COMPARISON OF THE DEGREE OF CREATIVITY IN THE DESIGN OUTCOMES
USING DIFFERENT DESIGN METHODS
Vicente Chulvi!, Elena Mulet!, Amaresh Chackrabarti’, Belinda Lépez-Mesa®, Carmen

Gonzdlez-Cruz*

!Universitat Jaume I, Enginyeria Mecanica i Construccio, Avenida Sos Baynat s/n, Castellon 12071, Spain;

2Indian Institute of Science, Bangalore, India; )

3Dep. de Ing. Mecanica, Universidad de Zaragoza, Area de Construcciones Arquitectonicas, Maria de Luna, 3, 50018,
Spain;

4Universitat Politecnica de Valéncia, Projectes d’Enginyeria, Camino de Vera, s/n, Valencia 46022, Spain

ABSTRACT

This work analyses the influence of several design methods in the degree of creativity of
the design outcome. A design experiment has been carried out in which the participants
were divided into four teams of three members, and each team was asked to work applying
different design methods. The selected methods were brainstorming, functional analysis,
and SCAMPER method. The ‘degree of creativity’ of each design outcome is assessed by
means of a questionnaire offered to a number of experts and by means of three different
metrics: the metric of Moss, the metric of Sarkar and Chakrabarti and the evaluation of
innovative potential (EPI). The three metrics share the propierty of measuring the creativity
as a combination of the degree of novelty and the degree of usefulness. The results show that
brainstorming provides more creative outcomes than when no method is applied, while this is

not proved for SCAMPER and functional analysis.
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1. INTRODUCTION

1.1 Background

Design methods are a series of procedures, techniques, aids or tools for designing, which
represent a series of activities that the designer uses and combines in order to advance in the
design process. There are many well-known design methods for stimulating creativity in the
earlier phases of the design process (brainstorming, SCAMPER, six hats, lateral thinking,
analogies, functional analysis, etc.), as can be seen in the collections of methods by Jones
(1970), VanGundy (1988), Higgins (1994), de Bono (1970) and others. Several empirical
and experimental studies have shown the advantages of applying these methods, usually in
combination with sketches and other stimuli, in order to encourage creative thinking (Mulet
and Vidal, 2001; Van der Lugt, 2001; Schiitze et al., 2003; Bilda and Gero, 2005) among
others. According to Shah et al (2003) the methods for idea-generation can be classified in
two main groups: intuitive and structured or logical ones.

In a previous study (Lopez-Mesa et al., 2011), ideation effectiveness of SCAMPER method
in comparison with that for visual brainstorming method have been evaluated using Shah’s
metric (Shah and Vargas-Hernandez, 2003). SCAMPER - which stands for Substitute-
Combine-Adapt-Modify-Put to other uses-Eliminate-Rearrange (Vehar et al.,, 1999) — is
a method where the group seeks stimulation from an idea-prompting checklist. In this
previous study, ideas feasibility was measured in terms of the time dedicated to a solution
and as the rate of attended reflections, using reflection as suggested in (Valkenburg, 2000).
The novelty of a solution generated was evaluated by identifying the similarities of each
alternative solution of a team with every alternative solution of the other teams at the level of
action function, conceptual structure and detailed structure. The novelty level indicates how
dissimilar the solution is from all other solutions. This study concluded that using SCAMPER

method leads to generation of more potentially feasible ideas than does using visual stimuli in



a brainstorming method.

However, the precise influence that design methods have on the degree of creativity of the
designed product is not clear, due, among others, to the complexity involved in assessing
or measuring creativity. This complexity is even higher in the earlier phases of the design
process, when usually several ambiguous design ideas are proposed, and the designers have to
decide which one(s) to select for proceeding further.

A deeper understanding of the relative influence that design methods have on creativity would
help select the most suitable one depending on the particular goal.

The aim of this work is to determine the influence of several design methods in the degree of
creativity of the design outcome. The objectives of this paper are:

- To evaluate the relative creativity of different design methods and

- To assess how far the academic methods for measuring creativity by means of the degree of
novelty and usefulness match with the intuitive notion of experts.

The present work shows an experiment developed for this purpose, where four
multidisciplinary design teams are required to solve three different design problems using
different methodologies. The methodologies chosen for the experiment are Brainstorming
(Osborn, 1953), which is focused in idea-generation, Functional Analysis (Jones, 1970),
which is focused in problem analysis, and SCAMPER (Eberle, 1996), which represents
a middle point between the other two methodologies. According to Shah et al (2003)
classification, the Brainstorming is a strongly intuitive method, also sub-classified as germinal
method, while Functional Analysis is classified as a logical o structured one, sub-classified
in the group of analytical methods. So these two methods have been chosen for exemplifying
two opposite kinds of methodologies in terms of intuitiveness and structureness. The third
chosen method, the SCAMPER, despite the fact that it is classified as intuitive by Shah et al,

it doesn’t represent the extreme of intuitiveness, as Brainstorming does. SCAMPER is sub-



classified as transformational, and it represents a moderate intuitiveness, so it has been chosen
as a middle point method between Brainstorming and Function Analysis.

This paper is organized as follows. Section 2 describes the methods used for measuring the
degree of creativity of the design outcomes. Section 3 describes the research experiment and
the analysis carried out with the experimental data. Section 4 presents the results, Section 5
shows the discussion of the results, and Section 6 provides some concluding remarks.

1.2. Creativity assessment

Literature provides over a hundred definitions of creativity, many with overlapping elements,
see (Sternberg and Lubart, 1999; Shah and Vargas-Hernandez, 2003; Sarkar and Chakrabarti,
2007; Sarkar and Chakrabarti, 2008). Sarkar and Chakrabarti (2007) proposed a common
definition of engineering design creativity by analyzing a comprehensive list of such
definitions. Here, the elements constituting creativity from various definitions are found to
occupy a hierarchy of influences on creativity, with novelty and usefulness of the outcomes
occupying the most direct links with creativity. Similar definitions are proposed by numerous
authors, like Moss (1966) or Bessemer (1989). The proposed common definition of creativity
is, ‘Creativity occurs through a process by which an agent uses its ability to generate ideas,
solutions and products that are novel and useful’. Because of its comprehensiveness, this
definition is used in this work. The core elements of creativity are ‘novelty’ and ‘usefulness,’
and a direct measure of creativity should be formed in terms of these two (Chulvi et al, in
press). Note that this is an outcome-based definition of creativity, where creativity is judged
in terms of the characteristics of the outcomes generated as a result of the creative process
or person. This raise is opposed to a person or process-based definition of creativity, in
which the focus is, respectively, on the characteristics of the person or the process involved.
The argument for this choice is that outcome-based definitions are the most direct forms,

since whether a person or a process is creative is ultimately evaluated by the quality of their



outcomes.

An outcome is ‘new’ if it has been recently created (Cambridge, 2007). ‘Novel’ outcomes
are those that are new to the entire human race: ‘novelty’ encompasses both new and original
(Cambridge, 2007). Novelty is ‘not resembling something formerly known’ (Sternberg and
Lubart, 1999). The assessment of novelty of an outcome, therefore, requires comparison with
previously known ideas (Sarkar and Chakrabarti, 2007).

