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Abstract

Creativity may require specific training to develop within design students; at the very least, training is valuable in developing creativity in early design students. Creativity is a skill which can be examined, used, and taught and one which is central to design. This paper presents the results of empirical research from a class for design students in creative problem solving. The nature of creativity and the structure of the class will be described, followed by an outline of the research methodology and the use of the verbal Torrance Test of Creative Thinking. Creativity, as measured through the test, significantly increased. 
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Introduction

Creativity, how we generate new ideas, is a critical skill in any field, and particularly so in the design fields. It is a skill that can be employed on small tasks or large projects, but one which must be nurtured, developed, and practiced. To learn a skill, emphasis should be on active learning and extensive practice; the same is true of creativity.  

Creativity, and its progeny, innovation, are widely viewed as economic panaceas for countries, companies, and organizations. Now post-industrial and post-information age, the knowledge worker is being empowered to invent and change, collaborate and create. We know that generating new ideas is a critical skill in any field. Our educational system, however, has highly developed abilities to de-skill; facts yes, creativity never. 

There are numbers of techniques for improving creativity. There are many pragmatic and incidental "creative" techniques that are part of the larger field; however, creativity as a human trait cannot be summarized into a quick trick, method, or process. Creativity is a complex skill comparable to research or writing; while there are intermediate activities, development of one's skills is a long term endeavor and requires specific attention.

Creativity is a dangerous thing; it's messy; it's an irritation; it's mostly uncontrollable; and it doesn't abide by the rules. When properly done, creativity is coloring far outside the lines; it's coloring off the paper, off the charts, and all over the place. Within education, creativity is seldom taught or cherished. Ironically, even design education is not always a source for the development of creativity. We expect, wrongly, that designers become more creative as they progress in their learning. 

Within the creative fields, the topic of creativity is revered, but infrequently taught outside of the traditional studio classroom. It is apparently assumed by design educators that work in the studio will develop the learner's creativity. Thinking skills are often not directly taught as are pragmatic and procedural topics. In contrast, however, are other aspects of a university education with commonly offered courses in writing, drawing, computer use, or research methods. 

This study begins with an examination of definitions of creativity, differentiating creativity from "innovation" and "intelligence". The main aspect of creativity, i.e., the ability to rapidly develop divergent and applicable ideas, is central to the use of the Torrance Test of Creative Thinking, a widely used standardized exam. The demographics of study participants, methods of creative instruction, and a pilot test are discussed prior to an examination of results. Implications include a  recognition of the value of specific instruction in creativity in the design curriculum. 

Creativity, innovation, and intelligence
Creativity can be and has been described and defined in many ways. In general, creativity is a cognitive and generative ability. "Creativity is the generation of new ideas ‒ either new ways of looking at existing problems, or of seeing new opportunities…" (Cox, 2005, 8).  "The creative process… refers to the sequence of thoughts and actions that leads to novel, adaptive productions" (Lubart, 2001).
Creativity can be evident in the recognized genius, such as Beethoven or Einstein, but it is also evident in most people, and that is the focus of this study.  Most academic research in the field can be traced to Guilford's presidential address to the American Psychological Association in 1950, which raised the question of why [then] current educational practices did not produce more creative persons (Fasko, 2001). Research on individuals through measuring specific aspects of creativity has been a concentration of most creativity research since that time, although there are a range of other research methods to investigate creativity. These include biographical research on "eminent creators" and biological measurements involving brain glucose levels. (Plucker & Renzulli, 1999)

Creativity is important in many fields. "Creativity is a topic of wide scope that is important at both the individual and societal levels for a wide range of task domains" (Sternberg & Lubart,1999, 3). Recent popular books such as The World Is Flat (Friedman, 2005) and The Rise of the Creative Class (Florida, 2004) both illustrate the broad value of creativity. Corporations and governments on a variety of levels frequently look to support and encourage the development of creativity, particularly as tied to innovation, as a means to maintain or improve economic status. For example, in Denmark, Lego concentrates its efforts on the development of new and highly innovative toys as a means to retain national economic health (Nielson, 2004). The United Kingdom, as exemplified by the Cox Report (2005), and the government of the People's Republic of China, actively support the development of creativity (see for example, Tischler, L, 2006). Most recently, The Economist equated the global search for talent, with the search for one aspect, creativity: "[Talent] used to mean innate ability, but in modern business it has become a synonym for brainpower (both natural and trained) and especially the ability to think creatively." (October 7, 2006, 11).

