Towards student autonomy in literature and field research

Various studies have shown the advantages of undergraduate students participating in research, including improved performance, motivation to complete studies and progression rates to Higher Degrees by Research. A contemporary focus is on how these advantages may be realised for all undergraduate students within the curriculum.  A small number of studies have measured tangible improvements based on objective data, showing the benefits of explicit research skill development in the curriculum on laboratory research skill and on exam grades. This retrospective correlational study involving 5 consecutive cohorts in First Year Human Biology courses found a surprising increase in correlation over the 5 year period between the skill measures of the final prescribed literature research task in the First Semester, and of the open-ended field-based research in Second Semester. One major implication is that the explicit development of student literature research skills may facilitate the development of some of the skills required for complex, open-ended field research.

Research skill development, literature research, field research, curriculum design, assessment, correlation analysis
Research is a doorway, opening onto a whole new outlook on the world. Numerous calls have been made, from The Boyer Commission (1998) onwards, for undergraduate students to enter into the potential benefits of conducting research, where they may experience the behaviors, attitudes and practices of research and unlock their potential as possible researchers in their chosen discipline (Lopatto, 2004; Gonzalez-Espada & Zaras, 2006) and as scientifically aware citizens (Goodman & Rennie, 2007). In addition, undergraduate students engaged in research have reported higher motivation to study than other students (Hathaway et al, 2002; Bauer & Bennett, 2003) and higher self-appraisals of generic skills (Ishiyama, 2002; Kardash, 2002). 
The contemporary issue of enabling research experiences for all students in regular curricula, rather than primarily for students with high grade-point average in mentored research models interested academics involved in 2 consecutive First Year Human Biology courses. From 2003 these courses were redesigned so as to explicitly develop and assess research skills through multiple prescribed literature research tasks and an open-ended field research task. Previous studies of the development of the skills associated with research have provided little basis for sound evaluation strategies (Seymour et al, 2004). This study presents 5 years of data based on quantitative measures of research skill to determine the relationship between literature research skills and field research skills, a relationship that is fundamental especially to biological and geological sciences.

Intervention in the Human Biology curriculum took place across several years.  In 2003 we sought to make the development of research skill more explicit to students by devising and utilizing the following tasks (all available from the RSD website1): a diagnostic of Literature Research Skills, Lit RSD-Diagnostic; an assessment based around appropriate referencing of the literature, Lit RSD-Referencing; and an open-ended field-research task, RSD-Population Analysis.

In 2005, to make the process even more explicit, we adopted the use of the Research Skill Development (RSD) Framework (Willison & O’Regan, 2006; 2007), a conceptual model that locates research skills on a continuum of student autonomy. In closed inquiries indicated by the lower levels of the RSD, students require a high degree of structure and guidance, typically respond to a predetermined set of questions and procedures, and often are expected to find predetermined answers (Hackling & Fairbrother, 1996). In open inquiries students demonstrate an ability to operate with a high degree of autonomy (Jones et al, 1992), indicated by higher levels on the RSD. At this ‘open’ end, research involves students: developing hypotheses, research questions or aims; determining data/information sampling techniques and evaluating the resulting data; organizing the data into tables, graphs and prose; analyzing this data; identifying trends; synthesizing the literature; and communicating research processes and findings. The RSD was used to structure marking rubrics for the Lit RSD-Diagnostic up to Level 2 - Closed Inquiry with some structure and guidance - and the RSD-Population Analysis (see Table 2) up to Level 4 (Open Inquiry) within structured guidelines). We also developed a literature summarizing task, Lit RSD-Summary, assessed up to Level 3 (Closed Inquiry, engaged in independently) which was provided early in the year.  

The agenda of making research skill development more explicit was expanded in 2006 by generating RSD-based marking criteria for the existing prescribed literature research task, Lit RSD-Referencing (see Table 1), up to Level 3, and in 2007 by modifying the marking criteria of 2 standard laboratories according to the RSD up to Level 2.
The use of one framework in common across literature research, field-based research and laboratory research meant that these assessment tasks had potential to become formative tools for the development of students’ research skills. 

