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The Systematic Innovation e-zine is a monthly, subscription only, publication. Each month will

feature articles and features aimed at advancing the state of the art in TRIZ and related problem
solving methodologies.

Our guarantee to the subscriber is that the material featured in the e-zine will not be published
elsewhere for a period of at least 6 months after a new issue is released.

Readersdéd comments and inputs are always wel come.
Send them to darrell.mann@systematic-innovation.com

. 5
02017, DLMann, all rights reserved %}

il


mailto:darrell.mann@systematic-innovation.com

Case Study: Perverse Incentives In Academia

firo achieve great things, two things are needed; a plan, and not quite enough time.o
Leonard Bernstein
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nature. Or both. The above figure i taken from Reference 17 highlights the apparent
problem. The vertical axis of the plot describes 6

axis contains two parameters that affect the achievement of that progress: on the left hand
side is quality, and on the right is quantity. The green-line indicates the theoretical
relationship between these three parameters: too much emphasis on quality and
productivity decreases; too much emphasis on quantity and productivity also decreases,
with, in between i assuming we are able to get the balance between quality and quantity
right T some kind of optimum productivity value.

The red-line below the green one then represents the reality: when we ask humans to

increase the quantity of the output they produce, their actual productivity becomes

progressively less than the theoretical level would otherwise suggest. The reasons for this
shortfall include a greater propensity to err
quickly, and also, more seriously, when a system introduces i ncen
human tendency to distort the system by playing to the set targets. The primary thrust of

the Reference 1 paper is that, by introducing crude incentives that seek to improve the

guantity of output, we end up bringing the worst out of people. What gets measured gets

done. And, the authors show, if the system measures the number of papers academics

produce, surprise, surprise, the number and rate of production of papers will go up. But,
unfortunately the longer people work with targets, the more their behavior will be distorted

in the direction of the target. Thus, if the target was not a good reflection of the desired

outcome of the system, the only net result is that the outcomes will suffer. Here the

problem is all about the difference between measuring what is easy to measure and
measuring what 1 s i mportant. I f the academic
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papers will progressively suffer. As described in the paper, academia has been particularly
prone to introducing a whole series of measures in recent times that have all been about
measuring what is easy rather than what is important, and as a consequence, the whole
system has found itself in some kind of horrible death-spiral:

Incentive

Intended effect

Actual effect

“‘Researchers rewarded for
increased number of
publications.”

“‘Researchers rewarded for
increased number of citations.”

“‘Researchers rewarded for
increased grant funding.”

Increase PhD student productivity

Reduced teaching load for research-
active faculty

“Teachers rewarded for increased
student evaluation scores.”

“Teachers rewarded for increased
student test scores.”

“Departments rewarded for
increasing U.S. News ranking.”

“Departments rewarded for in-
creasing numbers of BS, MS,
and PhD degrees granted.”

“Departments rewarded for
increasing student credit/contact
hours (SCH).”

“Improve research productivity,”
provide a means of evaluating
performance.

Reward quality work that influences
others.

“Ensure that research programs are
funded, promote growth, generate
overhead.”

Higher school ranking and more
prestige of program.

Necessary to pursue additional
competitive grants.

“Improved accountability; ensure
customer satisfaction.”

“Improve teacher effectiveness.”

“Stronger departments.”’

“Promote efficiency; stop students
from being trapped in degree
programs; impress the state
legislature.”

“The university’s teaching mission
is fulfilled.”

“Avalanche of”’ substandard, ‘‘incremental
papers’’; poor methods and increase in
false discovery rates leading to a “‘natural
selection of bad science’” (Smaldino and
Mcelreath, 2016); reduced quality of peer
review

Extended reference lists to inflate citations;
reviewers request citation of their work
through peer review

Increased time writing proposals and less
time gathering and thinking about data.
Overselling positive results and downplay
of negative results.

Lower standards and create oversupply of
PhDs. Postdocs often required for
entry-level academic positions, and PhDs
hired for work MS students used to do.

Increased demand for untenured, adjunct
faculty to teach classes.

Reduced course work, grade inflation.

“Teaching to the tests; emphasis on
short-term learning.”

Extensive efforts to reverse engineer, game,
and cheat rankings.

“Class sizes increase; entrance
requirements’’ decrease; reduce
graduation requirements.

“SCH-maximization games are played”:
duplication of classes, competition for
Service courses.

The paper culminates, eventually in a plea for a removal of these kinds of simple-but-

corrosive incentives and targets and a swing of the quantity-versus-quality pendulum back

over to the quality end of the spectrum.

