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Abstract

For some time a central issue has occupied early science education discussions — primary student classroom
experiences and the resulting attitudes towards science. This has in part been linked to generalist teachers’ own
knowledge of science topics and pedagogical confidence. Recent research in cognitive development has
examined the role of so-called tacit knowledge and its potential benefits for supporting conceptual development
in children. However, the incorporation of such tools would depend on teachers’ willingness to use it. Taking a
qualitative approach through interviews, the present study examined 12 generalist primary school teachers’
views on science education and their perceptions of tacit knowledge assessment as an approach to facilitating
conceptual change. The overall results indicate positive attitudes embedded within a model centred on trust and
responsibility of learning. These findings support the use of relevant software for teaching children by
emphasising the willingness of teachers to use such technology, which has further consequences for continuing
professional development of classroom teachers who do not have formal science backgrounds, which in turn
should promote science achievements among students.
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1. Introduction

Science in the primary classroom is seen as an important key for children to understand the world around them
and is thus regarded as an essential component of early classroom education (Alexander, 2010). Future
economies will increasingly rely on a workforce that is science and technology literate (Wellcome Trust, 2014).
Targeting science at the primary education stage is pivotal given that by the age of 14 students have developed
interest in and attitudes towards science in schools (DeWitt, Archer, & Osborne, 2014; Osborne & Dillon, 2008)
but leading up to this, positive attitudes towards science decline with age and this decline starts from as early as
7 years of age (Said, Summers, Abd-El-Khalick, & Wang, 2016). Recent findings from various international
assessments such as PISA (Kjernsli & Lie, 2011) and TIMSS (Martin, Mullis, Foy, & Hooper, 2016)
demonstrate that there is a generally low tendency for primary school children in the UK to engage with science,
both during their education and in terms of future career aspirations. To develop a more literate population and to
avoid issues of declining interest in science, young people need to continue learning science and therefore need
to be given the opportunity to develop such interests as early as possible

According to the most recent TIMSS evaluation fewer than half of primary school children in England reached a
high or advanced benchmark for science at the fourth grade level (Martin et al., 2016). Various explanations can
be offered as to why this might be the case. First, a key element contributing to the lack of engagement seems to
be the issue of knowledge of and attitudes towards science (Jenkins & Nelson, 2005). Children enter formal
education with a wide range of conceptions relating to science, such as the commonly held view that objects fall
faster than others because they are heavier (Hast & Howe, 2012, 2013; for a more comprehensive overview of
misconceptions in primary science see e.g. Allen, 2014). In the classroom they are frequently incommensurate
with accepted scientific views and with the concepts that are, as a result, taught. Most problematically they are
often found to be highly resistant to change through instruction, affecting subsequent learning of related concepts
(Duit, Treagust, & Widodo, 2013; Eriyilmaz, 2002; Gomez-Zwiep, 2008; Pine, Messer, & St John, 2001; Trend,
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2001). These initial conceptions are often the result of extensive everyday world experiences (Bliss, 2008;
Eshach, 2007; Klaassen, 2005) and it is precisely such early life-world experiences that seem to act as major
factor in the choice to pursue science education at later points (DeWitt et al., 2013). This is not surprising given
that if initial science education is not successful in its engagement then advanced concept development cannot
thrive due to a lack of a stable conceptual knowledge base (Wiser & Smith, 2008).

