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Abstract  
 

Introduction  

Laboratory practicals engage students in complex thinking skills and processes to build 

knowledge and understanding of the nature of science. The emphasis on skill 

development in practical curricula is generally concerned with students’ attaining 

proficiency with a range of manipulative, precision and technical skills. Surprisingly few 

studies draw connections between the development of students’ cognitive and 

metacognitive processes for learning in the practical with foundational skills for 

researching.  

  

Rationale  

Librarians strive to establish teaching partnerships with academics to contextualise 

research skills within curriculum content.  However, ambiguity surrounding the term 

‘research’ and the lack of pedagogical tools to guide library-faculty collaborations often 

disconnects librarians from contributing to student learning. This study explored the 

potential of the Research Skill Development (RSD) framework (Willison & O’Regan 2006, 

2013) to extrapolate students’ research skills in a first year biology practical unit and, to 

consider how the framework might enhance library-faculty teaching collaborations in 

undergraduate practical coursework.  

 

Methods and results  

The research approach was shaped by a social constructivist epistemology and applied a 

qualitative research design using interpretive analysis techniques. Data was gathered 

from descriptive observations of students engaged in five consecutive practicals, 

triangulated with a document analysis of the unit’s laboratory manual. Research skills 

identified in the data sources were interpreted and coded in alignment with skill 

categories informed by the RSD framework using NVivo (11) qualitative analysis software. 

Results showed that students were engaging in the range of research skills explicated by 

the RSD framework, yet these skills were generally an implied aspect of learning. 

Implications concerning curriculum design, the influence of teacher associate-student 

interactions and teaching methods for students’ developmental preparedness for 

research are drawn from the results.  

  

Conclusion and implications  

A consequence of research skills remaining an unacknowledged element of learning 

overlooks an important opportunity to promote a learning benefit of this practical unit. 

The results of this study show that the RSD framework is a useful theoretical construct 

and a priori framework which assisted in clarifying what undergraduate students’ research 

skills encompass and what may influence the development of these skills in the practical 

experience. The method applied to this study has potential to be reproduced in other 
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learning contexts to make research skills visible in curriculum design and teaching practice 

to enhance students’ cognitive preparedness for researching as a shared endeavour 

between academics and librarians.  
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Chapter One: Introduction  
 

1.1 Background to the study  

Research processes have at their core a set of foundational skills required by students to 

maximise learning and successfully engage with undergraduate university coursework. 

University educators consider these research-enabling skills important for study, higher 

degrees and to thrive in a complex future (Barnett, 2005; Litchfield, Frawley, & Nettleton, 

2010). The value placed on students engendering skills for research is demonstrated by a 

substantial body of literature describing curriculum initiatives designed to equip students 

with thinking skills and processes associated with research (Brew, 2006; Brew, 2012; 

Healey & Jenkins, 2009; Willison & O’Regan, 2007).  

  

Such initiatives are generally focused on inculcating students’ research skills through 

purposefully designed final year research units in preparation for higher degrees, (Boyer 

Commission, 1998; Healey & Jenkins, 2009). The emphasis placed on students attaining 

research skills towards the end of their undergraduate studies however, overlooks the 

potential of explicitly and progressively cultivating research skills within regular 

undergraduate coursework.  

   

Academic libraries have long explored ways to align the research skill expertise of library 

staff with skill development initiatives in their institutions (Bruce, 2001). Exemplars of 

academic library teaching practice in the literature describe how libraries strive to move 

from delivering piecemeal instructional library sessions disconnected from the curriculum, 

to approaches that bring research skills closer to disciplinary content (Callan, Peacock, 

Poirier, & Tweedale, 2001; Moselen & Wang, 2014; L. Smith, 2011; Torres & Jansen, 2016). 

Implicit in this endeavour is the notion that teaching skills for research within curricula 

enhances student learning. However, initiating and sustaining collaborative teaching 

partnerships with academics to achieve this aim has been an ongoing challenge for library 

staff (Bruce, 2001; Ivey, 2003). Misconceptions and perceptions of what librarians can 

contribute to student learning often impede the acceptance of librarians in the curriculum 

(Bradley, 2013; Bruce, 2001; Chanock, 2007; Peacock, 2001).  

  

Establishing collaborative teaching partnerships between library staff and science 

educators to contribute to students’ research skill development in the science practical is 

particularly difficult to realise. The practical has a well-established role in undergraduate 

science education and is recognised for the value it offers in promulgating students’ 

understanding of the nature of science (NOS), and developing their scientific skills 

(Hofstein & Lunetta, 2003; Hunter, Laursen, & Seymour, 2007). Higher-order thinking 

skills that are associated with researching however, are only sporadically acknowledged 

as part of the skill repertoire students gain from a first year science coursework, as a 

greater emphasis is placed on students developing technical and precision skills for 



12 
 

 

science (Chaplin, 2003; Di Trapani & Clarke, 2012; Gregory, 2013).  Leggett, Kinnear, Boyce, 

and Bennett (2004) emphasise that these skills “need to be explicitly identified, selected 

and actively taught” (p. 298).         

        

Challenging this notion are the many conceptualisations and terms in current usage to 

describe research skills, which presents a significant obstacle when librarians endeavour 

to explain how their research skill expertise might benefit student learning. A further 

challenge is the lack of appropriate pedagogical tools with the educational language and 

disciplinary flexibility to describe how research-related skills can be explicitly developed 

and articulated as valued skills for learning.  As a result, sustainably and progressively 

developing undergraduate students’ research skills as an explicit and coherent element 

of learning generally remains aspirational, unclear and difficult to realise (Willison & 

O’Regan, 2007).  

  

This research study described in this thesis focuses on identifying students’ research skills 

in a first year biology practical unit. The study was prompted by the challenges faced by 

librarians to move beyond one-shot instructional library classes disconnected from 

content, to a collaborative partnership model between librarians and science educators 

to explicitly develop students’ research skills within curricula. A collaborative model 

however, would be dependent on a number of factors including: a common 

understanding among educators as to what research skills might entail in the practical, a 

method of identifying context and discipline related research skills and a way to interpret 

how research skills are being developed within this learning environment.  This study, 

motivated by my professional experience as a librarian aims to contribute to this 

understanding.  

  

The Research Skill Development (RSD) framework (Willison and O’Regan 2006, 2013), a 

conceptual, flexible and adaptable model for developing students research skills 

suggested a suitable instrument to underpin this study. The RSD offers a way to “promote 

lecturers and students’ awareness of the process of research skill development …. To 

diagnose students’ positions, set goals and plan appropriate courses of action” (Willison 

& O'Regan, 2007, p. 404). The purpose of applying the RSD for this study was to consider 

its usefulness as a construct through which to identify and garner a picture of research 

skills developed by students’ in one first year biology first practical unit.  

  

1.2 Rationale for the research   

Of relevance to this study is discourse in science education demonstrating a continued 

interest in seeking ways to invigorate the practical experience (Burke da Silva, Auburn, 

Hunter, & Young, 2008; Wilson, Howitt, & Higgins, 2015) and ways of integrating students’ 

scientific skill development within content knowledge (Luckie, Maleszewski, Loznak, & 

Krha, 2012). Skill related discussion in the literature however, is largely centered on 

students gaining proficiency with manipulative and technical skills for the laboratory 
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(Bradley, 2013; Di Trapani & Clarke, 2012; Loveys, Kaiser, McDonald, Kravchuk, Gilliham, 

Tyerman, & Able, 2014). Di Trapani and Clarke (2012) note that students’ attainment of 

competency in foundational skills for research is an overlooked outcome of learning in 

practical undergraduate coursework. The purpose of this study is to gain clarity as to what 

such skills might encompass in a first year laboratory practical unit, in order to bring the 

skills involved in research in the practical to the fore as acknowledged skills for learning. 

By doing so, this study enhances opportunities for library-faculty teaching collaboration 

in this learning environment.   

 

This study will also contribute to the growing body of literature describing approaches, 

examples and disciplinary applications of the RSD framework (Peirce, Ricci, Lee, & Willison, 

2009; Pretorius, Bailey, & Miles, 2013; Taib & Holden, 2013; Willison, Schapper, & Teo, 

2009; Willison, et al., 2016), and the impact of the RSD from one Library’s perspective 

(Torres & Jansen, 2016). To date, a study applying the RSD to interpret research skills in a 

first year biology practical not been undertaken. This study does not investigate the 

development of students’ technical skills for science that involve the use of scientific 

apparatus since these skills do not lack attention in the literature. The purpose of this 

research is to identify students’ cognitive skills and process related to researching given 

their lack of acknowledgement in practical undergraduate coursework.  

  

This research study has been stimulated by the following perceived issues:  

• The complexity of terminology in current use to articulate and describe 

undergraduate students’ skills associated with researching  

• The lack of a model to provide educators with conceptual guidance for designing 

a curriculum that makes research skills an explicit element of learning  

• The challenges library staff face in contributing their expertise towards students’ 

research skill development in laboratory practicals.  

  

This study aims to explore the following research question:  

  

With reference to the Research Skill Development (RSD) framework; which research skills 

and associated levels of autonomy, are students developing whilst undertaking a first 

year biology practical unit?  

  

1.3 Contextualising the topic  

1.3.1 Challenges to conceptualising research skills: The science practical  

The importance and centrality of coursework laboratory practicals to undergraduate 

science education has been well established (Bugarcic, Zimbardi, Macaranas, & Thorn, 

2012; Hofstein & Lunetta, 1982). Yet, the emphasis placed on developing students’ 

technical skills for science in the practical tends to overlook the learning potential of this 

environment also to make research skills an explicit outcome of learning.   
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Science students are generally introduced to skills for researching through purposefully 

designed course-based units known as undergraduate research experiences (UREs) or 

capstone units (Corwin, Runyon, Robinson, & Dolan, 2015; Healey & Jenkins, 2009; 

Seymour, Hunter, Laursen, & DeAntoni, 2004). Placing value on students’ research skill 

development within the context of final year research-oriented units presents an 

interesting interpretation of what research and this associated skill set might encompass. 

The term ‘research’, in this context, is conceptualised within a hierarchy of terms. Skills 

for researching are associated with the formal activity of academic or professional 

research performed by a researcher, rather than a skill set that is ideally developed and 

practised progressively as part of a science student’s undergraduate learning journey.   

  

1.3.2 Challenges to conceptualising research skills: The librarian’s perspective  

Although librarians generally rely on forging teaching partnerships with academic staff to 

gain access to the curriculum, this approach alone has not greatly progressed library 

involvement in curricula in almost two decades (Bruce, 2001; Ivey, 2003; Moselen & Wang, 

2014). More specific to the context of this study, Bradley (2013) identified barriers to 

librarian’s potential contributions to student learning in science education. This study 

showed that the involvement of librarians remains conceptualised through “library-

centric terminology and information literacy related concepts” (Bradley, 2103, p. 82). The 

term, ‘Information literacy’ has been the term adopted by the library profession to 

describe the thinking skills and processes involved in information seeking that include; 

identifying information needs, finding and locating information, evaluating sources, 

analysing, synthesising, managing, and using information ethically (Australian and New 

Zealand Information Literacy Standards, 2004). However, the terminology is imbued with 

misunderstandings due to the association of ‘literacy’ with remedial learning and does 

not clearly identify with faculty as skills akin to research (L. Smith, 2011). This suggests 

that establishing effective library-faculty teaching partnerships to enhance students’ 

research skill development requires reconceptualised methods that more clearly 

communicate the research skill expertise of librarians, including the relevance of this 

knowledge for student learning (C. Smith, 2011; Stamatoplos, 2009; Douglas & Rabinowitz, 

2016).  

  

1.4 The relevance of the RSD framework  

The relevance of the RSD framework is in providing a broader interpretation of 

information literacy by explicating students’ skills for researching and describing how 

these skills can be progressively developed within curricula through scaffolded learner 

autonomy (Willison & O’Regan, 2007; Willison, Sabir, & Thomas, 2016). Furthermore, the 

RSD framework offers a conceptual model that can be applied to a variety of learning 

contexts (Torres & Jansen, 2016). This suggests that the RSD framework may be a suitable 

tool for identifying students’ research skills and their development in laboratory 

coursework practicals.   

  



15 
 

 

Willison (2012), explains that the RSD framework describes the cyclic and incremental 

development of students’ research skills articulated through social constructivist learning 

(Vygotsky, 1978), incorporating student autonomy (Boud, 1988; Butler, 1999), Australian 

and New Zealand Information Literacy Standards (Australian & New Zealand Information 

Literacy Standards, 2004), and Bloom’s cognitive realm taxonomy (Bloom, Engelhardt, 

Furst, Hill, & Krathwohl, 1956). The RSD framework presents two axes. The vertical axis 

articulates the interrelated skills and processes associated with research (see Table 1) in 

combination with a horizontal axis describing a learning continuum of research skill 

development through increasing stages of learner autonomy (see Table 2). For the 

complete RSD framework, please see Appendix A.  

 

Table 1: Vertical axis of the RSD framework: Facets of Research 

RSD Facets  

of Research 

  RSD Facets of Research - Descriptors 

Embark  

and  

Clarify 

Students respond to or initiate research and clarify or determine 

what knowledge is needed heeding ethical, cultural, social and team 

considerations. 

 

Find  

and 

Generate 

 

Find and generate needed information/data using appropriate 

methodology. 

 

Evaluate 

 and  

Reflect 

Determine and critique the degree of credibility of selected sources, 

information and data generated. Metacognitively reflect on the 

research processes used. 

 

Organise 

and  

Manage 

 

Organise information and data to reveal patterns and themes, and 

manage teams and research processes.  

Analyse 

and  

Synthesise 

 

Analyse information/data critically and synthesise new knowledge 

to produce coherent individual/team understandings. 

Communicate 

and  

Apply 

Write, present and perform the processes, understandings and 

applications of the research, and respond to feedback, accounting 

for ethical, cultural, social and team (ECST) issues. 
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Table 2. Horizontal axis of the RSD framework: Extent of Student Autonomy 

Prescribed 

Research 

 Bounded 

 Research 

  Scaffolded 

  Research 

Open-ended  

 Research 

Unbounded  

  Research 

Highly 

structured 

directions and 

modelling 

from 

educator 

prompt 

research, in 

which 

students… 

Boundaries  

set by and 

limited 

directions from 

educator 

channel 

research, in 

which 

students… 

Scaffolds 

placed by 

educator 

shape 

independent 

research, in 

which 

students… 

 Students 

initiate the 

research  

and this is 

guided by  

the educator 

to… 

 Students  

determined 

guidelines for 

the research 

that are in 

accord with 

discipline or 

context to … 

 

The RSD framework has been empirically researched, applied and drawn on to inform 

curriculum and assessment design in national and international contexts and disciplines 

(Bugarcic et al., 2012; Feldon, Maher, Hurst, & Timmerman, 2015; Peirce et al., 2009; 

Pretorius et al., 2013; Snelling & Karanicolas, 2008; Taib & Holden, 2013; Torres & Jansen, 

2016; Venning & Buisman-Pijlman, August 2011; Willison, et al., 2009). Details pertaining to 

this research is presented in Chapter two.   

  

1.5 Thesis structure  

This thesis comprises five chapters. Chapter one concludes here, descriptions of 

subsequent chapters follow:   

  

Chapter Two provides the literature review, commencing with a broad overview of the 

literature encompassing a number of pertinent areas and initiatives relevant to 

undergraduate students’ research skill development in higher education. The 

development of students’ research skills through final year research units are contrasted 

with promulgating this repertoire of skills though undergraduate coursework curricula. A 

significant part of this chapter is dedicated towards students’ skill development in 

undergraduate science practicals. The challenges and barriers in establishing library-

faculty teaching partnerships for students’ research skill development are discussed. The 

RSD framework is explained in more detail and examples of empirical studies applying the 

RSD are presented.  

  

Chapter Three presents the research methodology, methods, data collection and analysis.  

Chapter Four provides the results from analysing the descriptive observations and the 

practical manual. Chapter Five presents the discussion and conclusion and offers 

recommendations informed by the findings of this study.  
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Chapter Two: Literature Review and conceptual 

framework  
 

2.1 Introduction  

Literature pertinent to students’ research skill development is firstly scoped broadly 

within context of higher education, then within science education and the field of 

librarianship, followed by biology practicals more specifically.  A wide literature search 

was required within science education due to a dearth of studies exploring students’ 

research skill development as part of the biology practical experience. The literature 

emanating from the field of librarianship was also sparse in relation to how libraries 

contribute to students’ research skill development in science practicals.   

  

This chapter acknowledges the Boyer Commission Report of 1998, which raised concerns 

about the diminishing quality of undergraduate education in research-intensive 

universities.  It explores one approach inspired by Boyer, generally referred in the 

literature as Undergraduate Research Experiences (UREs), which emphasises the 

importance of students experiencing research as part of undergraduate learning. An 

overview of URE’s and their effectiveness for developing students’ skills for researching is 

explored within the context of science education. An exploration of instructional 

approaches for inculcating students’ higher-order thinking skills through laboratory 

activities, as well as the challenges faced by educators in drawing parallels between these 

skills and those required for research is presented.   

  

As this study considers the potential offered by the Research Skill Development (RSD) 

framework (Willison and O’Regan, 2006, 2013) as a conceptual model for explicitly 

developing students’ research skills, studies applying the RSD are included. A longitudinal 

study underpinned by the RSD in a first year human biology unit at the University of 

Adelaide as well as RSD partnership approaches between librarians and academics is 

discussed in more detail. Importantly, an examination of the ideas and approaches 

presented in the literature has contributed to both informing the rationale for this study 

and the choice of research methods employed.  

  

2.1.2 Searching the literature  

Identifying the relevant literature involved comprehensive searches on the topic of 

students’ research skill acquisition in scholarly journal databases with coverage in the 

fields of Science Education and Librarianship. The databases in which relevant journals 

were identified included; A+Education (Informit), Education Database (ProQuest), 

Education Research Complete (EBSCO), Educational Research Abstracts Online (Taylor 

and Francis), JSTOR and Elsevier Science Direct. Science education literature revealed a 

rich vocabulary in current usage to describe educational initiatives and pedagogical 

approaches to impart students’ higher-order thinking skills. Literature pertaining to 
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Librarianship generally used terminology for skill development specific to the profession. 

To address the contrasting and broad range of disciplinary and professional terms, 

Boolean operators were applied when searching journal databases to screen, combine 

and modify the results. This approach also assisted in narrowing the large number of items 

retrieved to library involvement in science education and biology practicals more 

specifically. However, contributions from librarians in science education beyond citing, 

referencing and literature searching was uncommon. A literature database was compiled 

of the most relevant resources in Endnote referencing software. The publications were 

categorised into themed groups and further analysed for relevance, scope, context, 

timeliness and authority.  

