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Perceptual discrimination of cardioid vs omni microphone polar  

pattern recorded in an acoustically dampened space for lead vocals in pop music. 

written by Jonathan Wolst 

Abstract	  
An	  investigation	  was	  made	  to	  see	  whether	  experienced	  listeners	  were	  able	  to	  

make	  a	  perceptual	  discrimination	  between	  vocals recorded with a cardioid- 

opposed to an omni- polar pattern microphone in an acoustically dampened space. 

The participants were also asked to make polar pattern preference judgements based 

on sound quality attribute assessments, set out to find suitable parameters for 

describing polar pattern differences in terms of sound quality. 

Two different test groups consisting of eighteen experienced listeners (sound 

engineers and vocalists) conducted a listening test divided in to two parts. First, a 

forced choice ABX double blind test investigated if a perceptual discrimination could 

be made between vocals recorded with a cardioid- opposed to an omni polar pattern 

microphone in an acoustically dampened space. The ABX test showed significant 

results for both groups by using the binomial test. Further, an AB7-test was used to 

see if any microphone polar pattern preference could be found among the participants 

by asking what pattern, they thought, produced the best sound quality for six 

individual trials, based on four evaluation attributes. No common significant polar 

pattern preference could be found for either of the two groups. On individual basis, 

two of the participants consistently preferred the same polar pattern for all of the six 

trials. The participants were also asked to perform sound quality attribute assessments 

set out to find suitable parameters for describing polar pattern differences in terms of 

sound quality. The results were analyzed in pairs, using t-tests (within	  subjects	  

design). None of the attributes turned out to be a significant event, thus failing to 

suggest them as being suitable candidates for evaluating sound quality for this 

particular experiment.   



	  

	   3	  

 

Acknowledgements	  

I	  would	  like	  to	  thank	  Nyssim	  Lefford,	  Jonas	  Ekeroot	  &	  Jan	  Berg	  for	  their	  great	  

support	  and	  input	  during	  this	  project.	  I	  couldn’t	  have	  done	  it	  without	  you.	  I	  

would	  also	  like	  to	  thank	  all	  terrific	  people	  that	  participated	  in	  the	  listening	  test	  

done	  with	  such	  care	  and	  curiosity.	  You	  are	  great.	  	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  



	  

	   4	  

1. Introduction 
Vocals	  are	  often	  recorded	  using	  cardioid	  microphones	  due	  to	  their	  ability	  to	  

discriminate	  against	  sound	  arriving	  from	  the	  sides	  or	  rear	  of	  the	  microphone,	  but	  

great	  results	  can	  also	  be	  accomplished	  by	  utilizing	  omni	  microphones.	  When	  

changing	  the	  polar	  pattern	  on	  a	  microphone,	  the	  frequency	  response	  changes	  

with	  it,	  thus	  coloring	  the	  vocal	  sound.	  An	  experiment	  was	  conducted	  for	  this	  

paper,	  recreating	  a	  vocal	  recording	  scenario,	  using	  two	  perceptually equivalent	  

U87	  microphones	  set	  up	  in	  a	  close	  array	  with	  different	  polar	  patterns	  in	  an	  

acoustically	  dampened	  space.	  Participants	  from	  two	  different	  groups,	  sound	  

engineers	  and	  vocalists,	  (both	  educated	  and	  experienced	  listeners)	  later	  

performed	  a	  listening	  test	  where	  comparisons	  between	  the	  two	  patterns	  were	  

made.	  Polar	  pattern	  discrimination	  and	  attitudes	  towards	  vocal	  sound	  quality	  

among	  the	  participants	  will	  be	  in	  focus	  for	  this	  paper.	  	  	  

1.1 Choosing	  Microphone	  Polar	  Pattern	  
1.1.1	  Practicalities	  	  

Have	  you	  ever	  been	  sitting	  in	  a	  control	  room	  in	  a	  studio,	  recording	  vocals	  and	  

trying	  to	  decide	  which	  polar	  pattern	  to	  use	  on	  the	  microphone?	  	  

Developing	  the	  skills	  to	  capture	  a	  particular	  sound	  the	  best	  way	  possible	  for	  a	  

given	  situation	  takes	  a	  lot	  of	  practice.	  A	  sound	  source	  varies	  in	  ways	  that	  impact	  

the	  microphones	  response.	  There	  are	  environmental	  factors	  such	  as;	  the	  

incidence	  of	  sound	  (on-‐axis/off-‐axis),	  microphone	  placement	  and	  polar	  pattern	  

(to	  name	  a	  few)	  each	  are	  big	  contributors	  that	  shape	  and	  color	  the	  sound.	  The	  

microphones	  in	  themselves	  also	  sound	  different	  due	  to	  model	  design	  differences.	  

(hence	  making	  some	  designs	  better	  suitable	  than	  others	  for	  a	  particular	  task)	  

Engineers	  color	  the	  vocal	  sound	  intentionally	  by	  experimenting	  with	  polar	  

patterns, [1]	  but	  there	  is	  little	  research	  to	  show	  why	  and	  when	  some	  colors	  are	  

preferable.	  Knowledge	  about	  such	  questions	  can	  help	  engineers	  make	  informed	  

decisions	  about	  what	  color	  to	  use	  for	  a	  particular	  situation.	  	  

	  The	  sound	  sources	  we	  try	  to	  capture,	  all	  sound	  different.	  They	  have	  individual	  

timbral	  qualities,	  they	  radiate	  differently	  and	  sometimes	  they	  even	  move,	  making	  

a	  stationary	  microphone	  placement	  impossible	  when	  trying	  to	  record	  them.	  Each	  

recording	  is	  completely	  unique	  and	  the	  recipe	  for	  one	  particular	  sound	  source	  
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might	  be	  completely	  different	  for	  another.	  Sometimes,	  due	  to	  the	  lack	  of	  time	  in	  a	  

busy	  recording	  session,	  it	  can	  be	  hard	  to	  find	  the	  time	  for	  doing	  critical	  AB-‐

comparisons	  of	  microphone	  polar	  patterns.	  situations	  like	  this	  force	  a	  sound	  

engineer	  sooner	  or	  later	  to	  make	  decisions	  that	  will	  impact	  the	  sound.	  Some	  are	  

purely	  artistic	  decisions	  and	  others	  relate	  to	  the	  more	  technical	  aspects	  of	  vocal	  

sound	  quality.	  The	  goal	  is	  to	  successfully	  exploit	  the	  situation	  for	  the	  better,	  since	  

capturing	  sound	  is	  always	  a	  product	  of	  tradeoffs.	  Sometimes	  the	  solutions	  we	  try	  

out	  only	  have	  a	  subtle	  impact	  on	  the	  sound	  (for	  the	  end	  result)	  and	  sometimes	  it	  

can	  have	  major	  consequence.	  	  

1.1.2	  Ear	  Training	  	  

Our	  only	  way	  to	  evaluate	  the	  success	  of	  our	  actions	  is	  to	  listen.	  	  For	  this	  reason,	  

engineers	  must	  develop	  the	  skill	  to	  listen	  critically	  and	  learn	  what	  to	  listen	  for.	  

This	  might	  include	  identifying	  problem	  related	  issues	  such	  as	  phase	  problems	  

and	  tonal	  variations	  in	  recordings,	  awareness	  of	  the	  proximity	  effect,	  learning	  to	  

hear	  the	  difference	  between	  different	  polar	  patterns,	  learning	  about	  which	  

microphone	  to	  use	  on	  what	  sound	  source	  etc.	  Liu	  et	  al	  [2]	  managed	  to	  improve	  

listener’s	  ability	  to	  discriminate	  sound	  attributes	  in	  an	  ear-‐training	  course.	  The	  

participants	  were	  students	  in	  the	  ages	  from	  19	  to	  22	  from	  Beijing	  Union	  

University.	  None	  of	  them	  had	  any	  former	  ear	  training	  experience	  and	  they	  had	  

little	  experience	  in	  audio	  work.	  The	  training	  included	  discrimination	  of	  a	  pure	  

tone’s	  frequency,	  the	  frequency	  changes,	  the	  sound	  level	  changes,	  the	  timbre	  of	  

different	  musical	  instruments	  and	  the	  irregularity	  of	  frequency	  response	  etc.	  

