
Professional Identity Development  

 

This is a preprint of an article submitted for consideration in the International Journal of Science 

Education, 2011, copyright Taylor & Francis; the International Journal of Science Education is 

available online at: http://www.tandfonline.com/doi/abs/10.1080/09500693.2010.489928  

 

 

Katz, P., McGinnis, J. R., Hestness, E., Riedinger, K., Marbach-Ad, G., Dai, A., et al. (2011. 

Professional Identity Development of Teacher Candidates Participating in an Informal Science 

Education Internship: A focus on drawings as evidence. International Journal of Science 

Education, 33(9), 1169-1197 

 

 

 

 

 

Professional Identity Development of Teacher Candidates Participating in an Informal Science 

Education Internship:  A Focus on Drawings as Evidence 

 

  

Abstract 

This study investigated the professional identity development of teacher candidates participating 

in an informal afterschool science internship in a formal science teacher preparation programme. 

Of particular interest in the transformative science teacher preparation programme was the 

recruitment and preparation of a diverse teaching force. Qualitative research methodology was 

used. The data were collected from the perspectives of the teacher candidates, the informal 

internship mentors, and the researchers. The data were analysed through an identity development 

theoretical perspective, informed by participants’ mental models of science teaching and 

learning. We found that the experience in an informal internship encouraged the teacher 

candidates to see themselves and to be seen by others as transformative in their teaching of 

science. Participants exhibited positive attitudes, sensitivity to diversity, and increasing 

confidence in facilitating hands--on science participation, inquiry, and collaborative work. Our 

study provided evidence that the infusion of an informal science education internship in a formal 

science teacher education programme influenced participants’ identity development toward 

http://www.tandfonline.com/doi/abs/10.1080/09500693.2010.489928


 

 

2 

transformative recommendations for science teachers. We also found that the use of drawings as 

a source of evidence analysed with a mental model strategy contributed methodologically to 

investigations that focus on connections between informal science education and formal science 

teacher preparation.  



 

 

3 

Introduction 

 This study investigated the inclusion of an informal afterschool science teaching 

internship as part of a formal elementary and middle level teacher preparation programme. The 

goal of the study was to gain insight into the research question: How and in what ways did an 

informal science education internship influence undergraduate teacher candidates’ views of 

science teaching and of themselves as teachers of science?  The research reported here was 

implemented as part of an innovative teacher preparation programme with the participants in 

[name of project removed], a [name of funder removed]--funded research programme. We 

believe the programme was transformative due to the combination of these features: an active 

learning science content course, an informal afterschool science education internship, and an 

innovative elementary science methods course. The purpose of [name of project removed] was to 

develop and test a science teacher professional development model that prepared, supported, and 

sustained upper elementary and middle level specialist science teachers. 

 The informal afterschool science internship component of [name of project removed] was 

aimed at reinforcing or expanding teacher candidates’ understandings of science teaching and 

science learning in ways consistent with reform--based, or transformative, education standards. 

To clarify this aim, we consulted a variety of science education reform documents from the 

international, USA, informal and formal science education sectors (American Association for the 

Advancement of Science, 1993; National Research Council, 2009; National Research Council, 

1996; National Science Teachers Association, 2004; Osbourne & Dillon, 2008). From these 

documents, we distilled two goals for teacher education in science that we believed applied most 

directly to including informal science education in formal science teacher education preparation: 

to assist teacher candidates in developing an understanding of transformative pedagogy in 
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science education and to assist teacher candidates in developing confidence and enthusiasm 

toward science teaching.  

 Therefore, this study investigated whether participation in an informal afterschool science 

internship could help teacher candidates gain understanding of transformative pedagogy in 

science education and develop confidence and enthusiasm toward science teaching. In this study, 

teacher candidates had the option to participate as interns in the [name of informal science 

education programme removed] programme, an informal afterschool science programme for 

elementary students.  

We used a variety of methods including drawing prompts to gain insight into the ways in 

which the [name of informal science education programme removed] internship experience 

might have influenced the teacher candidates’ understanding of transformative pedagogy and 

conceptions of science teaching and learning. We believed that the use of drawings as a data 

collection method appropriately reflected the informal nature of the internship context. In 

analyzing the teacher candidates’ drawings, we were particularly interested in the changes 

between their pre--internship and post--internship responses to the drawing prompts. We wanted 

to investigate whether drawing data, together with other data sources, including a participant 

member check, could reveal changes in teacher candidates’ progress toward the two outlined 

goals: improved understanding of transformative pedagogy and increased confidence and 

enthusiasm toward science teaching.  

Literature Review 

Informal Science Education 

In preparation for our study, we reviewed literature that has reported on previous efforts 

to connect formal and informal science education for science teacher preparation. Rennie (2007) 
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defined informal science education as the science learning that takes place in contexts outside of 

the formal school setting. Crane (1994) identified several distinct characteristics of informal 

science education and suggested that informal activities ‘occur outside the school setting, are not 

developed primarily for school use, are not developed to be part of an ongoing school 

curriculum, and are characterized by voluntary as opposed to mandatory participation as part of a 

credited school experience’ (p. 3). Other researchers have contributed additional distinguishing 

features of informal science education: learning is self--motivated, the content is often non--

sequential, learning is socially constructed and guided by the learner’s needs and interests and 

there is no formal assessment (Hofstein & Rosenfeld, 1996; Falk, 2001; Rennie, Feher, Dierking, 

& Falk, 2003; Rennie, 2007).  

Use of Informal Internships or Practica in Formal Teacher Preparation 

The unique characteristics of informal science education settings offered benefits for 

formal science teacher preparation programmes. Studies that have investigated the inclusion of 

informal science education settings in formal teacher preparation reported a number of perceived 

benefits for teacher candidates. The themes in the literature were: affective benefits, exposure to 

new teaching strategies and broader perspectives on teaching and learning. 

Affective Benefits 

 The literature on informal science education suggested that as a primary goal, many 

programmes focus on variables related to affective dimensions of learning and may have a 

unique potential to impact teacher candidates’ attitudes toward and interest in science (Crane, 

1994; Meredith, Fortner, & Mullins, 1997; Dori & Tal, 2000). Falk (2001) argued that because 

museums and other informal programmes offer resources not necessarily available in formal 
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school settings, learning in these settings could nurture curiosity, improve motivation, and foster 

positive attitudes toward science.  

Chesebrough (1994) reported on teacher candidates’ experience in a science methods 

course taught within a science centre. After participating in the course, teacher candidates 

demonstrated improved attitudes as a result of the hands--on focus, the enthusiasm and 

modelling of the instructors, and the unique resources available. Similarly, Ferry’s (1995) study 

reported that a science centre--based teaching practicum had a very high impact on their curiosity 

and interest in science. Participants commented that the informal environment made science fun 

and relevant to their own lives. Ferry’s study further suggested that the inclusion of informal 

science education in teacher preparation may support other affective dimensions, such as teacher 

candidates’ confidence. Teacher candidates reported that the experience improved their self--

confidence to understand and teach science. Ferry suggested that the non--threatening and 

supportive nature of the science centre was a significant factor.   

