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Leaving the Profession: One teacher’s view of her department work environment 

and its impact on her decision to leave 

 

Gillian Ward 

Faculty of Education 

The University of Auckland 

 

Abstract  For early career teachers a positive work environment that supports their development 

is important in determining whether teachers stay in the profession.  This paper draws on a 

vignette of one early career science teacher, Cathy, who indicated that she wanted to leave 

teaching after only three years in the profession. The vignette draws on data from a semi-

structured interview in which she describes her experiences of the secondary school science 

department in which she worked. Additional data were gathered through answering the 

Departmental Learning Environment Questionnaire (DLEQ) and completing a profile sheet of 

biographical and demographic information. Her department work environment is viewed through 

the lens of Bandura’s theory of self-efficacy and uncovers some of the reasons for her decision to 

leave. Implications for secondary school science departments and Initial Teacher Education 

providers are discussed. 

 

Introduction 

In New Zealand, the retention of teachers at the beginning of their career is cause for concern. 

Dewar et al. (2003) studied the barriers to retention of 63 secondary school beginning teachers 

and found only one third intended to still be teaching in five years time. These data are support by 

Murray (2006) who noted that only 60% of people who start teaching were expected to still be 

employed four years after they began teaching. In extending the first phase of their Teachers of 

Promise study (Cameron, Baker, & Lovett, 2006) they found that of the 57 teachers who started in 

the project only 31 were still teaching two years later (Lovett & Cameron, 2011). 

 

Not only is the retention of teachers beginning their career problematic, but also the retention of 

teachers who teach science in secondary schools. The Monitoring Teaching Supply Reports (eg.g. 

Ministry of Education, 2003; 2011) highlight vacancies in New Zealand secondary schools at 



  4 

the beginning of a school year.  Over a number of years, science continues to be a subject in 

which there are vacancies. 

 

It has been found that positive work environments can stem the tide of those leaving the 

profession (Certo & Fox, 2002; Kim & Loadman, 1994). Intrinsic rewards of professional challenge 

and opportunities for professional development have been found to positively affect job 

satisfaction (Kim & Loadman, 1994; Yee, 1990; Ward, 2011). Lovett and Cameron (2011) describe 

the cases of two primary school, and three secondary school, beginning teachers. They concluded 

that there is a need for a learning culture within a school that is supportive, and includes 

professional talk about teaching, and observations and feedback on actual teaching episodes. This 

was required in order for beginning teachers to improve their teaching, feel positive about their 

work environment, and remain in teaching. 

 

The study in this paper builds on prior research by focusing on the department work environment 

and exploring the work life of an early career science teacher. Departments are important as they 

define teachers’ professional identities, and are a source of collegiality, routines and 

responsibilities (McLaughlin & Talbert, 2001). The research sets out to investigate: What are the 

experiences and perceptions of one early career teacher in a secondary school science 

department? And what is the impact of these experiences and perceptions on her decision to 

leave the teaching profession? To examine this question the research is analysed through the lens 

of Bandura’s theory of self-efficacy (1977). 

 

Background  

Self-efficacy is a future orientated judgement that is more to do with perception than an actual 

level of competence (Woolfolk Hoy & Burke Spero, 2005). Self-efficacy is comprised of two inter-

related and inter-dependent components: an efficacy expectation and an outcome expectation. 

Without a strong efficacy expectation, the belief in one’s ability to perform, an individual is 

unlikely to take action. Conversely, without a strong outcome expectation, it is unlikely that an 

individual will select a particular course of action even if the individual is capable of performing. 
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An individual’s sense of efficacy is drawn from four main sources of evidence: mastery 

experiences; vicarious experiences; social persuasion; and an individual’s physiological and 

emotional state (Bandura, 1995). Of the four, mastery experiences are considered the most 

powerful and can be explained as the previous successes one has experienced in dealing with a 

particular challenge. This has been found to be particularly so for beginning teachers (Woolfolk 

Hoy & Burke Spero, 2005).  

 

Vicarious experiences, in the form of social models; and social persuasion, being told that one has 

the ability to succeed, has less effect unless also accompanied by successful experiences. Finally, 

positive emotional responses to a task or challenge should enhance self-efficacy beliefs whereas 

negative emotional responses may weaken self-belief.  In most situations it is to be expected that 

setbacks will occur and self-doubt follow. However, it is how an individual deals with self-doubt 

that impact on their final success. 

 

A consideration of the effect of teachers’ efficacy beliefs on teaching performance is important.  

Teachers’ sense of self will have an impact on the teacher’s own day to day experiences and long 

term aspirations.  

 

Research Design 

The research in this paper draws on a study which included a group of nine secondary school early 

career science teachers (teachers in their third, fourth or fifth year of teaching).  Data were 

gathered through the Departmental Learning Environment Questionnaire (DLEQ) (Ward & xxx, in 

press), individual semi-structured interviews and the completion of a profile sheet, in which 

demographic and biographical data were sought. The DLEQ and interview questions focussed on 

how the teachers perceived their current department work environment and how they would 

prefer their department environment. Interviews were audio-taped, transcribed and themes were 

established using Miles and Huberman’s framework (Miles & Huberman, 1994). One of these 

teachers, Cathy (a pseudonym), described a less than positive work environment. Her story is the 
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subject of this paper and her perceptions are discussed through Bandura’s theory (1977) of self-

efficacy.  

 

Findings  

All forms of data were analysed to build the following vignette that describes Cathy’s story and her 

perception of the science department in which she worked. The aspects that impacted on Cathy’s 

decision to leave teaching are outlined.  

Thoughts on entering teaching 

Cathy completed her Bachelor of Science degree and then went straight into teaching after a year 

completing her secondary teaching qualification at a New Zealand university. Cathy came into 

teaching partly because family members were teachers and partly because she could not think of 

what else to do with her degree. From the beginning she was not sure how long she would stay in 

teaching. However, she had a very positive experience during her year in her Initial Teacher 

Education (ITE) programme and entered teaching with a positive frame of mind. 

Where she worked 

Cathy worked in the science department of a decile 8, co-educational, New Zealand secondary 

school. She was coming to the end of her third year of teaching when she was interviewed. The 

school in which she taught was the first and only school in which she had been permanently 

employed. When she was first employed at the school no one was available to offer advice and 

guidance to her, even though this was a requirement for beginning teachers. At the end of her first 

six months of teaching, someone was appointed to a provide advice and guidance and Cathy felt 

more supported.  

Teaching and Department Perceptions 

Cathy described feelings of frustration, feeling exhaustion and guilt with regard to teaching and 

found working with the junior students particularly stressful: 

My worst day is when it starts off really well with Year 11, Year 13 and Year 12 and so I feel 

like I’m ‘doing it’, it’s happening and I sort of enjoy what I’m doing, and then I get to the 

afternoon and I’ve given a lot because I’ve enjoyed it and then I hit the juniors, and 

afternoon, and their ability is so much lower and they’re so frustrating because … you just 

have to lower them right down otherwise they don’t know what you’re talking about … At 
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the end of the day I’m exhausted and don’t really have anything more to give them. I go 

home feeling really guilty and feeling like I was a [rubbish] teacher for those periods. 

 

There was also a perception that she was being ‘pressured’ by her family to remain in teaching. 

She stated that her mother, “just kept saying, ‘get registered. You need to get registered’.” 

 

She felt she needed a supportive and caring environment in which to improve her teaching. This 

support needed to be structured. She needed to feel valued and respected by students and the 

colleagues she worked with in the science department. Respect was very important to Cathy; she 

mentioned it nine times during the interview.  

 

When she was going through her ITE programme she felt valued and positive about teaching. She 

said: 

 

I was like one of the ones that I felt like this is my calling, this is what I’m good at, 

everything I did I felt like I was getting positive feedback about what I was doing and then 

I’ve come [to this school] and it’s like now I just feel like I’m a bad teacher. 

 

Her views of teaching and planning were supported at her ITE institution, whereas in the 

department in which she taught she did not feel that way. 

 

At the time of the interview, she perceived the department was more competitive than collegial. 

Because there were so few senior classes there was a sense of competitiveness about who got to 

teach the senior classes. She stated: 

There’s another teacher who I really like, and I love the way she does things, and I copied a 

few things that she did but I sensed from her I’m competition . 

 

Cathy did not feel her ideas were welcomed and she felt “mocked” by her senior colleagues. Cathy 

said she would “come up with these creative ideas … and [my senior colleague] would mock me in 

front of other people about me doing it, “ 

 

There was a perceived lack of professional interest and professional development opportunities 

available to Cathy. To be helpful to her development as a professional, the formal feedback that 
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occurred through the appraisal system needed to be constructive and the appraiser needed to be 

engaged and interested in the work of the early career teacher. Cathy was in a situation where this 

was not the case. She said her appraiser only offered cursory feedback. She commented how “he’ll 

walk into my class and walk out and say, ‘that was great’ and writes a [report].” 

 

She described the resources in the department as disorganised. For example, there was a DVD 

player but no DVDs. Associated with this was a lack of suitable equipment or the resources were 

very old. There were no unit plans for the department members to follow.  

Career Aspirations 

Cathy found the interview difficult in that it raised considerable feelings for her about the stress 

she felt on the job. Cathy had found the lack of collegial support and student relationships the 

most difficult. Cathy had decided to leave teaching at the end of the next term. The science 

department was a significant reason for her decision to leave.  

 

Discussion  

Bandura’s theory (1977) of self-efficacy provides some useful insights into the nature of Cathy’s 

experience of teaching. Cathy began her teaching career with a robust efficacy expectation. She 

had family role models. In addition, she had had a positive experience in her ITE programme both 

during practicum and with her written assignment work. She had received positive feedback from 

her lecturers at University. These experiences validated her belief that she could be a successful 

teacher. 

 

Mastery experiences will build robust expectations and have been found to the most powerful 

influence on the development of teacher efficacy in beginning teachers (Woolf Hoy & Burke Spero, 

2005). However, because of her previous experiences Cathy was not prepared for the day to day 

events in her science classroom. She did not feel she was experiencing success as a teacher and 

self doubt about her ability to teach started to plague her. This sense of self doubt reached a 

tipping point by the end of her third year of teaching.  
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It appears that her lack of understanding of the reality of teaching and possibly lack of life 

experience meant she had an unrealistic view of teaching (Bandura, 1986). As a consequence, she 

over estimated the ease with which she would be successful at teaching. At the same time she 

received little support from those in the science department. There were people she looked up to 

within the science department but she also believed they were unwilling to support her. Cathy 

highlighted the need for support through a department that would value and respect her and 

provide resources to support her teaching. This need for support aligns with the findings by 

Woolfolk Hoy and Burke Spero (2005) whose study found a decrease in self efficacy occurs during 

the first year of teaching if support was low. It appears from Cathy’s story that lowered self-

efficacy is not only reserved for those teachers in the beginning year of teaching. 

 

The strength of a person’s self efficacy also affects the amount of persistence and degree of 

resiliency when faced with setbacks (Evers et al., 2002). Early success, combined with occasional 

failure that is overcome through determined and persistent effort, will build strong efficacy 

expectations. However, Cathy did not perceive she was having any success and did not have the 

support within her department to engage in professional discussion about her teaching and help 

build her resilience. While her initial efficacy expectations as she entered teaching were strong, 

she was no longer willing to persist. She was unable to draw on previous mastery experiences and 

family to pull her through. Her family were prepared to encourage her to stay in teaching but 

social persuasion through a “you can do it” stance was seen as ‘pressure’ by Cathy and had little 

impact on her decision to remain in teaching.  

 

Implications and Conclusion 

Cathy’s story possibly has lessons for those involved in the teaching profession. Particularly for ITE 

providers and those experienced teachers in secondary school science departments. For 

departments it is important that experienced teachers recognise they have an abundance of 

mastery experiences available to them (Tschannen-Moran and Woolfolk Hoy, 2007) and that this is 

often not the case for early career teachers. Consequently, teaching episodes that may shake 

experienced teachers self efficacy may ultimately have less impact compared to a similar event 

which occurs to someone just starting out in their career. There is a need to recognise that 
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although Cathy had moved beyond registration she was still a relative neophyte when it came to 

teaching a range of learners. The issues that Cathy faced may have been heightened by her lack of 

wider life experiences. So more experienced teachers need to recognise the likely gap between 

their own mastery experiences and those of early career teachers. Moreover, science departments 

need to put in place support, both emotional and systemic, that provides an opportunity for early 

career teachers to build resilience and have more successful mastery experiences. 

 

While the department clearly had an impact on Cathy’s decision to leave, it appears that ITE 

providers also have a part to play in supporting teachers as they enter the teaching profession by 

building strong efficacy expectations. It appears from Cathy’s story, that it would also be useful for 

ITE providers to ensure student teachers are immersed in the reality of teaching and focus on 

building resilience. The challenge is to ensure positive mastery experiences while still considering 

the reality of the day to day experiences within a department. 
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The influence of teacher knowledge and beliefs on science in three Year 7 and 8 

classrooms. 

 

Dayle Anderson 

Victoria University of Wellington 

 

Abstract  Weak science content knowledge has often been suggested as underlying primary 

teachers’ reluctance to teach science. Understanding the nature of teacher knowledge that 

supports science learning opportunities in primary science education could produce a more 

positive view of primary teachers’ potential for science teaching. This paper highlights aspects of a 

multiple case study which draws on the literature developed from Shulman’s definitions of teacher 

knowledge to identify the nature and influence of knowledges and beliefs that three generalist 

New Zealand primary teachers from schools well regarded for teaching science at Years 7 and 8 

brought to their implementation of a unit of work in science.  

The teachers drew on a wide range of knowledges and beliefs to promote science learning. 

