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ABSTRACT 

The purpose of this study had three general a ims.  F i r s t ,  in 

controlling the acoustical concepts in education, i t  was possible to 

show that auditory abilities and discrimination were enhanced because 

of better information t ransfer .  Second, that visual discrimination and 

perception a r e  key factors in the general subject of visual l i teracy. 

Third, the visual and auditory a r e a s  reinforce each other in many 

ways but work against each other in others.  

This was a l ibrary  r e sea rch  study. Current  books, la tes t  

periodicals both in print and microfilmed, and Doctoral Abstracts were 

the chief sources in the chosen field. It was the des i re  of the wri ter  

to confine the resul ts  a s  being applied to normal  school conditions, 

conditions that nearly a l l  teachers  would encounter in a normal  teach- 

ing ca ree r .  

I t  was found that auditory distractions of various kinds a r e  

detrimental to the learning process .  One of these distractions,  r eve r -  

beration, is  controlled by various construction and arrangement  methods. 

It  was found that visual discrimination and visual perception 

were dependent upon the perceptual sys tem of the individual. In the 

school room the proper amount and control of light will enhance the 

s ys tem. 



iv 

The visual and the auditory a r e a s  reinforce each other in many 

ways but may work against each other. There i s  a tendency to favor 

one system over the other under certain conditions. Verbal coding 

may be supplemented o r  replaced by visual imagery. Effective visual 

design and presentation a r e  functions of many interrelationships. 



CHAPTER I 

INTRODUCTION 

One of the te rms one reads about recently i s  "visual literacy". 

Some people a r e  raising questions a s  to the actual meaning of the term. 

"Visual l i teracy" has become a catch-all  phrase, with a s  many defini- 

tions a s  i t  has investigators. The t e r m  has been used to describe every 

conceivable aspect  of comprehending the complex varieties of photo- 

graphic subjects, a r t  forms and drawings, actual forms of common sub- 

jects, and other objects that make possible the understanding of the 

everyday community. Most of the present  r e sea rch  i s  concentrated on 

developing new visual stimuli and response situations which will mini- 

mize the present  dependency upon verbal comprehension measures.  

Others a r e  attempting to determine the degree of interaction between 

visual-verbal stimuli. 

Verbal stimuli re fers  to sound and i ts  application to communi- 

cation and language. When children enter school, they speak the 

language of their communities. They a r e  able to communicate with 

each other and their teachers and this is  a l l  through a sound medium. 

When learning to read and write, they must  begin to learn  a visible 

1 
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symbol system for the language they speak. Also, a s  they continue, 

they will be learning symbol systems for mathematics,  music,  car to-  

graphy, and a l l  sciences; things that have made possible our civiliza- 

tion. In this context the concepts of l i teracy and symbolism a r e  inter - 

meshed in a combination of visual and verbal education. 

There i s  a wealth of l i terature waiting to stimulate, tickle, 

ca ress ,  a s  sai l ,  comfort, and inspire the child's imagination, but only 

after learning to read will that imagination be liberated. 

STATEMENT OF THE: PROBLEM 

This study had three general purposes. F i r s t ,  to show that 

by controlling the acoustical concepts in education, i t  i s  possible to 

enhance auditory abilities and auditory discrimination. Second, to 

show that visual discrimination and visual perception a r e  key factors in 

the general subject of visual l i teracy. Third, to show that the visual 

and the auditory a r e a s  reinforce each other in many ways but may work 

against each other. 

IMPORTANCE OF THE STUDY 

The control of acoustics and visual concepts i s  a central  pur - 

pose in a l l  phases of education. The acoustical aspects a r e  very closely 

related to the auditory abilities and auditory perception which greatly 

reinforce the input of information f rom visual channels. Today's child 



i s  generally better informed visually and intellectually more  skilled for 

two reasons. The f i r s t  and probably mos t  important would be the in- 

c reased visual e x p e r i e n c e ~  that a r e  provided; the second would be the 

methods of using the e a r s  to enhance and enrich the inputs of the f i rs t .  

Kingsbury pointed out the importance of communication in the 

classroom: 

Any c lassroom with a teacher talking and a student listening 
(or  vice ve r sa )  i s  a communication system. The three elements 
of this system a r e  a source, a path, and a receiver .  The source 
generates a signal which i s  transmitted along the path, with var i -  
ous distortions and losses,  and is  perceived by the receiver;  and 
if communication i s  the goal, then hopefully i t  i s  received in a 
form and a t  a level adequate for recognition. This means there 
mus t  be information available on the human voice, the t ransmis - 
sion path (the room) and the human ear .  1 

Knirk in discussing acoustical and visual environments stated: 

The importance of an  appropriate visual environment for 
learning tasks cannot be overestimated. The visual environment 
affects a l ea rne r ' s  ability to perceive visual stimuli and affects 
his mental attitude and thus performance. 2 

Many of the points that were discussed in this repor t  were 

actually combinations of inputs of the two major perceptual sys tems, 

hearing and vision. The wri ter  hoped to show the interdependence of 

the two systems and that sound presented in an equally effective manner 

will greatly enhance the visual sense. 

IH. F. Kingsbury, "Acoustics in a Changing Classroom, Edu- 
cational Technology, 13: 62-4,  Mr '73 

2 ~ r e d e r i c k  G. Knirk, llAcoustical and Visual Environments 
Affect Learning, l 1  Audiovisual Instruction, 15:34-5, 0 '70 



LIMITATIONS OF THE PROBLEM 

This was a l ibrary resea rch  study. A wide variety of sources 

were used with an  emphasis on current  l i terature.  A large amount of 

this l i terature was f rom the Dissertation Abstracts f rom the period 

1960 to 1974. In making the selections, an  effort was made to l imit 

the resul ts  to those of normal children o r  students ; the studies regard-  

ing mentally impaired, auditorially impaired, o r  otherwise handicapped 

children was gathered but not included in this study. The wri ter  

attempted to r e  s t r i c t  the data to normal  school conditions; conditions 

that nearly a l l  teachers would be expected to encounter in a normal  

teaching ca ree r .  

DEFINITION OF TERMS 

Acoustics - the physics of sound. 

Anechoic chamber - (or  dead room) characterized by highly 

absorptive wedges or  long pyramids mounted to the walls of the room 

to absorb a l l  incident sound energy. 

Ar ray  - to place in proper or  desired order .  

Concept - an  idea of something formed by mentally combining 

a l l  i t s  character is t ics  o r  particulars.  

Degree of Masking - for a given frequency, the decibel differ- 

ence between background noises and the normal  threshold of audibility. 



Discrimination - the a c t  of noting o r  observing a difference; 

distinguish accurately. 

Echoing - sound that reaches a l is tener  via two paths differing 

greatly in length produces an unpleasant fluttering effect. 

Figure-Ground Perception - the ability to identify significant 

objects a s  distinct f rom a sometimes confusing moving background. 

Grammar  - the fundamental rules  of any science, a r t ,  o r  sub- 

ject. 

Loudspeaker - an electroacoustic transducer which converts 

electr ical  energy to acoustical energy. 

Masking - the shift of the threshold of hearing of the host 

sound due to the presence of the masking sound. 

Microphone - an  electroacoustic transducer which converts 

acoustical energy to electr ical  energy. 

Noise, a irborne - due to the fluctuations of a i r  p ressu re  about 

the mean atmospheric pressure .  

Perception - a single unified awareness derived f rom sensory 

processes  while a stimulus i s  present.  

Reverberation - the persis tance of sound in an  enclosure a s  the 

resul t  of continuous reflections of sound a t  the walls after the sound 

source has been turned off. I t  depends on the s ize and shape of the 

enclosure a s  well a s  the frequency of the sound. 

Reverberation time - the time in seconds for the sound p ressu re  



to decrease to ten to the minus s ix  of i ts  original value (or  a sixty 

decibel drop) af ter  the source is  turned off. 

Room flutter - occurs between a pair of parallel  opposite walls 

that a r e  smooth and highly reflective. The sound i s  reflected back and 

forth between the two to produce multiple echoes. 

Sound articulation - the percentage of the total number of speech 

sounds correct ly recorded and identified. 

Speech - concerns the s tructure of the language and i s  charac-  

terized by the interpretative aspect,  loudnes s ,  pitch, t imbre, and tempo. 

Pitch - the frequency of vibration of a pure tone. 

Timbre - or  tone quality may be described a s  the instantaneous 

c r o s s  section of the tone, i. e. , in t e rms  of the number, intensity, dis-  

tribution and phase of the harmonies. Intensity of overtones can produce 

changes in t imbre whose subjective behavior i s  much more  complex than 

that of loudness o r  pitch. 

Troffer - an inverted trough serving a s  a support and reflector 

for a fluorescent lighting unit. 



CHAPTER I1 

REVIEW OF THE LITERATURE 

C ontrolling visual and acoustical concepts to improve the 

learning environment is very important because it is estimated that 

over ninety percent of external knowledge enters by these two paths. 

In the following pages the writer will attempt to bring out many of the 

methods by which these two paths a r e  used. As a result,  educational 

methods using newly accepted practices a r e  being put into effect. 