After	  the	  ear	  training	  course,	  most	  listeners	  made	  great	  progress	  with	  nearly	  

85%	  average	  correctness	  rates	  for	  all	  the	  items.	  This	  suggests	  that	  engineers	  

presumably	  have	  better	  trained	  ears	  to	  detect	  the	  attributes	  mics	  bring	  to	  vocal	  

timbre’s,	  therefore	  expected	  to	  be	  more	  capable	  at	  detecting	  differences	  in	  

microphone	  patterns	  due	  to	  their	  profession	  and	  know-‐how,	  compared	  to	  

untrained	  listeners.	  But	  does	  that	  make	  them	  superior	  at	  detecting	  such	  

differences,	  colours	  and	  technical	  problem	  related	  issues	  opposed	  to	  other	  

groups	  with	  critical	  vocal	  listening	  experience,	  namely	  the	  vocalists	  themselves?	  

What	  do	  vocalists	  listen	  for	  in	  microphones?	  	  
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1.1.3	  The	  Preferences	  Of	  Vocalists	  And	  Engineers	  

How do we investigate about polar pattern preferences and how do we find suitable 

parameters to describe polar pattern differences in terms of vocal sound quality? Is it 

possible to perform sound quality attribute assessment to achieve this? Bruce	  

Swedien	  says	  in	  an	  interview	  “singers	  tend	  to	  like	  the	  proximity	  effect,	  as	  it	  fattens	  

up	  their	  voice”	  [3].	  Is	  this	  a	  desirable	  vocal	  sound	  quality	  all	  singers	  tend	  to	  like?	  

Is	  perhaps	  fatness	  a	  suitable	  attribute	  to	  use	  when	  making	  comparisons	  between	  

polar	  patterns?	  If	  so,	  what	  other	  attributes	  do	  engineers	  and	  vocalists	  assign	  to	  

these	  discriminations?	  	  

1.2	  Research	  Questions	  

Will	  listeners	  from	  two	  different	  groups,	  sound	  engineers	  and	  vocalists,	  (both	  

educated	  and	  experienced	  listeners)	  be	  able	  to	  make	  a	  perceptual	  discrimination	  

between	  vocals	  recorded	  with	  a	  cardioid	  polar	  pattern	  opposed	  to	  an	  omni	  polar	  

pattern	  in	  an	  acoustically	  dampened	  space?	  Are	  the	  two	  groups	  equally	  as	  good	  at	  

detecting	  polar	  pattern	  differences?	  	  	  	  

	  

If	  a	  perceptual	  discrimination	  can	  be	  made,	  do	  these	  listeners	  share	  similar	  

preferences	  for	  vocal	  sound	  quality	  based	  on	  four	  attributes,	  for	  given	  excerpts	  

used	  in	  the	  listening	  test?	  Will	  any	  particular	  attribute	  rate	  higher	  in	  importance	  in	  

their	  preference	  judgements?	  

1.3	  The	  Two	  null-‐Hypotheses	  	  
Two	  null-‐hypotheses	  will	  be	  tested	  for	  this	  paper:	  	  

1 Both	  groups	  (Sound	  engineer’s	  and	  vocalists)	  were	  not	  successful	  in	  making	  

perceptual	  discriminations	  between	  vocals	  recorded	  with	  two	  similar	  U87	  

microphones	  set	  up	  in	  a	  close	  array	  with	  different	  polar	  patterns	  in	  a	  

acoustically	  damped	  space.	  	  	  

Alternatively,	  a	  perceptual	  discrimination	  will	  be	  possible.	  	  

2 No	  common	  significant	  preferred	  polar	  pattern	  was	  found	  among	  the	  

groups,	  for	  the	  given	  excerpts	  introduced	  in	  the	  listening	  test.	  
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Alternatively,	  a	  common	  significant	  preferred	  polar	  pattern	  will	  be	  found	  among	  

the	  groups,	  for	  a	  given	  excerpt.	  	  	  	  

2.	  Background	  
The	  background	  section	  can	  be	  divided	  in	  to	  two	  main	  parts.	  The	  first	  part	  will	  

provide	  necessary	  information	  about	  capacitor	  microphones.	  This	  includes	  theory	  

about	  how	  they	  operate,	  polar	  patterns,	  the	  proximity	  effect	  and	  frequency	  

responses.	  The	  second	  part	  focuses	  on	  how	  to	  subjectively	  evaluate	  sound	  quality	  

and	  how	  to	  delimitate	  it	  in	  to	  attributes.	  	  	  

2.1 Capacitor Microphone  
A microphone is an electroacoustic device containing a transducer, which is actuated 

by sound waves and delivers essentially equivalent electric waves. [4] A simple way 

to look at it is that they transform mechanical energy in to electric energy. The 

capacitor (or condenser) microphone operates on the principle that if one plate of a 

capacitor is free to move with respect to the other, then the capacitance (the ability to 

hold electrical charge) will vary. The capacitor consists of a flexible diaphragm and a 

rigid back plate, separated by an insulator. The diaphragm consists of an extremely 

light disc, typically 12-22 mm in diameter. It is frequently made from polyester or 

mylar, with a thin vapor-deposited metal layer or gold coating to make it electrically 

conductive. Other material such as titanium can also be used as a diaphragm. The 

electrical capacitance of the capsule changes whenever variations in air pressure cause 

the distance between the diaphragm and back plate to change, and if a fixed electrical 

charge is placed across the capsule, the voltage on the diaphragm is modulated by the 

sound pressure to produce a small electrical signal. This small signal voltage is 

amplified by circuitry within the microphone, so the phantom power source required 

by this type of microphone actually performs two separate functions: it charges the 

capsule and it drives the pre-amplifier circuitry. 
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2.2	  Polar	  Pattern	  

The polar pattern of the microphone depends on the design of the back plate and the 

acoustic chamber behind it. It is therefore possible to build any of the available polar 

patterns for a single-diaphragm capacitor microphone. However, the only way to 

adjust the polar pattern of a single-diaphragm capsule is to mechanically change the 

acoustic system at the rear of the capsule, and this is extremely difficult to do 

properly. Instead, if switchable polar-pattern microphones are needed, it's generally a 

better idea to either use interchangeable capsules or a specially designed dual-

diaphragm capsule that can recreate all the polar patterns via simple electrical 

switching. The majority of variable-pattern microphones are built around a dual-

diaphragm design where two diaphragms are fitted either side of a common back 

plate. Porting, via perforations in the back plate, is used to give each side of the 

capsule a cardioid response, so in essence the capsule is really a pair of back-to-back 

cardioid mics occupying virtually the same point in space. If both diaphragms are 

connected and independently polarized, the entire family of first order patterns can be 

produced by varying the signal level of one of the capsules, and by switching its 

phase. [5] Microphones	  are	  intentionally	  designed	  to	  have	  a	  specific	  directional	  

response	  pattern.	  Represented	  in	  their	  specifications	  by	  a	  so-‐called	  “polar	  

diagram”.1	  Such	  diagrams	  show	  the	  magnitude	  of	  the	  microphone’s	  output	  at	  

different	  angles	  of	  incidence	  of	  a	  sound	  wave.	  	  The	  distance	  of	  the	  polar	  plot	  from	  

the	  centre	  of	  the	  graph	  (considered	  as	  the	  position	  of	  the	  microphone	  

diaphragm)	  is	  usually	  calibrated	  in	  decibels,	  with	  a	  nominal	  0	  dB	  being	  marked	  

