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  Abstract 

The effects of group dynamics on creativity are investigated, through a design 

briefing and the generation of concepts by two groups of industrial design students. 

Seventeen voluntarily participating students were randomly assigned to two 

conditions: a control group and a treatment group. The groups were given the same 

design brief and drawing materials, simultaneously in two classrooms. The treatment 

group was asked by the moderator, after 20 minutes of initial individual silent 

concept generation, to discuss through a structured discussion the design brief. At 

the same time the control group was asked by another moderator to write in a sheet 

of paper answers to the same questions that were given orally to the treatment group. 

This intermediate stage of the parallel simultaneous sessions lasted 15 minutes, at 

the beginning of which a different colour pen was exchanged for the one initially 

given to the subjects. Finally, the subjects in the two groups were given an 

additional 20 minutes to complete ideation silently and individually. The underlying 

hypothesis for this study is that group dynamics promotes increase in effectiveness 

of individual ideation. Results were analysed in terms of maximum novelty of 

individual ideation, showing a positive post-treatment effect, departing sharply from 

the novelty degradation in the control group in the second phase of the experiment. 

Future data analysis work contemplates analysis of the ideation outcomes of the 

experiment using a variety metric, in order to complement the findings obtained for 

novelty, in characterizing the effect of group interaction in creative ideation. 

  Introduction 

Given the widespread belief that creativity is essential to compete in industry, 

research has focused on the process by which creative ideas are generated and on the 

processes that contributes to creative outcomes for individuals in organizations. 

Research on creativity has also focused on tangible creative outcomes (those ideas 

or products which meet the criteria of being novel and useful) as well as on each 

individual’s perception of the creativity occurring (Kurtzberg & Mueller, 2005).  

Decades of creativity research have produced several major theories of creativity 

(e.g., Amabile, 1996; Ford, 1996; Simonton, 1999; Woodman, Sawyer, & Griffin, 

1993), and each notes that some forms of interpersonal interaction can play a role in 
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the creative process. Hence, research on the development of original ideas that are 

useful or influential (creativity) has evolved from a perspective focused on 

individuals (Mumford & Gustafson, 1988; Sternberg & Lubart, 1999) to studying 

group creativity in organizations (West, 2000) and collaborative learning (Johnson, 

Johnson, & Smith, 2007) as well as micro-creativity in group processes (Chiu, 2008) 

within piecemeal problem solving.  

Isaksen (1998) reviewed 40 years of empirical research on brainstorming, one of the 

most well-known tools for creative thinking. Seminal experimental studies 

performed by Taylor, Berry and Block (1958) suggest that group participation when 

using brainstorming inhibits creative thinking. Dunnette, Campbell and Kay (1963) 

found that brainstorming effectiveness of individuals is greater when they are 

brainstorming individually, than when brainstorming is done in groups. Moreover, 

the superiority of individual brainstorming over group brainstorming was found to 

be relatively higher when it was preceded by group participation. These authors 

concluded that group participation is accompanied by certain inhibitory influences 

even under conditions (e.g., brainstorming) which place a moratorium on all 

criticism. Isaksen (1998) noticed in the review that measurement of the effectiveness 

of idea generation should be improved in future studies comparing individual and 

group idea generation with the use of improved measures of the ideation outcomes. 

Design research has developed a series of measures of ideation effectiveness, 

focusing on outcome based metrics, rather than process based metrics, due to the 

perceived difficulty in relating the occurrence of cognitive processes to the 

effectiveness of an idea generation method (e.g. Coelho & Versos, 2011). Shah et al. 

(2003) proposed four objective measures of ideation effectiveness for assessment of 

ideation outcomes in engineering design: novelty, variety, quality and quantity. The 

latter is defined simply as the total number of ideas generated by a group or 

individual during a designated amount of time. Generating several ideas increases 

the chances of occurrence of better ideas (Cross, 1996). The quality of an idea is an 

independent measure based on a physical property or ratio related to the 

performance of the artefact (e.g. time, weight, energy – Shah et al., 2003).  

To measure novelty, the design problem is first decomposed into its key functions 

and characteristics. The idea produced is then analysed by first identifying which 

functions it satisfies and describing how it fulfils these functions at the conceptual 

and/or embodiment level (for a description see Pahl & Beitz, 1996). Each 

description is finally graded for novelty, which, combined by applying the weights 

to each function and stage, yields the novelty score for each idea. The novelty metric 

proposed by Shah et al. (2003) had also been used by psychologists to measure 

creativity (Jansson & Smith, 1991). 

To measure variety (Shah et al., 2003), one examines how each function is satisfied. 

