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Lecture Outline:  Week 3

‣ Review/questions of last lecture/lab

‣ Quiz (moved to next week)

‣ Human Factors lecture



(Source: Autoblog.com)



(Source: Autoblog.com)
Cross Mutation

The Trabant was a steel monocoque design with roof, bootlid, bonnet and doors in Duroplast, a form of plastic containing resin
 strengthened by wool or cotton. This helped the GDR to avoid expensive steel imports, but did not provide much crash protection,
 although in crash tests it has actually proven to be superior to some modern small hatchbacks. 

The Trabant was the second car to use Duroplast, after the "pre-Trabant" P70 (Zwickau) model (1954-1959). The duroplast was made of recycled 
material, cotton waste from Russia and phenol resins from the East German dye industry making the Trabant the first car with a body made of 
recycled material.[3] (Source: Wikipedia)

More than three million Trabants were made.[4]



Human Factors: The Form of 
Function

‣    We learned in previous lectures that nature has 
learned to adapt its forms over time to better 
suit its climate, terrain, movement, food intake 
and other circumstances while living within an 
environment.

‣    Humanity is unique in creation in 
that it has mastered its environment 
through the creation of tools.

‣    These tools have evolved in the manner that 
the form of the object is obedient to the 
necessities of the function. In other words, 
form follows function.(Williams, Origins of Form)
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Human Factors: The Form of 
Function

‣    This evolution of form is termed 
‘adaptive morphology.’

‣    With humans, there is usually an 
attempt to accomplish things with the 
least effort-remember economy of 
design?

‣    There is a common direction of all 
things in general, physical movement 
toward economy.

‣    Adaptive response tends to discard the 
less economical in energy, form 
and material in favour of the 
more successful. (Williams, Origins of 
Form)
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Human Factors: Adaptive 
Morphology

‣     How does adaptive morphology work 
for a change in the design world?

‣     Let’s examine the common axe.

‣     R.A. Salzman cites an early 19th Century 
example of this expressed need for 
refinement of tool. “Not only do tradesmen 
living in different European countries demand 
different varieties of tools, but for the 
toolmakers, there are strange inconsistencies.”

‣     For example, the Cooper’s axe in Belgium is 
the same shape as the English coachbuilder’s 
axe. 

‣     While the ordinary cooper’s axe is used in 
many parts of Europe, no English 
wheelwright or coach-builder would dream 
of using a cooper’s axe for trimming spokes 
or wedges. (Williams, Origins of Form)
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Human Factors: Adaptive 
Morphology

‣    How does adaptive morphology work for a 
change in the design world?

‣    Let’s examine the common adjustable 
wrench.

‣    For years, the adjustable wrench was the only 
one to be found at the marketplace. 

‣     With the appearance of a new type that was 
more versatile, angled better, and less clumsy.

‣    Repeat purchase orders dwindled on the old 
type; manufacturers ceased production, and it 
became obsolete.

‣     If it could have been improved to better 
compete with the new model it might have 
survived, but as it was the selective process of 
improvement (adaptive morphology) left it in 
the past. (Williams, Origins of Form) 
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Adaptive Morphology: The Trends 
Toward Multi-Functionality

‣     Paradoxically, we see the opposite of this developing 
today.  Rather than having several forms for one 
function, we see one form for many functions today.

‣     The multi-purpose tool is a popular notion in the general 
market now for its economy, spacesaving and portability.

‣     As well, these tools are the generally used by the non-
professional worker using them on a less regular basis.

‣     Examples of these multipurpose tools are furniture, 
carpentry and mechanics tools, kitchen supplies and 
office equipment which come in different sizes and can 
perform many tasks

‣     While the adjustable wrench is specialized to work on 
pipes, with only a slight change of its form, it can replace 
a large set of fixed wrenches. (Williams, Origins of Form)
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Human Factors: Adaptive 
Morphology

‣     What factors affected the evolution of the 
adjustable wrench?

‣     First, tradesmen or specialists often 
demand tools that have a finely adjusted 
form.  Artists have a favourite type of  brush, 
masons have a special trowel, and surgeons a 
favourite type of scalpel.  