In 2008 we performed a retrospective correlative analysis on student results from previous years.  This analysis set out to determine the degree of relationship between students’ marks in the prescribed literature research tasks, the open ended-field research task and the end of year exam. The two research questions were:
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Table 1: Lit RSD-Referencing: Marking Criteria

Student Name: __________________________________
Student ID: ____________________
	Facet of Inquiry
	Student Autonomy Level 1

Students research at the level of  a closed enquiry and require a high degree of structure/ guidance
	Student Autonomy Level 2

Students research at the level of  a closed enquiry and require a some structure and guidance
	Student Autonomy Level 3

Students research independently at the level of a closed enquiry 

	A. Students embark on inquiry and so determine a need for knowledge
	· Uses the general topic provided to initiate a basic search for data/information
	· Refines the general topic provided and undertakes a more targeted basic search 
	· Refines the general topic provided and undertakes an in depth search on selected key aspects 

	B. Students find/generate needed information/data using appropriate methodology
	· Search strategy is limited to a single approach (e.g. internet only) for finding information sources 

· Text generated is partially relevant to the topic and is drawn from one or two general sources
	· Search strategy uses several different approaches (e.g. catalogues and databases) for finding information sources 

· Text generated is relevant to the topic, and is based on several sources of variable reliability 
	· Search strategy includes multiple approaches for finding quality information sources (e.g. scientific catalogues, library, databases, search engines)

· Text generated is relevant and draws on a range of reliable sources 

	C. Students critically evaluate information/data and the process to find/generate this information/data
	· Identifies indicators of source credibility and reliability but does not fully apply them in evaluating data or process

· Supporting evidence in search strategy only partially supplied and/or inappropriate

Missing: _______________________ 
	· Identifies several relevant indicators of source credibility and reliability and provides appropriate rationale for usage/ inclusion of information

· Supporting evidence in search strategy supplied but some details inaccurate

Problems with: __________________
	· Identifies a wide range of indicators of source credibility and reliability and fully applies these in selection of data for inclusion 

· Supporting evidence in search strategy is extensive and appropriate

	D. Students organise information collected or generated
	· Report structure has a beginning, middle and end

· No explicit statement of aim, although an implicit, general indication of aim can be ascertained from content


	· Ideas/data are linked within sections/paragraphs of the report, but there no clear linkage between sections

 Poor linkage of: ________________

· Aim present, but not clearly stated or entirely appropriate to content presented
	· All sections of report linked with coherent flow both within and between sections

· Aim of report clearly stated and appropriate to content

	E. Students synthesise, analyse and apply new knowledge
	· Report largely restates data from main sources used, with minimal integration across sources

· Broadly based and superficial coverage, with little specific detail about key themes
	· Report presents integrated ideas/ data but overall theme closely resembles that of original sources  

· Broadly based, but detailed information provided for at least one key theme
	· Report incorporates paraphrasing of data/ideas and presents “new” interpretations/ context from that of original source(s) 

· Focused and in depth coverage of key themes 

	F. Students communicate  knowledge and the process used to generate it with an awareness of ethical, social and cultural issues
	· Title is present

Harvard referencing style attempted but

· Partial and/or incorrect acknowledgement of sources within text of report
· Partial/incorrect reference list provided
	· Title relates to the key ideas within the report, but requires some refinement

· Full acknowledgement of all sources within text of report

· Reference list contains all sources cited, but minor errors in Harvard citation style
	· Title clearly and succinctly reflects contents of the report

· Full and correct acknowledgement of all sources within notes and report, with differentiation between quotation and paraphrase

· Reference list contains all sources cited and follows Harvard referencing conventions



Table 2: RSD-Population Analysis: Marking Criteria

Student Name: ………………………………………………………………………………   Student ID: …………………………………………


Marker: ………………………………………………


( Level of Student Autonomy (
	

	Level 1

Students research at the level of  a closed inquiry and require a high degree of structure/guidance
	Level 2

Students research at the level of  a closed inquiry and require  some structure/guidance
	Level 3