Like most sectors of human endeavor, this kind of pendulum-swing plea reveals a
fundamental lack of understanding of how the world works. It assumes that we have to
make trade-offs and compromises in life. And, of course, we do have to eventually make
such compromises, but when we sit down with an explicit intention to design better

s ol

uti ons, we

absolutely

d o n-d@ftand lccempremise. o

Design is about breaking the rules and finding better ones.

The whole reason the academic sector has found itself having to grapple with a quality-
guantity trade-off is because the world is moving faster and faster, and the academic
community for the large part is not keeping up. More and more pioneering research is

bypassing academia altogether because industry needs the answers faster than academia

seems able to provide them.

f

t he

academic
rather better than assuming quality and quantity were fundamentally locked together, and
would instead look to design ways to achieve the best of both worlds. Anyone familiar with

worl d

really

sat down

the TRIZ/SI world would know to start such a re-design process by formulating the
contradiction. It would look something like this:
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BECAUSE

A

not being left
behind by others;
avoid procrastination

meaningful
scientific AND AND

progress

scientific

integrity

v

REQUIRES

And as soon as we can re-frame the problem to show that quantity and quality form a

physical contradiction (hence the reason for the parabolic-shape curve in the opening

figure), we know we can quickly tap into the breakthrough solutions of other sectors of

human endeavor. Like, for example, Leonard Bernstein and his quote at the very top of

this article, where he encourages us to recog
best possible spark to producing great work.

Actually, |l think that when webdre talking about ¢t
itds often advisable to think about the contr
intangible. People make decisions for two reasons, the good reason and the real reason.

Similarly, people get stuck when trying to make those decisions by two things: the good

contradiction and the real contradiction.

Looking at the above Bubble Map, | believe the good/real contradictions distil down to the
following, expressed in terms of the available parameters in the new (version 3.0)
Business Matrix:

Good Contradictions: (Design) Capability versus (Design) Time
(Design) Capability versus (Design) Risk

Real Contradictions: Competence versus Trust
Trust versus Ability To Measure

For the 6good6é cont r a dhe lowirg myentivelPanciples towarkk gi v e
with: 23, 21, 3, 38, 24, 10,9

For the oO0real é contradictions, we get Princip
We could brainstorm our way through each of these Principles and derive a whole series

of potential solution directions that will serve to shift the green curve in the upward

direction. The best way to do this would be to bring the academic community into the

ideation process,but | al so see, |l ooking at the top rec
contradiction, that Principl e . RiBmedd&iadydegd ac k 6 i
the question, Ohow do we measure the quality
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| 6 m al s, befoe waitinggoo far into this question, that when dealing with this kind of
human-complexity problem, the only meaningful solutions are going to emerge by
affecting the system at the oO6first principles
dealing with the 6real 6 contradictions and af
principles of ABC-M (Reference 3).

People 1 including academics (although | occasionally have my doubts!) i are all
motivated to change when Autonomy, Belonging, Competence and Meaning all head in
the right direction.

When we examine the current incentives used in the academic sector as described in the
earliertable,and rel ate them tM iwhcerteheese shirsuléeABiCs b e
every instance, Meaning always gets worse, and ABC get worse in the majority of cases.

This fact should offer up some important additional solution clues. First and foremost a
need to scrap all of the current incentive measures and replacement with things that
(Principle 8) counter the natural downward tendencies of human behavior.

This in turn, Il think, means finding measures
rather than whatoés easy. Here are a few sugge

1 Objective measures of paper quality as are increasingly being used (Principle 5) in
industry i e.g. Evolution Potential Trend jumps

1 Research should really be about (Principle 36) step-change progress i industry is
already way, way better at optimization than academia will ever be i so think about
theHero6s Journey and 6ordeal s6é and hence O6co
6contradictions reveal edd

1 In our ever-more connected world, solving problems gets easier and easier
(6someone somewhere already solved your pr
incentivize authors that reveal better questions

1 Any paper that describes experiments and results that seek to demonstrate or show
an 6optimumd for any given parameter shoul
yet be rejected. Any subsequent paper that repeat the same optimization effort to
confirm or challenge O0the optimumé ishoul d
example: working with the K-12 education sector over the course of the last three
years,we 0 ve b e c o mmuchauttealy-neeanmdless debate over the past thirty
years about ésopzteibmu nd 2c5l.ad4s6s was t he concl usi
This eventually provoked a small avalanche of other papers rejecting the finding.
The whole lot of them should be put on a bonfire and burned because they all
started from the wrong question. Class-size is a contradiction to be solved not a
number to be optimized. The authors of the first paper in the sequence should be
placed carefully on top of the bonfire for starting a wild-goose chase that has
wasted hundredsof t housands of subsequent researc
10) story that really needs to be told.