The traditional view of the perceptual senses was that they 

were a system of passive receptors dormant until exposed to the par- 

ticular kind of energy, mechanical force, o r  chemical substance to 

which the particular receptor responded. The modern view, due to 

research,  i s  that some of the senses a r e  active exploratory systems 

that seek out information from the environment and a r e  highly selective 

in the information they pick up. These "senses" could better  be descr ib-  

1 
ed a s  perceptual systems. 

Golds tein made some interesting observations regarding 

perception: 

~ u l i a n  I-Iochberg, Perception, Englewood Cliffs, New Jersey ,  
Prentice Hall, 1964 



Perception involves a continuously active process of scanning, 
fixating, constructing scenes f rom parts  of scenes, interpreting, 
and remembering. An observer who takes par t  in this active pro- 
cess  can take in a large amount of information but the observer ' s  
capacity i s  limited by the constraints s e t  by his perceptual appar-  
atus. Our perceptual system demands that an object be fixated 
if i t  i s  to be seen in detail; thus, if the purpose of a presentation 
i s  to present detailed information, then time must  be allowed for 
for the observer to fixate every relevant image a t  leas t  once. As 
manufacturers of multi-media equipment claim, projecting multi- 
ple images, may, in  fact, present  "the maximum amount of infor - 
mation in the minimum time. " But we know there i s  no guarantee 
that a l l  of this information will be processed and remembered by 
the observer  unless adequate time is  allowed for the requisite 
fixations. On the other hand, we know that once a picture receives 
only a few fixations i t  i s  very likely that the picture will be recog- 
nized later .  The presentation should be slow enough to allow the 
necessary fixations, but, since our memory for pictures i s  excel- 
lent, overly long exposures a r e  not necessary. 2 

F o r  the purpose of this paper, most  of the emphasis i s  placed 

on the active visual and auditory systems. While the eye is  the pr imary  

organ of vision, the visual perceptual system includes a complex muscu- 

l a r  arrangement  that permits  an optical sea rch  of the environment, some 

what like the use of a search  light a t  night. Unlike vision, the reception 

of sound signals i s  not highly dependent upon the physical orientation of 

the receiver ,  although reception may be improved somewhat. 3 

The degree of success for people receiving audio information 

i s  much higher where reverberation is  controlled. Reverberation has a 

'E. Bruce Goldstein, "The Perception of Multiple Images, I t  

Audiovisual Communications Review, 23:34-68, Summer '73. 

3 ~ u l i a n  Hochberg, Perception, Englewood Cliffs, New Jersey ,  
Prent ice Hall, 1964 



marked influence in the understanding of speech a t  various distance 

between persons. There has been a grea t  change in construction tech- 

niques in recent  years  based on c lassroom resul ts .  Architects, planners, 

and administrators have had to pay close attention to acoustical require - 

ments.  New techniques for controlling noise have been incorporated, 

such a s  the use of constrained-layer damping to control structure borne 

noise resulting f rom mechanical vibrations, the planting of t rees  or  

shrubbery or  construction of walls along s t ree ts  for traffic noises, and 

the use of various p o ~ o u s  materials  for walls and floors to control r e -  

verberations within the classroom. 
4 

Caffarella defined reverberation and absorption a s  follows: 

The acoustical conditions in a room which contribute to ease  
in listening a r e  controlled by two concepts in acoustical theory-- 
absorption and reverberation. Absorption i s  the ability of a given 
mater ia l  to take in sound. Reverberation i s  the length of time a 
sound can be heard. The proper combination of absorption and 
reverberation make i t  acoustically conducive to the activity planned 
for that room. 5 

Kingsbury warned against ambient noise in the classroom: 

The two most  important c r i te r ia  over which architects,  en- 
gineers and educators have control a r e  the noise present  in the 
unoccupied classroom and the amount and placement of acoustical 
absorption. Of these two, by far  the most  important i s  the unoc- 
cupied (ambient) noise level. While this ambient noise i s  the 
resul t  of many noises, i t  i s  usually dominated by the noise f rom 

4 ~ a l p h  Clifton Morgan, "Acoustical Considerations for the Ad- 
ministrator  in school planning, Dissertation Abstracts,  31: 114A, 1969 

5 ~ .  P. Caffarella, "Acoustics of Educational Facili t ies? l 1  

Audiovisual Instruction, 18:lO-11, D '73 



the heating and ventilating equipment, although in urban locations,  
a significant addition can  be f r o m  exter ior  traffic noise. 6 

Rett inger outlined seve ra l  guidelines for the a rch i tec tura l  

engineers .  

The exploitation of audiovisual media cannot be successful  
until the a rch i tec tura l  designer of the new learning spaces  has  
been made aware  of the engineering c r i t e r i a  of hearing,  seating,  
sightl ines,  picture brightnes s ,  picture distort ion,  etc. The 
a rch i tec t  and acoustician thus become involved in technical d i s -  
cussions that, a t  f i r s t ,  might  appear  to be outside their  domain. 
But sound and sight of the modern  media a r e  so  intimately con- 
nected that i t  becomes des i rab le  for both of these designers  to 
consider  some of the technical  aspec ts  of f ron t - sc reen  and r e a r -  
s c r een  projection of f i lm,  television reception by monitor and 
by projected image,  l ec ture  presentation by recorded  tape, e t c . ,  
for the efficient presentation of these se rv ices .  

7 

The necessi ty  and value of acoust ical  design i s  a l so  outlined 

by Rett inger:  

The acoustic design of m o s t  rooms i s  p a r t  of the means  but 
not the end of the a rch i tec tura l  design of a building if we except 
such specialized s t ruc tu re s  a s  recording studios,  reverbera t ion  
chambers ,  and sound s tages .  Acoustics i s  a se rvant  to a rch i tec-  
tu re ,  along with lighting, ventilation, sanitation, heating, etc. 
Neverthele s s ,  acoustic planning involves visualization in three 
dimensions in such a way that  the resul tant  composition i s  both 
efficient acoustically and expres s  s ive esthetically.  It requi res ,  
therefore ,  creat ive ability of a special  kind for the fullest  develop- 
ment  of the a r t  and science that  a rch i tec tura l  acoust ics  i s .  8 

6 ~ .  F. Kingsbury, "Acoustics in a Changing C l a s s r ~ o m , ~ ~  
Educational Technology, 13: 62-4 ,  Mr  ' 7 3  

7 ~ i c h a e l  Rett inger,  Acoustics;  Room Design and Noise Con- 
t ro l ,  Chemical  Pub. Co. ,  1968 



School auditory dis t ract ions  adverse ly  affect  reading for 

genera l  meaning and have s imi l a r  effects on the performance of s tu-  

dents of'varying levels of mental  ability. Cer ta in  conditions m u s t  be 
4 

imposed where students a r e  helped to l ea rn  by controlling ambient  

sounds. It was found that  video-audio control ,  using e a r  phones for 

the audio pa r t  was effective for  technical  and science students but not 

for  the academic students. The longer the student used the apparatus  

during study, the g rea t e r  his learning gain. 9 

Many of the physiological and psychological effects of noise 

were  investigated by Seto. He noted: 

Noise in te r fe res  with work,  sleep,  and recreat ion.  I t  a l so  
causes  s t r a in  and fatigue, l o s s  of appetite and indigestion, i r r i -  
tation and headache. High intensity noise has  adve r se  cumulative 
effect on human hearing mechanism,  producing temporary  o r  
permanent  deafness.  Psychologically, noise adverse ly  affects 
the output of workers ,  dec reases  their  efficiency and increases  
their  abil i ty to e r r o r  because of dis t ract ion f r o m  work. Noise 
f r o m  machines  causes  wear  and damage to the machines.  10 

Rettinger pointed out that  noise i s  often a social  problem: 

A social  problem i s  one that concerns  human relationships,  
and noise i s  not unlike alcohol, drug addiction, and poverty in  
that  i t  can  cause  discord,  tension, i l lness ,  deafness,  and legal  
action. Noise i s  m o r e  wide-spread and insidious. Noise a s  a 
social  cause  of d i sease  i s  probably being underestimated today, 
in the face of hearing lo s se s  that  a r e  becoming m o r e  numerous and 

9Paul  Edward Surnter, "Learning experiment:  effectiveness 
of controlling environmental  dis t ract ions ,  l 1  Disser ta t ion Abs t rac t s ,  
31:2818A, 1969 

l 0 w i l l i a m  W. Seto, Acoust ics ,  New York, McGraw-Hill,  1971 



starting a t  an  ear l ie r  age. 11 

One of the problems of slow lea rne r s  o r  disadvantaged children 

i s  the auditory language used by their teachers for communication. 

Teachers need intensive training in linguistic fundamentals, the stages 

of language development, and the character is t ics  of the language or  

dialects spoken in their c lass  rooms in implementing available r e  sources . 
Then they must  be given freedom to manipulate these variables in the 

12 
matching of instruction to the children. 