Dictionaries define ‘Usefulness’ as the quality of having utility value or practical benefits
to the society (Merriam, 2007; Oxford, 2007). Usefulness of a product therefore should be
assessed by its actual use, and when this information is not available, using estimation of its
potential use (Sarkar and Chakrabarti, 2007).

2. MATERIALS AND METHODS

2.1 Methodologies for creativity assessment

2.1.1 Metric of Moss

Moss (1966) developed a methodology for identify and estimate the creativity level of a
product through combination of two different parameters: usefulness and unusualness.
Usefulness is determined by comparing the level of fulfilment of the product requirements
with a standard solution considered correct, which named “teacher’s solution”. This
parameter is measured in a 0 to 3 scale, where 0 corresponds to a design that doesn’t
perform the demanded requirements, and 3 corresponds to a solution considered better than
“teacher’s” one.

Unusualness is determined through the reverse probability of that idea appearing within
a homogeneous group of solutions. It is assessed by comparing the product with similar
products that solve the same problem. So, this is a comparative method for which evaluator
must be familiar with possible solutions that can appear and the frequency in which these

solutions may appear, and he must be able to deduce which probability appearance is



considered as normal for average solutions and translate the probability deviations to
unusualness rate. This rate has also a value in a 0 to 3 scale, where zero means that the
solution is very common and 3 means that it is exceptionally original.

Finally, creativity degree is calculated by multiplying the two values, usefulness and
unusualness. So, creativity is presented in a scale from 0 to 9.

2.1.2 Metric of Sarkar and Chakrabarti

Sarkar and Chakrabarti (2008) present the creativity level of a design as the product
of its novelty and usefulness. Similar to the previous metric, creativity is defined as
the combination of two parameters. Similarity of meanings among these parameters is
perceptible, since they both use the term usefulness, and unusualness may lead to novelty.

The authors use SAPPhIRE model (standing for State-Action-Part-Phenomenon-Input-
oRgan-Effect) model of causality by (Chakrabarti et al., 2005) to assess the relative degree
of novelty of products (see Figure 1). It has seven elementary constructs. ‘Action’ is an
abstract description or high level interpretation of a change of state, a changed state, or
creation of an input. ‘State’ refers to the attributes and their values that define the properties
of a given system at a given instant of time during its operation. ‘Physical phenomena’
are a set of potential changes associated with a given physical effect for a given organ
and inputs. ‘Physical effects’ are the laws of nature governing change. ‘Organs’ are the
structural contexts needed for activation of a physical effect. ‘Inputs’ are energy, information
or material requirements for a physical effect to be activated. ‘Parts’ are the physical
components and interfaces constituting the system and its environment of interaction. Parts
are necessary for creating organs, which with inputs activate physical effects, which are
needed for creating physical phenomena and state change. State changes are interpreted as
actions or inputs, and create or activate parts. Activation, creation and interpretation are the

relationships among the constructs.
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Figure 1. SAPPhIRE Model of Causality

For detection of relative degree of novelty in products that are not ‘very highly novel’ (i.e.,
those that do not satisfy a function for the first time), state change and input constitute the
next level of novelty (‘high’ novelty), physical phenomena and physical effect the next level
(‘medium’ novelty), and organs and parts constitute the lowest level (‘low’ novelty) at which
a product can be different from other products. By combining these measures, a method for
novelty detection has been developed which employs FBS (Gero, 1990; Umeda et al., 1990)
model initially (to find if a product is very highly novel or not) and SAPPhIRE model later
to assess the relative degree of novelty with respect to other products. The method has been
formally evaluated in terms of the degree to which its output (i.e., the degree of novelty of
products as determined using the method) matched with the output of experienced designers
(i.e., the degree of novelty of the same products as perceived by these designers) (Sarkar,
2007; Sarkar and Chakrabarti, 2007).

The usefulness of a product is measured in terms of the degree of usage a product has or is

likely to have in the society. The scale is provided by a combination of several elements to



assess the degree of usage: the importance of the product function, the number of users, and
how long they use it or benefit from it. Together, these give a measure of how extensive the
usefulness of the product is to the society. This is explained below.

As to how important the use of a product is depends on its impact on its users’ lives. Some
products are indispensable; products that are more important to the society should have
a higher value for their usefulness. Five levels of importance of products are used in this
measure (Sarkar, 2007; Sarkar and Chakrabarti, 2007): extreme importance (e.g. life saving
drugs), very high importance (e.g. compulsory daily activities), high importance (e.g. shelter),
medium importance (e.g. machines for daily needs), and low importance (e.g. Entertainment
systems). All other parameters being the same, the products that are used by a larger number
of people should be more useful to the society. Products that are used more frequently or
have longer duration of benefit are likely to have been more useful to the society; assuming
that their ‘level of importance’ and ‘rate of popularity’ is the same, the rate of their usage
increases their usefulness. These parameters are combined using Equation 1 below to assess
degree of usefulness.

U=L(FD)R [1]

L stands for level of importance; F for frequency of usage (how often people use it); D for
duration of benefit per usage; R for rate of popularity of use (how many people use it). Formal
evaluation of the measure by comparing the ranking of usefulness among various sets of
products by experienced designers and that found using the measure showed a high degree of
correlation.

Lastly, Creativity is measured here as the product of the degree of novelty and usefulness. So,
in order to assess relative degree of creativity of a product in a given set, the following steps

are carried out:



1. Assess novelty of each product on a qualitative scale: ‘Very high novelty’, ‘High
novelty’, ‘Medium novelty’ and ‘Low novelty’ using the novelty assessment method.

2. Convert the qualitative novelty value of each product into quantitative values: Very
high novelty = 4 points, High novelty = 3 points, Medium novelty = 2 points and Low novelty
= 1 point. Convert these into relative ranks.

3. Assess the usefulness of each product using the method described before.

4. Convert the usefulness value into relative ranking using the following scale: if there
are five products that are ranked 1-5, give them 1/5, 2/5, 3/5, 4/5, 5/5 points respectively.

5. Calculate creativity of a product as a product of its degree of novelty and usefulness.
2.1.3 Evaluation of innovative potential (EPI)

The EPI method (Justel, 2008) proposes a measure for determining a product’s creativity on
the one hand, and on the other hand it proposes a method for predicting the exit of the product
from the market, in order to determine the measure of its innovation. As the aspect related to
the present work is that which measures creativity, only that part of the EPI will be used here.
In this part of the methodology, design requirements are established in the first place, and
a weight is assigned to each to represent their relative importance. As the original method
is focused in costumer likes in order to evaluate the market success, the higher weight is
assigned to requirements of user’s over-satisfaction, while one-dimensional requirements
have a lower weight (3), and a value of zero is assigned if the requirement is supposed in the
design (basic). The proposed adaptation for present work in order to evaluate the creativity
in agreement with the other metrics is to invert the weights of the design requirements,
since it is considered that these can indicate better the utility when they are more related
to the functionality. So, the higher weight (9) is assigned to basic functions, while over-
satisfaction ones will be rated with zero. One-dimensional requirements will have the

intermediate value (3). A coefficient corresponding to accomplishment grade will be assigned



to each requirement in a design. If the requirement is totally and satisfactorily achieved, the
coefficient value is set to 9; if the requirement is only partially accomplished the value is 3;
and a value of 1 is assigned if it is weakly accomplished.
Novelty value assigned to each design is determined by the innovation criteria proposed by
Garcia and Calantone (2002). A design whose innovation degree is defined as incremental
will have a value of 1; a value of 2 is given to innovations defined as moderate, and 3 for
radical innovations. The value is 0 if the design is not innovative.
From these weights, coefficients and novelty values, a creativity rate, also called “absolute
potential” (AP) in the EPI, for each design is calculated from the following equation:

n
AP=[Z Requirement (1) x Accomplishment (i) | x Novelty (i) [2]

i
Justel (2008) also recommends to normalize the AP value to a relative value in percentage,

where 100 corresponds to the maximum potential level that can be achieved within the group

of analyzed items.

