1. INTRODUCTION

Innovation, creativity, and imaginative capabilities exist in everyone, but how people process information and ideas
plays a role on whether or not their output contains these qualities. In the classroom, professors who want to reach
all types of learners use a variety of teaching techniques to stimulate students with different personality types and
learning styles [1]. This approach works well when instructing a heat transfer or machine dynamics class, but is
difficult to implement in prgectbased courseB particularly product design projects where students are asked to
create a solution with less instructor guidance and more team time and learning by doing. Teaching people to design
innovative products may be extremely difficult, buttoring it is what top Product Development companies such as
IDEO, do best [2]. Allowing environments for various personality types to reflect, think, and examine information

in a way that matches their learning style should lead to a more productivenement around them and help with
creating innovative products. Determining a way to correlate Mygggs Type Indicator personality and learning

styles with an appropriate innovation style to produce more innovative products is also expected &ghiglver

quality design and more concepts. Much time and resources are spent searching for innovative people, when looking
for ways to make their existing workforce more innovative may be a better approach. By altering the presentation of
design informé&on it might be possible to affect the design, hopefully towards a more innovative product.
Determining what individual designers need to be innovative in terms of work environment and research techniques
during the early stages of their education wodldwathem to develop these skills. The researchmpletedhere

explores a possiblecorrelation between learning styles, information presentation, and innovative designs. This
paper is a continuation of previous work done by the same author [3].
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By definition, innovation is the introduction of something new or a new idea, method or device [4]. Most designers
believe that innovation is a good thing, something to strive foraarnaccomplishment when achievdanovation
drivesproduct design. Fostering innovation in the workplace has been the quest of many companies in recent years.
Scott Berkun worded innovation as:

“Any major innovation or insight can be seen in this way. It’s simply the final piece of a complex puzzle
falling into place. But, unlike a puzzle, the universe of ideas can be combined in an infinite number of
ways, so part of the challenge of innovation is coming up with the problem to solve, not just its solution”

[5].

Providing designers with all the pieces of the puzzle is critical when trying to design a quality product. Designers
should be able to locate tpeeces throughesearch, reading, experimenting with current products, or a walk through

the park. Allowing an environment that helps the designer is crucial to creating the next great thing. The word
environment is used here to describe the circumstances, objects, or conditions by which someone is surrounded [6],
not just the physical aspeaftthe workplace.

Discussions with current students show the vast majority of engineers in training are competent in math and science
but need to spend time developing their product development skills including creativity and innovation skills.
However skills in innovation can be developed and matured and are extremely useful in concept generation and
tackling open ended and real world problems [7]. An understanding of what an individual needs to be innovative is
key. Tom Kelly wrote, OWe all have @ative side, and it can flourish if you spawn a culture or environment that
encourages itO [2]. Bringing the creative side out is different process for every individual but accomplishing it can
lead to great things.
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The MyersBriggs typeindicator (MBTI) is the most familiar and common temperament assessment use{Bioday
In brief, the MBTI preference sorter identifies 16 temperament types. The reason for the MBTI test is to give



individuals an understanding their preferences. This@dge could then be used to help this person view options
differently. It has become quite clear after asking questions about type development to thousands of participants,
that enough evidence has been found to suggest that this is a very real anfdlgovee in adult growth. If

properly understood, a personOs type can aid adults throughout their lives in making more conscious choices and
general understanding of themselves [9].
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The MBTI preference sorter is based off the psycholgyk and personality types studied by C. G. Jung. He
proposed four dichotomies: Extroversion or Introversion, Sensing or Intuition, Thinking or Feeling, and Judging or
Perceiving 8], and I. Myers Briggs, created the preference sorter to place people tivéke categories.

The first dichotomy, Extroversion or Introversion, looks at where people focus their energy. Extraverts tend to
focus their energy on other people and physical objects as well as the Oouter worldO around them, whereas introverts
tend to focus energy on their Oinner worldO including their own concepts ideas and personal experiences. The
second dichotomy, Sensing or Intuition focuses on how people perceive things. Sensing people tend to focus on
facts, previous happenings, and happgs noted with one of the five senses whereas Intuitive people look at
relationships, meanings, possibilities that were worked outside of the conscious mind. The third dichotomy,
Thinking or Feeling, primarily deals with how a person makes judgmenink@itsi tend base their conclusions on

logical knowledge, detaching themselves from the problem. Feelers on the other hand bring in personal and social
experiences and values. The last dichotomy, Judgers or Perceivers, focuses on peopleQs attitunigside the
world. Judgers prefer decisiveness and closure in dealing with the outside world while perceivers enjoy flexibility
and spontaneity in their dealings [10].