1 (recognizing that all four of these solution directions are likely to make the
academic community feel incompetent, and thus fail our ABC-M test, thered s
perhaps a need for a (Principle 31) time-out period where the new measurement
system is acclimatized and everyone made aware of the new rules. That or sack
everyone, O0drain t he Gwemthatthéacademicdectsrtisgimt a g a
theoryatleast ) built on O6evidenced, there shoulc
genuinely productive scientific literature did precisely make trend jumps and/or
solve contradictions. Notably, some of the biggest i and best known i academic-
lead breakthroughs are attributable to accidents rather than design (think penicillin,
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Teflon, x-rays, and a myriad others), situations where the accident cause the
researcher to deviate away from the optimization path and run towards a vital
contradiction i we expected X to happen, but instead Y happened.)

So much for designing an academic system built around first principles. My overall view is

that academi ads real role iIis becoming that of
world after the innovators have made the breakthroughs. Again, there is a wealth of

evidence to prove this case. Shifting back to the tangible world and solving the quality-
versus-quantity contradiction and looking at the suggested Inventive Principles as a

cluster, the overall message seems to be that the main step-change the academic world

needs to make is recognizing and treating the world they operate in as a complex one. No

more evidence required. Complexity requires research strategies that are almost wholly

different from those we see in operation in most universities. The whole community would,

| think, do well to take a peek at our Book of the Month feature thismonth.Let 6 s cal | t
the final word. For now.
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Patent Invent-Beyond Templates

Forsomereason,we 6 ve had hisontgeeqtiests for Opatent
workshops over the course of this year. From beingaone-of f acti vity, it se
something in the air in a number of organisations, dictating that the skill of designing-

around, inventing-beyond or bulletproofing their IP has become an ongoing need. While

Il &m not a desperate fan of templ ates, experie
starting the journey towards building a skill that will become a normal part of their

everyday work, they can serve a useful transition tool. This article describes the short deck

of template sl ides we 0ofworkenytoréugheghdse mettomd- t he cou
teaching workshops.

There are three basic jobs that the templates are intended to address:
1) Finding good solutions
2) Modelling and designing-around target patents
3) Bulletproofing patents

Finding Good Solutions

There are two primary situations in which we might find ourselves needing to find existing
6goodd gReferente 1p one that we are looking for an existing solution that we can
build upon; two that we are | ooking to find g
already have. Therebés only really one templ at
needs. Basis for the template and the good solution finding strategy is the three-part

search construction illustrated in Figure 1 (and described in more detail in Reference 2):

Quality
Figurel: 6 Gooddé Patent Search Strategy
The first part of this search is all about es
equi valent solutions in others.haslameadysoived c | as s

your pr obl e méltigbadedon thepremisd tlar Functions and Attributes are
the things that O6écustomersd want . w&wishtoomer s w
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escape from our traditional drill-bit manufacture business, we need to reveal other hole-
making solutions that might exist out there.

The ond
Wh a't we
conditions r el

hol es i n human

secC aspect

of

t he

t o

search

our specific
then | might

word. Better yet, | might constrain the search to look for certain values of strength or
hardness similar to that of teeth and use that condition to constrain my search. Ditto for
things like the relevant size or shape of hole that | might be interested in, or temperature

limit that | must remain below.

control

0 r achieve lyere iarg inputs that will constrain what we find according to

evant
teet h,

The final part of the search, then, is all about controlling for the quality of solution that |
might uncover. This is the TRIZ specific part of the search, the part that recognizes the
difference between the 97% of patents that generate no value and the 3% that do.

s for

context.
use

6t oot h

Specifically, what weodore | ooking to include h
conflicts and contradictions. Words I|ike 6sel
Words, in other words, that relate to the presence of the sorts of word found in the
Inventive Principles or Trends of Evolution.
Taken all together, the eventual patent-search template sheet looks like this:
PATENT/K N OWL E DG E S EARCH FUNCTION Words (Start Here)
(Use this template if you wish to make a structured search of patent or other knowledge sources)
CONTEXT Words
\
/\\Oé’\("
SO
S&
A
Quantity e

http://ep.espacenet.com/ CONTEXT

http://www.uspto.gov/patft/index.html

www.patentinspiration.com

INVENTIVE STRATEGY
Found Solutions
Oualily SOLUTION DIRECTION Words
Figure 2: IP Template 1: Solution Finder