2.1. Design experiment

In order to fulfil these objectives, a design experiment has been carried out in which twelve
persons participated. All participants are designers and engineers in a design PhD programme
or are working as professional designers.

The participants were divided into four multidisciplinary teams of three members each, since
it is defended that multidisciplinary teams reinforce creative competencies and allow for
rich combinations of otherwise disconnected pools of ideas (Alves, 2007), as it has been
demonstrated in several experimental works (Peeters et al, 2007; Gonzalez-Cruz et al, 2008).
Each team was asked to work in three one-hour sessions, applying different design methods

to solve different design problems. Each of the four teams was composed of one designer, one



mechanical or industrial engineer, and another designer or engineer.

The selected design methods were: (i) brainstorming, which encourages free generation
of ideas, being applied in two different versions (Version 1 and Version 2); (ii) functional
analysis, for involves an abstract problem analysis; (iii) the SCAMPER method, in which the
current paradigm is broken by means of series of questions, generating in this way new design
ideas; and finally (iv) no method, in which design teams have no instructions or guidelines
to follow, and they are free to discuss their ideas at their own way. These methods are better
explained above, in Table 2. The reason to consider two different brainstorming methods was
to compare the results in these studies with those from previous design experiments in which
these versions had been applied (Lopez-Mesa, 2004; Chakrabarti, 2003).

Four design problems were selected to solve in the experiment: design of a drawing table
occupying as little space as possible when it is not in use (Problem 1), a tubular map case
for one by one extraction and introduction of maps (Problem 2), a system to bring together
and to hide the wires in a table (Problem 3) and a table for alternating stand up and sit down
position (Problem 4). These four problems have been chosen due to their similar level of
difficulty according to the disposable time for the experiment, their need of multidisciplinary
knowledge in order to achieve good results, and because they present similar potential on
achieving creative results. The objective of these choices is to attempt that the design problem
don’t interfere in the level of creativity of the outcomes. Also, problem 2 has been chosen
because it has been used in previous research experiments (Lopez-Mesa, 2004, 2011), and
studying them again would provide additional data for comparison.

Each team got assigned different design problems and different design methods in each
session to minimize the noise factors. These factors can potentially arise from difference in
participants, problems and methods used across the experiments, since it is impossible to

keep these variables constant across the experiments. Table 1 summarizes the experiment



arrangement, and Figure 2 shows a picture of each design team during the experiment.

Team | Session 1 Session 2 Session 3
Team 1 | No method (NM) | Brainstorming version 1 (BR1)| SCAMPER
Problem 4 Problem 2 Problem 1
Team 2 | No method (NM) [ Brainstorming version 1 (BR1)| SCAMPER
Problem 3 Problem 1 Problem 2
Team 3 | No method (NM) | Brainstorming version 2 (BR2)| Functional analysis|
Problem 1 Problem 3 (FA)
Problem 4
Team 4 | No method (NM) | Brainstorming  version 2| Functional analysis
Problem 2 (BR2) (FA)
Problem 4 Problem 3

Table 1. Design experiment.

The experiment was carried out simultaneously for the four teams in a single day. Each team
was located in a separate room with a facilitator. The tasks and timing for each design session
was organized in four steps:

- Step 1. Preparatory meeting (15 min) with the participants to explain and apply the
design method to a short exercise unrelated to the actual problems.
- Step 2. Solving the actual problem (30 min) applying the design method prescribed.

- Step 3. Evaluating and selecting one solution (10 min). Neither instructions nor any
prescribed method were provided to do this.

- Step 4. Documentation. (10 min). During the last 10 minutes, the participants
were asked to prepare the following information: a detailed sketch with major dimensions
and materials, describing how it works, explaining how it solves the problems, who the

beneficiaries are, and why they should buy and use it.



Figure 2. Design experiment sessions

Each design session was recorded for further analysis. In each room, a set of information and
tools were available for the participants:

- A computer display showing pictures of current products which solve the design
problems proposed (Figure 3).

- A panel summarizing the design method steps to apply.

- Markers, cards, paper sheets, ruler.

- For brainstorming methods: small cards.
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Figure 3. Current designs shown during the experiment.

As indicated in Table 1, every team started solving the first problem in which no method was
prescribed to be applied, and they then solved two additional problems each time applying a
different design method. This allowed us to obtain appropriate data with which to analyze the
relative influence of a design method in comparison to one in which no method is asked to be

applied. The steps for each design method are described in Table 2.

BRAINSTORMING VERSION 1
Use these steps as a part of your idea generation process.
1. Think about ideas for the problem, and say every idea aloud to the team.
2. Write down the idea on a card immediately. (it is not necessary that you write down avery word).
3. Let the card available on the middle of the table.
4. Everytime that someone is saying his/her idea, the others must listen to him/her and they will try to add
something new or improve what has been told. It is important that you work as a team.
5. Put together those cards with similar ideas.
6. You are encouraged to take any card to read it again in order to find out more ideas.




Follow these 4 rules:
- Criticism is ruled out: try not to think of utility, importance or feasibility, and certainly no critical remarks
during the brainstorming.
- Freewheeling is welcomed: the wilder the ideas, the better.
- Combination and improvement of ideas sought: add to or build upon ideas of others.
- Quantity is wanted: think of as many associations as possible.

FUNCTIONAL ANALYSIS

1. Express the overall function for the design in terms of the conversion of inputs into outputs
»  Concentrate on what has to be achieved by the design, rather than how.
» Create a black box of inputs and outputs which defines the overall function as broadly as possible
widening the system boundary.
»  Ensure that all relevant inputs and outputs are included, which can be classified as flows of materials,
energy or information.
2. Break down the overall function into a set of essential sub-functions.
»  Each function statement should be expressed in the same way (sentence with a verb and a noun).
»  Each sub-function has its own inputs and outputs, and compatibility between these should be checked
»  There may be auxiliary sub-functions that has to be added but which do not contribute directly to the
overall function.
3. Draw a block diagram showing the interactions between the sub-functions.
*  Ablock diagram consists of all the sub-functions separately identified by enclosing them in boxes and
linked together by their inputs and outputs so as to satisfy the overall function of the design.
+  ltis useful to use different kinds of lines for different kinds of inputs.
4.  Draw the system boundary.
»  Decide which part of the block diagram will be satisfied by the system designed so as to define a
feasible product.
»  This may be required in order to narrow down the scope of the product.
5. Search for appropriate components for performing the sub-functions and their interactions.
Many alternative components may be capable of performing the identified functions.