  

The following terms were explored in the literature in various combinations using Boolean 

operators AND, OR, NOT:  

—Higher education/Tertiary education  

—Academic libraries/University Libraries  

—Science education/programs/higher education  

—Laboratory practicals/practicals science education/biology/biological sciences  

—First year biology/first year biology practicals/first year laboratories  

—Inquiry oriented learning/scientific inquiry/inquiry-based teaching and 

    learning/authentic  

—Learning/research orientated learning/project-based science  

—Research skills/inquiry skills/generic skills/practical skills/investigative skills/scientific 

    skills  

—Information literacy/ skills/competencies/library science  

—Research skills/competencies/literacy  

—Research process/es  

—Library skills/literacies/competencies  

—Library-faculty relationships/teaching partnerships/collaboration  

  

2.2 Undergraduate research experiences: The university context  

The Boyer Commission of 1998 challenged university educators by calling for a 

reconceptualised teaching model to meet the obligations and commitment made to their 

students. A central principle of this view advocated a transformed undergraduate 

curriculum, offering students opportunities to participate in research and inquiry through 

discovery-based methods (Boyer Commission, 1998). Boyer’s models assert the central 

importance of students acquiring skills for researching within the acquisition of 

disciplinary knowledge. In this way the “skills of analysis, evaluation, and synthesis 

become the hallmarks of a good education, just as absorption of a body of knowledge 

once was” (Boyer Commission, 1998, p. 7). The vision presented is one of an inclusive 

community of learners where a “deep and abiding understanding that inquiry, 

investigation, and discovery are at the heart of the [university] enterprise” (Boyer 

Commission, 1998, p. 9).   
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University educators, motivated by Boyer’s call to mediate research and teaching in 

undergraduate coursework, designed pedagogical approaches and curricula for students 

to experience learning through research (Healey, 2005; Brew, 2006). Efforts to provide 

undergraduate students with authentic research experiences have seen the emergence 

of disciplinary-specific final year research oriented learning programs. Such programs are 

generally non-compulsory, competitive, and purposefully designed to prepare students 

for postgraduate study and future careers as researchers (Healey & Jenkins, 2009). 

Various disciplinary models of final year research experiences are presented in the 

literature, thus the terminology to describe undergraduate research is diverse. Healey and 

Jenkins (2009) note that the work of Griffiths (2004) and Healey (2005) identify four main 

ways of engaging undergraduates with research and inquiry that are inclusive of different 

pedagogies, although the authors note that the terms are used interchangeably:  

  

— research-led: learning about current research in the discipline;  

— research-oriented: developing research skills and techniques;  

— research-based: undertaking research and inquiry;  

— research-tutored: engaging in research discussions (Healey & Jenkins, 2009, p. 6).  

  

Such models, designed to engage undergraduate students in research-like experiences, 

are generally subsumed in the literature under the umbrella term ‘Undergraduate 

Research Experiences (UREs)’ (Lopatto, 2004; Lopatto, 2007). UREs are designed as either 

semester length apprenticeship models, or as ‘closure’ or ‘capstone’ units that enable 

students to demonstrate their culminated skills and knowledge gained through 

undergraduate programs of study (GonzalezEspada & LaDue, 2006; Holdsworth, Watty, 

Davies, & University of Melbourne, 2009; Kardash, 2000; Lopatto, 2004; Lopatto, 2007). 

Models include undergraduate mentored research programs (Kardash, 2000; Lopatto, 

2004), intensive summer scholarship programs (Healey & Jenkins, 2009) and semester-

length undergraduate research-oriented courses within the regular curriculum (Luckie, et 

al., 2004).  

  

Proponents of UREs have reported learning benefits to students that are considered 

important desirable outcomes of a well-rounded university education. These include the 

prerequisite skills, knowledge and dispositions for research, further study and valuable 

skills that transition to the workplace (Healey & Jenkins, 2009; Hunter et al., 2007; Lopatto, 

2007; Eagan, Hurtado, Chang, Garcia, Herrera, & Garibay, 2013). Seymour et al., (2004) 

note that the usefulness of the URE for the development of students’ research skills may 

have short-lived benefits. Kardash (2000) concurs, explaining that students perceived that 

their higher order thinking skills related to researching skills were only ‘somewhat 

advanced’ as a result of undertaking the URE.  
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A key translator of Boyer’s vision, Healey (2005) has urged university educators to 

recognise the importance of “active participation in research-like experiences integrated 

into classroom teaching” (p. 196), thereby mainstreaming research and inquiry in the 

curriculum through broader definitions of what counts as research. Discourse over the 

years indicates that the topic has remained alive for several decades and interpretations 

on where a student experiences research continues to ignite debate (Brew, 2013; Willison 

& O’Regan, 2007)  

  

2.3 Research based learning experiences in undergraduate science education  

The literature comprehensively describes ways to invigorate undergraduate science 

curricula to uphold the relevance of a science education, enrich the learning experience, 

and develop researcher capacity for the future (American Association for the 

Advancement of Science, 2011; Beckman & Hensel, 2009). Innovative pedagogy, such as 

inquiry-driven learning opportunities, have been infused into undergraduate science 

curricula to enrich the student learning experience and develop researcher capacity.  

Pedagogical approaches include research-led teaching practice (Healey, 2005), inquiry-

based learning approaches (Luckie et al., 2012; Rayner, Charlton-Robb, Thompson, & 

Hughes, 2013), and final year UREs (Seymour et al., 2004).   

  

A preference for the URE model in science education spans two decades, the literature 

presenting an ongoing evaluation of the benefits and challenges of the approach (Corwin 

et al., 2015; Fechheimer, Webber, & Kleiber, 2011; D. Lopatto, 2004; David Lopatto, 2007; 

Petrella & Jung, 2008; Seymour et al., 2004). Bangara and Bronwell (2014) explain that 

the focus of research experiences for science students is to provide “students with 

opportunities to improve their confidence, self-efficacy, skills, and knowledge about 

scientific research” towards a career in science (p. 605).   

  

The volume of literature describing the efficacy, design and student perception of UREs in 

the sciences is substantial (Hunter et al., 2007; Sadler & McKinney, 2010; Wei & Woodin, 

2011; Wilson, Howitt, & Higgins, 2015). Students predominantly self-report positively on 

their personal learning experiences of the URE, noting direct beneficial outcomes that 

relate to career advantages (Kardash, 2000; D.  Lopatto, 2010). A study undertaken by 

Gonzales-Espalda and LaDue (2006) concurs, reporting that students perceived gains from 

their involvement in the URE that include self-confidence, improved attitudes towards 

study and future careers in science.  Specific outcomes related to enhanced 

understandings of students’ research skills however, remains difficult to affirm as the 

surveys poorly articulate skill related terms for researching (Seymour et al., 2004, p. 531). 

A recent evaluation of published UREs undertaken by Howitt, Wilson, Wilson & Roberts 

(2010) agrees, highlighting the contentious nature of the benefits claimed, particularly in 

relation to students’ research skill development as “the evidence on which assertions are 

based, is at best anecdotal and at worst absent” (p. 406). This observation is supported 

by Kardash (2000) and Russell, Hancock and MCullough (2007) who confirm the benefit 
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of the URE is in developing students’ confidence with certain basic skills. In contrast, 

Kardash (2000) proposed that the development of higher-order thinking skills associated 

with researching was less apparent.   

  

Although UREs are clearly successful in enhancing a number of basic scientific skills, 

the evidence is less compelling that UREs are particularly successful in promoting 

the acquisition of higher-order inquiry skills that underlie the foundation of critical, 

scientific thinking (Kardash, 2000, p. 196)   

  

On reviewing the published survey instruments designed to gain an understanding of 

students’ self-perceived learning gains from the URE, it appears that finding the language 

to articulate specific skills related to researching has been challenging. Survey instruments 

related to UREs generally seek to determine students’ self-reported ability to problem-

solve, analyse data, and communicate scientific results. However, the questions designed 

to garner students’ skill abilities are not considered as the same set of skills required for 

researching. To demonstrate, determining students’ self-perceived ability to undertake 

research is often expressed as; ‘an understanding of the research process’ or ‘carrying out 

research’ (Bauer & Bennett, 2003; Lopatto, 2004; Petrella & Jung, 2008). Questions 

phrased in this manner might suggest that educators perceive higher-order thinking skills 

required for the practical as different skills to those needed for researching. This may also 

suggest that articulating what research skills encompass is challenging.  

  

Reporting on the efficacy of the URE, Seymour, et al. (2004) identify a prevalence of 

‘descriptive accounts’ in the literature rather than empirical ‘research studies’. The 

authors highlight discrepancies in findings and state their concerns that in these accounts 

“evaluation methods are missing, incomplete or problematic” (Seymour et al., 2004, p. 

496). This is supported by Willison and O’Regan (2007) affirming that, “in general, 

implementation of and rigorous study of [UREs] have, to date, been somewhat sporadic 

and haphazard, especially lacking any real theoretical underpinning” (p. 406).   

  

In determining the value of the URE for students’ research skill development, Howitt et al. 

(2010) speculate that a single research experience in the final year “may not be enough 

to allow the development of a deeper understanding of how science is done” (p. 406). 

Willison and O’Regan (2007) and Russell, Hancock and McCullough (2007) concur, 

identifying that competitive processes designed to direct students towards professional 

research careers miss an important opportunity to develop actual research skills as 

fundamental skills for learning in regular coursework. Willison and O’Regan (2007) 

suggest a model that cultivates students’ research skills in regular undergraduate 

coursework, rather than through contended and elite co-curricular research experiences. 

This model would offer educators the opportunity to scaffold, nurture and develop the 

research skills of all students (Willison & O’Regan, 2007).  However, for research skills to 

become a part of everyday learning, Willison and O’Regan (2007) advise that a new 
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understanding of “research skills as both a product and a process of university education 

needs to transpire” together with a reconceptualisation of what research skills may 

encompass in the student learning journey (p. 394).   

  

This notion raises important questions about how research skills are perceived, 

conceptualised and understood within the discipline of science and where the 

opportunities might lie in undergraduate science curricula for students to progressively 

hone and develop skills for researching as a regular part of their learning experience.     

  

2.4 Instructional practices in laboratory practicals  

Undergraduate science coursework practicals have historically been central to developing 

undergraduate students’ understanding of the ‘nature of science’ (Rice, Thomas, & 

O'Toole, 2009). In this learning environment students engage in the methods, skills and 

processes of scientific investigation (Bugarcic et al., 2012; Hofstein & Lunetta, 1982; 

Hofstein & Lunetta, 2004). The literature is largely in agreement that students perceive 

the practical experience as critical for their learning. Laboratory experiences influence 

student attitudes towards their science course and their consideration of a future career 

in science (American Assocaition for the Advancement of Science, 2011; Barrie, Bucat, 

Buntine, Burke da Silva, Crisp, George,  Jamie, Kable, Lim, Pyke, Read, Sharma, Simon, 

Yeung, 2015).   

  

Studies seeking understanding of how students experience the practical demonstrate a 

preference for Likert scaled self-perception survey instruments where students rate their 

interest levels and identify their learning gains (Rice et al., 2009). Outcomes of these 

studies show that students generally rate their interest and enjoyment of the practical 

experience highly (Collis, Gibson, Hughes, Sayers, & Todd, 2008; Deacon & Hajek, 2011). 

Despite surveys recording enjoyable laboratory learning experiences, the literature also 

evidences contrasting results: students indicate that they often disengage and fail to see 

the relevance of how the laboratory connects to a future career in science.  

  

This suggests that students see an apparent discord or lack of context between 

what they are taught and how this might relate to their later employment. Such a 

perception, even if somewhat inaccurate, is of concern, and may reflect the broad 

lack of hands-on, open-ended learning opportunities in undergraduate biology 

laboratories (Rayner, Familari, Blanksby, Young, & Burke da Silva, 2012, p. 2).  

  

Reported student disengagement in the practical has led to an examination of 

instructional practices in laboratory learning (Rayner, Familari, et al., 2012; Rice et al., 

2009). Enhancing student engagement in the practical by making it a relevant learning 

experience is at the heart of this endeavour (Barrie et al., 2015; Beck, Butler, & Burke da 

Silva, 2014; Lee, Lai, Yu, Lin, 2012). The literature evidences a long-standing criticism by 

science educators of predetermined experimental laboratory activities that use 
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sequenced instructional learning approaches with pre-set results. However, instructional 

‘recipe-based’ teaching methods persist in science education in spite of such approaches 

being considered detrimental to student motivation and learning (Rice et al., 2009; 

Thompson, et al., 2014).   

  

Chaplin (2003) stresses that:  

  

…. the learning aspect may be reduced when students faithfully follow the steps in 

an instructor-designed lab exercise without understanding or wondering why they 

are doing what they are asked to do (Chaplin, 2003, p. 230).  

  

The literature also reports a lack of opportunity in the practical for students to become 

cognisant of the skills they are using and developing whilst undertaking experimental 

activities and processes. For example, a study undertaken by Wilson, Howitt & Higgins 

(2015), identifies that educators find difficulty in meeting the practical’s intended learning 

outcomes. Furthermore, when students remain focused on completing the final ‘product’ 

of recipe-based learning, they are unaware of the higher-order cognitive skills, processes 

and experiences of research embedded in the activity. Bugarcic et al., (2012) also noted 

that learning can be compromised when the “experimental outcome is already known to 

the students, and they are never challenged to think about how scientific experiments are 

used to answer specific research questions” (p. 174). This means opportunities for 

students to develop advanced skills, such as problem-solving and critical thinking are 

often sacrificed (Bugarcic et al., 2012). A report published by the American Association for 

the Advancement of Science (2011) also emphasises the importance of recognising 

students’ higher-order thinking skill development as an element of the practical 

experience. This report highlights the need to make connections between skills developed 

in the practical with skills that today’s biologists require, including the skills and abilities 

to:  

  

… think and contribute outside their disciplinary boundaries… how to learn to 

integrate concepts across levels of organization and complexity and to synthesize 

and analyse information that connects conceptual domains for any career path 

graduates may take (American Association for the Advancement of Science, 2011, 

p. ix).  

  

2.4.1 Research skill development in the practical experience  

There is a general consensus among science educators that the practical remains valuable 

in science education today (Henderson, Beach, & Finkelstein, 2011). Approaches for 

invigorating the practical to overcome ‘recipe-driven’ instruction through constructivist 

models of pedagogy, such as Inquiry-Oriented Learning (IOL) is well established in the 

literature (Brew, 2003; Spronken-Smith, 2010; Thompson, et al., 2014). Science educators 

consider IOL as a way to stimulate students’ scientific knowledge acquisition and scientific 
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skill development through student-driven and instructor-guided investigations 

(Spronken-Smith, Walker, Batchelor, O’Steen, & Angelo, 2010). The intention of IOL 

models is to actively bring research and learning together to enable similarities to be 

drawn between the skills and processes students require for inquiry with those needed 

for research. Justice, Rice, Warry, Ingliss, Miller and Sammon (2007) state “in learning to 

do inquiry, students begin to learn the process and enabling skills involved in establishing 

concepts and facts, preparing the way for them to become researchers” (p. 214). Feldon, 

et al., (2015) however, note an incongruence that “students’ research skill development 

appears to be an implied or overlooked aspect of learning in the practical” (p. 3). The 

emphasis on students’ skill proficiency in laboratory learning is generally centred on 

students acquiring manipulative, precision and technical skills for the laboratory. The 

cognitive skills associated with researcher development tend to be an overlooked 

element of learning (Bugarcic et al., 2012; Chaplin, 2003; Luckie et al., 2004; Wei & 

Woodin, 2011). It would thus appear that the practical as a valuable and integral research-

like learning environment is under-utilised to explicitly develop students’ skills for 

researching.   

  

2.5 The complexity of defining students’ research skills: Science practicals  

An evaluation of the literature highlights that students’ research skill development in the 

practical experience is either assumed, conceptually disconnected from the 

undergraduate research process or an unidentified element of learning. This would 

suggest that limitations are imposed on the potential development of students’ research 

skills as an explicit outcome of the practical experience. Although there has been a long 

standing desire amongst science educators to improve and invigorate learning in practical 

coursework (Barrie et al., 2015; Rice et al., 2009), what may have been overlooked, is the 

ability to draw connections between the skills students are developing as outcomes of 

learning in the practical, and skills that also encompass the research skills and processes. 

Wilson, et al. (2015) explain that although laboratory experiences are “inherently 

entangled in the process of becoming a researcher”, research skills are often overlooked 

as an outcome of  laboratory learning as ‘research’ implies a degree of academic 

sophistication (p. 4). This effectively excludes such skills from instructional teaching 

practices common in undergraduate laboratory coursework (Wilson, Howitt, & Higgins, 

2015, p. 4).   

  

An analysis of science students’ self-perceived learning gains related to skill development 

identifies a lack of consistency in skill related terminology. Skills tend to overlap or are 

dispersed across various categorisations. For example, the phrase ‘generic skills’ is 

defined broadly by Rice, et al. (2009) as “group work, report writing and problem solving” 

(p. 65). Alternately, Leggett et al. (2004) include communication skills and critical thinking 

as part of their definition of the generic skill set. Practical skills and competencies that are 

engendered through laboratory classes are defined by Rayner et al., (2012) as skills 

involving “observations and collecting data, handling biological materials, and developing 
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accuracy and precision in the use of equipment and application of techniques” (p.2). 

Practical skills and core competencies are described by Goldey, Abercrombie, Ivy, Kusher, 

Moeller, Rayner, Smith and Spivey (2012) as:  

  

…reading the primary literature, writing in the style of the discipline, presenting 

ideas orally, developing and testing hypotheses, conducting authentic research 

experiments, analyzing data using statistical methods, graphing and interpreting 

results, thinking creatively and critically, working effectively in teams, and applying 

knowledge to novel situations and civic problems (p.354).  

  

Hodgson, Varsavsky, Matthews and Kelly (2014) administered a student self-perception 

survey to capture graduating science students’ perceived skill gains from their program of 

study. What research skills specifically encompass in this survey is unclear. ‘Research skills’ 

are defined in the survey instrument as “practical skills, critical thinking and critiquing” 

(Hodgson et al., p. 259). Responses for skills such as teamwork, ethical thinking and 

communication skills are collected in separate questions.  

  

Research skills are generally presented in the literature as procedural skills, suggesting 

that the higher-order metacognitive skills of analysis, evaluation, reflection, critical 

thinking and synthesis are not conceptualised as part of the repertoire of skills required 

for researching. Furthermore, survey instruments that incorporate terminology used by 

science educators in the context of their teaching practice may not be easily understood, 

or be identifiable to students as questions seeking to identify learning gains associated 

with researching.    

