of water is 100 degrees, it’s like, ok… so the first one. (Interview 31,
Sabrina, Outreach officer)

Nevertheless, as only a few (5) outreach practitioners referred to this code, it was not
developed into a theme. The framework matrices allowed the development of the initial
nodes. Further analysis was carried out to attain the 14 higher order categories that are
depicted in Figure 6.

Figure 6. Categories of the qualitative analysis with anchor examples and frequency for each.
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The next stage corresponded to the categories being merged and re-named into three
main themes: Strategies to foster students learning, tensions between the ideal strategies
and the real classroom, the dynamics of outreach, as seen in Figure 7. Through axial
coding, the most relevant codes were selected with the data being sorted into the different
themes (Ritchie & Jane, 2003). For example, the themes ‘there is no time’ and ‘cover the
curriculum’ were merged into ‘tensions between the ideal strategies and the real class-
room’. This process occurred with the 14 themes that were ‘refined and relationships
among them pursued systematically’ (Benaquisto, 2008, p. 51). As the author reread the
transcripts multiple times, the different concepts argued by the participants were inte-
grated in the three main themes.

Quantitative results

The semi-structured interview sought to examine and compare how the participants
understand conceptual and pedagogical dilemmas in science teaching and learning.
When reflecting on the dichotomies presented in the dilemmatic cases, participants
argued mostly for concepts and practices that gave more control to the student in the
learning process or a mix between the two, as seen from Figure 8.

The dichotomies in which teachers were more divided between the poles were Creativ-
ity/Guidance, Open/Guided Inquiry and student/teacher-led construction of object,
although these differences were not statistically signficant. These results reveal that tea-
chers are more divided in their decision to give more or less autonomy to students
when carrying out specific practical inquiry activities. For outreach practitioners, the
dichotomies in which their views were more divided were Autonomy/Dependency and
Creativity/Guidance. These results reveal that both primary-level teachers’ and outreach
practitioners’ views were divided between leaving space for students to embark on new
ideas and perspectives to promote divergent thinking and, in contrast, the relevance of
a structured approach to problem-solving.

The results of the analyses of both teachers’ and outreach practitioners’ responses to the
dichotomies revealed some differences between the two groups. The dichotomies in which
teachers were more divided in their views were pedagogically based (Open/Guided Inquiry

Figure 7. Themes of the qualitative analysis and corresponding categories.
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and student/teacher-led construction of object). For outreach practitioners the two
dichotomies which revealed a divide in their views were conceptual (Autonomy/Depen-
dency and Creativity/Guidance). These results indicate that teachers, when discussing
conceptual dilemmas, seem to be more in favour, from a theoretical standpoint, for
example, of students controlling their own learning, than outreach practitioners. On the
other hand, outreach practitioners seem to be more in favour, from a classroom practice
standpoint, of students controlling their own learning (pedagogical dilemmas). The

Figure 8. Boxplots of the participants’ responses to the six dilemmas.

Table 2. Mann–Whitney U-test comparing the scores of teachers and outreach practitioners for each
dichotomy with medians as well as 25th and 75th percentiles.

Autonomy/
Dependency

Induction/
Deduction

Creativity/
Guidance

Open/
Guided
Inquiry

Inductive/
Deductive
Activity

Student/
teacher-led
construction

Mann–Whitney U 315.0 367.5 404.0 335.5 413.5 340.0
Z −2.1 −1.3 −.48 −1.7 −.37 −1.5
Asymp. Sig. (2-tailed) .04 .20 .63 .08 .71 .13
A. Grouping variable: teacher/outreach

Variable Teachers
Outreach
practitioner

Autonomy/Dependency 25th 1 2
Median 2 3
75th 3 3.75

Induction/Deduction 25th 1 1
Median 2 2
75th 3 2.75

Creativity/Guidance 25th 2 2
Median 3 3
75th 4 4

Open/Guided Inquiry 25th 2 1
Median 3 2
75th 4.5 3.75

Inductive/Deductive
Activity

25th 1 1
Median 1 1
75th 3 3

Student/teacher-led
construction

25th 1 1
Median 3 2
75th 4 3
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Mann–Whitney test supports this result as it shows that there is only a significant differ-
ence between teachers (Md = 2, n = 31) and outreach practitioners (Md = 3, n = 30), U =
300.0, Z =−2.099 p = .040 for the dichotomy Autonomy/Dependency. The effect size is
small r = .27 as defined by Cohen (1988), as seen from Table 2. The effect size was calcu-
lated by using the formula r = z / square root ofN whereN = total number of cases given in
Pallant (2010).

