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ABSTRACT 

An i n t e r a c t i o n  a n a l y s i s  ca tegory  system, t h e  A c t i v i t y  Categor ies  

Instrument ,  was used t o  s tudy t h e  behavior  p a t t e r n s  of seventh grade 

sc i ence  c l a s s e s  us ing  a c t i v i t y - o r i e n t e d  sc i ence  u n i t s .  A pre l iminary  

survey showed t h a t  a l l  t h e  t e a c h e r s  depended e q u a l l y  on t h e  curr iculum 

guide bu t  f a i l e d  t o  e s t a b l i s h  any s t rong  r e l a t i o n s h i p  between b iographica l  

and behav io ra l  c h a r a c t e r i s t i c s  of t h e  t e a c h e r s  (wi th  t h e  except ion of 

exper ience) .  

Five s e l e c t e d  i n d i c e s  of i n s t r u c t i o n a l  s t r a t e g i e s  were examined 

t o  determine: 

a )  t h e  e x t e n t  of t e a c h e r  i n d i r e c t n e s s  i n  t each ing  t h e  l e s sons ,  

b )  t h e  e x t e n t  of  s tuden t  p a r t i c i p a t i o n  i n  p r a c t i c a l  a c t i v i t i e s  i n  t h e  

sc i ence  c l a s s ,  

c )  t h e  p ropor t ion  of  t eache r  ques t ions ,  

d)  t h e  e x t e n t  and n a t u r e  of t eache r  t a l k  a s  w e l l  a s  s tuden t  t a l k  

dur ing  d i scuss ion  ( f o u r t h  and f i f t h  i n d i c e s ) .  

The r e s u l t s  r evea l ed  a  s i g n i f i c a n t  degree of t e a c h e r  i n d i r e c t n e s s  and 
l 

a corresponding degree of s tuden t  p a r t i c i p a t i o n  i n  p r a c t i c a l  a c t i v i t i e s ,  

bu t  a  low degree  of  t eache r  ques t ion ing ,  p a r t i c u l a r l y  dur ing  p r a c t i c a l  

a c t i v i t y .  The a n a l y s i s  of t h e  r e s u l t s  a l s o  showed a  p o s s i b l e  r e l a t i o n -  

sh ip  between t h e  s u b j e c t  m a t t e r  and teaching  s t r a t e g y .  Teachers tended 

t o  t a l k  un in t e r rup ted  f o r  a  g r e a t e r  p a r t  of d i scuss ion  t ime,  whi le  

s tuden t  un in t e r rup ted  t a l k  was gene ra l ly  low. Observat ion showed no 

major d i f f e r e n c e s  i n  s t r u c t u r e  and procedure of  s c i ence  c l a s s e s  

(major i ty  of l e s sons  being t h e  Elementary Science Study - ESS - 
sc ience  u n i t s )  w i t h  experiments s t r u c t u r e d  i n  con ten t  and procedure. 



The s i z e  of c l a s s e s ,  s p l i t  c l a s s e s ,  l a c k  of adequate  l abo ra to ry  

f a c i l i t i e s  and t h e  ungraded na tu re  of t h e  u n i t s  were some of  t he  problems 

i n  teaching  a c t i v i t y - o r i e n t e d  sc ience  perce ived  by t h e  t eache r s .  

The obse rva t ion  ins t rument  was n o t  found adequate  t o  determine t h e  

c o g n i t i v e  a s p e c t s  of  t h e  i n s t r u c t i o n a l  s t r a t e g i e s ,  and i t  was recommended 

t h a t  two o r  more obse rva t ion  systems be used i n  o r d e r  t o  a s c e r t a i n  t h e  

l e v e l  of s tudent  c o g n i t i v e  func t ioning  a s s o c i a t e d  w i t h  these  s t r a t e g i e s .  
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CHAPTER I 

INTRODUCTION 

Laboratory lessons  have been s t r e s s e d  a s  an important f a c t o r  

i n  t h e  a c q u i s i t i o n  of science knowledge a t  a l l  l e v e l s  of education. 

