Part IB Paper 8 2019 Crib

Section A The Engineer in Business

1. Answer: b. A high click-through rate indicates that the search ad is attractive, a low conversion
rate indicates that the landing page is not attractive to users or not aligned with user’s interests.

2. Answer: d. The second step in marketing strategic planning is market segmentation.

3. Answer: a. A brand positioning statement should include the target customers, the competitive
set, the unique value proposition offered by the brand (or point of difference), and the evidence or
reasons to believe, Answer (a) is included in a brand positioning statement.

4. Answer: c. A customer insight is a deep understanding about the fundamental motivations that
underlie customer’s behaviour. Answer (b) is a description of customer behaviour. Answers (a) and
(d) are stereotypical beliefs. Answer (c) explains the motivating factor that underlies customer’s
behaviour, thus is a customer insight.

5. Answer: d. According to Porter’s Five Forces model, answers (a) (b) (c) are all relevant factors
for consideration in the industry analysis. However, (a) is a factor of threat of entry; (b) is relevant
to threat of substitutes; (c) is relevant to supplier power. Answer (d) is a source of rivalry among
competitors within the industry. Unused capacity and barriers to exit encourage firms to offer price
cuts to attract new clients (and so increase the level of internal competition).

6. Answer: b. The VRISO Framework is a tool to recognize a strategic resource within
organizations: valuable, rare, non imitable, non substitutable, and fully exploited by the
organization. Thus, the right answer is ‘Hard to substitute’.

7. Answer: e. A differentiation strategy differentiates a firm from its competitors by providing
unique products or services that are valuable to customers. A successful differentiation strategy
needs to be (i) value-enhancing (economically viable); (ii) defensible (over the long term); (iii)
meaningful (perceived by buyers). Therefore the correct answer is (e).

8. Answer: d. This is the case from lectures. This is predatory pricing. (a) and (c) are not anti-
competitive practices per se.

9. Answer: b. This an example of manufacturer integrating backwards into upstream production.
10. Answer: c. This is a statement of the ownership theory of the firm. The other statements are

incorrect. Small firms are not always at a cost disadvantage, more layers of management does not
improve decision making and demand for air transport was not falling in the 1980s.
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15 (d) (i) The Triple Bottom Line refers to companies, governments or other organisations assessing
their operations not only in relation to the usual financial performance, but also in terms of their
environmental performance and social/ethical performance.
The associated Capitals are:
Natural capital (planet): atmosphere, land, fresh water, oceans, bio-sphere, material and energy resources
Manufactured and financial capital {prosperity): built environment, industrial capacity, financial health,
GDP
Human and social capital (people): education, health, skills, knowledge, happiness

(it) Potential positive consequences of expansion in wind power capacity [any 3 required]:
Natural capital:
- favourable energy payback
- reduce carbon emissions to the environment
Manufactured capital:
- stronger national energy industry
- new jobs, replacing declining sectors
Human and social capital:
- greater energy security
- lower dependence on imported fossil fuels
- contribution to commitments to reduce carbon emissions, supported by some of the public
Potential negative consequences of expansion in wind power capacity [any 3 required]:
Natural capital:
- large demand for some critical materials (e.g. rare earths)
- occupy large land area
Manufactured capital:
- dependence on a few powerful nations for critical materials
- new infrastructure needed to manage mixed power sources on the grid
- currently more expensive than fossil fuel
Human and social capital:
- visual and acoustic intrusion
- subsidies increase household bills
- strongly opposed by some of the public

(iii) Possible consequences to quantify, and suitable metrics:

(1) Energy payback: quantify the time for output energy to match embodied energy to build and install
the wind farm

Associated data:

- bill of materials (mass used) in construction of wind turbines, including power distribution
infrastructure to grid

- embodied energy (I/kg) in each material used

- manufacturing energy associated with each component

- transport energy to bring materials to site of manufacture, and turbines to site of wind farm

- energy associated with maintenance over lifetime (usually very small)

- on output side: nominal power rating, and typical capacity factor (fraction of time operating a nominal
power)(2) Critical materials consumption (e.g. rare earth metals): proportion of world production of
key rare earth metals associated with wind turbines, both currently and in relation to projected growth
rates in use of these elements

Associated data:

- quantity of rare earth metal consumed per turbine (effectively per MW installed)

- current and future rates of installation of new turbines and their power ratings

- annual production figures for the critical materials, with breakdown by country

A significant minority of candidates were not able to define the Triple Bottom Line and associated
capitals. (d) (ii) was well done but answers to (d)(iii) tended to be vague, lacking specific metrics and
associated data.
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Q’ZS Consider the following two problems (both of which are to be solved offline). For
each problem choose a suitable algorithm from the areas of Reinforcement Learning and
Optimal Conrol ( a different algorithm for each problem). In each case describe the
algorithm and its application to the problem in detail, explaining why it is appropriate to
the problem. Included in your answers should be definitions of the terms value Juncrion,
policy iteration, value iteration and the action-value function, 0. You may make reasonable
assumptions.

