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In the current study, we evaluate relations between parameters of the ideas exchange process and individual creativity. The following parameters of creativity were analyzed: productivity, flexibility, and originality. Effects of ideas sharing on parameters of creativity were assessed in an idea exposure paradigm. Stimulus ideas were subdivided into 4 semantic categories: with high level of novelty; with low level of originality; of aggressive content; "silly". The hypotheses were that the individual creativity is influenced by the semantic characteristics and the way of the exposure of stimulus ideas; that the originality of subject's ideas depends on the level of novelty of stimulus ideas. We analyzed obtained data using structural equation modeling (SEM). Experimental results showed the most intensive changes in creativity in groups, where ideas with high level of novelty, as well as "silly", "senseless" had been exposed. The results of the study could be applied to a practice of generation of novel ideas and their assessment, as well as to various procedures and stages for the stimulation  of individual creativity.
Qualitative expansion of opportunities both in terms of quantity (almost every researcher has now computer on its desk) and scope (capabilities and processing speeds of computations grow faster than exponential function) for using computers in humanitarian and social sciences during the last 10-20 years favored in full measure forming and rather successful development of quantitative data analysis school, which were named “Data Mining”.
The aim of data mining (DM), often called “knowledge discovery”, is to expose hidden rules and relations in systems of large data arrays, which human mind is not, objectively, capable to perceive. And now, to the aid for him, comes truly boundless mind of computer, which allows, after sifting implicit, non-structured, previously unknown and not always understandable information, to pick up definite patterns, discover new significant correlations, to produce models and tendencies in the kind suitable for realization.

The process of knowledge discovery suggests existence of a posteriori hypotheses. But there could be situations when, instead of ascertaining of existing hypothesis, researcher comes to a necessity to advance new a posteriori ones. DM is a tool for “creative search” which allows not only to prove previously existed hypotheses, but also to advance new ones immediately in the course of data analysis, obtain significantly new information literally on the “tip of the pen” (or taking into account new technology, “by the mouse click”).

DM is not a single but a set of a great number of various methods and methodologies of knowledge discovery. One of them is a structural equation modeling (SEM), or modeling by structural equations, which is, as a matter of fact, a comprehensive and exceptionally powerful technique of multidimensional analysis, comprising large number of methods from various fields of statistics. One could say that SEM represents by itself an advancement of many methods of multidimensional analysis: namely, multiple linear regression, analysis of variance, factor analysis have received here natural development and unification (Mitina 2005; Mitina, Babaeva, Yagolkovsky 2005; Bentler, 1995).

The advantage of SEM is a possibility of a complex analysis of multiple correlations of determining and dependent variables, in contrast, for example, to analysis of variance or multiple regression, which provide opportunity to analyze an influence of one or several determining variables per the only dependent one. Therefore, if several determinable variables are estimated in an experiment, then analysis of variance or analysis of regression allow to analyze them only separately. Besides, it is enough problematic to analyze a correlation of independent variables with each other. But, if we want, in addition, to ascertain multilayer determination (there is a group of variables (layer), correlating between themselves, which determinate another group of correlating, with each other, variables (the second layer), and variables of the second layer determinate variables of the third layer and so on), then application of analysis of variance and analysis of regression becomes very problematic. In this situation SEM proves to be rather universal method, which allows to reveal not only several layers of determination, but also a correlation between variables themselves inside every layer, without limitation, in addition, number of variables in every layer.

SEM provides opportunities for statistical comparison of various models and for estimating of a degree of their fitness to experimental data. For example, a researcher can add or exclude these or that determination or correlation links in the course of analysis of an experiment. Certainly, acceptance or rejection of new statistical data doesn’t take place automatically. It definitely should be theoretically substantiated.

We have used SEM for the analysis of data received during the experiment accomplished for studying of an effect, rendered by ideas exchange on the course of creativity process. This field of psychology of creativity is not sufficiently studied, and it is stipulated, in many respects, by complexity and multiaspectness of analyzed phenomenon.