for	  the	  response	  at	  zero	  degrees	  at	  1kHz.	  The	  further	  the	  plot	  is	  from	  the	  centre,	  

the	  greater	  the	  output	  of	  the	  microphone	  at	  that	  angle.	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  Polar	  diagrams	  for	  the	  Neumann	  U87	  are	  found	  in	  the	  Operating Instructions U 87 Ai [8]	  	  
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2.3	  Cardioid/Unidirectional	  Pattern	  
Polar	  patterns	  may	  be	  combined	  to	  achieve	  desirable	  response	  patterns.	  The	  

cardioid	  pattern	  is	  a	  product	  of	  an	  omni	  and	  a	  figure	  eight	  pattern, where one of 

its sides has been phase inverted, thus creating a cancelation and the heart-shaped 

cardioid pattern is created. The cardioid response is obtained by leaving the 

diaphragm open at the front, but introducing various acoustic labyrinths at the rear 

which cause sound to reach the back of the diaphragm in various combinations of 

phase and amplitude to produce a resultant cardioid response. This acoustic porting 

does affect the signal at the mic output that may impact subjective evaluations of the 

sound. [6]   
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2.4	  Directional	  Microphones	  And	  The	  Proximity	  Effect	  

All directional	  microphones	  exhibit	  proximity	  effect,	  which	  causes	  an	  unnatural	  

exaggeration	  of	  low	  frequency	  output	  from	  the	  microphone	  when	  it	  is	  operated	  

close	  to	  a	  sound	  source.	  The	  reason	  why	  this	  happens	  is	  that	  cardioid	  

microphones	  also	  capture	  some	  sound	  from	  the	  rear	  of	  the	  capsule,	  which	  is	  then	  

delayed	  in	  a	  labyrinth	  and	  then	  added	  to	  the	  sound	  energy	  arriving	  on-‐axis.	  The	  

labyrinth	  introduces	  a	  phase	  shift	  the	  main	  function	  of	  which	  is	  to	  cancel	  out	  

sound	  arriving	  from	  the	  rear.	  This	  only	  works	  well	  for	  distant	  sound	  sources	  

when	  the	  same	  level	  of	  sound	  arrives	  at	  the	  front	  and	  rear	  of	  the	  microphone	  

(which	  normally	  is	  the	  case).	  But	  for	  very	  close	  sound	  sources,	  the	  inverse	  

square	  law	  contribute	  to	  more	  sound	  arriving	  at	  the	  front	  of	  the	  microphone	  

then	  the	  rear.	  This	  reduces	  the	  efficiency	  of	  the	  port	  in	  cancelling	  low	  

frequencies,	  thus	  resulting	  in	  a	  significant	  bass	  boost	  when	  the	  sound	  source	  

operates	  very	  close	  to	  the	  microphone.	  In	  theory,	  dual-‐element	  capacitor	  

microphones	  set	  to	  a	  cardioid	  response	  should	  demonstrate	  exactly	  the	  same	  

proximity	  effects	  as	  a	  fixed	  cardioid	  microphone,	  but	  in	  practice	  the	  

characteristics	  vary	  from	  model	  to	  model,	  depending	  on	  the	  porting	  

arrangement	  used.	  Some	  manufacturers	  have	  managed	  to	  keep	  the	  proximity	  

effect	  fairly	  well	  under	  control,	  whereas	  some	  microphones	  generate	  huge	  

amounts	  of	  bass	  boost	  when	  used	  close	  up.	  It	  is	  also	  important	  to	  state	  that	  the	  

proximity	  effect	  not	  necessarily	  is	  bad	  thing.	  The	  bass	  in	  certain	  situations	  can	  

contribute	  to	  a	  nice	  intimate	  sound	  for	  vocals	  [6, 7] or	  a	  nice	  added	  “punch”	  for	  

drums.	  	  	  	  

Another	  commonly	  known	  issue	  with	  cardioid	  microphones	  is	  that	  the	  pickup	  

pattern	  isn’t	  the	  same	  at	  all	  frequencies,	  so	  while	  the	  microphone	  might	  produce	  

very	  accurate	  results	  in	  situations	  where	  the	  incident	  sound	  is	  directly	  on-‐axis,	  

off-‐axis	  sounds	  will	  in	  effect	  be	  filtered	  by	  the	  directional	  characteristics	  of	  the	  

microphone,	  most	  often	  characterised	  by	  a	  drop-‐off	  in	  high-‐frequency	  sensitivity.	  

Imagine	  a	  scenario	  where	  the	  singer	  moved	  a	  lot	  during	  the	  recording	  in	  front	  of	  

the	  mic,	  tonal	  variations	  and	  frequency	  shifts	  would	  therefore	  most	  likely	  occur.	  

In	  the	  real	  world,	  sound	  rarely	  arrives	  only	  on-‐axis,	  as	  most	  environments	  

produce	  a	  significant	  amount	  of	  reflected	  sound,	  and	  this	  can	  arrive	  at	  the	  
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microphone	  from	  pretty	  much	  any	  angle.	  The	  practical	  outcome	  of	  this	  is	  that	  the	  

(otherwise	  accurate)	  on-‐axis	  sound	  is	  mixed	  with	  significantly	  colored	  reflected	  

sound	  and,	  in	  untreated	  rooms;	  this	  can	  lead	  to	  a	  noticeably	  nasal	  or	  boxy	  

characteristic. [7] 	  

2.5	  Omnidirectional	  Pattern	  

Ideally, an omnidirectional microphone picks up sound equally from all directions. 

Leaving the microphone diaphragm open at the front, but completely enclosing it at 

the rear achieves the omni polar response. By doing so it becomes a simple pressure 

transducer, responding only to the change of air pressure caused by the sound waves. 

(In fact a very small opening is provided to the rear of the diaphragm in order to 

compensate for overall changes in atmospheric pressure. Otherwise the diaphragm 

would distort.) This works very well at low and mid frequencies, but at high 

frequencies the dimensions of the microphone capsule itself begin to be comparable 

with the wavelength of the sound waves. A shadowing effect therefore causes high 

frequencies to be picked up rather less efficient at the rear and sides of the mic. There 

is a possibility for frequency cancelations when a high frequency wave, (whose 

wavelength is comparable with the diaphragms diameter) is incident from the side of 

the diaphragm. The waveforms positive and negative peaks may result in opposing 

forces on the diaphragm. Omni microphones are well known for their wide, smooth 

frequency response extending both to the lowest bass frequencies and the high treble 

with minimum resonances or coloration due to their simple design. [5] The smaller 

the dimensions of the diaphragm, the better the polar response at high frequencies. 

Quarter-inch diaphragms maintain a very good omni-directional response right up to 

10 kHz. Omni microphones are usually the most immune to handling and wind noise 

of all the polar patterns, since they are only sensitive to absolute sound pressure. A 

pressure-gradient microphone’s mechanical impedance (the diaphragm’s resistance to 

motion) is always lower at LF than that of a pressure (omni) microphone, and thus it 

is more susceptible to unwanted LF disturbances.  
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2.6	  Frequency	  Response	  Comparison	  

Figure	  2	  gives	  an	  illustration	  of	  the frequency response curves for a Neumann U 87 

[8], comparing the two polar patterns discussed above side by side. The bass response 

is a bit different for an omni pattern in that way that the slope of the high pass filter is 

less steep opposed to the cardioid. The frequency response is rather flat from 80 Hz to 

5 kHz for both polar patterns. Between 5kHz -15 kHz there is an enhanced frequency 

“hump”, to give the microphone more presence. This “hump” is more enhanced when 

the omni pattern is selected opposed to the cardioid polar pattern. This particular 

microphone was selected for this survey because it is a real classic studio vocal 

microphone used on many famous recordings through history.  

