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Abstract

The provision of diversified and expanded research training is regarded as one of the most significant contributions made by the Australian Cooperative Research Centres (CRC) program (Howard Partners, 2003). Yet a systematic evaluation of Australia’s CRC research training programs has not yet been undertaken. This article reports on a pilot questionnaire designed to provide the beginnings of such an evaluation. Participants were science-based research students awarded a PhD within a four-year period commencing in 2000 and who had completed the majority of their PhD project either in a university school or a CRC environment. The qualitative and quantitative data collected enable insights into participants’ perceptions of the graduate attributes they developed prior to and during their PhD studies.  It also investigated their perceptions about the relative importance of particular skills in university and industry settings.  This article argues that understanding the perceptions and employment experiences of recent research graduates is a vital way of ensuring that research higher degree programs are more effectively designed to prepare research graduates for a range of careers within the knowledge economy.  In particular, these results confirm the importance of constant re-evaluation and improvement of all research higher degree training programs and the need for methodologies to be developed to this end. 

Introduction
Research higher degree programs, particularly doctoral degrees, seek to transform students into independent researchers, capable of adapting to a range of employment destinations and taking up leadership positions in academe, industry, and the professions. Yet many commentators argue that traditional PhD programs are too narrow, lacking broad professional development opportunities and producing overly specialised graduates who struggle to adapt to the workplace (e.g., Clark, 1996; Kemp 1999a & 1999b). Feeding this perception are the difficulties that many doctoral graduates experience in articulating the range of knowledge and attributes they have developed when responding to selection criteria for employment (Cryer, 1998).  

Research indicates that the skills fundamentally sought by employers are the ability to formulate and solve problems, to communicate, and to manage and lead projects (e.g., Bath et al., 2004; Clark, 1996; Sekhon, 1989).  Additionally, as employers engage in the knowledge economy, they are seeking graduates who are independent researchers, who understand and can apply a range of international and interdisciplinary perspectives (Barnett, 2000; Notowny et al., 2001; Usher, 2002) and their disciplinary-based research expertise flexibly to other contexts (Borthwick & Wissler, 2003; Cryer, 1998; Pearson & Brew, 2002).  Higher education institutes have attempted to bridge these gaps by formalising the attributes or skill sets that their graduates possess upon graduation.

Significant educational research has been conducted into the identification, mapping, and development of these graduate attributes for undergraduate students (Barrie, 2004; Bath et al., 2004). Developing research students’ graduate attributes is a more recent concern. Many UK and Australian universities now have programs and processes to develop their research students’ graduate attributes, although several of these exist outside of the standard supervision process and do not directly relate to students’ individual research projects (Borthwick & Wissler, 2003; United Kingdom GRAD programme, 2004). Recent research has demonstrated the difficulty of embedding graduate attribute development into research higher degree (RHD) students’ thesis projects (Browne, 1999; Cryer, 1998; Gilbert, et al., 2004; Kiley et al., 2004; Manathunga, 2003; Manathunga et al., 2007; Pearson & Brew, 2002). In addition, graduate attributes may be developed outside of the research education context (Crebert et al., 2004), potentially requiring translation to an academic environment.
To date, few studies have sought to track their research students post-graduation to evaluate how effective and relevant these programs have been in graduates’ subsequent careers. Indeed, the current indicators most frequently used are completion and time-to-completion rates or the results of student satisfaction surveys. A much more detailed, fine-grained analysis is required. In particular, examination of graduates’ employment outcomes is important. Research needs to be undertaken that identifies the sectors in which research graduates gain employment, how their research education prepared or directed them into these areas, and any gaps in their possession of those attributes necessary for successful employment.

Studies in the UK, US, Germany, and Finland have explored these issues. For example, Nerad and Cerny’s (2000) first US study of approximately 6,000 PhD graduates (across 6 discipline areas), 10- to 14-years after graduation, explored employment history, job-search and selection experiences, and conducted an evaluation of the effectiveness of doctoral programs (Nerad & Cerny, 2000; The Center for Innovation and Research in Graduate Education, 2004b). This resulted in the recommendation that there be continuing evaluation of doctoral programs and that greater time, money, and effort is spent on career planning and placement activities for doctoral students to improve graduate outcomes (Nerad & Cerny, 2000).  