‣     These fulfill the needs because of the 
object’s superior form.  The difference between 
the magnificent tool and the mediocre tool 
may be mediocre but exists in the mind of the 
user as superior.

‣     The second factor, tradition, actually became 
an inhibitor of the development of tools. Until 
the advent of mass production the tradition-
bound trades would employ varying degrees of 
refinement of form in their tool design- a lack 
of consistency. (Williams, Origins of Form)
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Less is More: Functionality
‣      It could be thus hypothesized that the simpler the form is, the 

larger the number of non-specific functions it can perform.

‣      An example would be the kitchen drawer. There, we can 
find the cheese grater, a perforated box with a handle. It 
does its job very efficiently, but is intended to grate cheese. 

‣      Conversely, the simpler form of the spoon is suitable for 
many uses: beating and stirring, eating, measuring and 
scooping.

‣      The point of this example is that most successful 
natural and man-made forms have economy as a 
common factor.

‣      An economical form is one that gets the most 
from the least effort and energy expended, least 
material, and offers the maximum return of work.

‣      Economic design is not to be confused with 
something functional or form intentionally lacking.

‣      Another example to think about is the bicycle. It can be 
powered efficiently and quickly by humans using natural leg 
movements. (Williams, Origins of Form)
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The Evolution of Tools
‣    If humans have the ability to adapt materials into efficient tools what role do       

influences from the past play in this transformation?

‣     In the evolution of tool development, there are four factors to consider: 

‣(1) Discovery

‣(2) Invention/intent

‣(3) Time

‣(4) Purposeful Observation

‣     The sequence of tool use was probably the following: (1) discovery of the the 
object, usually a bone, rock or branch (2) The stone or bone was then purposefully 
turned into a tool by shaping it to the desired form; (3) Finally, an improvement 
was made to the tool. (Williams, Origins of Form)



The Evolution of Tools
‣      Regarding the evolution of tools, there is a quantum difference between the 

sharp edged rock used for cutting and the rock shaped for cutting purposes.

‣     Mostly likely, the rocks were sorted and selected for shape but there is a 
sequence of mutation that humans inevitably use to this day for designing 
objects such as tools:

‣     Primary Mutation: creating desirable forms by interaction with 
another form e.g. rock breaking another rock.

‣     Free Mutation: Changes that occur through accident or intent to 
improve the function. e.g. the first digging implements were developed 
through using sticks with branch stubs.

‣     Substitution: is another method of change. It defines the switching of 
materials while the concept remains the same. e.g. the switching of the 
stone pointed spear for a wooden one.

‣      In antiquity, Primary and Free Mutation accounted for the majority of 
invention.

‣     Cross mutation is now the dominant form of change and design evolution 
today. Cross mutation can be seen as a re-adaptation of one artifact to 
another. For example the primitive wooden wheel to the jet engine turbine. 



The Human Body as Influence
‣      The human body itself is a strong determination 

on tool use, size and form. 

‣      The actions of hammering, grasping, cutting and 
scraping were common movements shared by all humans 
throughout time.

‣      Through these actions, humankind has altered the materials of 
its environment. These actions entail certain kinds of 
movements: swinging, twisting, pushing, pulling and squeezing.

‣      The hand is a remarkable appendage. The lower portion of the 
forearm consists of two bones, the ulna and the radius. 

‣      The bones are able to twist in their sockets allowing a 180 
degree rotation of the hand. For example, with a back and 
forth twisting motion, simple boring can be accomplished with 
a hand held tool. This is the genesis of the rotary power tool.

‣      The hands hold and direct the tool and work the materials, 
and the arms with the shoulders provide the power. (Williams, 
Origins of Form) (image:http://www.handsontools.com)
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The Human Body as Influence for
the Design of Tools

‣      Consequently, it would be fair to assume that the form 
of tools have been determined by:

‣     Size and shape of the human hand

‣     Length and Strength of the arm

‣     Power of the leg

‣     Focus and power of the eye and 
directional vision

‣      With these actions thus defined, one could assume 
that tools would evolve with similar forms when used 
in conjunction with these actions. (Williams, Origins of Form)
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The Drawbacks of the Human 
Form

‣      For all of its merits, the human form- most especially the 
appendages that we use to direct our tools has its 
drawbacks.