Innovation, which is similar to creativity, deals with the novel or new, but is more concerned with the adoption and acceptance of new or different ideas. Cox (2005) holds that "‘Innovation’ is the successful exploitation of new ideas. It is the process that carries them through to new products, new services, new ways of running the business or even new ways of doing business" (8). Innovation is concerned with societal change or acceptance (Rodgers, 1991), whereas creativity can be described as the individual sparks that precede innovation. 

Creativity is also distinct from intelligence, to which it is often compared. Intelligence, raw cognitive ability, is the ability to remember and know, the ability to recall and use ideas from learning and experience. While there is some connection between remembering information and new ideas, they are independent aspects of cognition (Runco, 1995).

Some research considers creativity an aspect of an inclusive definition of intelligence: smart people are more creative. However, most in the field separate creativity from intelligence and recognize that retained knowledge, i.e. intelligence, does not fully correlate with creativity.

Many studies recognize creativity as a cognitive ability separate from other mental functions and particularly independent from the complex of abilities grouped under the word 'intelligence'. Although intelligence -- the ability to deal with or process large amounts of data -- favors creative potential, it is not synonymous with creativity (Preti & Miotto, 1997, 2).
Teaching creativity 
Efforts to increase creativity are widespread in education and common in industry (Scott, et al. 2004). There is a wide range of methods within educational contexts to increase creativity, including cognitive, personal, motivational, and social interactive approaches (Bull, et. al, 1995). Addressing different types of learners and different social/cognitive preferences of learners may also encourage the use of varied methods within the structure of a single class. Scott, et. al. (2004) reported encouraging and developing "divergent thinking" was a consistent element in most efforts to increase creativity. Divergent thinking can be described as the development of multiple answers to stimuli, the capacity to think beyond one single answer to a question or problem.

In a meta-analysis involving 70 studies of evaluating creativity training, Scott, et. al. (2004) observed a number of differentiating factors in creativity training. Time on task and extensive work were generally needed to develop skills in creativity. Courses that stress structured techniques, such as formal brainstorming, were more effective than courses that used unconstrained exploration or creative expression as a means to develop creative skill. The largest gains in measured creativity occurred through structured techniques such as critical thinking, convergent thinking, and constraint identification. 
The research venue

This research focuses on an intact course on creative problem solving (CPS). The subject course is a blend of theoretical instruction, practical application, and rapid idea generation, and is taught by the author. 

The nature of the course is consistent with recommendations inherent in Fasko (2001), and the findings in Scott, et al. (2004). The class was structured around organization, idea generation, collaborative activity, student-directed learning, and application of ideas.

There were four principle aspects to the course: repeated practice at rapidly generating multiple and numerous ideas; coursework (lectures, readings, exercises) on methods and theories of creativity; weekly student-directed personal  activities grounded in the learner's environment, (i.e. each student publicly engaged in unorthodox creative behavior on a regular basis); and a series of collaborative activities. While specific activities vary year to year, the basic structure of the course has remained consistent. 

Anecdotal evidence from students completing the course indicated a strong development of creative abilities, and a standard evaluation method was sought to better understand their development of creative skill. 

Measuring creativity: The Torrance Tests of Creative Thinking and other methods

As there is a wide range of definitions of creativity, and evidence of creativity is extremely varied, there also is a broad range of methods to evaluate and study creativity. Plucker & Renzulli  (2002) note a variety of current research directions, but note that a majority of research on creativity is based on psychometric methods, the "direct measurement of creativity and/or its perceived correlates in individuals" (35). Both Guilford and Torrance viewed idea diversification as central to creativity, and examined it principally through psychometric methods.

