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Abstract

Science capabilities were introduced within the New Zealand context following the revised New Zealand Curriculum (NZC). These capabilities are a small set of things that NZC intends students to be able to do in science, which weave the nature of science with content strands. Using pedagogical content knowledge (PCK) to understand teacher knowledge, this article explores how a New Zealand secondary school embraced science capabilities and how it is assessing them. A concerted and targeted effort over the last decade saw significant shifts in teacher thinking, and the school now utilises science capabilities for significant portions of the curriculum design and assessment in Years 9–11. Moving away from traditional approaches, the school now reports on student progression with respect to what they can do. It is intended that the thinking and approaches reported here will support other secondary schools if they are making changes to their science curriculum.

Introduction: The evolution of science capabilities

This article explores the thinking required for assessing science capabilities within a New Zealand secondary school context, through the lens of teacher knowledge, and professional learning and development. However, it is important to first understand the evolution of the science capabilities and their position within this context. The conception of the science capabilities has roots within the discussion about being scientifically literate, which has been a focus in science curricula over the last seven decades. Hurd (1958) questioned the effectiveness of science at school to allow future generations to cope with “scientific and technological developments” (p. 14). More recently, Gluckman (2011) expressed the need to focus on understanding the complex systems and relationships between how scientists work and the knowledge that is created, rather than seeing science as a means for yielding certainty and exactitude.

Across these decades, there has been much debate about defining the characteristics of a scientifically literate person (e.g., DeBoer, 2000; Fives et al., 2014; Laugksch, 2000; Lederman et al., 2014; National Research Council, 2012). Lederman et al. (2014) say that being scientifically literate is primarily about a person’s “ability to make informed decisions about scientifically-based personal and societal issues” (p. 286). As different researchers’ divergent views are combined, the capabilities and dispositions required of such a person emerge. Being scientifically literate means that students understand three aspects of science: key science concepts (National Research Council, 2012); the epistemological underpinnings of science, often referred to as the nature of science (Fives et al., 2014; Lederman et al., 2014); and the inquiry process used in science to generate knowledge (Fives et al., 2014; Lederman et al., 2014).

Responding to these paradigmatic shifts and views of science education, the revised and refined New Zealand Curriculum (NZC) (Ministry of Education, 2007) articulated a purpose of science education, which shares similarities with the views espoused above (see Ministry of Education, 1993, 2007). In particular, this revision emphasised students learning about the nature of science to develop their capabilities to make informed decisions (Hipkins, 2012). It is intended that the Nature of Science strand should be the focus for science teachers, and other strands provide context (i.e., Material World, Living World, Planet Earth and Beyond, and Physical World). However, the way the Nature of Science strand is written in NZC (Ministry of Education, 2007, p. 28) positions learning about the epistemology of science alongside scientific inquiry. Lederman et al. (2014) say that these two distinct aspects of science are often conflated, resulting in some misunderstanding around what each means for teaching science.

While the focus on the nature of science was emphasised through this curriculum revision, an important consideration is asking how the national curriculum translates to the classroom. Hipkins (2012) highlights that this is not an easy question to answer. However, she outlines that there is little evidence to show that the nature of science is a focus in science classrooms, and that teachers’ confidence is the lowest for the Nature of Science strand (compared to others). Part of this issue is the way the nature of science is espoused in NZC; that it is a guiding framework open to interpretation (Hipkins & Bull, 2015). To support teachers, potential was seen to align ideas about the nature of science with a set of generic key competencies, which were also introduced through the revision of NZC (see Ministry of Education, 2007; Rutherford, 2005). This alignment saw a process of “joining the dots” between the content of the learning areas, overarching ideas about the nature of science, purpose of science education, key competencies, and existing resources (Bull et al., 2014; Hipkins, 2014; Hipkins & Bull, 2015). The outcome was the generation of a small set of science capabilities:

1.Gather and interpret information

2.Use evidence to support ideas

3.Critique evidence

4.Making meaning of scientific representations

5.Engage with science.

When considering the role of these capabilities as mechanisms to support the development of scientific literacy, it must be stressed that they should not be seen as one-off learning experiences. Rather, realising their intent implies an ongoing explicit focus on them when using the content strands within NZC as context (Hipkins & Bull, 2015). To offer practical support for teachers, various resources have been created; for example, two significant resource banks in New Zealand include the Science Learning Hub (Science Learning Hub, 2019) and Te Kete Ipurangi (Ministry of Education, 2014). In addition to these resources for teachers, Bull (2015) points out that, while many schools are introducing the science capabilities to their local curriculum, teachers are thinking about ways of assessing them, which is not straightforward and requires deep thinking. Thus, the notion of thinking about assessment in terms of progression becomes important (see Bull, 2015, p. 9), prompting the Ministry of Education (2019) to develop a resource to show teachers what progression in the development of science capabilities might look like across the first four levels of NZC.