  

2.6 The complexity of defining students’ research skills: A library perspective   

For almost three decades libraries have promoted the range of skills required to meet the 

changing requirements to effectively identify, locate, use, evaluate and manage 

information as ‘Information literacy skills’ (ALA Presidential Committee on Information 

Literacy, 1989).  The Council of Australian University Librarians subsequently adapted the 

ALA definitions for information literacy and published the Australian and New Zealand 

Information Literacy Standards (ANZIL) (ANZIIL, 2004). The ANZIL standards describe 

information literacy as the thinking and process skills that enable students to 

conceptualise, locate, interpret, evaluate, organise, synthesise and communicate 

information (ANZIIL, 2004).   

  

For almost two decades, application of the ANZIIL standards as a curriculum tool to 

underpin and inform collaboration between librarians and academics has afforded 

libraries increased involvement in the curriculum (Creaser & Spezi, 2014; Peacock, 2001). 

However, sustained engagement in the curriculum to achieve broad impact for student 

learning has largely remained aspirational (Smith, L. 2011; Moselen & Wang, 2014). This 

suggests that the ANZIIL standards alone have not sufficiently supported efforts made to 
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embed research skills into disciplinary content or inform curriculum and assessment 

design. Hensley, Shreeves and DavisKahl (2015) note the limitations of the standards, as 

they communicate traditional perceptions of information literacy as “locating information 

during course-related instruction” (p. 423).   

  

Academic librarians publish and share models, approaches and strategies within the 

profession for developing and embedding information literacy skills within disciplinary 

contexts. An exploration of library literature shows involvement of librarians in biology 

practicals are generally single ‘one-shot’ sessions, with few exemplars of embedded 

approaches as reaching typically large student cohorts sustainably is challenging (Gregory, 

2013). Published examples in library literature are primarily focused on presenting 

traditional library understandings and approaches to information literacy that are 

narrowly centered on library information-seeking skills (Bruce, 2001; Bradley, 2013; 

Fuselier, Detmering, & Porter, 2017). Restricted library involvement in science curricula 

also appears to be impeded by the varying conceptualisations of where and when 

students begin to research, and ambiguity surrounding the nomenclature to describe 

research skills. L. Smith (2011) notes further challenges to interpreting skill related 

terminology, particularly when information literacy becomes embedded with remedial 

interpretations of information seeking rather that transferable higher-order thinking skills 

associated with researching. A shared language between librarians and discipline 

academics may be warranted to facilitate how research skills may be conceptualised and 

conceived within a broad range of disciplinary contexts. To this end, Monash University 

Library introduced the Research Skill Development (RSD) framework as a conceptual 

model to inform the Library’s teaching practice. The intention of the approach was to 

strengthen library-faculty teaching relationships by finding a common language for 

students’ research skill development (Torres & Jansen, 2016).  

  

The RSD framework presents a holistic interpretation of the concept of information 

literacy as a set of clearly articulated research skills that are undertaken as part of any 

research process. Importantly the RSD framework goes beyond traditional library 

conceptualisations of information literacy by extending the interpretation of information 

literacy skills beyond engagement with third party information. In utilising the RSD 

framework, Monash University Library discontinued the use of the traditional library 

terminology of information literacy and adopted ‘research skills’ to better communicate 

the synergies between library expertise and the cognitive skills for researching in a 

research intensive university (Monash University Library Strategic Plan, 2012-2015).   

  

2.7 Conceptual framework: The Research Skill Development (RSD) framework   

Willison and O’Regan (2007) introduced the Research Skill Development (RSD) framework 

(see Appendix A) as a concise, conceptual model that brings together multiple educational 

understandings related to requisite research skills. The cyclic and incremental 

development of students’ research skills is explicitly articulated through a constructivist 
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learning approach incorporating student autonomy (Boud, 1988), Australian and New 

Zealand Information Literacy standards (ANZIIL: Bundy, 2004) and Bloom and colleagues’ 

Taxonomy of Educational Objectives (1956). The RSD articulates research skills as: 

embarking on and clarifying the topic by determining researchable questions; finding and 

generating information/data, evaluating and reflecting on methods, sources/data; 

organising and managing information/data; synthesising and applying new knowledge; 

and communicating understandings with an awareness of ethical and social issues 

throughout the research process (Willison and O’Regan, 2006, 2013).  The RSD framework 

operationalises research skills and research processes in a continuum of learner 

autonomy. Willison and O’Regan (2007), explain that the RSD framework represents,  

  

… student research as a continuum of knowledge production, from knowledge new 

to the learner to knowledge new to humankind, moving from the commonly known, 

to the commonly not known, to the totally unknown. Students may be positioned 

at various stages along that continuum. Many commence undergraduate studies 

already familiar with the process of developing knowledge new to themselves. Few 

come to postgraduate studies ready to explore or create knowledge new to 

humankind. A dilemma for staff and students alike is how to chart the movement 

along this research continuum and how to facilitate that movement (Willison & 

O’Regan, 2007, p. 394).  

  

Willison and Buisman-Pijlman (2016) explain that the research skills described in the RSD 

are not:   

  

...generic skills, as this would imply a ready transferability, but rather they are 

overarching perspectives about the research processes that are common across 

disciplines. In use, these general descriptions are made real by academics who 

operationalise them as discipline-specific and context-sensitive descriptors (p. 66).  

  

2.7.1 The concept of autonomy in the RSD framework  

The skills and processes associated with researching are presented in the RSD in 

combination with graduating levels of student autonomy. Represented by the RSD’s 

horizontal axis, the Extent of Student Autonomy provides descriptors that capture the 

degree of educator intervention or guidance required to build student independence over 

time, in relation to various skills and stages of the research process. Autonomy descriptors 

provide educators with guidance for designing incremental and progressive scaffolded 

research activities at the course or program level. Autonomy in the RSD ranges from a 

closed research inquiry (low autonomy) requiring focused research questions and highly 

structured directions from the educator, to open research (high autonomy) where 

students initiate and self-determine the guidelines for their own research. This is 

significant because the research process has been defined and articulated within a 

learning continuum. Therefore, the significance of the RSD framework is that it not only 
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describes which skills are associated with the research process, but presents a conceptual 

model of how these skills can progress and be coherently taught and assessed in the 

curriculum (Peirce et al., 2009; Pretorius et al., 2013; Torres & Jansen, 2016).  

  

While upon first impression these axes may appear rigid, suggesting a linear progression 

for both the research process and student autonomy, the RSD framework 

comprehensively describes the entire research journey in a non-prescriptive, flexible and 

adaptable manner. Within the framework, students may demonstrate varying levels of 

autonomy for the different research skills articulated in the Facets of Research in the RSD, 

and may oscillate between these research facets whilst undertaking the process of 

research.  Furthermore, a student’s level of autonomy for a particular research skill set 

can cycle ‘backwards’ when faced with less familiar research tasks or more conceptually 

demanding concepts. As explained by Willison et al.,  (2016), “this does not mean going 

backwards educationally, but rather provides insight into what happens in more 

conceptually demanding contexts, when students move into unfamiliar territory or when 

more rigour is required” (p. 3).   

  

2.7.2 Evaluating the RSD framework: Studies and applications  

The RSD framework has been empirically researched, applied and drawn on to inform 

curriculum and assessment design in national and international contexts and disciplines 

(Bugarcic et al., 2012; Feldon et al., 2015; Peirce et al., 2009; Pretorius et al., 2013; Snelling 

& Karanicolas, 2008; Taib & Holden, 2013; Torres & Jansen, 2016; Venning & Buisman-

Pijlman, August 2011; Willison et al., 2009).  

  

Multi-institutional studies applying the RSD framework have been undertaken to support 

individual educators and inter-professional collaborative teams to incorporate RSD 

approaches to curriculum and assessment design in a range of disciplinary semester 

length course contexts (Willison, 2012). The outcomes from these studies include 

discipline evaluations and applications of the RSD framework in practice that include: 

Business and Economics (Taib & Holden, 2013; Willison et al., 2009), Engineering 

(Cochrane, Goh, & Ku, 2009); Physics (Menke, 2013); English (Osborn, 2012) and clinical 

practice in Nursing and Midwifery (Pretorius et al., 2013). Studies applying the RSD 

framework in the Biological Sciences include: Biomedical Sciences (Munns & Chilton, 

2014), Cell Biology (Bugarcic et al., 2012) and Plant Biology (Loveys et al., 2014). These 

studies largely describe common beneficial outcomes where the RSD was effective in 

engaging educators in conceiving how to make students’ research skill development a 

more obvious element of the student learning experience.   

  

A study of particular relevance to the context of this thesis was undertaken by Peirce, et 

al., (2009). The study sought to discover the effects, benefits and challenges of identifying 

and making the skills associated with researching explicit, fostered and assessed in a first-

year human biology unit. It aimed to gain an insight into self-perceived and long term 
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perspectives of research-building experiences gained from undertaking two Inquiry 

Oriented Learning (IOL) learning tasks over two semesters that were informed by the RSD 

framework. Student interviews were conducted over three years, 2005-2007, with three 

cohorts of students. Applying a curriculum improvement cycle approach, changes were 

made to the curriculum over this time, including reframing literature research tasks with 

the RSD framework and the inclusion of a new field-based inquiry task. In 2006 an 

additional literature task as well as two standard laboratory tasks were devised according 

to the RSD. Although not always apparent at the time, some students identified the 

benefits of progressively and incrementally developing skills for researching, and the 

applicability of these skills beyond university (Peirce et al., 2009, p.3).    

  

The RSD has underpinned library-faculty teaching partnerships at Monash University. For 

example, such a partnership informed the design of learning activities and assessment in 

one Nursing and Midwifery unit, advocating the benefits of the RSD collaboration for 

constructive alignment of the curriculum (Pretorius et al., 2013). The RSD was applied for 

mapping research skills in Business and Economics (Taib & Holden, 2013). The authors 

note the benefits of the tool to underpin collaboration among educators using a language 

in common for student research skill development.   

  

Furthermore, the RSD has increased library involvement and impact across curricula at 

Monash University. Data gathered through survey instruments indicates “increases in 

embedded skill development programs, improvements to assessment design, growth in 

use of RSD-informed marking rubrics, and increased library-faculty engagement in 

curriculum review and design” (Torres & Jansen, 2016, p. 8).  

  

2.8 Conclusion  

The literature evidences ongoing discussion dedicated towards enabling opportunities 

within the curriculum for students to develop the requisite skills for researching. Efforts 

to enable such opportunities by educators have given rise to a spectrum of undergraduate 

research initiatives, experiences and opportunities. However, these opportunities remain 

dependent upon the conceptualisation of the nature of research and associated skills by 

academic and professional staff leading initiatives in the curriculum.   

  

The complexity of defining research skills and what they encompass may be attributed to 

the lack of clarity in the vast range of terminology currently used to refer to skills 

associated with researching. Studies undertaken by Willison and O’Regan (2007) note that 

developing research skills through the learning process makes it difficult for both students 

and educators to identify and articulate those skills. Furthermore, the profusion of 

nomenclature tends to cloud meaning, confuse the educator, create barriers to 

curriculum initiative and hinder effective and sustained library-faculty teaching 

partnerships (Torres & Jansen, 2016). Skills such as problem solving, critical thinking and 

communication are conceptually removed from skills associated with research and hidden 
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in a taxonomy of educational terms. Furthermore, how research skills are perceived and 

conceptualised by science educators and librarians alike, may impede opportunities for 

effective collaboration.  

  

The literature clearly indicates that the desire to enable students’ skill development within 

the knowledge curriculum is both complex and dynamic. The discussion seeks ways to 

enhance the learning experience of science students in the laboratory to better meet 

learning outcomes and to communicate the transferable relevance of the practical 

experience (Barrie, et al., 2015).  Librarians also consider the laboratory practical a 

learning setting where students’ research skills could be explicitly enabled, as students 

are engaging in ‘research-like’ activities in this learning environment (Gregory, 2013). 

Studies in science education however, largely focus on students’ practical skills that are 

inclusive of technical and manipulative skills. Surprisingly few studies examine the 

development of students’ cognitive and metacognitive processes for learning in regular 

coursework practicals as foundational skills for researching.   

  

Consequently, limited studies are available to inform our understanding of the repertoire 

of skills developed in students’ first year practical experiences in relation to research skill 

development. This denotes the potential of the RSD framework as a conceptual, flexible 

and non-prescriptive model to explicitly articulate research skills and their development 

as a product of undergraduate learning.   

  

Chapter Two concludes here. The following chapter presents the methodology and 

methods that have been applied to this study, including details of results analysis.  
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Chapter Three: Research methods and analysis  
  

3.1 Introduction  

A laboratory-based program is considered a “cornerstone of most science degrees 

because it provides students with an opportunity to develop many of the practical and 

critical thinking skills needed to become a scientist” (Barrie et al., 2015, p. 1810). The 

literature focuses on the importance of science students developing practical and generic 

skills that include higherorder cognitive processes such as “hypothesis testing, reading 

primary literature, analysing data, interpreting results, writing in disciplinary style, and 

working in teams” (Goldey et al., 2012, p. 353). However, conventional recipe-driven 

practicals tend to overlook the potential of this experience to draw explicit connections 

between higher-order thinking skills students engage with in the laboratory with the skills 

necessary for research proficiency (Gregory, 2013; Peirce et al., 2009; Rice et al., 2009; 

Talgar & Goodey, 2015).  This thesis seeks to garner a picture of the skills associated with 

researching that first year biology students are developing through the laboratory 

practical with the view to assisting to make research skills a more explicitly acknowledged 

outcome of learning.   

  

The unit examined in this thesis, a first year biology unit BIO1022 is firstly contextualised 

within the Bachelor of Science degree at Monash University. A brief overview is then 

provided of the pilot studies undertaken to inform the research design for this study. 

Finally, the methodology, methods and the phases of data analysis are described.   

  

3.2 Bachelor of Science (BSc) at Monash University  

The Bachelor of Science (BSc) at Monash University is a three year comprehensive single 

degree course that aims to provide students with requisite skills and knowledge that lead 

to careers in general science. The degree also promotes the transferability and 

applicability of these skills beyond specialised areas. The BSc degree is structured in three 

equal parts comprising a science specific area of study, a listed major and units taken as 

electives. The learning outcomes state that upon successful completion of this course, 

students are expected to demonstrate a broad range of knowledge and skills in at least 

one area of science. Graduate outcomes encompass skills for researching that include: 

the ability to develop, apply, integrate and generate scientific knowledge; collect, 

organise, analyse and interpret data meaningfully; convey ideas and results effectively; 

and work and learn both independently and collaboratively (Monash University 

Handbook, 2014). The Bachelor of Science Learning outcomes can be found in Appendix 

B. It is clear from these learning outcomes that the value of a science degree goes beyond 

students acquiring theoretical scientific knowledge. Engendered in the learning outcomes 

is a broad range of sophisticated skills associated with researching.   
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3.3 Studies exploring students’ research skill development in the practical experience  

Ways of enhancing undergraduate student learning in the science practical, includes a 

focus on students’ generic and practical skill development (Beckman & Rayner, 2011; 

Johnson, Herd, & Tisdall, 2002). Students’ research skill development however, as an 

acknowledged part of learning gained from the laboratory experience is generally only 

given a cursory mention (White, Benore, Sumter, Caldwell, & Bell, 2013). Few studies have 

explored the potential of the laboratory to develop students’ cognitive skills related to 

research, explicitly and incrementally, as part of the practical experience (Chaplin, 2003; 

Peirce et al., 2009; White et al., 2013). The section that follows provides an overview of 

studies that have influenced the research presented in this thesis.  

  

A study undertaken by White et al. (2013) in the field of biochemistry and molecular 

biology (BMB) sought to ascertain the skills students require to demonstrate proficiency 

for functioning in the laboratory environment. Methods included focus groups with 

science educators to identify and articulate the disciplinary skills students require. The 

authors note the critical importance of skills related to “experimental design, data 

interpretation, analysis, teamwork and, the ability to communicate findings to a diverse 

audience” (White et al., p. 297). The skills identified were gathered and then expressed as 

skill statements, before being organised and grouped into conceptual areas or categories 

relevant to the process of science. White et al. (2013) stressed the value of developing a 

framework of skills for organising and targeting desired student learning outcomes “for 

program development, teaching and learning methods and styles, and assessing student 

learning and abilities” (p. 301). Noting this deficiency, White et al. (2013) state that “in 

the effort to cover content, these skills are frequently ignored, avoided or assumed to be 

the responsibility of others to be fulfilled through institutional general educational 

requirements” (p. 297).  

  

Another relevant longitudinal study was conducted in an undergraduate Human biology 

unit at the University of Adelaide, by Peirce, et al., (2009). This study employed the RSD 

framework to underpin learning activities so that research skills were made more explicit 

to the students. The RSD scaffolded students’ research skill development in the activities 

by acknowledging incremental and increasing levels of learner autonomy.   

  

An earlier study undertaken by Shepardson (1997) sought to determine the nature of 

student thinking by comparing structured inquiry and open inquiry laboratory treatments 

in bioscience by observing student-teacher interactions within laboratory activities. 

Shepardson (1997) sought to identify students’ thinking skills for science through 

observation, noting that the method “allows inferences to be drawn about the classroom 

based on the observational data collected and methods of analysis” (1997, p. 38). 

Shepardson (1997) refers to skill categories in this observational study that share much in 

common with the RSD framework and include: information gathering, remembering, 

organising, analysing, generating, integrating and evaluating (1997, p. 39).   
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The studies listed below have aimed to gain an understanding of undergraduate students’ 

research skill development and have employed either survey instruments, focus groups 

assessment and examination results, mapping exercises, and observational approaches. 

The studies by White et al. (2013), Peirce, et al., (2009) and Shepardson (1997) in 

particular have influenced the research question and the study design study adopted in 

this thesis.   

  

1. Survey instruments administered pre and post learning experience or unit 

engagement Kardash (2000); Bauer and Bennett (2003); Leggett et al. (2004); Di Trapani 

and Clarke (2012); Willison (2012).  

  

2. Student and educator interview/focus groups  

Lopatto (2004); Luckie, Maleszewski, Loznak and Krha (2004); Seymour et al. (2004); 

Peirce et al. (2009); Lee et al. (2012); Willison (2012); White et al. (2013).  

  

3. Student examination and assessment results  

Luckie et al. (2004); Lee et al. (2012); Bugarcic et al. (2012); Peirce et al., 2011  

  

4. Skill mapping of the STEM curriculum 

Fraser, Crook and Park (2007).  

  

5. Observation of students in the laboratory 

Shepardson (1997).  

