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Abstract
As creativity gains prominence as an outcome of formal education, in the United Kingdom, such ambitions have taken place alongside the expansion of Higher Education into a mass educational model of provision. This paper explores whether the often conflicting demands of enhancing creative potential combined with larger class sizes may be managed more effectively; specifically, whether the use of online creativity  diagnostics can facilitate the delivery of a creative thinking module for undergraduate design students. In this study, product design and transport design students (N=32) accessed a web based diagnostic which identified factors related to their creative development. A paired sampled T-Test was conducted to evaluate whether student awareness differed after completing the creativity diagnostics. Mean scores between pre- and post-self assessment differed significantly (t=2.52, df=31, p< 0.05, one-tailed), suggesting diagnostic tools can increase student awareness on general and domain relevant issues which influence creative potential.
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Over recent years, Higher Education (HE) in the United Kingdom has developed towards a mass educational model of provision (Taylor, 2002). Design and Creative Arts, for example, saw a 38% increase in the number of students to one member of staff between 1993/94 and 2003/04 (HESA, 2005). 

Yet, design education, established upon the tradition of an Atelier model of learning (Design Council, Creative & Cultural Skills, 2006), still aspires to values and pedagogies which emphasise the need for one to one tutorials, small group critiques, and significant quantities of individual formative feedback and guidance (Swann, 2002). This is particularly the case with aspects of the curriculum that focus on creative thinking.
The context of mass provision has forced design educators to reflect on the teaching methods and approaches in use, and for some researchers the application of web-based technologies offers the potential to compensate for increased student numbers within a design studio setting (Sagun, Demirkan & Goktepe, 2001). 
Furthermore, disciplines outside of design are also exploring alternative methods for disseminating guidance and feedback. A recent inquiry into post-14 mathematics education highlighted diagnostic tools as one of five key areas for further research (Smith, 2004). Such conclusions, moreover, are supported by findings of increased mathematical competency when curriculum is matched to level of ability as suggested by diagnostic testing. (Milgram, Davidovitz, Livne, Livne, & Lieberman, 2004). This paper considers whether diagnostic tools may offer a similar benefit within design education. 
Diagnostics and Creative Thinking
A diagnostic tool, especial one that aims to explore creative thinking, needs to account for conceptual models established within creativity research. Whilst a diverse number of models are available, major works consider creativity to be influenced by several distinct components. Sternberg and Lubart’s model of creativity (1995) identifies motivation, knowledge, thinking styles, personality, environment, and intelligence as relevant influences. Similarly, Amabile’s componential model of creativity (1983, 1996) considers Task Motivation, Creativity-Relevant Processes (such as thinking styles), and Domain-Relevant Skills as influential.

The number of tools with which to measure each component is equally considerable. This ranges from well-known creativity tests, such as Torrance’s Test for Creative Thinking (Torrance, 1966, 1998), through to consensual assessment techniques, which require several assessors, independently of each other, to rank creative outputs using their own subjective definition of creativity (Amabile, 1982, 1996). 
Given an emphasis within design education for expert judges to form consensual assessments on creative outputs, data gathered by self-evaluation diagnostics offers an alternative perspective on creative potential (Kaufman & Baer 2002). Furthermore, self-evaluation may also be useful in improving self-awareness. Diagnostics offer the potential to raise awareness through enabling individuals to reflect on their own habitual responses (Sadler smith, 2001).
This study was designed to explore whether diagnostic tools could offer an alternative method for disseminating individual feedback. A web based diagnostic tool based upon Amabile’s Componential Model of Creativity (1996) was developed through which a series of questions pertinent to domain-relevant skills, creativity-relevant processes and task motivation were presented. 
Both pre- and post-completion of the diagnostic, students where asked to rate themselves on three areas related to improving their design skills. This paper will report on the first of these areas: the extent to which students were aware of the design skills they needed to develop. The expectation was that design skills self-awareness would be positively influenced after receiving the diagnostic feedback.