‣      Before the industrial revolution, many families, especially in 
underdeveloped or agricultural area had to manufacture 
most of the goods they used: e.g. furniture, clothing, tools 
etc.

‣      These people were generalists, proficient in 
many tasks, but masters of few.

‣      As well in these societies, variety abounded.  A farmer’s 
hand- made plow might be more functional than his 
neighbour’s.

‣      Eventually, those individuals with a knack developed into 
specialists and concentrated on their trades and handiwork.

‣      The trades that developed, such as coopers, blacksmiths, 
shipwrights delivered products with much greater accuracy 
than the generalist. (Williams, Origins of Form)
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The Drawbacks of the Human 
Form

‣      With the advent of the industrial revolution, human 
intervention in the production of goods became less 
and less frequent.

‣      With templates such as jigs, parts and tools 
could be made more accurate than any hand-
made tool.

‣      Human intervention was limited in many cases to guiding a 
tool to follow a template. 

‣      Eventually, the completion of a product from raw materials 
to a finished state has been attained without the touch of a 
hand albeit without individuality.

‣      One reason for the demise of hand made goods and tools 
was the unpredictability of hand action. 

‣      As direct human involvement in manufacture becomes less, 
the level of error is lower, for the human hand lacks the 
precision necessary for accuracy in the repetitive 
production of goods.

‣      The less the involvement of the human hand in the actual 
production, the greater is the chance for unchanging 
accuracy. (Williams, Origins of Form)
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Ergonomics and the Product 
Interface

‣      With the shortcomings made evident during the 
industrial revolution in the reflexes and senses of 
human (accuracy), it became evident as 
machine interfaces increased in complexity 
humans would have increasing difficulty in 
using them.This is certainly evident in 
modern technology.

‣     For example, we have all experienced the TV remote 
that has tens of buttons, the hairdryer with a din so 
loud that you can’t hear the telephone and shower 
faucet that is too soapy to grasp.

‣      Ironically, a product may function well, but it can 
be difficult to use.

‣      Well-designed products not only work well, but 
have a user friendly interface. (Ashby and Johnson, 
Materials and Design)                   
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The Three Dimensions of   
Human Factors

‣     With the design of a product’s interface has three broad 
aspects. 

‣      The first concerns matching the product to the capabilities of 
the human body

‣      The second, matching to the reasoning power of the human 
mind.

‣      The third, matching with the surroundings in which the 
human lives and works.

‣      Collectively, these are known as human factors and their study 
is called ergonomics, interface design, or human-factor 
engineering. (Ashby and Johnson, Materials and Design)



Anthropomorphics and Bio-
Mechanics

‣      During World War II, it became 
obvious that the effectiveness of 
servicemen depended strongly on the 
ease of use of increasingly complex 
equipment on which they depended on.

‣      This led to the study of anthropo-
morphics- the measurement of the size 
and shape of the human body.

‣      As well, human biomechanics- the 
analysis of the movement, forces, power 
and stamina of which the body is 
capable. (Ashby and Johnson, Materials and 
Design)
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Anthropomorphics and          Bio-
Mechanics

‣      On of the pioneers of anthropomorphics was Henry 
Dreyfuss, an American industrial designer. 

‣      Dreyfuss realized that physically, humans vary in size and 
strength.

‣      As a yardstick, designers usually design for 90% of the mature 
working population age or the 90th percentile and it is this 
range that appears in Dreyfuss’ tables.

‣      They design what is called the Standard Design Person 
(STD). 

‣      In design for usability, these characteristics are treated as 
constraints: the product should accommodate any individual 
with the dimensions within these ranges.