1§ (a) Finding the optimal trajectory for reversing a car into a parking space while
minimising the distance wavelled (see Fig. 1). An accurate model of the kinematics

of the car is available. 110]
The state-space is of low dimension, x, y and #, and the problem is deterministic,

so it is feasible to solve this directly by dynamic programming. The value function
V{(s} might be the minimum distance along the optimal path of from state s. Choose

a saitable time step, let V(Sparkea) = 0 and work backwards. A complete answer
would include a description of both value and poelicy iteration and an arpument about
which is to be preferred here (which would depend on assumptions that the student
makes)

2.¢ (b} Determining the ability of a car to avoid obstacles when driven at speed on wel
surfaces. A highly detailed simulation environment is available, which incorporates
important nonlinear and stochastic characteristics from a low level model of the tyre/road
surface interaction. [15]
The problem has a high state dimension and is stochastic, so some form of RL would

be appropriate here, with Q-learning being the expected answer. The action-value
function should be defined. The reward should be a combination of a reward for
avoiding the obstncle plus a reward for maintaining control of the vehicle. The state-
space is of too high a dimension for a tabular approach, so some way of approximating

Q is required, eg o deep neural net.



SECTION G: Bioengineering (, R 18

L

2L (a) Both ultrasound (US) and optical coherence tomography (OCT) make use
of pulse-echo signals to image the fundus. Compare and contrast US and OCT in the
following areas:

(i) lateral focusing of the signal (i.e. across the direction of travel); [3]

Answer: For OCT, light is focused laterally using convex lenses, which have a different refractive
index from the surrounding medium, or gradient-index lenses with varying refractive indices. The
achievable focal point width is about 10 microns, depending on the power of the lens and the
wavelength of the light.

For US, the sound is focused in one lateral direction {(across the probe face) using a similar lens with
a varying sound speed, and in the other direction (along the probe face) using electronic focusing,
by sending out the sound pulses from multiple elements at slightly different times. The focal width

is nearer to 1 mm, mostly due to the much larger wavelength of sound.

(ii) attenuation of the signal and maximum imaging depth; [3]

Answer: For OCT, light is very strongly scattered, and this is the source of nearly all the attenuation
of the signal. Strong scattering means that it is guite likely that there will be multiple scattering
events, which are a problem for pulse-echo systems which presume only a single scatter. Attenuation
is such that the imaging depth is only about 1 mm, and is higher for higher frequencies, but lower for
blood/water than for tissue.

For US, sound is only weakly scattered, so most of the attenuation is by absorption. This means the
echo is much weaker, but less likely to be scattered more than once. Attenuation with depth is much
less than with light, and hence the imaging depth is a few cm. However, like light, sound is also

attenuated more at higher frequencies, and is less attenuated by blood/water than tissue.

(iii) detection of the echo and subsequent determination of the signal depth. [4]

Answer: Light is extremely fast (2 x 10¥ ms™!) and hence the entire signal (most likely comprising
several echos) is only registered as a single intensity at a photo-diode, though this can be split across
frequencies using spectral OCT. Depth resolution is only possible by using an interferometer and
changing the reference path length whilst sending multiple pulses, in which case the signal depth is a
function of the reference path length. Alternatively, in spectral OCT the signal depth can be deduced
from the frequency spectrum of the intensity.

Sound is much slower (1.5 x 10° ms™") and it is possible to record the echo signal as it arrives,
using a piezoelectric crystal. In this case the depth is calculated from the time at which the echo was

recorded, compared to the original pulse, and presuming a constant speed of sound in the medium.



This presumption of a constant speed of sound is only accurate to about 5%.