Students research independently at the level of a closed enquiry
	Level 4
Students research at the level of an open inquiry, within structured guidelines

	A. Students embark on inquiry and so determine a need for knowledge/ 
	· Aims/hypothesis not made explicit
	· Aims/hypothesis not clearly stated or inappropriate
	· Aims/hypothesis clear, but adheres closely to guidelines 
	· Aims/hypothesis clear, focussed and innovative

	B. Students find/generate needed information/data 
	· Source of data is cited

        (cemetery name/location, ABS, etc)
	· Data sampling protocols are adequate
	· Data gathered are appropriate to aims/hypothesis
	· Data from a variety of sources or rigorous data collection

	C. Students critically evaluate information/data 
	· Self-evaluation of project 

        (completed the ‘Report Checklist’)
	· Limitations or biases of the study are stated
	· Limitations and biases of the study are stated


	· Evaluation of the whole study design is rigorous

	D. Students organise information collected/ generated


	· Data gathered but not presented in a report writing structure
Missing______________________
	· Data are incorporated into a report writing structure but there is no clear linkage between sections. Poor linkage of ________________________
	· Report writing conventions are generally followed with coherent flow

Areas for improvement: ____________________________
	· Report writing conventions are followed completely

	E. Students synthesise, analyse and apply new knowledge
	· Limited synthesis of data with literature

· Results restated with minor analysis

___________________________

____________________________
	· Data compared or contrasted with literature

· Data analysis, but inappropriate on occasions

____________________________

____________________________
	· Data compared and contrasted with literature

· Data analysis is appropriate

_______________________

_______________________
	· Synthesis of data with other studies is rigorous

· Data analysis is comprehensive

	F. Students communicate knowledge and the processes used to generate it, with an awareness of ethical,  social  and cultural issues
	· Title is present
· Sources are used, but Harvard referencing style is not applied
____________________________

____________________________
	· Title portrays a general sense of the study content

· Sources are used and sometimes Harvard referencing style is applied

____________________________

____________________________
	· Title succinctly portrays the full dimensions of the study

· A variety of sources is used and Harvard referencing style is usually applied


	· Title succinctly portrays a study from an “original” perspective

· A variety of source types is used and Harvard referencing style is applied consistently


What is the correlation of:

i) Lit RSD-Referencing and RSD-Population Analysis for the years 2003 to 2007? (i.e. What was the correlation between the marks given to the final directed literature research skills assessment in Semester 1 and the marks for the open-ended field research skills assessment in Semester 2? See Table 3)

ii) Each consecutive RSD task and Sem 2 Exam mark in 2007? (i.e. What was the correlation over the timeframe of a single academic year between each RSD task and the next RSD tasks, as well as with the final exam mark, all reported in Table 4.)

After it was confirmed that data were normally distributed, Pearsons’ Product moment (r) was used to determine the correlations below. 
Table 3: Correlation between marks for Lit RSD Referencing and RSD Population Analysis, 2003-2007. 

	
	2003

	2004

	2005

	2006


	2007



	Lit RSD-Referencing vs RSD-Population Analysis
	0.20
(n= 104)
Power=0.77 p < 0.1
	0.40
(n=117)
Power=0.99 p< 0.01
	0.48
(n=79)
Power>0.98
p<0.01
	0.55
(n=97) power>0.99
p<0.01
	0.57
(n=95)

power>0.99
p<0.01


Table 4: Correlations between marks given to three literature research tasks, the field research task and the end of year exam, all in 2007.