Crucially influential on the nature of science learning that was promoted was the teacher’s 

orientation to science teaching, in particular, beliefs about the purposes and nature of science and 

science teaching. Students’ perceptions of their resultant learning depended on their teacher’s 

orientation to a certain extent, but their beliefs about the nature of science learning appeared also 

to be an influence.A framework is proposed, based on Shulman’s categories and developed from 

the findings of the study that describes the range and nature of teacher knowledges that support 

primary science teaching in a New Zealand context. 

 

The Problem 

The extent and nature of primary teachers’ science content knowledge has been highlighted as 

problematic in New Zealand and internationally (e.g., Appleton, 2006; Education Review Office, 

2002, 2004, 2010; Osborne & Simon, 1996). Lack of content knowledge was identified as a major 

concern expressed by primary teachers themselves in implementing the New Zealand science 

curriculum (McGee et al., 2003). In 2004 only 48% of primary schools reviewed were effective in 

implementing the science curriculum. The New Zealand Education Review Office [ERO] noted: “A 

lack of confidence in teaching science, generally as a result of a lack of science content knowledge, 

was regularly noted to be the key factor in less effective performance” (ERO, 2004, p.13).  
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An increasing curricular focus on outcomes concerning the nature of science places further 

demands on teacher content knowledge. Schwab (1964) described two kinds of discipline 

knowledge: substantive knowledge, which refers to understanding of the body of knowledge 

generated by a discipline, and syntactic knowledge, which is knowledge of the means by which 

ideas are developed and become accepted within it. Both types of knowledge outcome are 

required by New Zealand science curricula, with the latter being given prime importance in the 

most recent document (Ministry of Education, 2007). 

New Zealand primary teachers are commonly generalist. Few have a science background. They 

receive relatively little pre-service science education and less ongoing science professional 

development (Bull, Gilbert, Barwick, Hipkins & Baker, 2010; ERO, 2010). However, there is 

evidence that some primary teachers, despite this poor support, successfully engage their 

students and foster learning in science (ERO, 2004, 2010; Tiplady, 2004). Hattie (2009) discusses 

the “conundrum” of teacher subject matter knowledge (p.127). His synthesis provides little 

evidence linking teacher content knowledge with student achievement; the significance of factors 

such as quality of teaching and teacher student relationships suggests that other knowledges have 

a role. Understanding more fully the range and nature of teacher knowledges that afford useful 

science learning opportunities in primary science education could produce a more positive view of 

primary teachers’ potential for science teaching and usefully inform professional development in 

science. 

This paper seeks to identify the nature of the knowledges and beliefs that highly regarded 

generalist primary teachers of science bring to their teaching of science. The influence of these 

knowledges and beliefs on science learning opportunities and students’ perceptions of resultant 

learning is investigated. 

Background 

In the 1980s Shulman (1986, 1987) identified the lack of a specialised and coherent knowledge 

base for teaching and identified seven areas of knowledge useful for teaching. The seven 

knolwedges he described provided a way to examine “what it is that a teacher knows and is able 

to do” (Berry, Loughran & van Driel, 2008, p.1275. Shulman’s definitions have informed many 

models of teacher knowledge (e.g., Cochran, DeRuiter and King, 1993; Grossman, 1990), including 

those describing the knowledge needed for science teaching, such as that of Magnusson, Krajcik 
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and Borko (1999). Magnusson et al.’s framework included a model of Pedagogical Content 

Knowledge (PCK) specific to science that has formed the basis of much recent research 

(Friedrichsen, Van Driel, & Abell, 2011). Abell (2007) used their framework together with features 

of Grossman’s model to frame her review of research concerning teacher knowledge for science. 

Kind (2009a), after comprehensive review, suggested that Magnusson et al.’s model of PCK best 

encompassed the needs of science teacher education. 

Teacher knowledge frameworks derived specifically from or for primary contexts are few. Shulman 

(1987) was not sure that his emphasis on the centrality of content knowledge held true for 

elementary teachers. Turner- Bisset (1999) found that teachers’ prior experiences impacted on 

their knowledge for teaching. Tiplady (2004) studied science content knowledge development in 

New Zealand primary teachers and developed Cochran et al.’s (1993) model to include all 

knowledge domains as part of PCK, together with attitude, interest and enthusiasm. She also 

found teachers’ background knowledge contributed to science teaching. 

Calderhead (1996) defined knowledge as “the factual propositions and the understandings that 

inform skilful action” and beliefs as “generally referring to suppositions, commitments, and 

ideologies” (p.715), suggesting beliefs often incorporate an ideal view and can summarise goals 

and paths. For instance, teachers’ beliefs about the nature of subjects appear strongly associated 

with ideas about what students should learn within those subjects. Beliefs are included with 

knowledge in this study. 

Grossman (1990) identified “conceptions of purposes for teaching subject matter” as an influential 

component of PCK relating to teacher beliefs. Magnusson et al. (1999) renamed this component 

“orientation to teaching science” (p.99) and described nine different orientations associated with 

different styles of instruction. Recently, Friedrichsen et al. (2011) queried the basis of this 

construct. They proposed that its component beliefs should be explored further with regard to 

practice and PCK development: beliefs about the purposes and goals of science teaching, the 

nature of science and science teaching and learning. 

Theories underpinning the present study are sociocultural, whereby learning is seen as increasing 

participation in a community of practice that is socially, culturally and historically located, through 

socially mediated action (Lave and Wenger, 1991; Wenger, 1998). Aikenhead (1996) and Barker 

(2008) support a view of learning science as an act of border crossing between cultures. Wenger 

(1998) describes brokers who participate in more than one community of practice introducing 
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aspects of one community into another. Primary teachers can be seen in this role. Sociocultural 

theories can account for students coming to appreciate and apply both substantive and syntactic 

forms of science knowledge through enculturation and participation. These theories suggest 

teacher knowledge other than science content may contribute to such enculturation but also 

highlight problems of access for most primary teachers to scientific ways of thinking and doing. 

Research Design 

The design employed was interpretive multiple case study, where each case adds to the 

understanding of the phenomenon (Stake, 2006). A purposive sample was identified of schools 

where science teaching at Years 7 and 8 was known to occur regularly in a well regarded way by 

primary science advisors or ERO. From this sample three schools were selected where teachers 

had been in their position for at least 5 years.  Year 7 and 8 was chosen as the focus level for study 

as it would be the most demanding in terms of content knowledge.  Each teacher’s 

implementation of a unit of science with their class formed a case. Details concerning the teacher, 

class and school in each of the three cases presented in this study are provided in Table 1 (see p. 

20).  

 

Data sources were: lesson observations; teaching documents such as worksheets and plans; field 

notes; transcriptions of audio recordings of observed lessons; transcriptions of semi-structured 

interviews with teachers and four focus students, two male and two female, before during and 

following the unit; and questionnaires completed by the class following the unit. 

Each case was analysed separately then all three cases were considered together to identify 

commonalities and differences. A framework of teacher knowledges and beliefs, based on 

Shulman’s definitions and informed by subsequent research literature, which supported analysis 

of teacher interviews and lesson observation data is presented in Table 2 (see p. 23).  Common 

themes were identified in data from student interviews. Responses to open questions from the 

whole class questionnaire were coded and common themes identified inductively. Responses to 

Likert style questions were graphed and common patterns identified. 
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Findings 

Table 3 (see p. 27) presents a summary of the knowledge exhibited by the teacher in each case 

study. It can be seen that in each case, knowledge from each domain contributed to the 

facilitation of science learning.   

Knowledge domains acted and interacted to facilitate provision of opportunities for science 

learning as summarized in Figure 1 (see p. 41). 

Figure 2 (see p. 42) shows in each case that the teacher’s orientation to science teaching strongly 

influenced the nature of learning opportunities in science, and was enacted through, and 

sometimes in concert with, the other domains of teacher knowledge. 

The nature of opportunities provided by each orientation is shown in Table 4 (see p. 36). Each 

teacher provided multiple opportunities for students to learn science. The guided inquiry 

orientation exhibited by T3 provided the widest range of opportunities for science learning, as 

both syntactic and substantive opportunities were afforded and supported, most closely aligning 

with the direction suggested by The New Zealand Curriculum (MOE, 2007). The academic rigour 

approach exhibited by T1 provided multiple opportunities to learn higher order principles and 

concepts, but formal learning opportunities were constrained to being substantive in nature. T2’s 

process orientation provided multiple syntactic science learning opportunities and supported 

students to investigate scientifically, but provided only limited substantive learning opportunities.  

The teachers’ orientations to science teaching appeared to result from a mixture of their 

educational aims and beliefs about science and science education. Table 5 (see p. 37) links 

teachers’ orientations with their associated beliefs in the categories proposed by Friedrichsen et 

al. (2011). Aspects shown in bold were observed to be common features of the teacher’s practice. 

In each case the outworking of the teacher’s aims were mediated by their beliefs about the nature 

of science and science teaching and learning in influencing practice. These beliefs were varied and 

personal, and in Cases 1 and 3 had developed from key past experiences.  

Students’ perceptions of their science learning in Cases 1 and 2 reflected the nature of 

opportunities they experienced, which in turn reflected the teacher’s orientation to teaching 

science. In Case 3, where both substantive and syntactic learning opportunities were afforded with 

roughly equal emphasis and abundance, most students identified substantive learning as new or 

important. That students commonly valued substantive learning over syntactic learning is 

supported by the finding that in Cases 2 and 3 practical opportunities were seen as highly 

enjoyable by most students but less saw them as useful for their learning. The exception was 

student designed investigations: these were seen as both highly enjoyable and valuable for 

learning.  

Discussion and Implications 

The finding that orientation to teaching science held such strong influence over the nature of 

learning opportunities supports theories concerning its overarching role in PCK:  influencing 

learning goals, choice of instructional activities, and assessment decisions (Appleton, 2003; 
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Magnusson et al., 1999). Magnusson et al. (1999) emphasise that orientation is not characterised 

by use of particular strategies. Rather it is the purpose for which strategies are used that 

differentiates orientations. So it was for this study. All three teachers incorporated investigation 

and exploration of the natural world, however each used it for a different purpose linked to their 

orientation. The development of a common understanding of the purposes of New Zealand 

primary science education has been proposed (Bull, 2011; Bull et al., 2010). A major implication of 

the above findings is that further research into the development and influence of teachers’ 

orientation to teaching science, their beliefs about the purposes and nature of science and science 

teaching, is needed if common purposes are to be recognized and reflected in practice. How firmly 

fixed are these beliefs? If teachers are clear about the purpose of science education as suggested 

in a curriculum document will this change their practice or will personal beliefs still hold influence? 

Findings concerning students’ perceptions of their science learning similarly need further 

investigation. What are primary students’ conceptions generally concerning what they should 

learn in science and how strongly held are they? Such research seems timely if the syntactic 

outcomes for science proposed in the current New Zealand curriculum are to be achieved. 

Findings show that, while there were areas for development, the teachers in this study each 

brought much knowledge that was useful. The above findings, together with those concerning the 

range and nature of teacher knowledges that supported the implementation of science have 

suggested a framework of teacher knowledges for primary science education in the New Zealand 

context which is presented in Figure 3 (see p. 43). Further research would test the usefulness of 

the framework, strengthen and develop it. 
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Table 1  Summary of cases 

 Case 1 Case 2 Case 3 

Teacher T1 T2 T3 

Date of data collection March, 2007 May-June 2007 May-July 2009 

Gender Male Female Female 

Ethnicity European  NZ European NZ European 

Age range 50-60 30-35 40-50 

Initial teacher 
education: country 

New Zealand New Zealand New Zealand 

Teaching experience 35 yrs in NZ 
schools, mostly 
at Yr 7 & 8 level 

9 years in NZ 
schools, mostly 
at Yr 7 & 8 
level. 

4 months 
supply teaching 
overseas 

Wide 
experience in 
education in 
New Zealand: 
primary 
teaching, 
reading 
recovery, 
resource 
teacher of 
learning and 
behaviour. 6 
years in United 
Kingdom 
working with 
secondary 
students 
excluded from 
school 

Management 
experience 

Deputy 
Principal; 

Teaching 
Principal 

Syndicate 
leader 

Syndicate 
leader 

Science experience Secondary Secondary Secondary 
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school science. 

Teacher in 
Charge of 
Science for 30 
years. 
Professional 
development 
for 
implementation 
of SiNZC (MOE, 
1993a)  

school science. 

Teacher in 
Charge of 
Science for 7 
years. 

No formal 
professional 
development in 
science. 
Mentoring from 
former teacher 
in charge of 
science. 

school science. 

Teacher in 
charge of 
science. 