The creativity is a topic of wide scope that is important at individual, social, cultural, as well as at biological, cognitive, emotional, motivational etc. levels (Martindale, 1994, 1999; Sternberg&Lubart, 1999; Csikszentmihalyi, 1999; Perry - Smith & Shalley, 2003; Armbruster, 1989; Simonton, 2001; Amabile, 2000; Collins & Amabile, 1999; Plucker & Renzulli, 1999; Ward, Smith & Finke, 1999). The most popular understanding of the creativity “…seemed to emerge from dictionary definitions: the act of making or producing and, more specifically, the act of making something new“ (Dowd,1989, p. 233). According to Gruber and Wallace, the concept of creativity includes novelty and value of products, purposeful behavior of an individual, and duration of the process (Gruber & Wallas, 1999). Perry-Smith and Shalley (2003) define creativity in the following way: “Individuals can be creative in their jobs by generating new ways to perform their work, by coming up with novel procedures or innovative ideas, and by reconfiguring known approaches into new alternatives” (p. 90).

A majority of research papers in the field of psychology of creativity deals with individual creativity. It is beyond doubt that division of creative activity into individual and group ones is, to a great extent, conditional. Namely, O.K.Tikhomirov was true to observe that “in individual solving of a problem, products of thinking of other people are included in it and it always, in various respects, is patterned on another individual.” (Tikhomirov, 1984, p.170). However, the specificity of a group solving of creative problems in comparison with individual one certainly exists.
The founder of this method A.Osborn (1957) claimed that brainstorming as a method of group problem solving and ideas generation could considerably increase both the quality and the quantity of ideas produced by group members. But several experimental studies allow to reveal essential failure group creativity, which called into question Osborn’s ideas (Brown, Paulus, 2002; Craig, Kelly, 1999; Diehl, Stroebe, 1991; Dugosh, Paulus, Roland, Yang, 2000; Nijstad, Stroebe, Lodewijkx, 2003; Paulus, 2002).
Numerous research findings have consistently shown that nominal groups, consisting of a number of individuals who work alone, outproduce face-to-face groups of the same size (Diehl & Stroebe, 1987; Lamm & Trommsdorf, 1973; Mullen, Johnson, & Salas, 1991). The most common explanations of losses in group brainstorming are evaluation apprehension, free riding, production blocking, and matching (Diehl & Stroebe, 1991). The inhibiting effect is small in dyads, but increases rapidly with group size (Diehl & Stroebe, 1987; Nijstad, Stroebe, & Lodewijkx, 1999; Coskun, Paulus, Brown, & Sherwood,2000).

But some authors pointed out that some forms of group idea exchange should also lead to cognitive and social stimulation (Dugosh et al., 2000; Tindale & Kameda, in press; Ziegler, Diehl, & Zijlstra, 2000).

In the last decades, interest to the study of ideas exchange process is considerably strengthening. One of the most popular form of such exchange is brainstorming, with many papers dedicated to the study of it.

To study natural laws of ideas exchange and group creativity, Nijstadt and his colleagues (Nijstadt et al, 2002) worked out a model of associative generating of new ideas SIAM (Search for Ideas in Associative Memory). According to this model, a process of new ideas generating consists of two stages: activating (based on activization by means of a stimulus of the knowledge, a subject already possesses) and generation (producing of new ideas by virtue of knowledge synthesis and forming of new associations). The mentioned model had undergone verification (Nijstadt et al, 2002). As a result some effects of influence of stimulus ideas’ semantic features on subject’s creativity were discovered. Namely, when creative ideas with high variability of various semantic categories of another examinee were used as stimulus material, a positive effect in increasing of number of examinees’ categories of answers have been observed.

In case of exposing homogeneous stimulus material (i.e., ideas belonging to a single semantic category), a number of ideas, proposed by an examinee in the bounds of a limited number of categories, has been increased. Thus, researchers had inferred that “…variable stimulus material raises variety in producing of new ideas.”(Nijstadt et al., 2002, p.536). However, in the bounds of accomplished experiment, influence of substantial specificity of “somebody else’s ideas” on creative process haven’t been studied: it was only explored how semantic homogeneity or heterogeneity influence these ideas. Neither were also studied specific psychological mechanisms of the mentioned influence.