	Lit RSD-Diagnostic vs Lit RSD-Summary
	Lit RSD-Summary vs Lit RSD-Referencing
	Lit RSD-Summary vs RSD-Population Analysis
	Lit RSD-Referencing vs RSD-Population Analysis
	Lit RSD-Referencing vs Exam Sem 2
	RSD-Population Analysis vs Exam Sem 2

	0.01
(n=138)
	0.30
(n=121)
Power = 0.95 p=0.05 
	0.38
(n=95)
Power = 0.96 p=0.05
	0.57
(n=95)

Power >0.995 p<0.01
	0.36 
(n=94)
	0.39 
(n=94)


In the arena of student learning, measures of low correlation are commonly regarded to be in the order of r = 0.10 to 0.30, medium correlation r = 0.30 to 0.50, and high correlation above r = 0.50 (Cohen, 1988). Correlations of = 0.60 and above are relatively rare except for measures that show a positive manifold (Van der Maas et al, 1996; Onwuegbuzie & Daniel, 2003) evident, for example, where the same characteristic is being measured by two different, but similar tests, such as the high correlation for individual’s scores in different IQ tests.
The across-the-years trend, evident in Table 3, for the correlation between Lit RSD-Referencing and the RSD-Population Analysis shows a year by year increase: low correlation in 2003 (r= 0.20), medium correlation in 2004 (r= 0.4), borderline-high correlation in 2005 (r= 0.48) and high correlation in 2006 and 2007 (r= 0.55 & 0.57). Over the same period the process of research skill development was made increasingly explicit through the increased proportion of assessments with marking criteria informed by the RSD. 

Likewise, over the timeframe of 2007, the correlation shown in Table 4 between subsequent RSD tasks increased from no correlation (r= 0.01) for the first two RSD tasks, to medium correlation (r= 0.30) for the second and third Lit RSD tasks, to high correlation (r= 0.57) for the final two RSD tasks, despite the fact that the first correlation pertained to the two most similar RSD tasks and the last correlation was that for the two most different consecutive RSD tasks, a closed literature research task (Lit RSD-Referencing) and the open-ended field research task (RSD-Population Analysis). The highest correlation of an RSD task with the Exam Sem 2 was only medium (r=0.39).

There are at least three likely explanations of both the trend of increasing correlation of Lit RSD-Referencing and the RSD-Population Analysis from 2003 to 2007, and the trend of increasing correlation over time between RSD tasks in 2007. The first explanation is that this could be an example of a positive manifold, where the assessments have been increasingly successful at measuring some underlying factor that already existed, such as IQ, but was poorly detected in the earlier years of the study. However, the correlation between the RSD-Diagnostic and Lit RSD-Summary in 2007 was zero. If the 2003 to 2007 trend was capturing more successfully some existing underlying characteristic of students, then the correlation for these first two RSD tasks in 2007 would be close to that reported for Lit RSD-Referencing and the RSD-Population Analysis. This is not the case, and therefore the changes in correlation across 2003 to 2007 are most likely due to changes in student learning over time, rather than better measurement of some existing trait. 

The second explanation is that skills in common underlie literature research and field research, and if these underlying skills improve, they cause both the literature research skills and the field research skills to improve. The correlation of marks of consecutive RSD tasks increases across 2007, suggesting that improvement in these underlying research-relevant skills are in part mediated through the Lit RSD tasks of semester 1. 

The third explanation is that literature research skills were transferable to or relevant to the field research context, and that these skills, once developed, allowed the students to perform better during the RSD-Population Analysis task. This would indicate that development of literature research skills in prescribed tasks directly effected field research skills that required a high degree of autonomy, causing, to some extent, the positive correlation.

Whilst the data does suggest changes in skills, as opposed to better measurement of existing skills, it is difficult to determine whether there was development in underlying skills that are common to guided literature research and more open-ended field research, or development in literature skills that were subsequently causal of field research skill. However, this distinction is not important, because either way, the prescribed literature research tasks enabled some students to develop skills appropriate to field research which required of them a high degree of autonomy. At the same time, students who had more weakly developed literature research skills in Lit RSD-Referencing tended to be assessed as having weakly developed skills in the semester 2 field research.

What may be very important is that the increasingly explicit development of literature research skills seems to have influenced some students to develop skills that were ultimately useful in field research. Increases in explicitness were accomplished in 2004 by enhancing the clarity of the research assessments and marking criteria compared to 2003, and by using the RSD to inform three assessment tasks in 2005, an extra one in 2006 and laboratory research tasks in 2007.