Understanding children’s conceptions is crucial for educational practice, as any prior knowledge needs to be
considered so that successful instructional approaches can be designed, particularly in the early years of
education (Duschl, Schweingruber, & Shouse, 2006). Recent research has turned towards so-called tacit
knowledge of scientific conceptions. Such knowledge differs from explicitly stated understanding (which can be
expressed verbally, in writing etc.) in that it taps underlying knowledge structures that are set to provide quick
responses without conscious awareness but elicit feelings of familiarity (Collins, 2010; Polanyi, 1967). In the
context of scientific conceptions the work collectively shows that children may hold explicitly stated ideas about
object motion that are incommensurate with accepted scientific views such as that heavy objects always fall
faster than lighter objects and that lighter objects roll faster along even surfaces than heavier ones (Hast & Howe,
2012, 2013). However, these same children appear to hold underlying tacit knowledge about relevant events that
indicates a more accurate representation of such scientific concepts but that does not appear in their verbalised
theories (Hast & Howe, 2015, 2017; Howe, Taylor-Tavares, & Devine, 2012, 2014; also see Hast, 2014; Howe,
2014). Tacit knowledge has consequences for science education — ‘a great deal of our commonsense knowledge,
and there is a large amount of it, is tacit’ (Bliss, 2008, p. 123; also see Brock, 2015). Indeed it has already been
made use of in the development of intervention approaches to facilitate conceptual change in children; children
who were given the opportunity to engage with software that taps tacit knowledge about falling objects showed
much greater score improvements from pre- to post-test than children who did not get to work with the computer
program (Howe, Devine, & Taylor-Tavares, 2013; Howe, Taylor-Tavares, & Devine, 2016). Harnessing such
opportunities to enable conceptual change is critical to promote an understanding of and resulting interest in
science. Classroom teachers are the key to providing children with access to such a learning opportunity.

A prime factor that may either be actively contributing to student attitudes or at least inhibit an overcoming of
such negative views appears to arise from the fact that many generalist primary school teachers lack sufficient
training in science knowledge, particularly physical science (Avraamidou, 2015; Davis, Petish, & Smithey, 2006).
To-date, pre-service teachers in England and Wales undergoing postgraduate training are required to complete
and pass skills tests in numeracy and literacy (Department for Education, 2015). However, there is no such
requirement for any other subject areas, including science. In fact, generalist primary school teachers do not
require any science qualifications beyond GCSE level — aged 16 years — in order to teach (Wellcome Trust,
2014). In fact, only around one third of primary school teachers in England have formal science qualifications
beyond this level and pupil achievement is lower where teachers lack such qualifications (Martin et al., 2016).
Additional research indicates a critical relationship between scientific literacy levels among teachers and their
attitudes towards science — the lower the literacy level the more negative the attitudes (Murphy & Beggs, 2005;
Rice, 2005; Van Aalderen-Smeets, Walma van der Molen, & Asma, 2012). This reluctance further impacts on the
confidence to successfully teach science and to be able to incorporate new teaching content (Avraamidou, 2013,
2014; Howitt, 2007; Pedretti Bencze, Hewitt, Romkey, & Jivraj, 2008).

Issues around knowledge and confidence seem particularly elevated when it comes to teaching physical science
in relation to other areas of science, and primary school teachers are less likely to view themselves as being very
well prepared to teach this (Avraamidou, 2015; Martin et al., 2016). Object motion in particular plays a special
role in science. It is a ubiquitous concept which we engage with from birth onwards and witness on a daily basis
in multiple situations. It has implications for development of motor skills and using these to judge events and
plan actions (White, 2012). Within more formal contexts it represents a basis for many higher-level elements of
physics, such as force, energy and relativity (Shankar, 2014). As such it has a significant impact on successful
engagement with science education. However, despite its significance for education the limitations in teachers’
confidence, subject knowledge and understanding of young children’s learning in science continue to act as key
barrier in promoting educational achievement (Glauert, Compton, & Manches, 2012).

Additionally, the use of technology in teaching is no new phenomenon; research has shown that using computer
games can enhance learning and participation in technology-enhanced activities leads to higher intrinsic
motivation (Tiiziin, Yilmaz-Soylu, Karakus, inal, & Kizilkaya, 2009) — essential to heightening interest in
science. The most recent TIMSS evaluation (Martin et al., 2016) showed that three in four primary school
children in England had technology available to supplement their learning of science. However, when it came to
using it for scientific experimentation and studying simulations this number was significantly reduced, with only
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half of science teaching involving technology. There is some indication that primary school teachers do have
positive attitudes towards using information and communication technology (ICT) in their teaching of science
(Cavas, Cavas, Karaoglan, & Kisla, 2009) and that teachers value ICT as a tool for pupil learning and
differentiation (Smeets, 2005). However, others suggest that this group of teachers—and those arriving into the
profession—actually lack appropriate technological literacy (van Aalderen-Smeets et al., 2012) despite many of
these teachers now being considered as part of the so-called digital natives (Prensky, 2012). Moreover,
technology is significantly underused in science education, with the key issue appearing to be lack of access to
appropriate resources (Bingimlas, 2009; Dawson, 2008).