(b) For an ideal OCT system, with no dispersion, the intensity / at the output of the
interferometer, as a function of frequency w, is given by:

o0 o] 2 [e5) ™
Hw) = S(w) + S(w) f rs(ls) e/cls drg| +2R {S(w) f rs(ls) el €Ur=ls) dls}
-0 —-00
(i)  Define the terms S, ry, Iy, I; and c in this equation. [3]

Answer: § is the power spectrum of the laser pulse which is sent into the eye, usually a fairly broad
bandwidth low-coherence pulse.

rs is the tissue reflectivity density function, which represents the percentage of light scattered back
for a unit depth of the tissue being imaged. This is the parameter we are trying to image with OCT.

!, is the round trip distance from the laser pulse source, (o the reference mirror, and back to the
photo-detector.

I; is the round trip distance from the laser pulse source, to a scatterer at a particular depth, and back
to the photo-detector.

¢ is the average speed of light in the medium being imaged and the medium in the interferometer.

(ii) Explain how rg can be recovered from /(w) using Spectral OCT. Include in
your answer the mathematical derivation of the equation used to calculate ry, and
the experimental measurements required in order to use this equation. [8]

Answer: The spectra of the first term in the equation is measured by blocking the object arm (i.e. the
path to the eye), which returns a measurement of just the laser power spectrum. This can be deducted
from the actual measurement,

The spectra of the second term can similarly be measured by blocking the reference arm, and later
deducted from the actual measurement.

This leaves us with only the third term:

lin(w) = 2R {S(w) f rs(ls) ef €Ut d!.v} ("
Substituting 1 = L’%’B which means that df; = cdr and I, = ¢t + 1,
fim(w) = 2R {S(w)c f ro(ct + 1) e 7o dz} (2)

This integral is just a Fourier Transform, so we can express this as:

Inw) = 2R (S(w)e F (ry(er + 1)) {w)) (3)
Re-arranging leads to:
_ l - fin(w)
re(ct +1,) = c F {__S(w) } 4

where the 2 disappears because we only have the real part of /i (w), measured by an array of
photodiodes. The imaginary part is presumed zero, and the complex coefficient is twice the actual
measurement,



Note that zero time in this inverse transform corresponds to ¢r + 1, = 0, hence 1 = —!f- so the

measurement is from the reference mirror path fength onwards.

(iii) What are the consequences of the S(w) term in your answer to (ii) for the
design of a spectral OCT system? (4]

Answer: The division by §{cw) implies that we can only measure the intensity for frequencies actually
contained in the laser pulse, so the diffraction grating and photodiode array need to be positioned
so this is the case. This also implies that we want as broad-band a pulse as possible (larger range
of frequencies) because this will increase the time resolution (increase the sampling rate) after
the inverse transform. Increased time resolution then equates to better depth resolution of the r;

measurement.



277 (@ A patient no longer sees anything in their left visual field when closing the
right eye, and similarly in their right visual field when closing the left eye. Comment on
the plausibility of each of the following potential causes:

*A stroke damaged the left part of the visual cortex
*The right optic nerve was damaged before the optic chiasm

*An injury caused damage to the optic chiasm
[3]

Answer: A stroke in the left visual cortex is unlikely, as it would affect the right visual field for both eyes.
Damage to the right optic nerve before the optic chiasm is unlikely (oo, as it would not explain impaired
vision when closing the right eye. An injury to the optic chiasm is very likely: this is where the parts of
the left and right optic nerves carrying information about the corresponding left and right outer visual fields
cross; damage to the chiasm therefore predicts exactly this type of vision loss.

Sanate cortex

(b)  This question is about the contrast sensitivity function in vision, and hybrid images.

(i) Inafew sentences, describe the so-called “contrast sensitivity function” in the
context of sinusoidal gratings, including a brief account of how contrast thresholds
can be measured experimentally. [4]

Answer: The contrast sensitivity function quantifies how sensitive we are to various spatial
frequencies of visual stimuli. For sinusoidal grating stimuli, it is defined as the minimum contrast
(or “contrast threshold”) at which the grating becomes perceivable, e.g. yields at least 75% of correct
answers in a 2-alternative-forced-choice detection task. In humans, it is U-shaped (or inverted-U-
shaped as in the graph below, depending on the choice of y-axis) reflecting the fact that intermediate



spatial frequencies at around 4-5 cycles/degrees can be perceived at lower contrast than lower or
higher frequencies.