As noted earlier, creativity can be recognized as the ability to generate a wide number of ideas addressing a given problem or stimulus; it implies the ability to develop different types of ideas for any given instance; and also the ability to generate unexpected ideas. These three areas are the main aspects of standardized tests of creativity developed by Dr. Paul Torrance, and are categorized as fluency, originality, and flexibility. His standardized tests, the Torrance Tests of Creative Thinking (TTCT) are the most widely used standardized test of creativity: "… by far the most commonly used test of divergent thinking and [which] continues to enjoy widespread international use" (Plucker & Renzulli, 1999, 39). Data based on the wide application of the test is substantial and can be used to compare results with other broader populations. 

The Torrance Test does have its limitations. It measures only one aspect of creativity (divergent thinking) over a brief period of time. While substantial longitudinal studies by Torrance have been supportive of the validity of the test, but high scores on the tests do not guarantee a person behaving creatively (Torrance, 1974). "According to Torrance, creative motivation and skills as well as creative abilities are necessary for adult creative achievement to occur" (Kim, 2006, 3).
This testing method is but one measure within a broad spectrum, but it does provide insight into certain aspects of creative abilities. It measures one aspect of creativity as it appears in the general population. Pragmatically, it is moderately easy and quick to administer, and tests can be scored by the researcher or the test publisher. 

Elements of the Torrance Tests of Creative Thinking 

The Torrance Tests of Creative Thinking (TTCT) are available in written and visual form; the written form was used in this study. The written version has six sections that ask for written responses to illustrations and verbal prompts. Each section is timed, and responses are recorded for five minutes; one section of the test lasts for ten minutes. The written test have two versions, and is designed to be used before and after treatment. The versions have been designed to be comparable to each other and can be administered in any order, or singly. 

Creative people are expected to develop a large number of new ideas. Fluency, the first metric, is the ability to develop a large number of relevant responses to a given stimulus; i.e. how many different ideas can a participant develop that address the question at hand? The tests pose a series of hypothetical questions and participants are evaluated in part by volume of response. For example, one could be asked to eat something different and possibilities such as apples, pizza, hot dogs, and cheese would be expected. Each of these answers would count as applicable to the question. 

Flexibility measures the ability to develop a wide range of answers that differ from each other. Creativity is seen to encourage answers that go beyond slight differences and to develop answers that are different from those previously developed. Creative people, as demonstrated by their flexibility, develop different types of answers. For example, when asked what they could eat, participants could respond with answers such as food of a different culture or something not normally considered as food but still edible, such as leaves from a tree. These answers are categorically different from each other.

Originality evaluates the participants' answers against a list of common responses to the same problem. Creativity is often understood to provide answers that are outside common societal experience. For example, to eat something different would also include eating one's own words or foot. The answers are unexpected responses and often described as novel or new.  
Methods: The pilot test

A pilot test was completed in Fall of 2004 using the verbal Torrance Test of Creative Thinking with one section of the creative problem solving course. Seventeen first year students participated in the testing as part of their regular class work; all took the test in the first and last week of class. Sixteen members of the class were women; six of the students had earned sufficient credits through advanced placement or previous college experience to be considered second term students. All were in the college honors program.

Results were independently scored by Scholastic Testing Service, the publisher of the test. Creativity was found to have increased across all three metrics. A paired t-test was performed for each metric and all changes were found to be statistically significant (test <.05). Fluency, the generation of ideas, increased by a mean of 34.5%. Flexibility, the diversity of one's ideas, increased by 22.8%, and Originality, the generation of unexpected ideas, increased by 34.0%. See Tables 1-3 for additional information. (For administrative reasons the tests of two students were not scored.)

Given strong results from the first iteration of the test, it was hypothesized that some of the increase in creativity was due to the new experiences of first year college students, or due to the studio experiences of entering design students. A quasi experiment was designed to examine the class as compared to the larger population of first year design students. 

The Study

The Torrance Test was again administered to the creative problem solving class the following year with some differences in administration. The test was not administered within the CPS class, but rather within the context of a larger class. Nine students from creative problem solving class were enrolled in an introduction to design lecture class; the other members of the large lecture class were also tested and would serve as a control group for the research. 

