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1. Introduction

Despite its successful deployment across a widetspe of different industries and disciplines, the
Soviet-originated Theory of Inventive Problem Solyi TRIZ, has yet to have much impact in architectihere
are quite likely a number of reasons to explaia.tkey among the reasons, however, appears tebadk of any
significant database of success stories in araasdEred relevant to architects, and a conseqaekf teaching
materials. The authors have thus sought to attempesolve this Catch-22 spiral through a progranohe
exposure to a number of final-year architecturdestts. The aims of this exposure were:

a) to ascertain whether, despite the lack of domaéeifip teaching materials, architecture students
would identify with the main philosophies and coptseof TRIZ,

b) to create a number of mini case-study applicatartbe method

C) to provide foundation experience to guide the fdation of future education materials and

teaching strategies
A potential problem with TRIZ identified early om ithe programme was its heavy emphasis on strutture
processes and tools, and its reputation for contylexd protracted learning-curve. The historicghtionship
between architects and design methods has notebeariicularly good one. In the second half of26& Century,
for example, there was a period of significant ries¢ in design methods. The connection was somewhat
short-lived when such methods gained a reputatiorsterility and restriction of creativity. Thisesas to have
left behind a legacy of suspicion and distrustamfal methods, spanning a range from general ewiffce to
overt hostility. Ironically, the failure of formalesign methods occurred at around the same tirhelibats began
issuing requirements for formal risk and qualitymragement procedures. It is against this backgrobatthe
exposure programme described here was forced toranodate. Three student projects are reportedsipéper.
Each was undertaken in the belief that it is natessary to be an expert or even very experiencéteinse of
TRIZ in order to produce valuable results. As sumne of the students received more than a halfefiégrmal
exposure to the tools of TRIZ. Rather, they wergeeted to explore the available literature to whatextent
they themselves felt to be appropriate in ordegstablish whether they thought they would bensditnf some or
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all of the various tools and strategies containedthe whole. The rationale behind this strategy of
self-organisation and self-motivation was thatléhee! of interest in the method would become diyeti¢d to the
direct benefits obtained by the students; if a@etsied and failed with any part of TRIZ, then thetivation to

try other parts would be diminished. While, on tlieer hand, any early successes with the methodthvtend to
lead to a desire to learn other tools. Thus aetiteof the programme, it was our hope that we wgald a useful
perspective on which parts — if any — of TRIZ weleemed to offer an appropriate combination of edse
learning and ability to deliver tangible benefiteWiill explore some of the main findings of eachtioé three
student experiences shortly. Before that, howevernecessary to provide a short overview of TRIZ

2. TRIZ Background

TRIZ research commenced in 1946 in the former Sdvigon. It began during an analysis of the global
patent database and the discovery that problemsautions recurred again and again across diffenelustries
and specializations. The extent to which wheelsrgetvented was revealed when it was discoverad ah
inventions emerge from a very small number of itivenstrategies. Today the ratio of inventions gddo
inventive strategies used stands at around 3 mittho40. Subsequent research to explore the retevaithese
strategies to disciplines outside that of patems engineering, has revealed the discovery of ritiadal
inventive strategies above and beyond those obddsyethe original Soviet researchers. This resediah
included systematic analyses of the worlds of maeztronics, software design, food technology,aoand
political systems, marketing, education, businésgegy (Mann, 2004) and, to a smaller extent, itgcture (O
Cathain, 2002, 2003).

The fact that — so far — such a small number dafiitive strategies have been uncovered across suitiea
search domain has been interpreted by many asdhgigthe act of generating creative solutiongrablems is
actually quite limited. The interpretation is bdthie and false. It is true in the sense that, tan&nts and
purposes there are only a very limited number ofsna which any design problem may be solved. false,
however, in the sense that the so-called 40 InvemRrinciples have been deliberately designeddgereerically
abstracted form that allows users the freedomteypnet and exploit them in a wide variety of wageen in this
way, the Inventive Principles present a seriesgrfposts to effective solutions that in turn allosers to work in
a very divergent manner. In effect, the more cvégta user puts into the interpretation of thearaenendations
made by the method, the stronger the output isylit@be. Experiences in other disciplines have,eikample,
demonstrated an ability to generate literally heddrof solutions (not always a useful outcome afrg® but
very definitely so if our aim is to generate a faid of new IP) in an intensive idea generatiorssien.
Compared to the dominant ideation ‘method’ of stonming, TRIZ has been shown to offer order of nitugle
improvements in terms of both quality and quantitydeas.