In a number of papers, a role of attention in a group creative process was studied. For example, results of experiments, accomplished under P.Paulus’ (Brown, Paulus,2000) supervision, prove that attentive reading of stimulus material, containing ideas of other subjects, and need to memorize it positively influence basic indices of subjects’ creativity. In this case, stimulus material performs a function of cognitive stimulation. At the same time, a data, obtained by J.Kelly and S.Karau, indicate that concentration on raised problem impedes both expansion of a set of exposed ideas and their elaboration. (Kelly, Karau, 1993). Having indicated the mentioned effects, authors, however, have not described mechanisms of cognitive stimulation themselves, as well as influence exerted by processes of attention and concentration upon indices of creativity.

It also is indicated in psychological literature that quantitative characteristics of ideas exchange process, for example a number of stimulus ideas, influence indices of subject’s creativity in the course of creative activity. Increase in number of ideas leads to the growth of subjects’ productivity and vice versa. (Kelly, Karau, 1993). Besides, the extent of stimulus material influences an extent of verbal production generated by a subject, when demonstrating his own ideas: the greater the extent of stimulus ideas, the greater a number of words an subject uses when describing his or her own ideas.

Thus, the research literature’s analysis allows us to make conclusion about discrepancy of research results of ideas exchange process. Moreover, in all of these explorations is studied, as a rule, only the specificity of a group creative activity in comparison with individual one. In addition, singularities of various forms of ideas exchange are, practically, not studied.

In the current study, we evaluate relations between parameters of the ideas exchange process and productivity, flexibility, and originality of participants’ creative performance. The hypotheses were that the individual’s creativity is influenced by the semantic characteristics and the way of the exposure of stimulus ideas; that the originality of subject’s ideas depends on the level of novelty of stimulus ideas. Also among research tasks was to find how sex and age differences determine characteristics of creative process.
J.Guilford’s verbal test of creative thinking “unusual use” (in I.S. Averina and E.I.Shcheblanova’s adaptation) was used as methodical tool (Averina, Shcheblanova, 1996). This test is represented in the kind of two parallel and interchangeable forms. The first form requires from subjects to think up during assigned 6 minutes a maximum number of all possible applications of standard newspaper, and second one, respectively, of wooden ruler. This test is most popular and often used one. Its advantages are: easiness in implementing and quickness of testing, which lowers a level of weariness factor’s manifestation among subjects. Besides, the structured and calibrated methodical tools, i.e. availability of two parallel forms, ensures substantial distinctions in an object of creative activity of subjects in the first and the second series and allows to unify a course of experimental data processing. In course of subjects’ verbal creativity diagnostics, we analyzed following parameters by means of quantitative measures suggested by J.Guilford himself:

· productivity - a total number of ideas proposed to by a subject
· flexibility - a number of semantic categories subjects’ proposed ideas relates to

· originality - singularity and statistical rarity of subjects’ proposed ideas, estimated by five- point scale - from 1 to 5 points - by means of tables assumed in Russian adaptation of Gilford’s original test (Averina & Shcheblanova, 1996).

Stimulus ideas, relevant to tasks, were subdivided into 4 semantic categories:

· with low level of originality (in accordance with Gilford’s method of its evaluation);

· with high level of originality;

· of aggressive content;

· bluntly foolish and senseless in their content.

In accordance with this classification of stimulus stuff, all subjects in the first and the second series of experiments were subdivided into 4 groups:

The 1st group- subjects were given stimulus material with low level of originality;

The 2nd group- subjects were given stimulus ideas with high level of originality;

The 3rd group- experiment’s participants were given stimulus material of aggressive content and

The 4th group- subjects were given stimulus ideas of foolish and absurd content.

A design of the research envisaged two distinctive schemes of experiment, differing in a form of exposing of stimulus stuff.

Under the first scheme, before accomplishing the second part of diagnostics procedure, respondents were given stimulus material - typewritten list of 11 ideas regarding uncommon application of wooden ruler, supposedly proposed by another participants of the experiment, were reading them out for one minute and then got instruction to think up, on one’s own, a maximum number of wooden ruler’s applications. (It will be recalled that in the first series respondent had to think up various ways of newspaper’s applications). A subject could see the list of these ideas till the end of the experiment. Moreover, subjects could use (and it was mentioned in the instruction) an information, obtained from the text with stimulus material, to their own discretion.
Under the second scheme, exposure of a stimulus material to respondents had been carried out in terms of group “creative” activity in dyads. Moreover, one member of the dyad had been producing - imitating his creative activity - stimulus ideas (patterns of creativity), which in reality were studied by him or her beforehand., to a naïve examinee. In this scheme, stimulus material (somebody else’s idea) with the same semantic characteristics as in the first scheme, had been exposed to subjects. I.e., only a form of acquainting with ideas had been changed. In the first scheme it was mediated, and was direct in second one.