The large lecture course is required of all entering design students at the university and consists of a series of lectures, presentations, and readings about design. The class included students from clothing design, interior design, and graphic design. All design students in the course also take at least one other studio class from a common design curriculum that includes basic drawing and an introduction to color. All students also take an introductory studio class in their discipline. The course is open to the rest of the university population. 

There were 95 students who took both versions of the TTCT. To provide a more accurate evaluation of the effects of treatment, only freshmen/first year students were scored as part of this study. Scored were 47 first year students and 13 first year students with sufficient credits to be classified as "second term" (meaning they had earned, through means such as advanced placement, a modest amount of college credit). 53 participants were female, 7 male. 

Within this group, nine of these students were also registered for the creative problem solving class and were evaluated as the "treatment" group; six were freshmen, and three had sufficient credits to be considered "second term". All were women, and all were in the college honors program. All were design students (i.e. pursuing a four year course of study in graphic, interior, or clothing design). Eight students were white, one was black, all had what could be described as middle class backgrounds. 

Scholastic Testing Services is the current publisher of the Torrance Tests. The tests can be scored by the researcher or by Scholastic Testing Services. All tests were scored by Scholastic Testing Services to provide a consistency of scoring results. 

Results

The members of the creative problem solving class experienced significant gains in measured aspects of creativity in all areas tested. The larger control group experienced slight gains in two measures, but neither was statistically significant. The gains for Originality for the control group were significant.
Fluency 

All members of the treatment group (those enrolled in the creative problem solving class) experienced increases in measured fluency, with an average raw score change of 34.4%. These changes were significant at 0.05. See Table 1.

The fluency score for students in the control group increased by 2.5% over the course of the term, but this change was not significant. 

Results from the testing were compared with a meta-analysis of creativity training programs as published by Scott et al. (2004). In that study, 70 results of creativity training and testing were evaluated, and the effect size was calculated by Glass' Delta method. The Glass Delta was calculated for each area of the Torrance Test. 

Scott et al. (2004)  lists a mean effect size of .70 for all combined instruction methodologies and a mean of .75 for divergent thinking methods, with a standard deviation of .67. The effect size for this class was calculated at 1.06 for Fluidity, which is higher than but comparable to the mean. It is approximately .42SD above the mean, well within an expected distribution of results. 

Flexibility 

In both tested classes, scores on flexibility (the measure of divergent responses to questions) were found to be significantly improved. The mean of the combined groups increased by 22.8%; the 2005 group increased by 35.3%. The increase was significant (at 0.05) for each group and for the combined CPS groups. In contrast, the control group score for flexibility increased by 2.9%, but the change was not significant. See Table 2 for further information.

Originality

The 2005 group experienced a 55.2% increase in the measure of originality (the generation of ideas that are new and uncommon in society at large) a strong and significant increase in this area. The control group increased by 16.3%, and this was statistically significant. See Table 3 for further information.

Glass's Delta as calculated for Originality for the treatment group was 1.21; for the control group it was .262. This appears to indicate that about 25% of the increase in Originality was due to the common activities of the larger class. 

The treatment group was compared to the control group for both versions of the test. While there was no significant difference prior to treatment, there was a significant difference after treatment, in spite of significant gains by the control group. 

Both sections of creative problem solving (2004 and 2005) were also compared with each other. In all six values, i.e. fluency, flexibility, and originality measured before and after the class, the two sections were not statistically different than each other. 

Discussion

Clearly, creativity can be taught, or at least the ability to diversify thinking can be developed in students; the findings of this study are consistent with a number of studies (see Scott, et. al., 2004) both in terms of scale and details. 

The findings support the idea that creativity is a trait that can be developed through specific course work. Results from both the pilot and the control group indicate substantial gains in measured aspects of creativity. The nature of the course, with a range of teaching methods and a long term approach to developing creativity, appears to encourage the development of creativity beyond that expected in a standard course. Creativity is, of course, context bound, and the investigation of creativity as such must understand the full environment surrounding the teaching of creativity. The academic standing of those in the creative problem solving course (as all were honors students), other classes (all took design courses) and new college environment of the students could have affected their development of creativity.