BRAINSTORMING VERSION 2

1. Now carry out a brainstorming exercise on the actual problem. Steps for a brainstorming exercise are:
»  Write, at the beginning of the session, the statement of the problem clearly visible to everyone, as well
as the four rules (see at the end of this page).
+  Ask the participants to raise their hand if they want to communicate an idea. Have the facilitator write
down the idea. Carry this on until the team’s ideas have been exhausted.
2. Have the participants themselves delete silly ideas which have only served as stepping stones and have them
cluster the remaining ideas according to similarity.
The four rules are:
1. Criticism is ruled out: Try not to think of utility, importance or feasibility, and certainly no critical remarks during
the brainstorming step (step 2).
2. Freewheeling is welcomed: The wilder the ideas, the better.
3. Combination and improvement of ideas sought: Add to or build upon ideas of others.
4. Quantity is wanted: Think of as many associations as possible.

SCAMPER

This is a series of questions that are intended to help you changing an existing solution into a new solution. You have
all these existing solutions and you have to generate new ideas applying these questions. Use these questions as a
art of your idea generation process, and you must select the most appropriate idea to solve the problem.
Questions

What can be blended, mixed, or included?

What if you reverse the assemble?

What are other ways to use it?

What can you substitute?

What can be combined?

What else is like a “object to be designed™?

What ideas can you combine?

What can you make bigger, or smaller?

How can you change colour, sound, smell, or touch?

What parts can you do without?

What parts can you repeat, duplicate, triplicate...?

Does its shape suggest other uses for it?

Can it be reverse inside out?




What parts can be longer or thicker?
What parts should be added?

What other process of introduction/extraction can be used?
What else is like a classifier?
What if there is no “product™?

How can you make it more compact or shorter?
Can it be turned upside down?
Does its shape suggest other uses for it?

Table 2. Steps followed for the design methods in the experiment

Tables 3 to 6 describe the design outcomes for each experiment run.

No method

Brainstorming version 1

SCAMPER

Foldable table, using
hinges
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Table 3. Design solutions obtained for problem 1.

No method

Brainstorming version 1

SCAMPER

Concentric tubes
To introduce a map:
- Select a single tube.
- Extract the tube
- Roll the map and ensure it
- Insert the map
- Close the screw top
To extract a map:
- Select a single tube
- Extract the tube
- Unroll the map
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Binder-like system. Every map is
separated from the others and can be
easily extracted.

To protect the maps, the binder
system can be rolled and introduced

in a tube.
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Tube to protect

Sheets to put every map in

one

Paperclips to hold the maps
separated and in concentric positions
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Triangle‘base to a maps
to arrive at a different height,
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Screw top

Table 4. Design solutions obtained for problem 2.

| No method

| Brainstorming version 2

| Functional analysis




The wires are tight by velcro on the
inferior face of the table and are
lead to the leg. There is a plug in
the leg to connect the wires

A plug is available in the table next to
the legs, to connect all the elements in
it.

For the other signals,
communication will be used

wireless
¥

Several g goves for
different type of wires

A channel to place in the lateral or
inferior surface of the table

Top (optional)

shape) to
introduce and
extract the
wires easily

Table 5. Design solutions obtained for problem 3.

| No method

| Brainstorming version 2

| Functional analysis

A metallic structure holds the table to
the wall. It allows changing easily the
height and the angle of tilt.

It can be used for different purposes

Double bearing
She]ves System

i &
= £
i -
= ]
=W A ccessories
| # bar
Handles to ease t
movement Working
surface

Virtual table

A virtual screen with an optical pencil to
manipulate it.

It does not provide a physical support; the
arms are not supported.

It can be manipulated as a holographic
system.

You could write, erase, etc., in a virtual way.
The table could be used in all the positions:
to work siting down, standing up, in different

angles of tilt, etc. ‘

There are no sketches for
this solution. The proposed
components and their respective
functions:

- Bearing (to enlarge the
board surface)
- Wheels (to move)
- Hydraulic system (to stand
up the board, to change its
position)
- Two legs (to support)
- Rack. (to keep pencils and
objects in the board, avoiding
these to fall down)

Table 6. Design solutions obtained for problem 4.




Next, the relative degree of creativity of each design outcome from the experiment is assessed
in two ways: by means of experts’ evaluation and by applying the measurement methods

explained in Section 2.

3. RESULTS

3.1. Evaluation of creativity

3.1.1 Experts’ evaluation

A questionnaire was designed to evaluate the degree of novelty, usefulness and creativity. For
each design problem, the questionnaire asks for ranking each one of the 3 solutions from 1 to
3, with 1 being the most novel, useful or creative of the three, and 3 being the least. For each
solution, a sketch and an explanation are provided.

The questionnaire was then offered for survey to experts. Here an expert is taken as a person
with at least eight years of professional experience in the design of furniture and similar
products. Seventeen experts answered the questionnaire.

The responses from these questionnaires are analyzed and the median, mode and standard
deviation were obtained. The experts’ responses present a significant dispersion, and therefore
one expert had to be excluded from the study because the deviation of his answers was higher
than 3 sigma. The ‘mode’ was used instead of the “mean” to assess the relative degree
of novelty, usefulness and creativity, because the mean has proven not really useful when
analysing ordinal ratings.

3.1.2 Evaluation Using Moss’ Metric

In order to assess creativity in Problem 1, unusualness has been analyzed in the first
step. Here it has been considered that the solutions developed using no method and using

SCAMPER have several similarities between them as well as with market solutions, so their



unusualness value has been set in 1. On the other hand, the solution achieved with BR1 shows
a less conventional solution, so a value of 2 has been assigned to it.

In terms of usefulness, SCAMPER solution is very bulky and complicated to assemble and
disassemble each time it is to be used, so it has been assigned a value of 1. The solution
developed using no method makes manipulation easier compared to the last solution, so it has
been given a value of 2. Lastly, the solution developed using BR1 fulfils with all the main
objectives in an efficient way, so his value has been set as 3.

Creativity values are calculated as a product of the novelty and usefulness, as seen in Table 7.

Pl SCAMPER | BRI No Method
Unusualness 1 2 1
Usefulness 1 3 2
Creativity 1 6 2

Table 7. Values of creativity assessment for problem 1 according to Moss’ metric

In order to evaluate the creativity value of solutions for Problem 2, it has been considered in
a first place that both the solutions developed using no method and using SCAMPER present
low originality from reality, so their value of unusualness is 1. The solution developed using
BR1 is considered slightly more original than the previous two, so it is evaluated with 2.
Concerning utility, considering the capacity and the ease of use, both the solutions developed
using no method and SCAMPER are equally valid, so they each have a value of 2, while
the solution using BR1 presents an improvement of existing solutions since it improves its

capacity. The final values of creativity assessment are shown in Table 8.