Peak at 4-5 cycles/degree

CONTRAST

SPATIAL FREQUENCY
(ii) Look at the large and small versions of the same hybrid image below in
Figure 1. In the large version, you see one British prime minister. In the small

version, you see another one. Explain how this image might have been construcied,
and why it is perceived differently when viewed from up-close and from far away. (5]

Fig. 1

Answer: Hybrid images are constructed by blending a low-pass filtered version of one image (here,
David Cameron) and a high-pass filtered version of another one (here, Theresa May). Viewing the

image from up-close (or viewing a lurge version at a fixed distance) effectively shifis the whole



frequency spectrum towards lower frequencies (e.g. the same cycle of a grating will be contained

within a larger visual angle). This is such that the high-frequency content of the hybrid image

(May) will enter the perceivable range of frequencies at that contrast (cf. the U shape of the contrast

sensitivity function), while the low-frequency content (Cameron) witl be too low to be perceived,

Vice-versa, looking at the image from afar pushes May into high-frequencies that are less easily

perceived, and Cameron into intermediate frequencies that are best perceived.

(c)  For each of the following terms, name one species or group of animals whose eyes
are characterised by that term: negative lens, apposition eye, lens capable of protruding
through the iris, multiple lenses, adjustable cornea curvature, inverse eye, flat cornea,
reflective mirror, pin hole camera, scanning telescope.

Answer:

negative lens: eagle

*apposition eye: fly

*lens capable of protruding through the iris: merganser

*multiple lenses: Pontella

sadjustable cornea curvature: porpoise
sinverse eye: human

»flat cornea: seal or penguin
sreflective mirror: scallop

*pin hole camera: Nautilus

sscanning telescope: Copilia

(5]

(d)  The following questions are about the information theoretic analysis of two neurons’
responses about two stimuli. Table 1 below shows the (joint) probabilities with which
these neurons give each of three possible responses for the two stimuli. Please provide
your answers using bits as the unit of information theoretic quantities.

stimulus 1 neuron |

1 2 3
1 [ o 005 02
S 2 lo02 02 01
€ 3 |01 005 0.1

Table 1

stimulus 2 neuron 1

1 2 3 ‘
‘;’ I 025 025 0O
S 2 (025 025 0
& 3 0o o0 o




(i) How much surprise do we get when the response of neuron 1 to stimulus 1 is
3?7 (1]

Answer: —log;(0.2 + 0.1 +0.1) = —log, 0.4 = 1.32 bits

(ii) How much surprise do we get when the response of neuron 2 to stimulus 1 is
27 [

Answer: —log;(0.2 + 0.2 +0.1) = = log, 0.5 = | bits

(iii) How much surprise do we get when, for stimulus 1, the response of neuron |
is 3 and the response of neuron 2 is 27 (2]

Answer: —log, 0.1 = 3.32 bits

(iv) Are the responses of the two neurons to stimulus 1 independent? How is this
reflected in your answers to the previous questions? [}]

Answer: They are not independent because their joint response probabilities do not factorise (they
are not equal to the product of the corresponding marginal response probabilities of each neuron).
This can also be seen in the fact that the surprise given by their joint response (3.32 bits) does not

equal the sum of the surprises given by their individual responses (1.32 + 1 = 2.32 bits).

(v) What is the entropy of the joint responses of these two neurons for stimulus
1? [1]

Answer: — (2-0.05 log, 0.05 +3-0.1 log, 0.1 + 3. 0.2 log, 0.2) = 2.82 bits

(vi) When each stimulus is used with an equal probability, what is the conditional
entropy of the joint responses of these two neurons? [1]

Answer: 0.5-2.82 -0.5- (4-0.25 log, 0.25) = 2.41 bits

(vii) When each stimulus is used with an equal probability, what is the mutual
information between the stimuli and the responses of these two neurons? [1]

Answer:
-{2-.0.025 log, 0.025 + 3. 0.05 log, 0.05+ 3 - 0.1 log; 0.1 +4 - 0.125 log, 0.125)-241 =1 bit
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(a)  Discuss why the mechanical properties of biological materials, such as cornea
of the eye, are difficult to measure compared to conventional engineering niaterials.

Answer: A variety of reasons (answer out of six points)

*small features/inhomogeneity

*anisotropy

sinconvenient shape

scthical/practical procurement problems
scomplex loading

*in vitro behaviour not representative of in vivo
stlime-dependence

sspecimen/person variability

*species variability

(b)  State the role played by intra-ocular pressure (IOP) in the eye. How is IOP in the
eye maintained?