  

3.3.1 BIO1022 Biology II: Unit structure  

BIO1022 is a laboratory-based unit comprised of practical experiences. BIO1022 learning 

outcomes state the importance of students being able to demonstrate a sound 

understanding of foundational scientific concepts and theory, and a range of technical 

skills for the laboratory. Several BIO1022 learning outcomes encompass skills for 

researching for example; “utilise skills in the use of library catalogues and databases to 

locate published information and synthesize such into essays”, and in “gathering data and 

analysing and presenting summative data in meaningful and accurate ways” and to 

“communicate scientific principles (Biology II: BIO1022 Practical Manual, 2014). The 

learning outcomes for BIO1022 can be found in Appendix C.   

  

In order to gain an understanding of the particular research skills students might gain 

whilst engaged in the BIO1022 coursework practicals specifically, it was essential to 

become familiar with an additional set of learning aims that were stated for each practical 

experience. The topics and learning aims for BIO1022 practicals one to five can be found 

in Appendix D.   
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Students enrolled in BIO1022 are required to complete the six coursework practicals to 

meet unit requirements. Practicals one to three are designed as conventional ‘recipe-

driven’ practicals and, practicals four and five are designed as inquiry-oriented learning 

(IOL) approaches and badged as IDEA (Idea-Design-Explore-Answer) experiments 

(Thompson et al., 2014). This provided an opportunity to compare and contrast the skills 

students are engaging with in conventional recipe-driven practicals with a purposefully 

designed IOL approach. Practical six was not conducted as a laboratory practical as this 

session was allocated for student groups to present on the topic of animal feeding and 

nutrition. There was little value in taking descriptive observations of the students’ 

presentations as they were an outcome of preparation that was unable to be observed. 

Therefore practical six was not included.  The learning outcomes suggest that the 

intention of this unit is for students to gain investigative skills by conducting experiments. 

Thus, BIO1022 was a suitable unit to apply the research objectives of this study. 

Furthermore, as a second semester unit, students are also becoming more familiar with 

applying theoretical learnings to experimental procedures in a laboratory setting.  

  

3.4 Informing the methods: An overview of pilot studies   

The research approach applied to this study was informed by three separate pilot projects 

undertaken in 2012 and 2013. These distinct but related projects were developed as part 

of my role as a librarian responsible for library programs that focus on embedding 

research skills within disciplinary curricula. The experience gained from collecting and 

analysing the data from the pilot projects have provided valuable insights to justify and 

support the choice of methodology, methods and phases of analysis. The pilot projects 

are briefly described here.   

  

Pilot project 1: The development of a research skills mapping tool (2012)  

A study to develop and test a skills mapping tool informed by the RSD framework at 

Monash University was initiated in 2012 through a library collaboration to support 

accreditation processes for the Bachelor of Pharmaceutical Sciences. Documentary 

analysis of unit guides was undertaken to identify specific research related skills. 

Identified skills were mapped to an RSD-informed Excel mapping tool developed for the 

project. Each identified skill was further analysed to evaluate whether it was taught, 

practised or assessed in respect to content and related activities. It was then aligned and 

mapped to student autonomy levels explicated in the RSD framework to gain a picture of 

how research skills were scaffolded across the degree. The findings indicated that in 

furnishing a consistent yet flexible language of research skill acquisition, the RSD is well 

suited to identify and map research skills in the curriculum (Stewart, Styles, Torres, and 

Horne, 2012).   

  

Pilot project 2: First year biological science student skill survey (2013)   

An online skill survey (adapted from Willison, 2012) was administered to first year biology 

students (BIO1011) at Monash University (N=1810). The survey sought to gain an 



35 
 

 

understanding of students’ self-perceived skills for research. Survey comments from 

respondents show that students are focused on achieving the requirements of the 

practical as a mere sequence of steps and lack awareness of the research skills they are 

using through laboratory activities. Students’ lack of awareness of their research skill 

development has been substantiated in a study by Peirce et al. (2009) conducted at the 

University of Adelaide in a first year human biology unit.   

  

Pilot project 3: Descriptive observations of students during the practical (2013)  

Data were gathered by observing first year students whilst undertaking a laboratory 

practical for BIO1011 (N=8 students x 2 practicals). Descriptive observations were taken 

during the practicals to capture the interactions and behaviours between student pairs 

and their Teaching Associate (TA). Reflections, questions and insights that came to mind 

whilst transcribing the observations were noted. Transcribed data were analysed and 

interpreted to find emergent themes related to students’ skill development. Themes were 

coded and mapped to the six facets of research of the RSD framework. This pilot study 

demonstrated descriptive observations of students’ in the practical would not provide 

sufficient data for a comprehensive picture of students’ research skill development to 

emerge. This highlighted the importance of triangulating the observational data with a 

document analysis of the BIO1022 laboratory manual. The method applied in this pilot 

informed the principle project presented in this thesis.  

  

3.5 Ethics and recruitment of participants  

Qualitative data collected for this research involved human participants – first year 

BIO1022 students at Monash University. An ethics application was prepared for the 

Monash University Human Research Ethics Committee. The Committee was satisfied that 

the proposal met the requirements of the National Statement on Ethical Conduct in 

Human Research and granted approval (CF14/2372 – 2014001290). Data sources 

consisted of (1) taking descriptive observations of participants in the learning setting - the 

laboratory practical and (2) document analysis of a curriculum artefact - the practical 

manual for BIO1022. The data was collected in relation to five compulsory coursework 

practicals for BIO1022.   

  

Participants were introduced to the research project by the TA and students were then 

invited to participate in the study. Formal consent was sought from the students by a 

letter distributed in class. The letter explained the research purpose, how students would 

be observed within the practical, how the data would be collected and how the findings 

would be used. Student signatures were sought to verify their consent to participate. All 

students in the laboratory bay [N=8] consented to participate.   

  

3.6 Research methodology   

This study was informed by a qualitative research design underpinned by social 

constructivist epistemology (Vygotsky, 1978). Social constructivist theory suggests that 
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learners construct knowledge and meaning from their experiences and play an active role 

in the construction of this new knowledge, this means that “students need to be actively, 

purposefully and energetically engaged in the process of learning, in order that 

meaningful learning takes place (Fraser & Deane, 1997, p. 27). Quantitative approaches 

draw upon and utilise “the methods and techniques of other traditions” in the search for 

meaning and understanding of complex interrelationships (Denzin & Lincoln, 2003, p. 10). 

Creswell (1994) defines the qualitative researcher as one who:  

  

…undertakes qualitative research in a natural setting, where the researcher is the 

instrument of data collection, who gathers words or pictures, analyses them 

inductively, focuses on the meaning of participants, and describes a process that is 

expressive and persuasive in language (p. 14).  

  

Rudestam and Newton (2015) explain that in qualitative research emphasises processes 

and meanings over quantity and frequency. However, within a qualitative study where 

‘the currency of choice is words’, a hybrid research approach may be appropriate to the 

context In this way, “words maybe coded, categorised and expressed in numerical form, 

and analysed quantitatively” (Rudestam & Newton, 2015, p. 39).   

  

The intention of this study is not to arrive at a definitive or conclusive ‘truth’ or ‘reality’. 

The objective has rather been to gain a clearer picture of the research skills students might 

be developing whilst engaged in their laboratory practicals. This study seeks to gain a 

deeper understanding of ways that social phenomena shape learning – students’ research 

skill development in first year biology practicals.   

  

This study is guided by the following research question:  

  

With reference to the Research Skill Development (RSD) framework; which research skills 

and associated levels of autonomy, are students developing whilst undertaking practicals 

in BIO1022?  

  

3.6.1 Descriptive observations of BIO1022 practicals  

Denzin and Lincoln (2003) explain that qualitative researchers “deploy a wide range of 

interconnected interpretive practices, hoping always to get a better understanding of the 

subject matter at hand” and to make that world visible (p. 5). Observing students in the 

practical, taking descriptive notes of their behaviours and interactions and then applying 

interpretive processes to identify the research skills involved in these activities in 

alignment with a priori framework, appeared to be relatively unexplored in the literature. 

This gap inspired the decision to adopt rigorous and systematic fieldwork observational 

methods for data collection, taking the stance of a distant observer (Spradley, 1980). 

Observations involved prolonged engagement in the laboratory. Leech and Onwuegbuzie 

(2009), note that extended time in the field with the same group of participants 
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contributes to the trustworthiness of the data as a greater understanding of culture and 

context is developed over time. To this end, five laboratory practicals for BIO1022 were 

attended and extensive observational field notes were collected over 5 weeks.   

  

Experience gained from the pilot study in 2013 determined that the process of observing 

and taking notes of a laboratory bay of 16 students proved extremely difficult. Therefore, 

only one bench of the same eight students was observed in each practical. The 

interactions and conversations between the TA and student pairs were noted in the 

descriptive observations. The descriptive observations were then transcribed and the 

events were interpreted and coded thematically according to the skill categories in the 

RSD framework. The sections that follow describe the methods adopted during the phases 

of analysis in more detail.  

  

3.6.2 The laboratory as research setting   

BIO1022 practicals take place in a large laboratory environment that accommodates 96 

students. Practicals were scheduled fortnightly over 12 weeks throughout the second 

semester. The laboratory is arranged in bays, comprising of 16 students across two 

benches, with eight students per bench. This seating is fixed for all practicals in the 

semester. The same TA is assigned to the group of 16 students. Practicals four and five as 

mentioned were IOL inspired practicals branded as IDEA experiments. The intention of 

the IDEA practicals is for students to take responsibility to develop their own experimental 

procedure in response to a scenario-based problem (Monash University, Biology II-

BIO1022 Practical Manual, 2014). Practicals four and five were led by a different (specialist 

microbiologist) TA. The duration of each practical is three hours.  

  

Each practical commenced with a pre-lab quiz on the topic to be investigated. All 96 

students participated in the quiz. Students recorded their responses to the quiz using 

clickers. A presentation summarising the pre-lab readings, the scientific concepts and the 

experimental procedure was delivered by one of the Tutors. Critical points in the 

experiment were emphasised and students were given the opportunity to ask questions 

related to the practical.    

  

A smaller classroom environment was achieved dividing the large space into two benches 

of eight students and one TA. The TA explained the experiment again briefly, 

demonstrated the use of scientific apparatus and the relevant techniques of the 

experiment. Another opportunity was provided for students to briefly ask the TA 

questions before commencing the practical.  

  

The students worked through the experiment in pairs, guided by the instructional content 

of the laboratory manual and the TA. The TA walked from pair to pair and monitored how 

each student was managing their time. This provided opportunity for questioning and 

interactions between the TA and students. For example, the TA asked students to explain 
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what part of the process they were up to, what they were doing and why. In this way, the 

TA provided opportunities for students to reflect, predict and summarise concepts and 

procedures, and to make corrections should they discover inaccuracies, discrepancies or 

issues in sequencing.   

  

3.6.3 Fieldwork protocols  

Being appropriately situated as researcher in a learning environment required careful 

consideration. The pilot study undertaken in 2013 concluded that assuming the role of 

participant observer would be disruptive to student learning, due to a lack of knowledge 

of both the discipline and laboratory processes. Spradley’s observational protocols (1980) 

offer five types of observation from passive or detached participation to complete 

participation. The most suitable stance to take in an unfamiliar learning setting was of a 

detached observer. This observational method ensured a discreet presence, whereby 

student learning remained undisrupted. It is important to acknowledge that the observer 

cannot be separated from the object of inquiry (Hammersley, 1990) and the presence of 

an observer may create a hierarchy of power that alters the behaviour of those being 

observed, known as the Hawthorne effect (Rudestam & Newton, 2015). To minimise the 

Hawthorne effect, a repeated presence in practicals each fortnight ensured students’ 

familiarity with my presence.  

  

The protocols employed for observing students included applying a systematic way of 

capturing field notes. The observational matrix template offered by Spradley (1980) was 

attempted in the pilot study. This involved making observational notes using a matrix 

populated by questions relating to space, object, act, activity, event, time, actor, goal and 

feeling. This matrix proved too complex for observing four student pairs engaging in 

laboratory activities. Creswell (2009) offered an adapted observational protocol based on 

Spradley’s matrix that captures descriptive notes and reflections as they arise (Creswell, 

2009, p.137). Creswell’s simplified approach informed the design of the template that was 

employed for observing students in this study. This template focused on capturing notes 

that incorporate the following elements; time, people in the setting, events, individual 

behaviours, transactions between the student pairs and the TA, thoughts, ideas and 

questions as they come to mind (See Appendix E).  

  

Descriptive observations were captured electronically using an iPad with Evernote 

software. The notes were then imported directly to NVivo®11 qualitative analysis 

software. Observations were re-read and additional thoughts and insights captured as 

memos in NVivo. This process is explained in more detail in sections that follow.  

  

3.6.4 Content analysis of BIO1022 practical manual   

Content analysis is defined by Silverman (2006) as a method where researchers “establish 

a set of categories and then count the number of instances that fall into each category” 

(p. 159). Therefore, in the search for meaning in complex relationships “words may be 
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coded, categorised and expressed in numerical form, and analysed quantitatively” 

(Rudestam & Newton, 2015, p. 39). The value of including a content analysis of the 

BIO1022 practical manual is that it offers a view into the practicals not possible through 

observations of students alone. The content, structure and language used in the practical 

manual provide information about how research skills are communicated by science 

educators to students and the consideration given to the development of these skills. The 

descriptive observations were triangulated with the BIO1022 practical manual. The 

manual contributed to the emergent picture of students’ research skill development in 

the practical experience. Components of the practical manual that were relevant to this 

study were; the learning aims for each practical, the instructional content for the 

experimental procedures and the instructions for assessment activities and tasks. The 

products of assessment that students completed outside the practicals were not included 

in this study. Practicals observed were Practicals one to five. Practical six was not included 

as this session was allocated to student presentations and preparation towards the 

presentations was unable to be observed.   

  

3.7 Analysis of data sources  

A content analysis of the research skills embedded in the BIO1022 practical manual and 

analysis of the research skills students were observed using in each corresponding 

practical was undertaken. Identifying research skills in the data sources involved applying 

interpretive analysis techniques (Strauss & Corbin, 1998). Strauss and Corbin (1998) 

explain that “analysis is not a structured or static rigid process”, it is “free-flowing and 

creative”, and where the analyst moves back and forth through the data during the coding 

phases (p. 58). Creswell (1994) succinctly describes the qualitative analysis as a “sorting 

procedure” with no one right way of conducting it (p. 764). The qualitative approach 

adopted for this study focuses “systematically on the cultural behaviours and events 

recorded in field notes and from artefacts specific to the domain to reveal patterns, 

relationships and language” (Spradley, 1980, p. 95).  

  

Strauss and Corbin (1998) stresses the importance of clearly showing how the phases and 

processes of analysis have been approached to clarify how relationships were drawn 

among concepts emanating from the data. The analytical procedures applied in this study 

reduced skill concepts in the data sources to central categories informed by the ‘Facets of 

Research’ and ‘Extent of Student Autonomy’ as explicated by the RSD framework. In this 

way, the RSD framework served as the schema through which research skills were 

interpreted. Coding categories (nodes) were created in NVivo (11) qualitative analysis 

software based on the descriptors and skill categories of the RSD framework. NVivo 

offered a robust yet flexible project architecture to systematically guide the process of 

data analysis and the means to organise, manage and store, coded data.   

  

Silverman (2006) notes the critical importance of “categories being sufficiently precise to 

enable different coders to arrive at the same results with the same body of material” (p. 
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159). Coding decisions in this study were reviewed by a ‘category challenger’ with relevant 

expertise in the unit investigated from another institution. Coding was undertaken over 

two iterations to review coding decisions before coming to a final coding conclusion. The 

reporting functionality offered by NVivo enabled results to be exported to Microsoft Excel 

(Professional Plus 13) and represented in graphs as frequency counts.  

  

This section describes how the architecture for the analysis phase of the research was 

developed and how the methods of analysis and interpretation were applied to uncover 

patterns and themes in the data sources.  

  

3.7.1 Phase 1: Creating the project infrastructure using NVivo qualitative data software  

Creating a robust project infrastructure in NVivo was essential for all phases of data 

analysis and interpretation. By preparing a directory folder structure in NVivo and 

labelling each folder according to date and the topic of the practical, a logical foundation 

was systematically laid for this study. The transcripts of the descriptive observations of 

each practical were exported from Evernote and imported to the appropriate folder 

prepared in NVivo. Once imported to the NVivo project, memo documents were 

generated in NVivo that corresponded to each practical to capture the descriptive 

observations and the practicals as outlined in the practical manual. This enabled the 

means to capture any comments, insights and reflections from the data sources as they 

came to mind. It is important to note that descriptive observations were transcribed 

directly after each practical concluded while the event was still fresh. Notes were revisited 

so that additional details could be recalled and noted. This iterative method supported 

the evolutionary process of growing ideas as they developed (Creswell, 2009).   

  

3.7.2 Phase 2: Creating a coding matrix  

As previously described in chapter one, the vertical axis of the RSD framework, the Facets 

of Research, articulates the skills and processes of research. The horizontal axis of the RSD 

framework, the Extent of Student Autonomy, provides descriptors ranging from low 

student autonomy (Prescribed research) to high autonomy (Unbounded research). The 

axes were captured as separate nodes in preparation for coding the data sources. Figure 

2.1 below shows how the axes of the RSD framework were structured and represented as 

a coding matrix in NVivo (11) qualitative analysis software.  
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 Figure 3.1 Coding matrix informed by the RSD framework Facets of Research and Student 

Autonomy using NVivo (11)  

 

  
 

3.7.3 Phase 3: Coding the data from descriptive observations  

Data elements in the observational notes consisted of the interactions, conversations and 

behaviours of the students participating in the laboratory practicals. Sorting and making 

sense of the data involved transcribing notes soon after they were taken and conducting 

subsequent detailed readings in order to proceed through each analytical phase. The first 

phase of analysis involved open-coding (Glaser & Strauss, 1967). This involved analysing 

the events and interactions in the observational data and the content of the practical 

manual for themes, patterns and associations that related to a facet of research of the 

RSD framework and the corresponding level of Student Autonomy interpreted for the skill. 

The phases of analysis revealed a comprehensive set of context and disciplinary relevant 

subskills related to the broader skills or Facets of Research of the RSD framework.   

  

3.7.4 Identifying subskills in the data  

Coding decisions were revised through multiple coding episodes as part of an iterative 

analytical process (Spradley, 1980). This process allowed the emergent research skills 

identified in the data sources to be compared, contrasted and aligned with the research 

skill facets and levels of student autonomy of the RSD. To gain a deeper understanding of 

context and disciplinary specific research skills relevant to student learning in the 

laboratory, the events in the data sources related to research skills were articulated as a 

skill statement to arrive at a set of subskills. In this way research skills relevant to the 

specific context of the practical emerged.  
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To guide the process of identifying and articulating the subskills, the Biology Threshold 

Learning Outcomes were referenced to assist with the language used in science education 

(Ross, Taylor, Johnson, & Jones, 2013). The process of creating sub-categories from 

broader categories is known by grounded theorists as axial-coding (Strauss & Corbin, 

1998). The identification and articulation of subskills provided the granularity required to 

identify disciplinary specific research skills in activities, events and instructions appearing 

in the BIO1022 practical manual and within the practical experience.   