Apart from that, analogical experiment had been implemented in a control group of respondents, who were carrying out two series of tasks without having been exposed a stimulus material at all.

Tables 1-3 comprise data about staff of participating in the research examinees’ sample.

Table 1. Demographic characteristics of the sample
	Experimental design

	Total number of subjects
	Age
	%

female
	Correlation between sex and age

	
	
	Min
	Max
	Average
	Std.
	
	

	Control group
	55
	16
	43
	21.8
	6.45
	75%
	.255

	Mediated form of stimulate material
	232
	16
	46
	23.12
	5.64
	69%
	.352

	Direct form of stimulate material
	95
	15
	30
	19
	4.53
	59%
	.307


In spite of the fact that drawing samples for control and experimental groups we aspired to maintenance of sex-age balance nevertheless the certain infringements took place. So there was significant correlation between sex and age (men were a bit older).
T-test Comparisons independent samples shown, that divided according the sex samples are homogeneous with a significance >0.05, but divided by age the null hypothesis about homogeneity can be accepted only on the level of sigificancy >0.01.
Table 2. Sampling sex patterns for different semantic content of stimulus material and schema of it’s presentation.

	Content of stimul material
	Mediate interacting
	Direct interacting

	
	males
	females
	males
	females

	Aggressive
	41
	14
	11
	12

	With low level of creativity (banal)
	34
	26
	18
	7

	Foolish and absurd
	44
	17
	14
	9

	With high level of creativity
	40
	14
	13
	11


Table 3. Sampling age patterns for different semantic content of stimulus material and schema of it’s presentation.

	Content of stimul material
	Mediate interacting
	Direct interacting

	
	20 and yanger
	from 21 till 25 incl.
	from 26 till 30 incl.
	31 and older
	15 years
	16 years
	from 17 till 20 incl.
	21 and older

	Aggressive
	12
	32
	3
	9
	10
	4
	2
	7

	With low level of creativity (banal)
	20
	29
	3
	8
	5
	2
	3
	15

	Foolish and absurd
	21
	28
	6
	7
	3
	16
	4
	

	With high level of creativity
	73
	116
	14
	29
	1
	5
	8
	10


We have considered several models to analyze a data obtained in the course of experimental research.

Characteristics of producing of ideas for newspaper applications were defined by three indices: flexibility, novelty and productivity (the 1st series). Results of producing of ideas for application of wooden ruler were also characterized by three indices: flexibility, novelty and productivity (the 2nd series).

We supposed hypothetically that indices of both series of experiment in control group could be influenced by sex and age of respondents, and indices of the 2nd series could be influenced, in addition, by results of implementation of preceding series.

However, it had been ascertained, when evaluating parameters, that some of them are statistically insignificant. For example, the index of productivity in the first series does depend significantly neither on sex nor on age of respondents. When all insignificant correlations had been omitted and significant ones estimated, the structural scheme for a control group acquired the shape shown in Figure1.

Fig. 1. Schemata interrelations between different variables characterizing the process of ideas’ generating and covariates. (Control group)

The level of significance for all presented relations <0.05

Indices: (2 = 9.579, df=13, CFI=1.000, RMSEA
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Values of basic statistical indices of resulting model are indicated in Figure1, and provide evidence that derived model is well fitted with experimental data.

It was found that:

1. Productivity and flexibility are stable parameters. Coefficients of determination of these parameters in the second series by the same parameters from the first one are significantly high

2. To all appearances, successfulness in producing ideas (all over three parameters in the first series) significantly influences productivity in second series.