A key tool in attempting to resolve these issues for generalist teachers in particular would be through continuing
professional development (CPD), both at the science and the technology level (Tondeur et al., 2012). Yet
challenges are encountered here, too. A recent report by the Wellcome Trust (2014), for instance, indicates that
provision of such opportunities to improve primary science education in England remains problematic. Despite
being a core part of the National Curriculum, school leadership does not give science the levels of priority
accorded to literacy and numeracy, due to differences in accountability, and there is insufficient access to science
expertise within schools for generalist classroom teachers. The same report emphasises that while science
leadership is still prioritised, generalist classroom teachers also need to engage with CPD to enhance pupils’
experiences of science in the primary school classroom and to directly share the gained expertise with children in
the classroom rather than follow a cascaded training approach. By targeting generalist teachers there is a better
opportunity to target limitations in their own scientific knowledge, how children develop such knowledge and
therefore how to approach lesson planning (see similar recommendations made over various years by the Office
for Standards in Education, Children’s Services and Skills, 2008, 2011, 2013).

Successful implementation of tacit knowledge assessment tools largely depends on teachers being able and
willing to incorporate it into their classroom teaching. By combining the various issues presented so far, the
present study seeks to examine whether tacit knowledge assessment tools do not just provide learning advantages
for children but whether generalist teachers who lack knowledge and confidence in teaching elementary science
as well as using technology to support science teaching feel it can serve as a teaching tool. Moreover,
understanding teacher attitudes towards science teaching and technology as well as their recognition of own
limitations may have important consequences for the development of CPD for generalist classroom teachers that
might potentially include tacit knowledge assessment. This was addressed through an examination of teacher
views on science education, children’s roles and the perceived potential of using tacit knowledge assessment
tools in teaching.

2. Method
2.1 Participants

Participants were recruited from state primary schools in the Greater London area. Schools were emailed with
invitations to take part in research and interested teachers responded. Their suitability to contribute was
evaluated based on training background and teaching experience. As this study was primarily concerned with
teachers who did not have extensive formal training in science or science education, only teachers who had no
formal science education beyond GCSE level (age 16 years) were considered. Another criterion that was
considered relevant was teaching experience for teachers in Key Stage 1 (ages 5-7 years). The software is
concerned with specific aspects of physical science that are currently only taught in Key Stage 2 (ages 8-11 years;
Department for Education, 2013) but some elements had been part of the Key Stage 1 science curriculum prior to
the establishment of the new curriculum (cf. Department for Education and Employment, 1999). Therefore Key
Stage 1 teachers were only considered for the research if they had taught relevant physical science topics prior to
the installment of the new curriculum in September 2014. Level of ICT experience was not specified but
teachers were invited on the basis of a self-perceived lack of confidence in and experience of teaching using
technology. A total sample of 12 teachers was selected. Of these, 9 were female and 3 were male. This is an
approximate reflection of the gender distribution among the relevant primary school teacher population at the
time of data collection (cf. Department for Education, 2016). Because of the content of the current National
Curriculum a slightly greater emphasis was placed on Key Stage 2 teachers. As a result, the Key Stage 1
sub-sample was made up of 3 females and 1 male (all teaching Year 2); the Key Stage 2 sub-sample was made
up of 6 females and 2 males (across Years 3-6).