Exposure to Transformative Pedagogy 

There is evidence from the literature to suggest teacher candidates may observe new 

teaching strategies during experiences in informal science settings. Anderson, Lawson, and 

Mayer-Smith (2006) studied teacher candidates participating in an aquarium--based teaching 

practicum. They reported that, in some cases, the experience provided teacher candidates an 

initial opportunity to see hands--on teaching methods and the theory of constructivism modelled. 

Studies of teacher candidates’ experiences teaching in other informal settings, such as 

afterschool programmes (Cox-Petersen, Spencer, & Crawford, 2005; Spencer, Cox-Petersen, & 

Crawford, 2005) and science camps (Naizer, Bell, West, & Chambers, 2003), suggested that 
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these contexts allow opportunities to experiment with implementing transformative teaching 

strategies. 

Broader Perspectives on Teaching and Learning 

Several studies have reported that experiences teaching science in informal learning 

environments can provide teacher candidates with a broader understanding of learning theories 

and how these may be translated into practice. Anderson et al. (2006) found that observing 

science teaching and learning at an aquarium provided a first opportunity for several teacher 

candidates to truly see constructivism in use. The self--directed nature of informal settings can 

provide unique opportunities for teachers and learners to ask questions and build on prior 

knowledge. With regard to translating these understandings into practice, Kelly (2000) reported 

that participating in a science methods course that included a museum--based teaching practicum 

helped 96% of participants achieve a better understanding of constructivism and its implications 

for teaching science. Similarly, Jung and Tonso (2006) found that out--of--school teaching 

practica made the idea of constructivist teaching concrete for interns.  

Beyond broadening teacher candidates’ perspectives on science learning, informal 

settings have the potential to foster development of their epistemologies of science teaching. 

Anderson et al. (2006) reported that teacher candidates ‘clearly transformed and broadened their 

epistemologies and pedagogies of teaching’ (p. 351) after participating in an aquarium--based 

teaching practicum. They came to see science teaching as more than covering a prescribed 

curriculum, but also as a way to highlight big picture concepts, such as conservation, that they 

believed were valuable for students to understand. Kelly (2000) found that by teaching science in 

a museum, teacher candidates came to value science as a process, placing less focus on finding 

‘all the right answers’ and more focus on actually doing science with students. By experiencing 
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science teaching in new contexts, teacher candidates became open to new philosophies of what it 

means to teach science.  

Theoretical Framework 

We used identity theory to interpret our data. Gee (2001) defined identity as being 

recognized by oneself and others as a ‘certain ‘kind of person’ in a given context’ (p. 99). 

Luehmann (2007) pointed out that identity is socially constructed, constantly being formed and 

reformed, multifarious, and constituted in interpretations and narrations of experiences.  

To gain insight into teacher candidates’ professional identity as teachers of science, we 

used an application of mental models. That is, we used drawings to access teacher candidates’ 

conceptions of science teaching and learning. We believed that using mental models provided us 

evidence to inform our interpretation of professional identity. The use of identity theory through 

the application of mental model analysis provided us with a powerful lens to interpret how 

teacher candidates developed perceptions of themselves as teachers of science and as participants 

in the science education community.  

We interpreted teacher candidates’ pre--internship drawings as representing personal 

narratives they had developed through their unique past experiences with science teaching and 

learning. After teacher candidates engaged in a new science teaching and learning experience— 

the informal afterschool science internship—we wanted to understand how this experience may 

have changed their personal narratives about science education and their views of themselves 

within the contexts of science teaching and learning. Specifically, we were interested in whether 

the informal afterschool internship aided teacher candidates in coming to view themselves as 

transformative teachers of science and in developing reform--oriented views of science teaching 

and learning who expressed positive feelings for the subject. In seeking to understand these 
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questions, we believed that our analyzing (and the teacher candidates also analyzing) the drawing 

data could provide rich insight into the ways in which the afterschool internship experience may 

have changed their thinking about science education and about themselves. 

Identity Theory 

One challenge to changing new teachers’ science teaching practises has been the tenacity 

of patterns of teaching as one has been taught (Clift & Brady, 2005; Zeichner & Tabachnick, 

1981). Researchers have suggested that a useful avenue to explore in addressing resistance to 

such change is to focus on new teachers' images of their ‘ideal self as teacher’ (Eick & Reed, 

2002, p. 402). This image may be influenced by experiences teaching and learning both in and 

out of school. Based on this thinking, we investigated whether an informal science teaching 

experience might influence teacher candidates’ professional identity development as reform--

oriented teachers of science.  

In addition to how Gee (2001) and Luehmann (2007) conceptualized identity, Sfard and 

Prusak (2005) viewed identity as ‘narrative--defined’ and contended that identity development is 

prompted through communication with others. They suggested that ‘identities may be defined as 

collections of stories about persons or, more specifically, as those narratives about individuals 

that are reifying, endorsable, and significant’ (p. 16).  

Professional identity may play a critical role in whether and how educators choose to 

teach science in a transformative manner. Luehmann (2007) posited that developing professional 

identities that align with reform--based science teaching among educators is crucial for 

implementing transformative science teaching practises. She contended that educators’ personal 

histories and stories influence their identities as reform--oriented science educators. Further, Eick 



 

 

10 

and Reed (2002) posited that educators’ professional identities determine the extent to which 

they will persist in implementing reforms when faced with challenges.  

Gee (2001) suggested four views of identity: nature--identity, institutional--identity, 

discourse--identity, and affinity--identity. The second view, institutional--identity, may be the 

most informative in elucidating differences between educators’ identities in formal and informal 

science settings. Gee described institutional--identity as a position authorized by the rules, laws, 

traditions, and principles of an institution. Formal classroom settings (e.g. public and private 

schools) operated according to the rules set by the local, state, and national education boards. As 

a result, teachers in these settings followed prescribed curricula, abided by certain rules as 

determined by school and district personnel, and were often evaluated based on their students’ 

performance on traditional assessment measures. Informal settings, conversely, are characterized 

by different institutional rules and traditions. Experiences in these settings were not developed as 

part of a prescribed curriculum and were often not formally assessed (Crane, 1994). We posited 

that as a result of these institutional differences, educators in these diverse settings may develop 

varying identities as reform--oriented science teachers.  