Modelling & Designing Around
Having | ocated a good target patent, the next

language into something that we can begin deploying TRIZ/SI tools on. This means
constructing Function and Attribute Analysis (FAA) models. We need to do this job for

each of the independent Claims found within the target patent. For each of these Claims,

the template sheet is the same:

02017, DLMann, all rights reserved
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What Is The Current System? (construct a FAA model for each of the independent claims)

Patent No.I:] Claim No.l:]
10

Nouns: ml
represent the components
described in the Claim

Verbs:

represent the relationships
between the components
described in the Claim

_—

Adjectives:

represent any descriptive text
relating to the components
described in the Claim

-

Example:

piston

Figure 3: Independent Claim FAA Model Template

Now, having unraveled what the independent Claims are describing, we get to the creative
part of the design-around process: looking for strategies that will mean we no longer
infringe on the Claim. This in turn means, crudely, that we need to alter the FAA model by
utilising one or more of the strategies summarized on the left-hand side of the design-
around template sheet:

Desig n Around Strategies (ultimately, only one will be necessary, but here a comprehensive search for options is desirable)

Patent No.I:] Claim No.I:]

Possible Strategies: strategy solution yes, but é

- take something away

- substitute something

- remove a connection

- change a connection

- connect something to
something else;

- change an attribute

- remove a process step

- change process sequence

Most design around
strategies will create a
negative impact on the
efficacy of the patented
solution. The right-hand
column is where we register
these negativie i mpact sé

Figure 4: Design-Around Options Template Sheet
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s

i



In the large majority of cases i and certainly if the target patent has been drafted well i

whatever we need to do to design-around the Claims will create a § e s , negaiive 8ide-

effect. In effect what we are doing when we identify a design-around strategy is to create

an artificial contradiction. Solving this contradiction, then, is the final step in the process

from OGarcumhd -beyondideynwnWee mperfectly happy O6de
and ending up with an inferior solution. What TRIZ/SI tells us, of course, is that, this would

adversely impact the commercial success of our solution. In most situations, we would

wish to not onl ytinmadan the targeepateng butdab theGsame time

also create a solution which is more ideal. The template sheet for solving Contradictions

should be familiar to anyone that has attendedone of our standard SI woa
standard Contradiction Matrix territory now i we take each of the artificial contradictions

from the Figure 4 sheet and transpose them into the top row of this template. Then we

translate the specific to the generic (i.e. Matrix Parameters), we then look up the generic

solutons (6l nventive Principlesd), then do the cr
strategies into specific solution cluesé

Contradiction Mapping Template

Improving Feature: Worsening Feature:
design-around strategy 0yes, but 6 negat-araued i m
\Y
Matrix Parameter(s): ¢ Matrix Parameter(s): ¢
\Y
Inventive
Principles:

Inventive Beyond Solution Strategy Clues v

Figure 5: Design-Around-To-Invent-Beyond Contradiction Resolution Template Sheet

Hopefully, one or -bneoyroesoldtdgh cliehbecraes the basisdonthe
Independent Claims of a potential new invention. This time, one we can own. Now the final

job is to bullet-proof this new solution sothatno-one can do t o us what Wwe
them.

Bullet-Proofing

This job is all about anticipating all of the future evolution jumps that the TRIZ/SI Trends of
Evolution tell us will form the basis of future successful solutions. The full bullet-proofing
job requires us to examine both the overall system and all of the individual components
and process steps that form a part of our intended new Independent Claims, and we
should examine each of the Trends of Evolution that are relevant to the system or

. SYRTEM
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component or process step we are currently analyzing. The basic template sheet we
recommend, again, shouldnét contain too many
standard S| workshops. The new part are the columns to the right of the Evolution

Potential plot, which offer space to begin formulating the new Claims that ought to begin to
emerge when we examine al/l of the Trend jumps
design. The key here is to be comprehensive. The rule we use internally is at least two

new Claim ideas per Trend when looking at individual components, and five per Trend

when examining the system as a whole.