Participants
Thirty-two first year undergraduate students took part in this study (Mean age = 19.09, SD = 1.84). Twenty-two were male and ten were female. Participants were enrolled on either a product design (N = 22) or a transport design course (N = 10) at a large university based in the North of England. 

Design and General Procedures
Participants were randomly assigned to one of three groups and given an hour to complete the creativity diagnostic. Before accessing the diagnostic, participants were asked to reflect upon the extent to which they were aware of the design skills they needed to develop. This question was rated online using a 5-point Likert-type scale with response options presented as ‘radio buttons’, and ranged from ‘very clear’ to ‘unclear’. 
Subsequent to receiving diagnostic feedback, using a within-subject design, the question on design skills was repeated. Responses were analysed using a paired sampled T-Test and Wilcoxon Signed-Ranks Test to evaluate the statistical significance between pre and post self-evaluation after receiving diagnostic feedback. 

Instrument
Questions for the creativity diagnostic were based upon Amabile’s ‘Componential Model of Creativity’ (1983, 1996). In adapting this model for design education, the creativity diagnostic used in this study asked a total of one-hundred and five questions related to creative thinking skills, motivation and subject specific skills (thirty-five questions per component).  

Each question was presented one at a time and participants were asked to adjust their response to a question, or statement, by moving a pointer along a scale. At the end of the diagnostic, participants were able to download a customised report dynamically built from their answers.  With the addition of text, feedback was presented graphically (Fig 1) through a grey triangle which changed shape depending on the responses given. A participant’s total score for each component (creative thinking skills, motivation and subject specific skills) was plotted and participants were asked to reflect upon the shape of their triangle in relation to other triangular shapes possible. 

Figure 1: Total scores for each component of creativity are plotted within a triangular illustration. These are then joined together to suggest an individual’s diagnostic profile (see grey triangle).
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To adapt to different profiles, written feedback within the report was worded in a manner to match the participant’s perception of ability. If, for example, the subject specific section suggested a low level of ability in freehand drawing, feedback on how to improve would be focused on basic drawing skills. In contrast, feedback for a high level of ability in freehand drawing would offer information aimed at refinement and mastery.  

Results
The directional hypothesis that student self-awareness on design skills would increase after reading the diagnostic feedback was confirmed. Paired sampled T-Test mean scores between pre- and post-self-assessment differed significantly (t=2.52, df=31, p< 0.05, one-tailed); this was also supported by the Wilcoxon Signed-Ranks Test (t=41.5, n=19, p<0.05, one tailed). Almost half of the participants, 46.9% (15 out of 32), responded with an increased awareness regarding the design skills they needed to develop. Four participants, 12.5%, showed a decrease in awareness after receiving diagnostic feedback, and the remaining participants, 40.6% (13 out of 32), showed no change between pre- and post- self-assessment.

Discussion
The results of this study suggest that design students can benefit from the use of creativity diagnostics, particularly as a means of raising self-awareness regarding skills relevant to one’s creative development. More significantly, this diagnostic process has the potential to occur within a mass higher educational context: in this study, separation of participants into three groups was for technical rather than pedagogic limitations.
The prospect that this type of self-evaluation may lead to improved self-awareness appears worthy of further consideration. As noted earlier, creativity diagnostics may offer the potential to raise awareness through enabling individuals to reflect on their own habitual responses. In this study, whether through the rating of responses to the diagnostic questions; reflection during or after reading the diagnostic report; or the combination of these elements together, an argument can be sustained that this process appeared useful to a sizeable proportion of the participants in this study. 
Conclusion
With the growth of Higher Education over the past decade, increased student numbers and lower student staff ratios have impacted on established pedagogies within design education. For many, small class size is equated with the ability to adapt feedback and guidance to individual needs. This paper proposes that larger class sizes need not exclude adaptive feedback, and presents a mechanism through which online diagnostics software can be used to disseminate individual feedback within a mass higher educational context. The results of this study suggest diagnostic tools can increase student awareness on general and domain relevant issues which influence creative potential.
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