‣      These constraints must be increasingly met to conform with 
legislation intended to prevent undue fatigue and a result, 
workplace accidents. (Ashby and Johnson, Materials and Design)
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Human Factors Case Study: Electric Shaver
‣      Sometimes human measurement tables can cause problems in themselves.

‣      For example, if we look at the example of the electric shaver, it is quite 
easy to use. It is just a matter of turning on the button and applying the 
device to your face.

‣       If you asked a designer, they would say that it was designed for the 
‘standard face’ but what if the customer did not have a standard face.

‣       Resultingly, the notion of a standard person is untrue.

‣      For true compatibility, equipment must be matched to the capabilities of 
the user, not some average.

‣      As well, marketers have realized that there are large segments outside the 
‘standard person’ profile who are not being served. These include children, 
the elderly and the disabled. (Ashby and Johnson, Materials and Design)
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Human Factors and Materials
‣      Earlier, we examined ‘human biomechanics’ and the 

analysis of power and stamina of the body.

‣      Materials have a role to play here.

‣      Heavy objects, often a source of physical strain 
when lifted can be made out of lighter metal alloys, 
polymers, and foam-cored sandwich structures.

‣      Elastomers can provide grip where it is needed.

‣      Polymer gels and foams can allow soft, tactile  
surfaces.

‣      Woven and non-woven fabrics conform to the body 
shape.

‣      Molded shapes that fit well in the hand and have 
smooth, rounded corners that do not catch on clothes can 
reduce accidents.

‣      Differences in size can be accomplished easily by using 
materials which accommodate adjustability, such as velcro, 
adhesives, and elastomers. (Ashby and Johnson, Materials and Design)
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Information Management
‣      The products with which we interact today are more complex in their 

functionality than any time in the past. (Ashby and Johnson, Materials and 
Design)

‣      Much of the functionality now derives from, or is controlled by, 
electronics.

‣      Electrons are invisible, and give few clues of what they are up to or that 
they are responding to the users’ wishes.

‣     Thus, two sorts of communication must be built-in to the overall design- 

‣  the passive one, indicating function,and 

‣  the active one,indicating response as an input. 
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Information Management
‣      The passive need is met by clear icon or pictogram-based identification.

‣      Icons are easily read and, in a world of international trade and travel and 
can be language independent.

‣http://www.eagleimagery.co.uk/miscgr4ph1c5/x3-icons.jpg

‣      Emoticons: are icons adapted to electronic messaging systems and are 
created by a combination of keystrokes. They can also be interpreted as 
emotions.

‣      Word Labels: when words must be printed on the surface of a product, 
research has revealed that the best legibility  is given by a sans-serif 
typeface such as Helvetica or Arial. High contrast also increases 
legibility.

http://www.eagleimagery.co.uk/miscgr4ph1c5/x3-icons.jpg
http://www.eagleimagery.co.uk/miscgr4ph1c5/x3-icons.jpg


Closed Control-Loops
‣      A user using operating a device is part of a 

closed control-loop. 

‣      Such a loop requires, first, one or more displays that 
document its current state. Visual displays are the most 
efficient way to transmit this information accurately, 
though for urgent warnings, sound is better.

‣      Second, the loop requires control elements or input 
methods. Push buttons, knobs and levers have been 
largely replaced by keyboards, mice, laser pointers, 
touch-sensitive screens, and speech recognition 
systems. The inputs are interpreted by the device, which 
then reacts to them.

‣     The third requirement is indicator-visual, tactile, or 
acoustic-that the input has been received; without it the 
operator has no immediate confirmation or acceptance 
and may mistakenly repeat or override the operation.

‣      The remaining element of the loop- that of decision- is 
provided by the operator. (Ashby and Johnson, Materials 
and Design)
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Materials and Closed       
Control-Loops

‣      Here are the materials for sensors, actuators and 
displays which are important.

‣      Sensors are usually based on piezo-electric materials, 
thermal sensing materials and light sensing materials (photo-
diodes).

‣      Actuator materials include muscle (literally), bi-metallic 
material, shape-memory alloys, piezo-electric, electro-strictive 
and magneto-strictive materials and polymer gels.