A variety rating applies to an entire group of ideas, not a single idea. Ideas are 

grouped based on how different two ideas are from each other. The use of a different 

physical principle to satisfy the same function makes two ideas very different. On 

the other hand, if two ideas differ only in some secondary construction level detail, 

say a dimension value, the ideas are only slightly different. Verhaegen et al. (2013) 

identified three shortcomings of the aforementioned variety metric, proposing a 
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matching set of refinements. Their variety metric is more sensitive to changes in 

distribution of ideas over nodes on a given abstraction level in the genealogy 

structure, accounts for the degree of uniformness of the distribution of ideas and it 

exhibits a monotonically increasing behaviour from higher to lower abstraction 

levels. 

Ideally, variety and novelty should be considered simultaneously, because novelty is 

concerned with how well the ideation outcomes expand the design space, while 

variety is concerned with how well the ideation outcomes explore the (more or less 

expanded) design space. 

  Aims 

The aim of the experimental study reported in this paper is to ascertain whether the 

50 year old findings of Dunnette, Campbell and Kay (1963) can be verified in 

actuality applied to ideation in industrial design, with ideation effectiveness assessed 

using more recently developed metrics. Novelty (Shah et al., 2003) was chosen as 

the metric to assess effectiveness of ideation. It is a measure of how unusual or 

unexpected an idea is compared to other ideas. The underlying overarching 

hypothesis for the study is that the effectiveness of individual ideation in industrial 

design is improved by group participation. In particular, ideation effectiveness is 

assessed in this paper, using the novelty metric presented by Shah et al. (2003), in an 

experimental comparative study that sought testing the following specific 

hypotheses: 

 H1 - The individual maximum novelty scores of the ideation outcomes in the 

control group are lower than the ones in the treatment group, after the same 

amount of time following group-interaction in the treatment group. 

 BH - Individual maximum novelty scores are not statistically different between 

the control and treatment groups prior to the group-interaction (baseline 

hypothesis) after the same amount of time of ideation. 

A limitation of this paper is that it does not report on the variety scores (this analysis 

is still under preparation), which when applied to an idea set provides a measure of 

how much the design space has been explored, contemplating the variation brought 

by several ideas. 

  Method 

  Participants 

The effect of group dynamics on creativity was investigated through a briefing and 

design concepts generation by two groups of Portuguese students of industrial 

design. Seventeen volunteer participants were randomly assigned to two conditions: 

a control group and a treatment group. Participants were rewarded with a 5 Euro gift 

card from a local department store.  
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  Procedure 

Both groups received the same design briefing (shown in appendix - Wilson et al., 

2010) and the same drawing materials simultaneously in two classrooms. The 

briefing chosen was sufficiently open to foster the generation of novel and varied 

concepts and had been tested before, and was translated to Portuguese by the 

authors. The subjects in the treatment group were requested by the moderator, after 

20 minutes of silent generation of individual initial concepts, to analyse the project 

briefing through a structured group discussion. At the same time, individuals in the 

control group were asked by the chairman to write down individual responses to the 

same questions that were verbalized orally to the treatment group, but they were 

only presented in written form to the control group. This intermediate step of the 

parallel simultaneous sessions lasted 15 minutes, at the beginning of which the pen 

which had been initially provided was exchanged for a different colour pen in both 

groups. Finally, the subjects in both groups had an additional 20 minutes to 

complete the ideation silently and individually.  

  Dependent Measures 

The results were analysed using the approach presented by Shah et al. (2003), 

focusing on the key functions and characteristics of each idea to determine the effect 

of group interaction on the maximum score of individual ideation novelty by 

comparing the results in the two groups.  

The total novelty of each idea may be calculated from equation (1).  

M1 = 
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                                                                                            ( 1) (Shah et al. 2003) 

1M - novelty metric value for an idea with m functions and n stages;  

jf - the weight that is given according to the importance of the function or 

essential characteristics;  

n – number of stages of product development; 

jkS1 - the various attributes of a particular function or essential feature of 

stage k of product development; 

kp - the weight given according to the importance of each product 

development stage.   

Because in the experiment, only the concept generation stage was included, n equals 

1 and kp  is given the value 1, simplifying equation (1) resulting in: 
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Calculation of 1S  is done afterwards, given the frequency of occurrence of the 

attribute in the universe of ideas for that function, using equation (2):  

S jk1 =

jk

jkjk

T

CT 
10                                                                                                 (2)  

jkT  - total number of ideas generated for a function (j) for each stage (k); 

jkC  - number of ideas generated for the current attribute a function (j) for 

each stage (k); 

Multiplying by 10 is meant to standardize the result. 

Hence 1S  depends on the universe of ideas produced for a certain function, in each 

phase of the experiment, and also depends on the number of ideas produced for the 

current attribute. 