  

Please see Appendix F for the subskills related to the RSD Facets of Research that emerged 

during the process of analysing the descriptive observations and the content of the 

practical manual.  

  

The process of analysis required relevant events and interactions related to students’ skill 

development to be interpreted in alignment with the RSD framework. Deciding which 

facet of research each skill corresponded to was not always a straightforward process. 

Making coding decisions was reliant on determining the best fit for the skill identified in 

each data source based on where the skill logically occurred. 

 

Each skill drawn from the data was also considered in terms of how independently the 

students were performing the skill. Therefore, analytical processes also involved attributing 

and coding the skill against a corresponding level of student autonomy from the RSD 

framework. The skill categories were revisited, revised and refined as the process of analysis 

progressed to gradually build a picture of skills emergent in the data and their 

corresponding level of student autonomy. The process of coding skills to student autonomy 

during the second iteration of coding provided an additional opportunity to gain further 

insights to how autonomy was being developed in the practical.   

  

The ability to attribute data to predetermined codes and to create additional nodes during 

the process of analysis meant that the interpretive and iterative process of analysis and 

coding was not compromised. Working with the data therefore proceeded through the 

stages of inductive and deductive analytical techniques to gradually move from a 

“descriptive personalized view of the text to an increasingly conceptual and theoretical 

understanding of the participants’ experience” (Rudestam & Newton, 2015, p. 220).  

  

The analytical process applied aligns with Creswell’s (2009) definition of the qualitative 

researcher developing themes from the “bottom-up”, which involves the process of 

“working back and forth between themes and the database” until a comprehensive set of 

themes emerge (p. 39).  

  

3.7.5 Phase 4: Coding the data from the practical manual  

The practical manual is a document provided to students undertaking BIO1022.  Silverman 

(2014) explains that written organisational documents exemplify many important 
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features that contribute to depicting the setting being observed, as the construction, 

layout and language of the document offers another view to understanding a given social 

situation (p.281). Hodder (2000) expounds that the interpretation of documents 

contributes to context definition by drawing comparisons between the spoken and active 

situation, thus “texts can be used alongside other forms of evidence so that the particular 

biases of each can be understood and compared” (p. 394). The practical manual for 

BIO1022 provides background and guidance on the topics that were covered in each 

practical. The content of the manual includes: the learning aims of the practical, an 

overview of the topic and the experimental procedure; diagrams and visual information; 

learning activities and assessment tasks.  

  

As a documentary data source, the internal structures and content of the practical manual 

provide valuable insights into what science educators consider important in the 

laboratory experience, including the value placed on students’ research skill development. 

The practical manual therefore complements the descriptive observational data by 

offering another window through which to interpret and build understandings relevant 

to students’ research skill development. The elements analysed in this curriculum artefact 

included: the learning aims, instructional information on experimental procedures; and 

instructional information for assessment tasks. These elements were thematically 

analysed, interpreted and coded using the same interpretive and reflexive method 

applied to the observational transcripts.  

  

3.8 Trustworthiness and strengths of the research approach  

In recognising the importance of qualitative criteria such as trustworthiness, credibility, 

dependability and confirmability to support rigour, several approaches were applied to 

this project to ensure a robust research design. In order to gain a picture of students 

research skill development in BIO1022 practicals, this study is underpinned by an 

empirically tested conceptual framework, the RSD framework. It is important to note that 

that this study was designed based on prior knowledge and experience of the RSD 

framework. Subjectivity to this regard was addressed by selecting to apply the RSD in 

unfamiliar territory - the biology laboratory practical.   

  

Triangulation of data, the process of combining and comparing findings from different 

data sources enhances rigour and support trustworthiness in the research approach 

(Silverman, 2006). Data collected through two methods - descriptive observations 

obtained over time, supported with a document analysis of the practical manual, presents 

the triangulated approach applied to this study to enhance the trustworthiness and 

credibility of the findings and contribute to reducing personal subjectivity.  

  

Creswell (2009) notes the importance of having the study “reviewed and corrected by 

participants or other researchers” as a validation strategy (p. 45). With this in mind, the 

interpretive processes applied during the data analysis and coding phase were reviewed 
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by a ‘category challenger’. The challenger was a PhD qualified tutor with previous 

experience as a  

TA in first year biology at The University of Sydney. The perspectives and argument 

contributed by the challenger enabled the process of interpreting, identifying and 

articulating the skills emergent in the data and the student levels of autonomy to be 

clarified and refined. A more precise articulation of subskills within the broader skill 

categories of the RSD has in this way been achieved. The incorporation of quantitative 

representation of data through numerical frequency counts further contributes to 

verifying the interpretation of the findings and the story being told. A methodical 

approach utilising an empirically researched conceptual framework may also support the 

transferability of the findings to other science disciplines where the practical is core to 

student learning.  

  

3.9 Limitations and generalisability  

Methodological limitations of this study include the small data sample and variables 

associated with the teaching methods of the TAs and differences in structure of the 

practicals. This may affect generalisability as BIO1022 coursework structures, teaching 

methods and cohorts in other university contexts may differ. Limitations will be discussed 

in more detail in Chapter five.        

  



45 
 

 

Chapter Four: Results   
  

4.1 Introduction  

The literature rarely draws parallels between the higher-order thinking skills 

undergraduate students require for learning in the practical arena, with the foundational 

skills needed for researching. This would suggest that a range of skills potentially 

inculcated through the practical experience are overlooked as potential outcomes of 

learning. This study has sought to identify and garner an understanding of the research 

skills developed by students in a practical-based, first year biology unit through the 

application of the RSD framework.  The purpose of applying the RSD was to consider its 

usefulness as a construct through which to identify students’ research skill development 

within this learning context. The research question informing this study was:  

  

With reference to the Research Skill Development (RSD) framework; which research skills 

and associated levels of autonomy, are students developing while undertaking practicals 

in BIO1022?  

  

4.2 Results overview  

The structure of the unit BIO1022 afforded an opportunity to compare students’ research 

skills developed through recipe-driven practicals with an Inquiry Oriented Learning (IOL) 

inspired approach branded as IDEA (Idea-Design-Explore-Answer) experiments.  

  

A primary finding of this study is that research skills are an overlooked element in the unit 

design, despite students engaging with a broad range of research skills and processes in 

the practical. The instructional content of the practical manual and the practicals 

themselves were predominantly categorised within the Prescribed levels of autonomy, as 

defined by the RSD framework. Where the instructions of the practical manual were 

communicated with an expectation that students had developed the ability to perform 

skills at a higher level of autonomy, observational data showed that students needed 

considerable guidance from the Teaching Associate (TA) to perform a range of research 

skills. The contrasting teaching styles of two different TAs delivering the recipe-driven and 

the IOL-inspired IDEA experiments provided insights as to what might be required to 

increase students’ ability to become more autonomous in using research skills.   

  

The sections that follow present results identifying students’ research skills and their 

development in BIO1022 practicals one to five, commencing with an analysis of the unit’s 

learning aims. Analysis then moves to interpreting research skills across the unit through 

the practical manual and the student observations. A detailed analysis of each practical is 

then provided, followed by a granular perspective which is presented through the 

identification and articulation of subskills related to the Facets of Research. Results 

presented graphically are shown as aggregated occurrences.   
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4.2.1 BIO1022 learning aims   

Figure 4.1 below presents an analysis of the stated learning aims for BIO1022 Practicals 

one to five (see Appendix D for the full list of learning aims). Each learning aim was 

thematically interpreted for learning emphasis in alignment with the RSD Facets of 

Research. Results show that acquiring scientific methods, scientific concepts and scientific 

technical skills appear recurrently in the learning aims, in contrast to the lack of emphasis 

placed on higher-order thinking skills for research.  

  

Figure 4.1 Analysis of BIO1022 learning aims in the BIO1022 practical manual for each 

of the five practicals examined  

  
 

Learning aims related to research skill development in the practical manual are stated in 

broad terms. For example, ‘To develop skills’ (Practical two), or ‘To further develop skills’ 

(Practical three). The learning aims only use research-related terms in Practical two, for 

example: ‘To interpret’, ‘To identify’ and ‘To investigate’. Practical four (Part one 

Microbiology) and five (Part two Microbiology), designed as IDEA experiments, do not 

articulate skill development as an outcome of learning. Practical five omits learning aims 

in the practical manual, and is therefore are not represented in Figure 4.1 above. IDEA 

practicals did not articulate skill related learning aims despite these practicals aimed to: 

  

...align with the fundamental principles of a tertiary science education, in which 

students build upon prior knowledge, refine skills and apply higher order learning 
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such analysis, evaluation and synthesis to their critical thinking and problem-

solving skills (Thompson et al., 2014, p. 8).   

  

Analysis of the BIO1022 learning aims corresponds with the science education literature 

which notes a higher emphasis placed on acquiring laboratory technical skills versus 

higher-order thinking skills related to research (Di Trapani & Clarke, 2012). Although 

research skills are generally overlooked in the BIO1022 learning aims, the results 

presented below show that students were applying research skills throughout the unit.   

  

4.2.2 RSD Facets of Research and the Level of Student Autonomy identified across 

BIO1022 Practicals one to five.    

Analysis of the BIO1022 practical manual and observations show that the unit engages 

students with all research skills described by the RSD, to varying frequencies and varying 

levels of autonomy (Figures 4.2a and 4.2b). The Prescribed level of autonomy dominated 

both the instructional content and the practical experience, conforming to the 

transmissive nature of highly guided ‘recipe-driven’ instructional approaches. For 

example, Figure 4.2a, captures Facet B: Find and Generate at the Prescribed level as the 

most frequently occurring skill in the manual across all practicals. This is not surprising 

given the instruction required to step first year students through experiments and 

procedures involving data generation. In contrast, Figure 4.2b shows that Facet A: Embark 

and Clarify recorded the highest frequency counts across all practicals observed, 

suggesting students needed considerable clarification before commencing the 

experiment, and guidance to this effect from the TA.  

 

Figure 4.2a. Number of instances each Facet of Research and Level of Student Autonomy 

is identified in the instructional content of the practical manual  
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Figure 4.2b. Number of instances and the Level of Student Autonomy for each Facet of 

Research was observed in each practical  

  
  

Although the instructional content was largely Prescribed, the manual content also 

conveyed instructions at higher levels of autonomy (Fig. 4.2a). Scaffolded skills occurred 

in the practical manual (Figure 4.2a) in relation to Facets A: Embark and Clarify, Facet D: 

Organise and Manage and Facet E: Analyse and Synthesise. Self-Actuated research was 

not identified, and a single instance of Open Research was noted.   

  

Although Facet C: Evaluate and Reflect and Facet E: Analyse and Synthesise occurred with 

less frequency in the manual (Figure 4.2a), these skills were captured at significantly 

higher levels of autonomy than other Research Skill Facets. Yet, observational data (Figure 

4.3b) students needed considerable guidance from the TA to perform the skills of 

evaluation, reflection, analysis and synthesis, as occurrences of Prescribed autonomy 

increased for these skills. Hence, when students were guided to evaluate, reflect, analyse 

and synthesise through the instructional content of the manual, Figures 4.2a and 4.2b 

show, the skills attributed proportionately higher levels of autonomy in the practical in 

comparison to other Facets.  

   

Results for Facet F: Communicate and Apply (Figure 4.2a) capture instructional content in 

the practical manual where students were directed to communicate scientific 

understandings. Facet F: Communicate and Apply (Figure 4.2b) shows occurrences of 

students applying these skills within the practical, through interactions between student 

pairs, prompts by the TA, and where students were observed responding to written 

activities from the manual. Figures 4.2a and 4.2b show that Facet F is the most 
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underrepresented skill range across the unit, however the low occurrence of 

communication skills may reflect a limitation of this study.  

   

The following graphs (Figures 4.3a and 4.3b) illustrate students’ research skill 

development within each practical experience.  

 

Figure 4.3a. Number of instances each Facet of Research and the corresponding Level of 

Student Autonomy was noted in the practical manual for each practical  
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Figure 4.3b. Number of instances each Facet of Research and corresponding Level of 

Student Autonomy was observed in each practical  

   
Figure 4.3a above shows the emphasis placed on each Facet of Research in the practical 

manual and the level of autonomy attributed to each Facet in each practical. Figure 4.3b 

above shows the emphasis placed on each Facet of Research in the observations and the 

level of autonomy attributed to each Facet in each practical. All Facets of Research were 

represented in each practical, but again mainly at the Prescribed level of autonomy.  

   

Practical one showed that the instructional content of the practical manual (Figure 4.3a) 

was predominantly prescribed, particularly for Facet B: Find and Generate. Facet A: 

Embark and Clarify also occurred mostly at Prescribed levels, however Facet A moves 

quickly into Scaffolded instruction as does Facet D: Analyse and Synthesise. There was 

also an expectation that students had skills to work beyond Prescribed levels and into 

Bounded levels of autonomy for Facet C: Evaluate and Reflect and Facet F: Communicate 

and Apply. In contrast, Figure 4.3b shows that students needed close guidance at the 

Prescribed level to perform all Facets of Research, particularly Facet C: Evaluate and 

Reflect and Facet D: Analyse and Synthesise.  

   

Practical two, involving a toad dissection was highly guided in the instructional content of 

the practical manual (Figure 4.3a), particularly in relation to Facet A: Embark and Clarify 

and Facet B: Find and Generate. Facet B also shows the only occurrence of Open research, 

which appears unexpectedly. The manual directs students to:  
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Do your own research to find the information using resources other than your 

textbook (Practical two: Toad dissection, practical manual).  

  

The highly autonomous directive suggests that students have previously acquired and 

honed skills to undertake a literature-based activity at this level of sophistication. Yet, 

there is no indication in the manual of students having previously practiced literature-

based research activities to complete the task to the degree of autonomy expected.   

  

Although Facet C: Evaluate and Reflect was negligible in the manual, (Figure 4.3a) students 

applied evaluation and reflection skills within Bounded and Scaffolded ranges of 

autonomy in the practical itself (Figure 4.3b). Observational data related to these events 

shows how a prescribed directive led to increased levels of autonomy in application. For 

example, the practical manual (Figure 4.3a) directed students though a Prescribed 

statement to decide who would dissect the toad and who would take notes. Observing 

the interaction between students (Figure 4.3b) shows that this instruction elicited ethical 

concerns. The extract below indicates that although the manual directed students at a 

Prescribed level to assign roles, the directive resulted in students engaging with 

evaluation skills at a sophisticated level.   

   

Student pairs seem to have already negotiated roles according to which 

student will dissect the toad and which student will take notes. One 

student pair have not come to a decision yet. They discuss how they feel 

about the dissection, one student says, “I’m uncomfortable about this - 

ethically” (Practical two Toad Dissection, observations).  

  

Practical two recorded the highest occurrences of Facet D: Organise and Manage across 

the unit in the manual, which may be attributed to the number of instructions required 

to guide students through the delicate processes of dissection. However, Figure 4.3b 

shows that Facet D: Organise and Manage occurred proportionately to Facets A and B in 

the practical. The manual, as shown in Figure 4.3a, provided Prescribed direction for Facet 

D: Analyse and Synthesise, with students moving to Bounded levels of autonomy in the 

practical for this Facet (Figure 4.3b).  

   

Practical three shows that instructional content in the manual (Figure 4.3a) for Facet C: 

Evaluate and Reflect only provides instruction at Bounded levels of autonomy. The 

observations (Figure 4.3b) show students working at both Prescribed and Bounded levels 

for this Facet, suggesting that they needed support from the TA to apply these skills. 

Results from the manual (Figure 4.3a) imply that students have the ability to use analysis 

and synthesis skills with more sophistication, as Facet D captures both Bounded and 

Scaffolded instructional content. However, the observational data (Figure 3b) shows that 

students required guidance from the TA during the practical to be able to apply evaluation, 

reflection, analysis and synthesis skills and that they were underprepared to work at the 
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Scaffolded levels expected. Practical three also shows students engaging proportionately 

more with all Facets except for Facet F: Communicate and Apply.  

   

Despite the IOL intentions of IDEA practicals four and five, these practicals remained 

highly prescriptive and restrictive in both instructional content of the manual (Figure 4.3a) 

and the practical itself (Figure 3b). The highly guided teaching methods used by the TA to 

step students through the experiment in practicals four and five provided little 

opportunity for students to progress along the autonomy continuum. There was an 

expectation in the manual instruction (Figure 4.3a) that students would be able to work 

at bounded levels for Facets A, B, C, E and F in practical four, however observations (Figure 

4.3b) show that prescriptive guidance increased in the classroom. In practical five, 

students did not move beyond Prescribed levels for Facet A: Embark and Clarify, Facet B: 

Find and Generate and Facet D: Organise and Manage.  

   

Figure 4.3b shows that although students generally engaged with skills at higher levels of 

autonomy in Practicals one to three, IDEA Practical five showed the highest frequency 

counts for Facet B: Find and Generate, Facet C: Evaluate and Reflect and Facet D: Analyse 

and Synthesis, albeit at the Prescribed level. This might suggest that practicals which take 

place over two sessions provide more time for students to engage with research skills 

despite the influence of highly guided teaching methods.  

  

4.3 RSD Facets of Research, Student Autonomy and related subskills across the unit  

The following figures 4.4 to 4.10 present a more granular view of each RSD skill facet by 

presenting the subskills that emerged during the process of analysing the practical manual 

and student observations for each practical. 
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Figure 4.4. Facet A: Embark and Clarify: Subskills identified in the practical manual and 

student observations across all practicals  

  

  
 

 

  

Figure 4.4 above shows the skills pertaining to RSD Facet A: Embark and Clarify, where 

students respond to or initiate research, “clarifying or determining what knowledge is 

required, heeding ethical, cultural, social and team considerations” (Willison & O'Regan, 

2006, 2016).   

  

Subskills related to Facet A: Embark and Clarify (Figure 4.4) were generally exhibited as part 

of clarifying laboratory, experimental procedures and terminology. The laboratory manual 

generally guided students to clarify concepts, procedures, and terminology before 

undertaking the experiment. 

 

“In the instructions which follow, standard terms to describe spatial 

relationships within the animal have been used. To ensure that you 

understand these instructions, it is necessary for you to understand the terms” 

(Practical two: Toad dissection, Practical Manual). 