Given that findings did not indicate a gain in most measures of creativity among members of the control group, design classes and the novelty of the college experience do not appear to encourage the development of creativity. The lack of significant improvement compared to strong gains for the control group indicates a value to specific instruction in creativity. 

The control group did show significant improvement for the Originality metric, despite insignificant changes in Fluidity and Flexibility scores. This may mean that while the participants did not have a greater number of new ideas, the ideas that they did have were more divergent as compared to society as a whole. In other words, while the students didn't have more new ideas, but those they had were more diverse after their initial college and design experience. 

Conclusion

This study involved research through the Torrance Test of Creative Thinking verbal version. It involved design students at an American university in their first year of a four year program of study. Within a large lecture course, an embedded control group of students was involved in an additional class that focused on the training of creative abilities. Significant and positive differences were found between the treatment and the control groups. 

The study found that teaching creativity in a separate course is effective in developing measured creativity in design students. It also found that design students in a comparable context did not independently develop their creative skills to the same degree, and in fact, often did not change their level of creative behavior. It would appear that even within a design curriculum, separate courses are necessary for full development of creative skills. 

Extending the observation of design students to learners in other fields is speculative but may be valuable. Students in the design fields are expected to be creative, but this research indicates that only specific attention to the development of creativity can produce changes in the level of divergent thinking. Logically, learners in other fields should not be expected to develop high levels of creative skill; this may be why extensive training opportunities for creativity are common in non-design fields of study (Scott, et al, 2003).
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Table 1: Fluency scores and comparisons; effect size

	Group
	Fluency

RS – A

mean
	Fluency

RS – B

mean
	Difference
	t-test

A:B

	Pilot 2004 CPS 

[n = 15]

[SD]
	89.13

[19.24]
	117.25

[20.72]
	134.52%
	0.0000037*



	
	
	
	
	

	Treatment 2005 

[n = 9]

[SD]
	94.67

[26.81]
	125.44

[33.73]
	134.41%
	0.00047*



	
	
	
	
	

	Control 2005 

[n = 51]

[SD]
	88.40

[27.08]
	90.56

[33.04]
	102.45%
	0.49



	
	
	
	
	

	Treatment v. Control t-test
	0.42
	0.0020*
	
	

	Glass' Delta Treatment
	
	1.056
	
	

	Glass' Delta Control
	
	0.065
	
	


RS = raw score. SD = standard deviation. * = significant at .05
Table 2: Frequency scores and comparisons; effect size

	Group
	Fluency

RS – A

mean
	Fluency

RS – B

mean
	Difference
	t-test

A:B

	Pilot 2004 CPS 

[n = 15]

[SD]
	50.94

[6.95]
	58.44

[9.02]
	134.52%
	0.0039*



	
	
	
	
	

	Treatment 2005 

[n = 9]

[SD]
	48.33

[10.84]
	63.89

[10.29]
	135.27%


	0.000073*



	
	
	
	
	

	Control 2005  

[n = 51]

[SD]
	49.40

[11.16]
	50.84

[12.77]
	102.92%
	0.36

	
	
	
	
	

	Treatment v. Control t-test
	0.61
	0.0013*
	
	

	Glass' Delta
	
	1.022
	
	

	Glass' Delta
	
	0.056
	
	


RS = raw score. SD = standard deviation. * = significant at .05
Table 3: Originality scores and comparisons; effect size

	Group
	Originality

RS – A

mean
	Originality

RS – B

mean
	Difference
	t-test

A:B

	Pilot 2004 CPS 

[n = 15]

[SD]
	68.13

[16.74]
	80.63

[20.41]
	122.15%
	0.011*

	
	
	
	
	

	Treatment 2005 

[n = 9]

[SD]
	66.00

[23.41]
	98.56

[31.87]
	155.20%
	0.00052*

	
	
	
	
	

	Control 2005  

[n = 51]

[SD]
	59.19

[22.73]
	66.16

[26.60]
	116.35%
	0.017*

	
	
	
	
	

	Treatment v. Control t-test
	0.80


	0.0020*
	
	

	
	
	1.218
	
	

	Glass' Delta
	
	0.262
	
	


RS = raw score. SD = standard deviation. * = significant at .05
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