Luehmann (2007) articulated the potential advantages of out--of--school settings for 

developing educators’ identities as reform--oriented science teachers, stating that experiences in 

these contexts are supportive for teaching in a transformative manner. Luehmann used inquiry--

based instruction to exemplify this notion: ‘…out-of-school teaching of students (for example, 

running a science camp) opens the door for the possibility of trying out inquiry-based 

instructional strategies with fewer students, less academic accountability, fewer institutional 

hurdles, and more support (from peers as well as the university)’ (p. 832). Related to this notion, 

we wanted to investigate whether an experience in an out--of--school context could develop 
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teacher candidates’ professional identities in ways that complement and enhance their identity 

development from experiences in formal settings.  

Mental Model Theory 

 

We were particularly interested in the ways that teacher candidates’ mental models of 

science teaching and learning might evolve as they experienced a new science teaching context, 

an internship in an informal afterschool science programme. Mental model theory suggests that 

humans create internal mental representations in order to better understand the world and their 

experiences in it (Norman, 1984). Gomez, Hadner, & Housner (1996) added that individuals use 

mental models not only to understand the world, but also to operate on it. Humans develop these 

mental models through experiences in diverse learning contexts, and may modify their mental 

models as they gain new knowledge and experience. Research around mental models, then, seeks 

to develop a better understanding of human knowledge and conceptualizations of the world 

(Gentner & Gentner, 1983). Researchers believe that mental models play a crucial role in human 

reasoning and prediction, and may be called upon for the purposes of answering questions and 

solving problems (Eilam, 2004; Livingston & Borko, 1990; Vosniadou & Brewer, 1992). A 

number of studies in science education have investigated the ways in which students call upon 

their mental models of scientific phenomena to reason scientifically and answer questions (Coll 

& Treagust, 2003; Gentner & Gentner, 1983). In such studies, researchers have suggested that 

mental models are often constrained by the individual’s conceptual understanding, prior 

experience, and preexisting knowledge (Shepardson et al., 2007; Vosniadou & Brewer, 1992).  

We wanted to investigate whether the same was true for teacher candidates’ 

conceptualizations of science teaching and learning: To what extent were their mental models 

shaped by their prior knowledge and experiences, and how might their mental models influence 



 

 

12 

their thinking about science education and their future actions as science teachers?  Further, 

would an experience teaching science in an informal setting change the nature of teacher 

candidates’ mental models of science teaching and learning?  Vermunt and Verloop (1999) 

suggested that teachers develop habitual patterns of teaching that are linked to their teaching 

orientations and their mental models of teaching. Likewise, they believed that students’ mental 

models of learning influence their interpretations of learning tasks and objectives. Windschitl 

(1999) suggested:  

Our personal histories furnish us with mental models of teaching, and these models of 

how we were taught shape our behavior in powerful ways. Teachers use these models to 

imagine lessons in their classrooms, develop innovations, and plan for learning. These 

images serve to organize sets of beliefs and guide curricular actions. Teachers are more 

likely to be guided not by instructional theories, but by the familiar images of what is 

‘proper and possible’ in classroom settings (pp. 752--753). 

 

Other researchers have noted the value of exploring teachers’ mental models of teaching 

and learning. From the educational psychology perspective, Strauss (1996) argued that it is 

important for teacher educators to know the nature of the teacher candidates’ mental models of 

learning before engaging them with new theories of learning. He also called for better 

understanding of how teacher candidates’ mental models change in order to better inform 

approaches within university--based education courses. From a teacher education perspective, 

Barnes and Foley (1999) noted the value of discussion combined with hands--on learning 

activities for helping teacher candidates to reflect on their mental models of what successful 

teaching and learning entail.  

 Because mental models are internal and unique to the individual, eliciting information 

about an individual’s mental model can become a difficult task for the researcher (Coll & 

Treagust, 2003). To gain insight into our interns’ mental models of science teaching and 

learning, we engaged them in drawing activities before and after their experience in the informal 



 

 

13 

afterschool science internship. We argued that there is precedent for the use of drawings in 

mental models research (Vosniadou & Brewer, 1992). Besides drawings, we also conducted 

interviews and engaged participants in written reflections in an effort to better understand their 

mental models of teaching and learning and how these might have changed with experience. 

While it is unlikely that researchers can gain a complete understanding of any other individual’s 

mental model, we believe that eliciting information to better understand the ways individuals 

conceptualize science teaching and learning has important implications for science education and 

teacher preparation. Mental model theory provided a useful lens for interpreting teacher 

candidates’ professional identity of science teaching and learning. 

Methods 

Context of the study 

[Name of project removed]  

 [Name of project removed], an [name of funder removed]--funded project in the USA, 

was designed to develop and test a science teacher professional development model that 

prepared, supported and sustained upper elementary and middle level specialist science teachers. 

The [name of project removed] baccalaureate programme featured: connecting transformative 

undergraduate science content courses with reform--aligned science method courses, supported 

internship experiences in informal education contexts, field placements in urban professional 

development schools, and ongoing innovative educational experiences that target the needs of 

minority and urban students.  

[Name of Informal Science Education Programme Removed] 

 Teacher candidates in [name of project removed] had the option to participate in an 

informal internship with [name of informal science education programme removed], an 
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afterschool science programme for elementary aged students. The [name of informal science 

education programme removed] programme was designed for small clustered groups based on 

age/grade to take into account children’s general prior experience and physical development. The 

programme included four groups (Pre--K, K--1, grades 2--3 and grades 4--6). The activities 

focused on the potential science explorations in games, toys, music, arts and crafts, and simple 

science experiments. For all of the activities, the materials were sent home with each child for 

family discussion, display, and/or re--use. 

To offer this science enrichment opportunity from preschool through the elementary 

school grades, [name of informal science education programme removed] developers prepared a 

three year cycle utilizing Patterns, Energy and Structure and Change as overall themes. 

(Authors, 1999) worked to align programme themes with the National Science Education 

Standards. The yearly cycles were divided into three sets of eight--week sessions. The eight--

week sessions were organized around a subtheme corresponding to the overall yearly cycle topic 

(i.e. Patterns, Energy, and Structure and Change). [Name of informal science education 

programme removed] provided three components for quality science enrichment programming:  

inquiry--based activity guides for adults leading the groups, required training for adult leaders 

prior to each session, and kits of materials for the activities in the guides. 