In the UK, a similar study followed the long-term employment outcomes of two postgraduate cohorts (UK Office of Science & Technology, 1998). This study found that the majority of graduates had found work and were mostly satisfied with their doctoral experiences. So too, a more recent, smaller study of Education research graduates from 1992, 1997, and 2002 was conducted at the University of London. This study revealed that the majority believed that their PhD studies had been worthwhile and that the qualification resulted in career advancement over time (Leonard et al., 2005). In Germany and Finland, two studies have explored similar issues, with Enders (2002) exploring German doctoral graduates’ employment outcomes and Kivinen et al. (2002) investigating European postgraduate expansion in eight countries.  

Australian research to date has almost exclusively focused on graduates who follow postdoctoral career pathways (Bazeley et al., 1996; Thompson et al., 2001). One exception is Kentish et al.’s (2005) survey of six Australian chemical engineering departments from 1994-2003 that collected data on the employment destinations of 290 research higher degree graduates. This revealed that whilst 65% of PhD graduates moved into research positions, many of these were in the private sector, with a total of 46% of these graduates moving directly into private industry. A study examining the employment outcomes and quality of PhD training of graduates from three- to five-years ago at seven research-intensive universities is in progress and will extend these findings (Western et al., 2004).

CRCs, graduate attributes and outcomes

It could be expected that the Australian Cooperative Research Centre (CRC) research training program and others like it around the globe may have paid greater attention to the development of research students’ graduate attributes because of their close relationship with industry. In particular, CRCs have stated that they aim to produce ‘industry-ready’ research graduates through the provision of research education in an environment of collaboration and cooperation between the academic and industry sectors (Slatyer, 1994). While an evaluation of the CRC program suggested that CRCs’ education and training activities were ‘likely to produce some of a CRC’s most enduring achievements’, a systematic investigation of CRC research graduate outcomes and attributes is yet to be undertaken (Howard Partners, 2003, p. 146). Indeed, the evaluation report argued correctly that there was no established, concrete methodology for measuring the impact of CRCs’ research training.  

More recent studies of the economic impact of the CRC program have done little to address this (Allen Consulting Group, 2005; Insight Economics, 2006). While the Economic Impact Assessment of CRCs conducted by the Allen Consulting Group (2005, p. 30) reported that over 2500 postgraduate research students had been trained by CRCs and suggested there may be a ‘productivity premium’ generated by the fact that postgraduates tend to earn higher wages, they argued that it was not possible to include the impact of the CRC research training program in their economic impact assessment modelling because they could not be ‘quantified with sufficient certainty’. They also made the assumption that CRCs ‘expose students more to the possibility of working with industry and encourage more students … to choose this career path’ relying only on ‘anecdotal evidence’ (Allen Consulting Group, 2005, p. 30). Even more problematically, the recent, DEST-commissioned report by Insight Economics (2006) asserts that ‘the CRC training environment is contributing to the development of industry-focused and industry-ready researchers’ and relies on very brief case study quotes from three CRC research graduates (Insight Economics, 2006, p. 10). There appears to be no explanation of how this qualitative data were collected and analysed. Both reports also assume that CRC research graduates are employed in industry without seeking to verify this.   

Some examination of the CRC education experience of pre-graduation students has, however, been undertaken and provides some fascinating glimpses into the potential of these programs. Harman (2002; 2004), in particular, found that CRC students at two research-intensive universities reported similar levels of satisfaction with their overall PhD experience as did non-CRC students from similar disciplines. CRC students were, however, more likely to be optimistic about their career prospects and more satisfied with their financial support than were non-CRC students. Despite this, similar numbers of CRC students and non-CRC students had thought about dropping out of their PhD programs (Harman, 2004).  