Seto defined the sounds of speech: 

Speech sounds a r e  complex audible acoustic waves that provide 
the l is teners  with numerous clues.  Speech concerns the s tructure 
of language and i s  character ized by the interpretative aspect,  loud- 
ness ,  pitch, t imbre,  and tempo. Intelligibility of speech is  an  indi- 
cation of how well speech i s  recognized and understood. This de- 
pends on acoustic power delivered during the speech, speech 
charac ter i s  t ics,  hearing ability, and ambient noises,  13 

Rettinger considered three speech factors that a r e  important 

to communication: 

To cut through the maze of minute findings, we shall  con- 
s ider  only three principal speech factors:  

Digit communicability - This i s  generally very high, even 

l ~ i c h a e l  Rettinger, Acoustics; Room Design and Noise Con- 
t r o l ,  New York, Chemical Pub. Co.,  1968 

1 2 ~ a u l e t t e  Marlowe Alexander, "The development of auditory 
skills in young children: An interdisciplinary view, I '  Dissertation Ab- 
s t r ac t s ,  34:157A, 1973 

3 ~ i l l i a m  W. Seto, Acoustics, New York, McGraw-Hill, 1971 



when the signal-to-noise is  low. It i s  probably due to the ex- 
clusiveness of number sounds. 

Sentence communicability - This also ranks high on the 
ladder of intelligibility, chiefly because much meaning can be 
extracted f rom context, association, interrelation, etc. 

Word communicability - This i s  the lowest form of com- 
munication, and for a satisfactory score  requires  a high signal- 
to-noise ratio,  good hearing acuity, absence of speech defects 
and accents,  ample motivation, elevated speech level, short  
reverberation in the room and slow enunciation. Fifty percent 
word communicability of "articulation" i s  required for intelli- 
gent conversation or  sentence communicability. The intelli- 
gibility of words increases markedly with the number of sylla- 
bles per word, duo-syllable words being almost  twice a s  easily 
understood a s  mono syllables . 14 

The eye searches the world without stopping. Shapes would 

be a kaleidoscopic chaos unless corrections were made constantly to 

bring various points of interest  into clear  focus. The visual system 

seems to consist  of a shor t  t e r m  store with a capacity for sufficient 

information to recognize two complex symbols and a long-term s tore  

of effective unlimited capacity. 15 

Visual stimulation and interaction with one's environment 

play extremely important roles  in perceptual development while a t  

the same time processing &he organizing information play i s  equally a s  

important. The effective design and presentation of visual objects were 

1 4 ~ i c h a e l  Rettinger, Acoustics; Room Design and Noise Con- 
t rol ,  Chemical Pub. Co. , 1968 

1 5 ~ e a n  Wallace Hoover, "The effect of method of mater ia l  
presentation upon eye movements and comprehension, Dis sertation 
Abstracts ,  34:1483A, 1973 



found to be functions of many relationships. 16 

Franzwa pointed out the importance of meaningfulnes s : 

Meaningfulnes s of materials  to l ea rne r s  may vary within 
any given audiovisual presentation. Picture detail may range 
f rom simple line drawings to complex photographic reproduc - 
tions. Presentation mode may consist  of either the presentation 
of pictorial materials  alone o r  the addition of verbal materials ,  
visually or  aurally, to the pic tor ial  presentation. 17 

There seems to be no difference between male and female 

subjects in being able to distinguish between kinds of pictures. The 

more  complicated an image the l e s s  impact f i r s t  impressions made 

upon the individual. Higher academic achievement seems to increase 

the degree of perception. It has been found that persons with greater  

discrimination between pictorial images will a lso tend to think they see 

differences between identical images. The making of cr i t ical  decisions 

about pictorial images i s  more  stable for the individual than is  the 

sensitivity to the pictorial images. When materials  were matched 

to the student's reading level both the insufficient and irrelevant  infor - 

mation inhibited the subjects, but when pictures were added to all 

1 6 ~ e r a l d  Franklin McVey, "An analysis,  synthesis, and appli- 
cation of selected resea rch  findings to visual design and presentation by 
the visual specialist ,  " Dissertation Abstracts,  31:5274A, 1969 

7 ~ .  D. Franzwa, "Influence of meaningfulness, picture detail, 
and presentation mode on visual retention, I t  Audiovisual Communications 
Review, 21:209-23, Summer '73 

1 8 ~ e s l i e  Drews Stroebel, t lDiscrimination of pictorial stimulus 
attributes,  " Dissertation Abstracts ,  35:273A, 1974 



three types of information there we re  no significant difference between 

the mean performance of students. 19 

While many studies point out significant differences ac ross  

cultures in susceptibility to severa l  geometric o r  optical illusions, 

i t  should be brought out that the differences a r e  not based on factors 

of race. They a r e  for the most  pa r t  differences in experience. To a 

grea t  extent humans must  learn  to perceive. The basic process of 

perception i s  the same for a l l  mankind. Only the contents differ and 

only because they reflect different perceptual inference habits. 20 

While investigating the relationship of auditory perception to 

pr imary  grade reading abilities Lyness observed that good readers  

did not fail more  than one auditory subtest, whereas poor readers  failed 

a t  least  three o r  four. This suggested that compensation for a single 

auditory weakness can be accomplished, but compensation for more  

becomes progressively harder  a s  they increase in number. It can be 

seen that auditory perception plays an important role  in learning to read. 

Assessing the child's auditory abilities i s  important to designing a 

remedial program specific to his needs. 2 1 

' 9 ~ e n n e t h  A Polcyn, I1Improving social studies communication: 
A study of intervening variables (noise) affecting written materials ,  I '  

Dissertation Abstracts,  34:669A, 1970 

2 0 ~ e r l e  Leon Mickis h, "The relationship of viewing skills and 
visual perception, Dissertation Abstracts ,  31:2793A, 1970 

Z1sandra L. Lyness, "The relationship of auditory perception 
to pr imary  grade reading abilities, Dissertation Abstracts,  28:3028A, 
1967 



In the testing of middle-class second graders  i t  has been found 

that one half seem to prefer either an  auditory o r  visual relationship in 

memory for letter sequences and the most  efficient way of learning to 

spell  a word. Difficulty of mater ia l  did not seem to relate  to the super-  

iority of either channel of presentation of verbal materials .  
22 

Where materials  were quite difficult i t  has been found that the 

listening path was l e s s  effective than the visual path. High ability 

students were able to understand verbal mater ia l  much better than 

lower ability students. 23 

Items presented visually were recognized more  accurately than 

those presented verbally. Students requested to learn  images of selected 

i tems had higher recognition resul ts  than those requested to learn the 

items verbally. It i s  possible that verbal coding may be supplernented 

o r  replaced by visual coding when memory for more  than a few seconds 

i s  required. Encoding factors rather  than perceptual factors would 

cause differences which a r i s e  in memory and possible problem solving. 24 

2!Theodore Kobs, "The relationship between second graders '  
auditory/visual memory span for random letter sequences and auditory/ 
visual methods of learning to spell, Dissertation Abstracts,  33:2818A, 
1972 

23~tanton Phillip Thalberg, "An experimental investigation of 
the relative efficiency of the auditory and visual modes of presentation of 
verbal  material ,  " Dissertation Abstracts,  25: 1017, 1964 

2 4 ~ o b e r t  Thomas Jones, "The effect of multi-channel audio 
stimuli on learning efficiency, Dissertation Abstracts,  31:226A, 1969 



As the number of presentation channels increases,  the amount of 

learning decreases.  Materials learned under several  channels seem 

to be very resis tant  to forgetting. It was found that information pro- 

cessing tends to be confined to one cluster a t  a time. 25 



CHAPTER I11 

DISCUSSION O F  RESEARCH 

A goal for  a l l  school lighting i s  to allow students and ins t ruc tors  

to see  comfortably and efficiently, and without undue distraction.  Al- 

though proper  school lighting has been a concern for years ,  s t i l l  i t  

often happens that  too l i t t le attention i s  paid to the requirements  of p ro -  

pe r  lighting during ea r ly  planning s tages .  Too frequently the lighting 

layout i s  postponed until a l l  o ther  design problems a r e  solved, ins tead 

of considering illumination a s  a basic  ingredient of design. When the 

question of lighting i s  belatedly considered,  i t  i s  frequently found that  

some  of the proper  locations for lighting f ixtures  have been pre-empted 

by a s t ruc tu ra l  member  o r  a ventilating duct, and the quality of i l lum- 

ination m u s t  be compromised.  

The provision of p roper  lighting i s  of special  importance in 

learning spaces  intended for the optimum use of media;  i t  i s  the type 

and quality of lighting during the viewing of images that  i s  important.  

There  i s  a wealth of available information about proper  lighting for 

conventional learning tasks ,  but much l e s s  i s  known about proper  

lighting for image viewing. 
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In typical classroom situations, illumination i s  provided by a 

combination of natural and artificial  sources,  and often daylight i s  a 

major  contributor. For  ideal projection conditions, though, daylight 

i s  often a disturbing factor to be controlled o r  eliminated. Many of the 

smaller  spaces in which images a r e  projected will have windows, and 

where they provide too much ambient light on the screen,  they will 

have to be shaded. In the la rger  spaces intended for the use of pro-  

jected media, there should preferably be no windows. Artificial light- 

ing can readily be controlled, and in proper amounts i s  essential  to 

proper viewing conditions. Therefore,  the following will deal pr imar  - 

ily with illumination provided by artificial  means, 

In the design of interior spaces particularly,  artificial  light- 

ing should be considered a s  one of the essential  "tools" of archi tectural  

design; i t  may contribute a s  much a s  the choice of materials ,  finishes, 

o r  even the room shape itself. 