The [name of project removed] interns participated in the spring session of Structure and 

Change, which centred on weather and geology concepts. The interns participated in an adapted 

version of the [name of informal science education programme removed] training and then were 

placed alongside Adult Leaders during afterschool sessions with student groups. While 

placements were sought in the oldest groups (for experience with early adolescents), time and 

distance constraints put some interns into the second and third grade settings. We considered that 
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the science--focused experience weighed more heavily than the age match. During the spring 

session, second and third grade groups attended Rocky Road; fourth through sixth graders spent 

their eight weeks in Terra Quest (both were sub--themes during the Structure and Change yearly 

cycle). The interns were provided with activity guides emphasizing inquiry (questions, 

discussions, reflective time), materials manipulation and the pleasure of investigation. Tables 1 

and 2 provide a summary of the investigations, questions and data collection activities for Rocky 

Road and Terra Quest, respectively. [Insert tables 1and 2 about here] 

Participants 

Twenty--five teacher candidates volunteered for the informal science education 

internship that was offered during the spring semester, 2007
1
. They were in the first, second or 

third year (with the mode being third year) of their undergraduate four--year elementary (grades 

1 to 8) teacher education programme. They were all accepted to the [name of project removed] 

informal science internship after an application process that screened for interest. The teacher 

candidates received an honorarium for successful participation in the internship. The 25 teacher 

candidates were diverse (4 African American females; 1 African American male; 3 Asian/Pacific 

Islander females; 14 White females; 2 Hispanic females; 1 Other female). The Adult Leaders in 

whose classes they observed and worked received a smaller honorarium (in addition to their 

programme stipends) to provide evaluative and observational data on the interns.  

Data collection sources 

Drawings 

 We asked [name of project removed] interns to complete pre-- and post--internship 

drawings to gain insight into their mental models of science teaching and learning. White and 

                                                 
1
 During the fall semester of 2006 a small pilot study was conducted. Four interns participated in the afterschool 

internship. Refinements were made to the research design and data collection instruments based on the pilot study. 
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Gunstone (1992) asserted that the use of drawings as data was beneficial in that it provided 

participants with an opportunity for self--expression, gave a means of visually representing ideas, 

and had the potential to reveal unforeseen information. In our study, we adapted the Draw a 

Scientist Test and asked interns to respond to two modified prompts: Draw Yourself Teaching 

Science and Draw Your Students Learning Science. These two prompts allowed us to analyse the 

similarities and differences between the teacher candidates’ illustrations of their teaching actions 

and their students’ learning actions.   

Member check  

 During the spring 2008 we collected additional data in a member check of our [name of 

project removed] informal science education study. We wanted to increase the trustworthiness of 

our tentative findings that had emerged from our analysis (Merriam, 1998). We selected ten 

interns that we believed were an illustrative sample based on changes in their pre-- and post--

internship drawings. The interns selected for the member check were sent a series of three 

emails. To the first email, we attached five open--ended questions as well as electronic scans of 

their original drawings in response to the prompt Draw yourself teaching science (see Table 3). 

The second email contained the same questions and scans of original drawings from the prompt 

Draw your students learning science. For the final email, we sent personalized questions based 

on our interpretations of the intern’s responses to the questions (e.g.  ‘In response to the 

question… you stated … We interpret your statement to mean … Do you agree with our 

conclusion?  Please explain’). We also asked interns about how the [name of project removed] 

experience changed or supported their ideas about teaching science and whether or not they 

believed the effort to participate in an afterschool, informal science education internship was 

worthwhile.  [Insert table 3 about here] 
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Analysis 

Categorical Analysis 

As a first step in analyzing the data, we interpreted the drawings through the use of a 

categorical analysis. Independently, two of the researchers coded the drawings using a modified 

coding scheme developed by (Author, 2003). Each drawing was coded for students’ gender, 

image inclusion, teacher expression, students’ expression, ethnicity of teacher, ethnicity of 

students, activity type, setting, and science processes. After independently coding the drawings, 

any differences in interpretation (very few) were brought to the larger research group and 

negotiated until a consensus emerged. Initially, we used 14 different codes to interpret the 

science processes illustrated in the drawings (observing, comparing, questioning, discussing, 

predicting, experimenting, reading, recording, measuring, modelling/demonstrating, listening, 

passive presence, unclear, and none). We found that the high number of coding categories 

obscured possible trends in the data by placing too much attention on a micro--grain analysis. As 

a result, we decided to collapse our science process coding categories into three broader 

categories that encompassed the main goals of the [name of informal science education 

programme removed] programme: suggestive evidence of hands--on science, collaboration and 

inquiry.   

Mental Model Analysis 

By analyzing the components of teacher candidates’ drawings before and after the 

informal afterschool science internship, we gained insight into their changing mental models of 

what it means to teach and learn science. We also looked for evidence that the informal 

afterschool science teaching experience helped to foster reform--oriented thinking for the teacher 

candidates; that is, we investigated changes in their representations of transformative pedagogy, 
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of the nature of science teaching and learning, of confidence and enthusiasm toward science 

teaching, and of their own capacities to transform school science.  

 We used a mental model analysis to gain insight into the ways teacher candidates viewed 

themselves in the context of science teaching and learning, and the ways others would view 

them. The drawings and member check responses prompted teacher candidates to represent their 

mental models of science teaching and learning as teacher candidates drew and described 

components that were salient to them. In interpreting the teacher candidates’ mental models, we 

used an inductive approach and identified themes that emerged from the data. The mental models 

provided a lens through which we could explore how the teachers’ were identifying as reform--

oriented teachers of science.   

Identity Analysis 

 We used identity theory as another lens to address how teacher candidates came to see 

themselves as teachers of science and came to be seen by others in the science education 

community following participation in an informal science internship. We believe that the mental 

models framework provided us with information about teacher candidates’ thinking at a given 

time, while the identity framework afforded a narrative of their development over time as 

transformative teachers of science. We used a deductive approach to connect teacher candidates’ 

mental models of science teaching and learning with reform--based goals articulated in 

prominent science education documents (international, USA, informal and formal). Using this 

approach, we were able to consider how the science education community would come to view 

the teacher candidates’ identities, as well as how the teacher candidates themselves would come 

to view their identities as transformative teachers of science following completion of the 

informal afterschool science internship.  
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 When we investigated what influence the informal science internship had on developing 

their concept of transformative teaching, we looked for evidence of inquiry--based science 

investigations illustrated through question marks, questions in speech bubbles or intern notes on 

the drawing pages. We looked for evidence of active sciencing, noting the presence of materials, 

how they were distributed and being used, and whether their use was eliciting discussion. We 

looked for evidence of collaboration by how the students were arranged and how they appeared 

to be communicating. We considered the setting and whether the intern was expressing a variety 

of resources by illustrating items not typically found in a classroom or by depicting science 

instruction taking place outside of a classroom. 

Findings 

Four focal studies of participants are presented. We selected these four participants from 

our total sample (pilot study and scale--up study) to show diversity of responses to our drawing 

prompts as well as diversity of ethnic backgrounds. We identified elements of each teacher 

candidates’ mental model of science teaching and science learning both before and after their 

participation in the informal afterschool science internship. We also identified information in the 

data we collected regarding teacher candidates’ developing identities as teachers of science both 

before and after the internship. For the qualitative analysis of the member check email questions 

we used a modified content analysis strategy (Ryan & Bernard, 2000). 