Harman (2002) also examined PhD students’ attitudes towards links with industry and found that around 30% of the CRC and non-CRC related science and technology students perceived that private industry norms were a threat to academic values. However, over 80% of CRC and non-CRC related students reported that student’s career prospects can be enhanced through industry links. Interestingly, this study also revealed that 62% of CRC related and 52% of non-CRC related PhD students agreed with the statement “I like the idea of doing research in industry/Govt department” in relation to their career prospects (Harman, 2002). Yet, fewer than 55% of CRC and non-CRC related students reported an intention of following a research career (of any kind) after graduation (Harman, 2002).  

Internationally, Cabral-Cardoso (2001) found that Portuguese PhD students and graduates perceived research conducted in industry to undermine their positions as researchers and to be taken less seriously than that undertaken in academe. Participants reported that, when considering an organisation for employment, its commitment to scientific excellence was an important factor. In this way, Cabral-Cardoso (2001) posits that an individual’s ideal job characteristics and their expectations and preferences for their career will influence whether they select into an industry or academic environment.

This article extends these findings to examine the graduate attributes and outcomes of individuals who have completed their research training. In particular, it seeks to evaluate whether CRCs are producing ‘industry-ready’ graduates and to understand more about the employment destinations of research graduates. Evaluation studies examining the educational outcomes of US CRCs (e.g., O’Gray, 2000; Scott & Schaad, 1990) provided methodological guidance and influenced the implementation of a questionnaire methodology to investigate the outcomes of CRC education and training programs. Specifically, this article provides an indication of graduates’ perceptions of their development of various graduate attributes prior to and during their PhD studies, the relevance of these skills for industry and academia, the sectors in which they are currently employed and the areas in which they believed more training would have been beneficial in their current employment.

Method

Participants

Five CRCs (including concluded and current centres) from the Manufacturing Technology, Agriculture and Rural Based Manufacturing, and Environment categories of the CRC program participated in the current pilot study. The names of their PhD graduates awarded between 2000-2003 were used to determine the schools within which these graduates were enrolled at a research-intensive Australian university. The resulting five science-based schools had produced 538 PhD graduates during the timeframe, including those involved with CRCs (CRC group) and those without this association (School group).
Approximately 90% of these individuals were contactable and 115 participated in the pilot study. Of these, 21% indicated that their research education had predominantly occurred in a research centre other than a School or CRC and so were excluded from the analyses reported below. The remaining 91 participants (School = 63%, CRC = 17%) represented disproportionate response rates, with a greater proportion of contacted CRC than School graduates participating.
Demographically, there was an approximate 60:40 male:female ratio, with School participants predominantly in the 25-34 age range compared to CRC participants who were in the 35-44 age range. Throughout their PhD candidature, participants had predominantly been enrolled as domestic, full-time, on-campus students with a prior highest qualification of Honours 1. The second most commonly reported prior highest qualification was the Masters by research (School group) and Honours 2A (CRC group).  

The research education questionnaire

The Research Education Questionnaire (REQ) piloted here examines graduates’ research education experiences, their perceived attainment of their enrolling universities’ stated graduate attributes, and their personal outcomes since graduating. Questions targeting these areas were developed and supplemented with, or influenced by, pre-existing questionnaire instruments and documents from The University of Queensland, Griffith University, Flinders University, and The Department of Education Science and Training. The resulting REQ was provided to the five participating CRCs for comment and contains 54 broad questions and gathers both qualitative and quantitative information via open-ended questions, Likert scales, and forced-choice response options.

Results

Graduate attribute development
Participants reported that prior to commencing their PhD they already possessed many of the graduate attributes listed by their enrolling university as desirable outcomes for research higher degree students (see Figure 1). Through qualitative responses, they indicated that these skills had been developed via school and university education, public speaking and debating, life and work experience, family training and roles, natural ability, sport, student social groups, self-reflection, and for 11% of School and 21% of CRC participants through prior industry experience. Interestingly, greater proportions of School graduates reported prior possession of each attribute than did CRC graduates and is particularly marked in the areas of effective communication (School = 57%, CRC = 47%) and critical judgement and analytical skills (School = 46%, CRC = 32%).