Answer: IOP has the role to maintain the shape and hence the optical function of the eye. Excessive pressure
may lead to large stresses and in particular damage leading to glaucoma. IOP is mainly determined by
the coupling of the production of aqueous humor and the drainage of aqueous humor mainly through the

trabecular meshwork located in the anterior chamber angle.

(c) Goldmann tonometry is a common testing method to measure IOP. Assisted by a
sketch of the testing geometry of Goldman tonometry, describe how the value of IOP is
determined and how this can be used to detect a potential disease state of the eye.

Answer: Goldmann tonometry is considered to be the gold standard FOP test and is the most widely accepted
method. A special disinfected prism is mounted on the tonometer head and then placed against the cornea.
The examiner then uses a cobalt blue filter to view two green semi circles. The force (W in the diagram)
applied to the tonometer head is then adjusted using a dial connected 1o a variable tension spring until the
inner edges of the green semicircles in the viewfinder meet. When an area (A in the dingram) of diameter of
3.06 mm has been flattened, the opposing forces of corneal rigidity and the tear film are roughly approximate
and cancel each other out allowing the pressure in the eye to be determined from the force applied. Like all
non-invasive methods, it is inherently imprecise and may need to be adjusted.

High IOP can lead to disease such as Glaucoma, which is an eye condition where the optic nerve is damaged
by the pressure of the fluid inside the eye. High IOP is often not noticeable in patients, thus tonometry can
provide an early detection method for glaucoma.

[3]

[3]

[5]
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(d) To evaluate whether potential damage on the optic nerves can occur in the eye,
two methods are used to model the deformation of lamina cribrosa: one being the plane

membrane model, and the other being the elastic plate model. (For the following questions,
you can take | mmHg = 133 Pa, and Poisson’s ratio = 0.5.)

(i) Describe how the plane membrane model can be used to estimate the exerted
strain on lamina cribrosa, given that the radial strain €, is 0.5% for IOP = 40mmHg.
State your assumptions. [5]

Answer: Assume that modulus of LC is much less than that of the sclera (c.f. foams, relative density
plps =00 = E*fE; = 1073,

«Biaxial remote stresses. No radial stress at LC interface.
*Assume that the in-plane stretch of LC is determined by stretch of surrounding sclera

o 2o, 2e,

51:—_

|
xQ
=N
m
-

(5)

E E |l —v

Hence ¢; ~ 2%.

(ii) The elastic plate model is indicated in Figure 2, where the central deflection

3 4
R
d, is given by % + 1.85 (%) = 0.7% (1—1) ; and central membrane stress (o)

and bending stress (o) given by oy = 091 E (%) yop =178 E%. Taking

p =4C .waHg, R = 600 ym, i = 110 ym, d = 128 um, calculate the strain. [6]

Answer: Inserting numbers, yields E = 809 kPa, o, = 33.5 kPa, oy, = 56.4 kPa, o = o, + 0y ~



90 kPa, strainise = o (| = v) [E ~ o /2E ~ 5.5

Circular uniformly loaded plate

TS e o ——

Fig. 2

(iii) It is assumed that a strain of 5-8% in the lamina cribrosa can induce potential
damages in the optic nerve. Briefly discuss the applicability of the above two models
for modelling optical nerve damage. [3]

Answer: It seems that the membrane mode] underestimates the exerted strain. Out-of-plane effect

may be a critical element. Thus the plate model may be more appropriate.
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29a -

The key stakeholders are represented by the generic fig below

| INMMATOR | INFLUENCER

Initiator(s) - Begins the buying process & gathers information
Influencer(s) - Persuades or guides, has some role in influencing the decision, but is not the
primary decision maker

Decider(s) - Holds the power / purse strings. May not however be the ultimate user.

Buyer - Conducts the transaction

User - The actual end user, who interacts with the product

For the particular application of the technology the team has in mind, the interpretation of the
stakeholder could vary. For example, for a low grade medical device which can be used to analyse gut
microbiota imbalance, the users could be, for instance the pharmacist or the patients. Pharmacists
could be also the buyers of the technology (e.g. of the equipment to be used in the pharmacy to deliver
the innovative services). Influencers could be both medical practitioners and nutritional experts. The
deciders/buyers couid be the pharmacy brand chains (e.g. Boots, Lloyds ...)