Generating practical and effective new ideas isimportant part of the overall TRIZ story, but it is
relatively small in comparison to those parts @& thole designed to help users to do a better fatefining
situations. Defining the ‘right’ problem is ofteaid to be 90% of the problem solving process, &titkre is one
other striking aspect of TRIZ it is how differenttyforces users to think about establishing whigiht’ means in
their specific situation. A TRIZ problem definitios quite unlike a conventional definition in mamgys. Among
the most striking are the following TRIZ pillars:

a) the ideal solution delivers all of the benefits idesd by the end-user, with zero cost and zero



negative impact. This so-called ‘Ideal Final ReéqUR) solution is most readily achieved when
systems achieve such self-x functions as self-ohgaself-aligning, self-repairing, etc.

b) the strongest solutions avoid making the trade-aff$ compromises that are normally taken for
granted. The 40 Inventive Principles result in faoi the analysis of many hundreds of thousands
of cases where trade-offs and conflicts have béerinated. Thus, when we are defining situations,
we ought to focus specifically on the identificatiof trade-offs and contradictions. Defining a
problem as wanting a structure to be ‘bag and $malheavy and light' are not traditional, but
they are central to the effective use of TRIZ.

C) The strongest solutions may also be observed tagamthrough the effective use of existing
resources. Traditional design practices are hegefired to solving problems by adding things to a
system, whereas TRIZ encourages users to thinkt @obting problems by using what is already
their to greater effect. TRIZ encourages a relsstiearch for untapped potential in and around
systems, and thus from the definition perspectarey time a problem solver identifies such
untapped resources, the design issue becomes hmak® best use of such resources. Central to
the role of resources in the problem definitiongaess is the idea that even the things that are
currently viewed as negative can also be transfdrim® useful resource. Architects, for example,
may be seen to frequently complicate structuresitopensate for ‘problematic’ stresses, pressures
and temperatures, whereas if the design challeaddé&en re-cast as one of making positive use of
those negative elements, a much more effectivegdesilution would have emerged.

In TRIZ termsdefinitionof the design challenge is thus just as divergsrihesolution generatiomart. Uniquely
amongst design methods, therefore, TRIZ encouragésexpects users to deploy their creative skilking the
definition phase of a project as much as, if notertban in the parts traditionally perceived as'theative parts’.
A simple exercise to examine a system with the @findentifying all of its current trade-offs andrapromises

should very quickly allow us to uncover a rich smiof previously hidden problem definitions.

3. Student Experiences
The following three sections summarise some ofldhgely self-directed activities of three differdintal

year architecture students

3.1 Student 1

The first student used TRIZ to work on two problemene involving disabled access to and movement
within buildings, and the other to the configuratiof efficient shelving systems within public libyabuildings.
In both cases, the initial connection to TRIZ calm®ugh the recognition that both problems had reafi¢tions
at their heart. In the first case, the TRIZ conthdn definition tools proved to be ill-matched ttee problem,
while in the second case, the level of success w@wewhat higher. In both cases, however, the
contradiction-elimination solution generation topt®ved to be rather more useful, with elegantttmis being
suggested for both problems.

In the case of the library problem, the studert disployed a small number of the trends of evafutamls
to good effect. As may be seen in Figure 1, theditewards increasing use of curvature and dynatnictures

lead to the generation of several novel ideas fwave the book quantity versus ease-of-accessiconfl



Fig.1 Conceptual TRIZ Solution For Library Book &tge Problem

In many ways what we observe happening in thisestuid that TRIZ is being used as a complemertigo t
normal ideation process. The solution generatiofstaere simply used as a means of provoking tinemgion
of large numbers of ideas. Highly effective durithis activity was a strategy whereby if no solusomnere
generated from one solution trigger, the studenpbki moved on to the next. This is important, siitdeas been
observed in other fields of application that auielto generate solutions from one trigger has ptecha user to

wrongly conclude that none of the other trigger work either.