Qualitative results

The qualitative analysis of the interviews allowed depth of reflection beyond quantifi-
cation. It revealed the reasoning behind participants’ choices in relation to how they
understand conceptual and pedagogical dilemmas in science teaching and learning. The
coding and sorting of the interview data resulted in the identification of key themes.
The core ideas which the three themes revealed are now summarised.

Strategies to foster student learning

The first theme, Strategies to Foster Student Learning; examined the various ways the par-
ticipants articulated perspectives that best promote student learning. Many of the partici-
pants (49 in 61 participants) recognised that interest was an important factor to motivate
students to learn. For example, Jennifer, who has three years of experience in teaching,
stated the following when arguing for students controlling their own learning:

Well, if they are doing something that they like then they will be more engaged, whereas if
they are doing something you would like [… ] to get done and you concentrate only on what
you want to get done, then they might never learn, they might not remember any of it. (Inter-
view 19. Jennifer, Teacher for 3 years)

Jennifer is recognising ‘interest’ as a kick-start for learning. She states that without interest
they might not learn. In other words Jennifer is arguing that ‘students must be interested
and motivated to learn before learning will take place and this success can lead to motiv-
ation to learn more’ (Butler, 2009, p. 1). Furthermore, the participants associated the role
of interest with the need to contextualise learning in students’ realities (44 in 61 partici-
pants). Martha, for instance, argued: ‘you should start from what they know and what
they want to know’ (Interview 6, Martha, teacher for 21 years). The participants also
argued that in their practice, they value students’ reflected exploration and the scaffolding
of the teacher (40 in 61 participants). Other teachers and outreach practitioners also
believe in the role of exploration in promoting student learning. For instance, Flora argues:

In this school, everything is done in groups and exploring first, before you teach a lesson.
They learn more by exploring themselves, figuring things out by themselves and getting
their own ideas. Yes, because it gets them thinking as well, do for themselves and actually
figuring out how they should experiment themselves. (Interview 22, Flora. Teacher for 8
years)

In addition to teaching science, Flora is emphasising the role of exploring as a strategy
that is used across all subject areas as an initial teaching activity in her school. Julia, an
outreach officer, also emphasises the role of problem-solving in relation to inquiry.
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Certainly at the primary level that process of reflection and inquiry is, I think, fundamental,
fundamental skills for people to learn. As fundamental as whatever the information is. So,
there has to be time given for reflection and inquiry and perhaps some sort of independent
inquiry and learning. Inquiry and reflexion is built into the curriculum at primary level. So
perhaps the two [inquiry/curriculum coverage] go hand in hand. (Interview 59, Julia, Out-
reach officer)

The visible difference here is that whilst several teachers mention the role of exploring,
experienced outreach practitioners argue more specifically for inquiry and problem-
solving (theme experiment: 13 in 30 outreach practitioners). For instance, Patricia, a Pro-
fessor in medicine and developer of outreach programmes, argues the importance of
problem-solving:

They can still be taught problem solving but without it being completely directive and restric-
tive so I mean the scientific methods can be applied but it doesn’t have to be rigid, creativity
can come in and should. (Interview 30. Patricia, Professor)

This difference is again visible when Matilda, teacher, argues:

Let them have control over things definitely, discover for themselves. It is better I think for
them. [...] Just to give them the time to explore, that is what it is all about, science to me
anyway. (Interview 58, Matilda, Teacher for 10 years)

The gradation from a discovery viewpoint of inquiry to a more sophisticated one (Biggers
& Forbes, 2012; Davis, Petish, & Smithey, 2006) is evident here. Many of the teachers
reflected on inquiry in science as an exploring activity, mostly student-directed. On the
other hand, the most experienced outreach practitioners discussed problem-solving and
inquiry learning in a more sophisticated way as the previous quotes exemplify.