 

Students exemplified Facet A in the practical by checking their pre-lab notes, discussing the 

topic and experimental processes in pairs or with the TA and by referring to the laboratory 

manual. For example: 

 

“Students were reading over their pre-lab notes, one student pair were 

cross referencing each other's notes looking confused as the TA 
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introduces the topic. The students waited to ask a question” (Practical 

three: Metabolism, Observations). 

  

Practical three was the only practical that provided students with formal instructions to 

formulate a hypothesis based on readings. Guided questioning from the TA in practical three; 

however, prompted students to predict what would happen in the experiment. Students 

applying planning skills associated with Facet A were mostly noted in practical three. Planning 

skills were not apparent in observational data gathered from Practicals four and five, possibly 

due to the highly-guided teaching style of the TA. 

  

Figure 4.5 below shows the skills pertaining to RSD Facet B: Find and Generate, described 

as skills where students “find and generate needed information/data using appropriate 

methodology” (J. Willison & O'Regan, 2006/2013).   
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Figure 4.5. Facet B: Find and Generate: Subskills identified in the practical manual and 

student observations across all practicals  

  
 

Subskills related to Facet B: Find and Generate (Figure 4.5) involved processes related to 

gathering information, scientific instruments, or generating data as part of the process of 

conducting experiments. Practical two shows students engaging with this skill range more 

frequently than other practicals, possibly due to the complex nature of the toad dissection. 

Practicals one and four showed that Facet B skills were used less frequently and the need to 

identify and select information to support the experimental procedure was not demonstrated. 

Practical three showed the highest occurrence of students applying procedures and 

techniques to Find and Generate data.  

 

Observational data capturing Facet B subskills is shown in the following examples:  

 

The students refer to manual to find out where they should be looking. One 

student points out the pancreas. (Practical two: Toad Dissection, Observations) 

 

 The student pair keep going over the notes they prepared before coming to the 

practical, back and forth trying to find the answer (Practical one: Genetics, 

observations).  

  

The practical manual exemplifies Facet B through the following example:  
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Using the textbook, and your lecture and practical notes, make sure you 

understand and are able to define the following terms…  (School of Biological 

Sciences, Biology II-BIO1022 Practical Manual 2014)  

  

Practical five showed higher frequency counts for generating data possibly due to this 

practical being the second part of a two-part practical allowing more opportunity for 

students to engage with finding and generating skills. 

  

Students heat the wires and make stripes with the wires on the dish. They appear 

to know what they are doing from the last practical and are confident in their 

approach to the experiment. (Practical five: Microbiology Part two, observations).  

  

Figure 4.6 below, shows the skills pertaining to RSD Facet C: Evaluate and Reflect, where 

students ‘determine and critique the degree of credibility of selected sources, information 

and of data generated and metacognitively reflect on processes used’. 

 

Figure 4.6. Facet C: Evaluate and Reflect Subskills identified in the practical manual and 

student observations across all practicals  

  
  

Figure 4.6 above shows that subskills related to Facet C: Evaluate and Reflect were identified 

less frequently in the instructional content of the laboratory manual than the subskills related 

to other RSD Facets. Questioning from the TA in practicals one to three enabled students to 

apply these skills at increased levels of autonomy. Sophisticated questioning appeared to be 
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paramount for activating evaluation and reflection skills and prompting students’ thinking, 

thus moving students from Prescribed to the Bounded Level of Autonomy. This was 

particularly evident in practical three: 

 

“The TA keeps asking students questions at the fume cupboard while they 

wait in line. “What have you already added?” she asks. “What is the 

difference?” “Why? Why add different solutions? What are you looking at? 

Why? So what do you think?” The TA persists with questions. One student 

turns excitedly to her partner. “I know!” she says and explains to her partner 

what could happen when…” (Practical three: Metabolism, Observations).  

 

A single instance of students evaluating team structures, responsibilities and effectiveness 

was noted across practicals. This event occurred in practical two on the toad dissection. A 

Prescribed directive in the manual instructed students to decide who would dissect the toad 

and who would take notes. Students negotiated roles in respect to their ethical concerns, 

displaying Self-Actuated autonomy.  

 

“The student pairs seem to have already negotiated roles according to which 

student will dissect the toad and which student will take notes. One student 

pair have not come to a decision yet. They discuss how they feel about the 

dissection, one student says, ‘I’m uncomfortable about this - ethically’” 

(Practical two: Toad Dissection, Observations). 

 

During practical two, sophisticated examples of students ‘evaluating team effectiveness’ 

was also observed. At times, a student would become detached from this practical. The 

other students, noting their team member's discomfort, supportively brought them back 

into the laboratory activity.  

  

Figure 4.7 below shows Facet D: Organise and Manage, where students “organise 

information and data to reveal patterns and themes, and manage teams and research 

processes” (Willison & O'Regan, 2006, 2016).   
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Figure 4.7. Facet D: Organise and Manage subskills identified in the practical manual 

and student observations across practicals.  

 

  
 

Figure 4.7 above shows that students displayed skills associated with organising and 

managing significantly more in Practicals two, four and five. The nature of the dissection 

in Practical two required students to work very collaboratively in pairs in respect to their 

self-assigned roles, though all three of these practicals revealed that students needed 

prompting from the TA to sequence activities and manage time.   

 However, higher frequencies captured for managing time in Practicals four and five results 

from the highly guided approach of the TA instructing and walking students through the 

experimental process. This involved instructing students to stop, wait and watch her 

demonstrate the next part of the experiment and to check with her before continuing. This 

resulted in students applying these skills more often at prescribed levels as the TA’s 

instructional approach reduced opportunities for students to manage themselves and with 

more self-reliance as they conducted the experiment. The following example demonstrates 

that close guidance to this degree was time consuming and to the detriment of students’ 

ability to complete this experiment.  

   

The students appear organised, they commence setting up the burners. The TA 

checks the time, looking concerned she announces that the burners won’t be 

needed anymore. She moves to the whiteboard. (I wonder - has the experiment 

changed? Have they run out of time?) The TA says ‘look guys, we are going to do 

it this way instead, and she explains what would have happened if they had time 

to use the burners (Practical five: Microbiology Part two, observations).  
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The following example from the practical manual in Practical one instructs students how 

to organise their data into tables:  

  

Complete the first 2 columns of Table 1 with your data for your strain. Obtain the 

results from the students opposite you for the other strain and complete the other 

2 columns, so that you have a set of data for strain A and a set for strain B (Practical 

one: Genetics, practical manual).   

  

Practical one also showed an example of students managing the laboratory environment:  

  

One of the students looks worried, she walks over to Karen and explains she has 

knocked over the contents of her test tube. The TA tells her to wash her hands 

carefully and clean up the liquid and explains to check that liquid hasn’t spilt on 

the paper. The student washes her hands. Cleans the bench and re-washes her 

hands (Practical one: Genetics, observations).   

  

Figure 4.8 below details skills pertaining to Facet E: Analyse and Synthesise, described as 

skills where students “analyse information/data critically and synthesise new knowledge” 

(Willison & O'Regan, 2006, 2016).  

 

Figure 4.8. Facet E: Analyse and Synthesise: Subskills identified in the practical manual 

and student observations across all practicals  

 
  

Subskills related to Facet E: Analyse and Synthesise (Figure 4.8) primarily occurred through 

questioning and examining processes for accuracy. Comparing data and information also 

occurred relatively frequently, particularly in practicals two and five. The event captured 
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below from practical one demonstrates the adept teaching style of the TA in recognising an 

opportunity to guide students towards applying the skills of analysis and synthesis by 

suggesting that the students compare and contrast their results with another student pair.  

 

“A student pair are checking they have the correct results with the TA. They 

go through the procedure in the laboratory manual step by step. The students 

are comparing the results they have with what the results should be. The TA 

suggests that they have a chat to another pair of students about their results 

to compare” (Practical one: Genetics, Observations). 

 

The advantage of having time to analyse and synthesise was highlighted in practical five, as 

this practical was conducted over two practical sessions.  

 

The students take their time and slowly move about the laboratory to view 

each other’s results. They interpret what they observe in the slides, comparing 

and contrasting differences. (Practical five: Microbiology part two). 

  

Analysis and Synthesis skills were shown in Practical five where students compared and 

contrasted information after prompting from the TA.  

    

“What was the cell shape, the colour and the arrangement?” asks the TA. A student 

flicks through her lab notes and finds what she is looking for, she looks at her 

drawing and compares with the drawing the TA has prepared on the whiteboard. 

Students refer to the whiteboard and start to complete the table (Practical four 

Microbiology, observations).  

  

 The instructional content presented for Practical three asks students the following 

question:  

  

“Why is amylase able to break down starch into maltose, but unable to break 

down the cellulose in the cell wall into smaller molecules? (Practical three: 

Metabolism, practical manual).  

  

The following figure (4.9) shows the skills pertaining to Facet F: Communicate and Apply, 

described as skills where students “write, present and perform the processes, 

understandings and applications of the research, and respond to feedback, accounting for 

ethical cultural, social and team (ECT) issues” (Willison & O'Regan, 2006, 2016).   
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Figure 4.9. Facet F: Communicate and Apply: Subskills identified in the practical manual 

and student observations across all practicals  

 

  
 

Skills associated with Facet F: Communicate and Apply (Figure 4.9) indicate the lowest 

frequency counts in the data sources across all practicals. This result is most likely 

attributed to a limitation of this research as the products of assessment were not included 

in this study therefore, Facet F was confined to representation in the laboratory manual 

and from observing students in the practicals.  

 

The following extract from the practical manual instructs students to explain what is being 

observed using scientific language:   

  

Explain using molecular genetic terminology, exactly what is happening in the wild 

type cells… (Practical one: Genetics, practical manual).  

  

An example of students applying communication skills in Practical three is provided below. 

In this example the TA guides the students through questioning to share and 

communicate their results among their peers. By encouraging discussion, the TA provides 

an important opportunity for students to develop the skills of evaluation and reflection, 

and analysis and synthesis.  

  

“How did you go? Did you change anything?” asks the TA. The students explain 

their results before writing anything further. Another student overhears and joins 
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the discussion, explaining what he interpreted from the results. The TA listens and 

slowly moves away, leaving the students to share their results amongst themselves 

(Practical three: Metabolism, observations).  

  

The following example shows instructional content for the practical manual directing 

students how to communicate the outcome of the toad dissection.   

  

You will submit a drawing today which should clearly depict the results of your 

dissection revealing the nervous system of the cane toad, so work through the 

following steps carefully to make sure you can recognise, locate and therefore 

accurately draw all of the associated bones and nerves required (Practical two: 

Toad Dissection, practical manual).  

  

Acknowledging academic protocols such as academic integrity and citing and referencing 

were only noted in one instance in Practical three in relation to a research task.   

  

4.4 Summary of findings  

4.4.1 Curriculum design and BIO1022 learning aims  

Analysis of BIO1022 learning aims (Fig 4.1) using the RSD framework showed that research 

skills were poorly defined and largely absent from these statements. As noted in Chapter 

four, the emphasis on skill development in the learning aims was predominantly related 

to students’ technical skill development rather than students’ higher order thinking skills 

for researching. Observations of the students undertaking BIO1022 practicals (Figure 4.2b) 

however, showed that students did exhibit foundational skills for researching. The 

omission of research skill related learning aims (Figure 4.1) in this unit, may suggest the 

difficulty faced by educators in conceptualising research skills and aligning them with skills 

gained from the practical experience. This concurs with the literature identifying that 

research skills tend to be subsumed within skill taxonomies and categorisations that tend 

to differentiate rather than manifest their connection with researching (Willison & 

O’Regan, 2007).   

  

4.4.2 Research skills and their development in BIO1022  

Comparing occurrences of each research skill across the unit captured in the practical 

manual (Figure 4.2a and 4.3a) with occurrences of students observed applying research 

skills within each practical experience (Figure 4.2b and Figure 4.3b) offers insights into 

their research skill development. Although skills were generally categorised across data 

sources at the prescribed range of autonomy, when students were in the learning context 

of the laboratory (Figure 4.2b and 4.3b) responding to the instructional content of the 

manual (Figure 4.2a and Figure 4.3a) students generally demonstrated increased self-

reliance, particularly in practicals one to three (Figure 4.3b). This was mostly noted for 

skill pertaining to Facet A: Embark and Clarify, Facet C: Evaluate and Reflect, Facet D: 

Organise and Manage.  
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Interestingly, greater occurrences of Bounded levels of autonomy for Facet A: Embark and 

Clarify, Facet C: Evaluate and Reflect, Facet D: Organise and Manage were recorded in the 

instructional content of the laboratory manual across the unit (Figure 4.2a and 4.3a). This 

infers that students had the ability to apply these skills at the level of sophistication stated. 

However, students needed the intervention of the TA to activate these skills as captured 

in the student observations (Figure 4.2b and 4.3b).   

  

Figure 4.2a exemplifies this result and shows that the instructional content in the practical 

manual for Facet C: Evaluate and Reflect was predominantly at the Bounded range of 

autonomy. However, prompting by the TA (Figure 4.3a) increased students’ ability to 

apply evaluation and reflection skills at the Self-Actuated range of autonomy. For example, 

the ability for students to increase autonomy in the application of evaluation and 

reflection skills was dependant on the ability of the TA to ask students strategic questions 

to prompt thinking (Figure 4.2b and 4.3b). This was particularly evident in practicals one 

to three. Comparing the IDEA Practicals four and five with Practicals one to three 

therefore demonstrate that quality teaching methods, not the pedagogy alone, influence 

students’ ability to apply research skills.  

  

Students generally remained within Prescribed and Bounded levels of autonomy across 

all practicals (Figure 4.2b and 4.3b). However, Scaffolded autonomy, although 

underrepresented was recorded across the skill Facets of Embark and Clarify, Find and 

Generate, Organise and Manage and Analyse and Synthesise (Figure 4.2a and 4.3a). A 

single instance of Self-Actuated research was recorded in the observations for Practical 

two in relation to Facet C. The category of Open research was also only captured once 

across all practicals and occurred in in the practical manual for Practical two (Figure 4.2a 

and 4.3a) in association with Facet B: Find and Generate. As discussed earlier, this was 

related to a literature research task.   

  

Although Facet E: Analyse and Synthesise was recorded at the Scaffolded level of 

autonomy in the laboratory manual (Figure 4.2a), a Scaffolded response was not 

demonstrated by students in the practical experience (Figure 4.3b). The skills of Facet D: 

Analyse and Synthesise also occurred proportionately more frequently within the 

practical (Figure 4.2b and 4.3b) than directed in the manual (Figure 4.2a and 4.3a). This 

may suggest that students need more support in developing and applying this skill range 

for the practical experience. Practical five however provided proportionately more 

opportunity for students to apply the skills of analysis and synthesis (Figure 4.3b), 

suggesting that the opportunity afforded by a two-part practical to practice and hone 

skills.   

  

The skills associated with Facet D: Organise and Manage were also underrepresented in 

the instructional content of the manual across the unit (Figure 4.2a and 4.2b) although in 



64 
 

 

the learning context students did demonstrate the ability to apply these skills (Figure 4.2b 

and 4.3b). Facet D did exhibited some prominence in Practical two and Practical five 

(Figure 4.3b). Practical two involving a toad dissection required students to apply these 

skills more frequently, and Practical five – part one of a two part experiment provided 

time for students to prepare and organise the experimental procedure. Interestingly the 

nature of the experiments conducted in Practical two and Practical five involved 

contaminants which may have required students to apply organising and managing skills 

more frequently. However, the student’s ability to apply the skills of organising and 

managing were dependent on the teaching style of the TA. For example, students 

demonstrated more opportunity to apply these skills when they could work at their own 

pace and manage their time and the team roles in order to complete the task. When 

students were given this scope in Practicals one to three, they took the initiative to check 

their notes, consult the manual and converse with each other. Whereas in the highly 

guided IDEA practicals four and five (Figure 4.3b) students fell into a pattern of waiting for 

instructions to be given and displayed reduced initiative to organise and manage 

themselves and the experimental process. The time involved in a stepped instructional 

approach resulted in students not completing the experiment.  

  

The most underrepresented skill range was Facet F: Communicate and Apply (Figures 4.2a, 

4.2b, 4.3a 4.3b). As previously mentioned assessment outputs were not analysed in this 

study which likely reduced frequency counts. However, a range of communication skills 

were observed in the practical when students wrote up the experiment and when 

students used scientific language in conversation with the TA (Figure 4.3b). Nonetheless, 

a marked underrepresentation of this skill set is concerning. The structure of the practical 

itself may have impacted on students’ ability to practice this skill as the post-lab wrap-up 

discussion had recently been removed from each practical. Thus, an opportunity for 

students to metacognitively activate and practice a repertoire of research skills through 

discussion and reflection was not available.  

  

An interesting finding in this study suggests that guided and prescribed instructions in the 

practical manual generally move students to Bounded levels of research through quality 

teaching methods. This was exemplified by comparing Practicals one to three and 

Practicals four and five. These findings offered insights into how teaching strategies assist 

with increasing learner autonomy.   

  

Chapter Four concludes here. Chapter Five presents the discussion and conclusion.  
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Chapter Five: Discussion and Conclusion  
5.1 Introduction  

First year science laboratory practicals have long been considered important for 

promulgating students’ understanding of the nature of science and for acquiring the 

requisite skills of the discipline. This study has sought to identify which research skills first 

year biology students are developing through five BIO1022 coursework practicals. 

Extrapolating students’ research skills offers an opportunity to promote additional 

learning benefits of the practical experience and open opportunities for library-faculty 

teaching collaboration in laboratory curricula.  The Research Skill Development (RSD) 

framework was the conceptual model applied to identify students’ research skills in this 

study. This chapter presents the discussion, recommendations, limitations and the 

conclusion. The discussion is underpinned by theoretical constructs that include 

Vygotsky’s theory of constructivism (1978) and learner autonomy (Boud, 1988).  

  

5.2 Discussion  

The research question guiding this study was:  

  

With reference to the Research Skill Development (RSD) framework; which research skills 

and associated levels of autonomy, are students developing whilst undertaking practicals 

in BIO1022?  

  

The RSD framework assisted in identifying students’ research skills and provided a picture 

of how students’ research skills are being developed in this unit. The process of identifying 

skills also revealed important insights into what might influence students’ ability to 

become more cognisant of the research skills they are attaining and what might influence 

their ability to use these skills with increasing self-reliance.  The key findings were:  

  

1. Research skills were implied, not explicit, in the learning aims 

2. Students engaged in research skills as described by the RSD framework 

3. Student autonomy was dominated by prescriptive approaches 

4. The respective teaching methods of the TAs impacted both positively and negatively 

on students’ ability to increase autonomy 

5. Exploring a topic over two laboratory sessions gave students time to engage with 

underrepresented research skills 

  

The findings related to students’ research skill development have been distilled around 

two principal themes, underpinned by the nuances of learner autonomy.  These are:  

  

Theme 1: Making research skill development more explicit through curriculum design.   