	  

2.7	  Singers	  And	  Omni’s	  
It	  is	  not	  an	  uncommon	  practice	  to	  record	  vocals	  with	  an	  omni-‐pattern	  

microphone. [9] A	  common	  belief	  is	  that	  the	  sound	  gets	  more	  natural	  or	  “open”	  

compared	  to	  a	  cardioid	  microphone.	  [7] One	  added	  bonus	  is	  that	  there	  will	  be	  no	  

tonal	  variation	  if	  the	  singer	  changes	  position	  slightly	  while	  singing,	  thus	  helping	  

the	  singer	  to	  focus	  more	  on	  vocal	  performance	  rather	  then	  microphone	  handling.	  

Because	  omni	  microphones	  don’t	  exhibit	  the	  same	  bass	  boost	  when	  used	  close	  

up	  as	  cardioid	  microphones	  do,	  the	  amount	  of	  low	  end	  they	  produce	  do	  not	  vary	  



	  

	   13	  

as	  the	  singer	  gets	  closer	  to	  the	  microphone,	  also	  making	  it	  less	  sensitive	  to	  

plosives	  and	  fricatives.	  	  

2.8	  Other	  Techniques	  To	  Manage	  Sound	  Coloration	  
We	  now	  know	  that	  cardioid	  microphones	  are	  susceptible	  for	  inconsistent	  off-‐axis	  

frequency	  response	  and,	  if	  used	  really	  close	  to	  a	  sound	  source,	  for	  proximity	  bass	  

boost.	  The	  directional	  qualities	  help	  keep	  instruments	  separate	  in	  the	  recording	  

and	  also	  help	  minimise	  the	  amount	  of	  reflected	  sound	  reaching	  the	  microphone,	  

but	  any	  spill	  or	  reflected	  sound	  that	  does	  reach	  the	  rear	  and	  sides	  of	  the	  

microphone	  will	  be	  significantly	  coloured	  in	  comparison	  with	  an	  omni	  

microphone	  used	  in	  the	  same	  situation.	  An	  omni	  microphone	  will,	  of	  course,	  pick	  

up	  more	  of	  the	  room	  sound,	  but	  it	  will	  pick	  it	  up	  with	  much	  less	  coloration	  than	  a	  

cardioid.	  [9]	  We	  can	  also	  arrange	  our	  recording	  setup	  to	  minimise	  the	  amount	  of	  

off-‐axis	  sound	  reaching	  the	  microphone.	  One	  way	  to	  do	  this	  is	  with	  sound	  

absorbers,	  such	  as;	  gobos	  (a	  type	  of	  acoustic	  foam),	  heavy	  blankets	  or	  other	  thick	  

dampening	  material.	  To	  get	  rid	  of	  the	  reflections	  of	  the	  room	  that	  otherwise	  

would	  have	  reached	  the	  microphone	  bouncing	  off	  from	  nearby	  walls	  and	  ceiling.	  

The	  placement	  of	  the	  absorbers	  should	  surround	  the	  microphone	  to	  be	  able	  to	  

intercept	  and	  absorb	  all	  reflections.	  When	  the	  microphone	  no	  longer	  is	  

susceptible	  from	  room	  reflections	  the	  dissimilarities	  between	  an	  omni	  and	  a	  

cardioid	  polar	  pattern	  gets	  smaller.	  	  

	  

We	  have	  learnt	  that	  microphone-‐	  and	  recording	  techniques	  helps	  us	  adding	  more	  

colors	  to	  our	  color	  palette,	  (that	  is	  constantly	  expanding)	  and	  we	  understand	  

that	  engineers	  have	  to	  choose	  among	  these	  techniques	  and	  tools	  to	  successfully	  

achieve	  a	  particular	  desired	  sound.	  But	  how	  might	  the	  effects	  of	  these	  choices	  on	  

the	  resulting	  recording	  be	  described	  and	  measured?	  This	  brings	  us	  to	  the	  second	  

main	  part	  of	  this	  background	  section,	  namely	  subjective	  evaluation	  of	  sound	  

quality.	  	  
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2.9	  Subjective	  Evaluation	  Of	  Sound	  Quality	  	  

Letovski [10] suggested in his MURAL model that the auditory image is composed of 

timbre and spaciousness. Berg & Rumsey [11] suggested a generic model for the 

components of perceived total audio quality. This model may include:  

• Timbral	  quality	  (Relating	  to	  the	  tone	  color)	  

• Spatial	  Quality	  (Three-‐dimensional	  nature	  of	  the	  sound	  source	  and	  their	  

environments)	  

• Technical	  quality	  (relating	  to	  distortion,	  hiss,	  hum	  etc)	  

• Miscellaneous	  quality	  (relating	  to	  the	  remaining	  properties)	  

For	  the	  purposes	  of	  investigating	  preferences	  in	  mic	  polar	  pattern	  choices,	  

timbral	  qualities	  are	  most	  applicable.	  

According	  to	  F.E Toole, [12] sound quality opinions in a listening test are influenced 

by many factors in addition to the one that may be of specific interest in an 

experiment. Some factors are purely technical, others psychological, and others relate 

to the procedure employed in performing the test. Some or all of them can cause 

opinions to be variable, changing from time to time, or inappropriate, influenced more 

by the “nuisance variables” then by the equipment under test. It is essential to be 

aware of these possibilities. Toole talks about several variables that can be controlled 

and can influence results in a sound quality evaluation experiment. Some of them 

include:  

Relevant accumulated experience - It has been observed that one experienced, or 

trained, subject can be as useful as several inexperienced persons. It makes sense to 

use experienced listeners. Therefore the participants in a listening test should be 

picked out carefully.  

 

Classification of the perceptual dimensions – Toole refers to Gabrielsson et al [13] 

that Listeners should be encouraged, by direct questioning, to examine those 

perceptual dimensions that are known or believed to be important. Without such 

guidance, there is a risk that individual listeners will simply concentrate on those 

dimensions that they happen to think of. Naturally, individual input should be 

encouraged and provided for, but as an addition to the core question.  
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2.10	  The	  Attributes 

Perceptual dimensions were tested and evaluated by Gabrielsson et al [13], each 

relating to specific perceived properties of the sound. Their work resulted in a 

compiled list of suggested dimensions to use when subjective evaluation of sound is 

the main goal (without claiming to have come up with the final solution). Some of the 

dimensions they suggested were. 

Clearness/Distinctness 

“This	  dimension	  refers	  to	  descriptions	  of	  sound	  reproductions	  by	  

adjectives/expressions	  like	  ‘clear,’	  ‘distinct,’	  ‘clean/pure,’	  ‘rich	  in	  details,’	  and	  the	  

like,	  in	  contrast	  to	  reproductions	  characterized	  as	  ‘diffuse,’	  ‘muddy/confused,’	  

‘blurred,’	  ‘noisy,’	  ‘rough,’	  ‘harsh,’	  sometimes	  ‘rumbling,’	  ‘dull,’	  and	  ‘faint.’	  ” [13] Both	  

polar	  patterns	  have	  different	  frequency	  response	  in	  the	  5	  kHz-‐	  15	  kHz	  region, 

where the omni pattern is the most enhanced. This might result in a perceived 

“brighter, clear/distinct” sound for the omni. 