Each participant case was considered as a replication of the experiment in a shared 

context, considering that the novelty metric of ideation effectiveness is a measure of 

how much the limits of design space are pushed farther, expanding the design space, 

considering all ideation outcomes from all participants altogether to set a context for 

the relative novelty of each idea. As participants may have had more than one idea 

in each experimental phase, the participant’s idea that achieved the highest novelty 

score is taken as the novelty performance for that participant in the particular 

condition. The novelty metric can only be applied to an entire group of ideas, and 

not to an isolated idea. Ideas were grouped based on how they were different from 

each other across clusters. For example, using a different physical principle to fulfil 

the same function makes two ideas very different, increasing the variety of the 

results of ideation. On the other hand, if two ideas differ only in a few details of 

construction or on a secondary level, such as a dimensional value (or an additional 

feature of the material), the ideas are only slightly different. 

An example of one idea, which obtained a novelty score of 4.32 from equation (2), 

is shown in Fig.1. Table 1 shows the general function categories and the particular 

attribute analysis made for the idea shown in Figure 1. 
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Figure 1. Example of an idea resulting from the experiment (participant in control group, 

second experimental phase- post-questionnaire) 

Table 1. Analysis of the function attributes of the idea depicted in Figure 1 for the process of 

assessing its novelty score (the novelty score obtained for this idea was 4.32) 

Function Attribute 

1. Variation in size for storage / immobilization Curl 

2. Treatment of injured member Splint 

3. Material used Not very rigid 

4. Comfort and health of patient / guide safeguarded No 

 

  Results 

The results were analysed statistically considering the maximum value of the 

novelty of each participant in the first and second part of the experiment. The 

novelty scores of the ideation outcomes are shown in Table 2, in the form of the 

mean and standard deviation of the maximum novelty score of the ideas generated 

per participant for the four experimental conditions (two groups in two experimental 

phases). With this arrangement, testing of hypothesis 1 and the baseline hypothesis 

ensued.  

Table 2. Mean and standard deviation of the maximum idea novelty score per participant 

Phase / Group Treatment (n=9) Control (n=8) 

First (pre-questionnaire: 20 min) 5.40 (1.00) 5.06 (1.14) 

Second (questionnaire and post-

questionnaire: 15 + 20 min)  

5.49 (2.24) 3.99 (1.82) 

 

Due to small sample sizes, non-parametric statistics (Siegel & Castellan, 1988) are 

used. While the distribution of first phase maximum novelty is not statistically 
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different across groups (Independent Samples Mann-Whitney U Test, U=42.5, 

p=0.541), the same does not apply for the second phase (U=59.5, p=0.021). The 

distribution of novelty scores is statistically different comparing the treatment and 

the control groups in the second phase of the experiment. The related samples 

Wilcoxon Sign Ranked Test was applied to the differences between phase one and 

phase two, with the following results: Treatment – W=17.0 , p=0.607; Control – 

W=4.0 , p=0.208. Focusing on the means of the first and second phase for both 

groups shows a decrease in the control group, but this effect is not statistically 

proven. After questionnaire administration, ideation novelty shows stability in the 

treatment group overall, while it is degraded on average in the control group, 

without achieving significance (p-value is greater than 0.05). 

The total quantity of ideation outputs differed, albeit not in a statistically significant 

way, between both groups in both the pre-questionnaire phase and the second phase 

of the experiment (Table 3). Although randomly selected, the treatment group 

showed on average higher ideation productivity in terms of sheer idea quantity in 

both phases of the experiment compared to the control group. The average number 

of ideas generated per participant decreased 10.5% in the treatment group and 25% 

in the control group. Statistical tests applied to the data described in Table 3 did not 

show significant differences for both horizontal and vertical comparisons in the 

Table. However, the independent samples Mann-Whitney U Test applied to the 

number of ideas in the second phase across groups marginally approached 

significance with p=0.059, and U= 55.5. 

Table 3. Mean and standard deviation of number of ideas generated per participant 

Phase / Group Treatment (n=9) Control (n=8) 

First (pre-questionnaire: 20 min) 2.11 (0.78) 1.50 (0.53) 

Second (questionnaire and post-

questionnaire: 15 + 20 min) 

1.89 (1.27) 1.13 (0.64) 

 