Participated in 
science 
professional 
development in 
2005-6 
organised by 
the school 

Class Class 1 Class 2 Class 3 

Class size 8  30 30 

Number of Year 7 
students 

1 0 16 

Number of Year 8 
students 

7 30 14 

Number of male 
students 

4 17 16 

Number of female 
students 

4 13 14 

    

School School 1 School 2 School 3 

School decile 10 10 8 

School ethnic 
composition as per 
then current ERO 
report 

New Zealand  
European 98% 
Māori 2% 

New Zealand 
European 81% 
Māori 5% 
Asian 9% 
Samoan 2% 
Other ethnic 
groups 3%  

New Zealand 
European 58%  

Asian17% 
Māori 11% 

Pacific 3% 



  22 

 

 

Other ethnic 
groups 11%  

 

School size 47 students 546 students 236 students 

School type Full primary Intermediate Full primary 

Frequency of science 3-4 week units, 
taught 3-4 
times per year, 
with 2-3 lessons 
per week during 
the unit 

5-8 week units, 
taught 3-4 
times per year, 
with 2-3 lessons 
per week during 
the unit 

Term long 
inquiry units, 
one or two 
major science 
focused units 
per year. 3-5 
lessons per 
week 
integrated 
across at least 
English  

Science Topic Observed Rocky shore Science Fair Fitness Inquiry 

Curriculum document 
applicable  

SiNZC (Ministry 
of Education, 
1993a) 

SiNZC (Ministry 
of Education, 
1993a) 

The New 
Zealand 
Curriculum 
(Ministry of 
Education, 
2007) 

Duration (Weeks) 3½  weeks 8 weeks 11 weeks 

Number of Lessons 
taught 

7 10 (by T2, 
further lessons 
in unit taught 
by teaching 
student) 

27  

Number of science 
lessons observed 

7 6 23 

Number of science 
lessons taught but not 
observed 

0 4 4  
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Hours spent in lesson 
observation 

7hrs 21 mins  5 hrs 26 mins 21 hrs 17 mins 

 

Table 2 Framework for the analysis teacher knowledge with respect to science   

(Adapted from Abell, 2007; Shulman, 1987)  

 

 

1. General pedagogical knowledge and beliefs:  

 

a) General instructional  strategies and teaching approaches: 

 behaviourist: mastery and extrinsic rewards 

 developmental : stepwise progression, readiness 

 constructivist approaches: identification and restructuring of existing 
student ideas, teaching for cognitive conflict or conceptual change 

 sociocultural approaches 

 

b) Classroom management & organisation (Morine-Dershimer and Kent, 
1999) :  

 time students spend on appropriate academic tasks 

 structure of new information 

 links made to prior knowledge  

 monitoring of student performance  

 provision of feedback 

 management of multiple tasks; awareness 

 identifying and resolving problems effectively and quickly  

 setting and maintaining clear expectations for behaviour, work 
standards and classroom procedures  

 systems of consequences 

 management and organisation of groups (arose from analysis) 

 

c)         Classroom communication and discourse: 

 interactive/authoritative communicative approach 

 interactive/dialogic communicative approach  

 non-interactive/dialogic communicative approach 

 non-interactive/authoritative communicative approach 

(Mortimer & Scott, 2003) 
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2.  Knowledge of and beliefs about general aims purposes and values of 

education and assessment 

 

3.  Knowledge of and beliefs about learning and learners: 

a) Learning and human development as it informs practice  
b) Student characteristics- generalised for a particular age or year group 

(Turner-Bisset, 1999) 

 

 

4.  Knowledge of and beliefs about the educational context:  

a) New Zealand school system and structures including governance and 
financing of schools 

b) Character of the New Zealand community including its social, political, 
cultural (including bicultural emphasis) and physical environments (Cochran 
et al., 1993) 

c) Workings and character of the school including its social, political, cultural  
(including bicultural emphasis) and physical environments (Cochran et al., 
1993) 

d) Knowledge of particular students  including their social, political, cultural 
(including bicultural) backgrounds and attitudes together with knowledge of 
their abilities, learning strategies, developmental levels, attitudes, 
motivations and experiences (Cochran et al., 1993; Turner-Bisset, 1999) 

 

5.  Science content knowledge and beliefs: 

a) Syntactic knowledge of science: 

 Knowledge and beliefs about the nature of scientific knowledge: 
processes of knowledge generation and acceptance, history and 
philosophy of science  (Hodson, 2009) 

b) Substantive knowledge of science: 

 Knowledge of general concepts, principles, relations, topics 
(Hashweh, 2005) 

 Knowledge of higher order principles or conceptual schemes 
(Hashweh, 2005) 

 Knowledge of approaches, or of different ways of relating topics 
to other discipline entities (eg molecular approach to biology) 
(Hashweh, 2005) 



  25 

 

 Non-target content knowledge (Cochran et al., 1993) 

 

 Topic specific content knowledge (Cochran et al., 1993) 

 

Note: the above aspects of content knowledge may be of two forms 
(Tiplady, 2004) 

 Background content knowledge (from secondary and tertiary 
education, life experiences and professional development) 

 Content knowledge developed as required 

 

 

6. Curriculum knowledge and beliefs: 

a) New Zealand wider curriculum documents (Ministry of Education, 
1993b, 2006, 2007) 

b) Specific curriculum documentation pertaining to science found in 
Science in the New Zealand Curriculum (Ministry of Education, 1993a), 
NZ Draft Curriculum (Ministry of Education, 2006)  and  New Zealand 
Curriculum (Ministry of Education, 2007) including science aims  and 
achievement objectives 

c) Vertical (higher and lower levels within science)  (Grossman, 1990) 
d) Horizontal (curricula of different subjects at same level including PCK 

from other subjects) (Appleton, 2006; Grossman, 1990) 
e) Resources 

 Teaching Materials   

 Equipment  (scientific and everyday) (Appleton, 2006; 
Hashweh, 2005) 

 

 

 

 

7. Science pedagogical content knowledge and beliefs  

a) Orientation toward teaching the subject: process, academic rigour, 
didactic, conceptual change, activity-driven, discovery, project-
based, inquiry, guided inquiry (Magnusson et al., 1999) 

b) Knowledge of science instructional strategies (Treagust, 2007) 
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 Demonstrations,  

 Explanations 

 Representations, analogies and models 

 Use of scientific discourse types 

 Activities that work  (Appleton, 2003) 

 Syntactic strategies (Smith, 1999) 
c) Knowledge of science assessment 

 Dimensions of science learning to assess (Magnusson et al., 
1999) 

 Methods of assessing science learning 
d) Student preconceptions and difficulties 

 Commonly acknowledged student pre-conceptions and 
difficulties 

 Prior conceptions of the topic held by group of students 
being   taught  (Cochran et al., 1993) 
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Table 3 Summary of knowledge exhibited by teachers in each case study 

 

Knowledge 

Domain 

T1 

Rocky Shore Unit 

T2 

Science Fair Investigations Unit 

T3 

Fitness Inquiry Unit 

Knowledge and 

beliefs about 

general aims 

and purposes of  

education and 

assessment 

  wanted students to develop skills and 

attitudes for independent learning to 

be prepared for secondary school. 

 linked independence with ability to 

use technology to locate information 

 used assessment to inform next 

teaching and feedback to students and 

show progress 

 assessed substantive knowledge for 

these purposes 

 aimed to prepare students well for 

secondary school and raise awareness 

of potential careers 

 wanted students to think critically 

about the world around them 

 believed this could be achieved 

through learning to investigate using  

fair testing 

 used assessment of student 

competency with processes to inform 

next teaching and feedback to 

students 

 aim for students was to become 

independent and self managing 

learners with own interests 

 a purpose of education was to 

introduce a range of disciplines that 

may spark interests or careers  

 purpose of science education was to 

build students’ perceptions of science 

 preparation for secondary schooling 

was a consideration in the inclusion of 

some activities 

 assessed students’ scientific practices, 

knowledge and general learning skills 

 assessment informed next teaching, 
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feedback and student goal setting 

 believed assessment of syntactic 

aspects could improve science learning 

by informing school evaluation and 

review  

Knowledge and 

beliefs about 

learning and 

learners 

 believed students built on existing 

knowledge 

 negotiating meaning though 

discussion was common in practice 

 believed student interest and 

engagement were  important 

prerequisites for learning 

 believed practical work increased 

engagement 

 having a written record of ideas 

assisted learning 

 believed modelling and scaffolding 

were the most useful aspects of her 

practice for learning  

 believed students learned through 

discussion 

 class discussion opportunities used for 

informal assessment and evaluative 

feedback  

 practical work seen as engaging and 

motivating. 

 believed learning was enhanced by 

students answering their own 

questions 

 believed students learned through 

practical experience 

 saw participation in discussion and 

authentic practices as important for 

learning 

  believed she facilitated learning by 

being enthusiastic and organised 

 believed it was important to learn 

alongside students, but also ensure 

key points were covered: features 

observed in practice 

 engaged students in reflection on their 
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learning 

Knowledge and 

beliefs about 

educational 

context 

 knowledge of school community, 

budgeting and governance meant 

staffing, equipment and books were 

available 

 knowledge of Maori names linked 

everyday terminology with specialist 

vocabulary 

 perception of students’ interest in past 

topics influenced choice of topic 

 knowledge of individual students’ 

needs facilitated their inclusion in 

science meaning making 

 knowledge of school and budgeting 

systems meant equipment and 

consumable materials were available  

 knowledge of school organisation 

meant learning in other areas 

supported science 

 understanding of parent community 

optimised their support  

 knowledge of students, collectively 

and individually, informed effective 

management of groups and activities 

 continual monitoring allowed targeted 

support and recognition of 

achievement 

 knowledge of school’s philosophy 

supported  selection of and approach 

to topic  

 awareness of New Zealand’s bicultural 

context  apparent in class routines. 

Organs handled in a culturally 

appropriate manner  

 knowledge of school community 

facilitated supply of science materials  

 knowledge of students influenced the 

choice of topic, meant individual 

needs were attended to and informed 

groupings to optimise learning 

 monitoring of group work, regular 

marking and class discussion informed 

this knowledge 

General 

pedagogical 

knowledge and 

 espoused and exhibited a social 

constructivist approach 

 created a sense of joint enterprise in 

 used participation in authentic 

activities and staged approach  

 provided explicit criteria for each stage 

 sociocultural approach  

 student questions and ideas expected 

and valued, fostering a sense of joint 
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beliefs the class 

 goal was to understand key concepts   

 student contributions were valued 

 students contributed and developed 

ideas located during information 

gathering sessions using the internet 

and books 

 management of discussion facilitated 

student voicing of key ideas  

 used students’ experiences, 

terminology and his personal stories 

to build vocabulary and conceptual 

understanding 

 structured students’ direct interaction 

with representations through use of 

familiar contexts before transferring to 

less familiar contexts and more 

complex examples 

of science investigation  

 monitoring and feedback clarified 

expectations 

 enculturated students into scientific 

practices using highly structured direct 

interactions and everyday contexts  

 modelled each step followed by group 

and individual practice  

 group activities were common 

 authoritative classroom discussion 

limited ideas 

 examples of expert practice common 

but limited to own syntactic 

knowledge 

enterprise 

 group work provided many 

opportunities for socially mediated 

learning 

  teacher led class discussions 

facilitated co-construction of features 

of scientific practice, texts and values 

  authoritative dialogue encouraged 

accountability for completion of tasks 

 staged tasks and structuring students’ 

direct interactions with scientific 

processes and texts made their nature 

explicit 

  widely distributed cognition: books, 

internet, natural objects and 

physiotherapist  

 students participated in discussion, 

authentic investigations, and used 

scientific communication tools to 

convey ideas 
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Curriculum 

knowledge and 

beliefs 

 suggested integrating strands of 

curriculum were most  important 

  planning and delivery focussed on the 

living world contextual strand 

 little wider and horizontal curriculum 

exhibited . 

 knowledge about prior coverage 

influenced selection of the topic 

  perceptions of vertical curriculum 

justified requiring accurate and tidy 

notes to be kept 

 knowledge of resources included 

curriculum support books and 

websites, where to get student 

resources and equipment  

 emphasis on fair testing, scientifically 

reasoned predictions and 

development of questions reflected 

emphases in curriculum  

 beliefs about vertical science 

curriculum also reflected the 

curriculum 

 horizontal curriculum knowledge 

supported science 

 used opportunities in science to 

address students’ literacy needs 

 knowledge of resources included 

curriculum support books, and 

schools’ scientific equipment 

 focus on behaviours that facilitated 

learning  aligned with direction of 

curriculum  

 emphasis on syntactic as well as 

contextual science aspects aligned 

with curriculum 

 substantive content aligned more 

closely with  superseded curriculum  

 believed her practical focus reflected 

the vertical curriculum 

 horizontal curriculum knowledge 

facilitated learning opportunities for 

science in conjunction with other 

learning areas 

 knowledge of resources included 

curriculum support materials, where 

to get student resources, everyday 

equipment and materials  

Science content 

knowledge and 

 believed science is a changing body of 

knowledge with change often resulting 

 knew  science investigation involves 

empirical testing and observation of 

 syntactic knowledge included the need 

for rigour and accuracy in gathering 
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beliefs from improved technology 

 stated that science is an empirically 

based process of knowledge 

generation that involves critical 

consideration of claims 

 in classroom substantive knowledge 

from books and the internet was 

accepted uncritically as fact  

 ‘Systems thinking’ dominated 

substantive science knowledge 

 knowledge of general concepts and 

principles included the Linnaean 

classification system, energy transfer 

through ecosystems, and adaptation 

to habitat 

 topic specific content knowledge 

included: effects of the sun and 

moon’s gravitational fields on tide 

patterns; names, characteristics and 

examples of the classes of rocky shore 

the natural world 

 believed collegiality is important in 

scientific endeavour, useful scientific 

investigations develop from curiosity 

and wondering, and that science 

involves critical consideration of 

claims, scientific hypotheses are 

reasoned, cognisant of current 

scientific thinking and able to be 

tested, scientific data should be 

measured and recorded accurately 

and in an organised manner, and that 

validity of results is important in 

scientific endeavour 

 knew that fair testing involves 

selection of an independent variable 

which is changed in ways allowing the 

effects of the change on the 

dependant variable to be measured, 

whilst other variables are controlled 

and recording data 

 believed that science must account for 

all natural occurrences, and science 

theories are contestable 

 engaged students in many forms of 

scientific investigation 

 modelled orderly recording of results  

 knew how to control investigations  

 knew that averaging multiple 

measurements, limiting the number of 

variables and  increasing sample size 

would produce more reliable data 

 importance of interpretation and 

theorising in science were recognised 

 co-constructed with students a list of 

features of scientific investigations 

that included being planned, sharing 

ideas, working together and being 

flexible and adaptable 

 knowledge of general concepts meant 
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animals; examples of organisms from 

different trophic levels in a variety of 

contexts; complex  energy 

relationships 

 knowledge of other forms of 

investigation was not  apparent 

 limited substantive knowledge 

exhibited  because of  nature of unit: 

included  factors that influence rates 

of reaction and  properties and 

composition of milk 

heart and lung structure and function 

were the focus in studying fitness 

 knew an important principle was that 

the heart is a muscle that pumps 

oxygenated blood around  the body 

 topic specific knowledge developed 

included names, features, positions 

and functions of heart and lung 

structures 

Science 

pedagogical 

content 

knowledge and 

beliefs 

  academic rigour orientation to science 

teaching emphasised development of 

scientific concepts 

  included scientific representations in 

the form of models and diagrams  

  used one activity that works 

 conceptual development was sole 

focus for formal an informal 

assessment and monitored almost 

constantly using class discussion 

 knew students would find the use of 

  process orientation to science 

teaching exhibited although indicated 

preference for teaching investigation 

skills within a context 

 science instructional strategies 

included demonstration, explanation 

and activities that work 

 other strategies used to make 

syntactic knowledge explicit were part 

of general pedagogical knowledge, for 

example use of success criteria  

  guided inquiry approach to science 

teaching  involved students in 

investigations about fitness pertaining 

to their personal and school context 

 knowledge of science instructional 

strategies included use of 

demonstrations, representations, 

models and activities that work 

 students supported  to use 

representations, models and 

explanations as tools for 
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arrows in food chain diagrams difficult 

  no science specific syntactic PCK was 

observed as no syntactic knowledge 

was explicitly taught 

 closely monitored student 

achievement of each stage of the 

investigation process using general 

assessment methods including class 

discussion, individual conferencing 

and marking of work 

 knew that students struggled to 

develop relevant testable questions  

communicating their developing 

science ideas  

 use of scientific discourse types 

occurred incidentally as a result of 

interactive dialogic communicative 

approach 

 general pedagogical knowledge used 

to teach syntactic aspects: co-

construction through discussion, 

structuring of direct interactions and 

staged tasks 

 substantive and syntactic aspects  

formatively and summatively assessed 

informally using observation and 

discussion and formally using pre and 

post unit, self and group assessments  

 believed students have difficulty 

recognising class activities as science 

because of  stereotypical views of 

science occurring in laboratories using 



  35 

technical equipment 

 knew specialised use in science of 

common vocabulary could be 

problematic for students 
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Table 4  Nature of opportunities provided by each teacher’s orientation to teaching 

science 

 