P2 SCAMPER | BRI No Method
Unusualness 1 2 1
Usefulness 2 3 2
Creativity 2 6 2

Table 8. Values of creativity assessment for problem 2 according to Moss’ metric



In the case of Problem 3, the solutions developed using BR2 and that using no method
are similar to those present in the market, so they have a low unusualness value (1), while
the solution developed using Functional Analysis presents a higher unusualness level (2).
Regarding utility, the solutions resulting form the application of Functional Analysis and BR2
are as valid as the available solution (value of 2), but the solution achieved with no method

barely fulfils the basic requirements (value of 1). The resulting values of creativity are shown

in Table 9.
P3 Func. An. BR2 No Method
Unusualness 2 1 1
Usefulness 2 2 1
Creativity 4 2 1

Table 9. Values of creativity assessment for problem 3 according to Moss’ metric

Lastly, solutions provided by Functional Analysis and No method for problem 4 show a low
unusualness level (1), since they are considered very common, while solution found with
the application of BR2 is considered as very unusual, so in this case the value assigned is 3.
Oppositely, this last solution presents a very low utility compared with a standard solution (1),
while the other two solutions, those provided by Functional Analysis and No method, present
a usefulness level as good as a standard one, so their value is set in 2. Table 10 shows the final

values of creativity assessment of problem 4.

P4 Func. An. BR2 No Method
Unusualness 1 3 1
Usefulness 2 1 2
Creativity 2 3 2

Table 10. Values of creativity assessment for problem 4 according to Moss’ metric

3.1.3 Evaluation using the Metric by Sarkar and Chakrabarti




The degree of novelty was measured applying the SAPPhIRE model, thus comparing the
differences in action, state change, physical phenomenon (PP), physical effects (PE), organ,
parts and input between the obtained solutions and the previously known solutions for each

problem. For Problem 1, Table 11 shows the FBS and SAPPhIRE models for some existing

solutions.

FBS

SAPPhIRE

/| Function:

to support
maps and drawing
Behaviour: a  joint
allows to change the
angle of tilt

Action: to change the angle of tilt

State Change: supporting at a different angle

PP: a momentum is applied to change the board’s
position

PE: momentum

Structure:  legs and | Organ: rigid solid
board. Parts: legs, board, joint
Input: human force
| Function: to support [ Action: to change the angle of tilt
ey _ maps and drawing State Change: supporting at a different angle
o Behaviour: a double | PP: a momentum is applied to change the board’s

joint allows to change
easily the angle of tilt
Structure:  legs and
board. Double Joint and
a lever

position

PE: momentum

Organ: rigid solid

Parts: legs, board, double joint
Input: human force

Table 11. FBS and SHAPPhIRE analysis for existing solutions

Table 12 summarizes the analysis of differences between the obtained solutions and the
existing products for problems 1, 2, 3 and 4, and indicates the degree of novelty and the

relative ranks.

Problem 1 | Number of differences Degree of novelty | Novelty

solutions In terms of organ | In terms of parts rank

SCAMPER | 0 1Legs foldable by means of trestle | Low novelty 3

BR1 1 difference Low novelty

NM 0 2 Full foldable, hold on the wall Low novelty 2

Problem 2 | Number of differences Degree of novelty | Novelty
rank

solutions



In terms | In terms of PP or | In terms of organ

of state PE and parts
SCAMPER | 2 Similar Less differences High novelty 2
BR1 2 More differences High novelty 1
NM 1 High novelty 3
Problem 3 | Number of differences Degree of novelty | Novelty
solutions In terms of parts rank
FA More differences Low novelty 1
BR2 very similars Low novelty 2
NM 2
Problem 4 | Number of differences Degree of novelty | Novelty
solutions In terms of PP In terms of organ and parts rank
FA - Not new Not new 3
BR2 1 Medium novelty 1
NM - 2 Low novelty 2

Table 12. Analysis of differences using SAPPhIRE Model Constructs

Using the method as explained above, it was found that some of the factors that influence the
degree of usefulness have the same value for all the three solutions obtained for every design
problem. Then, only those having a different score are mentioned in this sub-section.

For Problem 1, the rate of popularity of use (R) and the rate of usage (FD) are the same for
the three solutions. The level of importance falls in the medium category, but intermediate
points can be assigned considering that the solution obtained with BR1 has a slightly higher
level of importance since it occupies the least volume, and the solution obtained with no
method occupies less volume than that by the solution obtained using the SCAMPER method.
For Problem 2, again the rate of popularity of use (R) and the rate of usage (FD) are the same
for the three solutions. The level of importance also falls in the medium category, but the
solution obtained with BR1 has a slightly higher level of importance since it provides the best
separation between the maps, and the solution obtained with no method separates the maps a
little better than the solution obtained using the SCAMPER method.

For Problem 3, four issues concerning the level of importance and the rate of usage have been
identified to be different for the three solutions obtained in the experiment: ease of change

and expected lifespan (FA>BR2>NM), flexibility to connect in many different points (FA and



NM>BR2) and capability to hide the wires (BR2>NM>FA). Finally, equal weighting for the
four factors has been applied and the final usefulness rank is: FA>BR2>NM.

For Problem 4, the rate of usage and the popularity of use (R) are considered to be higher
for the solutions obtained by applying functional analysis and with no method, since these
tables can be used for more functions, such as supporting objects. A slightly higher level
of importance is assigned to the solution obtained with no method, because it has more
additional uses.

Table 13 summarizes the relative degree of usefulness for each design outcome.

Problem 1|R FD L Differences Usefulness
solutions in L ranking
SCAMPER The least one | 3
BR1 . A little bit| 1

Same Same medium )

higher

NM 2
Problem 2
solutions
SCAMPER The least one
BR1 . A little bit | 1

Same Same medium )

higher

NM 2
Problem 3
solutions
FA A little bit| 1
BRD Same Same medium higher 3
NM The least one | 3
Problem 4
solutions
FA More More 2
BR2 medium
NM Alittlebit |1

More More .

higher

Table 13. Analysis of relative degree of usefulness based on the popularity of use (R), the rate
of usage (FD) and the level of importance (L).

Creativity values are calculated as the product of novelty and usefulness

3.1.4 Evaluation using EPI Metric



The basic requirements considered in the evaluation of creativity level of solutions provided
for Problem 1 are that it must be comfortable for drawing at home, which means to be easy
to manipulate every time, and that it must allow the professional drawing, which means
providing enough working surface. Another requirement is that it must not to take up too
much room, which has been considered a secondary or one-dimensional requirement.
Solutions developed using SCAMPER and without method are very similar to those existing
in the market, so they are considered as incremental innovations and their value is 1. The
solution developed using BR1 is considered as a radical innovation.
Regarding the accomplishment rate, for taking up little room the following are considered:

- The solution using no method: it fulfils the requirement totally

- The solution using BR1: it fulfils the requirement totally

- The solution using SCAMPER: it allows disassembling the structure of the surface,

but only just, so the accomplishment is moderate.

Regarding the requirement of being comfortable for drawing at home:

- The solution obtained using no method: it makes manipulation easier, but requires to
be attached to the wall, so it is valued as moderate.

- The solution obtained using BR1: it makes manipulation easier, but requires to be
attached to the wall as well, so it is valued as moderate.

- The solution obtained using SCAMPER: is very bulky and complicated to assemble
and disassemble each time it is to be used, so the accomplishment rate is minimum.

Lastly, the requirement of allowing professional drawing is totally achieved by all three

solutions. Table 14 shows the result of the assessment.