Finally, some of the participants argued that exploration and learning of science are
more fruitful if children are encouraged to work together, collaboratively. These respon-
dents spoke to the value of strategic paired learning, with differing learning styles/abilities,
in order to foster an improved learning experience. Lucy’s response details this in relation
to teaching in classes with a large volume of students.

the class is quite big, I find that pairing them with a child more able, like able to guide them,
so their learning from each other and, it’s impossible, you couldn’t sit beside one child and
then teach the rest of the class, you have to, kind of maybe, pair them with someone and
they’ll work together, group work. (Interview 23. Lucy, Teacher for 1 year)

Lucy believes in the sociocultural nature of learning that ‘suggests that work with other
individuals is a critical component of the process of knowledge construction’ (Koch,
2006, p. 107). The different strategies voiced by research participants indicated that
many of these teachers and experienced outreach practitioners have an abundance of ped-
agogical knowledge, in particular, in relation to a constructivist approach to learning, as
they drew reference to: eliciting learning from student experience, encouraging
problem-solving and an inquiry approach to learning within both a guided and less
guided structure, and finally the importance of collaborative learning. Nonetheless, it
was also visible that experienced outreach practitioners have a more sophisticated view
of inquiry than many of the teachers.
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Tensions between the ideal and the real

The second theme revealed the reasoning behind why teachers often do not apply con-
structivist learning. Participants, when discussing science activities, rationalised their
choice of giving less control to the students as: a lack of time (category there is no time,
21 in 61), the length of the curriculum (category cover the curriculum, 25 in 61) and
the age and level students of the students (categories age dependent, 45 in 61 participants
and level of the students, 25 in 61 participants):

Looking at that I would say the first one, but, I’m in the class, it’s different, it could get
chaotic; you don’t have that much time, so you just tell them what to do next. But I
would agree with the first one that they would figure it out. […] I am with twenty or
thirty kids depending on the class size, so that’s the problem. In an ideal world, the first.
[…] I would need more helpers in the classroom. (Interview 3, Anna, Teacher for 7 years)

Anna argued this way when discussing the importance of students having control of their
own learning in an inquiry activity (flower power activity). This quote reveals why, in their
practice, teachers often do not apply constructivist practices. Earlier in the interview, Anna
chose autonomy and argued for the importance of students exploring as part of their learn-
ing. When faced with the pedagogical dilemma, she reflects on both dialectical poles. Anna
even recognises that open inquiry is the approach that would facilitate exploration: ‘that they
would figure it out’. She recognises that the approach that gives more control to the student
is the best. Nevertheless, Anna sees the tensions and problems she would face in her class-
room if she were to apply the open inquiry practice. She speaks to time constraints in light of
effectively teaching large groups of children and offers a solution of additional help, to
support a more ideal teaching situation. Therefore, she first chooses the guided inquiry
and moves towards a more ‘traditional’ approach as the literature suggests (Levitt, 2002),
yet only because she is being realistic about the demands of the classroom.

Anna was not the only teacher who mentioned the need of support (16 in 31 teachers
mentioned it). Melanie discussed science at primary level in the following way:

Science is a whole area I think you you’d nearly need a science teacher to come in and do that,
a specialist. It would nearly need to have, for those specific areas, science, I think it would be
good to have a teacher come in, if that was your area. (Interview 15. Melanie, Teacher for 11
years)

What Melanie is describing here is the lack of her science content knowledge. This lack
of science content knowledge is not surprising as the majority of Irish primary-level tea-
chers do have not have science in their degree (Eivers & Clerkin, 2013). Melanie is arguing
that she would welcome an expert in science into her classroom. This lack of content
knowledge impacts teachers’ ability to implement inquiry learning and constructivist prac-
tices fully (Kanter & Konstantopoulos, 2010).

As a consequence of the perceived issues with primary-level teachers, outreach officers
are tasked with bringing more open-ended/inquiry pedagogies to the classroom. But
experienced outreach officers also perceive similar practical issues.