Any of the versions is acceptable. More than one version makes an improved to excellent answer. (up
to 5 points)

29 b — The approaches and the choice of the techniques to understand the customer depend on
whether the researchers would like to validate and qualify their ideas or would need more open-ended
insight and inspiration. For the first circumstance, the researchers need to reach out to many people ,
but using techniques that are focused on few specific insights (e.g. asking very specific and targeted
questions in surveys or interviews). In the second circumstance, the researchers need to adopt
techniques which can help them understand many aspects of the users' perception of the innovation
and then need to use techniques such as observation.



Other criteria include the cost (and hence the resources and time available for deploying the
techniques).

The question refers to these slides:

Many people ST e bod

T v | e
Ut i e e st
BBt Many fasghts S
Few Insights x-?:::;m ‘;“;e::l-:!u R T

vahitaton & quabheation raght Boarrstadion Validatan & qualfcation Insight & inspiration

B ] B EM

The student might mention several techniques and then describe 2 in detail highlighting the
advantages. For example:

Interviews: these are useful for capturing basic information on behaviours (frequency, where, when,
how much questions) and attitudes (but need to be very careful with wording of questions). Interviews
could be used with the pharmacists, pharmacy patients, (and maybe GPs and specialists as
influencers) to review potential needs and concerns. Advantages of interviews are that they are
relatively quick and cheap.

Observation: these are useful for uncovering issues and needs that consumers might not be able to
identify if just asked a question. As an equivalent technology does not exist, the challenge would be to
identify how people behave in pharmacies or in other similar contexts. Once this is identified, the
Researcher team could be observing how people instail and manage the dispensation of tests or
personalised services and how different type of people (patients) behave around testing and
technologies. The downside of observation is that it can be time consuming and costly to analyse,

Creation of archetypes or Personas: Developing a character, with a life story (biography) and life
goals helps the designers highlight the requirements and needs of potential customers whilst
diminishing the risk of personal interpretation.

29¢
The alternative business models available range from

1) Focus on the development of a physical product - i.e. the personal gut microbiota device
(which could be sold directly to the pharmacy to use on their clients or indirectly as a personal
care appliance to the user via the pharmacy or other stores )

2) Focus on the product sale but with the idea to link it to the supply of a complete nutritional
supplements and disposable accessories range (e.g. monetising on the consumables rather
than the appliance).

3} Focus on the development of a service enabled by this product (e.g. the appliance is available
to the stores as the opportunity to test the clients for microbiota imbalance)



Also available, are the business models which consider ways to progress the maturity of the early
stage technology (which imply that the choice of business model will be influenced by the
availability of resources, and this, in turn, is influenced by the funding available).
1) Do everything yourself and try to raise money to complete the next
2) Selling the invention to a large company (such as medical personal devices such as Philips or
a nutritional company)
3) Partner with one of these large organisations to commercialise the innovation in their sector.
4) Licensing the invention (maybe trying to rethink the range of potential applications and
expand the possible segments the invention can be used for)

Excellent answers, will be complete and with examples (see brackets above).

Better answers would also attempt a review of the relative merits of each of these business models in
the context of this technology and speculate on the availability of funding (e.g. this is a good option if
the team has obtained funding for manufacturing), discussing different funding options for each of the
preferred business models. giving a very rough indication of which would need the most money, what
the money would be spent on, and where it might be sourced. There may need to be iterations
between the design of the preferred business model, the resources required to implement that business
model, and the availability of funding to access the resources

30a
The choice of axes provides the ability to segment the market into groups that would be real and
substantial.

Potential axes:

- family —business vs short range —long range
- hybrid-electric vs short range — long range
- young single vs family — hybrid-electric

By henelits delivered Ry user / consumer

Al mi

=

Dy praduct attnbutes Iy usag:

The choice of axes in the first map allows grouping of potential customers based upon characteristics
of product use, and product attributes. The second map compares characteristics of two types of
product attributes. Etc. the student could creatively use the slide above

The benefits that are delivered:

- what benefits do customers and users derive from the product?

- The particular product attributes: perhaps the easiest way to segment a market is to compare
product attributes. Doesn't relate to the customers and is often the weakest approach.

- The characteristics of the consumer: this can be split to include demographics, and
psychographics. Demographics relates to aspects such as social class, age, house size, sex etc.
Psychographics relates to the user’s attitudes and beliefs, what they feel, their lifestyle etc.