3.2 Student 2

The second student focused her dissertation stodiggegration of wind technology and buildingsbref
scan through the resulting output reveals an exhghigh combination of quality and quantity. Agavith little
formal TRIZ training, some excellent work was coateua using a wide variety of the different toolshe toolkit.
The title of the resulting dissertation is ‘The Aitect As The Inventor’, and it appears clear thatcombination
of architectural domain knowledge and, for examgie, TRIZ trends of evolution, knowledge databasd a
resource identification tools have influenced theation of a very high number of novel ideas andcepts. At
least a handful of these ideas appear to offerfficismt degree of immediate practicality that theguld be
considered as candidates for patent applicationat this should be the case prevents us from piiegetiose
ideas here. What we can observe, however, are sbfe connections to the TRIZ tools and how thayenh
revealed new insights into the wind energy problem.

Firstly, the resources part of the method promgitedstudent to first think about “the ideal fimault is
to design, invent or discover a system where oneuse the free moving air in or around a buildiagtoduce
energy for the building and its occupants...”, arahfrhere to identify a string of already existingaerces that
the neither the building industry nor the wind @yemdustry have realized can be utilized. Amonthstse
untapped resources — as shown in Figure 2 beldheipresence of macro-scale boundary layer wifettsf and

local-scale separation regions and vortices thehd turbine could be designed to take advantage of

Figure 2 — (an amalgam of Figure 39 and Figurerdffirene’s thesis)



From here, the dissertation moves on to compate tingtding and wind-turbine technology with thertds
of evolution part of TRIZ. The space available harevents us from doing justice to this part of ZRidther than
to suggest the overall concept. According to TRéZhnology evolution trends are highly predictahléhe sense
that there are a number of discontinuous evolutages that repeat across different industries (IMa@02a).
The student first conducted a comparison of cunénd-turbine technology against these known trendeveal
how many jumps of the evolution jumps utilized ither industries have not yet been exploited in wfied
turbine sector. The resulting output is shown iguFé 4. Each of the spokes on the plot represergsobthe
known trends of evolution, and then the colouregiae represents how far along each trend the wiretgy
industry has thus far traveled. Irrespective of titbe or not we understand these trends and thédsdetavhat it
is trying to tell us, hopefully it indicates the portant overall message that there is considerabtapped
potential in the field at this point in time. Cenlg that would seem to be the case when we exathimguantity

and breadth of ideas the student was able to geenieraxploiting that untapped potential.
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Fig.3 Untapped Evolution Potential In Wind Turbifechnology

In another aspect of her work, the student alsdéoegg the function database part of TRIZ. Heredbserved
that the basic function of a wind-turbine is toraegt energy from moving air. TRIZ has sought tdklagross all
industries in order to collate all the differentysaf delivering useful functions like ‘move aiBy working
through the list of other ways of achieving thediion, the student was able to suggest a hosterinaltive means
by which wind energy could be extracted and exptbih the building context. The key motivation ehthis
work was the recognition that energy extractiootigh use of rotating aerodynamic surfaces hachtmerént
problem of being difficult to integrate into a $tagtructure without having a considerable negativeact on the
overall aesthetic. Again for patentability reasins not appropriate to reproduce many of the ltegyideas here.
We can, however, highlight the manner in which TRiZs used by saying a little about the studentliigent
air-screen panel’ solution. In this concept, thea,see the combination of available resourcess-ithie in the
form of known fagade pressure equalization strategeing combined with magnetic levitation as amaed

converting air movement inside a controlled caugtgion into useful electrical energy — Figure 4.