Jane, an outreach officer with more than 10 years of experience argues, regarding the
same flower power activity:

I think it depends on the age of the children and I think it depends on the background of what
they have been learning. So, I’m talking now as an outreach officer, not as a teacher, of course
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I don’t have that experience, but when I went to some classrooms I tried with simple ques-
tions to know what the level of the knowledge of that child was. So I would start with an open
question and see if they could reach the ideas that I wanted to ask, so if they could reach the
question, If they couldn’t reach the question I would guide them more and follow that but
sometimes you would be surprised when younger children could reach the question and
that was very interesting. (Interview 50, Jane, Outreach Officer)

Jane, as many of the participants, recognises she has to adapt her teaching strategy to the
age and level of the students. As she is not sure about how to adapt her science teaching
strategy to different age groups, she uses an open-ended questioning strategy to gauge
student understanding and uses that as a point from which to elicit science learning.
Jane can be seen as a hybrid practitioner as she recognises her role as an outreach
officer but adapts according to the challenges she foresees in the classroom due to her ped-
agogical experience. Outreach practitioners are working on a boundary crossing zone.
Boundary crossing usually refers to a person’s transitions and interactions across different
sites (Suchman, 1994), Furthermore, some of the practitioners, such as Jane, are revealing
hybridisation as they are merging ingredients from different contexts to promote a new
practice (Akkerman & Bakker, 2011). These practitioners are showing constructivist
understandings and related issues mixed with their scientific expertise.

Despite many of participants revealing their pedagogical knowledge of different strat-
egies, they argued why some strategies are not always possible. What the data suggest is
that many teachers and outreach practitioners are both in agreement in relation to their
preferred choice of teaching strategy and on the issues that arise due to the complex
reality of the classroom. Therefore, the view of outreach as a solution to the problems
of primary science education from the outset may appear rather simplistic, but it is not.
With that in mind, it still has a powerful contributory role to the classroom which this
research reveals (at the least in terms of opening up the conversation of science pedagogy
across stakeholders, at the most in terms of inviting content knowledge expertise).

Dynamics of outreach

The third theme, Dynamics of Outreach in Schools: Practice and Access; looked at the par-
ticipants’ view in relation to the role of outreach in primary-level schools. This theme
stems from the category experience of outreach (28 on 61 participants) where participants
reflected on outreach from their viewpoint as teachers or outreach developers. The data
permitted the conceptualisation of the gatekeeper dynamics that were involved in
gaining access into primary schools by outreach participants. Teachers from the same
school revealed different relationships with outreach, varying from those with a strong
relation with outreach providers to those who had no relation.

Jessica, a teacher with 14 years of teaching, shared her experience of science outreach in
her school:

I’m on the board of the education centre in […], so we do a lot of, hmm, work with robotics
and we have outreach scratch programs with […], so we have a lot… , we’re involved with
[…] originally through the fishy project, we also do projects with the science festival every
year, so we present in the science festival and then we also have people come out here as
part of the science festival. We have been doing the discovery primary science for six
years, ok, so there is a lot of science going on. (Interview 20, Jessica, teacher for 14 years)

INTERNATIONAL JOURNAL OF SCIENCE EDUCATION 2275



It is clear that Jessica has a strong connection with the different institutions responsible
for science outreach in the region. Therefore, she organises many projects and her students
participate in a great number of initiatives. Nevertheless, Karen, a teacher in the same
small school, has a completely different experience:

Karen: [Science outreach] no, because I have mainly been here and science wouldn’t
be my strongest field even though we integrate a lot, like, seasons, patterns
and environment. So we try to relate as much to the outside as we can.

Interviewer: But would you have people coming from the university to do science
outreach?

Karen: No, never. (Interview 21, Karen, teacher for 11 years)

In spite of both being in the same small rural school and Jessica having a strong relation
with outreach providers, this does not seem to extend to Karen’s class. Karen indicates a
reason why this might be so: ‘science wouldn’t be my strongest field’. The fact that many
primary-level teachers are not confident about teaching science is one of the arguments
being made to bring more outreach into the classroom (Stocklmayer et al., 2010). Never-
theless, with Karen, this lack of confidence in science seems to be something that also
influences her decision about inviting outreach into her class.