Problem 1 SCAMPER | BR1 | No Method

Requirements Novelty 1 3 1

To taking up little room 3 3 9 9

Use: comfortable for drawing at home |9 1 3 3

Use: allow the professional drawing 9 9 9 9
Utility (absolute) 99 135 135
Utility (relative) 52%| 71% 71%




Creativity (absolute) 99| 405 135

Creativity (relative) 17%| 71% 24%
Table 14. Values of creativity assessment for problem 1 according to EPI

The basic requirements in Problem 2 are to transport maps and to store them, while the two
one-dimensional requirements are: to be easy to extract one single map each time, and the
map’s capacity. For the novelty level, the SCAMPER’s solution is considered to be as good
as no method’s solution with both at an incremental innovation level, while the solution using
BR1 presents a higher novelty level, considered as moderated.

Regarding the fulfilment of the requirements, it has been considered that all three solutions
fulfil the requirements of transporting and storing maps.

The requirement of map’s capacity presents the following evaluations:

- The solution obtained with no method: as it includes divider elements inside the tube
the total inner space is limited, fulfilling the requirement only moderately.

- The solution obtained with BR1: the design makes maximum utilisation of its
capacity, so it fulfils the requirement totally.

- The solution obtained with SCAMPER: similar to the first solution, the inclusion of
divider elements inside the tube limits its capacity, fulfilling the requirement only
moderately.

Regarding the ease of extracting a single map:

- The solution using no method: extracting one single map is easy, so it fulfils the
requirement completely.

- The solution using BR1: extracting one single map is easy, so it fulfils the requirement
completely.

- The solution using SCAMPER: the extraction requires handling with care in order to
fit each map in each slot; it also requires time to fix the clip, so it is decided that the

requirement is achieved only moderately.



The complete results of assessment using EPI for Problem 2 are shown in Table 15.

Problem 2 Scamper | BR1 | No Method

Requirements Novelty 1 2 1

To transport maps 9 9 9 9

To store maps 9 9 9 9

Map’s capacity 3 3 9 3

Easiness to extract one single map 3 3 9 9
Utility (absolute) 180 216 198
Utility (relative) 83% | 100% 92%
Creativity (absolute) 180 432 198
Creativity (relative) 28% | 67% 31%

Table 15. Values of creativity assessment for problem 2 according to EPI

For Problem 3, the basic design requirements are the ease of extracting and inserting cables,
and that cables must be tied up. There is also a one-dimensional requirement for cable hiding.
The novelty of all three solutions is considered incremental, since none of them differs
noticeably from existing products.
Evaluation of the accomplishment rate for the requirement of hiding the cables is as follows:
- The solution using no method: low accomplishment rate, the cables are hardly hidden.
- The solution using BR2: it is moderately accomplished since cables are hidden in the
leg of the table, but a part of them will always be over the table until they connect to
the plug.
- The solution using Functional Analysis: it is moderately accomplished since it allows
inserting the cables in any side of the table.
The evaluation of the accomplishment rate of the ease of extracting and inserting cables
requirement is as follows:
- The solution using no method: it is completely accomplished since employing Velcro
requires expending little time or effort.
- The solution using BR2: it shows a moderate accomplishment rate, since cables are

hidden inside the table’s leg, so it is easy to extract a cable but not so easy to insert it.



- The solution using Functional Analysis: it is completely accomplished since no

difficult manoeuvres are needed to extract or insert a cable.

For the requirement of tying up the cables, the evaluation is as follows:

- The solution obtained using no method: low degree of accomplishment, as it takes up

a large amount of space over and around the table

- The solution obtained using BR2: moderate accomplishment, as there are cables

remaining over the table.

- The solution obtained using Functional Analysis: moderate accomplishment, since the

cables can be inserted from any side of the table.

The results of complete creativity assessment using EPI for Problem 3 are given in Table 16.

Problem 3 F.A. BR2 | No Method
Requirements Novelty 1 1 1
Easiness of extracting / inserting cables 9 9 3 9
To hide the cables 3 3 3 1
To tie up the cables 9 3 3 1
Utility (absolute) 171 63 93
Utility (relative) 90% | 33% 49%
Creativity (absolute) 171 63 93
Creativity (relative) 30% | 11% 16%

Table 16. Values of creativity assessment for problem 3 according to EPI

The main basic requirement in the case of Problem 4 is that it must be useful to offices. This

requirement takes into account the usual tasks in an office, and dimensions and distributions

of workspaces. As one-dimensional requirements, there must be enough surface area for

working, and it must be easy for a worker to change his position to be able to work sitting

or standing. In order to calculate the novelty level of the solutions, those achieved by means

of Functional Analysis or no method are considered to be very similar to the existing ones.

So, they present an incremental novelty, while the solution achieved by using BR2 presents a

radical innovation, and has the maximum value.




Regarding requirement accomplishment, the ease of changing to sit-stand positions presents is
considered below:

- The solution obtained with no method: it presents a low degree of accomplishment,
since the rail system needs time and effort.

- The solution obtained with BR2: it is totally fulfilled; since there is no weight, no
effort is needed.

- The solution obtained with Functional Analysis: the availability of a hydraulic system
help carry out the manoeuvre, but it needs considerable time to change the position, so
it has been assigned a moderate level of fulfilment.

Concerning the need of enough surface area to perform office work, the evaluations are as
follows:

- The solution obtained with no method: it fulfils the requirement completely.

- The solution obtained with BR2: it has a low fulfilment; although digital work is
possible, the solution does not allow other uses like taking handwritten notes, freehand
drawing, leaning objects on it, etc.

- The solution obtained with Functional Analysis: it fulfils the requirement completely.

Lastly, for the requirement of being useful to offices, the evaluation is as follows:

- The solution obtained with no method: it shows a moderate accomplishment rate;
since the structure must be attached to a wall, so central spaces of the office rooms are
wasted.

- The solution obtained with BR2: it fulfils completely, since the structure can be
positioned anywhere inside office premises.

- The solution obtained with Functional Analysis: it fulfils completely, since the
structure can be positioned in different configurations inside office premises.

Table 17 shows the results of the complete assessment using EPI for Problem 4.



Problem 4 | F.A. BR2 | No Method
Requirements Novelty 1 3 1
Easiness of changing sit-stand position |3 3 9 1
Enough surface 3 9 1 9
Use: Offices 9 9 9 3
Utility (absolute) 117 111 57
Utility (relative) 87% | 82% 42%
Creativity (absolute) 117 333 57
Creativity (relative) 29% | 82% 14%

Table 17. Values of creativity assessment for problem 4 according to EPI

4 RESULTS

In this section we present the data analysis for evaluating the values of novelty, usefulness
and creativity, made with the data collected from the experts’ evaluation and the assessment
with the different methods proposed by the research community. The first part of this
analysis shows a comparison between the experts’ evaluation and researchers’ metrics, in
order to validate the results of the measurements. The second part of the analysis consists
of a comparison of the data obtained from the different design methods used to solve the
same problem. The aim of this is to determine which design method produces better design
outcomes.