The four basic functions of lighting a r e  to provide: 1) visibil- 

i t y ,  a s  influenced by the amount, distribution, color, and control pro-  

vided; 2) comfort, a s  determined by the absence of glare and eye s train;  

3)  atmosphere, a s  provided by the psychological reactions produced; 

4)  composition, a s  seen in i ts effects upon the architectural surround- 

ings. Proper  lighting of the learning spaces should be designed to 

fulfill a l l  of these conditions. 

Optimum conditions for the viewing of projected media impose 
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two basic requirements in respect  to room lighting: 1) The provis.ion 

of appropriate levels and quality of illumination concurrently on the 

screen,  the desk surfaces and the surroundings; 2 )  The proper means 

and timing of lighting controls. 

The typical conventional c lassroom is  deficient on both counts. 

Usually darkening of the room necessitates lowering the window shades, 

o r  placing special blinds, then turning off the lights, and the light 

switch seldom is  located convenient to the projector. Then there i s  

insufficient light for note taking, and if the presentation i s  lengthy, 

drowsiness overtakes many of the viewers. 

In the main, i t  i s  the brightness of surfaces,  and especially 

the relative brightnesses (brightnes s ratio) of various surfaces within 

the field of vision, that a r e  of pr imary  concern. It 's  important to 

real ize that, contrary to a c o m o n  concept, brightness does not vary 

with large a reas ;  "contrast", a t e r m  with a s imilar  meaning, refers  

to the relative brightness of smal l  adjacent a reas ,  such a s  printed char -  

ac te r s  and their background. 

The essential  requirements of good lighting for optimum view- 

ing of projected images follow. During the projection of images on a 

screen,  the student' s tablet (or  writing) surface should be adequately 

lighted to facilitate taking notes. It should have a s  nearly a s  possible 

the same brightness as  the average brightness of the projected image. 

The light falling on the tablet surface should not produce shadows. 



The seated student should not be aware of room light sources within 

his normal line of vision. The brightness of other visual task surfaces,  

such a s  chalkboards and displays, when in use, should be about the same 

a s  that of the projected image. When not in use, their surface brightness 

should be lower, to blend inconspicuously with the general background. 

Other surfaces within the viewer's vision, including chalkboards and 

display a r e a s  not in use, should be l e s s  bright, but their brightness 

should not be l e s s  than one tenth of the average screen brightness. 

When no projection of images i s  taking place, the general level 

of room lighting should be consis tent with typical c lassroom lighting. 

In the large rooms,  supplementary local lighting should be provided on 

chalkboards, display surfaces,  demonstration a r e a s ,  and the instructor 

himself, a s  may be required. Projection screens  not in use should be 

inconspicuous. 

Lighting of p re - se t  levels should be controlled by the instructor,  

o r  "tied in" with projection equipment. In the in teres t  of economy, these 

lighting conditions should be achieved without the use of elaborate and 

expensive dimmer devices, custom fixtures o r  other costly equipment. 

In short,  the goal in order  to minimize eyes t rain i s  the achieve- 

ment  of proper relationships between the brightness of the screen image 

and other task surfaces and surrounding surfaces within the viewer's 

field of vision. This i s  somewhat complicated by the fact that the 

reference brightness value- -the average screen brightness - - is  not 



constant. (See Appendix A )  With any projected media,  i t  depends on 

number of variable factors such a s  the lumen output of the projector,  

the type of screen  used, and the nature of the projected mater ial .  Also, 

the character is t ic  average brightness of screen  image produced by 

various media differ even m o r e  significantly. It would be highly i m -  

practical to attempt to accommodate a l l  of these varying brightness levels. 

But i t  i s  advisable to provide several  levels of room lighting which a r e  

consistent with, and keyed to, the medium being used. 

In providing appropriate surface brightnes ses ,  the choice of 

colors  and textures i s  mos t  important consideration. The writing s u r -  

faces (desk o r  counter top) should be neither glossy white, prodccing 

glare,  nor a dark color,  contrasting with the writing paper, but should 

have a light-colored matte  finish with a light reflection value of fifty or  

sixty percent. The floor,  ceiling and walls may be generally light 

colored, but near  the projection screens ,  they may be darker  to mini-  

mize the amount of light they ref lect  on the screens .  Chalkboards should 

have low reflectance to provide good cont ras t  for chalk. The use of 

bright meta l  t r i m  anywhere in the room i s  distracting and objectionable, 

and should by a l l  means be avoided. 

Appropriate lighting levels should be predetermined and prese t ,  

and the ins t ruc tor ' s  control should extend only to the selection of sequence 

and duration. It i s  recommended that when a lectern i s  used, a s  in the 

l a rge r  spaces,  the lighting circui ts  be so arranged that they a r e  con- 

t rol led by the same switches which operate the projectors,  so that the 
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switch activating the projector also automatically reduces the level of 

room lighting, and the switch turning i f  off automatically r a i ses  the 

room lighting to i ts  normal  level. In the smaller  rooms lighting will 

be controlled by simple wall switches, or  may be pa r t  of the controls 

built into media modules. 

The lighting requirements become more  cr i t ical ,  and conse - 

quently the lighting sys tem becomes m o r e  complex, a s  the s ize of the 

learning space increases .  In the smal ler  rooms,  conventional ceiling 

light sources a r e  generally satisfactory for providing two levels and 

sufficient background lighting of wall and ceiling surfaces i s  usually 

provided by l l sp i l l l l  f rom these sources.  In the l a r g e r m m s ,  though, 

it i s  usually advisable to provide supplementary special "wash" light- 

ing on the wall a r e a s  to bring their brightness up to the proper level 

in respect  to the sc reen  brightness. 

F o r  l a rge r  spaces two basic types of systems a r e  possible. 

System A uses incandescent recessed  downlight located in the ceiling 

over the seating a r e a ,  with auxiliary lighting of the side walls by means 

of a continuous band of lamps mounted on the wall behind an opaque 

fascia  strip.  The whole sys tem i s  controlled a t  predetermined levels 

by means of dimmers.  System B consists of recessed  fluorescent 

t roffers  placed in continuous rows ac ross  the ceiling parallelling the 

seating rows, with a directional forty five degree cut-off, parabolic 

reflector grid located below the luminaires  and flush with the ceiling. 



Another line of single-lamp troffers with s imilar  reflector grids i s  

placed in the ceiling along each side wall to provide wash lighting on 

the walls. This system does not require dimmer controls; instead 

several  lighting levels can be provided by circui try and switching. In 

both systems,  accent lighting of the display surfaces,  chalkboards, 

demonstration a r e a  and instructor 's  station can be provided by units 

f rom the instructor 's  station by automatic switching tied-in with the 

projector controls. 

Naturally there a r e  modifications and combinations of these 

two systems that would perform satisfactorily. The choice mus t  be 

made by weighing factors such a s  initial and operating costs ,  mainten- 

ance costs ,  reliability, operating noise, and quality of desired light. 

Architectural acoustics has long been a matter  of concern in 

concert halls and large auditoriums, but only recently has good 

acoustics in nearly a l l  types of buildings become a concern. With the 

rising noise level of our modern environment, there i s  increasing con- 

c e r n  with noise control problems, and now acoustical requirements a r e  

even being introduced into building codes. 

Good acoustics a r e  important in school buildings. Education 

depends on communication; good hearing conditions a r e  just a s  es  sential  

a s  good lighting, and both must  be carefully considered early in the 

planning stage. The growing in teres t  in school building acoustics has 

led to many special studies and investigations. Two developments in  
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part icular  have prompted this concern; the introduction of open plan- 

ning and the increasing use of electronic media in teaching. Both of 

these developments a r e  highly significant, and both complicate the 

"noise problem". Unfortunately, a s  they affect acoustics,  they a r e  

basically incompatible. 

There a r e  two objectives of acoustics. 1. Good conditions 

for hearing must  be provided wherever desired. 2. The elimination, 

a s  far  a s  possible, of unwanted sound o r  noise mus t  be accomplished. 

Both a r e  important in school design, but not necessari ly  of equal i m -  

portance in a l l  spaces.  This depends upon the intended function of the 

space. 

Hearing conditions within a room or  space depend upon the 

s ize  and shape of the room, the location and volume of sound, and the 

disposition of sound-absorbing and sound-reflecting surfaces within 

the room. The sound heard a t  any point within confined space consists 

of direct  sound f rom the sound source,  plus an infinite sequence of 

sound reflections f r o m  surrounding surfaces.  The sound level of 

these reflections - -the reverberant  sound- -depends upon whether the 

surroundings --the walls, f loor,  ceiling and furnishings--absorb o r  

ref lect  the sound. Good hearing conditions a r e  achieved by the control 

of sound reflection and absorption, and this, in turn, involves severa l  

basic requirements:  

1. The reinforcement, a s  necessary,  of the sound source by 

reflective surfaces.  