2.2 Procedure

In order to gain insight into teacher views on science education and their perceptions of tacit knowledge
assessment, semi-structured interviews were conducted. The semi-structured interviews were split into four main
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sections. The first section’s purpose was to collect background information on the teachers in relation to teacher
training and general teaching experience. The second section was about their perceptions of science as a
discipline and their attitudes towards teaching science. The third section covered their understanding of scientific
knowledge children bring into the classroom. The final section of the interview addressed their views on
software assessing tacit knowledge. As part of the final interview section teachers were given the opportunity to
engage with the software used in Howe et al. (2013, 2016), with minimal guidance from the interviewer (Note 1).
Interviews were carried out in teacher classrooms outside of teaching hours. They lasted approximately 45
minutes to 1 hour.

2.3 Data Analysis

After completion of interviews these were analysed by drawing on a grounded theory approach (Charmaz, 2014;
Corbin & Strauss, 2014). Transcripts were coded using the three stages of open, axial and selective coding. An
initial process of manual line-by-line open coding was performed. This meant reading and re-reading the
transcripts whilst identifying all emerging instances of attitudes, feelings, ideas, thoughts and experiences which
were repeated multiple times. These were constantly compared both within and across participant transcripts.
This was done until theoretical saturation had been reached, that is, until no further new codes emerged from the
data. Memos were written alongside the extraction of codes. During the second stage of axial coding the initial
codes were then grouped to form thematic relationships with more elaborate definitions based on the memos.
Finally, through selective coding central and peripheral themes were identified and relationships between themes
were established. Two themes were identified as being at the core of the relational model; ‘responsibility’ and
‘trust’. Any other key themes identified were seen to stand in some relation to this core.

3. Results and Discussion

Understanding the value that primary school teachers place on science education was seen as a foundational
element when trying to examine the potential of incorporating software. Across the board teachers noted that
science education was an important component of the classroom experience, including that it offered
opportunities for skills that they could either not gain in other ways or that they could apply across the
curriculum:

“The importance is for them to understand the world in which they re living, and I think everything
that the children ask, a lot of what the children ask in terms of questioning, there'’s always a science
link to it.” (WR)

Teachers also viewed science as a particular curriculum area where children are not afraid of making mistakes,
which the teachers felt would lead to more engagement on the children’s side:

“In literacy they’re quite scared of making mistakes whereas in science, when their bulb blew up
because they used too much battery power they were, you know, quite happy with that and wanted to
give it another go.” (AG)

Teachers are evidently in agreement with Alexander’s (2010) view that science is essential for primary education.
Understanding the value attached to science education is crucial as such views can impact motivation to teach by
considering the goals for completing tasks and feelings or emotional reactions towards these tasks (cf. Thoonen,
Sleegers, Oort, Peetsma, & Geijsel, 2011). By emphasising the value of science education teachers may be
signalling openness towards the incorporation of additional teaching approaches and CPD.

All of the teachers rated their confidence in teaching science as a 6 or 7 out of 10 or equivalent, and all of them
considered this to be a lower confidence level than for any of their other teaching. Despite similar rating levels
the teachers did differ in their perceptions of science. Some viewed it very positively, despite the lack of training
background.

“I love science. I don t really understand it very well but I do, I really enjoy it.” (RB)

Others saw the fault for not being so confident within themselves. This included the fact that their interests
typically lay in fields other than the physical science aspect of the curriculum, but mostly centred on a lack of
appropriate knowledge:

“I am interested in science, but I, I'm more interested in the arts and history ... But the more that I do
with the children, the more, you know, you have to do wider reading ... I have an interest there, but
definitely also have a lack of knowledge.” (MS)

This is certainly reflective of the literature, supporting the views that generalist teachers frequently lack
knowledge and skills when it comes to science teaching (Avraamidou, 2013, 2014, 2015; Howitt, 2007; Pedretti
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et al., 2008; Murphy & Beggs, 2005; Rice, 2005; Van Aalderen-Smeets et al., 2012). It is encouraging to see,
though, that teachers are able to recognise this as it may contribute towards a stronger willingness to engage with
such issues. A third component identified the lack of confidence as being, at least in part, due to a perceived lack
of appropriate external support when it comes to trying to think about how to teach physical science in the
classroom:

“If I've ever had any CPD in terms of subject areas, it has always been on the English or the maths
and reading as opposed to science ... it’s funny, because it’s a core subject as well, and I just feel...
there’s never as much emphasis on it.” (FL)

Indeed, in the UK primary school science does not receive the same attention as mathematics or literacy. For
teachers this experience starts as early as applying for teacher training programmes when they are expected to
pass professional skills tests in both subjects prior to taking up their training but are not required to do so for
science (Department for Education, 2015) — although science can be seen as a combination of numeracy and
literacy skills. However, this may not necessarily be explicitly evident to teachers and could therefore impact on
the perceived value of science as a key area of the primary school curriculum (also see e.g. Rogers, 2012).

The particular problem how teaching approaches are influenced by subjective attitudes towards science was
identified at various levels. Some teachers felt that their teaching practice was possibly undermined by negative
views or lack of understanding whereas others showed clear signs of trying to actively avoid teaching these
topics:

“It definitely impacts my own enthusiasm, so if there is a topic that I'm particularly passionate about
it shows, but sometimes I'm confused ... if there'’s something that I don't, I'm not very confident in, we
either do a limited amount of time on it or they could just tell that I don't enjoy it very much.” (RB)

Nonetheless teachers were equally aware of the consequences that such attitudes might have, recognising that
their approaches impact the classroom experiences of the children:

“They don't enjoy it as much. They don't learn half as much that they probably could or should and 1
probably wouldn't allow them to take as many risks in their learning of it ... because if I've got that
kind of barrier I only know so much and so we can't go any further than that.” (LT)

This is critical since the literature indicates a relationship between teacher knowledge and student engagement
(Martin et al., 2016) as well as impacting on attitudes to teaching, which in turn again interfere with classroom
experiences (Avraamidou, 2013, 2014; Howitt, 2007; Murphy & Beggs, 2005; Pedretti et al., 2008; Rice, 2005;
Van Aalderen-Smeets et al., 2012). Nonetheless, like recognition of values of science education, being aware of
shortcomings and how they impact classroom experiences may signalise openness towards engaging with
alternative teaching approaches that reduce the need for teacher knowledge.

Given the self-identified relative lack of confidence in teaching science it is not particularly surprising that
teachers who lack necessary knowledge and insight are prepared to seek advice and support elsewhere. The
sources of support can be separated into two camps. Primarily, teachers explained that they tended to seek
support from their more experienced colleagues, typically the school’s science coordinator:

“We would’ve had an input from the science coordinator in terms of this is how I would approach a
lesson in this, and this is how I'd deal with any misconceptions that might exist, but nothing exterior.”
(4G)

In the other camp are those teachers who, despite some issues with confidence in teaching primary science, took
it upon themselves to seek out resources that would support their activity planning, though even here
occasionally indicating lack of confidence, expressed through an uncertainty regarding availability of resources.
Nonetheless many teachers also referred to various online resources that they used to support their teaching,
including making use of simulations and watching videos where experts in their fields discuss science topics,
often in more lay terms:

“Often I use short video clips that have explanations on obviously their field, they re going to be much
more accurate than, you know, something that I'm less competent on.” (CT)

In addition, teachers typically explained that they like teaching science because it is an opportunity for the
children to be practical and try out things for themselves. However, they were very aware that this is not always
possible in a classroom setting, mostly due to safety issues, and they were then more likely to turn to online
demonstrations as a supportive teaching tool:

“So there was one where we were doing on changing states ... different types of metals that you can
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melt, something like that, but you can t do that in class, and so there was a virtual experiment and they
could set it up to have them put the metal on the plate and then heat it up and it would measure how
long it took to melt.” (FL)

This suggests that there are realistic expectations among teachers about what can and cannot be achieved in the
science classroom, and that alternatives have to be considered. Not only does this enable teachers to turn towards
experts in their fields, it also highlights the recognition of the value of using simulations in science teaching that
is reflected in the literature (Hennessy, 2006; Hennessy et al., 2007; Rutten, van der Veen, & van Joolingen,
2015).