Nearness  

	  “Different	  sound	  reproductions	  may	  sound	  more	  or	  less	  ‘near’	  to	  the	  listener	  

(alternatively	  more	  or	  less	  ‘distant’).	  It	  is	  obvious	  that	  ‘nearness’	  is	  related	  to	  the	  

intensity:	  the	  higher	  intensity,	  the	  ‘nearer’	  it	  sounds,	  and	  conversely.	  The	  relations	  

to	  characteristics	  of	  the	  frequency	  response	  are	  varying.”	  [13] 

This	  explanation	  concern	  evaluation	  of	  sound-‐reproducing	  systems	  but	  is	  useful	  

for	  evaluating	  the	  timbral	  qualities	  for	  microphone	  polar	  pattern	  as	  well,	  if	  we	  

use	  other	  terms	  for	  the	  similar	  quality	  under	  investigation.	  The	  dimension	  

“Nearness”	  is	  considered	  to	  be	  a	  spatial	  quality	  and	  is	  described	  as	  “Distance	  to	  

events”	  by	  Zacharov	  	  &	  Koivuniemi	  [14] and “Source distance” by Berg & Rumsey 

[11]. For the purposes of this study, the term "nearness" will be interpreted as 

equivalent to intimacy, and the perceptual dimensions will be referred to as attributes.    
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Intimacy 

In addition to intensity and source distances, frequency alterations can also change 

how we perceive how near or (for this study) how intimate a sound appears to be. The 

excerpts that will be evaluated for this paper consists of vocal recordings sung in to a 

matched microphone pair with different polar patterns placed at an equal distance 

from a singer. Since the intensity of the vocals and the distance to the microphones 

will be the same, (for the excerpts under evaluation) these two factors will therefore 

not help to evaluate nearness as an appropriate vocal quality. We have to start looking 

for a more suitable quality that we know will be different for the two polar patterns, 

namely frequency alteration. We	  know	  that	  cardioid	  microphones	  might	  produce	  

very	  accurate	  results	  in	  situations	  where	  the	  incident	  sound	  is	  directly	  on-‐axis,	  

off-‐axis	  sounds	  will	  in	  effect	  be	  filtered	  by	  the	  directional	  characteristics	  of	  the	  

microphone,	  most	  often	  characterised	  by	  a	  drop-‐off	  in	  high-‐frequency	  sensitivity.	  

A	  drop-‐off	  in	  high	  frequency	  content	  makes	  a	  sound	  source	  sound	  further	  away,	  

respectively;	  a	  bass	  tip	  up	  (the	  proximity	  effect	  for	  a	  cardioid)	  might	  generate	  

the	  opposite	  effect.	  Frequencies	  however	  give	  a	  lot	  of	  information	  about	  

distance,	  therefore	  affecting	  the	  perceived	  “intimacy”	  of	  a	  vocal	  recording.	  	   

Berg & Rumsey [11] evaluated attributes concerning spatial audio quality. Two 

attributes they identified may be applicable to vocal qualities:	  

Naturalness	  

“	  How	  similar	  to	  a	  natural	  (i.e	  not	  reproduced	  through	  e	  g	  loudspeakers)	  listening	  

experience	  the	  sound	  as	  a	  whole	  sounds”	  [11]. 	  

Cardioid microphones are susceptible to coloration	  from	  the	  acoustic	  labyrinth	  due	  

to	  the	  phase	  shifts.	  This coloration might give the vocal sound some unnatural 

artifacts that might be perceivable, hence making the vocal sound “phasey”, “nasal” 

or giving it an uneven frequency response. These anomalies might be perceived as 

unnatural.  
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Low Frequency Content 

This attribute focuses on the perceived level of low frequency content (in the bass 

register) picked up by the microphone. The omni microphone has an extended low 

frequency response opposed to the cardioid and is not susceptible to the proximity 

effect, giving it a more natural bass response. The proximity effect may exaggerate 

the low frequencies in an unnatural way. Fricatives, pop sounds and strong breathings 

might therefore be enhanced. On the other hand the proximity effect might as well be 

perceived as a positive contributor to the vocal sound quality giving the voice more 

body. 

In	  this	  experiment,	  these	  four	  dimensions/attributes	  were	  used	  in	  conjunction	  

with	  vocal	  recordings	  for	  evaluating	  vocal	  sound	  quality.	  Part	  of	  the	  research	  

was	  to	  identify	  how	  vocal	  recordings	  might	  be	  evaluated,	  not	  only	  in	  terms	  of	  

methodology,	  but	  also	  in	  terms	  of	  the	  specific	  attributes	  that	  are	  applicable	  to	  

evaluating	  vocal	  recordings.	  	  The	  choices	  of	  the	  attributes	  were	  based	  on	  

previous	  work	  and	  earlier	  findings	  from	  [11, 12, 13].	  Only	  four	  attributes	  were	  

selected	  mainly	  due	  to	  time	  constraints	  for	  this	  project.	  	  	  

These	  were	  the	  final	  attributes	  for	  the	  experiment:	  

-‐ Clearness/Distinctness	  

-‐ Intimacy	  	  

-‐ Naturalness	  

-‐ Low	  Frequency	  Content	  

3.	  Method	  	  
To find answers related to vocal sound quality, vocalists and engineers were invited to 

participate in a listening test, evaluating recordings for the attributes discussed above 

and make preference judgements.  

3.1 Recording Process 
A vocal recording booth (floor: 9m2 height: 2.1m) was created inside a studio room 

(24m2x3m) located at the college of music in Piteå. Four thick gobos (2.10x3.0x0.6 

m) was used to dampen the space, enclosing the vocalist entirely except from the 

entrance to the vocal both that was located behind the singers back. Microphones 

were set up, utilizing a matched U87 microphone pair in a close array, (one with a 
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cardioid pattern and the other with an omni pattern). The microphones were located 

35 cm in front of the singer, spaced 1 cm apart. The microphone signal was recorded 

in to a Millennia™	   HV-3D preamp in to a Pro Tools	  HD2	  192	  interface	  in 24 bit 44.1 

kHz.  

3.2	  Participants	  

Two	  different	  groups	  were	  selected	  for	  the	  experiment.	  One	  group	  consisted	  of	  

sound	  engineer	  students	  in	  the	  ages;	  nineteen	  to	  twenty-‐five	  years.	  Eight	  were	  

males	  and	  one	  was	  a	  female.	  The	  other	  group	  consisted	  of	  vocalist	  students	  in	  

the	  ages;	  twenty-‐two	  to	  twenty-‐eight.	  Two	  were	  males	  and	  seven	  were	  females.	  

A	  total	  of	  eighteen	  persons	  participated	  in	  the	  test,	  nine	  in	  each	  group.	  To	  be	  able	  

to	  participate	  in	  the	  test	  some	  criteria	  had	  to	  be	  fulfilled.	  The	  sound	  engineers	  

had	  to	  have	  former	  recording/mixing	  experience	  and	  the	  vocalists	  had	  to	  be	  

experienced	  live	  performers.	  Former	  experience	  from	  studio	  sessions	  was	  also	  

encouraged.	  	   	  	  	  

3.3	  The	  Excerpts	  
A total of three songs were recorded in the vocal booth, used in the experiment. Each 

song consisted of two vocal versions, one female- and one male version. A total of six 

excerpts were compiled for the test. Besides the excerpts used for the test, other audio 

material was also recorded for a pre-test. The recording consisted of a male singing 

the same children’s song a cappella in to the same microphones, two times in total. 

The first time both microphones were set up as omni’s, and the second time as 

cardioid’s. The goal was to establish that both microphones were a good matched pair 

and sounded the same without any perceived divergence in their omni- respectively 

cardioid setting, that could influence the test results.  

Song1 was a children’s song recorded a cappella and the other two songs were pop 

songs. The back tracks for the two pop songs had been recorded at an earlier stage, 

but new lead vocals were re-recorded for this experiment. The recorded excerpts had 

a length of	  approximately	  25-‐30	  seconds	  each.	  Appropriate	  passages	  for	  each	  of	  

the	  three	  songs	  were	  selected,	  containing	  a	  minimum	  of	  vocal	  stops.	  Each	  song	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

2	  Pro Tools version 10.3.2 © 1991-2012 Avid Technology. Inc 
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included	  a	  short	  piece	  of	  both	  the	  verse	  and	  the	  chorus.	  The	  key	  of	  the	  first	  song	  

(the	  a	  cappella	  song	  Bä,	  bä,	  vita	  lamm) [15]	  was	  in	  F-‐sharp.	  The	  two	  other	  songs	  

Alice	  [16]	  and	  Väsen	  [17] were	  in	  A-‐sharp,	  considered	  as	  a	  rather	  high	  pitch	  for	  

the	  male	  singer	  that	  occasionally	  had	  to	  switch	  to	  his	  falsetto	  voice	  during	  the	  

recording.	  	   