Much of the focus on developing curriculum, pedagogical, and assessment resources around the science capabilities focuses on primary school years. This is indeed important given the significant reduction in student interest and achievement in science in New Zealand as students get older. A key question emerges around what the science capabilities mean for secondary schools in New Zealand, which is the focus of this article. This is an important consideration, given that high-stakes assessments (i.e., National Certificates of Educational Achievement [NCEA]) have significant influence on key decisions made regarding what and how to teach (Hume & Coll, 2010) and that the nature of science is often ignored when high-stakes assessment influences pedagogical decisions (Hipkins & Bull, 2015). Thus, this article now focuses on how secondary-school science teachers think about the science capabilities, with a particular emphasis on their assessment.

Understanding and developing science teachers’ knowledge

First, it is worthwhile to understand science teachers’ specialised and unique knowledge, and consider ways of developing such knowledge. A useful way to understand this knowledge is to consider pedagogical content knowledge (PCK). As a construct, PCK was first introduced by Shulman (1986, 1987) to articulate the blend of pedagogy and content knowledge, and it is seen as an important aspect of quality teaching and learning in science (Kind, 2009; Luft et al., 2011). Figure 1 below shows the refined consensus model (RCM) of PCK for teaching science (Carlson et al., 2019), which serves as a framework to discuss science teachers’ knowledge and knowledge development in this article.

The RCM introduces “realms” of PCK to describe PCK as different forms of knowledge. personal PCK (pPCK) is the knowledge that a teacher has regarding the teaching of particular topics to particular groups of students. When making pedagogical decisions, such as planning or reflecting, or in the moment of teaching, teachers utilise their enacted PCK (ePCK), which is a subset of their pPCK. Thus, pPCK can be seen as a more “static” version of this specialised knowledge, while ePCK is more “dynamic”, relying on a particular situation. Additionally, as teachers share their knowledge with each other (e.g., discussing teaching and learning within a department meeting), they generate a form of collective PCK (cPCK). It is the relationship between these three realms that is significant in this article.
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Figure 1. The refined consensus model (RCM) of pedagogical content knowledge (PCK) for teaching science (Carlson et al., 2019, p. 83)



The influence of teachers’ curriculum and assessment knowledge is important, including their understanding of the intentions of NZC through a science education lens, along with the role of assessment. Through the knowledge exchange function of the RCM, this type of knowledge will influence teachers’ pPCK and ePCK (i.e., their own thinking and what they do when teaching), along with how they contribute to generating cPCK. Importantly, as teachers consider their own understandings (which mitigate the level of knowledge transformation between these realms), there are particular amplifiers and filters that influence shifts in thinking, such as teachers’ personal philosophies (Carlson et al., 2019; Gess-Newsome, 2015).

While significant attempts have been made to support the implementation of science, as espoused in NZC (for example, the introduction of science capabilities), these efforts have not necessarily led to changes in teacher thinking or practice, including how they are thinking about assessment. It can be difficult to achieve changes in teacher thinking, although research does suggest some mechanisms to consider, such as encouraging discussion and reflection, using particular prompts, as well as recognising that transformational change to thinking takes time (e.g., Carpendale & Cooper, 2021; Carpendale & Hume, 2019, 2020, 2022; Cooper et al., 2022; van Driel et al., 1998).

This article now turns to explore a secondary school as a case study to explore how teacher thinking has changed over time as they have embraced science capabilities, and, in particular, how they assess them.

Assessing science capabilities in New Zealand secondary schools: A case study

In 2010, the science department at Freyberg High School (FHS) responded to the 2007 NZC by implementing a new junior programme that emphasised the role of the nature of science. Over the next few years, teachers tried various approaches to incorporate aspects of the nature of science, but still found it challenging to transform their practice. A number of workshops were facilitated in 2014 and 2015 to support teachers with this change, and the science capabilities were introduced. It was during this time that the head of department (second author) identified that the science capabilities might provide a way forward. As a result, all junior science teachers from 2016 onwards were required to complete three or more capability focused tasks per topic, with all capabilities being explicitly used at least twice in the year.