An understanding of these 16 types is a key to effective kealaing, whichin turn canlead to an innovative team
performance. One could form a team with an ISTJ for their good concentration, and reliance on facts and logic, an
INFJ to grasp a variety of possibilities and organizational skills and an ENFP to keep the group happy and provide
some adaptability. Career choices often correlate with a personOs MBTI preference. Table 1 shows a breakdown of
engineering students® MBTI preferences, which is the group the research in this paper relates to. Note that, for
instance, roughly one thimf engineers prefer ISTJ or ESTJ. This career preference by personality type correlation
has been studied for other career fields as well. For example, INFJOs are more likely to become psychologists or do
other forms of counseling, and ESTJOs are béiak officers or financiahanagers10].

Combining different personality traits can create powerful team dynamics. However, there is a problem with this
system. It works well to create a good team dynamicchotcreate role gaps in teams if not exed correctly

While it is nice to know a personQs strengths and weaknssesn lead to profiling a certain type to do a certain

thing. Attempts to determine team roles based off an individual®s MBTI personality type have been conducted. One
straegy is to break down the types into sixteen roles in which each person has two jotEgnantrole and a
perception role. Some examples of the different roles are: Inspector, Diplomat, Mockup &Makéryestigator

There are two main innovation ed, the INTP where N>I, which is the Visionary role, and ENTP where N>E,
which is the Innovator role. Doug Wilde stated that O... it is not only different types of expertise that people bring to
the task. They also have distinct personalities and diffevays of approaching and solving problemsO [11]. These
different problem solving approaches are crucial when trying to get the most out

Tom Kelly said innovation begins with an eye. The act of observing how products are used, on a firsthand basis is
the first step in designing a new and befievduct R]. Letting their workforce do what they feel is needed to
accurately observe a problem is all about letting people with various personality types capture information in a way
they seem fit. The reaech started in this paper is attempting to prove that innovative designs are a result of any
person having viewed what they needed to in a way they needed to and not just having an innovative personality

type.

MBTI types are closely associated with ri@iag styles and such was their main use for this project [12]. By
knowing a students MBTI type, their learning style could be determined, therefore MBTI served as a mediator
between learning styles and innovation.



Table 1: Engineering MBTI Percentages [29]

ISTJ ISFJ INFJ INTJ

16.50% 4.60% 2.70% 9.50%

ISTP ISFP INFP INTP

6.50% 2.60% 3.90% 8.50%

ESTP ESFP ENFP ENTP

4.20% 2.30% 3.70% 7.40%

ESTJ ESFJ ENFJ ENTJ

12.70% 3.50% 2.10% 9.40%
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In the 19600swsties were conducted and it became apparent that not all students easily understood the same
teaching techniques. Research suggested that school systems needed to develop different methods of teaching in
order to help students become successful acaddyicalVork was doneto correlate environmental stimuli,
emotionality, sociological needs, and physical needs with learning.stytés workhelps childreneffectively learn

in a classroom setting [13]. In 1976 Benjamin Bloom proposed the model shoviguie E [14]. This model

contains three important elements of classroom learning: 1) Cognitive entry belthierevel of competence of

the subject to be taught, 2) Affective entry characteri®itse extent of how motivated the student is to engage

learning the subject, 3) Quality of instructiethe instruction given appropriate to the learning style of the student.

The model then takes these inputs and using OLearning TasksO creates three outputs: Level and Type of
Achievement, Rate of Leamy, and Affective Outcomes. Affective outcomes concerns information such as how

the student perceives their competence and how well they have learned. In theory, good Affective Outcomes
provide reinforcing feedback for the Affective Entry Characteristics

In 1979 C.J. Margerison and R.G. Lewis created a relationship between learning styles and JungOs psychological
types [12]. A graph of this relationship was created and is shown in Figure 2. The graph is divided up into four
guadrants with each quadtarontaining a different learning style. The scales on the axes represent the scores from
the Learning Style Inventory (LSI) test. This test was created to help assess individual learning orientations. In a
study of 220 participants Margerison and Lewitudied the relationships between MBTI types and LSI scores and
found significant canonical correlations between the[tii).

Appealing to all four learning styles help keep students engaged in the classroom. A person experiences and
acquires preferaxes in the different learning styles from birth to around year 15. Then they move into a stage of
specializing their preferred learning styles between the ages4.16Since the majority of college students taking

design classes are between the agds8@2, this is an advantageous time to teach them how to understand and use
their preferred learning style in these classes and to support earlier development of these styles ahead of their peers
[15].
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Figure 1. Learning Styles Flow[14]

3. RESEARCH
The purpose of this research is to determine if people are more innovative when receiving information in a particular
learning style. The first step in doing this is defining a new construct of innovation style:

innovation style - the combination of learning styles and MBTI personality attributes that define a clear style
of how an individual approaches solving a design problem.