 Orientation 
to teaching 
science 

Nature of 
opportunity 
for science 
learning 
afforded  

Examples of focus for learning 
opportunities 

T1 
Academic rigour Substantive Nature and cause of tides 

Characteristics of classes of  rocky shore 

animals 

Photosynthesis and importance of 

producers 

Energy transfer through food chains  

T2 
Process Syntactic Identifying and controlling variables 

Developing a relevant testable question 

Developing a reasoned hypothesis 

Features of a fair test 

Orderly  recording of  observations  

Writing a scientific conclusion 

T3 
Guided inquiry Syntactic  

 

 

 

 

 

 

 

Features of a cross sectional diagram 

Scientific data needs to be interpreted 

and presented in forms that make sense 

to others 

Finding patterns in data is a form of 

scientific investigation 

Scientific investigation requires 

methodical planning, detailed 

observation and orderly recording 

Repeating and averaging measurements 
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Substantive  

improves validity 

Making and using models of heart and 

lungs 

Heart and lung structure and function 

 

Table 5 Teachers’ beliefs relating Magnusson et al.’s orientation to teaching science 

(1999) to components suggested by Friedrichsen et al. (2011) 

 

Orientation 

(according 

to 

Magnusson 

et al., 

1999) 

Beliefs comprising orientation to teaching science 

(according to Friedrichsen et al., 2011) 

 Beliefs about goals or 

purposes of science 

teaching 

Beliefs about (the 

nature of) science 

Beliefs about science 

teaching and learning 

T1 

Academic 

rigour 

General aim was to 

prepare students for 

secondary education 

by becoming 

independent 

learners through use 

of information 

technology. 

Suggested frequently 

in science lessons 

that he wanted 

students “to 

understand.”  

Intended goals for 

the unit were stated 

as knowledge of 

Believed science is 

not a fixed body of 

knowledge. It changes 

as technology 

develops. Science 

ideas are contestable. 

Science involves 

experimenting and 

researching. 

 

Viewed and used 

substantive science 

knowledge to explain 

the world as a series 

of interrelated 

systems that all 

Students enjoy and 

learn from practical 

activities.  

Students’ interest 

and engagement 

contribute to 

learning. 

Students need to find 

out knowledge for 

themselves building 

on existing ideas.  

Students should have 

an accurate written 

record of science 

ideas covered. 
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tides and knowledge 

of communities 

including eating 

patterns. 

Developing scientific 

skills and attitudes 

was suggested as an 

important focus for 

science education. 

Wanted students to 

know that science 

was a process, 

contestable and not a 

fixed body of 

knowledge. 

worked together. Students at Year 7 

and 8 enjoy engaging 

with complex science 

ideas. 

T2 

Process 

Aimed to prepare 

students well for 

secondary school. 

Wanted them to 

think critically about 

the world around 

them.  

Both aims were seen 

as achievable 

through learning  fair 

testing processes. 

Thought science 

education should 

raise awareness of 

potential careers. 

Believed fair testing 

was significant to all 

science and 

underpinned future 

science education. 

Science investigation 

involves empirical 

testing and 

observation of the 

natural world. 

Collegiality is 

important in scientific 

endeavour. Useful 

scientific 

investigations 

develop from 

curiosity and 

wondering. Science 

involves critical 

consideration of 

claims. Scientific 

hypotheses are 

reasoned, cognisant 

Modelling and 

scaffolding were seen 

as the most useful 

aspects of her 

practice with regard 

to learning. Believed 

students learned 

through discussion. 

Practical work was 

seen as engaging and 

motivating. 
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of current scientific 

thinking and able to 

be tested. Scientific 

data should be 

measured and 

recorded accurately 

and in an organised 

manner, and that 

validity of results is 

important in scientific 

endeavour. Fair 

testing involves 

selection of an 

independent variable 

which is changed in 

ways allowing the 

effects of the change 

on the dependant 

variable to be 

measured, whilst 

other variables are 

controlled.  

T3 

Guided 

Inquiry 

A general aim was 

that students 

become independent 

and self managing 

learners with their 

own interests. 

A purpose of 

education was to 

introduce a range of 

disciplines that may 

spark interests or 

careers. 

Aimed to build 

students’ 

perceptions of 

science as a 

Science investigation 

involves exploring 

and testing ideas in 

the natural world and 

requires rigour and 

accuracy in gathering 

and recording data. 

Science must account 

for all natural 

occurrences: there 

are no ‘wrong’ 

results. Science 

theories are 

contestable. Science 

investigation takes 

many forms. 

Experiments can be 

controlled in 

Learning is enhanced 

by students 

answering their own 

questions. Students 

learn through 

practical experience. 

Participation in 

discussion is 

important for 

learning as is 

participation in 

authentic science 

investigation and 

practices.  
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discipline through 

her science teaching. 

Preparation for 

secondary schooling 

was a consideration. 

different ways. The 

importance of 

interpretation and 

theorising in science. 

Features of scientific 

investigations include 

being planned, 

sharing ideas, 

working together and 

being flexible and 

adaptable. 
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Figure 1  Summary diagram showing that teacher knowledge from a range of domains 

facilitated the provision of opportunities for science learning for the cases in this 

study
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Figure 2  Summary diagram showing the influence of teacher knowledge domains on the 

nature of learning opportunities for science for cases in this study     
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Figure 3  A framework for interconnected and active teacher knowledges to support primary science education in a New Zealand context. 

 



 

Becoming a Science Teacher Educator 

 

Dawn Garbett 

Faculty of Education 

The University of Auckland 

 

Abstract  Higher education institutions seem to assume tacitly that the combination of a graduate 
degree and prior experience teaching science at any level will be sufficient preparation for 
teaching science teachers.  Problematically, “the profession of teaching is seen to be relatively 
easy” (p. 231) and “good teaching looks even easier” (Loughran & Russell, 2007, p. 218).  Science 
teacher educators in particular might feel the competing challenges of ensuring that teacher 
candidates have conceptual understanding of science content in addition to knowledge of how to 
teach that content.  
 

 

Being a self-study researcher 

I am a self-study researcher.  I use a research methodology that has these defining features: It is 

improvement-aimed; self-initiated and self-focused; interactive or collaborative; primarily 

qualitative in method; made public; and is evidence of reframed thinking and transformed practice 

(LaBoskey, 2004).  My doctorate started out as an action research project but became a self-study. 

I use pre-, mid- and post-course questionnaires for students; interviews with students and 

colleagues; Critical Incident Questionnaires; student evaluations and a professional reflective 

journal as data sources.  

 

Analysis of data in self-study is typically a non-linear process or “a hermeneutic spiral of 

questioning, discovery, challenge, framing, reframing and revisiting” (Samaras, 2011, p.81).  I 

analysed the data using a recursive, iterative process looking for themes and then re-analysing to 

find disconfirming evidence and examples to illuminate my thinking more. 

 

My self-study research highlighted my struggle with the relationships between theory and practice 

and the ambiguous place of content knowledge in my classroom.  Prior to my self-study research 

my approach was to diagnose my students’ prior science understanding and then challenge those 

commonly held misconceptions through providing engaging, activity -based sessions (Garbett, 

2011a).  My course evaluations indicated that students enjoyed my classes and graduated 
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enthused about having learned science.  I had misgivings about whether my students would 

actually teach science in their classrooms and introduced peer teaching (Garbett, 2011b).  My 

developing expertise in teacher education comes from understanding the complexities of teaching 

about teaching and in being able to articulate and demonstrate this in meaningful ways.  So while 

my science education experience is important to what I teach, it is how I am as a teacher and how 

I unpack the teaching decisions that underpin my teacher education practices that are the subject 

knowledge of teacher education.  My teaching is based on an inquiry approach - how does my 

teaching impact on my students’ learning?  What evidence is there that I am effective?  How can I 

use that to improve my pedagogy and my students’ pedagogy? 

 

My teaching career spans more than 30 years,  two secondary schools and three tertiary 

institutions.  I know that I still have a lot to learn about the profession and that is something that I 

try to communicate to my students.  I have been researching my teacher education practices for 

the last seven years and I recognise that I have relied heavily on my own expertise as a secondary 

school science teacher.  But there is a tension between being a science teacher and being a 

science teacher educator.  This becomes more apparent as our science education curriculum 

content time becomes squeezed by the professional teacher education courses and the 

institutions imperative to research. 

 

My experiences of parenting two children through Playcentre and primary school reinforced what 

I read in the research literature that science is a low priority in an overcrowded curriculum.  With 

the introduction of National Standards science teaching took a further blow.  What my secondary 

students report to me when they return from practicum placements is that they are very quick to 

adopt the practices of their Associate Teachers and rely heavily of powerpoints and teacher-

directed transmission of information.  I question the impact that I really have on their self-efficacy 

and determination to inspire their future students to become committed and  scientifically 

literate, engaged citizens.  

 

I believe that in the early childhood and primary sectors, teachers do have to know something in 

order to teach it.  My teaching when I am in charge of these courses is science content heavy.  But 

it isn’t enough to teach them science or to model exemplary practice in the hope that they will 

teach science effectively in their classrooms or centres.  I can set up the false sense of security that 

a well-planned and executed lesson that they see me teach will translate into an equally rich 
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learning experience for their children.  But when they do not have access to the same equipment 

that I have, or when they are less confident of their ability to manage the behaviour of 11 year 

olds than I am of my ability to manage a class of grown-ups, and when I have the experience to 

deal with an experiment that does not go according to plan that they don’t – what happens then?  

Unless they have seen me make mistakes and cope; unless I have given them the opportunity to 

practise techniques with their peers in relative safety; then I am concerned that they will try 

science teaching once, maybe twice and then revert to bookwork and teacher directed science at 

the best. 

 

In my secondary teacher education courses my students’ knowledge in biology is more current and 

detailed than mine but after 10,000 hours of being successful students they think they think they 

will be able to learn how to teach by watching experts.  My research, carried out through learning 

to ride a horse (Garbett, 2011c) highlighted just how easy an expert can make any skilled 

performance look.  It is difficult for a neophyte to see behind the façade an experienced educator 

to present. 

 

If an underlying assumption is that teaching expertise is determined by what the teacher does 

then we are likely to promote the idea that good teachers are organised; display enthusiasm, 

confidence, knowledge and a range of other desirable attributes.  We let our student teachers 

focus on what the teacher demonstrates against a predetermined list of qualities that are deemed 

to be “effective” rather than what is happening for the students.  This would be like a tennis player 

being judged on their action rather than on where the ball lands.  And in my own situation, it is like 

me modelling exemplary practice in teacher education but then my students graduate and either 

don’t teach science, or teach it by transmitting information in a teacher centred-way.  

 

A way forward for me is to promote teaching as inquiry, for my students and for myself.  Effective 

teachers inquire into the relationship between what they do and what happens for students and 

they take action to improve the outcomes for students and continue to inquire into the value of 

these interventions.  Some students don’t understand this approach.  In fact my biology course has 

received poor end-of-course student evaluations twice in the last four years because my students 

want a course that is more organized and objective driven.  My concern is that these students 

want me to focus on science content and be a science educator.  When that is coupled with my 

institution’s research imperative, my resolve to improve my teacher education practices, using 
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science as the context, has been tested.  However, I am confident that self-study research enables 

me to improve my practice and that I am becoming a better science teacher educator.  
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Involvement, engagement and implications: Indicators of teaching 
development potential in a large Stage 1 physics course 
 

Graham Foster 

Department of Physics  

The University of Auckland 

Abstract  From 2009 to 2011 there has been considerable change in the teaching, learning and 
assessment strategies used in Physics 120 at The University of Auckland.  This shift in focus from 
content-focused teaching to student-focused teaching has included greater variety of student 
activities. It has provided opportunity to determine the students’ preference of cognitive 
processes as defined by Ball and Perry (2010).  This has enabled application of Jung’s ‘Eight 
Functions Model of Perceptions and Judgements’, to make a qualitative estimation of the 
‘cognitive engagement’ preferences of students in a large Stage 1 physics cohort.  In turn, this has 
provided the opportunity to develop recommendations for continued development of teaching 
and learning strategies in physics. 
 