2.  The avoidance of long-delayed reflections f rom remote 

hard surfaces.  

3 .  The elimination of inter-reflections (flutter) between 

paral lel  hard surfaces.  

4. The control of the persistence of sound (reverberation).  

5. The control of background noise within the room. 

Good hearing conditions a r e  obviously essential  in a l l  spaces 

where the learning process requires  listening. Listening i s  essent ial  

in  learning rooms of a l l  s izes,  f rom the smal l  conference rooms to 

la rge  auditoria, but good hearing conditions a r e  seldom a problem to 

achieve in smaller  spaces. As the s ize of the space increases,  so 

also does the importance of acoustical design, and the proper planning 

of large spaces may require the assis tance of acoustical experts.  

Surface treatments and finishes in smal l  rooms have relatively 

little effect on hearing conditions. In the medium group spaces accom- 

modating up to sixty persons, i t  will generally suffice to provide a 

peripheral a r e a  of absorptive mater ia l  on a l l  sides of the room except 

that occupied by the instructor.  A major pa r t  of the ceiling a rea  should 

be hard and reflective to reinforce the instructor 's  voice or  other sound 

sources.  

In the la rger  group spaces,  the disposition of reflective and 

absorptive surfaces,  including the shape of the room itself, becomes 

increasingly important a s  the room dimensions and the distance sound 

m u s t  travel become larger .  The objective should always be to so 
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dispose these materials  within the room that occupants do not receive 

perceptibly delayed repetitions of a sound. If the surfaces lining the 

room a r e  hard, and therefore sound-reflective, sound waves a r e  

bounced back and forth many times before they die out, and a long 

"reverberation period" resul ts .  When large a r e a s  of porous, and 

therefore sound-absorbant mater ia l  such a s  carpet,  upholsterd furni- 

ture o r  special acoustical a r e  introduced, the reflective 

energy i s  greatly reduced. Sound i s  largely absorbed and dies away 

quickly; the reverberation period i s  greatly reduced. 

The acoustical factors have important design implications. 

They dictate that surfaces relatively close to the sound source should 

be relative to amplify and disperse the sound, while surfaces behind 

the audience, facing the sound source, should be absorptive to minimize 

reflection and reverberation. The provision, in effect, of an inclined 

"sounding board1' surface over the instruc tor1 s a r e a  i s  essential ,  

and may often be provided by the conformation of the ceiling itself. 

As a rule,  other ceiling surfaces,  too, should be reflective, flat planes. 

Curved surfaces,  particularly domes, should be avoided, because they 

focus, rather  than disperse sound. Non-parallel side walls, converging 

in  the direction of the sound source, a r e  preferred,  because they improve 

the dispersion of sound and tend to reduce the reverberation period. 

As the room size increases ,  the conformation of the floor a r e a  

becomes important for acoustical reasons a s  well a s  for viewing. Sloped 

o r  stepped floors in the la rger  spaces improve the general hearing 
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conditions, because sound f rom the front of the room is  better dispersed 

to a l l  members  of the audience. I t ' s  important to remember  that good 

sight lines mean good "hearing lines. 

Under normal  conditions, amplification sys tems should not be 

necessary  in mos t  of the facilities i f  the recommendations a s  to room 

shape and acoustical t reatment  a r e  followed. Exceptions will occur in 

the la rge  rooms where i t  may be advisable to provide means of reinforc- 

ing live speech because of the likely limitations of some speakers .  In 

a l l  of the learning spaces,  though, electronically reproduced sounds 

will be used in facilities should be provided for their distribution. 

With a built-in sound sys tem being required anyway, i t  may be des i ra-  

ble in the l a rge r  rooms to design i t  to be used a lso  for amplification and 

distribution of live sounds. In a l l  cases ,  there should be only one sound 

sys tem in any learning space, and i t  should be capable of accommodating 

interchangeably a l l  needs --sound t racks  on films, audio tapes, radio, 

television audio, intercom announcements, and when desired,  sounds 

picked up by room microphone. 

F o r  the l a rge r  rooms there should be, 1) distributed, low 

level systems,  with speakers  locatedat  various points in the ceiling, 

and 2) central ,  high level systems,  with a single speaker (or  battery of 

speakers)  located a t  a point above the instructional a r e a  and directed a t  

the center of the audience. The selection will depend on the s ize and 

functions of the space. 
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A minimym requirement of any sound sys tem i s  that i s  have 

sufficient reproductive quality for full intellgibility. In most  of the 

rooms music will frequently be reproduced, and in certain rooms 

this may be the chief function of the system. The tonal quality of the 

system then becomes of prime importance. I t ' s  essential  in a l l  cases ,  

too, that uniform volume be provided throughout the listening a r e a  with 

no feedback. When used to amplify live speech, i t ' s  important that the 

amplified sound seems to be coming f rom the same source a s  the d i rec t  

live sound. 

F o r  reasons previously indicated, the problems of sound isola-  

tion between spaces a r e  probably more  urgent--and more  difficult--in 

today's schools than a r e  those related to the direction of sound originat- 

ing within the listening a r e a  itself. (See Appendix B )  The expanding use 

of reproduced sounds calls for improved sound b a r r i e r s ,  while a t  the 

same time the search  for spatial freedom and flexibility encourages the 

elimination of substantial space dividers. Unfortunately, the invisible 

sound b a r r i e r  is  yet to be invented and some logical compromise solu- 

tion i s  necessary. 

Three principal factors determine the "quietnes s" of an enclosed 

space in respect  to air-borne sounds: 1) the level of sound (noise) in 

adjacent spaces; 2 )  the sound insulation quality of the intervening space 

enclosure; 3) the level of background noise within the space itself. It 

i s  the relationship of these factors that determine the degree of acousti-  

ca l  comfort experienced in a room. F o r  many years the importance of 
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the sound insulating value (o r  t ransmiss ion  l o s s )  of walls and floors has 

been recognized. I t t  s only recent ly  that the significance of background 

noise has  received much attention. 

Sound isolation f r o m  outside sources  can be provided ei ther  by 

distance o r  by enclosure.  Within a building sound isolation m u s t  be pro-  

vided by floors and parti t ions,  and i t ' s  in the construction of parti t ions 

that  m o s t  problems of isolating a i r -bo rne  sounds a r i s e .  When sound 

waves s t r ike  a boundary separting two media ,  some of the incident 

energy i s  reflected f r o m  the sur face  and the remaining energy i s  t r ans -  

mit ted into the second medium. Some of this energy i s  eventually con- 

ver ted by various processes  into hea t  energy and i s  sa id  to have been 

absorbed by that medium. Although a l l  ma te r i a l s  do absorb  some 

incident sound, the t e r m  l lacoust ical  mater ia l "  has  been pr imar i ly  

applied to those ma te r i a l s  which have been produced for the specific 

purpose of providing high values of absorption.  The ma jo r  uses  of 

acoust ical  ma te r i a l s  a r e  a lmos t  invariably found to include the reduction 

of reverberan t  sound p r e s s u r e  levels and the reduction of reverbera t ion  

t ime  in enclosures .  

Since about 1965,  the use and var ie ty  of available specialized 

acoust ical  ma te r i a l s  has  great ly  increased.  This has been due mainly 

to both increased  technology and public awareness  and concern about 

noise in everyday life. In turn,  this has led many public bodies and 

commerc ia l  public se rv ice  operations to rea l ize  the benefits of provid- 

ing good acoust ical  conditions for  their  cl ients.  The archi tect  and 



acous t ica l  engineer now have a wide choice of sound-absorbing 

ma te r i a l s  which not only provide the des i red  acoust ical  proper t ies ,  

but a l so  offer a n  extremely wide var ie ty  of co lors ,  shapes,  s i ze s ,  

light reflectivit ies,  f i re  ra t ings ,  and methods of attachment- -to say  

nothing of the cos t s  of purchase,  installation, and upkeep. 

Although a wide range of sound-absorbing ma te r i a l s  exis t  

which provide absorption proper t ies  dependent upon frequency, com- 

position, thickness,  surface finish, and method of mounting, they can  

be divided into five ma jo r  c las  sifications. 