Focal Study:  Lindsey (White female) 

 
Lindsey’s case represented an example of a teacher candidate whose drawings provide 

evidence of growth in developing an identity as a transformative teacher of science, particularly 

with regard to the use of collaborative learning. We interpreted her drawings to move toward a 

view of science teaching and learning as active rather than passive, and as a collaborative rather 



 

 

20 

than solitary endeavour. In our initial interpretations of Lindsey’s pre--internship drawings, we 

saw little evidence that Lindsey viewed hands--on learning, collaboration, or inquiry as central 

elements of science teaching and learning. In her pre--internship Draw yourself teaching science 

drawing (Figure 1A), Lindsey depicted herself conducting a science demonstration as a group of 

students observe. She appeared to identify the teacher (herself) as the main actor in the science 

classroom, and the students as passive observers. After engaging in the informal afterschool 

science internship, Lindsey’s depiction of her own science teaching was strikingly different 

(Figure 1B). She depicted students seated together, preparing to engage in a hands--on activity, 

carefully indicating materials for each student. She placed herself seated in the circle with her 

students to help guide their own explorations, rather than standing in front of them as a 

demonstrator. In responding to the changes in her drawings, Lindsey stated: ‘I definitely believe 

that students learn better through the discourse that is created in group learning… I think that the 

[name of informal science education programme removed] programme did an excellent job with 

that… The adult leader guides the conversation rather than dominates it’ (Email, 2008).  [Insert 

Figure 1 about here] 

Lindsey’s Draw your students learning science drawings further demonstrated the same 

themes. Before the informal afterschool science internship, Lindsey illustrated students standing 

in isolation, with no evidence of interaction between students or with science materials (Figure 

2A). She explained that her drawing showed students ‘separated and examining various objects 

individually. They are standing near the tables, but not really working with the materials’. 

(Email, 2008). In the post----internship drawing, Lindsey again reconfigured students into a 

circle and provided each child with materials to use (Figure 2B). An important component of her 

mental model appeared to have become active students who engage with materials and with one 
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another. Lindsey commented that in the post--internship drawing, ‘students are working together 

and sharing ideas with each other… [and] look like they are much more hands--on in their 

learning’ (Email follow up study, 2008).  [Insert Figure 2 about here] 

In commenting on the changes between her drawings, Lindsey provided evidence that she 

was developing an identity that incorporated elements of transformative pedagogy and views of 

science teaching and learning. She writes: 

[name of informal science education programme removed] made me much more 

confident in my ability to make science interactive and educational for my students. My 

science lessons are much more hands--on and engaging for my students. I think that the 

programme has made me more likely to take risks with science lessons in my classroom, 

and view science as something I want to do with my students as opposed to have to 

(Email, 2008) 

 

Focal study: Gina (Asian/Pacific Islander female) 

We identified Gina as a teacher candidate whose drawings provide evidence of her 

developing identity as a teacher of science who values engaging her students in hands--on 

learning, a crucial element of transformative pedagogy in science. In each set of drawings (Draw 

yourself teaching science; Draw your students learning science), the ways that Gina represents 

science education change dramatically after her engagement in the informal afterschool science 

internship. Before the informal internship, Gina appeared to hold a formal, lecture--based mental 

model of her own science teaching. In her pre--internship ‘Draw yourself teaching’ drawing 

(Figure 3A), she depicts herself at the front of the classroom, demonstrating with science 

materials (of which the teacher is the sole handler). After the informal afterschool science 

internship, Gina appears to perceive the teacher’s role as guiding and encouraging students while 

they worked together and made their own discoveries (Figure 3B). In comparing her pre-- and 

post--internship drawings, Gina comments that she attributed this change to her participation in 

the [name of informal science education programme removed] internship, stating, ‘The 
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programme emphasizes the type of learning shown in the second picture, where the children are 

very interactive. After my internship, that’s the way I began to view science’ (Email, 2008). Her 

mental model of teaching includes opportunities for students to collaborate with one another and 

enjoy their participation in science. Gina commented, ‘I understand that science needs to be a 

collaborative process in order for it to be successful. This success can be defined as the students 

learning and having fun’ (Email, 2008). She now appears to view the science teacher’s role as 

not only providing information, but also as helping to make science enjoyable. The students 

handling the materials in the post--internship drawing indicate that her mental model of science 

teaching now includes students as active participants rather than passive observers in the science 

classroom.  [Insert Figure 3 about here] 

In depicting her students’ science learning (Figure 4A), Gina begins again by illustrating 

a formal, lecture--based classroom similar to the one she has drawn in her pre--internship ‘Draw 

yourself teaching’ drawing (Figure 3A). Students are sitting at desks filling out worksheets as 

they listen to a lecture, and responding to questions posed to them. At this point, student 

interaction with materials or with one another is apparently not present in her mental model of 

science learning. After participating in the informal afterschool science internship, Gina’s mental 

model of science learning has changed considerably. In the post--internship ‘Draw your students 

learning’ drawing (Figure 4B), she depicts her students participating in outdoor science 

explorations together and emphasizes the importance of collaboration between students. She 

notes that not all of the students are participating in the same activity, and states that ‘the 

children are questioning themselves and each other to inquire what is happening’ (Email, 2008). 

This statement may represent an interesting change in her conception of inquiry as it applies to 

her students’ science learning. Rather than responding to questions posed by the teacher or 
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written on a worksheet (as in the pre--internship drawing), she indicates that students are 

developing and investigating their own questions and ‘making their own conclusions and 

discoveries’ (Email, 2008). Gina mentioned that in her education courses as well as in the 

internship, she began thinking about how to give students guidelines without limiting their 

exploration (Email, 2008). She again emphasizes student enjoyment in this post--internship 

drawing, and noted that students enjoy the opportunity to learn science in settings outside of the 

classroom (Email, 2008).  [Insert Figure 4 about here] 

Gina’s comments about her drawings suggest that she is beginning to develop an image 

of her ‘ideal self’ as a teacher of science, and an understanding of the practises of transformative 

science education. She writes:  

I hope I have the opportunity to teach in a school system that allows me to teach in a 

manner that is illustrated by the second picture. Unfortunately, there are school systems 

that do not believe that science learning should be anything but textbook and worksheets. 

I don’t think this is the best way to approach science. The programme emphasizes the 

type of learning shown in the second picture, where the children are very interactive. 