Purpose 

In Physics 120FC ‘The Physics of Energy’, there has been a shift from content-centred teaching to 

student-centred teaching and learning through the introduction of several new teaching and 

learning strategies to increase involvement and achievement.  This shift has employed the 

application of Vygotsky’s socio-cultural perspective, the use of strategies such as ‘Team Based 

Learning’ and ‘clickers’ and a greater emphasis on shared achievement. These strategies seem to 

collectively contribute to a significant improvement in student achievement.  For example, in 2009 

62.3% gained C- or better with cut off at 45.3% and a 46.8 average and in 2011 5.3% gained C- or 

better with cut off 49.8% and a 55.1% average.  While ‘involvement’ of students has increased and 

achievement has improved it is still necessary to determine potential for improving teaching, 

learning and achievement.  To do this the perspective of ‘cognitive engagement’ was investigated.  

Background 

While it is common practice for educators to interchange the words ‘involvement’ and 

‘engagement’, the use of ‘engaged’ must be used with caution as there is a developing background 

of theory that distinguishes ‘active learning’ from ‘engagement’ which has specific implications.   

During the early months of 2011 the Derek Bok Centre for Teaching and Learning (Harvard 

University) indicated that active learning includes in-classroom methods that involve students in 
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the learning process requiring meaningful learning activities that cause them to think about what 

they are doing.  On the other hand co-operative learning is a structured form of group work when 

students pursue common goals while being assessed individually. 

The definition of engagement is developing more specific definition with time.  In Finn’s (1989) 

model, engagement is comprised of behavioural (participation in class and school) and affective 

components (identification, belonging, valuing learning).  Similar definitions have been offered by 

Newmann, Wehlage, and Lamborn (1992) and Marks (2000).  More recently, engagement has 

been defined as having three subtypes: 

 behavioural (positive conduct, effort, participation) 

 cognitive (e.g. self-regulation, learning goals, investment in learning) 

 emotional or affective (e.g. interest, belonging, and positive attitude about learning 
(Fredericks et al, 2004; Jimerson, Campos, & Greif, 2003) 

While engagement was viewed as reflecting a person’s active involvement in a task or activity 

(Reeve, Jang, Carrel, Jeon & Barch, 2004), ‘engagement’ has now developed to include specific 

sub-divisions of cognitive engagement, emotional engagement, and psychological engagement. 

Russell, Ainley and Frydenberg (2005, p. 1) define engagement as “energy in action, the 

connection between person and activity”.  Ball and Perry (2010) define engagement as “students’ 

involvement with activities and conditions likely to generate high quality learning”  

Measuring student cognitive engagement 

Ball and Perry (2010) identify the Cognitive Processes and attempt to Explain the Dominant 

Cognitive Processes. They use Felder and Brent’s argument that “students have different levels of 

motivation, different attitudes about teaching and learning, and different responses to specific 

classroom environments and instructional practices. The more thoroughly instructors understand 

the differences, the better the chance they have of meeting the diverse learning needs of all their 

students.”  Ball and Perry indicate that each cognitive type has a distinctive pattern of processes:  

 for what energizes 
o Interaction with others – extraversion 
o More solitary activities – introversion  

 

 for what is accessed in information gathering 
o Tangible, experiential awareness – sensing 
o Conceptual, symbolic awareness – intuiting 
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 the process of organizing, evaluating and deciding on information 
o Based on criteria or principles – thinking 
o Based on appropriateness of worth – feeling 

They indicate that each of the possible combinations of these dichotomies leads to differences in 

cognitive processes.  

Sharan and Goek Chin Tan describe cognitive engagement as “understanding engagement through 

active or self-regulated involvement in learning”.  This provides an understanding of the cognitive 

processes involved in active learning through Jung’s ‘Eight-Functions Model’, which defines the 

Perception Processes, recognising the four types of perceived data (the way things are, the way 

they used to be, the way they could be now, and the way they will ultimately be) and the 

Judgment Functions as the ways we organise experiences and make decision about the data.  

The ‘Four Perception Processes’ we use to 
focus attention and gather information 

 The ‘Four Judgment Processes’ we use to 
organise experiences and make decisions 

Extraverted sensing (Se) Extraverted Thinking (Te) 

Introverted Sensing (Si) Introverted Thinking (Ti) 

Extraverted Intuiting (Ne) Extraverted Feeling (Fe) 

Introverted Intuiting (Ni) Introverted Feeling (Fi) 

 

While all eight of these processes are available, we develop some more than others and the 

dominant process is the one we most commonly use and trust.  The relationship between the 

dominant and auxiliary is the combination of how we prefer to take in information and our 

preferred processing and decision making.  

 

Ball and Perry (2010) outline the possible linkages between the ‘Eight Cognitive Processes’ and 

‘Measures of Active Learning’.  They needed to determine if some processes were more aligned to 

engagement than others.  They first established if the ‘Eight Cognitive Processes’ could be linked 

to the seven areas of active learning investigated by the Australian Survey of Student Engagement 

(AUSSE) instrument. Ball and Perry used a panel of three educators to determine what linkages 

exist between Jung’s ‘Eight Functions Model’ and the AUSSE instrument. They determined that the 

Introverted Intuiting (Ni) process is only highly cognitively engaged if there is the opportunity to 

ask questions in-class or on-line. Medium cognitive engagement only occurs if they are involved in 

discussions and community-based projects.  It was also determined that the Extroverted Intuiting 

(Ne) is highly cognitively engaged in many more types of activities including working with other 

students both inside and outside class, making presentations, and during in-class discussions.  
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Ball and Perry (2010) concluded that students with a preference for a cognitive process that is Ni 

would have some difficulty in achieving well in most of the active learning occasions and 

determined that those students whose cognitive processes indicate a preference for Extraverted 

Feeling (Fe) would be more actively involved than students with a preference for the Introverted 

Feeling (Fi) processes.  They tentatively concluded that it seems likely that students preferring 

different dominant cognitive processes will differ in their approach to a number of the active 

learning activities. 

 

While Ball and Perry (2010) were trying to determine if students in different disciplines displayed 

differences in their use of dominant cognitive processes and hence differ in their levels of 

engagement, in this study for Physics 120FC at the University of Auckland, the research questions 

were:  

 To what extent is the choice of dominant processes common to all students? 

 What implications do these distributions have for future teaching and learning?  

 

Research design 

Students were asked to respond to same survey used in 2010 with approval from The University of 

Auckland Human Participants Ethics Committee Ref 2010/228.  The questions were intended to 

help lecturers determine if the balance of support strategies and activities helped students to 

achieve better learning and assessment scores.  Students scored their responses on a Likert scale 

with 1 being low and 10 being high.  There were 308 students enrolled and 252 responses were 

received from students.  This gave a confidence level of 99% with a confidence interval of 2.03.  

The questions, survey data and comments are provided sequentially below: 

Question 1:  I felt quite isolated as a student with little support available as I studied Physics 120. 

Data:  Mean = 3.31.  Standard Deviation-A (σn-1) = 1.90. 

Question 2:  I worked most often on my own and not with other Physics 120 students except when 

I needed to in Laboratory Tutorials. 

Data:  Mean = 5.25.  Standard Deviation-A ((σn-1) = 2.61.  
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              Responses to Question 1                                           Responses to Question 2 

The next several questions sought to distinguish between ‘active involvement’ and ‘engagement’ 

by asking questions that relate the person to activity, as indicated by Russell, Ainley and 

Frydenberg (2005, p. 1).  These questions may not provide the ability to discern if the named 

activity type provided ‘the conditions to generate high quality learning’ as in the definition by Ball 

and Perry (2010).  However in this report the intended focus is on cognitive engagement.  

The questions were developed to utilise Jung’s ‘Eight-Functions Model’ in which he defines the 

Perception Processes and the Judgment Functions and then indicates that the dominant process is 

the one we most commonly use and trust.  In Jung’s theory, the relationship between the 

dominant and auxiliary is the combination of how we prefer to take in information and our 

preferred processing and decision making. 

The Four Perception Processes we use to 
focus attention and gather information 

 The Four Judgment Processes we use to 
organise experiences and make decisions 

Extraverted Sensing (Se) Extraverted Thinking (Te) 

Introverted Sensing (Si) Introverted Thinking (Ti) 

Extraverted Intuiting (Ne) Extraverted Feeling (Fe) 

Introverted Intuiting (Ni) Introverted Feeling (Fi) 

 

Question 3:  I preferred learning activities that provided hand-on experiences (interactive & 

experiments) and did not prefer the conceptual and symbolic (book-type) learning. 

Data:  Mean = 5.96.  Standard Deviation-A (σn-1) = 2.49. 

Question 4:  I preferred learning activities in Physics 120 that provided learning about ideas in 

Physics that had applications and worth and did not prefer learning through thinking and deciding 

type activities. 
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Data:  Mean = 6.19.  Standard Deviation-A (σn-1) = 2.18. 

Responses to Question 3     Responses to Question 4 

Preference for hands-on experiences Preferred learning activities that 

showed applications 

 

Question 5:  Physics 120 has provided experiences that have required me to respond by using 

most of my senses including touch, sight, hearing etc.  

Data:  Mean = 4.93.  Standard Deviation-A (σn-1) = 2.26. 

Question 6:  Physics 120 has required me to gather and organize a large amount of information 

and I have been able to compare ideas to earlier learning about Physics. This has allowed me to 

develop a more accurate understanding about Physics. 

 Data:  Mean = 6.35. Standard Deviation-A (σn-1) = 2.07.  
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              Responses to Question 5                                                Responses to Question 6 

 

Question 7:   Physics 120 has enabled me to see some new and different possibilities in Physics 

ideas and to better understand relationships between ideas and applications. 

Data:  Mean = 6.56.  Standard Deviation-A (σn-1) = 2.11. 

Question 8:  Physics 120 has allowed me to see ideas from several perspectives and allowed me to 

better understand ideas by correcting ideas I did not understand correctly. It has required 

different ways of thinking about ideas. 

Data:  Mean = 6.37. Standard Deviation-A (σn-1) = 1.95. 

        Responses to Question 7                                                     Responses to Question 8 
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Findings 

1. More than 68 % of students (± 1 σ) indicated they were not isolated, rather they felt 

supported in the study of Physics 120FC. 

2. That this average score is not higher is good.  Students are working cooperatively, even in 

aspects of the course excluding Team Based Learning where cooperation was essential.  

Early in the semester students were encouraged to form work groups and share their 

learning.  This response seems to indicate that students are benefiting from this 

encouragement. 

3. The data seems to indicate we have a balance of students that have a slight bias toward 

extroverted intuiting (Ne).  Ball and Perry’s (2010) theory, applied to the Physics 120 

cohort, indicates that the students in Physics 120 are biased toward being highly cognitive 

and able to be engaged in many more types of activities including working with other 

students, both inside and outside class, making presentations, and in-class discussions. 

4. The student cohort is strongly Extroverted Feeling (Fe) in Jung’s Judgment Processes.  Over 

68% (± 0.5 Standard Deviation-A) do prefer to learn ideas that have application and worth.  

5. The balance in the data relating to students use of the Perception process of extroverted 

sensing showed only about half of the students in the cohort utilized most of their senses.  

6. This question was intended to determine the degree of introverted sensing used by 

students.  There is a strong bias of students with over 70% expressing that they were able 

to gather and organise, compare earlier learning and to gain a more accurate idea about 

Physics through the teaching and learning strategies used.   

7. This question was intended to determine the relative bias on the Extroverted Intuiting (Ne) 

Perception Process.  Since over 78% of Physics 120 students indicated a score greater than 

5.40, the cohort of students is highly engaged in cognitive activities. This reinforces Ball and 

Perry’s (2010) indication that the Extroverted Intuiting (Ne) student is highly cognitively 

engaged in many types of activities.  

8. The data shows that over 70% of students are biased toward the Introverted Intuiting 

Perception Process.  They are strongly able to personally consider and perceive ideas from 

several perspectives and show divergent thinking processes, enabling them to correct 

misconceptions.  

 

Key Outcomes 

By applying Jung’s ‘Eight-Functions Model’ it has been possible to show that, in terms of cognitive 

engagement, the 2011 cohort of Physics 120 FC students are strong in all of the Perception 

Processes, though there is a need for more strategies that will support the use of more student 

senses to develop their extroverted sensing Perception Processes.  The following discussion 

identifies a potential areas for teaching strategy development.  

It seems we should be reasonably confident that we can increase the range of activities including 

class discussions and other interactions and know that most students will be capable of good 

cognitive engagement in these.  There are good indications to lecturers that learning may occur 
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best if contextual learning is used, giving actual applications.  We might need to use a greater 

variety of strategies to encourage students to perceive ideas fully.  Students seem very capable of 

working with other students in several ways, including in-class discussions. Lecturers can 

confidently increase the use of strategies that include student responses.   
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Pre-training – A strategy to help science students learn complex information? 
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Please note:  This is a proposal for my doctoral study and I would welcome any feedback that 

would assist me in undertaking my proposed research. 

 
This study aims to investigate the use of pre-training as a strategy to help students in senior 

science learn complex information.  This strategy has not been trialled in an actual classroom with 

information that is relevant to the students.  The main theories underpinning this strategy are 

Cognitive Load Theory (Sweller, 2005; Sweller, Paas & van Merrienboer 1998) and The Cognitive 

Theory of Multimedia Learning (Mayer 2001, 2005; Schnotz, 2005 ). 