Figure 1
Proportion of participants reporting the presence of graduate attributes prior to PhD
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Participants also reported that they had developed various graduate attributes during the PhD process. Figure 2, however, highlights that attribute development was not universal across the enrolling university’s predefined graduate attributes, with greater proportions of graduates reporting development in areas including in-depth knowledge of the field of study, critical judgement and analytical skills, and understanding of intellectual property issues. Of further interest is the differential reporting of graduate attribute development across the two groups. Specifically, a greater percentage of CRC than School graduates reported that they had developed their leadership skills (School = 33%, CRC = 42%), understanding of intellectual property issues (School = 54%, CRC = 63%), and ethical and social understanding (School = 29%, CRC = 37%) during their PhD.

Figure 2

Reported development of graduate attributes during PhD
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The development of the various graduate attributes during the PhD process was reported qualitatively by participants to have resulted from experiences incorporated in the research education process, such as supervision, research group interaction and feedback, conference attendance and presentations, workshops and courses, tutoring and lecturing, ‘observations of attitudes of peers and senior academics’ (School graduates, REQ 2005), and research work including writing for publication. Experiences more extraneously linked to the PhD process were also reported and include independence, peer interaction, family roles, work experience, self-learning, networking, trial and error, and ‘working with people from various cultural backgrounds’ (School graduates, REQ 2005).

CRC graduates additionally indicated that CRC courses had assisted them to develop their graduate attributes during their studies (63% of CRC graduates had attended professional development programs as opposed to 40% of School graduates) and that ‘organising student social events’ and ‘training’ had been helpful (CRC graduates, REQ 2005). Two graduates from each group explicitly referred to industrial experience during their PhD while other CRC graduates mentioned work experience more generally as useful in their development of graduate attributes. Levels of direct industry experience or collaboration were variable, with some CRC graduates reporting that their connection with industry was largely as a data collection or fieldwork site. A greater proportion of CRC graduates did, however, report that they had attended industry/business meetings than did School graduates (47% and 35% respectively) and that they had more opportunities than School graduates did to report their findings to industry/business during their PhDs (68% and 47% respectively).

Relevance for industry and academia

The perceived importance of each graduate attribute in relation to work within either academia or industry was assessed for both School (Figure 3) and CRC (Figure 4) graduates. Comparison of the predominant responses across the two groups indicates that the graduate attributes perceived by graduates to be most important for work in academia were in-depth knowledge of the field of study, effective communication, independence and creativity, and critical judgement and analytical skills. By contrast, teamwork, an understanding of intellectual property issues, commercialisation, and leadership were perceived to be the most important skills for work within industry. Whilst low levels of participants in each group reported ethical and social understanding to be important in academia (School = 21%, CRC = 16%) it was interesting to note that CRC graduates afforded this attribute greater importance within industry settings (32%) than did School graduates (18%).
Figure 3

School participants’ perception of the importance of graduate attributes for industry and academia
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Figure 4

CRC participants’ perception of the importance of graduate attributes for industry and academia
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Graduate employment outcomes

Surprisingly, less than one third of CRC graduates agreed that ‘links with industry during my PhD candidature significantly improved my career options’. Of additional concern for all involved with higher degree research education is that only 75% of School graduates and 58% of CRC graduates agreed that the ‘skills developed during my PhD candidature prepared me for employment after graduation’. Despite the greater proportion of School than CRC graduates reporting that the PhD had prepared them for employment, only 5% of CRC graduates indicated that they had required further formal training or study since completing their PhD, compared to 22% of School graduates. This suggests that composite measures of employability may be required.
The types of additional skills identified qualitatively by School graduates as being required for employment were writing (papers, reports etc.), IT, teaching, leadership, public speaking, management and supervision of staff, time management, goal setting, commercialisation and intellectual property, business acumen, budgeting, and communication to a variety of audiences. Greater industry experience was recommnended by only one School graduate. Additional areas mentioned by CRC graduates were project management and networking skills.