In order to facilitate the comparison among the different scales and to treat the data
statistically, values of novelty, usefulness and creativity have been normalized in a 0 to 1
scale. The normalized values are calculated using the next equation:

Normalized value = (Value — min) / (max —min)  [3]

Where “min” is the minimum value of the selected metric, and “max’ is the maximum value.
Table 18 illustrates the normalized values. These values are organized according to the solved
problem and to the design method applied to solve the problem. The columns show the
normalized values from the questionnaires completed by the experts and those obtained using

the different metrics.



No method Brainstorming 1 | Brainstorming 2 SCAMPER Functional Analysis
ExpertsSarkarMoss| EPI [Experts/SarkarMoss EPI ExpertsSarkarMoss EPI ExpertsSarkarMoss EPI ExpertsSarkarMoss EPI
Novelty 0,5 /0,50 0,330,33 1,00 | 1,00 |0,67 1,00 0,00 | 0,00 |0,330,33
Problem 1Usefulness| 1,00 | 0,50 0,67/0,71 0,00 | 1,00 1,000,71] 0,50 | 0,00 |0,330,52
Creativity | 0,50 | 0,63 |0,220,24{ 1,00 1,00 |0,67 0,71 0,00 | 0,00 /0,110,17|
Novelty 1,00 | 0,00 |0,33/0,33 0,00 | 1,00 0,67 0,67 0,50 | 0,50 |0,330,33
Problem 2Usefulness| 0,50 | 0,50 0,67/0,92| 1,00 | 1,00 1,001,00 0,00 | 0,00 |0,670,83
Creativity | 1,00 | 0,38 |0,22/0,31 0,00 | 1,00 0,67 0,67 0,50 | 0,38 /0,220,28]
Novelty 0,00 | 0,50 (0,330,33] 0,50 | 0,50 10,330,33 1,00 | 1,00 |0,67 0,33
Problem 3Usefulness| 0,00 | 0,00 0,33/0,49 0,50 | 0,50 10,67 0,33 1,00 | 1,00 |0,67 0,62
Creativity | 0,00 | 0,38 10,11|0,16 0,50 | 0,63 /0,220,11 1,00 | 1,00 |0,440,21
Novelty 0,50 | 0,50 |0,330,33 1,00 | 1,00 1,00 1,00 0,00 | 0,00 |0,330,33
Problem 4Usefulness| 1,00 | 1,00 0,67 0,42 0,00 | 0,00 |0,330,82 0,50 | 0,50 |0,67 0,87,
Creativity | 0,00 | 0,88 0,22 0,14 1,00 0,75 0,330,82 0,50 | 0,38 /0,22 0,29

Team 1: Problem 1 — SCAMPER; Problem 2 — Brainstorming 1; Problem 4 — No method

Team 2: Problem 1 — Brainstorming 1; Problem 2 — SCAMPER; Problem 3 — No method

Team 3: Problem 1 — No method; Problem 3 — Brainstorming 2; Problem 4 — Functional Analysis
Team 4: Problem 2 — No method; Problem 3 — Functional Analysis; Problem 4 Brainstorming 2

Table 18. Normalized values of novelty, usefulness and creativity

As it can be seen on Table 18, most of the metrics tend to point to the same conclusions. For
Problems 1 and 2, all metrics mark BR1 as the methodology that provides the better results
both in novelty and usefulness, and consequently in creativity. The only one deviation is
presented by the experts’ evaluation, who consider the usefulness’ value of BR1 as the lowest
one for Problem 1, and the novelty and creativity’s values of same method as the lowest ones
in Problem 2, opposite to the results from the rest of the metrics. In both these cases, they
consider the no metric’s solutions as the better ones in these parameters. In Problem 3, all
metrics and experts’ evaluation coincide in pointing the Functional Analysis as the one that
produces the best results in novelty, usefulness and creativity. Nonetheless, EPI shows a draw
among the novelty using the three methods, and Moss considers as equally useful the results
achieved with Functional Analysis and BR2. Finally, for Problem 4, all assessments agree
in pointing BR2 as the method that produces the most novel results. Experts and Sarkar &
Chakrabarti consider the most useful results as those produced using no method, while EPI
points to Functional Analysis, and Moss makes a draw between Functional Analysis and no

method. Regarding creativity, Moss, EPI and experts consider the BR2 results as the most



creative’s ones, while Sarkar & Chakrabarti point to no method’s results but closely followed

by BR2 results.
Exp- | Exp- | Exp- | Sarkar- | Sarkar- | Moss-
Coincidence | Sarkar | Moss | EPI | Moss EPI EPI Mean
Global 67% | 67% | 56% 89% 64% | 69% 68%
NM 58% | 58% | 50% 92% 50% | 50% 60%
BR1 50% | 50% | 50% | 100% | 100% | 100% 71%
BR2 83% | 83% | 33% 67% 17% | 33% 57%
SC 83% | 83% | 67% | 100% 83% | 83% 83%
FA 83% | 83% | 83% 67% 67% | 100% 81%

Table 19. Coincidence rate between metrics

Although in some cases the normalized absolute values presented by the different metrics do
not exactly match, relative values between different methods for a same problem do tend to
coincide (Table 19). That is, for the same problem, all assessments tend to point to the same
method as the one which presents better outcomes with respect to a particular parameter. For
this proposal, the rate of coincidence has been calculated by dividing the number of cases
that the metrics compared rate similarly by the total number of cases. This tendency happens
with a higher frequency in case of Moss and Sarkar & Chakrabarti’s metrics, which coincide
89% of the times. The opposite is the comparison between experts’ opinion and EPI, which
has the lowest rate (56%). However, in case of experts evaluation, the lower coincidence
ratio is observed when evaluating the solutions achieved by using no method (50-58%) and
in the case of BR1 (50%). Here, solutions have been undervalued in half of the cases if we
compare with the other metrics, while the coincidence rate between experts when evaluating
the outcomes provided by BR2, SCAMPER and Functional Analysis remains high: 83%
coincidence with Sarkar & Chakrabarti and with Moss, and with respect to EPI it declines
when evaluating outcomes of BR2 (33%). This low coincidence rate when evaluating BR2
outcomes is shown by EPI also when compared with Sarkar & Chakrabarti (17%) and

Moss (33%). EPI presents not very high coincidence rates also when evaluating no method



outcomes (50%), but it does present high coincidence rates when comparing the assessment of
the other three methods (between 67 and 100%).

Since Problems 1 and 2 have been solved using the methodologies SCAMPER, BRI, and
with no method, and Problems 3 and 4 using Function Analysis, BR2, and no method, the
design method comparison is made within these two different groups, referred to as Group a
and Group b respectively. Figures 4a and 4b show the normalized values assigned to novelty
in both groups. As can be seen, BR1 in Group a, and BR2 in Group b have the most novel
results of the groups. Within Group a, the results show that SCAMPER and no method
present similar novelty except in the case of experts evaluation, who have considered the no
method solution to be the most novel. For Group b, the results show that BR2 has also the

most novelty results while no method produces the lowest novelty results.
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Figure 4. Degree of novelty. a) for group a design methods. b) for group b design methods.