A key factor emerging from the interviews was that teachers recognised the importance of including the children
in the process of teaching and learning. This recognition has had an impact on how the teachers engage with
addressing own knowledge and teaching methods, especially if it is an area towards which they might not have
particularly positive attitudes:

“Perhaps I wouldn 't have built pirate ships with them if I hadn't realised that actually they were so
enthused in this, and ... we only brought in our space topic just because they would not stop talking
about space.” (RB)

This affords a shift of responsibility onto the children, or a more strongly coordinated process between children
and teachers. This coordination can lead to higher levels of motivation in student learning (cf. Reeve, 2006) and
strengthens self-determination (Deci & Ryan, 2012, 2013). Deci and Ryan point out that based on a constant
active exchange with the classroom environment, supportive resources are needed to nurture inner motivational
resources; action and development come from within — an idea akin to self-collaboration (Hast, 2014). Howe et
al.’s (2013, 2016) software allows for this as in using it the teacher merely acts as facilitator and the student takes
on more of the instruction process. This also provides teachers with the opportunity to become more
self-determined in their teaching, which in turn can lead to self-determined student learning (Roth, Assor,
Kanat-Maymon, & Kaplan, 2007).

The teachers were quite able to identify children’s limited understanding, including being able to give specific
examples (cf. Gomez-Zwiep, 2008; Pine et al., 2001), despite finding it a challenge at times:

“We made rocket balloons once to test friction, so we had straws that were going over a piece of wool,
a piece of string, a piece of wire, and to see which had, you know, which was going to slow down and
why it was going to slow down, and a lot of children, they were, you know, straight up said “oh no,
that’s definitely going to slow down,” just from their understanding, I suppose, of what they would
have done in terms of informal learning ... playing with cars or using, you know, matting as opposed
to something smoother.” (MS)

The key source of misconceptions was recognised to come from external learning opportunities, including
informal learning settings, but mostly simply from experiencing the everyday world around them:

“From the books that they read at home and the programs that they watch, from when they 've been to
the zoo or been on holiday.” (WR)

Much of children’s knowledge is indeed acquired through extensive experiences with the everyday world and
within contexts where parents or older siblings are involved, too (Bliss, 2008; Eshach, 2007; Klaassen, 2005).
This naturally posed a challenge for teachers:

“Identifying them ... the children won t necessarily come and say to you, ‘I think this,’ straight off, and
you might find it halfway through something, and then that means you need to adapt what you 're
doing in the middle of your teaching in order to address that.” (CS)

In addition, teachers recognised the challenges they faced in their instruction as many ideas in science can be
highly resistant to change:

“One child was absolutely adamant that plasticine would sink straight to the bottom and obviously we
were saying that, you know, sometimes it will sink and sometimes it won't ... the children were sort of
debating it, saying ‘no, I've done that at home, when you make it flat and it has a lot of surface area,
then it will float’.” (RB)

Most importantly, the teachers were able to examine where they thought the children’s knowledge had come
from. Interestingly, one teacher already made reference to scientific conceptions that can be seen as being
reflective of underlying knowledge as assessed through the software, which indicates awareness that the surface
knowledge displayed by children is not always definitive:
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“It is there but you need to dig a little deeper for it to become evident to them.” (MS)

Once again this awareness highlights opportunities for having children engage with tacit knowledge assessment
approaches since the software helps children challenge their own ideas through self-collaboration (cf. Hast,
2014).