Bullet-proofing: Evolution Potential Analysis

Component Suggested Claims Likely Benefit

For all the relevant Trends Of Evolution, identify the position of the existing, competing solutions, then your solution.
Is your solution more evolved? (it needs to be!) Suggest how the solution could be further evolved.
I'f you can convince the Patahite&xlayni aree 4 lialtl ¢ dei pewelpm.i &r t6doyou should create a

Figure 6: Bullet-Proofing New-Claim Ideation Template Sheet

Again, it is well worth the effort to write down ideas for new Claims without worrying too

much at this stage about their efficacy or achievab i | i t y . I f wedve foll owt
efficacy issue shoul dndét be such alkelybemdfii e m, o
of the Trend jump is. As far as oOachievabilit
the Patent Examinerthatournew Cl ai m i deablis Wyromacekill ed

This is a discussion probably best conducted in consultation with your nominated Patent

Agent. Your job, as far as the Figure 6 template sheet is concerned, is to turn up to your

Agent 60s hdahe mosccemprehensive list of Claims possible. (Try not to overwhelm
the agent, though )

Finally, interested readers may like to know that they can download an electronic version
of these template sheets from the systematic-innovation.com website in the same place
(6Downl oadsd) where the more gener adfourdr obl em
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Not So Funny i Missing

August 8 was International Cat Day. This was my favourite Tweet of that day.
I nventive Principle 12 in actioneée

It made me wonder if there were any other Inventive Principles to be found in the sad,
traumatic world of missing pets. It turns out there were.
Herebs Principle 5é

_.

‘-.

APPEARS SLowW BUT IS
VERY DANGEROVS!

HEwy,

Bl COME Hore evenTVALLY
- EVIL-Doers peware
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And then a very cunning Principle 7¢é

Have you seen this sign?

REWARD:
LARGE RATTLES) e

(Very friendly. Giye,
S hugs witn
Mouth,y

Herebs an unexpected Principle 38¢

3 ~ » 7 r_;

Have youseenme?

miser bisson, Flickr
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...and how about a Principle 39 to counter-b al anc e é

“MISSTNG
oL HOURS

3@4 wmw vlmma

A Principle 2¢

Principle 337?

t:fﬁi_ '
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Almost my favourite. Hello Principle 6. Maybe.
Special thanks to the three good Samaritans that responded.

And my actwual favourite. More cats. Inverted

’ CAV FOUND\“

LIGHT “TAN W/
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Patent of the Month T Phonon-Recycling LEDs

Patent of the month this month takes us to a trio of inventors at MIT. US9,722,144 was

granted on August 1. Two reasons for being attracted to the invention: one, it comes with

a high degree of counter-i nt ui ti on, two it delivers a solut
yet still complies with all e@ifiventots bavelimsays of Ph
about the problem being addressed:

In theory, a light-emitting diode (LED) may emit optical power higher than the driving electrical
power, with the difference between the optical power and electrical power drawn from lattice heat.
In other words, an LED's wall-plug efficiency .eta., which is the ratio of optical output power to
electrical input power, that is greater than 100%. This phenomenon is known as electro-
luminescent cooling, electro-luminescence refrigeration, opto-thermionic cooling, the operation of a
"Thermischer Konverter," and thermo-photonic cooling.

In an electro-luminescently cooled LED, electrons and holes are first excited by small forward bias
voltage V, which may be small enough that gvV<.omega., where q is the charge of an electron and
.omega. is the energy of the emitted photon. The total amount of electrical work supplied per
excitation is the product of the electron's charge g and the bias voltage V; when qV is zero, the
device is in thermodynamic equilibrium. Upon excitation, some of the electrons and holes relax by
radiative recombination and generate photons that exit the LED.

The observation of light emission with photon energy .omega. in excess of the electrical input
energy per electron gV is readily accessible in LEDs at a variety of wavelengths. At these
operating points, the electron population is pumped by a combination of electrical work and Peltier
heat originating in the semiconductor's lattice; this thermo-electric heat exchange is non-uniformly
distributed throughout the device. This phenomenon has been experimentally observed in a SiC
emitter and connected physically to the Peltier effect. Nevertheless, net cooling, or equivalently
electro-luminescence with wall-plug efficiency greater than unity, has eluded direct observation
until recently.

Early measurements of light emission from semiconductor diodes were followed closely by
theoretical developments. Beginning in 1957, a body of literature theoretically establishing the
basic thermodynamic consistency of electro-luminescent cooling and exploring its limits began to
emerge. In 1964, experimental results demonstrated that a GaAs diode could produce electro-
luminescence with an average photon energy 3% greater than qV. Still, net cooling was not
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