3.1.1	  The	  Back	  Tracks	  

The	  two	  back	  tracks	  in	  song	  2	  &	  3	  that	  were	  used	  for	  this	  experiment	  had	  a	  

typical	  instrumentation	  for	  pop	  music	  that	  included	  drums,	  bass,	  electric	  guitars,	  

acoustic	  guitars,	  keyboards	  and	  piano.	  In	  song2	  the	  musicians	  had	  a	  more	  

aggressive	  style	  of	  playing,	  leaning	  towards	  the	  rock	  genre.	  Song3	  was	  a	  bit	  

softer,	  leaning	  more	  towards	  the	  folk	  music	  genre.	  	  An	  instrumental	  rough-‐mix	  

was	  mixed	  down	  for	  each	  song	  without	  using	  any	  signal	  processing.	  No	  EQ	  or	  

compression	  was	  applied	  to	  any	  of	  the	  tracks.	  In	  some	  pop/rock	  mixes	  the	  vocals	  

are	  placed	  deep	  within	  the	  final	  mix,	  but	  for	  this	  test	  the	  backing	  tracks	  were	  

balanced	  as	  accompaniment,	  positioning	  the	  vocals	  prominently	  in	  the	  mix	  while	  

still	  being	  balanced.	  This	  to	  make	  sure	  that	  the	  subjects	  would	  be	  able	  to	  focused	  

their	  attention	  on	  the	  differences	  between	  the	  polar	  patterns	  instead	  of	  the	  

instruments	  found	  in	  the	  fully	  rough-‐mixed	  song.	  

	  
3.1.2	  Preparation	  Of	  The	  Excerpts	  

After the recording was done an equal gain staging was applied to all the excerpts 

(starting out with the vocal excerpts) to make sure they were unitary. The RME 

DIGICheck™	  3loudness meter was used for the gain staging measurements, based on 

the ITU BS.1770 recommendations [18]. All vocal recordings were level matched in 

pairs first by ear, and then with an integrated loudness level of -23 LUFS as reference. 

The back tracks for the two pop songs had an integrated loudness level of -36 LUFS, 

a difference of 18 Loudness Units. Each vocal version was then mixed with its 

corresponding back track. The gain staging of the excerpts used in the pre-test was 

done the same way.  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

3	  RME DIGICheck version 5.51 Windows XP, © 2012 RME, Inc	  
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3.4	  Spectrographic	  View	  Over	  An	  A	  Cappella	  Excerpt	  
To	  be	  able	  to	  get	  a	  visual	  comparison	  of	  the	  differences	  between	  the	  polar	  

patterns	  frequency	  response,	  a	  spectrogram	  for	  the	  male	  a	  cappella	  vocal	  

versions	  was	  made	  with	  the	  program,	  Izotope	  RX™	  2.	  4	  The graphs are shown 

below in Figure 3.  	  	  

3.5	  Playback	  Setup	  For	  The	  Listening	  Test	  

The finished excerpts were then imported to Audio research labs program STEP™	  

(Subjective Training and Evaluation Program). [19] This was the interface for the 

ABX, AB7 and the pre-test, which also randomized all trials during playback. This 

interface allowed the participants to freely switch between the different test signals as 

they pleased. When switching from one signal to another, a transition gap of 25 ms 

was activated, muting the audio output entirely. This functions main purpose was to 

eliminate/mask possible phase- and volume- differences between the test signals. A 

Motu™ Ultralite mk3 soundcard was used both as an audio interface and as a monitor 

controller, enabling the participants to choose a comfortable monitor level of their 

own choice. The listeners used a pair of AKG™, K240 studio headphones to get rid of 

the influence of the room.  

3.6	  The	  Pre-‐Test	  

The listening tests took place during a period of two days, all conducted in the same 

studio room where the vocal previously had been recorded. To make sure that the 

microphones used for the listening test were a good matched pair and sounded 

perceptually equivalent without any divergence in their same polar pattern settings, a 

listening pre-test was conducted. A test group were assembled, consisting of three 

sound engineer students. (not participating in the real test) They all conducted an 

ABX pre-test individually. First they compared the two microphones omni settings to 

each other, then the cardioid settings. All three participants unanimously thought that 

the microphones sounded perceptually equivalent. Why a pre-test was chosen as a 

microphone justification method was because it was similar to the actual conditions in 

the real listening test.     

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

4	  iZotope RX version 2.1.0, © 2012 iZotope, Inc	  
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3.7	  The	  Test	  

The	  complete	  test	  was	  divided	  in	  two	  different	  listening	  blocks, estimated to take 

approximately 30 minutes in total. It turned out that many of the participants were 

more thorough then expected, thus exceeding the time limit. Contributing factors to 

this might have been that the test included to many different subsections. The 

participants therefore had to get very detailed instructions about the test that also 

generated more questions then expected. Another reason might have been that the 

differences they were listening for in the test were subtler then they first had expected. 

Some of the participants thought the test were hard. The	  first	  block	  was	  an	  ABX	  

forced	  choice	  double	  blind	  test,	  comparing	  cardioid-‐	  opposed	  to	  omni	  polar	  

patterns	  to	  se	  whether	  the	  subjects	  were	  able	  to	  discriminate	  between	  the	  two.	  

The	  results	  were	  not	  revealed	  until	  both	  tests	  were	  finished,	  meaning	  all	  

participants	  had	  to	  do	  both	  listening	  blocks	  regardless	  of	  their	  results.	  The	  

second	  test	  was	  an	  AB7-‐comparison	  test.	  (The	  interface	  layout	  for	  both	  tests	  can	  

be	  found	  in	  the	  appendix,	  4.STEP-Interface	  Layout)	  	  First	  they	  were	  asked	  to	  

compare	  two	  excerpts	  (signal	  A	  with	  signal	  B).	  Their	  first	  task	  was	  to	  decide	  

which	  signal	  they	  preferred	  the	  most	  according	  to	  the	  following	  question:	   

Given	  this	  set	  of	  four	  attributes:	  

-	  Clearness/distinctness	  

-	  intimacy	  

-	  Naturalness	  

-	  Low	  Frequency	  Content	  

	  given	  the	  goal	  of	  evaluating	  this	  recording	  based	  on	  its	  merits	  for	  sound	  quality	  for	  

lead	  vocals	  only,	  which	  is	  best	  in	  terms	  of	  sound	  quality?	  

The	  participants	  were	  then	  asked	  to	  rate	  how	  much	  more	  they	  preferred	  the	  

version	  of	  their	  choice	  (over	  the	  other).	  They	  had	  three	  different	  options	  to	  

choose	  from	  according	  to	  a	  given	  7	  step	  scale	  in	  STEP™	  ranging	  from:	  	  

Negative	  number	  on	  the	  scale	  =	  B	  is	  better	  then	  A	  

0	  =	  both	  microphones	  A	  and	  B	  are	  considered	  equal	  in	  terms	  of	  sound	  quality	  

Positive	  number	  on	  the	  scale	  =	  A	  is	  better	  then	  B	  
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When	  that	  was	  done	  they	  were	  also	  asked	  to	  grade	  all	  four	  attributes	  

individually	  for	  each	  vocal	  version	  according	  to	  how	  they	  perceived	  that	  

particular	  vocal	  quality	  on	  the	  recording.	  (see	  Appendix,	  2.	  Questionnaire)	  Their	  

task	  was	  to	  translate	  their	  judgement	  of	  the	  perceived	  vocal	  quality	  for	  the	  

individual	  attributes	  in	  to	  a	  scale	  in	  5	  steps.	  If	  an	  attribute	  like	  “intimacy”	  

translated	  to	  a	  5,	  the	  participant	  perceived	  the	  vocals	  as	  being	  very	  intimate.	  	  	  