After my internship, that’s the way I began to view science learning (Email, 2008) 

 

Focal study: Rachel (African American female) 

 

We selected Rachel’s case as illustrative of movement toward the goal of developing 

confidence and enthusiasm toward science teaching, an important aim of transformative teacher 

education in science. Further, it appears that the informal nature of the [name of informal science 

education programme removed] internship was particularly beneficial in helping Rachel to 

identify as a capable teacher of science. Before participating in the informal afterschool science 

internship, Rachel was hesitant about science and unsure of her own abilities to teach it. Rachel’s 

pre--internship ‘Draw yourself teaching’ drawing (Figure 5A) showed a teacher behind her desk, 

reviewing a book that explained how to conduct a science experiment. Rachel expressed some 

apprehension by stating that ‘I don’t know much about science’. It appeared that Rachel relied on 
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her book/curriculum guide to ensure that she carried out her lesson according to a plan. She 

believed that if she were well--prepared, both teacher and students would have a positive 

experience in the science classroom. In the post--internship drawing (Figure 5B), Rachel again 

depicted herself behind a desk, but also included a group of students sitting at a table preparing 

to conduct the experiment she had introduced In commenting on her post--internship drawing, 

Rachel wrote,  

My experience was more hands--on than I thought it would be. I walked around and 

helped the students with whatever they needed, and I even conducted my own experiment 

right along with them. A lot of how I taught was by demonstration, not just explaining 

(Email, 2008).  

  

These comments provided insight into some changes in Rachel’s mental model of science 

teaching from before to after the internship. Student--teacher interaction became a new 

component of her thinking. She viewed herself not only as an explainer or direction--giver, but 

as a helper and demonstrator for her students. [Insert Figure 5 about here] 

Rachel’s ‘Draw your students learning’ drawings were quite different from her ‘Draw 

yourself teaching’ drawings. Her pre--internship ‘Draw your students learning’ drawing showed 

groups of students together at tables, conducting and discussing a hands--on science experiment 

(Figure 6A). Unlike the pre--internship ‘Draw yourself teaching’ drawing, the students had 

materials and were engaged in doing science. In the dialogue she showed between students, 

Rachel depicted one student encouraging another, indicating her awareness of the benefits of 

peer--to--peer interaction in the science classroom. After participating in the internship, Rachel 

appeared to retain her idea that collaboration and discussion were central to her students’ science 

learning (Figure 6B). However, rather than depicting her students collaborating over a formal lab 

experiment, Rachel drew her students with art projects. This change demonstrated a new 

understanding of how to incorporate other subject areas in science education to contribute to her 
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students’ learning. The informal nature of the afterschool programme may have helped Rachel 

recognize alternative approaches that ould assist her students in learning and enjoying science. 

[Insert Figure 6 here] 

In her post--internship comments, we saw a considerable change in Rachel’s feelings 

about science teaching and learning, and in her sense of herself as a teacher of science. She 

wrote,  

I completely agree that the [name of informal science education programme removed] 

internship changed my ideas about what it means to teach science. In my opinion, this 

internship, and any other opportunity to teach science informally is worthwhile. I believe 

there is a negative stereotype that goes along with teaching science. Because the 

internship was informal, it really gave me a chance to see how fun and creative you can 

be when teaching a science lesson (Email, 2008).  

 

Rachel comments about having a positive experience with science in the internship helped 

counteract some negative prior experiences that she had in her own science learning. Her 

comments emphasized that personal histories were critical in the professional identity 

development for teachers of science, and that negative experiences with science teaching and 

learning may lose influence when teacher candidates had opportunities to engage in informal 

science experiences that provide positive science teaching and learning experiences.  

Growing up I was never really a ‘science person’. Most of my memories about science 

class are not very exciting, so I think I just assumed my prior experiences would be 

similar to my internship experience. Science isn’t as bad as I thought it was! It was made 

very simple and easy to teach, and along with the kids, I had a great time (Email, 2008).  

                         
Focal study: Sasha (White female) 

 Sasha’s case presented an example of a teacher candidate who entered the informal 

science afterschool internship already comfortable with inquiry--based science teaching and 

maintained this view through her participation in the internship. Sasha’s pre--internship ‘Draw 

yourself teaching’ drawing (Figure 7A) depicted a teacher standing to the side of a group of 
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students as they worked together with science materials. In her mental model of teaching, Sasha 

appeared to view students as capable of directing many aspects of their learning, and the teacher 

as a facilitator of their activities. Prior to the internship, Sasha already placed high importance on 

student collaboration in the science classroom, as well as opportunities for students to manipulate 

science materials. She indicated in the drawing that students were sharing ideas and engaging in 

discussion as they made discoveries with the materials. The post--internship ‘Draw yourself 

teaching’ drawing (Figure 7B) looked quite similar, but placed the teacher in a more active role:  

she provided direction to the students and asked probing questions to promote higher level 

thinking. Sasha seemed to recognize that while it was important to allow student exploration 

with science materials, it was also beneficial for the teacher to scaffold their learning and help 

guide their thinking though questioning. She commented, ‘I saw that students can easily come to 

their own conclusions about science with little probing’ (Email, 2008). Sasha appeared to focus 

more on her own role in creating the best learning experience for her students. She wrote that this 

included being well prepared for the lesson and providing ‘very structured’ science lessons. It 

might be interpreted that this thinking was somewhat at odds with the informal approach to 

science teaching that Sasha experienced in her informal afterschool science internship. Sasha 

commented that the focus on structure and organisation was due to negative experiences she had 

in the internship: ‘I think I was very focused on the preparation aspect because I observed my 

[name of informal science education programme removed] teacher unprepared prior to 

experimentation, which led to very disorganized and chaotic lessons’ (Email, 2008). This 

statement indicated Sasha’s recognition that meaningful hands--on science took a high level of 

thoughtfulness, preparation, and engagement on the part of the teacher. [Insert Figure 7 about 

here]                          
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 Sasha’s pre--internship ‘Draw your students learning’ drawing (Figure 8A) again 

depicted a group of students working together at a table with science materials. Sasha drew each 

individual student with a different thought in mind, indicating her belief that each student in a 

collaborative group brought different ideas. Sasha’s mental model of science learning included 

hands--on, collaborative work by the students and involved a number of scientific processes (e.g.  

observation, prediction, experimentation). As we saw in her pre--internship ‘Draw yourself 

teaching’ drawing (Figure 7A), prior to the internship, Sasha viewed herself as having a 

somewhat ‘hands--off’ role as her students worked together in the science classroom. In the post-

-internship ‘Draw your students learning’ drawing (Figure 8B), there were many similar 

elements, but more evidence of discussion and inquiry. The students were standing at a table 

with materials, speaking to one another rather than thinking to themselves. Sasha’s mental model 

of science learning appeared after the internship to include a considerable level of student 

dialogue as they engaged in group investigations. [Insert Figure 8 about here] 

 Sasha’s comments indicated a higher level of awareness about the role of inquiry in her 

students’ learning. She wrote that she wanted her students to ‘use inquiry’ and ‘ask questions and 

find ways to seek out their answers’. While she did not depict herself in the ‘Draw your students 

learning’ drawing, Sasha’s comments indicated new ideas about her identity as a teacher of 

science. She was beginning to see herself as a teacher who guided her students as they made 

sense of science, and took an active role in her students’ learning. She wrote, ‘While I watched 

inquiry--based science instruction implemented during my [name of informal science education 

programme removed] internship, I recognized that students need to think critically about the 

scientific concepts they explore in order to gain a better understanding of science. Inquiry alone 

will not help all students make important scientific discoveries, and I found that many of the 
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students I worked with during my [name of informal science education programme removed] 

experience needed closure and probing questions to further their understanding of the concept we 

were exploring’ (Email, 2008). 