Analysis of the results reported in Tables 2 and 3 inspired a question: “Are the 

participants who achieve the highest novelty scores in each phase also the ones who 

are more prolific in terms of quantity of ideas generated?”. To answer this question 

the approach to correlations reported by Coelho et al. (2013) is applied resulting in 

the selection of Spearman’s rank order coefficient. As experimental conditions were 

virtually the same for the two groups of participants in the first phase of the 

experiment, the two groups are joined in one (n=17) yielding rho=0.066 (p=0.802) 

for the correlation between the maximum novelty score and the quantity of ideas 

generated per individual. Hence no correlation whatsoever is found for the first part 

of the experiment. For the second part of the experiment, groups are maintained 

separate in the correlation analysis, as conditions between the treatment and the 

control group were effectively different. Both groups display high correlation. The 

treatment group shows rho=0.852 (p=0.04; n=9) with significance, while the 

correlation in the control group yields rho=0.843 (p=0.09, n=8) approaching 

significance. Hence, while achieving high novelty scores in the first 20 minutes of 

the experiment did not depend on the quantity of ideas generated in that phase, in the 

second part of the experiment (involving 15 minutes with individual / group 
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questioning and 20 minutes for silent ideation only), the more each participant in 

either condition generated ideas, the higher the maximum novelty score of the 

individual’s ideation outcome. 

  Discussion 

Statistical analysis of the novelty results shows that in the first part of the 

experiment the two groups were undifferentiated regarding the maximum novelty of 

participant’s individual ideation set. The effect of the group dynamics in the 

treatment group appears to lead to maintaining in the second part of the experiment 

the average value of novelty reached in the first part of the experiment. In the 

control group, the average novelty per participant decreased, albeit not in a 

statistically significant way, from the first to the second phase of the experiment.  

Comparing the first and second experimental phases, suggests that ideation quantity 

displays a tiredness effect over time.  This effect may explain the fact that the idea 

novelty and quantity of the treatment group did not increase in the second phase, 

while the means in the control group decreased. Moreover, increased standard 

deviation in the second phase for the treatment group denotes increased variance 

over time, possibly because some subjects followed inspiration and detailed few 

ideas, while others kept exploring the solution space with new alternative but very 

conceptual solutions.  

In future analysis of results, ideation outcomes in both groups (treatment and 

control) are to be analysed using the approach presented by Verhaegen et al. (2013 ), 

to determine the effect of group interaction on the degree of variety of ideation. To 

assess the variety of each set of ideas generated by each of the two groups (control 

and treatment) in the first and second parts of the experiment, an examination of 

how each function is satisfied in each idea is to be carried out. The experimental 

hypothesis is that the variety of ideation in each group, normalized with respect to 

the size of the group, is not different for the first part of the experiment in the control 

and treatment groups, differing however in the second part of the experiment. The 

second part of the experiment also aims to test if the variety of ideas of the treatment 

group, standardized for the size of the group, is higher than the variety of the ideas 

of the control group, or, if variety is lower for the treatment group than for the 

control group.  

Once the overall results of the experimental study are extracted (combining the 

novelty and variety metric analyses) authors shall seek to determine if group 

dynamics influences the effectiveness of ideation evenly for the novelty and variety 

metrics. This analysis has been done both at the individual level for the novelty 

metric and is to be performed at the group scale only for the variety metric. Because 

of the relatively short duration of the phases of the experiment which did not give 

rise to many ideas per participant in each phase, with a few exceptions, the direction 

of the effect of group dynamics is only to be seen by comparing the variety results 

between both groups, each one viewed as a whole. 
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  Appendix 

Design Briefing (Wilson et al., 2010) 

 

  Portuguese version (translated and adapted from Wilson et al., 2010) 

Monte-TREK 

A Monte-TREK (MTREK) é uma empresa de atividades ao ar livre que organiza 

expedições às montanhas ao longo de todo o ano. Nestas atividades, a MTREK 

recorre a guias de montanha que lideram o grupo de participantes nestas 

expedições. Por razões de segurança, a MTREK exige que cada um dos seus guias 

transporte consigo um conjunto de itens, para utilizar se se tornar necessário, que 

inclui um estojo de primeiros socorros com material para fazer curativos e alguns 

medicamentos. Este estojo contém itens que podem ser usados em caso de enjoo ou 

mal-estar, picada de insetos, feridas, traumatismo, etc. Estes itens limitam o espaço 

disponível na mochila dos guias. Em condições extremas de escalada, a MTREK 

notou que existe um risco significativo de ocorrência de fratura da perna e de 

deslocamento do tornozelo. 
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DESAFIO DE DESIGN – Geração de conceitos alternativos 

Devido ao potencial acrescido de lesão e ferimento na perna e no tornozelo, a 

MTREK vai passar a exigir que os seus guias levem consigo itens adicionais para 

tratar este tipo de lesões e ferimentos. Neste desafio de design, a MTREK contratou-

o(a) para criar um dispositivo que possa ser usado para imobilizar uma articulação 

ou um dos membros inferiores em caso de ocorrência de lesão ou ferimento 

extremo. Este dispositivo tem de ser tão leve e tão pequeno quanto possível quando 

armazenado na mochila dos guias, mas tão rígido e tão grande quanto necessário 

para imobilizar a perna de um homem adulto de estatura média. 