4.	  Results	  &	  Analysis	  
	  

4.1	  Vocalists’	  Preferences	  
To	  get	  an	  overall	  picture	  of	  the	  vocalists’	  awareness,	  interest	  and	  attitudes	  

towards	  recorded	  vocal	  sound	  quality,	  an	  informal	  inquiry	  was	  made	  with	  the	  

vocalists	  who	  participated	  in	  this	  study	  (after	  they	  had	  participated	  in	  the	  

experiment)	  These	  three	  questions	  were	  brought	  up:	  

Do	  you	  own	  a	  microphone?	  	  	  

If	  so,	  what	  model	  do	  you	  have	  and	  what	  made	  you	  buy	  that	  particular	  microphone?	  

Have	  you	  ever	  participated	  in	  any	  microphone	  evaluation	  process	  (for	  lead	  vocals)	  

during	  a	  recording	  session?	  

If	  not,	  why?	  

Do	  you	  have	  any	  “go	  to”	  microphone	  that	  you	  know	  suits	  your	  own	  voice	  for	  certain	  

tasks?	  

It	  turned	  out	  that	  some	  of	  the	  vocalists	  owned	  a	  microphone.	  	  The	  most	  common	  

was	  a	  Shure	  Beta-‐58	  (mainly	  used	  live).	  One	  participant	  owned	  a	  Shure	  SM7-‐B	  

regularly	  used	  in	  studio	  sessions,	  and	  one	  of	  the	  singers	  owned	  a	  large	  

diaphragm	  condenser	  microphone	  (mainly	  used	  for	  home	  recording	  purposes).	  

Most	  of	  them	  had	  bought	  their	  microphone	  exclusively	  based	  on	  

recommendations	  from	  friends	  or	  reviews	  from	  the	  web	  and	  popular	  music	  

magazines,	  without	  conducting	  any	  A/B	  testing	  before	  the	  purchase.	  Most	  

vocalists	  had	  done	  recordings,	  using	  a	  variety	  of	  different	  microphones	  and	  polar	  

patterns,	  but	  only	  two	  of	  them	  had	  former	  experience	  in	  participating	  in	  the	  

evaluation	  process	  when	  deciding	  what	  microphone	  to	  use	  for	  a	  particular	  vocal	  



	  

	   23	  

recording.	  	  The	  reason	  why	  the	  others	  had	  not	  participated	  in	  such	  events,	  were	  

a	  bit	  different.	  Some	  of	  the	  vocalists	  felt	  that	  they	  didn’t	  want	  to	  be	  a	  nuisance	  to	  

the	  engineer,	  slowing	  down	  the	  session.	  Therefore	  they	  didn’t	  dare	  to	  ask	  if	  they	  

could	  participate	  in	  a	  microphone	  comparison	  test.	  Sometimes	  it	  could	  be	  due	  to	  

stress	  or	  a	  tight	  schedule,	  and	  in	  some	  cases	  the	  nervousness	  of	  actually	  

performing	  in	  a	  studio	  full	  off	  unknown	  people,	  already	  kept	  their	  minds	  busy	  as	  

it	  was.	  Others	  felt	  a	  total	  lack	  of	  interest	  concerning	  technical	  gadgets,	  hence	  

leaving	  the	  decision	  totally	  in	  the	  hands	  of	  the	  producer/engineer.	  Only	  one	  of	  

the	  vocalists	  had	  really	  put	  an	  effort,	  trying	  to	  find	  a	  suitable	  “go	  to”	  microphone	  

for	  her	  particular	  voice,	  doing	  lots	  of	  A/B	  testing.	  For	  most	  sessions	  she	  would	  

normally	  ask	  the	  engineer	  to	  pick	  out	  one	  microphone	  along	  with	  her	  

microphone	  of	  preference,	  to	  compare	  them	  side	  by	  side	  before	  recording	  the	  

final	  vocals.	  She	  also	  said	  that	  most	  often	  such	  initiative	  were	  much	  appreciated	  

and	  encouraged	  by	  the	  engineer.	  On	  the	  other	  hand,	  vocalist	  that	  do	  have	  former	  

experience	  from	  A/B-‐testing	  microphones	  have	  probably	  realized	  that	  the	  

decision	  making	  process	  seldom	  happens	  without	  the	  influence	  from	  other	  

people	  involved	  therefore	  acknowledging	  that	  the	  choice	  of	  mic	  is	  a	  result	  of	  

trade-‐offs,	  and	  preferences	  for	  microphone	  choices	  depends	  on	  context,	  

therefore	  biasing	  the	  personal	  opinions	  about	  vocal	  sound	  quality.	  	  

4.2	  Polar	  Pattern	  Differences	  
Figure	  3.	  The	  spectrogram	  shows	  a	  2.5-‐seconds	  long	  segment	  of	  an	  a	  cappella	  

recording	  sung	  by	  a	  male	  vocalist	  (one	  of	  the	  excerpts	  used	  in	  the	  listening	  test).	  

The	  X-‐axis	  represents	  the	  time	  domain	  in	  seconds,	  and	  the	  Y-‐axis	  the	  frequency	  

range.	  When	  comparing	  the	  two	  polar	  patterns	  the	  differences	  are	  more	  

apparent	  at	  different	  points	  in	  time	  depending	  on	  what	  word	  and	  note	  is	  being	  

sung.	  When	  studying	  and	  comparing	  the	  spectrogram	  closely	  (and	  in	  color),	  

subtle	  differences	  can	  be	  detected.	  Markings	  A	  and	  B	  shows	  that	  the	  omni	  

microphone	  has	  a	  greater	  presence	  of	  high	  frequency	  content	  (brighter	  in	  colors)	  

in	  the	  10	  –	  12	  kHz	  and	  the	  15	  –	  20	  kHz	  region,	  as	  expected	  from	  the	  frequency	  

response	  and	  polar	  pattern	  chart	  in	  Figure	  1.	  The	  omni	  also	  shows	  a	  greater	  

presence	  of	  low	  frequency	  content	  in	  the	  20-‐100	  Hz	  range	  opposed	  to	  the	  

cardioid.	  
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4.3	  Perceptual	  	  Discrimination	  
Both sound engineers and vocalists were successful in discriminating between the 

different microphone polar patterns in the ABX-test, thus rejecting the null-

hypothesis. The significance of the results was determined using the binomial test 

[20]. The level of significance was set to a = 0.05 with a confidence interval at 95%. 

Table 1 shows the events for the ABX-test. All six excerpts are listed in the table, 

followed by how many correct discriminations the participants successfully made 

during the test in total. Each excerpt was played twice and there were nine 

participants in each group, hence the number eighteen. Performance lower then 0.05 

are to be considered as significant events (marked in green). Performance higher then 

0,05 failed to prove that the results were not due to chance alone (marked in red).  

Sound engineers significantly discriminated three excerpts out of six, and vocalists 

discriminated one excerpt out of six suggesting that there is a difference between the 

two groups, and that they were not equally as good at detecting polar pattern 

differences.  Common for both groups is that they failed to significantly discriminate 

between the polar patterns for both the female- and male version in Song2. Song2 M 

only showed eight successful discriminations out of eighteen trials for the sound 

engineers; hence the lowest result among all excerpts. For the vocalists, Song3 M 

showed nine successful discriminations out of eighteen trials. The excerpts with the 

highest score were found among the vocalists, Song1 F showed sixteen successes out 

of eighteen trials.   
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Figure 4, shows the listener’s individual results from the ABX-test. The listener with 

the highest number of successes (among all the participants) was a female vocalist 

with eleven correct answers out of twelve (ten correct answers for the sound 

engineers). The lowest number of successes for both groups was four correct answers. 