For consistency, adoption of the Margerison & Lewis [16] and Kolb [12] terminology was used for the four
innovation sty names: divergers, convergers, assimilators, and accommodators.

3"#$./05%&&'()*+'&$91";;08

Looking for a relationship between learning styles and the 16 MBTI personalities with innovatioelzdesigners
understand their personal problem solvingrapch and aid in designing more innovative prosluédditionally,

the ability to provide an environment that fosters innovation in all personality and learning types may lead to happy,
creative, and productiveesignergand result in innovativeesign. If an individual®s needs for the environment
around them are not met, that person might experience difficulties when trying to express ideas and create designs.

There are many reasons for attempting to learn how to bring out the innovator in pAspdeated earlier, even

though everybody has a creative side, they all access it in different ways. Thernefobdem existevhen what one

person views as an insightful observation may be completely be lost upon another person. If there is an
undersanding of what people need to access their creative side, then allowing the team members to explore these
needs should create more creative and innovative results. Rowena Reed Kostellow once said

“There have been many theories of design and many valuable ways of analyzing both graphic and three-
dimensional situations, but the unique quality of this curriculum which I am about to present is that it is
structured in a way which quite literally covers any combination of design relationships which you may
encounter and enables you to organize the abstract relationships for yourself.”[17]

Reed Kostellow claims that presenting the design problem and relevant data in a multitude of ways that covers
nearly every aspect of the conceptualization process allp&ssan to organize relationships in the way they see fit.

One of the most frustrating things about teaching is that you rob one student to make sure another one understands,
reaching one group while confusing another, which is why teaching individuanssukdow to discover their own
innovation style is b&tr than trying to generalize the learning process for everji@je The approach followed

involves specifying a design problem to help understand a possible correlation.



Figure 2: Learning Styles Map (Image adapted from [12])
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Following from BloomOs model on learning styles (shown in Figure 1), the following analogy is proposed for
innovation styles: Someone who has created an invavptoduct and is pleased with thabguct, their motivation

for creating another product should be raisd@the analogous model for innovation styles was created and can be
seen in Figure 3 [3]. This model contains three inputs, Cognitive Entry Behaviors, Affective Energy Characteristics,
and the Quality of the Environment and three outputs, Level and Type of Innovation, Rate of Innovation, and
Affective Outcomes. Of the three inputs, Quality of Environment is the only one the third party such as a teacher or
employer has control over. Uaistanding what individuals need in an eomiment to be innovative allows this

third party to manipulate the environment to that individuals needs.

Figure 3: Innovation Styles Flow [3]
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The research reported here explores whether presenting information to a person in their preferdedf heattmng
leads to more innovative result§ his is dondy examining which of Don NormanOs three levels were reached in



the design (visceral, behavioral, reflectiie)the design that was createdf proven successful, the work may
provide people wh the knowledge on how to make designers more innovative. The particular focus of this area of
research is to determine if a correlation between a designerOs MBTI personalities (the Cognitive Entry Behaviors)
and the Level and Type of Innovation existSecondly, if the correlation exists, can the manner of information
presentation to the designer affect their level of innovation?
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In order to conduct the proposed research, a metric for innovation is required. Psychologides cavelty and
fluency, the number of ideas, to be the main measures of creativity for idea generation [19]. In this context,
creativity is a related aspect of innovation. A number of different metrics for design problems have been used to
evaluate i@a generation techniques, including quantity of ideas, number of good ideas, practicality, novelty and
variety [2023]. Commonly used metrics to measure group idea generation are the quantityredunaant ideas

and a quality rating [24]. Shah et &5, 26] developed a set of metrics specifically for the evaluation of
engineering idea generation techniques including quantity, quality, novelty and variety of ideas. They noted the fact
that engineering design (as well as apparel design) must meeti@lpa need and function thus requiring an
expanded set of measures.

For this research, Donald NormanOs three levels visceral, behavioral, and reflective [27] were used to analyze the
designs produced by the participaniBhe first level, visceralsidesign that results in emotion from the viewer. In

this level physical features suels look, feel, and sound are the featured. Visceral design revolves around initial
reactions and therefore can be studied quite simply by analyzing reactions. die lesel is behavioral design.

This level is based of functionality, usability, how the product performs for the user. The crucial step in this level is
matching customer needs with the functions of the product. In the last level, reflective desigresdage or

culture of the product is covered. What the product will mean to the user is studied and implemented into the
design. Some of the questions and desires of the reflective portion of design are based on how the product will make
the user feelthe selfFimagethey will project when using the product [27]. These three levels were used to analyze
the final products of the studyThe designs were all examined thereramined with one of the three levels
attached to it all of which was done by #@nethor. After this was donen@regon Statprofessor in Apparel Design

went through the auth@rinitial assessment of the designs to confirm their correctness.