Several  s t u d i e s  have shown the  p o s i t i v e  r e l a t i o n s h i p  of the  labora tory  

approach - which has  been i n c o n s i s t e n t l y  r e f e r r e d  t o  a s  e i t h e r  a 

discovery o r  an inqu i ry  approach - and the  at tainment of meaningful 

s c i e n t i f i c  s k i l l s .  I n  the  elementary school  curriculum of B r i t i s h  

Columbia a s  i n  t h e  school systems of o t h e r  developed and developing 

na t ions  sc ience  i s  assuming r e l a t i v e l y  more importance. The B. C. 

Department of Education through i t s  rev i s ion  committees i n  science 

education has  prepared curriculum guides intended t o  g ive  the  sc ience  

t eacher  some guidance i n  handling h i s  sc ience  program. The philosophy 

t h a t  science i n  t h e  elementary school should be explora tory  i s  f u l l y  

acknowledged i n  t h e s e  guides.  

Science i s  l a rge ly  experimental and t h e  teaching 
of i t  should, the re fo re ,  be based on observation 
and inves t iga t ion .  A good science l e s son  i s  an 
inquiry ,  an inves t iga t ion .  The c l a s s  should be 
l e d  from the  f a m i l i a r  everyday app l i ca t ion  of 
sc ience  t o  enquire  f u r t h e r  i n t o  i t s  nature. .  . . . . 
Whenever poss ib le  the  i n v e s t i g a t i o n s  should be 
performed by the  s tudents  themselves,... 
Demonstration work by the teacher  should a l s o  have 
t h e  na tu re  of inves t iga t ion ,  wi th  t h e  whole c l a s s  
part icipat ing. . .The quest ion and answer lesson is  
s t i l l  necessary and the  lec ture- type  lesson should 
be used when necessary. A s  a rough guide 40-50% 
of the  time should be spent  i n  ind iv idua l  
labora tory  work.* 

! *Province of B r i t i s h  Columbia, Department o f  Education, Division of 
I 
I 

Curriculum, Elementary Science, Years 1-7, Vic to r i a ,  1969. 
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Hence i t  i s  t o  be  expected t h a t  much of the  a c t i v i t y  i n  t h e  c l a s s  w i l l  

be s tudent-centered,  a  program t h a t  he lps  t h e  c h i l d  t o  observe, 

hypothesize and i n f e r  - t o  acquire  a l l  t he  a t t r i b u t e s  of modern 

= c i e n t i f i c  inqui ry .  

How can t h i s  ob jec t ive  be achieved i n  t h e  sc ience  classroom? 

c his study i s  based on the  b e l i e f  t h a t  d i r e c t  observat ion  of science 

classroom a c t i v i t i e s  o f f e r s  g r e a t  p o t e n t i a l  f o r  discovering some of 

the  problems i n  and developing new s t r a t e g i e s  f o r  t h e  r e a l i z a t i o n  

of t h i s  goal.  "Direct observation can and should be used i n  the  

search f o r  e f f e c t i v e  p a t t e r n s  of teaching- learning behavior." 

(Ober, 1971) 

STATEMENT OF THE PROBLEM 

Analysis of p u p i l  and teacher  behavior through d i r e c t  

observation i n  t h e  classroom has  been i n  extens ive  use i n  recent  

years. This  method i s  most o f t e n  used f o r  purposes of teacher  

t r a i n i n g  and supervision.  It could we l l  be used i n  the  f i e l d  of 

elementary science education where, even though, t h e  value of 

p r a c t i c a l  a c t i v i t i e s  has received genera l  acceptance, the  na ture  of 

such a c t i v i t i e s  has  s t i l l  t o  be c l e a r l y  presented  t o  teachers.  A s  

s t u d i e s  i n  classroom i n t e r a c t i o n  i n  o t h e r  d i s c i p l i n e s  have revealed,  