The group with sound engineers had a mean value of 8 successful trials and vocalists 

7.5. 
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4.4	  Overall	  Preference	  

To be able to tell if any polar pattern were more successful then the other in creating a 

better overall vocal sound quality, the votes retrieved from the AB7-test were 

assembled in Table 2, showing the distribution of the votes for both groups 

individually and when combined. The votes-column in the Table 2 shows the highest 

numbers of votes for each excerpt, (cells highlighted in green.) If no cell is 

highlighted, both polar patterns got the same amount of votes. If the participants 

preferred neither of the patterns, their vote was placed in the (neutral) equal column. 

The highest polar pattern value was then used for the binomial test. All votes, (equal 

votes included) were used for the calculations. The results showed that no common 

significant preferred polar pattern could be found for any of the six excerpts in neither 

of the two groups or when combined, thus failing to reject the second null-hypothesis. 

All values were p > 0.05. The song with the highest number of votes among the 

Sound engineers was Song3 M with six participants out of nine preferring the omni 

directional pattern. The highest number of votes among the vocalist was Song1 M. Six 

participants preferred the cardioid pattern opposed to the omni.  
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Table 3 shows the participants choices over preferred polar patterns for all six 

excerpts. By analyzing the results on individual basis, results showed that two of the 

listeners, significantly had a consistent given polar pattern preference for all of the six 

excerpts in the test. Listener 13 distinctively preferred the omni directional pattern for 

all excerpts and listener 4 preferred the cardioid pattern. Listener 1, 8, 10 & 12 

preferred the same polar pattern 5 times out of 6, showing a tendency for a polar 

pattern preference even tough not statistically significant.   

The vocalist had a greater tendency to consider both patterns as “equal in sound 
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quality” compared to the engineers. In ten instances out of fifty-four in total, they 

perceived both patterns equally in sound quality. Sound engineers perceived them as 

equal in sound quality in only 3 instances. 

 
 

4.5	  Sound	  Quality	  Attribute	  Assessments	  
The participants were asked to perform sound quality attribute assessments set out to 

find suitable parameters for describing polar pattern differences in terms of sound 

quality. A	  total	  of	  24	  t-‐tests	  (within	  subjects	  design)	  were	  conducted.	  To	  make	  

such	  comparisons	  the	  method	  for	  two	  dependent	  groups	  was	  used.	  All	  attributes	  

were	  analyzed	  separately	  comparing	  the	  results	  from	  both	  polar	  patterns.	  These	  

values	  were	  then	  used	  to	  calculate	  the	  mean	  and	  standard	  deviation,	  used	  for	  

computing	  t. 
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Table	  4	  shows	  the	  arithmetic	  mean	  values	  of	  the participant’s votes	  for	  all	  four	  

sound	  quality	  attributes	  for	  each	  excerpt	  and	  each	  polar	  pattern.	  On	  the left side, 

all six excerpts can be found. For every excerpt the participants were asked to grade 

the two polar pattern versions separately according to a scale ranging from 1-5. The 

arithmetic	  mean	  values	  were	  then	  calculated,	  showing	  very	  similar	  results	  for	  all	  

attributes,	  all	  between	  3-‐4	  on	  the	  perceived	  sound	  quality	  scale.	    

 

 

 

Figure 5 shows that none of the attributes turned out to be a significant event, thus 

failing to suggest them as being suitable candidates for evaluating polar pattern 

differences in terms of sound quality for this particular experiment. 
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5.	  Discussion	  	  	  
 
The ABX forced choice test methodology showed significant results for both groups 

by using the binomial test, thus suggesting that experienced listeners are capable of 

doing perceptual discriminations between different microphone polar patterns when 

no room reflections influence the sound. Small significant differences between the 

two groups were found, indicating that these groups are not equally as good at 

detecting these differences. Further work still needs to be done using larger subject 

pools to verify this suggestion. 

The AB7-comparison test methodology showed that neither polar pattern was 

preferred either overall or by either group for these particular excerpts and 

microphones. Neither pattern were more successful then the other in creating a better 

vocal sound quality. This experiment did not find the answers to what colors vocalists 

and sound engineers prefer for these given situations, suggesting that preference is 

more likely determined on individually basis. Two listeners turned out to have a 

significant polar pattern preference for all six excerpts, one of them preferring the 

cardioid and the other the omni.  

  

The results retrieved from the sound quality attribute assessment failed to show any 

significant events. None of the attributes were rated higher in importance, also 

suggesting that none of the attributes were suitable for describing the polar pattern 

differences in terms of sound quality for this particular experiment. Whether this was 

due to the recordings (like the singers voices, the key of the songs, the distance to the 

microphones), the instructions given in the questionnaire (where the attributes were 

explained) or the attributes being simply not good enough for a proper evaluation of  

sound quality, is a question that is still unanswered. 

If further investigation will be performed comparing different subject pools, a larger 

number of participants are highly recommended. We set out to find preferences but 

instead at the end we have unanswered additional questions about how these 

preferences are determined. This suggests future work like: How do vocal preferences 

correlate to music genres, frequency response in microphones and taste in music? Do 

attributes exist that are superior to others when making vocal quality preference 

judgements (even tough we could not find any) or do they vary with musical genre?  
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5.1	  Evaluation	  of	  the	  experiment	  	  
If the experiment had been redesigned today, the choice of the excerpts would 

probably have been different since they all had a relatively high key. It would have 

been interesting to also include songs with a low pitch to see how this would affect 

the results for the preference judgements and the sound quality attribute assessment. 

The LUFS meter used for the gain staging of the excerpts turned out to be a very 

helpful and time saving method. The measurements were very similar to how loud the 

excerpts were perceived in reality. This experiment also benefitted greatly from the 

program STEP, which helped to randomize trials, logging data and keeping things 

organized in ways that otherwise would have been unmanageable.   

The hardest thing during the whole project was to figure out how to use, evaluate 

describe and analyze the attributes used in the experiment. Lots of time has been 

dedicated to figure out ways to use the data, thus making this essay more extensive 

then first expected. All research has been focused entirely on comparing two different 

microphone polar patterns. An attempt to eliminate room reflections and other 

variables, preventing the test from exclusively comparing polar patterns has been 

made with care. The visual data retrieved from the spectrograms along with the 

significant events retrieved from the ABX clearly suggests that the polar pattern 

differences are perceivable and the data is reliable.  

Finally as mentioned before, it would have been interesting to see how the use of a 

larger subject pool consisting exclusively of people with considerable studio 

recording experience would have improved the results.    

6.Conclusion	  
 

This	  investigation	  shows	  that	  experienced	  listeners	  (sound	  engineers	  and	  

vocalists)	  are	  capable	  of	  doing	  perceptual discriminations between different 

microphone polar patterns when no room reflections influence the sound.	  Significant 

results for both groups were found by using the binomial test. The participants made 

polar pattern preference judgements based on sound quality attribute assessments, set 

out to find suitable parameters for describing polar pattern differences in terms of 

sound quality. The AB7-comparison test methodology showed that neither polar 

pattern was preferred either overall or by either group for these particular excerpts and 

microphones. Neither pattern were more successful then the other in creating a better 
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vocal sound quality. This experiment did not find the answers to what 

colors/attributes vocalists and sound engineers prefer for these given situations, 

suggesting that preference is more likely determined on individually basis. Two 

listeners turned out to have a significant polar pattern preference for all six excerpts, 

one of them preferring the cardioid and the other the omni. The results retrieved from 

the sound quality attribute assessment failed to show any significant events. None of 

the attributes were rated higher in importance also suggesting that none of the 

attributes were suitable for describing the polar pattern differences in terms of sound 

quality for this particular experiment.  
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