3. Men were found more productive (particularly in the second series) and more flexible.

4. Flexibility of young respondents was higher in second series.

5. Subjects of older age are most likely inclined to give more original answers in first series.

To analyze data in two experimental cases, additional variables corresponding to various types of stimulus material were introduced: Originality, Aggressiveness, Senselessness. If a subject has been given stimulus material of original content, then his or her score along the variable Originality had been set equal to 1, and equal to –1, if the material was of banal content. All the rest of subjects had scored zero point along this variable. If a subject had been given stimulus material of aggressive content, then his/her score had been set equal to 1 along the variable Aggressiveness. All the rest of subjects had received zero point along this variable. Values for the variable Senselessness had been defined analogically: 1 point had been conferred to subjects who had been given senseless stimulus ideas, and zero point had been given to all the rest of subjects.

From the beginning, we suggested that subjects’ scores of creativity could be influenced by sex and age in case of additional exchange of ideas, and after exposing stimulus ideas these scores could also be influenced by the content of stimulus material. In Figure 2, significant correlations and determinations are designated by evaluated values of these relations.

Fig. 2. Schemata interrelations between different variables characterizing the process of ideas’ generating and covariates.  (Mediate interacting).

The level of significance for all presented relations <0.05
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It was found that:

1. All parameters of creativity retain stability. Availability of determinations between all parameters of the same name in both series of experiment indicate on stability of these properties at respondents: i.e., respondents who had been demonstrating high scores along flexibility, productivity and originality in first series retain this ability also in the second one.

2. However, dynamics of various parameters correlate differently with specific content of stimulus ideas.

· Original stimulus material exerts substantial positive influence upon originality of  answers.

· Aggressive ideas had exerted no influence at all upon raising the level of creativity of respondents.

3. Apparently, older respondents are demonstrating higher level of flexibility and originality. This difference vanishes in second stage of the experiment.

4. According to quantitative results, men demonstrate more higher scores of productivity in both series of the research, and flexibility in the first series.

Few more determinations are indicated additionally in the scheme by stroked line. This is a transition from the basic model M1, considered in the previous stage, to model M2. Addition of these arrows could be interpreted the following way. Semantic content of stimulus material had been estimated by experts, but every subject perceives ideas in one’s own way: somebody as more original, somebody as more foolish and somebody as more aggressive. Arrows marked by strokes could be considered as determinations of increase of perception of stimulus text in pointed out direction.

According to supplementary (a posteriori) model:

1. More younger respondents and women are apt to perceive stimulus ideas as more original.

2. Those respondents, who demonstrated higher flexibility in the first series, estimate somebody else’s ideas as banal.

3. Women had been found more sensitive to aggressive semantics.

4. High scores of productivity in the first series favored increase of subjective perception of aggressiveness.


Thus, three models of the experiment’ given scheme were tested: M0 - zero model, according to which, results of implementing of series 2 are determined only by results of implementing of series1, and also by socio-demographic characteristics (sex and age) and doesn’t depend on stimulus material’ content; M1 - basic model, according to which, results of implementing of series 2 are determined by results of implementing of series 1, socio-demographic characteristics (sex and age) and depend also on stimulus material’ content; M2 - supplementary model, according to which, results of implementing of series 1, socio-demographic characteristics (sex and age) depends on stimulus material’ content and also are taken into account determinations of stimulus material’ subjective perception. Table 4 comprises values of basic indices of congruency of all three models, and also indices of their comparison with each other under (2 difference test.



(2 difference test of indices of compared models M0 and M1, and then M1 and M2 (based and supplementary) indicates that model M1 fits significantly better data then M0, and M2 as compared with M1 (see Table 4). Comparison of M0 and M1 in favor of the last one corroborates a priori existed hypothesis about influence of stimulus material’ semantics upon implementing of the second part of the task, and second comparison in flavor of M2 does allow to suggest a posteriori hypothesis on availability of subjective perception of stimulus material text’ semantics, influencing creative process.

Table 4. Models’ fit indices for mediate interacting case.