 

Cognitive Load Theory is primarily concerned with the impact of performing a particular task on 

the human cognitive processing system (cognitive load) and the design of instructional materials 

to facilitate understanding and learning.  It suggests there are instructional methods which could 

reduce the cognitive load of processing information but these methods could potentially add to 

overload of the cognitive processing system.  

 

The Cognitive Theory of Multimedia Learning (Mayer 2001, 2005) is concerned with the use of 

words and pictures to promote meaningful learning.  This theory promotes the use of words and 

pictures to reduce the cognitive load of learning complex information by utilising the two different 

channels of our cognitive processing system to make sense of incoming information.    

 

Information that is complex has many interacting elements that need to be held simultaneously in 

our cognitive processing system in order to develop understanding.  These interacting elements 

have the potential to overload the  system and hinder further processing which can affect 

understanding and learning.   
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Pre-training is a strategy where complex information is presented in two stages to reduce the 

number of elements which need to be processed at any one time (Mayer & Moreno, 2003).   This 

strategy is also referred to as the isolated element strategy by Pollock, Chandler and Sweller 

(2002).   By introducing the intellectually demanding information in a two stage process the load 

on the cognitive processing system is reduced.  In stage one preliminary ideas are introduced 

without full understanding of all the information.  This introduction has the effect of artificially 

reducing the complexity (Pollock et al.) and providing the learners with prior knowledge which 

they can use to make sense of the complex information when it is introduced as a whole in stage 

two (Mayer & Moreno 2003).  Mayer & Moreno also refer to this strategy as building a component 

model of a system in stage one and then a causal model of the system in stage two. 

 

I am planning to use the Year 11 topic of motion as my context that uses the skill of graph 

interpretation extensively.  My aim is to analyse Year 9-11 science textbooks to determine the use 

of graphing as a science skill and to determine the extent to which graphing is taught and 

practised in Year 9-11 science by using a questionnaire. 

  

A pre-test will confirm that students are novices for this concept.  I will then prepare a two lesson 

sequence for the selected concept.  The first lesson will introduce and reinforce preliminary ideas 

and the second will use a power point presentation to introduce the whole concept.  The power 

point presentation will be developed using Cognitive Load Theory and Cognitive Theory of 

Multimedia Learning principles in its design. 

 

This will be contrasted with two other groups of students.  The first group will be given the 

powerpoint presentation twice and the other group will be given the power point presentation 

over two lessons, giving them extra time to process the presentation.  During the first and second 

lesson I will use both subjective measures and secondary task measures to give an indication of 

the cognitive demand on the students (Ayres 2006; Brunken, Plass & Leutner, 2003, 2004; van Gog 

& Paas, 2008).  A post-test at the end will explore learning of the complex information. 

 

A number of different decile rating schools and classes in these schools will be tested as part of 

the study.   
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Other measures of the success of this strategy include collecting information on individual 

students’ achievement in other topics in science.  

 

Possible Research Question 

Can pre-training reduce the potential cognitive overload for high school students when learning 

complex science information? 
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Using Web 2.0 technology to  support the development of nature of science 

understanding 
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Abstract Understanding of the nature of science (NOS) as a crucial educational component of 
scientific literacy is well argued in literature and is clearly reflected globally in science education 
documents and reform initiatives, including the New Zealand curriculum document.  There is a 
need to research effective ways for preservice teachers to develop their own understanding of 
NOS in order to teach it in a way that engages and retains students’ interest in science.  Students 
enrolled in the one-year programme of the Graduate Diploma in Teaching (Primary) at The 
University of Auckland are required to take a semester-long science methods course.  A key 
emphasis of this course is developing an understanding of the NOS.  Almost without exception 
students enter this course with very limited understanding of the subject.  Therefore the 
conceptual change required is significant, and needs to happen within a short time frame.  This 
study examined the effectiveness of using Web 2.0 technology, specifically Google Wave, to 
provide multiple opportunities for the learning required for conceptual change.  It reports on the 
effectiveness of Google Wave as a tool to support preservice teachers’ development of NOS 
concepts.  Data were collected using: open-ended questionnaires; selected items from the Views 
on Science-Technology-Society (VOSTS) questionnaire (Aikenhead & Ryan, 1992); the preservice 
teachers’ regular reflections in the form of “get out of class cards”; submissions on Google Wave; 
and assignment and test data.  Analysis of the data obtained showed a considerable shift in 
students’ expressed NOS views and provokes consideration of how new Web 2.0 technology could 
be applied to the learning spaces of universities and schools.  
 

 

Background, framework and purpose 

From a social dimension, one objective of current science teaching is to produce an informed 

public – scientifically literate individuals who can make decisions and engage in dialogue about 

socio-scientific issues outside formal education settings (Guerra-Ramos, Ryder & Leach, 2010).  An 

understanding of the nature of science (NOS) as a crucial educational component of this scientific 

literacy is widely argued in literature (e.g., Lederman, 2007) and is clearly reflected globally in 

shifts in science education documents and reform initiatives (e.g., Dagher & Boujaoude, 2005; 

Hodson, 2009; 2011).  The New Zealand Curriculum (2007) recognises this imperative in describing 



  61 

NOS as the “overarching unifying strand” and states that “the core strand, Nature of Science, is 

required learning for all students up to year 10” (Ministry of Education, 2007, pp. 28–29).  

It follows then that preservice teacher education institutions must take their role in preparing 

preservice teachers to teach NOS seriously.  However, improving NOS understandings is complex 

and requires an approach that addresses conceptual change (Clough, 2006).  The extensive 

literature on conceptual change indicates the key roles of reflection and metacognition in 

developing NOS understandings.  In order to effectively facilitate this reflection, a new strategy 

involving the use of Web 2.0 technology was trialled with a cohort of preservice primary school 

teachers; students enrolled in the Graduate Diploma (Primary) University degree programme 

(n=42).  All the students have an undergraduate degree, but for most students this is not in a 

science discipline.  

The Web 2.0 platform trialled in this study was Google Wave – loaded onto a class set of laptops 

and used throughout the course in each of the lectures.  Google Wave is a free online web 

application and computing platform which brings together personal communication, instant 

messaging, wiki, and social networking and is able to work in real-time.  As a Web 2.0 application it 

meets the sociocognitive considerations of collaboration, learning how to learn and the idea 

improvement considered essential for knowledge building (van Aalst, 2009).  Lave and Wenger’s 

(1991) perspective on situated learning theory provides a theoretical framework for understanding 

these connections between nature of science instruction, context and Web 2.0 environment since 

one of the major assertions of situated learning includes the understanding that a concept is a 

result of on-going construction, and that learning is a process of increasing participation in a 

community of practice (Lave & Wenger, 1991; Orgill, 2007).  

The research aim was to identify the existing NOS understandings and to identify the strengths 

and limitations of using Google Wave to structure reflection, facilitate and record shifts in NOS 

understanding.  

 

Framing NOS for this research study  

In order to examine NOS understanding and shifts in understanding, it is necessary to briefly 

discuss the aspects of NOS which were taught in this course.  Despite the lack of a universal 

definition, there is general accord regarding some salient aspects or tenets of NOS for education.  
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The following NOS tenets have been widely used in research and are suggested as being the most 

appropriate for primary and secondary school learning: 

 the tentative nature of scientific knowledge 

 the empirical nature of science 

 the inferential, imaginative, and creative nature of science 

 the subjective and theory laden nature of science 

 the socially and culturally embedded nature of science 
These five tenets, among others, such as the difference between observation and inference and 

between theories and laws, have been used in previous studies of NOS (e.g. Abd-El-Khalick & 

Lederman, 2000; Bell, Lederman, & Abd-El-Khalick, 2000; Matkins, Bell, Irving, & McNall, 2002), 

and were adopted in this present study.  

However, an adequate understanding of NOS for teachers is far more complex than a merely 

superficial knowledge of the tenets above. They are not slogans to be learnt, but rather are 

characteristics of science that teachers need to be able to contextualise and illustrate in their own 

classroom practice in order to set sights for science education “well beyond a handful of simple 

tenets” (Allchin, 2010, p. 528). 

 

Research design 

In the course design reflection via Web 2.0 was trialled using Google Wave, an application that 

aimed to transform group communication with real-time entries.  Google Wave’s interface was 

intuitive, its refresh-rate near instant, and it richly supported the ability to embed media such as 

weblinks, images, and videos on-the-fly with little effort on the user’s part.  The length of 

contributions was unrestricted.  As a web application, it was accessible cross-platform with ease.  

Throughout each session, the students were asked to identify specific aspects of NOS which were 

taught explicitly by the lecturer, or which were covered implicitly in the course content.  When 

students observed such NOS teaching, they entered a brief comment on their laptops. Other 

students and the lecturer were then able to read the comments as the session was progressing, 

and reply as a threaded wave if appropriate.  Students were also encouraged to add to these 

comments in their own time after the sessions.  They could also upload images and video clips, for 

example from YouTube, alongside relevant comments, which they or another student had made, 

already entered on the Wave.  
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Data collection and analysis 

Students’ developing understandings of NOS were monitored through the following data: 

 an initial questionnaire consisting of four open-ended statements 

 analysis of all contributions made by the students on Google Wave during and after each 
lecture 

 students’ teaching unit plans which incorporated teaching on NOS 

 test questions at the end of the course related to NOS 

 standard university course evaluation 

 each student’s written evaluation of Google Wave 
 

Critical social science methodology requires that the data be analysed according to an existing 

theoretical framework, which indicates to the researcher “where to look for facts and how to 

interpret them once they are uncovered” (Neuman, 2003, p. 86). The framework of the five tenets 

described in the previous section on framing NOS for this study was used to analyse each of the 

data sources, allowing the researcher (and research assistant) to remain consistent throughout the 

coding of the data.  

 

Findings 

In order to inform the evaluation of Google wave, a snapshot of data showing the shifts in 

understanding is presented in Table 1.  This table shows the results of the analysis using the NOS 

framework of the initial and final questionnaire.  Counts were only made when a student’s 

response clearly and unambiguously expressed a NOS tenet.  The table is presented in descending 

order with the most commonly expressed tenets at the top.  It shows final open-ended question 

responses (in black) and responses from the initial open-ended responses (in blue). 

 
Table 1:  NOS understandings indicated in initial and final open-ended question responses 

 
Accepted NOS tenet 

Number of 
participants 
who clearly  

indicated NOS 
tenet 

 
(n=42) 

Percentage of 
participants 
who clearly  

indicated NOS 
tenet 

 
% 

Number of 
participants 
who clearly  

indicated NOS 
tenet 

 
(n=42) 

Percentage of 
participants 
who clearly  

indicated NOS 
tenet 

 
% 

 Initial Final 

Science is empirically based 16 43% 40 95% 
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Table 1, while only a snapshot, does suggest that significantly more students articulated tenets of 

the selected aspects of NOS at the conclusion of the course.  In the initial questionnaire, fewer 

than half the students expressed an understanding of any of the five tenets of the analysis 

framework used.  At the conclusion of the course, each of the tenets was clearly expressed by 

more than 70% of the students, with 95% showing an understanding that science is empirically 

based and that scientific knowledge, though durable, is tentative in their written responses. 

 
To explore the strengths and limitations of using Google Wave to structure reflection, facilitate 

and record shifts in NOS understanding, other data sources were analysed. One source was their 

written evaluation of Google Wave when they provided responses to questions such as:  

 In what ways did Google Wave enhance or hinder your learning and understanding?  

 Can you suggest improvements in using this type of technology as a means to engage you 

in the sessions? 

 How would you use this type of technology in your teaching?   

The students’ responses were analysed and coded for emerging themes.  Results are given in Table 

2. 

 

Table 2: Comments expressed on use of Google Wave in end of course evaluation 

 

Comment expressed 

No. of students 
who indicated 

this theme 
(n=42) 

% of students 
who 

indicated this 
theme 

NOS is interesting/not boring  34 81 

Encouraged discussion 32 76 

Scientific knowledge is 
tentative  

13 31% 40 95% 

Inferential/imaginative/creative 
nature 

6 14% 36 86% 

Subjective and theory laden 0 0% 32 76% 

Socially and culturally 
embedded 

0 0% 30 71% 
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Fostered explicit teaching and learning of NOS 31 74 

Allowed us to share ideas and understanding 28 66 

Allowed deeper reflection 28 66 

Made you think about learning and understanding 27 64 

Provided for immediate reflection 26 62 

Allowed me to see the thinking of other students 25 60 

Allowed access outside of class to deepen understanding  21 50 

Can ask questions without disrupting the flow of the lesson 18 43 

Allowed me to see NOS in action 14 33 

Saw how much understanding I lacked despite my 
academic background 

12 29 

Was not invasive 18 43 

Provided learning on multiple levels 17 40 

Allowed for learning at different rates 17 40 

Could be accessed by those who ‘were ready’, and be 
ignored by others 

17 40 

Created a learning community 15 36 

Would like to use this or other blog-type technology in my 
own teaching 

8 19 

Was difficult to both listen and record on Google Wave 7 17 

Was a hindrance to learning 2 5 

Was a distraction 1 2 

 

Table 2 shows that more than 70% of the students evaluated Google Wave as having fostered 

explicit teaching and learning of NOS, encouraged discussion, and stimulated interest.  Fifty to 70% 

of the students commented directly on the reflection facilitated by the use of Google Wave with 

themes such as: it allowed us to share ideas and understanding; allowed deeper reflection; made 

you think about learning and understanding; provided for immediate reflection; allowed me to see 

the thoughts of others; and allowed access outside of class to deepen understanding. It should be 

noted that three students considered the Google Wave experience to be a hindrance to learning, 

with one of these three students also commenting that it was a distraction for them. 
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Discussion 

Using web-enabled devices and a host computer coupled to a data projector allowed students to 

respond in real time and comments/posts could be seen immediately and easily. This use provided 

evidence of participation by most of the class.  The wave postings had implications for both the 

lecturer and the students as part of a learning community.  For the students as learners, this Web 

2.0 application provided a structure to facilitate repeated and persistent opportunities for 

reflection; structured and guided opportunities for learners to identify the discrepancies between 

their NOS conceptions and those presented.  