Theme 2: Making research skill development more explicit through teaching methods.   
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5.3 Theme 1: Making research skill development more explicit through curriculum 

design  

This section explores the BIO1022 learning aims for each laboratory practical and how 

research skills are represented in these statements. Implications for curriculum design is 

discussed.   

  

5.3.1 Learning aims  

Learning aims are recognised as important determinants in achieving effective laboratory 

experiences (Hegarty-Hazel, 1990). The application of the RSD framework assisted in 

revealing that the skills encompassed in BIO1022 align with foundational skills for 

research, however, the stated learning aims did not reflect that this unit develops this 

range of skills (Figure 4.1).  This is concerning, in light of a recent study undertaken by  

Hodgson et al. (2014), where graduating science students reported that their practical 

experience was valuable for developing a range of skills inclusive of research skills. 

Overlooking a potential benefit of the practical experience for engendering students’ 

research skills has implications for curriculum design. This study has shown that there is 

potential to explicitly articulate the skill repertoire engendered by this unit beyond the 

current focus on students’ technical skill development and knowledge acquisition.  

  

Although skill development is considered important in the practical arena (Johnson et al., 

2002; Rayner et al., 2012), the range of skill-related terms and categorisations currently 

used in science education often overlap or hold various interpretations. Research skills 

are generally dispersed amongst these categorisations, which creates difficulty in clearly 

articulating what research skills actually entail and may be a contributing factor to their 

omission in the learning aims of this unit. Furthermore, omitting learning aims inclusive 

of students’ research skills risks research skill terminology being removed from 

disciplinary vocabulary and thus, from the awareness of science educators, librarians and 

students alike.  

  

5.3.2 Developing underrepresented skills  

Results from this research study showed that communication skills were 

underrepresented in both the manual and laboratory observations (Figure 4.2a and 4.2b), 

and that there was proportionally less opportunity for students to apply the skills of 

evaluation and reflection across the unit (Figure 4.2a and 4.2b). Contextualising these 

findings in the literature demonstrates that much attention has been directed towards 

determining what might be needed to enhance student learning in the practical (Hofstein 

& Lunetta, 2004; Lee et al., 2012; Rice et al., 2009). Yacoubian and BouJaoude (2010) have 

emphasised the importance of reflective discussions following laboratory activities to 

strengthen and develop students’ communication skills. Wass and Golding (2014) note 

the importance of enabling a teaching environment that encourages students to 

challenge and ask questions, and which is also conducive to critical evaluation and 



67 
 

 

discussion.  However, White et al. (2010), explain that laboratory experiences do not 

necessarily provide opportunity for students to hone their communication skills, noting 

that; ...even students with extensive laboratory experience often are restricted by an 

inability to communicate their knowledge or experiences. Communicating the problem 

and the results to diverse audiences is an ability that, like other skills, must be learned and 

practiced (White et al., 2010, p. 298).  

  

What may have contributed to communication skills being less apparent in relation to 

BIO1022, was the removal of the post-laboratory wrap-up which had previously 

concluded each practical. In doing so, the opportunity afforded at the end of the practical 

for students to communicate, reflect, evaluate and discuss experimental processes and 

outcomes was lost. This also removed an important and highly valuable opportunity to 

demonstrate the worth and relevance of these skills for the science practical.  

  

Findings showed that students did require an opportunity to reflect and discuss what took 

place during the practical. An example of this was demonstrated after Practical one 

concluded, when several students stayed back after the session to ask questions and 

discuss the experiment with the TA. Interestingly, the discussion that ensued between the 

TA and students incorporated all the research skill facets of the RSD using research related 

terminology.   

 

Practicals four and five also contributed findings in relation to the advantages of a 

practical conducted in two parts (Figure 4.3a and 4.3b).  Investigating a topic over two 

practicals gave students the time to engage with research skills more frequently than 

Practicals one to three, albeit primarily at the Prescribed level (this will be discussed in 

the following sections). For example, the two-part practical (Figure 4.3b) allowed students 

more time to work through and engage with each skill. This is exemplified in the following 

observation:  

  

The students take their time and slowly move about the laboratory to view 

each other’s results. They interpret what they observe in each other’s slides, 

comparing and contrasting differences (Practical five: Microbiology part two).  

  

The skills of Facet B: Find and Generate occurred most frequently across all practicals 

(Figure 4.2a). This skill set generally occurred in association with the process of conducting 

experiments, however Leggett et al. (2004b) stresses that literature-based information 

finding skills are those students require more support with (p. 307). The BIO1022 practical 

manual provides only one noted opportunity (Figure 4.2a) for students to engage with a 

literature-based research task, where the task instruction reads, “Do your own research 

to find the information using resources other than your textbook” (BIO1022 Practical two, 

practical manual). As previously noted, the directive suggests students have acquired the 

skills to undertake a literature-based activity at the inferred level of sophistication. Yet 
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there is no indication in the manual of students having previously practised literature-

based research activities to complete the task without guidance.   

 

5.4 Theme 2: Making research skill development more explicit through teaching 

methods  

This section discusses questioning techniques as a teaching strategy that incorporate 

research related terminology. The influence of teaching style and instructional approach 

for scaffolding students’ research skills is discussed.  

  

5.4.1 Questioning techniques using research skill terminology  

Hegarty-Hazel (1990) highlighted the importance of quality TA-student interactions and 

the implications for student learning when staff act as “laboratory managers but not as 

questioners, challengers and promoters of scientific enquiry” (p. 21). Questioning 

challenges learners to “actively construct meaning that makes sense to them, rather than 

to acquire understanding through exposure to a format exclusively organised by the 

teacher” (Borich, 2014, p. 289). Questioning techniques are a complex teaching strategy 

aligned with constructivism and are considered an integral part of interactive learning to 

assist students to reorient their thinking (Korkmaz & Yesil, 2010; Roth, 1996; Borich, 2014).   

  

Observation of TA-student interactions (Figure 4.3b) revealed significant differences in 

the way the observed TAs posed their questions to the students. Observational data from 

Practicals one to three (Figure 4.3b) showed that one TA invested considerable time 

asking students open-ended questions that encouraged metacognitive engagement with 

research skills. For example, the observation from Practical three below (Figure 4.3b) 

captures one such TA-Student interaction where the TA demonstrates skilled and 

effective questioning strategies, prompting students to communicate a response by 

drawing on evaluation, reflection, prediction and communication skills.  

  

“Do you understand what is happening?” asked the TA to a student pair. “Yes,” 

replied the students. “Then, can you explain what is happening?” asks the TA. 

“Starch is breaking down,” the student replies. “So over time what do you 

predict will happen to the starch? What will you observe as you add the drops?” 

asks the TA. “It will go yellow,” replies the student (Practical three: Metabolism, 

Observations).  

  

Insights drawn from the observational data (Figure 4.3b) show the importance of the use 

of research-oriented language when interacting with students. For example, the TA 

facilitating Practicals one to three (Figure 4.3b) drew on a rich vocabulary of research skill-

related terms to formulate questions (words such as; predict, evaluate, observe and 

analyse). Contrastingly, the TA delivering IDEA Practicals four and five (Figure 4.3b) lacked 

research skill-related vocabulary. This TA defaulted to the word ‘see’ frequently in place 

of terms such as identify, examine, conclude, observe, infer, etc. The omission of skill-
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related terms in student interactions removed an important opportunity to bring skill-

related terminology into the students’ vernacular, and in doing so make research skills 

visible to the students.  

  

This study shows that the application of sophisticated questioning prompted students to 

engage in reflective and analytical thinking processes, potentially contributing to 

increased levels of student autonomy in recipe-based practicals. These findings are 

therefore considered significant because the literature is in general consensus that recipe-

driven practicals sacrifice students’ ability to think about experimental processes and 

develop their own thinking skills (Bugarcic et al., 2012).  

  

5.4.2 Influence of instructional approach   

There is consensus among science educators that recipe-based approaches limit student 

learning, as students follow a predetermined experimental method to arrive at an 

expected answer. Bugarcic et al. (2012) emphasise this point stating that;  

  

…as the experimental outcome is already known to the students, they are never 

challenged to think about how scientific experiments are used to answer specific 

research questions, let alone develop their own skills in hypothesis formulation and 

experimental design. Unfortunately, developing advanced professional skills such 

as problem-solving and critical thinking is often sacrificed (p. 174).   

  

Hofstein and Lunetta (2004) have suggested that promoting students’ understanding of 

science in the laboratory can be achieved by reshaping science curricula to incorporate 

more open-ended laboratory activities. Such approaches are considered beneficial for 

engaging first year student cohorts with varying skills, abilities, cognitive preferences and 

knowledge of science (Kempa & Diaz, 1990). These alternatives to the instructional model 

have evolved to promote learning through student-driven and instructor-guided 

investigations of questions sparked by student curiosity (Justice et al., 2007).   

  

As explained previously, BIO1022 incorporates two instructional approaches; Practicals 

one to three were recipe-driven practicals exploring a different topic in each, whereas 

Practicals four and five were IDEA practicals investigating a topic in two parts. Therefore, 

this unit offered an opportunity to consider students’ research skill development in 

recipe-driven and Inquiry Oriented Learning (IOL) inspired IDEA practicals (Figure 4.3a and 

4.3b). The IDEA practicals explored a problem-based scenario intended to encourage 

“deductive reasoning and critical thinking to determine the nature of a mystery substance” 

(practical manual, Practical four, p. 7). The practical manual explains to students that 

“these exercises will not come with procedure mapped out for you; instead you will work 

in small teams and be charged with the responsibility of developing your own 

experimental procedures” (Practical four: Microbiology part one, practical manual). As 

noted, the recipe-driven practicals and the IDEA practicals were facilitated by two 
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different TAs. The TAs had contrasting teaching styles, providing insights into teaching 

methods that encourage opportunities for students to engage with and become more 

autonomous in applying research skills in practical settings (Figure 4.3b).  

  

Shepardson (1997) investigated differences in students’ thinking in standard instructional 

recipe-based and IOL science practicals. Of significance to this thesis findings from the 

study by Shepardson (1997), suggesting no differences in students’ thinking processes 

between standard instructional practicals and inquiry approaches. However, differences 

did occur to students’ thinking processes through the influence of quality teaching 

interactions. The findings of this thesis concur with Shepardson (1997), noting that in 

guided laboratories, teacher-student interactions and not the pedagogy alone, 

contributed significantly to student thinking processes.  

  

The intent of IDEA experiments is to foster authentic research practice by being less 

instructional (Rayner, Charlton-Robb, Thompson, & Hughes, 2013). However, this aim did 

not appear to be met as students were observed working predominantly at Prescribed 

levels of autonomy in Practicals four and five (Figure 4.3b). The highly guided instructional 

approach of the TA provided minimal opportunity for students to work as Boud (1988) 

suggests, with more decision-making opportunities and less instructor guidance.  

 

This is a concern given what is understood about learning theories that guide teaching 

practice to maximise the potential for learning. For example, Wass and Golding (2014), in 

interpreting Vygotsky’s Zone of Proximal Development (ZPD) as a concept for teaching, 

note that teachers can maximise student learning by providing teaching environments 

that are conducive for the greatest ZPD for a particular task. However, there are 

implications for student learning in providing too much guidance so that “the challenge 

evaporates and there is no learning to be had” (p. 679).  Willison et al. (2016) concur, 

noting that as educators, “finding the optimal extent of student autonomy is paramount” 

(p. 2) to be able to expand on what students already know.  

  

...ideally teachers should provide the level of guidance which produces the ‘sweet 

spot’ for optimum learning and thinking. Hence, education generally, and the 

development of research skills in particular, would progress most successfully for 

a whole cohort when in this middling educational ‘Goldilocks zone’ (p. 2).  

  

Interestingly however, students’ engagement with research skills was proportionately 

more frequent in the IDEA experiment than in Practicals one to three (Figure 4.3b). For 

example, students demonstrated increased application of the skills of evaluation, 

reflection, analysis and synthesis in practicals four and five, supporting the intention of 

the IDEA initiative to develop higher order thinking skills such as critical thinking, problem 

solving, and analysis (Rayner et al., 2013, p. 3). A two-part practical appears to have 
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afforded opportunity for students to engage with these skills more frequently, albeit as 

noted in this case, at Prescribed level of autonomy.   

  

5.5 Implications  

This study has shown that foundational skills for research are part of the repertoire of 

skills students’ gain from the practical experience although they are largely implied in this 

curriculum and in its teaching practice. This has implications for curriculum design and 

student learning, particularly within a higher education environment that promotes the 

skills students’ gain from an undergraduate degree as important outcomes of a university 

education.  Although science education has acknowledged the importance of determining 

the skills students attain through laboratory learning, the emergent skill-related terms 

and overlapping skill categorisations rarely draw connections between research skills as 

skills acquired in the practical, suggesting that a lack of clarity and some confusion still 

remains as to what research skills entail. White et al., (2010) emphasise that:   

  

Universities have always provided opportunity for students to develop discipline-

related and generic skills. In the past these skills were considered to lie within the 

realm of tacit knowledge, and acquired gradually, however we now find that they 

are considered to be explicit knowledge. As such they need to be identified, 

selected, and actively taught (p. 298).  

  

This suggests that the way in which science educators conceptualise research and the 
relationship between research skills and knowledge acquisition may require new 
understandings for such skills to become visible in curriculum design and teaching practice. 
This notion of a reconceptualising what research skill entail also extends to librarians in 
seeking ways to transform their teaching practice and make a meaningful and recognised 
contribution to student learning. The application of the RSD framework to identify students’ 
research skill in a challenging learning context, suggests it’s potential in providing a new 
vernacular and a pedagogically sound approach to underpin library teaching practice.  
Importantly, the RSD extends traditional library definitions and interpretations of 
‘information finding’ or information literacy skills, where students are consumers of 
information, to a reconceptualised interpretation where information finding is aligned with 
generating information and data, where students are producers of information. Thus 
connecting library research skill development agendas directly to skill sets specifically 
required in the laboratory context.  
 

This argues well for designing a holistic curricula that considers how students’ thinking skills 

and processes for research will be explicitly enabled as a shared responsibility amongst 

library and faculty.   

  

The following section provides recommendations related to the benefits and challenges of 

identifying students’ research skills, including ways of making research skills more visible in 

practical curricula through a new interpretive lens.  
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5.6 Recommendations  

This study has shown that the RSD framework was a suitable construct through which to 

identify students’ research skills within one first year biology practical unit. The following 

sections provide recommendations that relate to the two themes previously identified in 

this chapter. Recommendations also consider the potential of the RSD to inform and 

underpin library-faculty collaboration by offering a shared dialogue for student’ research 

skill development. 

   

5.6.1 Theme 1: Making research skill development visible through curriculum design   

Lazonder and Harmsen (2016) note that in science education, the process by which 

students achieve skill related learning outcomes is unclear. The authors identify a 

limitation - the lack of a priori theoretical framework to effectively guide educators to 

incrementally guide and enable skill development. This study confirms that realising 

research skills as an explicit outcome of learning calls for a taxonomy of terms to enable 

evidence and guide learning practices. The outcomes of this research argue for the RSD 

framework to assist in overcoming ambiguity surrounding the term ‘research’ and in doing 

so enable a means to make research skills and their development an acknowledged 

outcome of the practical experience.  One of the purposes of the RSD framework is 

explained by the authors;  

  

We see one practical application as being both to chart and to anticipate students’ 

development as researchers. It can, therefore, be used to inform course design, to 

frame assessment and learning tasks and to identify students’ development at any 

time as well as their progression over time (Willison & O’Regan, 2007, p. 404).   

  

The method applied to this study to identify students’ research skills using the RSD 

framework offers an approach to inform course design and achieve transparency by 

showing what skills are being developed, where and how they are being developed. This 

is significant as tools to map skills in curricula, although offered in the literature, are 

generally document centred (Oliver, Ferns, Whelan, & Lilly, 2010) or presented as 

matrices or checklists (Fraser et al., 2007; Sumsion & Goodfellow, 2004). In contrast the 

method applied to this study offers an evidence-based approach to mapping research 

skills in the curriculum underpinned and informed by a priori pedagogical framework.  

  

Identifying where opportunities lie in the curriculum for targeted research skill 

development would clarify how librarians can contribute to student learning. For example, 

results show that there is opportunity for students to hone skills related to Facet B: Find 

and Generate in respect to literature tasks (figure 4.2a). This brings an opportunity to 

draw parallels between Facet B skills required for conducting experiments such as; 

collecting, recording, analysing and interpreting data, within the context of information 

and literature-based searching. Analysis of the practical manual also showed that 

students had minimal opportunity to formulate hypotheses. The gap revealed in the 
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findings presents educators with scope to enhance activities that also bring a focus to 

students practicing this skill. The experience of searching the literature through student 

driven questions, where students adjust and refine search queries could be one such 

approach.   

  

Communication skills were underrepresented in this unit. The value of the post-lab wrap 

up as a means for students to practice a range of cognitive skills related to research, 

including the ability to formulate ideas and communicate one’s thinking, was discussed 

earlier. This study therefore recommends that consideration be given to reintegrate this 

activity into the practical structure, as it suggests an opportunity for students to practice 

the range of skills that were less apparent in this unit. Reinstating the post-lab wrap-up 

could open an opportunity to involve librarians at the end of practical and contribute to 

enhancing the development of students’ research skills that were underrepresented in 

this study. For example, the non-disciplinary specific language of the RSD enables 

connections to be drawn between the skills required for finding and generating data in 

experimental process with the information seeking skills librarians are familiar with.  A 

post-lab wrap-up informed by the RSD framework would contribute to making research 

skills visible to students and support the teaching partnership between librarians and 

science educators. 

  

The recommendations above draw attention to the value of the RSD in offering a model 

for educators to interpret and articulate discipline specific research skills as demonstrated 

in this study through the context specific subskills related to the Facets of Research. The 

process of identifying subskills would assist educators to ascertain whether or not 

discipline related research skills are adequately or underrepresented in the practical. 

Therefore, mapping skills informed by the RSD is recommended as the first stage in 

aligning research skills within a curriculum, and a means to make them explicit outcomes 

of learning. Furthermore, a more coherent and scaffolded focus to skill development 

would more appropriately bring the librarians’ contribution to student learning at 

targeted points of need throughout the unit.   

  

5.6.2 Theme 2: Making research skill development visible through teaching methods  

Findings presented in this thesis demonstrated the importance of educators being adept 

at guiding students through the strategic question prompting as a means to scaffolded 

skill development. An early study by Shepardson (1997), noted that quality teacher-

student interactions in guided laboratories contribute significantly to student thinking 

processes, however a challenge for science educators, is in providing sufficient 

instructional support to promote students’ ability to think about the processes of 

laboratory experiments. The notion of instructional support is explored more recently in 

a study by Talgar and Goodey (2015). The authors sought to determine which skills biology 

students perceived were required for research and found that students considered the 

ability to work independently as a desired skill. Yet, as Wass and Golding (2014) explain, 
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there are challenges supporting students to become more autonomous in the practical. 