	Model
	Fit indices for the models
	Models’ comparisons

	
	(2
	df
	CFI
	RMSEA
	Δ(2
	Δ df
	p

	Null M0
	125.981
	40
	0.868
	0.097
	
	
	

	Based model M1
	107.643
	37
	0.892
	0.091
	
	
	

	Improved M2
	88.851
	32
	0.913
	0.088
	
	
	

	M0(M1
	
	
	
	
	18.338
	3
	0.99

	M1(M2
	
	
	
	
	18.892
	5
	0.99



In Figure 3, path analysis’ schema in the case of creative process participants’ direct communication is given. In according to ascertained relations, one can draw the following conclusions:

1. Availability of determinations between the same name parameters of flexibility and productivity in both series of experiment indicates on stability of these characteristics of respondents.

2. Manifestation of originality is less stable in case of direct exposure of stimulus material, and is significantly mediated by originality of stimulus ideas. One could suggest that women are apt to demonstrate higher originality.

3. Quantitative values of the model give evidence that older subjects in the first series proved to be more productive and demonstrated higher flexibility in second series.

4. Parameters of flexibility of young respondents are higher in the first series, and that of originality are higher in the second one.

5. Foolish and senseless ideas exerted positive influence upon increase of productivity and flexibility in second series of the experiment, and aggressive ideas favored raise of flexibility.

Fig. 3. Schemata interrelations between different variables characterizing the process of ideas’ generating and covariates.  (Direct interacting).

The level of significance for all presented relations <0.05[image: image3.wmf]Flexibility
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As in previous case, determinations of subjective perception of stimulus material’ semantics are designated by stroked lines additionally in the chart.

It could be stated that:

1. Young respondents tend to estimate stimulus material as more original or more “foolish”.

2. Those respondents who had demonstrated higher flexibility in the first series are significantly more sensitive to aggressive semantics.

3. Those respondents who gave less original answers demonstrated sensitiveness to “foolish” semantics.


(2 difference test of compared models M0 and M1, and then that of M1 and M2 (based and supplementary) affirms significant improvement of M1 as compared with M0, and that of M2 as compared with M1 (see Table 5).
 Besides, these improvements significantly exeed analogical ones in case of mediated exposure of stimulus material.

Table 5. Models’ fit indices for direct interacting case
	Model
	Fit indices for the models
	Models’ comparisons

	
	(2
	df
	CFI
	RMSEA
	Δ(2
	Δ df
	p

	Null M0
	98.703
	38
	0.778
	0.130
	
	
	

	Based model M1
	62.302
	35
	0.900
	0.090
	
	
	

	Improved M2
	26.444
	31
	1.000
	0.000
	
	
	

	M0( M1
	
	
	
	
	36.401
	3
	0.999

	M1( M2
	
	
	
	
	35.858
	4
	0.999



These three facts could be interpreted as

1. Semantics of stimulus material significantly influence fulfillment of second series of the test.

2. Perception of stimulus ideas’ semantics is influenced by subjective factor.

3. Immediate personal exposure of stimulus ideas fixes role of semantic as determinating a result of accomplishment of the test and influence an extent of subjective perception in significantly higher degree, than in a case when respondents read these ideas and have no personal contact.






CONCLUSION



Thus, results of accomplished experimental research and analytic work with data give us grounds to infer that ideas of original and “senseless” content exert greatest influence upon creativity of subjects as a whole. Moreover, there is a differentiated influence on its components from the part of characteristics of ideas exchange’ process (their content and forms of this exchange) as well as from the part of sex and age features of participants of this process of ideas’ exchange.

Inferences, which were made a posteriori, i.e. as result of analytical work with data, already after accomplished experiments and not planned in advance, certainly, require further experimental verification. However, exactly they are original lighthouses along the way of further research.
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�Semi-jocular expression characterizes this process sufficiently figuratively: ”You torture data 


till they confess”. (Projdakov,1999)


� All relations indicated in Fig.1-3 by continuous and stroked lines are significant at confidence ratio p>0.95


� Presented indices are more important characteristics of fitness models and experimental data which used in SEM (Bentler 1995; Mitina 2005).


(2 – chi square, df – degree of freedoms, (also it is possible to take into consideration (2/df, which should be less than 2.) CFI (comparative fit index should be more than 0.90), RMSEA (root mean square error approximation should be less than 0.1 or 0.05). Usually a researcher should make the decision about good level of fitness taking into consideration not only one of the indices but the set in complex. 


� Relation between models M0, M1 and M2 is the same as in previous case.
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