Po rous  sound abso rbe r s  constitute the f i r s t  group. Porous  

ma te r i a l s  a r e  charac te r ized  by the fact  that the nature  of their  sur faces  

i s  such that  sound energy i s  able  to enter  the ma te r i a l s  by a multitude 

of sma l l  holes o r  openings. They consis t  of a s e r i e s  of tunnel-like 

pores  and openings which a r e  formed by in te rs t ices  in  ma te r i a l  f ibers ,  

o r  by foamed products. (Usually the m o r e  open and connecting these 

passages  a r e ,  the l a r g e r  the values of the sound-absorbing efficiency 

of the m a t e r i a l . )  When a porous m a t e r i a l  i s  exposed to incident sound 

waves,  the a i r  molecules a t  the sur face  of the ma te r i a l  and within the 

pores  of the ma te r i a l  a r e  forced to vibrate  and in doing so lose  some 

of their  original  energy. This i s  because p a r t  of the energy i s  converted 

into heat  due to frict ional and viscous lo s se s  of a i r  molecules a t  the 

walls of the inter ior  pores  and tunnels within the mater ia l .  At  low 

frequencies these changes a r e  i so thermal ,  while a t  high frequencies 

they a r e  adiabatic. In fibrous ma te r i a l s ,  much of the energy can a l so  
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be absorbed by scat ter ing f r o m  the f ibers  and by the vibration caused 

in  the individual f ibers .  The amount of incident energy absorbed i s  

usually strongly dependent upon (a )  frequency, (b) thickness, and (c )  

methods of mounting. These should always be considered in the choice 

of a par t icular  mater ia l .  (See Appendix C )  

Pane l  o r  membrane  abso rbe r s  a r e  the second classification 

group. When a sound source  i s  turned on in a room, a complex pat tern 

of room mode i s  s e t  up, each having i t s  own charac te r i s t ic  frequency. 

These room modes a r e  able,  in turn,  to couple acoustically with 

s t ruc tu re s  in the room, o r  even the boundaries of the room,  in such 

a way that acoustic power can be fed f r o m  the room modes to other 

s t ruc tu ra l  modes in, for example,  a panel hung in the room. 

The evidence shows that  resonant  panels can be very  efficient 

abso rbe r s .  In addition, their  nonperforated sur faces  a r e  durable and 

can  be painted with no effect  on their  acoust ical  proper t ies .  It i s  

important  that  this type of sound abso rbe r  be recognized, a s  such, in  

the design of an  auditorium. Fa i lu re  to do so ,  o r  to underestimate 

i t s  effect, will lead to excessive low frequency absorption,  and the 

room will have a relatively shor t  reverbera t ion  time. The room will 

then be considered to be acoustically unbalanced and will lack warmth. 

Typical panel abso rbe r s  found in auditoria include; gypsum board 

parti t ions,  wood paneling, windows, wood f loors ,  suspended ceil ings,  

ceiling re f lec tors ,  and wood plat forms.  
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Helmholtz resona tor  abso rbe r s ,  the third classification group, 

cons is t  of a n  acoustic cavity contained by rigid walls and connected to 

the outside by a sma l l  opening cal led the neck. Incident sound causes  

a i r  molecules to vibrate back and for th  in  the neck section of the resona-  

to r  like a vibrating m a s s  while the a i r  in the cavity behaves like a spring.  

Such a n  acoustic m a s s  spring sys t em has  a par t icular  frequency a t  

which i t  becomes resonant.  A t  this frequency, energy lo s ses  in the 

sys t em due to frict ional and viscous forces  acting on the a i r  molecules 

i n  and c lose  to the neck become maximum, and so  the absorption 

charac te r i s t ics  a l so  peak a t  that frequency. Usually there  will be only 

a very  sma l l  amount of damping in the sys tem,  and hence the resonance 

peak i s  usually very  s h a r p  and nar row,  falling off ve ry  quickly on each  

side of the resonance frequency. 

Although Helmholtz type resona tors  could be built for any 

frequency, their  s ize  i s  such that  they a r e  used mainly for low frequen- 

c i e s  in  the region fifty to four hundred Hertz .  Because of their  s h a r p  

resonance peaks,  undamped resona tor  abso rbe r s  have par t icular ly  

selective absorption charac te r i s t ics .  Therefore ,  they a r e  used p r i m a r -  

i ly  in  situations where a par t icular ly  long reverberat ion t ime i s  observed 

a t  one frequency. 

Acoustical  spray-on ma te r i a l s ,  the fourth classification group, 

cons is t  of a range of ma te r i a l s  formed f r o m  mine ra l  o r  synthetic organic 

f ibers  mixed with a binding agent to hold the fibrous content together in 
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a porous manner and also to a c t  a s  an adhesive. During the spraying 

application the fibrous mater ia l  i s  mixed with a binding agent and water 

to produce a soft lightweight mater ia l  of coa r se  surface textrue with 

high sound-absorbing character is t ics .  Due to the nature of the binding 

agent used, the mater ia l  may be easily applied directly to a wide number 

of surface types including wood, concrete,  meta l  lath, steel,  and gal- 

vanized metal.  When sprayed onto a solid backing, this type of spray-  

on mater ia l  usually exhibits good mid  and high frequency absorption 

and, when applied to, for example meta l  lath with an a i r  space behind 

i t ,  the mater ia l  then also exhibits good low frequency absorption. The 

absorption values increase with grea ter  depth of application, especially 

a t  low frequencies. 

Acoustical plaster  i s  the fifth and l a s t  of the classification 

groups. The application i s  made either to a plaster base o r  to concrete,  

and must  have a solid backing. Because of this, acoustical plasters  

have poor low frequency absorption character is t ics  (also due to the 

thickness of application which r a r e l y  exceeds one half inch). 

To be totally effective, any sound ba r r i e r  mus t  be air-t ight.  

Even the smallest  opening, such a s  open points or  c racks ,  e lectr ical  

outlet boxes back to back, or  keyholes, will greatly reduce the sound- 

isolating value of a partition. A l l  openings a r e  sound leaks,  and have 

even more  significance, relatively, then leaks in waterproofing. A hole 



of only one square inch in one hundred square feet of wall having a 

forty decibel transmission loss  rating will "leak" a s  much sound 

a s  a l l  the r e s t  of the wall. 

It i s  because of a combination of deficiencies--light mass ,  

stiffness and most  importantly, numerous leaks - -that until recently 

most  reasonable priced flexible o r  folding par  titions have been re la-  

tively ineffective a s  sound ba r r i e r s .  In the past several  years this 

situation has improved. Some manufac torer  s have developed new 

products which a r e  better designed and engineered with careful atten- 

tion to a better choice of materials  and thorough edge sealing, resulting 

in greatly improved acoustical performance. 

In some of the newer schools, open planning has been used 

extensively with no full partitions separating classrooms or  corr idors .  

Proponents of such planning claim that the l iberal  use of carpeting, 

acoustical surfacing and baffles, can overcome noise problems. 

Studies have been made to evaluate this approach to school planning, 

emphasizing i t s  psychological advantages and attempting to rationalize 

i t s  acoustical disadvantages. Significantly, although the majority of 

teachers interviewed appear to find the spaces generally quite accept- 

able,  many of them stated that the use of television o r  record  playing 

in adjoining a r e a s  i s  distracting. 

The omission of full and substantial partitions between learn-  

ing spaces limits the proper and effective use of electronic media. 
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Open planning of this type (without full partitions) may be acceptable 

for some teaching- -learning situations, particularly among young 

children, where a high level of background noise can be tolerated. It  

cannot be recommended where electronic media a r e  to be regularly 

used, unless headsets o r  low volume speakers  a r e  employed. The 

minimum acceptable sound b a r r i e r  between spaces planned for the 

regular  use of electronic media should have a t ransmission loss  of 

not l e s s  than forty decibels. 

Background noise level within the learning space itself m u s t  

a l so  be reudced below objectionable levels. The m o r e  commonly dis- 

turbing sources a r e  mechanical ventilation equipment and projection 

equipment. An enclosure should be provided for a l l  projectors to 

minimize their noise. In smal ler  rooms,  such enclosures may be 

simply boxes o r  "media modules" containing the equipment. Interior 

surfaces of these enclosures should be lined with sound absorbent 

mater ial .  

In the la rger  rooms,  front projection equipment should be 

housed in permanent llsoundproof'l projection booths. Projection should 

be through a glazed panel, ra ther  than open ports,  and the glazing 

should be heavy plate glass s e t  in resi l ient  gasketing. Rear  projec- 

tion spaces for the large rooms mus t  also be carefully designed to 

confine equipment noises. The projection sc reen  will be vulnerable 

to sound leakage. If a rigid sc reen  i s  used, i t  should be s e t  in 



37 

resi l ient  mountings. The typical flexible screen  has inadequate value 

a s  a sound b a r r i e r ,  and should be backed up with a plate glass  panel 

sealed with a resi l ient  compound o r  gasket. Both types of projection 

a r e a s  should contain sound absorbent mater ial ,  and any doors con- 

necting i t  with the learning space should be of solid construction and 

gasketed, 

Another acoustic problem a r i s e s  in an audiovisual lecture 

room when a number of black and white o r  color television monitors 

a r e  suspended f rom the ceiling for viewing by severa l  student groups. 