Summary of the Focal Cases  

The four focal cases illustrated the diversity of changes that occurred for our participants 

through their experiences with the informal afterschool science internship. Overall, these cases 

suggested that the totality of the afterschool informal science internship fostered changes in the 

teacher candidates’ thinking about science teaching and learning, as well as about themselves as 

future teachers of science.  

Comparing participants’ pre--internship and post--internship ‘Draw yourself teaching 

science’ and ‘Draw your students learning science’ drawings was useful for gaining insight into 

potential changes in teacher candidates’ mental models of science teaching and learning, as well 

as in their professional identities as teachers of science. With regard to mental models of science 

teaching and learning, the four focal cases exemplified several ways in which teacher candidates’ 

came to reconceptualise the inclusion of transformative approaches to science education in the 

areas of hands--on learning, collaboration, and inquiry. For example, Lindsey, Gina, and Sasha’s 

drawings all suggested changes in their mental models which provided evidence for a greater 

understanding of transformative pedagogy after participating in the informal afterschool science 

internship. Lindsey and Gina both included transformative approaches in their post--internship 

drawings that did not appear to be present in their pre--internship drawings. And while Sasha 

included transformative approaches—especially relating to inquiry--based science teaching—in 

both her pre-- and post--internship drawings, her case suggested not only that the afterschool 

informal science internship supported interns in maintaining their use of transformative 
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approaches like inquiry, but also in learning to apply these in new ways. In each of these cases, 

we found evidence that as the interns’ mental models of science teaching and learning were 

changing, so were their professional identities as teachers of science. Lindsey, Gina, and Sasha 

all appeared to be developing a new sense of what it meant for them to teach science and how 

learners learned science. The result was a more sophisticated view of their ideal selves as 

teachers of science.  

 The focal cases also provided evidence of affective changes for teacher candidates from 

the beginning to the end of their participation in the informal afterschool science internship. For 

example, Rachel’s case showed changes in her drawings and accompanying comments in her 

confidence and enthusiasm for teaching science. Her mental models of science teaching and 

learning appeared to have changed from envisioning science education as an intimidating 

endeavour to something of which she believed she was capable and interested in doing. In terms 

of her professional identity as a teacher of science, Rachel’s data provided evidence that she 

came to see herself as a more confident science teacher who did not have the same hesitations 

about science that appeared to be present in her pre--internship drawing and comments.  

Discussion 

Identity theory posited a relationship between how one regards oneself and how one is 

regarded by others (Danielowicz, 2001; Gee, 2001; Luehmann, 2007). In our study, we were 

interested in discerning the ways that teacher candidates came to regard themselves as science 

teachers and the ways that others in the science education community could regard them as 

developing in key recommended areas. Our analysis of the data we collected permitted us to 

draw conclusions in two of the four key goals of science teacher education that we synthesized: 

‘Science teacher preparation should provide opportunities for teacher candidates to be seen as 
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knowledgeable and confident in transformative pedagogy (inquiry techniques, active sciencing, 

collaborative work, a variety of formal and informal resources)’ and ‘Science teacher preparation 

should encourage teacher candidates to be seen as modelling enthusiasm for science as they 

engage in science teaching’.  

Below, we present our discussion by the two goals in science teacher preparation that 

we identified as directly relevant to our study. 

Science Teacher Preparation Should Provide Opportunities For Teacher Candidates To Be Seen 

As Knowledgeable And Confident In Transformative Pedagogy (Inquiry Techniques, Active 

Sciencing, Collaborative Work, and Use of A Variety Of Formal And Informal Resources) 

We posited that transformative pedagogy included a more student--centred approach that 

moved closer to the way that professional scientists work—in groups, handling materials, and 

questioning authority and each other. The National Science Teachers Association (2004) asserted 

that teachers should both understand transformative pedagogy and find resources to support their 

teaching. They stated that teachers should be able to ‘understand processes, tenets and 

assumptions in multiple methods of inquiry (p.13), …identify, access, and/or create resources 

and activities consistent with standards, … [and] plan and implement to reach National Science 

Education Standards goals (p.18)’.  

The recent informal science education document by the National Research Council 

(2009) stated that informal educators should give students opportunities to ‘manipulate, test, 

explore, predict, question, observe and make sense of the natural and physical world’ (p. 4). 

Osbourne and Dillon (2008) described additional transformative features of science teaching that 

included opportunities for students to ‘work in groups, explore written and oral expression, more 

open--ended, problem--solving experiences’ (p. 21). The National Science Education Standards 
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stated that the teaching of science, ‘…requires integrating knowledge of science, learning, 

pedagogy and students------and applying to science teaching. [Teachers and students] use 

inquiry, reflection, research, interpretation’. (National Research Council, 1996, p. 62). The 

American Association for the Advancement of Science (1993) document suggested that the 

methods of science are not only useful ways of thinking, but that perhaps a broader range of 

situations strengthens the way in which this thinking can transfer among life’s circumstances. 

 We found evidence that the teacher candidates who participated in the afterschool 

informal science education internship became more knowledgeable and confident in the 

recommended transformative pedagogy. For instance, Sasha was very thoughtful in drawing an 

image of her students. Both her pre-- and post--drawings and her comments on her drawings 

illustrated a positive attitude, students with ideas, reasoning and predicting, using materials and 

asking questions (Figures 7A – 8B). However, her internship made her more aware of her 

necessary role in guiding student learning. She learned that she needed to ask questions and 

facilitate discussion among students as they engaged in inquiry--based science experiences in 

order to further their understandings of science concepts. The Adult Leader who worked with 

Sasha wrote at first that, ‘the intern rarely asked questions and instead when a child asked a 

question [the] intern was prompted to answer the question rather than to inquire their reasoning 

behind the question…. By the end of her internship the Leader wrote, ‘the intern asked 

appropriate questions especially in the last activity to help children learn the importance of air 

pressure ‘why is it important to have air in your…’ (Adult Leader reflection, 2007).  

We also found evidence of teacher candidates’ knowledge of transformative pedagogy 

through their depiction and discussion of collaborative learning. Lindsey provided an example of 
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movement from a view of students learning in isolation (pre--internship) to learning together 

with peers (post--internship) (Figures 2A and 2B). 