- The product use: describing ways in which a product is used. There might be strong customer
loyalty, products might be used rarely or frequently, it could describe purchase behaviour (e.g.
Distress purchase, seasonal patterns or regular upgrades etc).



The maps shown here are examples rather than being the only answers. Other equally valid axes
include speed; radical or traditional configuration.-

‘Price’ is never preferable as a dimension.

The good answer would draw from these categories and attempt to segment the market

Acceptable maps are 3 marks (one point each) and a good explanation of the axes and what the maps
were trying to achieve would give the rest

30b
There are 4 sources of funding:

Grant = a ‘gift’ from an organisation such as Innovate UK or NESTA (National Endowment for
Science, Technology and the Arts). The type of projects that are eligible for funding through this route
may be very restricted.

Debt = borrowing money from a bank or specialist finance organisation. You can only borrow money
if you can convince the bank that you can repay the money, plus interest, exactly when they want it.
This is usually very hard for a new company to do.

Equity = selling part of the ownership (shares) of your business in return for cash. The assumption is
that whoever buys part of your business will wish to sell this part of the business to someone else in
the future at a higher price. The only reason for doing this is if the investor can be convinced that:
(a) the business is really going to grow (and quite fast) and that

(b} there will be someone else willing and able to buy their share in the company at a later date

Sales= money from selling something. If a company hasn’t yet got a product to sell, there still may be
ways of getting revenue. For example, selling expertise (consultancy) in your specialist area may be
one way of bringing money in to fund the development of a product

a quick way to answer the second point in this question is to draw the picture below, without making
the distinction of the individual sources. Written descriptions are also ok. A key point is that, there is
overlap, debt are only good when the market opportunities are really obvious to banks and the risk is
low. Grants are instead less interesting at the end.

30c

Sustaining innovation = improving the performance of existing products whilst keeping as a key
reference the current customers performance

E.g. = improving capacity of mobile phones batteries, size of displays, etc.

Disruptive innovation = pursuing innovation which might be less performant against current key
performances used for current product, but has an additional benefit which some other/new customers
segments might find attractive (e.g. 3d printed meat)

30d
The students should be able to list these categories of challenges. And explain examples of how these
are important from each of the partners

Large Small

Size difference and proximity

Strategy and business models

Sector and organisational
‘clockspeed’

Strategy and business models

Resources and funding

Partnering capability




Size difference and proximity — There are some basic practical issues around bringing together a
company with a few employees with one having tens of thousands. Who should you talk to in the
larger company? How to deal with the fact that people frequently change roles within larger firms?
Also, if the two companies are located at opposite sides of the world, this can lead to some real
management problems. One quote from a start-up that had many problems working with a larger
company reveals how this situation can feel: “We felt like s a small speedboat trying to dock with a
supertanker™.

Strategy and business models — Both sides of any partnership will have their own strategy and
business models. Partnerships are formed when there is mutual strategic need. But strategies and
business models tend to be dynamic. What happens when one partner’s strategy changes?

Sector and organisational ‘clockspeed’ — Companies and industries have particular ‘clockspeeds’.
For example, in business to business selling, the time between making first contact with a customer
and receiving payment may be either a few days to several months (for aerospace, it may be years). If
one company is used to operating at the short deal cycle end and the other at the long deal cycle end,
this can cause practical cash flow problems.

Resources and funding — Partnerships take a lot of time to make them work. For a small company
with very few people, the proportion of time that they are devoting to making the partnership work
can be very significant, and may lead to insufficient time being available for other management tasks.
For the bigger firm, they may be able to devote substantial resource to making the partnership work.
For the smaller firm, the partnership may be come so time consuming and distracting that it becomes
harmful to the overall success of the business.

Partnering capability — The ability to work with other firms has become a key skill for many high
tech firms. The level of skill is often linked to amount of experience the companies have at managing
partnerships, and whether lessons learned are converted into management practices. For a start-up, a
good question to ask of a big firm is ‘Have you ever worked with a company small as ours?

A good student might also refer to complexity in the relationship (e.g. other organisations involved)
and trust establishment.
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The exercise involves using the dimensions of the fig above to describe key design features of the
product of their choice. All the elements below need to be considered for a basic answer

CORE BENEFITS

All products (hopefully) provide some real & identifiable benefits or value. This has been called the
product ‘value proposition’. it is important that this value proposition has been carefully considered.



What is it that the customers/stakeholders are really buying? Why is it exciting to them? What must
the product do, and how is it different to the competition.