Positive outcomes can be achieved when educators ‘scaffold’ students’ skill development, 

rather than ‘structure’ this development through close instructional support. The authors 

explain that;  

  

Scaffolding involves providing support so that students can autonomously 

complete a task, while structure involves directing students through a prescribed 

set of actions so that they can complete the task almost mindlessly and without 

having to make autonomous judgements (Wass & Golding, 2014, p. 676).  

  

The differences between teaching methods that scaffold and those that structure student 

learning were gained from observing contrasting teaching practices in BIO1022. These 

findings concur with those of Wass and Golding (2014). Of particular relevance to this 

thesis is the observation made by the authors that draw distinctions between scaffolded 

and structured teaching approaches for developing learner autonomy. Wass and Golding 

(2014) explain that while the teaching assistance can appear very similar the outcomes 

differ (p. 679). Insights drawn from this thesis concur with the ability of the TA to scaffold 

student thinking in order to promote opportunities for students to increase autonomy in 

the practical.  For example, the contrasting teaching styles of the BIO1022 TAs revealed 

which approaches might influence the development of learner independence. Findings 

strongly indicated that the structured teaching style of the TA in the IDEA practicals 

reduced opportunities for students to become more autonomous, whereas the TA that 

used effective questioning techniques and skill related vocabulary scaffolded students’ 

ability to work at increased levels of autonomy. Shepardson (1997) also emphasised the 

importance of educators being adept at scaffolding students’ research skills through 

teaching methods inclusive of questioning techniques that incorporate research related 

skill terminology.  

  

This signifies the importance of science teaching teams receiving appropriate training in 

question posing in order for questions to become more than a request for “low-level 

factual information”, and instead become a call for “reflection and analysis that promotes 

a view of science as a dynamic search for answers” (Roth, 1996, p. 711). However, 

providing students with consistent levels of instruction is known to be challenging as 

practicals are often facilitated by teaching teams with variable levels of teaching 

experience and backgrounds (Rice et al., 2009).   

  

To this end, findings from this study indicate that the RSD may provide a pedagogically 

sound approach to address several challenges faced by science educators related to 

teaching approaches for engendering research skills, and may assist in equalising 

variations of experience and quality of individual teachers. Wass and Golding (2014) 

explain that distinguishing between the teaching methods of ‘scaffolding’ and ‘structuring’ 

can be difficult. The RSD framework demonstrates a suitable model to support these 
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understandings. Introducing the RSD to professional development programs for science 

teaching teams may enhance: the explicit articulation of research skills in teacher-student 

interactions, guide question posing using research related terminology and clarify 

important instructional differences between structuring and scaffolding skill development. 

Benefits may extend to a vernacular for informing a consistency of instruction, where 

research skills are incorporated into teaching practice and within curriculum artefacts.   

 

Such professional development activities could also be made open to library staff 

contributing to student learning in practical units. These opportunities may facilitate 

shared understandings and a new discourse among educators for students’ research skill 

development, guided by the common platform and language of the RSD.  Such an 

approach has potential to guide library-faculty teaching partnerships using 

reconceptualised methods that have long been called for in the field of library science 

(Doskatsch, 2003).  

  

5.7 Limitations of the study and approach  

A number of variables influences this study, resulting in several limitations. The students 

observed in this study may not be representative of the entire first year cohort as students’ 

prior knowledge and experience of studying science would differ. Additionally, 

observational methods were deliberately limited to a narrow segment of students; in 

doing so, the results only capture a small sample size of this cohort (n=8). A further 

variance concerns the different teaching style of the TAs facilitating the practicals and the 

pedagogical approaches and structure of the unit itself. The student voice and 

perspectives from librarians was not incorporated in this study. Therefore, these variables 

could threaten the reliability and generalisability of the findings. However, educational 

settings often share similar conditions, characteristics and variances, referred to as 

‘comparability’ by Goetz and LeCompt (1984, cited in Schofield, 2002). Comparability 

recognises the extent to which one study’s findings are applicable to other similar 

situations. For example, TAs may feature differing teaching styles and first year student 

cohorts are likely to have a range of experiences of the discipline. Therefore, the author 

proposes that despite these limitations, the findings could provide a rich sense of some 

students’ experiences, and be informative for similar educational contexts.  

  

5.8 Challenges of the approach  

The RSD adequately supported and informed the process of identifying research skills in 

the unit investigated. However, interpreting skills in alignment with the RSD was not 

always a straightforward process. At times the skill identified in the data source could be 

associated with more than one Facet of Research. The processes of analyses assisted in 

clarifying and highlighting the multifaceted nature of skills associated with researching, 

revealing insights into how skills may share elements of each other, and the way in which 

skills have a particular emphasis and focus at different stages of the research process.   
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5.9 Directions for further research  

5.9.1 Mapping research skills  

Curriculum mapping tools are generally designed to map a range of skills and capabilities 

to be achieved at the end of a course (Oliver et al., 2010; Snape & Spencer, 2011; Thomson 

et al., 2017). Methods for mapping research skills and their development across a unit or 

program of study is more difficult to locate in the literature. Thus, what might be needed 

to acknowledge skills for researching as outcomes of learning is a method to interpret 

curriculum and guide educators in making research skills in disciplinary content explicit.   

  

To this end, the constituent parts of the RSD framework, the Facets of Research and Levels 

of Student Autonomy informed the coding schema through which data sources were 

interpreted for specific research skills. The functionality offered by NVivo qualitative 

analysis software in conjunction with the RSD provided a coding infrastructure to support 

analysis. Mapping research skills as such revealed where, when and how research skills 

were manifested in the practical, also serving to make skill gaps and inconsistencies in this 

curriculum visible. The method applied suggests a way to inform constructive alignment 

of the curriculum. Further research utilising the RSD in other learning contexts may 

provide the insight required to make informed decisions for curriculum design and 

renewal processes, and a way to improve the alignment of research skills using an 

evidence-based approach.   

  

5.9.2 TA-Student interactions  

This study highlighted the importance of quality TA-student interactions in the practical 

for inculcating students’ research skills. Interpreting TA-Student interactions with the RSD 

framework contributed insights into how learner autonomy is enabled or averted, 

particularly in respect to scaffolded or structured teaching approaches and posing 

questions inclusive of research terminology. Thus, further research that explores the 

nuances of learner autonomy through TA-student interactions within a larger sample size, 

incorporating observations of varied teaching styles, would expand on findings presented 

here. Importantly, future studies that are inclusive of the student perspective may deepen 

understandings of how TA-student interactions may positively or negatively influence 

how students’ research skills are nurtured.   

  

5.9.3 Library-faculty collaboration  

Collaborative teaching partnerships are considered to bring institutional benefits for 

teaching and learning (Creaser & Spezi, 2014). Such models support and encourage 

academic and professional staff to work in seamless teaching partnerships, an approach 

which mitigates against complementary or piecemeal classes disconnected from the 

curriculum (Kift, Nelson, & Clarke, 2010). Despite a long-standing view advocating 

benefits of teaching research skills in context, such skills are generally taught outside the 

curriculum and separated from content knowledge (Peacock, 2001).   
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Findings from this study signal that a reconceptualised approach for fostering library-

faculty teaching partnerships may be warranted, given that strategies to achieve library-

faculty collaboration for the past two decades have gained limited foothold in the 

curriculum. Arriving at a shared understanding of what skills for research encompass 

across disciplines appears to be critical for harnessing the collaborative potential of 

library-faculty teaching partnerships. This study shows that the RSD framework, as a 

conceptual model, demonstrated flexibility and adaptability for interpreting research 

skills and articulating related subskills embedded in the context of the science practical. 

The RSD supported this process because the framework does not present research skills 

using disciplinary specific and library-centric terminology. Rather, it is by contextualising 

the RSD that supported the means to identify students’ research skills relevant to the 

biology practical.  

  

Therefore, the non-prescriptive nature of the RSD may assist in overcoming the cultural, 

professional and disciplinary boundaries defining the many conceptualisations and 

terminology to describe skills for researching held among educators. Further research into 

library-faculty collaboration underpinned by the RSD in other disciplines has potential to 

deepen understandings of the effectiveness of the RSD as a model for establishing and 

advancing teaching partnerships and research skill agendas.  

  

5.10 Conclusion  

The attention placed on the research skill development of students has a long history. 

Over the years a number of higher educational strategies and initiatives have focused on 

students’ becoming skilled for research (Boyer Commission, 1998; Healey & Jenkins, 2009).  

Given this attention, it is interesting that educators are still “talking about graduates’ lack 

of them, and how best to teach and promote them” (Leggett et al., 2004b, p. 295).  

Similarly, the field of library science continues to discuss ways of fostering library-faculty 

teaching collaborations for embedding research skills in curricula to demonstrate the 

value that librarians bring to student learning (Bundy, 2004; Creaser & Spezi, 2014).  

  

However, where research skills are developed in a student’s learning journey, and what 

research skills encompass can be contentious in academic environments. The term 

‘research’ can be imbued within a hierarchy of terms and not perceived as something that 

happens through everyday learning. Furthermore, the proliferation of terms and 

nomenclature describing the skills involved in research can confuse educators as the 

range of terms have their own adherents and definitions rising from science practical 

curriculum reform (Leggett et al., 2004).  

 

Prompted by these challenges, this study was ignited by questions relating to what 

research skills were encompassed in a first year biology practical unit as a means to ignite 

a new dialogue between academic and library staff in enabling students’ skills for research. 

Establishing shared understandings among educators of what research skill entail in the 
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practical experience is particularly important for librarians as their contribution to student 

learning in this learning context rarely goes beyond ‘one-shot’ instructional sessions on 

how to locate library resources to complete assignments or tasks (Kearns & Thrasher Hybl, 

2005, Bradley, 2013).  However, establishing common understandings has challenges as 

librarians commonly limit their interpretation of research skills to information seeking 

skills where students are consumers of third party information. Thus librarians themselves 

may be effectively reducing their contribution to student learning for the practical 

experience. The science practical focuses on students being actively involved in the 

generation of information and data, identifying students’ research skills through the RSD 

may enable such library centric interpretations of information seeking skills to become 

more broadly defined as the developmental skills and processes involved in knowledge 

creation - students as information producers.  

  

The authors of the RSD framework explain that the intention of the RSD is to provide 

educators with a tool to effectively formulate a scaffolded curriculum for the thinking 

processes and skills encompassed in research, in any discipline (Willison and O’Regan 

2007). The RSD assisted in showing that although research skills were present across the 

unit, there was a lack of explicit emphasis on student research skill development, which 

suggests a relatively low priority towards research skills as outcomes of learning. Although 

Science educators have over the years drawn attention to the repertoire of skills students 

require to engage with the discipline, ‘research skills’ are lost in the many skill 

categorisations and nomenclature of the discipline. Consequences of the skills involved in 

research remaining hidden suggests that engendering students’ research skills in BIO1022 

is implied and haphazard rather than coherent, thus undervaluing the learning potential 

of this unit. This study shows that there is scope to foster clarity and understanding 

around research skill development in practical curricula. Closer ties with library staff in 

this learning environment may assist in increasing the visibility of research skills and bring 

them to the student fore as valued skills for learning. Furthermore, establisher greater 

clarity as to what research skill entail resonates with library strategies seeking approaches 

to explicitly embed research skills within curricula (Bennett & Gilbert, 2009). 

 

The purpose of the RSD echoes efforts made in science education to be more than 

teaching students about what scientist know, to teaching students to think about what 

they are doing (Leggett et al., 2004; Roberts, 2001). The RSD framework assisted in 

demonstrating that the thinking skills and processes students require for researching 

were evident across all BIO1022 practicals, albeit with varying emphasis. The skills of 

finding and generating information and data were the most prevalent skills, with 

communication skills occurring less frequently across practicals. The skills of evaluation 

and reflection required educator support to be enabled, despite expectations in the 

practical manual suggesting students had the ability to apply these skills with some 

autonomy. The skills of organising and managing also required educator intervention and 

occurred less frequently in comparison to other research skills. The skills of analysis and 
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synthesis occurred more frequently in the two-part practicals, possibly due to the 

additional time offered to explore a topic. Guided by the RSD Facets of Research, 

discipline related research skills were identified in the BIO1022 data sources, interpreted 

and then distilled and expressed as subskills. This distilling process enabled the RSD to 

reveal the research skills contextualised within a specific learning context.   

  

The RSD also provided insights into what might support the development of research skills 

in the practical. Contrasting teaching methods observed were interpreted through the 

Levels of Student Autonomy and how the approaches positively or negatively influenced 

students’ ability to work at increased levels of independence. Importantly the RSD 

framework assisted in revealing differences between scaffolded and structured teaching 

approaches and the pivotal importance of teaching methods that incorporate research 

skill terminology to support students’ ability to apply skills with increasing self-reliance in 

the practical.   

  

To conclude, this study investigated the usefulness of the RSD framework as a construct 

through which to identify students’ research skills and their development in BIO1022, a 

first biology practical unit. The RSD demonstrated a suitable model for identifying the 

research skills encompassed in this unit, and a way for educators to nurture that growth, 

thus achieving the aims of this study.  Importantly, the RSD also signals potential as an 

enabling tool to strengthen and underpin library-faculty collaboration and to guide a 

shared response for students’ research skill development. Outcomes presented here 

strongly indicate that the insights generated through the application of RSD framework 

places this enabling tool well to inform research skill agendas in other programs of study 

and contribute to broader research skill initiatives at the institutional level. Finally, given 

the attention placed on skill development in higher education in the current literature and 

the time invested in exploring skill-enabling pedagogical approaches, it is concerning that 

university educators today still lament students’ lack of skills. 
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Appendix B 

Bachelor of Science, Monash University Learning Outcomes   

  

1. Demonstrate broad knowledge and technical skills in at least one area of science, and 

a basic understanding of science disciplines other than those in which [they] major  

2. Develop, apply, integrate and generate scientific knowledge in professional contexts to 

analyse challenges and to develop effective solutions  

3. Demonstrate understanding of the importance of science to the human endeavour  

4. Collect, organise, analyse and interpret data meaningfully, using mathematical and 

statistical tools as appropriate to the discipline of a major(s)  

5. Convey ideas and results effectively to diverse audiences and in a variety of formats  

6. Work and learn both independently and collaboratively to encompass diverse abilities 

and perspectives  

7. Exercise personal, professional and social responsibility as a global citizen (Monash 

University Handbook, 2016)  

  

  



94 
 

 

Appendix C  

Learning outcomes for BIO1022, 2014  

  

On completion of this unit students will be able to:  

1. Understand and comprehend concepts and processes related to molecular 

genetics, genetic engineering and the biochemistry and physiology of organ 

systems, including homeostasis, nervous and muscular-skeletal systems, animal 

reproduction and development and nutrition;  

2. Understand the nature of microbial diversity, in particular how it relates to human 

health and disease;  

3. Demonstrate competency in laboratory procedures and techniques, including 

Gram staining, aseptic techniques, gel electrophoresis, and spectrophotometry;  

4. Demonstrate competency in designing experiments, gathering data and analysing 

and presenting summative data in meaningful and accurate ways;  

5. Communicate scientific principles and information underlying biology-related 

topics in written or oral formats and using appropriate conventions for scientific 

attribution;  

6. Utilise skills in the use of library catalogues and databases to locate published 

information and synthesize such into essays and practical reports  

           (Source:  http://www.monash.edu/pubs/2014handbooks/units/BIO1022.html)  

  

http://www.monash.edu/pubs/2014handbooks/units/BIO1022.html
http://www.monash.edu/pubs/2014handbooks/units/BIO1022.html
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Appendix D 

Learning Aims of BIO1022 Practicals 1-5 (Practical Manual)  

  

Practical 1. Genetics (Regular practical)  

● To understand the operon concept as a mechanism for controlling gene 

expression in bacteria at the level of gene transcription;  

● To gain experience in the measurement of enzyme activity;  

● To gain understanding in the analysis of experimental results;  

● To gain understanding of the effects of mutations on protein function.  

  

Practical 2: Toad dissection (Regular practical)  

● To develop skills in dissecting a vertebrate;  

● To identify anatomical structures and develop an understanding of the 

interrelationships between these structures;  

● To reinforce understanding of the links between structure and function of 

vertebrate organ systems;  

● To develop skills in peer assessment.  

  

Practical 3: Metabolism (Regular practical)  

● To investigate metabolic processes in a living organism by extracting an active 

enzyme and using it to catalyse a specific biochemical reaction;  

● To investigate the relationship between enzyme activity and metabolic function 

during different life stages of a living organism;  

● To use scientific methods to make and test predictions regarding the product of 

an enzyme-catalysed-reaction;  

● To identify maltose as the product of starch hydrolysis by amylase;  

● To interpret results in terms of the metabolic role of amylase during plant 

development;  

● To further develop report writing skills in biology.  

  

Practical 4 & 5: Microbiology 1 & 2 (Inquiry Oriented Learning (IOL))  

● You should understand the biochemical basis of the differential Gram Stain and 

the importance of its role as a first stage identification test for unknown 

microorganisms.  

● You should be able to derive, transfer and row pure cultures of microorganisms 

using aseptic techniques  

● You should be familiar with tests and differential stains used to identify bacterial 

structures including flagella, spores and capsules, and the production of enzymes 

such as haemolysin and catalase.  
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Practical 6: Animal feeding and nutrition (Student Investigation and joint presentations)  

● To become familiar with different forms and sources of the organic material on 

which animals feed.  

● To recognise different classifications of feeding types among animals and the 

main body structures and plans that are associated with each.  

● To examine and report on the diversity of morphological and behavioural 

adaptations for feeding that have evolved among animals.  

● To further develop teamwork and peer learning.  

● To further develop science research and oral communication skills.   
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Appendix E  

Observational Data Sheet Template  

Criteria adopted from Spradley, J.P. (1980) Participant Observation. Holt, Rinehardt and Wilson, New York.  

Date  Time  #Students  #TAs  Ohers  Setting description and physical objects  

  Start  

  

Finish  

        

  

  
Lab Activities  
Students/TA/Others  

  

  

  

  

  

  

 Questions/Comments/Insights/ Follow-up  

Events  
Students/TA/Others  
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Acts  
Students/TA/Others  

 

  

  

  

  

 
Feelings 

Emotions  
felt/expressed  

  

  

  

  

 

  

Language  
Talk/Vocabularies 

   

Other     
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Appendix F  

Subskills identified in the data sources related to the RSD Facets of Research   

  