This positive influence of explicit research skill development is also corroborated by the trend of increasing correlation evident in the across-2007 data. The most similar assessments, Lit RSD-Diagnostic and Lit RSD-Summary, have a zero correlation, while Lit RSD-Summary and Lit RSD-Referencing have a medium correlation and Lit RSD-Referencing and RSD-Population Analysis, most dissimilar in nature, have a high correlation. The correlation between consecutive RSD tasks increases over the timeframe of a year, suggesting active and incremental development of skills during this timeframe. This result does not mean that explicitly teaching research skills is always causal of this connection between literature research skills and field research skill, as variables such as cohort characteristics and lecturer style can vary widely. The 2003-2007 results do mean that the explicit development of student research skills can cause an enhanced connection between literature research skills and field research skills when other factors are conducive to this. 

The implications of these results are profound for these 2 consecutive Human Biology courses, and possibly more broadly if they are replicable elsewhere. It suggests that some of the skills required in complex, open-ended field-research environments were developed through guided and well-structured literature research tasks. This is in keeping with studies of the benefits of structured research tasks (Chaplin, 2003) and literature research tasks (Hoskins et al, 2003) on student research skills. This means that some students were more equipped in advance to make the most of their field experiences, with less frustration and bewilderment, and more purpose and direction. However, this raises the issue of students who do not perform well by the time of Lit RSD Referencing, as they seem to be at risk of continuing to be less successful. This is actually a potential strength of the whole approach, as students who will struggle with the open-ended inquiry may generally be recognized by the end of semester 1. Interventions to minimize frustration and maximize success may focus on them, for example by assigning them to work with peer-mentors who have performed well, offering extra time for help with their research design, and so on, allowing the targeting of resources. 

To determine the generalisability of this study, double-blind randomized controlled trials, which take into account ethical considerations in the initial design stage, need to be conducted, as do further retrospective correlation studies of RSD-based curricula in various contexts. The result also raises questions about the relationship between literature research skills and laboratory research skills or clinical research skills, and research into these relationships needs to be conducted. Relationships between research skills and exam performance need to be pursued as well, with one study (Luckie et al, 2004) finding that a First Year course with enhanced laboratory research skills significantly increased exam performance when compared to the same course with regular laboratories. 

If research is like a doorway that opens onto a whole new outlook on world, then literature research may be the ‘lintel’ of the doorway, the top part that enables a hole or gap to be a well-framed structure through which students enter to conduct research in science in an academically acceptable way. This study provokes speculation that for a significant proportion of undergraduate students, it may often take the explicit and incremental development of research skills in the curriculum to make realizable the relationship between the skills associated with structured literature research and open-ended field research. 
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Endnotes
1  See website (http://www.adelaide.edu.au/clpd/rsd) for details of the Laboratory-RSD assessment tasks.
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COMMENTS: 

This is an interesting and well-constructed paper, with a very high degree of relevance.  

I would like to see a little more explanation of some of the terminology, to improve the readability for a wider audience.  For example, perhaps more explanation of the terms closed & open inquiry, and a clearer explanation of some of the statistical terms (eg. positive manifold - even the statisticians I consulted weren't familiar with this term).

Changes in text are below


In closed inquiries indicated by the lower levels of the RSD, students require a high degree of structure and guidance, and typically respond to a predetermined set of questions and procedures, and often are expected to find predetermined answers (Hackling & Fairbrother, 1996). In open inquiries students demonstrate an ability to operate with a high degree of autonomy (Jones et al, 1992), indicated by higher levels on the RSD. At this ‘open’ end, research involves students: developing hypotheses, research questions or aims; determining data/information sampling techniques and evaluating the resulting data; organizing the data into tables, graphs and prose; analyzing this data; identifying trends; synthesizing the literature; and communicating research processes and findings.
Correlations of = 0.60 and above are relatively rare except for measures that show a positive manifold (Van der Maas et al, 1996; Onwuegbuzie & Daniel, 2003) evident, for example, where the same characteristic is being measured by two different, but similar tests, such as the high correlation for individual’s scores in different IQ tests.
Facet of Inquiry