In such a set-up i t  becomes important that the reproduced sound f rom 

any one of the sets  does not destructively interfere with the sound f r o m  

any other s e t  or  number of se ts ,  and vice versa .  The answer l ies  in  

carefully orienting each television s e t  and installing sufficient sound- 

absorbent mater ia l  on the walls, and floor of the enclosure to reduce 

the magnitude of the f i r s t  reflections. (See Appendix D) 

Few lec turers  a r e  able to speak sufficiently loudly in enclosures 

of more  than fifty thousand cubic feet  in volume to produce in the r e a r  

sections sound p ressu re  levels of sixty decibels o r  more -  -comfortable 

listening levels. Many cannot even generate sufficient sound power in 

smal ler  enclosures unless the room i s  on the live side, with windows 

closed, and the ventilating or  a i r  -conditioning sys tem operating a t  a 

low level. When film o r  television projectors with noisy cooling fans 

a r e  in operation in the same room, the un-reinforced speech of the 
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l ec tu re r  frequently i s  even l e s s  well understood. Hence audiovisual 

enclosures with volumes la rger  than ten thousand cubic feet should 

have facilities for amplifying the lec turer ' s  voice. 

The position of the sound reinforcement loudspeakers should 

be above the lec turer ,  and preferably slightly ahead of him toward the 

audience, to avoid acoustic feed-back between the loudspeakers and 

his (preferentially directional ) microphone. 

If today's education i s  to become tomorrow's means for surviv- 

a l ,  i t  i s  important to examine school building plans carefully f rom a 

combined acoustic -psychologic point of view. While a i r  -conditioning 

i s  definitely a necessity in our metropolitan school systems,  i t  does 

not follow that a l l  windows may be eliminated, particularly for elemen- 

t a ry  c lassrooms with their impressionable charges.  Even smal l  

double-pane windows, to le t  in some sunlight and to permit  an  occasion- 

a l  look outside, appear desirable in such enclosures.  There a r e  other 

significant factors,  such a s  shape of room (preferably square) ,  s ize of 

room (ten thousand cubic feet),  coloring, and others,  which deserve 

consideration along with the acoustics of the room to provide suitable 

learning spaces.  

The s tudy of noise and acoustics in education can be extended 

to a study of the noise conditions encountered by children in their home 

lives. These conditions have a significant effect upon the learning abili-  

t ies of the children. We can forget about the lullaby of Broadway. The 
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ci ty 's  noise does not soothe. Children who live in i t  develop trouble in 

discriminating between similar  words. If this happens, their ability 

to read i s  also affected. In many of our cit ies there a r e  apartment 

houses and homes that a r e  surrounded by traffic-choked streets .  The 

din of diesel trucks, s i rens ,  the screech of brakes and the roar  of 

motorcycles make up the daily diet of noise. Most of the thousands of 

people in hundreds of cities learn to tolerate the noise and some may 

even become insensitive to it. But the cost  of this tolerance i s  high. 

Where children live in multi-  s tory apartment buildings, i t  has 

been found that those who live on the higher floors a r e  not affected a s  

much by noise. Inve s tigations have found a significant relationship 

between floor level and auditory discrimination, scores  in word know- 

ledge, reading comprehensions, and reading total in children who have 

lived in apartment buildings for m o r e  than four years. These findings 

suggest that length of exposure and intensity of noise were important 

in  determining the ability to discriminate be tween sounds and reading 

achievement. There i s  the suspicion that the reading deficit i s  largely 

a function of poor auditory discrimination. In any case ,  i t  can be said 

that both auditory discrimination and reading achievement a r e  related 

to the intensity of the noise and the length of exposure to it. 



CHAPTER IV 

SUMMARY AND CONCLUSION 

SUMMARY 

This paper was designed to bring out various ways in which 

the control of the visual and acoustic concepts influence the environ- 

ment  of education. It must  be remembered that in the case  of a l l  of 

these elements the f i r s t  thing that mus t  take place i s  the presentation 

of any mater ia l  so that the perception sys tems of the human will 

begin to operate. 
/=' 

Attention i s  the prime factor in perception of educational 

materials .  They must  be presented in various manner s so that per -  

ception can take place. The severa l  factors that influence the effec- 

tiveness of presentation practices a r e  the ability level of the students, 

difficulty of the material ,  preference of sensory mode (visual or  

auditory), speaking ra te ,  noise s t r e s s ,  effective visual design, and 

presentation practices. 

It seems that the higher the ability of the students the higher 

the degree of perception possessed by these students. In a l l  cases  i t  

seems that a s  the difficulty of the mater ia l  increases the speed of 
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perception slows down. People vary in how they use their visual and 

auditory modes. Some prefer use of the visual mode, some prefer 

use  of the auditory mode, and about one half do not have very much 

preference between the two. 

There a r e  many kinds of visual designs, some of which a r e  

used to conceal, and some of which a r e  used to accentuate. In this 

discussion the emphasis i s  placed on the type of design that will be 

effective in an  educational situation, one which will make sense to the 

perception system being used. This of course i s  not a simple task 

because effective visual design and presentation a r e  functions of many 

relationships. 

Where two clusters  of information a r e  used for information 

processing, i t  was found that processing proceeded on one cluster a t  a 

time. The consequences of perceptual factors for performance in a 

concept identification task, such things a s  size,  color, and shape of 

the stimuli among which must  be chosen f rom t r ia l  to trial .  When using 

c lus ters  of information which a r e  unlike each other i t  was found that 

consecutive hypotheses tend to be selected f i r s t  f rom one and then the 

other. It was also determined that presenting eight stimulus dimensions 

i n  two clusters  tends to direct  many aspects of information processing 

to one cluster a t  a time. 

Processing of visual images works much better when the images 

a r e  of a la rger  size. Images of a smaller  size take longer to process.  



Complex images will be processed in a much less  complete way and 

take longer. As images a r e  constructed but the process consumes m o r e  

time, the la rger  the image, the more  time required. 

Discrimination e r r o r s  and response latencies a r e  significantly 

dependent on grammatical s t ructure,  grammatical s t ructure was found 

to be only a partial  explanation, however, and additional factors obviously 

influence visual processing to a considerable extent. 

A se r i a l  position effect was also found and indicates that the 

ear l ies t  i tems on a visual l i s t  a r e  leas t  remembered. This i s  the reverse  

of the ser ia l  position effect found for auditory-verbal data and strengthens 

the hypo the s i  s that two di s tinc t s y s tems a r e  involved. 

When memory for more  than a few seconds i s  required for a r r a y s  

of let ters ,  patterns of geometric shapes, sequences of binary digits, and 

abs t rac t  line drawings, i t  i s  conceivable that verbal coding may be sup- 

plimented o r  replaced by another fo rm of storage--visual imagery. It 

has been found that paired-associate learning of concrete nouns can be 

greatly enhanced by the use of imagery which links the objects named 

by the nouns. Items presented visually were recognized more  accurately 

than items presented verbally. When instructed to form images of the 

study i tems,  the students had higher recognition scores  than those in-  

structed to encode verbally. Recognition memory i s  enhanced when 

imagery of the items i s  employed. 

Speech intelligibility i s  significantly influenced by variations 
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in reverberation time, speech- to-noise ratio,  and speaker - to-lis ten- 

e r  distance. Listener performance will be the highest under anechoic 

conditions and will decrease a s  reverberation time i s  increased. As 

distance increases f rom s ix  to twelve feet the interaction of reverbera-  

tion, noise, and distance caused reductions in speech intelligibility 

far  beyond the independent effects of those factors.  

Methods of reducing the noise inherent in the a i r  ducts of 

heating o r  a i r  conditioning systems and comparison of materials  to be 

used a s  floor covering a r e  some problems considered when archi tects ,  

planners , and school administrators  confer when planning new school 

plants or consider when remodeling or  planning to co r rec t  unfavorable 

acoustic conditions. 

While viewing a r t  symbols there was al tered relationships 

between reading efficiency and eye movement, decreased vergence of 

ocular excursion and span of recognition, and increased fixations and 

duration of fixation also increased duration of fixation while viewing 

straight line drawings. 

In the ability to identify pictorial images there i s  no difference 

between deaf o r  hearing persons o r  between male o r  females. In the 

perception of pictorial images mos t  of the major development takes 

place below the eighth grade level. In the perception of pictorial image 

attributes,  which a r e  such things a s  lightness, hue, saturation, s ize,  

shape, sharpness,  arrangement,  boundary, and noise, the following 



three things may be observed: one, there i s  a positive relationship 

in academic achievement; two, taking conventional a r t  and photography 

courses  makes no significant improvement; andthree,  there i s  a decrease 

a s  the number of attribute variables increase.  

CONCLUSION s 

There a r e  three general a ims in this study. One a i m  i s  that in 

controlling the acoustical concepts in education, i t  i s  possible to show 

how the a r e a s  of auditory abilities and auditory discrimination a r e  

greatly enhanced because of the much better information t ransfer  pro-  

c e s s  depending on the proper intelligibility of the spoken word. Two, to 

show that visual discrimination and visual perception a r e  key factors in 

the general subject of visual l i teracy,  and three,  to show that the visual 

and the auditory a r e a s  reinforce each other in many ways but can work 

against each other. 

It was found that speech intelligibility was influenced by such 

things a s  reverberation time, speech-to-noise ratio,  and speaker-to- 

l is tener  distance. Most of these conditions a r e  influenced b y  the way 

the school faci l i t ies  have been constructed, especially that of reverbera-  

tion time. Proper  methods of construction, proper kinds of mater ia ls  

used in the construction process ,  and proper arrangement  of school 

rooms will do much toward improving the situations. 