Fig.4 Intelligent Air Screen Panel Concept Design

3.3 Student 3

The third student involved in the study startedrtfidRIZ journey by examining a number of existing
architecture problem case studies ( e.g. the fagealdems at Cité international, Lyon, and at GakeLafayette,
Berlin) and showing how TRIZ might have been useawvioid or eliminate those problems. This studepeared
to find his way into the subject through the ‘5WwlaAn H’ paper (Apte, 2001), it being an excellergans of
understanding the root causes of problems of a vadety of types. This analysis was used to reagalmber of
key contradictions in the design of the existingtegns. These contradictions were then used assitipat the
contradiction elimination part of the TRIZ toolkit.

Again it appears clear from some of the solutioragppsed by the student that seeing the design grobl
from the perspective of contradiction-eliminatics @posed to traditional design strategies hasalesdesome
highly elegant solution concepts that appear botlehand practical. Figure 5 below for example dégs one of
the contradiction-eliminating solutions suggesterfie Cité international, Lyon facade problem.

By adopting TRIZ’s ‘merging’ principle the louver
system can be placed inside the double-skin fagade
glazing itself. Making the overall system less

complex. Fﬁi

< T Rotating glass louvers are susceptible to
Small movable louvers| breakage & high maintenance costs. TRIZ
Existing rotating glass louvers are placed inside the suggests it is possible to remove this entire
susceptible to breakage & high glazing construction. system?

maintenance costs.

Fig.5 Cité international, Lyon facade TRIZ-inspir€dncept Design
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Another case study focused on intelligent senspliggiions in buildings. This time the inspiratiams a problem
with the Helicon building, 1998, London. The intgéint facade solutions present in this buildingeveeen as the
“solution to many of the problems of an energyaidiint office in an urban site” (Loughran, 2003)aén city areas
with poor air quality dramatically affect the usé matural cross ventilation. The Helicon buildingneplex’s
intelligent facade created an urban solution te thioblem. The building’s fagade consisted of atilaad
double-skin with electrically controlled shadingvikes. The building envelope is highly glazed tokimaze natural
daylight penetrating into the office space. Itsas@creens double up to act as light shelves wiriebent excessive
heat gain and reflect daylight into the buildindgieTbuilding uses a mixed-mode ventilation and airelitioning
strategy. It is controlled by sensors which tesémmal air quality to determine when natural cresstilation can be
used. However through the misuse and tampering sdtfsors by occupants, the building was observedtde
operating as designed, such that, for example jishpadntrol devices controls do not work abovertiean entrance.
As it is a highly glazed envelope, the building b encountered problems with overheating inahés. This has
resulted in unintended extra use of mechanicalicgdlair-conditioning). Therefore the building ising more

energy rather than conserving energy which it wesgihed to do.

In addition to re-defining the architectural chatie in terms of unsolved contradictions, this stidéso went on to
utilize the knowledge database part of the TRIZkibdo identify already existing technological stibns to the
conflicts and trade-offs identified. Here againsee that the student was able to make a signifiaamber of useful
suggestions to show how the Helicon building protdewere readily tackle-able using off-the-shelfutohs

available in other sectors. What is most encouagimout many of these solution concepts is th&ianks to the
students’ grasp of the ‘ideal final result’ evobrtidrive — they offer the desired functionality atit complicating
the overall structure. One particularly nice conaltion of IFR and contradiction elimination thinkingme when the
student saw a need for ‘large numbers of sermodno sensors’, and then set about — Figure 6 — ubBgRIZ

knowledge base to see how it might indeed be plasithave sensors everywhere without having tthgaugh the

time and expense of installation and control coxipte



Fig.6 Conceptual TRIZ solution: sensors that araralund us, but not seen

4. Summary & Conclusions

Each of the students undertaking the ad hoc exposurTRIZ were encouraged to summarise their
experiences and impressions at the end of theéstigation. Here are a few of their overall comraent

(Conall, I don't have the conclusion chapters s@'lybave to extract something here)

Three case study examples is, of course, a veail ssmber with which to draw any generically appble
conclusions. There are however a number of emetbemes that we believe serve to point future evaoles to
expose TRIZ to other architects:



4.1 Lessons Learned

One thing that is highly visible in each of theeircases presented here is that different stuchets
attracted to quite different parts of the TRIZ tablThe TRIZ community (if it can be called thad)currently in
the middle of a debate concerning how best to tpadple the method. One TRIZ Master will believe aray is
best; while another will believe something almagally different. Our experience appears to confthat by
allowing students to find their own way through thassive array of available TRIZ tools that theg arore
likely to find something that will deliver them sentenefit. In other words, it is better that TRiZapts to the
individual rather than the other way around. Wiiies might not deliver a perspective of TRIZ thsiteither
complete or efficient in its application, what iildeliver is some tangible benefit. Once thisgéote benefit has
occurred — as we may see quite vividly in two duthe three students discussed here — then thexestiong
motivation to explore other parts of the toolkite Welieve that this is an important pointer to hbe subject
might best be presented to architects — espediallight of the previous failure and rejection aher design
methods.

It also appears clear from the student studiessinatral of the TRIZ tools would benefit from aframing
to better suit the architecture context. In manysyahe students in this programme were set annens
challenge; find how TRIZ is relevant to architeetim the absence of any prior case studies andendieof the
tools have been configured for primarily engineditsat they were able to see any connection asall strong
testament to their interest and dedication. Of TRIZ tools utilized by the students, it is probalilye
Contradiction Matrix tool that would benefit the stdrom a re-framing exercise. Here is a tool thed a lot of
instinctive appeal — the idea collapsing all of therld’'s contradiction elimination experience ort@ne-page
grid — that subsequently turns into disappointnvemén the solutions recommendations offered arelartalbe
connected to the architecture context. When insti@@ppeal turns to swift disappointment, it isl@ar sign that
the tool is not doing its intended job. This fingliis consistent with observations in other newameérging TRIZ
application areas. In areas like software desighlbarsiness and management, the result has beeartsguction
of a new Matrix tool specifically tailored to thanguage and context of workers in those fields.aWtiipate,
therefore, that there is a corresponding contexthmag exercise required to be carried out for iechs.

Also a generic TRIZ problem is the common phenomethat a solution obtained by the method looks
‘obvious’. We can see this in several of the solui obtained by the student during their studieshé TRIZ
context, this ‘obviousness’ is seen as a good thiince it acts as a highly effective subjective ¢éshe quality of
a solution — the more obviously ‘right’ a solutioks, the more likely it is to actually be the higsolution.
Beyond the TRIZ boundaries, however, ‘obviousneas’ be a problem. All we can say on this fronha time
and with the present level of knowledge about @gpiility in the architecture context is that in leat the student
cases, the starting point was the current statieofart in terms of architectural design practiteat several
solutions emerged that might appear obvious nasy, tertainly were not obvious to the actual arch#evorking
on the projects under consideration. Perhaps thergklesson here is that, for the first time, TRdZ knowledge
database offers architects simple and ready adoetechnical solutions that are ‘obvious’ in otHelds of
endeavour, that as yet are anything but in thedwafrrchitecture.

4.2 Where Next?

This experiment has given us the confidence thatetlis sufficient merit in making TRIZ available to



architects that further work is justified. Key angshthe next steps is the creation of a versidgh@fTRIZ toolkit
fully re-framed into the architecture context. Ommiech materials become available, we plan to refieat
self-organising TRIZ education strategy with otfieal year students in order to establish if andhbw much the
re-framing helps users to get to the point whesy ttan see real tangible benefit from using thdstoothe

shortest possible time.

References

Apte, P.A, Mann, D.L., Shah, H., 2001, ‘5Ws and &h Of Innovation: TRIZ’, TRIZ Journal,
www.triz-journal.com, July 2001.

Loughran, 2003

O Cathain, C., Mann, D.L. 40 Inventive Principlesr Architecture’, TRIZ Journal, www.triz-journabm, July
2001.

Mann, D.L., 2004, Hands-On Systematic Innovation Basiness And ManagememER Press, UK.

Mann, D.L., 2002, Hands-On Systematic InnovgtiGREAX Press, Belgium.

Mann, D.L., Dewulf, S., 2002a, ‘Evolution Potentlal Technical And Business Systems’, paper preseate
second European TRIZ Association Conference, Sttagh November 2002.

10