She writes: 

[The students] were definitely more engaged and I think they got a lot more out of 

it than just lecture based science (Interview, 2007). 

We interpreted that Lindsey not only saw the benefits of collaborative work for the 

students, but that she was thinking about her own role as facilitator and perhaps learner as a part 

of the process of responding to students’ communications. 

Further evidence of teacher candidates’ knowledge and confidence in transformative 

pedagogy came through depictions of active science. The use of drawing as a data source was 

particularly informative as a strategy to reveal their thinking (especially when combined with the 

member check). We looked for teacher candidates’ illustrations of hands--on science learning, as 

well as the discussion and meaning--making they believed should accompany its use.  

In her post--internship ‘Draw your students learning’ drawing, Sasha depicted students 

engaged with materials while discussing their ideas (Figure 8B). We believed that Sasha 

understood that hands--on learning was important in transformative science teaching, but that it 

cannot stand alone without discussion and meaning--making. In commenting on her drawing, she 

wrote,  

Students should be given the opportunity to explore and use hands on approaches to 

make scientific discoveries, but I realized that teachers need to ask probing questions 

and facilitate discussions about science in order to further students’ understanding of a 

science topic (Follow--up email, 2008). 
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While she was concerned with providing students opportunities to explore materials and 

discuss on their own, we also believed that Sasha had an appropriate sense of the teacher’s role 

in guiding these science learning experiences for her students.  

 One final way we interpreted teacher candidates’ knowledge and comfort with 

transformative pedagogy was through their depiction and discussion of the inclusion of informal 

science resources and settings. Because each teacher candidate was preparing to teach in a 

formal setting, we were interested to see whether they viewed any elements of the informal 

afterschool setting as translatable to their future teaching careers. Gina provided one example of 

a teacher candidate who moved from a view of science learning as highly structured and taking 

place in formal settings, to a view of science learning as more exploratory and possibly existing 

outside of the classroom. In her pre--internship ‘Draw your students learning’ drawing, she drew 

her students completing worksheets by themselves at desks (Figure 4A). In the post--internship 

drawing, students were exploring collaboratively in a setting outside of the classroom (Figure 

4B). These drawings indicated to us a broadening in Gina’s view of science teaching and 

learning, with her post--internship drawing being much more illustrative of transformative 

pedagogy.   

Science Teacher Preparation Should Encourage Teacher Candidates To Be Seen As Modelling 

Enthusiasm For Science As They Engage In Science Teaching 

In its introductory remarks, the National Science Education Standards spoke to the 

desired enthusiasm of students and by implication teacher--models: ‘The goals for school science 

that underlie the National Science Education Standards are to educate students who are able to 

experience the richness and excitement of knowing about and understanding the natural world’ 

(National Research Council, 1996, p. 13). The Blueprints for Reform: Science, Mathematics, and 
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Technology Education state that ‘The enthusiasm of a teacher matters in the learning process, 

and one important way to generate teacher enthusiasm is to give teachers ownership over what 

they do’ (American Association for the Advancement of Science, 1998, p. 108). National 

Research Council (2009) addressed informal science education and stated that learners (and by 

implication those who prepare learning environments to teach science) ‘experience excitement, 

interest, and motivation to learn about phenomena in the natural and physical world’ (p. 4). 

Osbourne and Dillon (2008) stated that ‘Good science teachers….hold a passion for science’ 

(p.25). Our participants most frequently stated passion and enthusiasm for science teaching and 

learning by the use of the word ‘fun’. 

 We found evidence of enthusiasm in the use of the word ‘fun’ often to describe how the 

interns themselves enjoyed the informal internship experience or valued making science 

enjoyable for their students. For example, Gina stated:  

I understand that science needs to be a collaborative process in order for it to be 

successful. This success can be defined as the students learning and having fun. 

(Gina, email, 2008) 

Sasha’s post--internship ‘Draw yourself teaching’ drawing provided an example of how 

participants illustrated enthusiasm (Figure 8B). In this drawing, she depicted herself with a smile, 

enthusiastic body language, and the words ‘Science is fun!’ on the board. 

In Conclusion 

Our study added two meaningful contributions to the study of elementary science teacher 

preparation. First, our study supported and extended earlier findings that there were qualities in 

the informal science education internship for teacher candidates of all backgrounds that 

complemented the desired outcomes of formal university teacher science education programmes 
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committed to achieving transformation. Second, our use of mental model analysis to inform 

professional identity development revealed it to be a useful tool for investigation.  

First, linking back to the benefits of informal science teacher preparation reported in the 

literature, we found that the drawing data collection method provided evidence in the areas of 

affective benefits, exposure to transformative pedagogy, and broader perspectives on teaching 

and learning. Consistent with the research of Chesebrough (1994) and Ferry (1995), we found 

that the teacher candidates in this study benefitted from the informal programme’s focus on 

affective dimensions. The goals of [name of project removed] focused on outcomes such as 

promoting curiosity, sparking students’ interest in science, and engaging students in science 

through play. As a result of these unique goals, the teacher candidates that participated in the 

afterschool internship experience demonstrated positive changes in their attitudes and beliefs 

about science. For example, many of the interns used the term ‘fun’ to represent their changing 

attitudes in response to the drawing prompts. Rachel exemplified a positive shift in her attitudes 

regarding science. In response to her drawings, Rachel commented that science wasn’t as bad as 

she previously thought and that it could be taught in a way that is fun and creative.  

The teacher candidates’ professional identities were also influenced by exposure to 

transformative pedagogy and broader perspectives on teaching and learning as a result of the 

afterschool internship experience. As Anderson et al. (2006) reported in their study of an 

aquarium practice experience, and as Luehmann (2007) posited, teacher candidates benefitted 

from exposure in an informal science education context to transformative science teaching 

methods. Teacher candidates observed and participated in the implementation of hands--on, 

inquiry--based, and collaborative science activities with students during the [name of informal 

science education programme removed] programme. As a result of the internship, teacher 
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candidates expressed in their drawings and interview narratives a view that shifted away from 

didactic, lecture--based instruction and began to emphasize the importance of incorporating 

hands--on, inquiry--based, and collaborative activities in science instruction. These insights 

supported those of Anderson et al. (2006) and Kelly (2000) which suggested that informal 

internship experiences could help teacher candidates develop more sophisticated epistemologies 

of science teaching and learning. 

Second, the demonstration in the study of the use of mental models analysis to inform 

professional identity development contributed methodologically to research in this area. Informal 

science education is characterized partly by opportunities for creativity and enjoyment. 

Consistent with the inclusion of an informal science education internship in a formal teacher 

preparation programme, the drawing data collection followed by application of a mental model 

analysis capitalized on the special characteristics of informal science education such as an 

emphasis on creativity. The data were rich and resulted in nuanced insight into teacher 

candidates’ professional identity development in science teaching and learning. 
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