It was found that visual discrimination and visual perception 
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a r e  dependent upon the perception sys tem of the individual. Light in  

i t s  various forms i s  the key to visual attention. Processing of visual 

images works much better when the images a r e  of a l a rge r  size. Com- 

plex images will be processed in a much l e s s  complete way and take 

longer. A picture g rammar  provides a reasonable f i r s t  approximation 

to a theory of visual processing. 

The visual and the auditory a r e a s  reinforce each other in many 

ways but can work against each other. People vary in how they use 

their visual and auditory sensory modes. Verbal coding may be supple- 

mented o r  replaced by visual imagery. Items presented visually were 

recognized m o r e  accurately than i tems presented verbally. Recognition 

memory i s  enhanced when imagery of the i tems i s  employed. Effective 

visual design and presentation a r e  functions of many interrelationships. 



CHAPTER V 

RECOMMENDATIONS 

Adequate attention must  be paid to the requirements of proper 

lighting during early planning stages of building a new building. The 

type and quality of lighting i s  important during viewing of images. In 

smal l  rooms where windows a r e  located, shading i s  necessary to con- 

t rol  ambient daylight during use of projected images. In larger  rooms 

intended for projected media there should be no windows. Here a r t i -  

ficial lighting can be controlled to provide proper amounts. 

In most  installations, fluorescent lighting i s  desired for any 

time that screen  projections a r e  not being used. Because Fluorescent 

lamps mus t  have full rated voltage in order  to operate,  either another 

circui t  equipped with dimmer switches for incandescent lamps o r  

another circui t  with very dim lamps to supply a prese t  light level 

could be used for screen projection periods. 

The proper relationship between the brightness of the screen 

image and other task surfaces and surrounding surfaces within the 

viewer's field of vision i s  necessary  to minimize eyestrain. The 

desk surfaces should have a light-colored matte finish with a light 

reflection value of fifty o r  sixty percent. The use  of bright metal  t r i m  
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anywhere in the room i s  distracting and objectionable. 

The light circui ts  and projector circui ts  should be arranged 

so that they can be controlled f rom one location favorable to the instruc-  

tor.  In l a rge r  rooms i t  i s  usually advisable to provide supplementary 

special lighting on the wall a r e a s  to bring their brightness up to 

the proper level in respect  to the screen  brightness. 

Good listening conditions a r e  achieved by the control of sound 

reflection and absorption by: one, the avoidance of long-delayed ref lec-  

tions f rom remote hard surfaces;  two, the elimination of flutter between 

parallel  hard surfaces;  three,  control of reverberation; four, reinforce - 

ment  of the sound sources by reflective surfaces;  and five, control of 

background noise within the room. 

Surfaces relatively close to the sound source should be relative 

to amplify and disperse the sound, while surfaces behind the audience, 

facing the sound source,  should be absorptive to minimize reflections 

and reverberation. Nonparallel side walls, converging in the direction 

of the sound source,  a r e  prefer red ,  because they improve the disper-  

sion of sound and tend to reduce the reverberat ion period. Sloped o r  

stepped floors in the l a rge r  spaces improve the general hearing condi- 

tions, because sound f rom the front of the room i s  better dispersed to 

a l l  members  of the audience. 

There should be only one sound sys tem in any learning space 

and i t  should be capable of accommodating interchangeably a l l  needs-- 
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sound tracks on film, audio tapes,  radio, television audio, intercom 

announcements, and sounds picked up by room microphone. A mini - 

m u m  requirement of any sound sys tem is  that i t  have sufficient r ep ro -  

duction quality for full intelligibility. 

There a r e  five recommendations for rooms which a r e  to be 

used for either speech o r  music reception or  both: One, adequate 

loudness--the sound arr iving a t  the l is teners  must  be of sufficient 

intensity so that they can hear ,  understand, and appreciate the sound; 

two, uniform sound distribution- -each member of the audience should 

be subjected to the same sound intensity independent of seating location. 

This requirement eliminates so-called hot and dead spots in the room; 

three,  optimum reverberation. In order  to understand speech fully, 

each component of the speech must  be heard by the l is tener .  If the 

room has a long reverberation time, then the speech components overlap 

and a loss  of intelligibility resul ts .  Similarly for music enjoyment and 

appreciation, a cer tain amount of reverberation is  required in order  

to obtain the quality and blend of the music; four, f reedom from acousti-  

ca l  defects - -many physical character is t ics  of listening rooms have a 

direct  adverse effect on the quality of the sound received by the l is tener .  

These a r e  generally known a s  acoustical defects and include: resonance, 

distortion, flutter echoes, long delayed reflections, focusing, and 

acoustical shadows; five, f reedom f rom excessive background noise. 

It i s  clearly important that the sound received by a l is tener  should not be 



mixed  with detectable ex te r ior  o r  in te r ior  unwanted noises .  Such 

sounds m a y  completely ruin what m a y  otherwise be a room with excel-  

lent  acoust ics  by distracting the l i s  t ene r f  s attention and by masking the 

wanted sound to produce lower intelligibility of speech and poor subjec - 

tive reception of music .  

Within a building sound isolation m u s t  be provided by f loors  and 

parti t ions.  The sound-insulating proper t ies  of a b a r r i e r  a r e  determined 

largely by the m a s s  and iner t ia  of the b a r r i e r  mater i  a l .  To be totally 

effective, any sound b a r r i e r  m u s t  be a i r - t ight .  The l ibera l  use  of 

carpet ing,  acoust ical  surfacing and baffles can overcome noise problems 

in the new open planning schools.  The minimum acceptable sound b a r r i e r  

between spaces  planned for the regular  use  of electronic media  should 

have a t ransmiss ion  loss  of not l e s s  than forty decibels. 

In the l a rge r  rooms,  f ront  projection equipment should be housed 

in  permanent  ' lsoundproof'l  projection booths. Television monitor s e t s  

should be carefully or iented to prevent  destructive interference of sound 

between se t s .  Audiovisual enclosures  with volumes l a r g e r  than ten 

thousand cubic feet  should have facil i t ies for amplifying the l ec tu re r  s 

voice. 

The impor tance of the proper  use of light and sound to the media  

spec ia l i s t  a s  well a s  to a l l  other educators  i s  growing a t  a f a s t  pace. 

Students will be able to benefit f r o m  the result ing educational improvement.  

The re  a r e  many unanswered problems in the visual and auditory a r e a s  

that  requi re  future investigation. 
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60 Smith pool 
Bohler pool 

Noisy home Mode r a t e  50 Fieldhouse 
Average off  i c e  

Quiet home Faint  
Auditorium 

Whisper Very f a i n t  1 0  
Rustl ing leaves 



OPT I I W M  FEVERBERAT I O N  

Organ music 
Choirs 
Symphonies 

Recital 

STANDARD SPACES 

I!$iDWR SPORTS SPACES 

RELrnBERAT ION 
TIME, SECONDS 

SFORTS SPACES 
REVEREERAT I O N  TINES 

AT 500 Hz 
8.0 Fieldhouse 

7 00 Smith gymnasium 

Opera 1.0 
High  school  auditoriums 
Lecture rooms 
Playhouses 
E l e  mentary classrooms 
Broadcast s tud ios  

New gym pool  
i iandbal l / racquetbal l  

cour t s  
New gym gym 

Smith pool 
8oh le r  pool  



APPENDIX C 



ABSOFtPT ION CHARACTER IST ICS OF NONPOROUS UTERIALS 





A P P E N D I X  D  



FRONT-SCREEN PROJEC TION 

Advantages 

1 )  Wide var ie ty  of s c reens  available 

2)  Conventional audio equipment 

3)  Smal le r  projection angle tends to produce l e s s  image distort ion 

Disadvantages 

1 )  Tolerate  l e s s  ambient light in viewing a r e a s  

2 )  Noisy when projector  i s  located in  viewing a r e a  

3 )  Produces  heat  in viewing a r e a  when projector  located therein  



REAR-SCREEN PROJECTION 

Advantages 

1) Higher ambient  lighting level  permiss ib le  in viewing a r e a s  

2 )  Les s  audible projector  noise in viewing a r e a  if s c r een  is  made 

a solid window 

3 )  Instructor before s c r e e n  does not c a s t  shadow on i t  

Disadvantages 

1) Large r  projection angle tends to produce image distort ion 

2 )  Lighting in projection room m u s t  be kept low, encumbering manual  

operations therein 

3 )  Less  readi ly  available audio equipment 

4)  Less  cont ras t  due to l ight-scat ter ing in  s c r e e n  ma te r i a l  



r LOUDSPEAKER G R I U  \ Tp :m 

B U C K  BOARD 

UNIVERSITY LLmllilE ROOM (UKIVEiLSITY OF CALIFafffiIA, LA JOLLA, R. L. A m -  
AND%R, ARCHITECT), EnPLOYING COLOR TV HONITCRS ON CEILING, REAR AND 
FRONT-SCREEN FROJECTXON, AND SOWD REINFY3RCWW SYSTsM 