During this time of significant change within the science department at FHS, the school also became part of their local kāhui ako (see Ministry of Education, 2022) by the end of 2016. This opportunity allowed for funding to support two science teachers to attend the Royal Society Science Teachers Leadership Programme (STLP) (see Royal Society, 2022) in 2017, and another in 2018. FHS also received 3 days per term of Ministry of Education-funded professional learning and development (PLD) for the next 6 years. These additional support mechanisms allowed the school to further develop its focus on using the science capabilities to inform its planning and teaching.

At the start of 2018, a concerns-based adoption model (C-BAM) (Loucks-Horsley, 1996) was used within the department to identify any concerns teachers had about the move to using the science capabilities. Outcomes from this process showed that teachers had concerns around a lack of understanding regarding the capabilities and how to teach them, that the capabilities would “dumb things down”, that not enough content was being covered, and that overall student achievement would suffer. It became clear that some strategies were needed to ensure these concerns were addressed appropriately. A first step was to create critical friend pairs—each member was paired with another to support the development of tasks, lesson observations, and discuss pedagogical strategies. Additionally, throughout the year, the Ministry of Education-funded PLD was used for individual mentoring, lesson observations, or facilitating whole-department workshops that focused on developing cPCK and teachers’ pPCK around using the science capabilities, including ideas for enactment.

Given the concerns that teachers had, it was appropriate to review the progress made in 2018 to see whether those initial concerns had been rectified, or attention was still required. This review identified that the critical friend pairs had not been effective when there was a lack of expertise within each pair. Thus, in 2019, the critical-friend model was adjusted to have groups of four teachers, including an “expert” (either the head of department or an STLP teacher). The main focus of these groups was to use a lesson-study approach to develop their own knowledge: groups developed lessons together that featured a particular capability, which was then videoed when taught and the group would review and discuss the video. This approach proved to be far more effective, and the discussions within each group helped build cPCK.

With a continued focus on the science capabilities, teachers became more confident developing their own tasks and would often work with those in their group to refine tasks further and check their own understanding of the capability. A culture was developed where teachers shared their tasks and would discuss ideas freely. For example, one task centred around the difference between observation and inference when interpreting a particular representation. Through the culture (and confidence) developed, teachers were able to have a rich discussion about these concepts leading to a greater appreciation and understanding, helping teachers to identify which parts to focus on in their teaching.

Teachers were now seeing the benefits of having an approach to science education that focused on the science capabilities. In particular, they noticed that Year 11 students, when completing NCEA assessments, were starting to use the skills they had learnt in Years 9 and 10. For teachers who had worries and doubts about this approach and its impact on high-stakes assessment, and were still skeptical, this realisation had a catalytic effect. They began to fully embrace this approach.

Given the PLD support they had provided, the Ministry of Education now requested data to show how student outcomes had improved. The head of department worked with facilitators to create an observation activity for all students (i.e., Years 9–13). Based on the recently published model of progression (see Ministry of Education, 2019), student work was grouped to show progression. This activity highlighted two key points. First, the skills involved in observation were the same regardless of what year level students were at. What did differ was the specifics of what students were observing, and awareness of the tools available to make observations. Secondly, the incremental differences in progression allowed teachers to identify exactly what to focus on in their planning and teaching to support the development of students’ observational skills. This thinking signalled the importance of thinking about assessment of the science capabilities through a progression lens.

In 2020, a decade later after beginning to make these paradigmatic changes, the department was ready to start thinking about, and attempting to assess, students’ progress in relation to the science capabilities. One capability was linked to each topic in Years 9 and 10 and became the focal point of the term. Using what teachers had learnt from the previous year, an attempt was made to identify the incremental steps in development for each science capability, and grades were assigned. To ensure teachers focused on developing the science capability (rather than “teaching to the test”), teachers did not see the assessment that students were asked to complete until they were completing it with their students.

During this time of focusing on assessment, work continued to break down each of the science capabilities into progressive steps of development. For example, when considering observations, progression ranged from describing observations using everyday language (e.g., it looks like it has legs) through to being more precise and describing relevant features using scientific language (e.g., it has six segmented legs, which are scaly and brown in texture, and there are three on each side of the torso). It was important to create two versions of this progression—one for teachers, and one for students. The teacher version provided teachers with guidance on what they should be looking for at each level, including examples and next steps for students. In contrast, the student version was written in “student speak” and given to students to show them the sorts of things they should be doing and thinking about. Copies of these are displayed in all science classrooms.