A key element emerging in the interviews was the issue of children’s trust and how that interfered with
facilitating conceptual change through teaching. Some of the teachers were optimistic about how readily children
appeared to accept their insight:

“I think children are very accepting at this age of their, of their teachers if you tell them something.
That s why you have to be so careful; they really take it on board.” (LT)

Other teachers, on the other hand, pointed out that children needed more convincing when trying to address their
scientific viewpoints:

“You often have to prove things to them.” (MS)

In trying to examine why this might be the case several teachers mentioned that they felt children’s ideas most
likely existed because of close authority figures such as parents, who are highly trusted, and the teachers
recognised this as a barrier to their own teaching towards overcoming misconceptions:

“I think it’s very difficult when they 've got an idea in their heads to then mould a new one ... from my
experience at least, they found it very difficult to change their view, particularly if its been a parent or
somebody that says ‘oh, its like this’ and actually it isn't like that and the parent’s made a mistake.”
(RB)

Most of the teachers, however, identified children’s self-trust as being central to resistance in changing
conceptions. These views seem to be based on the notion of personal testimony:

“If they 've seen something or observed something then it must be true cause they 've seen it.”” (CT)

There is an interesting mix in perceptions here. Indeed, the literature suggests that trust is an important aspect in
the construction of scientific knowledge throughout childhood, highlighting in particular the element of
self-generated knowledge versus the testimony of others. Of particular interest is the shift from a default bias to
rely on testimony towards developing robust self-generated theories (Jaswal, 2010; Jaswal & Pérez-Edgar, 2014;
Tamis-LeMonda et al., 2008) and resistance to misleading testimony (Jaswal et al., 2014). This robustness may
even present itself when confronted with real-life evidence demonstrations that are to the contrary of own
established ideas (cf. Baker, Murray, & Hood, 2009). Yet this confidence in own knowledge, including in the
domain of science (Howe, 2014; Jaswal, 2013), should not simply be seen as resistance than cannot be overcome
but as a key teaching tool that can be used to foster self-collaboration in knowledge formation (Hast, 2014) —
something the software in question sets out to achieve.

A further component to evaluate is the aspect of responsibility of learning new scientific knowledge. Addressing
how teachers deal with the shortcomings in their own knowledge and confidence in teaching physical science in
the event of not possessing the answer themselves some did recognise the need to be more proactive and to
further their own knowledge. It was very clear, however, that the majority of teachers believed in shifting the
responsibility of learning onto the children by encouraging a process of self-teaching. This occurred by giving
the children more ownership over their learning experiences, either on an individual or on a group level:

“I'm always very honest, I say, you know, sometimes I don t know the answer and that we need to find
out, or perhaps that could be something you could do at home, you could find that out and bring the
answer in the next day.” (RS)

Teacher questioning is a prominent feature of classroom dialogue, and within this process the responsibility of
thinking remains with the student (Chin, 2006; van Zee, Iwasyk, Kurose, Simpson, & Wild, 2001). There is
discussion within the literature that examines the issue of ownership in science education, including in relation to
virtual experiments (e.g. Childers & Jones, 2015; O’Neill & Barton, 2005). Virtual experimentation provides
students with control which is seen as crucial for engagement with topics and the resulting learning process.
Students become their own teachers, and the classroom teachers in turn become outsiders for the duration of the
experimentation. This aspect of ownership provides more positive views on science. The teacher remains as a
facilitator but is able to shift responsibility of the learning and teaching process onto the children, making
science education both child-directed and child-led — again emphasising the beneficial aspect of
self-collaboration (Hast, 2014) that the underlying knowledge assessment approach supports.

Importantly, the software was demonstrated and evaluated only after insight was gained into the teachers’ values
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and perceptions. This means the views presented above can be seen as not being influenced by this particular
computer program, strengthening the relevant validity of the discussed ideas. Views on how the software
impacted their own conceptions were mixed. Some felt that their own ideas had not been challenged, but most
did feel that the software prompted them to reconsider their own ideas:

“I learnt that I was wrong on some things ... probably my knowledge changed, I couldnt necessarily
explain it though.” (RB)

This insight seems to match small-scale unpublished research with adults using the same software (cf. University
of Cambridge, 2017) suggesting that adults too can benefit from working with the intervention programme. This
has implications for teachers and could indicate the additional potential for using the software as a professional
development tool. As far as the benefits for children’s learning were considered, teachers were very positive in
their evaluations of the software. Teachers commented on the overall ease of access, including how it helps to
account for different computer skills without disadvantaging any students. More importantly, they saw
immediate benefits in the opportunity to provide children with opportunities to reflect on their reasoning:

“I like the fact that it replays and gives you that choice to see both against each other again, so you
can, the idea of mulling it over and trying, trying it again and again, rather than just accepting it once
at face value.” (FL)

Nonetheless the teachers also provided feedback that would be worthwhile considering in trying to develop a
more successful conceptual intervention programme. Most of these comments were more about the presentation
of the software, including fonts perhaps being too difficult for the younger children to read. However, they also
raised potential issues with some of the content phrasing, much akin to common critiques of Piagetian research,
particularly for the younger children (see e.g. Baucal, Arcidiacono, & Budjevac, 2013):

“When it says ‘do you think your answer is correct’in most children’s eyes that would only make them
think ‘oh, I'm wrong, so I have to say no’.” (CT)

Some teachers recognised the software as a useful differentiation tool for their teaching activities:

“I could use it to find out what they do and don 't understand and then could potentially differentiate
based on that cause I don t differentiate in science at the moment.” (RB)

However, from the differentiation viewpoint other teachers were more sceptical as to how effective
implementing the software really would be in practice, both from a practical aspect and how the software might
be perceived by the children:

“A lot of the time the weaker children go off to use apps and programs on the computer and so the
ones that think that they’re brighter would have the idea that this is for maybe some lower level
children because that'’s what they normally do, because they need this support ... there's potential that
they may have a slightly negative attitude towards it.” (MO)

Beyond suggestions based on their own experiences where they seek advice, such as STEM, teachers felt some
form of personal interaction would be the most useful approach in trying to raise awareness of the software.
Some suggested school-internal contact points as a key reference:

“Through the science coordinators of schools and then, like, the potential of doing a staff meeting on
it, so if there were resources for the science coordinator, like a PowerPoint about what it is, the
purpose of it and how to use it in class, that would make it much more likely that they would then
deliver a staff meeting on this.” (FL)

However, teachers were equally welcoming of external input in demonstrating the software, including academic
researchers. Teachers expressed themselves positively about this aspect as it removed some of their own burden
in finding resources and figuring out how to use them:

“We had [company name] who came to speak to us and they showed us exactly how to use the
program and how the children would use that in class ... that was good ... As a teacher, it just, you
can be a bit passive and you don t have to be doing it proactively all the time.” (LT)

This is something also envisaged by the Department for Education (2010), promoting the view that academics
and professionals within education need to establish a closer relationship in order to reap further benefits on both
sides. The academic research equally supports this standpoint (Vanderlinde & van Braak, 2010). Collectively,
this indicates a willingness to engage with CPD and provides an opportunity to structure relevant activities for
generalist teachers. This again reflects the need for such training for this particular group (Office for Standards in
Education, Children’s Services and Skills, 2008, 2011, 2013; Tondeur et al., 2012; Wellcome Trust, 2014).
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4. Conclusion

From this qualitative evaluation of teachers’ insight arises the ability to complement the usefulness of tacit
knowledge assessment for children’s conceptual development in science. In particular, the software appears to
encapsulate all key areas identified through the teacher data. It has become clear that from the teacher
perspective the key issues to address towards successful implementation of the software within teaching practice
are those of children’s trust and responsibility of learning as these appear to impact on teachers’ views of their
students and the ways in which to facilitate their development. The research discussed here also highlights the
benefits of tacit knowledge assessment for a particular type of teacher — relatively inexperienced and with a lack
of training in science and technology. Future research would do well to take into account quantitative measures
around motivation and values and how these impact on perceptions of the software as well as exploring in more
detail the issue of the central model elements from the child perspective. Overall, despite some identified
shortcomings of the software when asked whether they would make use of it, after having tried it out for
themselves, the teachers were all very welcoming of the opportunity, providing green light for the development
of CPD targeted at generalist teachers:

“Would I use it? Yeah, I would.” (MS)
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