The broad sectors in which participants are currently employed was also reported, so as to determine if graduates’ preparation for employment and the types of additional skills they required was influenced by any differential employment patterns between School and CRC graduates. Initial results indicate that differential employment patterns do exist for these two groups of graduates. Specifically, the majority of CRC graduates were employed in research-only positions within universities (35%), followed by public-sector research positions and private sector non-research positions (24% each), with only 6% employed in private sector research positions. School graduates, conversely, were predominantly employed in university teaching and research (28%) and research (27%) positions, followed by public sector research positions (18%).     

Discussion and Conclusions

This pilot study highlights the diverse sectors that research higher degree graduates gain employment in following a PhD and emphasises the corresponding diversity of skills required for these positions. It demonstrates recent graduates’ perceptions that their awarding institutions’ stated graduate attributes are of varying importance for work within the academic and industrial fields. Importantly, it also highlights that PhD graduates report possession of a number of these attributes prior to undertaking the PhD, with implications for the ways in which RHD programs recognise, capitalise on, and develop these pre-existing abilities.

The qualitative statements provided by participants illuminate that graduate attributes (or aspects thereof) can develop from a variety of experiences, not all of which are an inherent component of a RHD (Crebert, Bates, Bell, Patrick, & Cragnolini, 2004). This suggests that assistance for graduates to translate the skills learnt across diverse experiences into those required by employers would be a valuable inclusion within RHD programs.  It indicates that, while existing workshops and other approaches may be helpful (Borthwick & Wissler, 2003; Pearson & Brew, 2002), a more tailored process for each research student would also be valuable.  One such approach, the Research Student Virtual Portfolio (RSVP), has been developed to provide students with a systematic way of enhancing and reflecting upon their graduate attribute development throughout their PhD studies.  In particular, RSVP seeks to build upon the skills and understandings research students have developed prior to their PhD studies, which this study confirms (Manathunga et al., 2007).  

The relatively low levels of graduates (particularly from CRCs) who felt that their PhD had prepared them for post-graduation employment is surprising and of considerable concern. This is especially true when considering the list of additional skills participants reported as necessary for the workforce. Further investigation is required to determine if this is related to the large proportion of CRC graduates returning to research only positions in academe, rather than industry, or if it is indicative of a greater discrepancy between the needs of the current workforce within the knowledge economy and the types of attributes being focussed upon within RHD programs.

Evident throughout these discussions is the necessity for extensive research to be undertaken to track research graduates’ employment destinations and career pathways. Through this process, CRCs and universities will be able to more effectively produce employment-ready research graduates capable of becoming leaders within the current knowledge economy. Very little of this research has occurred thus far within Australia (Enders, 2002; Kentish et al., 2005; Kivinen et al., 2002; Leonard et al., 2005; Nerad & Cerny, 2000; The Centre for Innovation & Research in Graduate Education; 2004a-c).  This study, therefore, provides  vital graduate outcome data. For example, this study concurs with the results reported by Kentish et al. (2005) that the majority of graduates moved into research (including research and teaching) positions, only 22% of School and 30% of CRC graduates reported employment in the private sector and were predominantly in non-research positions. Moreover, these results directly question the assertions of The Allen Consulting Group report (2005, p. 30) that CRCs ‘expose students more to the possibility of working with industry and encourage more students … to choose this career path’.
Areas for future study include longitudinal examination of participants’ perceived prior possession of various graduate attributes and their subsequent self-selection into various research environments (i.e., schools, CRCs, or other research centres) and the impact that these environments have on later employment pathways. Of further benefit would be an examination of how academia and industry view the graduate attributes examined here and the extent to which they agree with graduates’ perception of the importance of each for their field. It will also be important to understand more about the role played by supervision, professional development programs and industry collaboration in enhancing students’ preparation for a variety of workforce environments and sectors.

The pilot study has, however, confirmed that, while there is some evidence that CRC graduates perceived their graduate attribute development to be effective for their future employment, research training programs in CRCs and in universities need further modification if they are to produce employment-ready graduates.  In particular, it highlights the wealth of insight and information that graduate surveys can provide to help shape the future design of RHD programs. 
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