The results for usefulness are shown in Figures 5a and 5b. Here, the design outcomes from
Brainstorming 1 is rated as the best within Group a, followed by BR1. Nonetheless, the
experts consider again the no method results as the best ones, contrary to the rest of the
metrics. On the other hand, all of them agree that the SCAMPER method provides results

with the lowest usefulness. Regarding Group b, Function Analysis presents the best results



and Brainstorming 2 seems to show the worst ones.
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Figure 5. Degree of usefulness. a) for group a design methods. b) for group b design methods.

In the same way, figures 6a and 6b present the normalized values assigned to creativity. Here
BRI is the best considered within Group a, followed by no method, while SCAMPER is
situated in the last place. As it happened with novelty and usefulness, the experts’ opinion
gives better rating to the no method results than the scientific metrics do. In Group b, the most
creative results are achieved with BR2, closely followed by Function Analysis. Both experts

and Sarkar & Chakrabarti’s metric consider the two methods to provide the same creativity



level, while Moss and EPI point to Function Analysis and BR2 respectively.
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Figure 6. Degree of creativity. a) for group a design methods. b) for group b design methods

5. DISCUSSION
Different creativity assessment methods have been applied to the design outcomes obtained in

the experiment in order to compare the measuring methods and for giving more consistency
to the assessment. The assessments coincide in the 68% of the cases, but it has been seen that
this percentage varies depending on the metrics compared and the methods evaluated. So,
the matching is considerably lower when measuring the results achieved with the use of no

method, while they are higher when evaluating the outcomes of closer and more elaborated



methodologies like SCAMPER and Function Analysis (see Table 19). This variability can be
caused because when no method is applied, the final objectives for designers are not so clear
and that makes results more difficult to evaluate, while the more elaborated methodologies
makes final objectives clearer for designers, so improvements in results will be more easily
recognized and evaluated.

The fact that different metrics built independently provides with similar results gives more
confidence both to the metrics and the assessment. The comparison between the values
provided by Sarkar & Chakrabarti and Moss’ metrics presents the best results. The results are
also good when comparing the experts’ assessments with the metrics of Sarkar & Chakrabarti
and Moss, when evaluating results provided by SCAMPER, Function Analysis and BR2, but
not as good in the cases of no method or BR1. The deviations in this case can be due to the
questionnaire and the kind of experts that answer it. Nonetheless, it is also remarkable that
the experts’ responses present a significant dispersion, especially in the degree of usefulness.
This may indicate that in absence of available data, even experts find it difficult to assess
and compare the potential usefulness of a product. It is also noticeable that experts found
difficulties in differentiating between novelty and creativity. In fact, from Table 18 we can
notice that in all cases except for one, the experts have assigned the same value to both
novelty and creativity.

EPI has a good match with the other two metrics when evaluating SCAMPER, Function
Analysis and BRI, but it drops when evaluating BR2. This can be due to the adaptation
made by the authors over the original EPI methodology in other to measure the usefulness
of the solutions according with the other metrics. Also, EPI has the worst match with the
experts’ evaluation, but this can be caused due both to the EPI’s adaptation and the mentioned

characteristics of experts’ evaluation.



The results obtained provided information about the degree to which design methods
influence the relative degree of novelty, usefulness and creativity of the outcomes. From
Figure 4, it is found that brainstorming method, both in Version 1 and 2, encourages the
generation of results with more novelty, while SCAMPER’s outcomes present the lowest
degree of novelty. This can be due to brainstorming methods being centred in idea generation,
so it is more likely to help find novel ideas. The level of novelty achieved by using Function
Analysis is slightly higher that when no method is used.

Analyzing the relative degree of usefulness (Figure 5), functional analysis presents clearly
more useful solutions than the other methodologies within Group b. This result can be due to
Functional Analysis being centred in functionality, so the more functional a solution is, the
more useful it is supposed to be. Regarding Group a, Brainstorming 1 is found to be related
to more useful outcomes than when no method is applied. Also, the available data indicates
that neither SCAMPER nor Brainstorming 2 seem to encourage generation of more useful
outcomes than when using no method.

Finally, regarding to creativity assessment (Figure 6), Brainstorming 1 provide with more
creative outcomes in Group a than when no method is applied, since it presents the best
results in both novelty and usefulness within its group. Opposite of this seems to be the case
of SCAMPER, which shows the worst results. In Group b, the outcomes of Brainstorming 2
are similar to those achieved with the use of Function Analysis, the first one because of its
better novelty results and the second one due to its better usefulness results. Also, both of
them are clearly more creative than when no method has been used.

Since the SCAMPER method does not show to provide with high usefulness outcomes,
but in previous studies using SCAMPER a higher number of feasible ideas are found to
have been generated in comparison to visual brainstorming (Lopez-Mesa B et al., 2011).

Further research should also analyze the feasibility of the outcomes and its relationships with



usefulness.

CONCLUSIONS

This study presents a comparison of the degree of creativity of the design outcomes using
different design methods with the aim of ascertaining which design method will help to
produce more creative design outcomes. In the study there were compared the methods
Brainstorming, SCAMPER and Functional Analysis, where Brainstorming is the most
intuitive one and Functional Analysis the most structured one. Despite of the limitation of
the number of methods used in the present study, they reflect the two extremes of methods
in terms of intuitiveness-structureness, and the middle point between extremes, so they
are considered enough to defend the results presented in this paper. Different creativity
assessment methods have been applied to the design outcomes obtained in the experiment. On
the one hand, in order to compare the measuring methods with the aim of helping designers in
the process of selecting methods for measuring design creativity outcomes, and on the other
hand for giving more consistency to the assessment of the design methods’ creativity.

The results of the assessment show the advantage of using structured design methodologies
in order to facilitate the evaluation of the design outcomes, since structured methodologies
makes final objectives clearer for designers. So, they allow improvements in results to
be more easily recognized in the design outcomes’ evaluation process. In this case, more
elaborated metrics, like Moss or Sarkar and Chakrabarti’s ones, are strongly recommended
for make the evaluation, since they present the best concordance results compared with
experts’ evaluation and avoid the dispersion present in the experts’ opinions. This dispersion
has showed higher in the evaluation of usefulness, while they obtain better accuracy
when evaluating novelty. Further research should analyze the particular experts’ notion of

usefulness, and also explore whether a higher number of experts’ evaluation is needed and



whether the experts profile should be modified.
The main conclusion of the present work is that methods based on idea generation, also
known as intuitive methods, provides with more novel outcomes, while the most useful
outcomes are achieved with the use of more structured methods. As it has been seen in the
results section, the Brainstorming, which is the most intuitive method, provides with the best
rated outcomes in terms of novelty. On the other hand, the Functional Analysis, which is the
most structured one, provides with the best rated outcomes in terms of usefulness. In any case,
results when using any methodology have been better than when no method is used.
Nonetheless, some considerations and limitations must be considered when assessing the
validity of the results of the research, as the number of experiment runs and the involvement
of the teams, which can vary across the problem and method combinations, which could
be the factors that may be responsible for the outcomes. A further limitation is that it is
a macroscopic study, looking at the gross parameters of creativity. The study could be
extended to include design process parameters - such as the quality of problem understanding
and solution generation, and solution evaluation - along the lines of the work initiated in
Chakrabarti’s work (Chakrabarti, 2003). Also, personal parameters such as experience,
creative style, etc. could be varied and their influence analyzed along with the method’s
parameters.
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