This disparity between the frequencies of outreach amongst teachers of the same school
did not only happen between Karen and Jessica’s classes.

Beth, a teacher from a large city school, reveals the outreach initiatives she has in her
classroom:

[Science outreach], yes, absolutely loads, the person you’re going to [talk to] tomorrow, was
the science teacher of the year, she received an award in […], she does the whole science
initiatives in the school, she gets all of the resources, […] she is always prompting science
in the school, […] we have a lot of science. (Interview 5, Beth, teacher for 7 years)

Again, there is a teacher who is connected with the outreach providers and actively con-
nects the school with outreach. But at the same time, another teacher from the same school
has a different view:

[Science outreach], this is the first time in my two years. But I know that, in the junior level
they get more, in this class level, second class, they don’t. In this school, one of the teachers
down there is very interested in science, so in that corner they get the benefit of that. (Inter-
view 18, Isabella, Teacher for 2 years)

There is, again, a difference between teachers in the school. In this case, the teacher who
has a connection with the outreach providers shares the initiatives with the other teachers
of the same level (junior). At the same time, taking into account what Isabella is saying,
these initiatives do not reach the teachers that teach first and second class. Again, as
with the small rural school, this indicates that having or not having outreach initiatives
depend on individual teachers. However, the fact that there is so little communication
or shared practice within a school bespeaks systematic cultures of isolation, a challenge
to be overcome if shared expertise is the future endeavour (Hargreaves & Fink, 2004).

The challenges of negotiating these layers of access were visible with other participant
teachers. The participants’ reasoning revealed an ad hocness in the provision of outreach.
In some cases, there seems to be careful planning and collaboration between outreach
practitioners and individual teachers who have a connection with outreach providers.

2276 D. M. GOMES AND V. MCCAULEY



Nevertheless, in many cases it seemed to come down to the willingness of individual tea-
chers to seek out science support themselves. The scenario in which the dynamics of access
worked best was when the outreach connected teachers also act as gatekeepers. These tea-
chers can be seen as hybrid practitioners as they are at the same time, teachers and pro-
moters of outreach. The data suggested that the hybrid practitioners have a crucial role in
promoting outreach in the school. Colleagues less familiar with outreach were more open
to it after they had received a recommendation (‘put in a good word’) from a teacher they
knew and respected. Although the formal access and authorisation was given by the prin-
cipals, the true outreach gatekeepers were these particular teachers who advertised the out-
reach activity and as such negotiated access into their colleagues’ classrooms. This has
specific implications for outreach, as the data indicate that for the partnerships between
teachers and outreach participants to work, it is not enough to obtain formal access to
the school, it is also important to recognise that individual teachers have the keys to
their own classroom.

Discussion

This study set out to explore and compare the views of teachers and science outreach prac-
titioners in relation to constructivist teaching and learning in science education. To
achieve this, a dialectic, pragmatic framework was applied to the research. The pragmatic
methodological design relied on using a ‘mixture of methods and procedures that work
best’ to address the aim of the study (Johnson & Onwuegbuzie, 2004, p. 17). The dialectic
stance implies taking ‘quantitative and qualitative methods seriously but then developing a
synthesis’ (Teddlie & Tashakkori, 2009, p. 73). Different layers of analyses are presented.

First layer: outcomes of the quantification of interview data

The participants who were interviewed argued mostly for concepts and practices that gave
more control to the student in the learning process or a mix between the two (rather than a
leaning towards teacher control). These results challenge beliefs presented in the literature
about primary-level teachers and science outreach practitioners. Primary-level teachers
have been accused for years of not being knowledgeable of, or implementing constructivist
principles in their teaching and learning, which threatens science as a subject at primary
level (Avraamidou, 2013). Nevertheless, in this study, the only significant difference
between teachers and outreach practitioners was the weight of the importance given to
students controlling their own learning within the science lesson, with teachers giving it
more weight.