In 2021, a change occurred in how student assessment was being reported at FHS. The progressions which the science department had developed became the primary focus for Years 9 and 10 science. Rather than receiving grades, teachers reported on what students were able to do based on these progressions, and what the next steps were to improve. As FHS made the decision to drop Level 1 NCEA in 2022, this approach was then applied to Year 11 students as well. After using these progressions of science capabilities to inform their views of assessment in science, the science department at FHS is ready to review and improve them further, as teachers’ pPCK is continually being refined.

Discussion, implications, and conclusion

The case study presented above identifies salient points to consider when thinking about the knowledge required for assessing the science capabilities, such as those discussed here. The first point that becomes fundamental for this type of thinking and change within a school is the role of a shared vision; not only teachers subscribing to that vision, but embracing it. While the narrative account from FHS shows positive changes for their science-education programme, much of that time was spent negotiating with teachers about the purpose of this significant pedagogical shift. This point is less about telling teachers that this new approach is going to work, and more about showing them the positive impact this type of change can have. However, like any shift in pedagogical approach, new thinking is required.

The realms of PCK outlined earlier (see Carlson et al., 2019) become important mechanisms for conceptualising teacher knowledge and changes to knowledge. In particular, teachers needed to develop their pPCK in ways that included thinking about the science capabilities (and nature of science more broadly). For the case at FHS, this was achieved through developing cPCK first—a collective form of knowledge that was localised to its science department, which became a disrupter to teachers’ individual thinking. It was through this cPCK construction that teachers’ pPCK could be developed, allowing a richer base to draw from when making planning and teaching decisions, including assessing students’ understanding (i.e., ePCK). The knowledge exchange arrows of the RCM indicate that this collective knowledge influences what teachers might think and do; while also acknowledging the filtering effect of their own personal philosophy, which is why the shared vision is fundamental.

Two key approaches were utilised to develop cPCK at FHS to ensure teachers were able to think about assessing the science capabilities. First, there was a need for the PLD to be specifically targeted to what students needed to learn, and the goals of the science department and the teachers. In educational research, these facets of PLD are often referred to as having content focus and coherence (e.g., Desimone, 2009). A content focus emphasises the importance of making links between the PLD and what students need to be learning, and how they could be learning it (Desimone, 2009; Griffith et al., 2014). (Within our case study context, it must be stressed that the intended content is learning about the nature of science, not the contextual strands.) Coherence is linked more to the teachers’ needs: PLD needs to be aligned with teachers’ goals (Desimone, 2009; Griffith et al., 2014). Both of these aspects are a part of effective PLD and overlooking them can reduce the effectiveness of the PLD (Carpendale, 2019; Carpendale & Hume, 2019; van Driel et al., 2012). FHS ensured content focus and coherence through their targeted PLD sessions, funded by the Ministry of Education, and also through their mentoring groups.

Secondly, a key aspect to achieving a transformative effect on teacher knowledge to consider the role of science capabilities and assessment, as was the case at FHS over a decade, is the role of reflection and metacognition (Cooper et al., 2022). Again, achieving the level of reflection and metacognition required for changes in thinking is challenging. To support this process, FHS not only asked science teachers to create activities, but to also teach and video them, and then discuss them. Through this procedure, teachers are actively participating in their own learning and are collaborating (Desimone, 2009). Importantly, though, they used their own unique pPCK to notice (Chan et al., 2021) aspects that were significant to them, which were then discussed. This collective and highly reflective process elicited metacognition, allowing teachers to create cPCK together, ultimately transforming their pPCK and ePCK around teaching and assessing the science capabilities. Included as part of this process, too, was recognising that information from assessing students was used by teachers to further develop their understanding and evaluate their effectiveness (Hanuscin et al., 2011; Jones & Moreland, 2015). Within a secondary-school context, assessing students and seeing the positive impact on their grades is an important consideration, especially given the role of high-stakes assessments and teachers’ desire to ensure student success.

The focus of this article is on assessing the science capabilities within a secondary-school context. However, it becomes clear that it is not a straightforward process. Indeed, there is much to consider regarding the thinking that teachers require to plan, teach, and assess the science capabilities. It is important to note that the school-developed progressions for assessment were the culmination of many years’ work. Time is a significant factor when thinking about PLD for educational changes (see Desimone, 2009). Thus, the intention of this article is to highlight the explicit and reflective approach taken by teachers to lead to this point (Borthwick, 2020). Implementing this type of approach will be important as science curricula reforms in New Zealand, and internationally, emphasise capability or competency development as part of developing students with scientific dispositions. Consequently, creating new types of progressions to assess students’ growing capabilities will be critical to support their development and to support teacher thinking.
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