It addressed Schwartz’s (2004) assertion of reflection on NOS as being the critical pedagogical 

component required for the successful teaching of NOS.  Google Wave allowed the students to 

“share ideas and understanding” as commented by 66% of the students and to “see the thoughts 

of others” as commented by 60% of the students (see Table 2).  Van Aalst (2009) asserts that it is 

this access to the ideas of other students, and attempts to consolidate these ideas in order to 

improve their own understanding, which builds the knowledge of the community of which they 

are a part.  

Google Wave met the considerations of collaboration, learning how to learn and the idea 

improvement considered essential for this knowledge building (van Aalst, 2006).  The students 

were indeed able to treat ideas as objects of inquiry open to debate, scrutiny, investigation and 

discussion rather than expert knowledge to be blindly accepted.  This criticality is essential if the 

students are to move beyond a superficial knowledge of NOS to a deeper understanding where 

they are able to apply, analyse and evaluate NOS understanding (Allchin, 2010).  

A particular strength of Google Wave was for those students who found following the Google 

Wave while also trying to follow the lecturer too demanding.  These students could, and did, 

reduce cognitive load by revisiting the Google Wave in their own time, at their own pace.  This 

ability to continue learning beyond class time fostered this knowledge building community and the 

turning over of epistemic agency to the students in that they were able to assume more 

responsibility for the advancement of their knowledge and inquiry (Scardamalia, 2002; Damsa 

2010).  

Google Wave also provided a vehicle for feedback to the lecturer.  Students’ postings provided 

direct and immediate information about student thinking.  This vehicle then enabled the lecturer 

to respond immediately when appropriate.  This immediacy challenges the criticism that: 
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The teacher is largely cut off from information about what individual students are 
learning. Teachers are forced to rely on secondary indicators such as the visible signs 
that students are motivated and interested... Teachers depend on the responses of a 
small number of key students as indicators and remain ignorant of what most of the 
class knows and understands (Nuthall, 2007, pp. 919-920.) 

 

Google Wave provided a ongoing window for the lecturer into the conceptions and 

misconceptions of NOS which the students were holding. 

 

Future research 

The generalisability of a case study is limited and therefore, these findings cannot be broadly 

applied.  Instead, they serve as illustrative principles, strategies used, lessons learnt, and results 

achieved to help inform future mobile Web 2.0 projects in tertiary education.  Although, Google 

has discontinued development of Google Wave, there are other similar Web 2.0 applications 

which can be used just as readily.  The proliferation of these tools and technologies provokes 

educators to consider how new modes of community-based sharing and content creation might be 

applied to the more formal learning spaces of colleges and universities (Berg, Berquam, & 

Christoph, 2007).  
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Abstract  People often have perceptions about the way that animals are used in scientific research 
that are not in line with current practices in New Zealand.  This presentation will discuss research 
about a group of young New Zealand women’s awareness of, interest in and attitudes towards the 
use of animals in scientific research and teaching.  These findings were compared to a similar 
survey of the New Zealand public.  An adapted, anonymous questionnaire was used to gather data 
from 90 young women (14-15 years) from an urban secondary school.  While nearly half expressed 
concern about animal use in research (43%), their awareness was not consistent with the reality of 
animal research in New Zealand either in terms of its impact on animals or animal species used.  
They were unconcerned about the use of animals in teaching and associated such use with 
enhanced learning.  Justification for the use of animals in research and teaching was shown to be 
complex and contextualised, with an instrumental qualifier being used to justify their opinions.  
Even though many students were unaware of the regulations surrounding animal use in research 
and teaching, they were mistrustful that these regulations were being followed by scientists.  
Instead their trust was placed in the SPCA and in veterinarians. 
 

Background 

At the World Conference on Science in 1999, concern was expressed by the scientific community 

about public attitudes towards the use of animals in scientific research and teaching (Worcester 

1999). Public concern about animal research is also present in New Zealand, with radical 

organisations that have a perception of being radical such as SAFE (Save Animals from 

Exploitation) having perceptions of animal mistreatment. Despite the way that the use of animals 

in research, testing and teaching (RTT) is covered by specific legislation, namely the Animal 

Welfare Act 1999 (New Zealand Government, 1999), there have been calls for greater 

transparency about this issue (Lang 2003). 

 
There has been research carried out into the New Zealand public’s attitudes towards the use of 

animals in RTT. This research was commissioned and conducted by the Ministry of Agriculture and 

Forestry (MAF) in 2005. It consisted of a telephone survey of 750 people 16 years of age and over 

who were representative of New Zealand’s population. This research found that 72% of the 

respondents thought that the use of animals in teaching was acceptable (Williams et al. 2007). 
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More specifically, the use of animals in research was acceptable to 68% of respondents, provided 

that it was for research into life-threatening diseases. Generally, a low level of interest and 

concern was found. 

 

As the Williams et al. (2007) study was carried out with people 16 years and over, we believed 

there was opportunity for investigating young people’s attitudes towards the use of animals in 

RTT. Previous research has shown that such attitudes can affect students’ learning. In particular, 

girls seem to have strong opinions about this issue (Tulloch & Verrinder 2007). In a United 

Kingdom survey of 15–16 year old students, females gave more empathetic responses than males 

when questioned about their attitudes towards the use of animals (Stannisstreet et al.1993). 

Research has shown that negative attitudes towards the use of animals in teaching could form 

barriers for learning. Holstermann et al. (2009) argue that the use of dissections in learning can 

alter cognitive, motivational and affective processes during learning because of the feelings of 

disgust engendered in some students. Even though using animals in teaching can provide a 

enriched educational experience, the actions of animal rights groups have also impacted on 

learning with their protests affecting biology teachers’ choices of experiments (Stannisstreet et al. 

1993). 

 
Research Design 

The survey used by Williams et al. (2007) was adapted to investigate students’ awareness and 

interest in the use of animals in RTT, their attitudes and opinions, and their awareness of the 

legislation. It consisted of a mixture of open-ended questions and 5-point Likert scales. The 

students surveyed were from a decile 101 urban girls’ secondary school. These students were in 

Year 10 (14 - 15 years of age) and 90 completed the anonymous written survey during class time. 

 

Awareness and Interest 

When asked how concerned they were about the use of animals in research, 43% said that they 

were concerned. When responding to the open-ended question asking for the reasons for their 

concern, there were a variety of responses. Violating the rights of animals was the most common 

response (19%), feelings of compassion for animals used (18%), cruelty to animals (16%), that it 

was necessary (16%) or students considered themselves uninformed (21%).  An example of a 

response illustrating a violation of animal rights response was: 

                                                                 
1
 Decile refers to the Ministry of Education’s ranking system based on a school’s predicted potential to access community resources and 

support according to its community’s socio-economic rating with 10 being the highest level and most socio-economically privileged. 
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I feel bad as animals have the right to live as well. And they don’t deserve to face all the 
consequences of testing done to them by us. The fact that animals are used for testing is 
that we can’t do it on humans. Don’t animals live? They have feelings too and I am against 
all animal testing. (Student 71) 
 

An example of a positive but uninformed response was: 
I get to learn! When the new discoveries come out I can read it. It would be a waste if we 
don’t USE the animals. (Student 90) 

 
An example of a negative but uninformed response was: 

I am not very informed about animal testing but what I have heard is pretty inhumane. 
(Student 3) 

 
When they were asked to identify the types of animals commonly used in research and testing 

(see Table 1), their perceptions did not match with the reality (Table 2). Although these students 

identified rodents, they were not aware of the significant numbers of birds, sheep, cattle, fish and 

reptiles used in research in New Zealand during 2009 (NAEAC 2010). It must be noted that this 

number of birds is unusually high due to testing for avian influenza. What is significant is that  

 
Table 1 Ranked %  of Year 10 
students’ mentions of animals used  in 
RT (N=185) 

 Table 2 Ranked % of total animals 
used in New Zealand in 2009. 

Species % of combined 
mentions ranked 

 Species Actual % of total 
animals used in 

2009 in New 
Zealand ranked* 

Rats 45.7 
 

1  Mice 30.6 1 

Mice 42.2 2  Birds 16.5 2 

Rabbits 18.8 3=  Sheep 15.5 3 

Hamsters and 
guinea pigs 

18.8 
 

3=  Cattle 8.3 4 

Dogs 16.6 5=  Fish 8 5 

Pigs 16.6 5=  Reptiles 5.8 6= 

Cats 8.8 7  Rats 5.8 6= 

Monkeys and 
primates 

7.7 8  Miscellaneous 
species 

3.8 8 

Possums 5.5 9  Deer 2 9 

Cattle 4.4 10  Possums 1.6 10 

Fish 3.3 11  Guinea pigs 1.4 11 

Frogs 2.2 12=  Goats 1 12 

Birds 2.2 12=  Dogs <1  

    Pigs <1  

    Cats <1  

 
* Figures sourced from National Animal Ethics Advisory Committee’s Annual Report for 2009 (NAEAC 2010) 
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many of the animals that they identify such as rabbits, hamsters and guinea pigs, dogs, pigs and 

cats reflect the animals they have encountered in their own lives. Because these students lived in 

an urban area, they may have not considered animals involved in agriculture, except for pigs. 

 

When asked how concerned they were about animals being used in teaching, 17% were concerned 

and 41% were unconcerned, principally because animals were understood as having rights (14%) 

or should be treated humanely (10%). An example of an animal rights opinion expressed in 

emotional terms was: 

It would affect the way they feel. They have the right to stay at their homes and with their 
families. (Student 71) 

 
The two main reasons given for unconcern were that the use of animals enhanced learning (29%) 

and that parts of animals they used were from animals that were already dead (30%).  An example 

of an opinion legitimising the use of animal parts because the animal was already dead was: 

Well we eat animals so as long as we are not killing the animals like kill a cow just so we 
can use its eye is wrong. But if we get the eye from the butchers where they have used the 
whole animal then it is ok. (Student 60) 

 
One student had a sophisticated view of the use of animals in teaching when she suggested a way 

forward in the future: 

Animals should be used, but we don’t use real humans for teaching purposes, we use a 
model. That’s what they should do with animals. (Student 56) 

 
In summary, nearly half of this group of students expressed concern about the use of animals in 

research. When asked to give reasons for their concern, they mostly gave responses that related 

to animal rights or cruelty to animals. Emotional responses such as feelings of compassion were 

also expressed. In addition, their perceptions of the animals used in research did not match reality 

because they only seemed to be aware of animals they encountered in their lives and did not 

consider agricultural animals. Their opinions about the use of animals in teaching were reversed 

with nearly half unconcerned. Many thought that animals enhanced their learning and that the 

parts they did use in dissections came from animals that were already dead, thus legitimising their 

use.  

 
Attitudinal Responses 

The following set of questions was developed to gather fine-grained data about their attitudes.  

Firstly, they were asked to rate their level of acceptance of animal use in RTT using a five-point 
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Likert scale. Table 3 provides data about the students’ responses and the Williams et al. (2007) is 

included in brackets in order to show some similarities and comparisons even though undoubtedly 

the sample is much smaller and specific.  However, it does provide some trends.  

 

From this limited sample, it appears that these female students’ responses were similar to the 

New Zealand survey of people 16 years and over in many ways. For example, 75.3% of the 

students agreed that it was acceptable to use animals in teaching provided that there was no 

unnecessary suffering and that was similar to the New Zealand population sample (72%).   

 

Table 3 Percentage of respondents disagreeing, agreeing or neutral in response to attitudinal 
statements about the use of animals in RTT. 
 

Attitudinal Statement % Agree % Neutral % Disagree 

Teaching using animals is acceptable 
provided no unnecessary suffering 

75.3 

(72) 

12.4 

(14) 

9 

(14) 

Animal research and testing is acceptable if 
no unnecessary suffering  

70.8 

(68) 

13.5 

(17) 

12.4 

(15) 

Use for medical research should be for life-
threatening diseases only 

56.2 

(50) 

32.6 

(22) 

7.8 

(28) 

Use acceptable for medical research 
purposes 

55.6 

(60) 

27.8 

(21) 

13.4 

(19) 

Use acceptable for all types of research if 
no alternative 

31.5 

(52) 

27 

(21) 

37 

(26) 

Bracketed figures are from Williams et al 2007, p. 65 

 

It appeared that these students had different responses from the New Zealand older population’s 

attitudes when asked about the use of animals in medical research for life-threatening diseases. 

Far more of our students adopted a neutral stance (32.6%) compared with the New Zealand older 

population responses (22%) even though nearly half had expressed concern about the use of 

animals in research.  It seemed that when animal use in research was qualified into a context that 

they felt was justified, they adopted this neutral stance.  Only a few of our students (7.8%) were 

prepared to express an opinion disagreeing with this statement compared with the New Zealand 

population (28%).   
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The other statement where students’ attitudes differed from the New Zealand older population 

survey was in the acceptability of the use of animals for all types of research where no alternative 

was available. While 31.5% of students agreed with this statement, by comparison 52% of the New 

Zealand sample agreed. These figures were reversed when 37% of students disagreed that it was 

acceptable to use animals in this way but just 26% of the New Zealand older population disagreed. 

Reasons for these differences could be found in the open-ended questions used in the previous 

section where our students expressed concern about animal rights and cruelty as well as calling for 

humane treatment. 

 
Further questions in the survey sought a level of acceptance and these data are shown in Table 4. 

Again the Williams et al. (2007) data are shown in brackets for comparison purposes. As with the 

previous data, there were many similarities between students’ responses and those of the New 

Zealand older population. Differences between the two groups were mostly found in the ‘Never 

okay’ and ‘Unsure’ columns. It seemed that students were far more likely to admit that they were 

unsure or possibly indifferent about the situations than the New Zealand older population 

sampled, with the percentages for students ranging from 6.7% to 20%. On the other hand, the 

percentages for the New Zealand older population were either 1 or 2%. Because these students 

were willing to admit uncertainty, this difference could indicate an opportunity for education 

about animal use in research. 