ACTUAL PRODUCT

- In order to deliver the core benefits, the product must have a collection of ‘actual’ properties:
TANGIBLE ATTRIBUTES:

Quantifiable and often measurable. The kind of attributes which it is easy to put on the product
specification - 0-60 in 5 seconds. It is easy to compare different products against their tangible
qualities - it is an objective assessment. Important attributes will be related to the engineering
qualities, and possibly design for manufacture.

Some aspects of usability are highly tangible.

INTANGIBLE ATTRIBUTES:

More difficult & subjective to judge. Aspects such as aesthetics will be perceived differently by
different people. But, it is these elements which often inform our opinion about a product. A Porsche
needs to look quick if people are to buy it as performance car. Product attributes that are important
here tend to be things like the appeal, experience, and desirability

META PRODUCT

: Finally, the success of a product is highly tied into the overall business model and product
economics. Increasingly, car companies are selling cars under an extended lease programme. Rolls
Royce sell ‘power by the hour’, mobile phones are sold as loss leaders and the real money is to be
made through the customer contract. The ipod is a great example of a business model supported
product, with availability of musical media online being critical to the product’s overall success. A
new business model might be sufficient to make an old product highly successful.

There are obviously many potential elements of the desi gn mix. Shown here are those

which are typically considered most important to competition.

Useful

— appropriate functionality & performance

Aesthetics

— looks right for the intended audience

Technical quality

~ well engineered, robust, durable, long life

Usability

— ergonomics, inclusive design, simple to use and understand, service and maintenance
Services

— warranty, brand etc

Producible & profitable

= can be made and sold at a profit, appropriate business model

DIFFERENTIATION:

Well designed products tend to perform well for all of the above criteria. But, excellent products are
clearly differentiated from the competition in at least one area. The very best products are not just
clearly differentiated, but are also novel in one or more aspect

The good answer would
- Define the characteristics of the product
- Express the customer needs in customers' terms
- Is not limiting the designer at the same time it Provides targets and sets constraints
- Provides unambiguous details of what the product does
- Could be evaluated
- Anexcellent answer would also indicate that there might have been more than one
product specifications which might have evolved



31b

industries evolve (2]

Era of Ferment/
Disruption

Types?

’ i
rE U Dominant design
Maturity Lo ':“. - standards

Incremantal
innovation

The student needs to explain the figure above.

Era of ferment / disruption: From a small number of experiments emerge numerous competing
approaches to addressing a particular opportunity. E.g., PC platforms, powered road transport, etc.
Dominant design / standards; The market settles down onto one or two standard / dominant designs.
Once this happens, more customers will have the confidence to buy and producers of peripherals will
have the confidence to enter the market.

Incremental innovation: Once there is some agreement in the market as to what is wanted, companies
will focus effort in improving cost, reliability, efficiency, etc, rather than developing completely new
products.

Maturity: Once the product has reached the limits of cost effective improvements, the

market may slow down until another disruption occurs and the cycle starts over.

A good answer would also connect the phases with the number of companies in the market explaining
that at the start the activities of a few pioneer companies show the potential of the opportunity and
there is then a rapid increase in the number of companies trying to address that opportunity. Once the
market matures, the number of companies drops as many are merged together or fail.

3c
VCs will be interested to understand
- what is the need for this innovation in the market and
- what is the proponents view of how the innovation wiil be responding to this need and what
will it be (e.g. product or service).
- The team's expertise and capabilities both in the technology and in the market (Management
team's capabilities)
- The proponent's operations (business operations)
- The financial projections (how much and when will they make money)
- How can the business convince the buyers/customers to part with money for this
product/service (Marketing strategy)
- What are the resources in house and what is needed
- The exit opportunities

31d

These two types of manufacturing systems are used for high volumes manufacturing and relatively
low to low variability. In general, the level of investment required to start a production system - and
hence the risk (that the money invested won’t be returned through sales) — increases as the volume
increases.



The batch production could be used to retain some manufacturing flexibility and hence allows
variety/change to be introduced more cheaply, it can be used while the product becomes established in

the market.

As sales increase, and the design can be fixed, and the manufacturing can move to a more dedicated
production system and produce higher volumes at lower costs. This type of production requires very
high investments (dedicated equipment, reliability, coordinated response to errors) and hence it needs
to be considered also in the context of how long the production line will be used for (how long will
the product survive?).