‣      Thermo-chromic materials change colour on heating; 
electro-chromic materials do so when a field is applied.

‣      Flexible materials can be shaped to give bi-stable key 
response, confirming keyboard and keypad inputs through 
touch. Surface profiling gives tactile feedback of the location of 
important keys.

‣      Displays are based on phosphors, liquid crystals, light-
emitting diodes and of late, light-emitting polymers.

‣      Surface printing techniques allow for the application of icons, 
colour coding, bar-coding and text. (Ashby and Johnson, 
Materials and Design)

(Image: http://www.harmonicdrive.net/)
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Noise Management
‣      Sound is caused by vibration; its pitch depends on the frequency. 

‣      The healthy human ear responds to frequencies 
from about 20 to about 20,000 Hz, corresponding 
to wave-lengths of about 17m to 17 mm.

‣      The most important range from the point of view 
of acoustic design is roughly 500-4000 Hz.

‣      Sound levels about 50 dB can impair concentration. Sustained 
sound levels above 90 dB can cause permanent damage to 
hearing.

‣      Vibration, like noise, becomes damaging above a critical 
threshold. The frequency as well is crucial: less than 1 Hz gives 
motion sickness; 1-100 Hz causes difficulty in breathing; 10-1000 
Hz causes white finger.

‣     The mechanisms for reducing sound and vibration levels within a 
given enclosed space depends on where it originates.

‣      If it comes from within the room, one seeks to absorb the 
sound. If it comes from outside, one seeks to insulate the space 
to keep the sound out. (Ashby and Johnson, Materials and Design) (Image:http://www.mccullagh.org/ear-closeup.jpg)
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Materials and Noise Management
‣      In product design, it is usually necessary to 

absorb sound.

‣      Soft, porous materials absorb incident, 
airborne sound waves, converting them 
into heat.

‣      Porous or highly flexible materials such as low 
density polymer and ceramic foams, plaster and 
fiberglass absorb well.

‣      The proportion of sound absorbed by a surface 
is called the sound-absorption coefficient.

‣     Vibration is damped by a number of materials.

‣     Vibration can be isolated from the rest of the 
structure with high-damping rubber mounts, 
foams, elastomeric grips etc.

‣      The low shear modulus of rubber isolates shear 
waves, if it is impregnated with cork, that material 
adds a high impedance to compressive waves. 
(Ashby and Johnson, Materials and Design)
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Thermal Management
‣     All products that consumer power will generate heat, creating two 

challenges:

‣      In the first, the challenge is to insulate parts that are sensitive to heat or that 
will be touched by the operator so that they don’t get too hot. e.g. the 
hairdryer with the casing that must be insulated from the heat coil.

‣      In the second, the challenge is the opposite: that of transmitting or spreading 
heat, requiring materials that conduct. A good example would be a metal 
teaspoon in hot coffee or an aluminum frying pan. (Ashby and Johnson, Materials 
and Design)
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Thermal Materials

‣      The best insulating materials are foams that 
trap one of these gases in closed pores, or fibrous 
materials like glasswool or mineral fiber that hold air 
still.

‣      If the temperature of the heat source is below 150 
degrees Celsius, and strength is not required, polymer 
foams are a good choice.

‣      If the source temperature is high, glass wool or 
foam, mineral fibers and ceramic foams are a better 
choice. 

‣      If high strength is needed, compacted mica or 
porous ceramic may be best.

‣      When conduction is needed, the best materials 
are solid, silver, gold, or diamond. 

‣      Economically, solid copper and aluminum come 
close and are inexpensive and easy to shape: most 
heat-spreading systems use them e.g. cooking 
utensils, engine blocks etc. (Ashby and Johnson)
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Light Management
‣      Few products generate excessive light inensity, but many reflect light 

that interferes with the visions of the operator.

‣      The reflectivity of a material depends on the material in which it is 
made or coated, and the smoothness of this surface: both colour and 
texture are important. It is controlled by the use of low reflectivity 
coatings and high absorbing screens. (Ashby and Johnson, Materials & Design)

(Image: Oneknifestop.com)