 
Our students seemed to find the use of animals for teaching purposes such as dissecting rats more 

acceptable with only 11.1% disagreeing with this situation, whereas 28% of the New Zealand older 

population disagreed.  A similar situation was found where animals were used in science-fair 

projects with only 11.1% of our students disagreeing with their use and 21% of the New Zealand 

survey disagreeing. This finding linked back to that in the previous section where nearly half were 

unconcerned about the use of animals in teaching. 

  
There were three other situations where there were marked differences between the two groups. 

These were the control of obesity and hair loss, the testing of the safety of food products and 

developing measures to control pests. More of these students thought that it was ‘Always okay’ to 

use animals to find answers to these types of issues (26.7%) than did the New Zealand older 

population (15%) and only 12.2% thought it was ‘Never okay’ compared with 34% of the New 

Zealand older population. In the other two situations, fewer of our students agreed with the use of 
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animals when compared with the New Zealand older population. In the case of the food testing, 

many of our students seemed to retreat to the middle ground with 50% saying that it was  

 
Table 4 Percentages of respondents finding different situations where animals used in RTT is 
always okay, sometimes okay, never okay or unsure compared with the New Zealand sample. 
 

 % Justified 

Situation Always 
okay 

Sometimes 
okay 

Never 
okay 

Unsure 

Improving livestock welfare such as 
preventing disease in cattle herds and stress 
in transported animals 

48.9 

(41) 

35.6 

(48) 

0.0 

(10) 

13.3 

(1) 

Research into life-threatening diseases 43.3 

(53) 

43.3 

(36) 

6.7 

(9) 

6.7 

(2) 

Research into debilitating diseases such as 
Alzheimer’s and multiple sclerosis 

40 

(48) 

33.3 

(40) 

4.4 

(11) 

17.8 

(1) 

Teaching and learning purposes such as 
dissecting rats in school classes 

26.7 

(22) 

51.1 

(49) 

11.1 

(28) 

10 

(1) 

Finding out answers to help control health 
issues like obesity and hair loss 

26.7 

(15) 

46.7 

(49) 

12.2 

(34) 

13.3 

(2) 

Teaching and learning purposes such as 
school science projects 

25.6 

(19) 

43.4 

(58) 

11.1 

(21) 

17.8 

(2) 

Improving reproduction in animals, e.g. 
increasing lambing rates 

24.4 

(21) 

43.3 

(53) 

11.1 

(24) 

18.9 

(2) 

Increasing the productivity of farm animals, 
e.g. milk or wool production 

24.4 

(24) 

47.8 

(53) 

13.3 

(22) 

14.4 

(1) 

Testing the safety of food products, e.g. 
whether shellfish are fit for human 
consumption 

16.7 

(33) 

50 

(37) 

13.3 

(29) 

20 

(1) 

Developing measures to control pests such 
as possums 

13.3 

(38) 

45.6 

(48) 

20 

(13) 

16.7 

(1) 

Testing the safety of cosmetics such as skin 
care products 

10 

(8) 

35.6 

(31) 

44.4 

(60) 

10 

(1) 

Testing the safety of chemicals used in the 
home such as disinfectants 

7.8 

(16) 

38.9 

(37) 

40 

(46) 

13.3 

(1) 
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‘Sometimes okay’. Finally, it seems that our students are not aware of the problems caused by 

pest animals like possums with only 13.3% thinking it was ‘Always okay’ to use animals compared 

with the opinion of 38% of the New Zealand population. This response could be indicative of the 

students’ urban upbringing and lack of experience with the damage caused by of these species. 

 

Awareness of the Legislation 

The final part of the survey asked questions to investigate these students’ knowledge of legislation 

and in which organisations and groups they placed their trust. They were asked if they knew of any 

rules and regulations around the use of animals in RTT. The majority (82%) replied ‘no’ with 18% 

replying ‘yes’. They were also asked using a five-point Likert scale if they thought this legislation 

was sufficient to protect animals used in RTT and, despite the fact that 82% said that they were 

unaware of any legislation, 29% expressed confidence in such legislation. A further 26% were not 

confident and 40% had no opinion. 

 
Table 5 Confidence in rules and legislation (N=90). Three to 6 students did not respond to the 
individual questions. 

 1 
Strongly 

agree 

2 3 4 5 
Strongly 
disagree 

I don’t really trust the regulations 
for controlling the use of animals 
for RTT  

3 26 45 7 3 

Scientists would not cause 
unnecessary suffering to the 
animals being used in RT 

6 12 27 27 15 

Some experiments with animals 
are repeated unnecessarily 

29 33 13 7 4 

I think that some research and 
testing on animals goes on 
behind closed doors without an 
official licence 

41 28 10 4 4 

I expect that the rules in New 
Zealand on the use of animals for 
RTT are well enforced 

9 13 45 14 4 

The inspections of where animals 
are kept and how they are looked 
after would uncover any 
mistreatment that may be 
occurring at animal research and 
teaching institutes 

11 20 29 22 3 
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The next set of questions contained statements that provided contexts for them to identify their  

level of agreement of legislation protecting animals used in RTT. Table 5 suggests that students are 

not sure if they trusted the regulations with 45 responses in the middle column and this opinion is 

also reflected in the fifth statement in Table 5 about the enforcement of the rules around the use  

of animals in RTT. When asked if inspections would uncover any mistreatment, their responses are 

again distributed around the middle ground. 

 
Students did not trust scientists. When asked if scientists ‘would not cause unnecessary suffering 

to animals’, the distribution of their responses was skewed towards the negative end of the scale. 

These opinions about scientists were reinforced with students thinking that scientists would 

unnecessarily repeat experiments and carry out experiments illegally. 

 
Table 6 shows that these students trust the SPCA (78/90) and veterinarians (70/90). Teachers and 

universities seem to be moderately trusted. These students do not think that the government and 

governmental organisations are particularly trustworthy.  As found in the previous data set, the 

students’ trust in scientists is not high with the distribution skewing towards the mistrustful end of 

the scale. It seems that they find the media untrustworthy (42/90 would not trust at all) as well as 

industry-related organisations (60/90 were mistrustful).  

 

Table 6 Level of trust in organisations/groups expressed in numbers (N=90).  Two to six students 
did not respond to the individual questions. 

 

Organisations/Groups 

1 
Trust a 

lot 
 

2 3 4 5 
I would not 
trust at all 

MAF (Ministry of Agriculture and 
Forestry) 

12 31 29 11 1 

SPCA (Society for the Prevention of 
Cruelty to Animals) 

61 17 7 1 0 

Government 4 21 32 23 7 

Veterinarians 45 25 14 3 0 

Scientists 11 29 21 13 12 

Media 4 5 14 21 42 

Industry/Manufacturers/Pharmaceutical 
companies 

3 6 17 31 29 

Teachers/universities 9 40 25 12 2 

Local councils 5 12 42 25 3 
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Discussion 

One of the aims of this research was to investigate these students’ concern about the use of 

animals in RTT. Nearly half of them indicated that they were concerned about animal use. Their 

reasons were often expressed in emotional terms, for example feelings of compassion and 

empathy. This finding is similar to research which has shown that emotions can strongly affect 

students’ attitudes (Holstermann et al. 2009). The findings also show that their opinions do not 

correspond with reality. For example, many students indicated that they were concerned about 

animal use because of cruelty to animals. However, the 2009 NAEAC Report indicates that only a 

small percentage (7.5%) of animals used were exposed to manipulations that had a very severe 

impact (NAEAC 2010).  Even though such manipulations have a very severe impact, the students’ 

perception that all research using animals is at this level of cruelty which is not the case. 

 
The students’ awareness of the types of animals used in RTT also differed from reality. The animals 

that our students identified tended to be animals with which they were familiar in their urban-

based lives. They did not seem to consider that much of the animal use in research was due to 

New Zealand being an agricultural country and consequently, many animals involved in RTT, such 

as cows and sheep, would be related to farming. They also lacked the awareness that primates are 

not used in any animal research in New Zealand. 

 

When asked about their concern for animals being used in teaching, 41% were unconcerned and 

many justified their lack of concern with the opinion that their learning would be enhanced by the 

use of animals. Others thought that the use of animal parts was acceptable because the animal 

was already dead, legimitising dissection activities. 

 

We were also interested in their attitudes towards the use of animals in RTT and asked questions 

designed to gather data for a fine-grained analysis. This analysis showed that their concern and 

justification of the use of animals in RTT resulted in complex responses which in many instances 

paralleled the New Zealand research carried out by Williams et al (2007). While there was a 

moderate level of concern about the use of animals in research and testing (43%), when given the 

opportunity to qualify their response where the outcomes were worthwhile, for example, 

improving livestock welfare(48.9% agreed always okay), the use of animals was more acceptable.   
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The use of qualifiers illustrated the complexity of attitudes. There are situations where they found 

animal use in research more acceptable.  For example, nearly half of the students found animal 

use more acceptable when researching life-threatening or debilitating diseases.  When the 

research focus was non-medical, such as testing the safety of household chemicals or cosmetics, 

they were less accepting.  

 
Over 80% of students stated that they had little understanding about the legislation governing the 

use of animals in RTT. Despite this lack of knowledge, many students (69%) had perceptions of 

scientists carrying out their research with little regard for the welfare of the animals being 

manipulated. When asked to identify organisations and groups in which they had a high level of 

trust, these perceptions were reinforced. These students had a high level of trust in the SPCA and 

veterinarians but far less trust in scientists. 

 

These students also lacked awareness of the number of organisations involved in animal welfare. 

While they correctly identified the SPCA and veterinarians, they overlooked the role of 

governmental organisations such as local councils and MAF. 

 

Implications for teaching 

This research has shown that there are gaps between students’ awareness of the use of animals in 

RTT and the reality of current practice. These students seemed to find animal use in medical 

research more acceptable provided it had a worthwhile outcome, but did not find other types of 

research as acceptable, for example research into pest control measures.  In addition, they had 

little knowledge of the legislation in place governing such use. These gaps indicate a need for 

educational strategies to develop students’ awareness and knowledge about this issue. 

 

Many students expressed concern about pain and suffering in animals, and a range of research 

suggests that education could help to develop more informed opinions through discussions about 

bioethics (Stannistreet et al. 1993). Student attitudes about animal research have been shown to 

be malleable and Saucier & Cain (2006) suggest that exposure to examples of ethical animal 

research could assist in changing students’ attitudes. They suggested that the focus of such 

examples should be on the contribution of research to the well-being of people and animals, 

rather than knowledge about legislation itself. Activities could be designed to raise awareness and 
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knowledge about specific legislation that regulates the use of animals in RTT (Gallup & Beckstead 

1988). 

 

A further implication for teaching is the gender differences in attitudes towards animal use. 

Australian research into the attitudes of similarly aged students showed that females were more 

interested in animals and more consistently compassionate than males (Tulloch & Verrinder 2007). 

The authors suggest that educational strategies to address males’ lower level of compassion need 

to be developed. 

 

Our research has shown that there is a need for an educational resource to assist young people to 

develop informed opinions about the use of animals in RTT. The Australian and New Zealand 

Council for the Care of Animals in Research and Teaching (ANZCCART) has recently developed such 

a resource and its aim and contents are presented below. 

 

“Caring for the Animals We Use in Research and Teaching” – An Educational Resource 

“Caring for the animals we use in research and teaching” (Birdsall & Wyatt 2010) aimed to foster 

discussion and the development of informed opinions about the use of animals in RTT. This 

resource comprises a DVD and a CD of teaching resources. 

 

The DVD consists of seven case studies where scientists discuss their research, the way in which 

they use animals in their studies and their legal obligations around the welfare of those animals. A 

range of contexts has been used to appeal to students in different settings, from urban to rural 

schools. It is designed for students in Years 9-10 (13-15 years of age).  The activities focus on 

developing literacy skills, a current Ministry of Education focus area, and on the new strand in The 

New Zealand Curriculum (Ministry of Education, 2007), the Nature of Science. 

 

The centrepiece of this resource is the DVD. It consists of a compilation feature which is narrated 

by Dr Jessie Jacobsen, the 2007 New Zealand McDiarmid Young Scientist of the Year.  There are 

also seven case studies where researchers discuss their research the following list provides the 

topics and the researcher-presenters: 

 Animal Ethics Committees and regulations – Don Love and Sally Birdsall 

 Prenatal nutrition – Jane Harding 

 Infertility – Allan Herbison 
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 Xcluder Fencing – Tim Day 

 Obesity – Kathy Mountjoy 

 Anti-cancer drug development – Bill Wilson 

 Pain relief in farming – Craig Johnson 
 
Each case study has accompanying teacher notes and activities for students on a separate DVD. 

The activities have been developed by experienced secondary school teachers Carolyn Haslam, 

Colin North, Catherine Bartlett and Rachel Heeney. The teacher notes contain background 

information about the case study, New Zealand curriculum links, web links, answers to the 

activities and a transcript of the case study. Each case study presents a variety of activities that 

range from glossary activities, creative writing, fishbowl discussions, role-playing, domino 

activities, crosswords, designing presentations and carrying out interviews. 

 

Two copies of the resource were distributed to every secondary school in New Zealand and it is 

hoped that teachers will incorporate this resource into their science programmes.  

 

In summary, our research has provided some information about the opinions about and attitudes 

towards animal use in RTT among a group of students. Future research is planned that will 

investigate the effectiveness of the ANZCCART resource in fostering the development of male and 

female secondary school students’ opinions about and attitudes towards the use of animals in 

RTT.  

 

This paper is an abridged version and the full version can be found in the November 2011 issue of 

Kotuitui: New Zealand Journal of Social Sciences On Line.  
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