Second layer: qualitative outcomes of the interview, outreach gatekeepers and
hybrid practitioners

The qualitative analysis of the interview revealed the pedagogical knowledge of teachers,
which strengthened the view obtained from the binary choices the teachers made in the
interviews. Many of the voices of the participant teachers and some experienced science
outreach officers revealed that they are cognizant of multiple strategies advocated by con-
structivist education literature to foster student’ learning. The pedagogical knowledge that
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teachers demonstrated revealed a strong argument against the view that a lack of construc-
tivist practice was at fault in terms of concerns about primary science education. This does
not align with literature findings as those described by Eivers and Clerkin (2013, p. 78) that
characterised Irish classrooms (at second and sixth class level) as predominantly using
whole-class teaching methodologies with pupils working by themselves. The dilemma-dia-
lectical methodological approach helped to tease apart the contradiction and point to how
teachers are indeed interrogating ‘their own beliefs and question institutional routines’
(Windschitl, 2002, p. 134). When the participants analysed dilemmas that depicted
specific science classroom activities, they revealed tensions between the ideal, the pedago-
gical strategies they aim to develop, and the real classroom (as one participant described it:
the chaotic classroom with 30 students). Participants engaged in a deductive-inductive
dialectic immersion (Bencze & Bowen, 2009) and reflected upon their students and
their context, and they could not visualise some of the ideal pedagogical strategies
working. Teachers argued issues of time, issues of curriculum and student age (in relation
to their developing skill set). When many of the participants reflected on pedagogical
approaches to teaching science, they recognised that the ones that give more control to
the student are the best from a pedagogical standpoint. Nevertheless, the participants
highlighted the tensions and problems they would face in the classroom if they were to
apply open inquiry practices. Further, these teachers recognised their lack of content
knowledge, which can impact their implementation of reform practices. Even in the edu-
cational literature itself it is possible to find support for the issues teachers face. As Fleer
(2006, p. 121) highlights:

No one really knows the best way to teach science to young children […] What is known is
that the research base in science education has concentrated on children aged 8 years and
older. What we have then is primary level teachers who are asked to develop science using
teaching approaches that have been advanced and researched for older students.

Due to these perceived issues, outreach officers are tasked to bring more open-ended
pedagogies to the classroom, but experienced outreach officers also perceived similar
issues. These experienced outreach officers are therefore hybrid practitioners. They
reveal a strong pedagogical knowledge and they also recognise the issues that teachers
identified in relation to the complex reality of the classroom. Outreach officers have a valu-
able position as they can bring elements of one practice into the other (Wenger, 1998). At
the same time, they face a difficult position because they are often seen as being at the per-
iphery, with the risk of never fully belonging to or being acknowledged as a participant in
any one practice. Therefore, the view of outreach as a solution to primary science edu-
cation is problematic.

Finally, the voices of the different practitioners uncovered the dynamics of the relation-
ship between teachers and outreach providers. The understanding of this dynamic is
crucial in the development of partnerships. It was possible to identify an ad hocness in
the provision of science outreach. The ad hocness is represented by the disparity
between the frequencies of outreach amongst teachers of the same school. This resulted
in outreach input being offered by chance, and so having less of an opportunity to be stra-
tegically applied to the primary classroom and impact students. In many cases, this ad
hocness was overcome with the assistance of outreach gatekeepers, who were experienced
and respected teachers with connections to outreach and that advertised outreach to their
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colleagues. Therefore, as the data indicate, for fruitful partnerships to happen, it is crucial
to understand that individual teachers have the keys to their classroom, and to recognise
the dynamics of outreach gatekeepers and layers of access.

Conclusion

The results of this study revealed the critical need to examine and carefully nurture the
relationship between primary science teachers and outreach providers. The teacher is
the most important stakeholder when it comes to planting the seed of science enjoyment
in children. The literature recognises this, but in many cases assumes that the teachers
resist reform and lack constructivist knowledge. The primary-level teachers who took
part in this study revealed to be well informed and that teachers and outreach providers
are in agreement about the barriers to constructivist approaches. Therefore, the attention
should shift away from teacher blame, or strategies to support the science-blind teacher,
towards supporting the teacher-outreach partnership. By doing this, it is possible to
create more hybrid practitioners who could play a crucial role in blurring the boundaries
between formal and informal sectors and so promote the enjoyment and engagement of
students with science.
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