Table 2: Participants MBTI Average & Standard Deviation

| E | N S F T | P J Type

Average 4.06 | 6.00 | 8.39 | 11.94 | 13.06 | 7.39 | 5.28 | 14.78 | ESFJ

Standard Dev. | 2.15 | 2.20 | 439 | 4.08 | 3.75 | 4.09 | 3.48 | 3.37
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The participants for this study were a collection pparel design students entering the second term of their junior
year. In the first week of classes, all studentsre asked to takihe Keirsey Temperament Sorter [28], which the
results where then collected. The students were then asked to partwipatepiete an individual design problem,

as presented by the author. This problem given was to design the ideal Oregon Winter Jacket. The deliverable was
mostly up to the students but was recommended to just be sketches with annotations. The MB3 Ipaoalysd
information on which presentation style would d¢igen to the students The design problem was presented in a
divergence style in that it was extremely people focused and open to appeal to the fikeddten asked the
designer to view theroblem in by becoming the userThe other main groupested in this would béhe
convergence style Theyshould struggle with this singeojectthey are not as people oriented and would rather
have design details given tioeem overan open problem. Ehaverage score and standard deviation of the MBTIOs of
participants can be seen below in Table 2. A slight skew in the direction of a certain type, in this case ESFJ, is
expected because certain professions tend to contain similar personality types [10].



4. RESULTS
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The participants of the study contained 18 junior level apparel design students. In these 18 students, four were male.
The MBTI breakdown between the 18 people can be seen above in Table 3. ESFJ was the prominéht fiye
participants of that type. One can see that only half of the total MBTI types are found in this sample. However, all
but one of the types ending in J, INWhspresent.

Table 3: Participant Breakdown by MBTI

ISTJ ISFJ INFJ ENTJ
2 3 2 2
ESFJ ENFP ENFJ ESTJ
5 1 1 2
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The work done by the participants wamabyzed using NormanOs three leasld methodhat wasdiscussed earlier.
There was agreement on all of tleeels of thedesigns between the author and the professar the first task to
accomplish, whictwas done through rating then reviewing. Afteis was completetherefore further statistical
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analysis took placeThis break down resulted into three groygticipants that hit all three levels, participants that

hit two levels, and participants that only hit one level. Looking at the work @aaenples can be seen in Figures 4

7, it was noted that when all three levels were found in a product the result was more innovative and of higher
quality. The most obvioudifference between designs thie three groups happens when looking at the ored le
sketches versus the 2 level sketches. This is shown in Figure 4 versus Figures 5, 6, 7. Figure 4 is mainly aesthetic
based with very little function while Figures 5 a@dyointo detail about the jacket functions and how they are
accomplished. Figer7 takes the next step and slightly examines how the jacket will make the wearer feel when
discussing the school spirit aspect. In Table 4 the results of the exercise can be seen. The green group hit the third
level or did an in depth behavioffainctional analysis, and red group just hit the visceral level with maybe a very

light look at behavioral. Because the gap in the quality of work and problem synthesis was fairly easy to find the
division of the work into the two groups was fairly intuitive. two-tailed t test was preformed on the work and
yielded positive results. Thevalues of both the F (.007) and T (.024) fall below the .05 for significance, which is

an excellent result for the exercise and shows that at least with this group thewtdghinhe design information is
presented holds great importance in the final design.

Table 4: Types, Quality, P-Values
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5. CONCLUSIONS & FUTURE WORK

The work in this paper and in previous research [3] shows the importance of information presendztsignimnd

offers support for the construct of an innovation style. Tiwalpes obtained in this research do show statistical
significance however the sample size of the exercise was not large enough to place large amounts of emphasis in this



result. In future work the author has many things that should be accomplished. The first is the study of a larger
scale design project using closer to 50 students than 18. This project would include multiple scorers for a more
rigorous assessment of the levelsctesd by the designsBetween the previous research and this work, two of the

four innovation styles have been covered. The other two, assimilation and accommodation, should be studied to
give completeness to this research. Another aspect of this tesbatds important is to cover a wide range of
personality typeso show that only the type targeted with the presentation was more innov@inesof the current

issues is that if you tailor a design problem for engineers only engineers will be dhls toomprehend the
problem, and the same for apparel designers or other majors. That combined with the narrow focus of MBTI types
in design fields, in this study only eight of the sixteen types were represented, which is the same total of the previous
work [3]. Between the two studies 12 of the types have been present. Therefore it is crucial to branch out to various
disciplines that partake in design to gain a selectiodiféérent types to work with. If this correlation can be
determined then worlwould be done on implementing this in an academic setting. Innovation and new ideas are a
crucial part of design whetheri# apparelengineering, product, or graphic. Determining ways to foster innovation

in these areas is a great way not only toroup the design field as a whole but also the world we live in.
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