i n  order  t o  achieve some des i red  ob jec t ives  to. the  exclusion of 

o t h e r s ,  i t  i s  necessary t h a t  s p e c i f i c  kinds of  behavior p a t t e r n s  be 

exhibi ted  by the  teacher.  But i n  t h e  f i e l d  of elementary science 

l i t t l e  i s  known about des i rab le  behavior p a t t e r n s ,  s ince  most of the  

work reported der ives  from survey ques t ionna i res  o r  experimental 



s t u d i e s  u s ing  o t h e r  r e sea rch  designs.  Th i s  may r e s u l t  from t h e  

newness o f  s c i ence  a s  an i n t e g r a l  p a r t  o f  t h e  elementary school  

curriculum. Besides,  t h e  p r o l i f e r a t i o n  of  s c i e n c e  u n i t s  based on 

vary ing  psychologica l  and ph i lo soph ica l  foundat ions  has  compounded t h e  

t e a c h e r ' s  problem i n  adap t ing  t o  t h e  new elementary science.  

In  t h e  f a c e  of t h i s  problem, i t  becomes necessary  t o  i n v e s t i g a t e  

t h e  classroom c l ima te  a s  a p r e r e q u i s i t e  t o  determining a  s t r a t e g y  t h a t  

would r e s u l t  i n  maximum s tuden t  l e a r n i n g  i n  a  l abo ra to ry -o r i en t ed  

elementary sc ience  program. I n  a  broader  framework t h e  problem may be 

seen a s  : 

1. The need t o  exp lo re  t h e  n a t u r e  of  i n t e r a c t i o n  p a t t e r n s  i n  s c i ence  

l e s s o n s  i n  o r d e r  t o  d i scove r  gene ra l  c h a r a c t e r i s t i c s  of  teaching  

and l e a n i n g  i n  t h e  sc i ence  classroom. (An exp lo ra to ry  s tudy) .  

2. The need t o  de tennine  t h e  r e l a t i o n s h i p  between teacher -pupi l  

i n t e r a c t i o n  and p u p i l  achievement; And 

3. The development of necessary  i n t e r v e n t i o n s  f o r  t h e  achievement of  

d e s i r e d  o b j e c t i v e s  i n  r e l a t i o n  t o  s t a g e  2 above, i . e .  an 

e f f e c t i v e  p r e - s e r v i c e  and i n - s e r v i c e  program f o r  t e a c h e r s  of science.  

PURPOSE OF THE STUDY 

The s tudy was addressed t o  t h e  f i r s t  problem o u t l i n e d  i n  t h e  

s ta tement  i . e .  t o  conduct an exp lo ra to ry  s tudy t o  determine t h e  

gene ra l  c h a r a c t e r i s t i c s  of classroom i n t e r a c t i o n  of  a  sample of Seventh 

Grade Science c l a s s e s .  In  o r d e r  t o  achieve  t h i s  purpose two o b j e c t i v e s  

were s e t  up. 

Minor Ob jec t ive  

This  was t o  determine t h e  g e n e r a l  c h a r a c t e r i s t i c s  of  seventh grade sc i ence  



t e a c h e r s  i n  r e l a t i o n  t o  t h e i r  exper ience ,  academic and p r o f e s s i o n a l  

t r a i n i n g ,  t h e  i n s t r u c t i o n a l  a i d s  and o t h e r  p e r t i n e n t  infromation.  

For t h i s  purpose a q u e s t i o n n a i r e  was cons t ruc t ed  and t e s t e d  i n  a  

s e l e c t e d  school  d i s t r i c t .  A f t e r  a n a l y s i s  of  t h e  r e t u r n s  of  t h e  q u e s t i o n n a i r e  

i t  w a s  found necessary  t o  r e v i s e  t h e  q u e s t i o n n a i r e  f o r  t h e  main s tudy.  

Major Ob jec t ive  

The major  o b j e c t i v e  was t o  conduct a  d e s c r i p t i v e  s tudy o f  c l a s s -  

room i n t e r a c t i o n  o f  s e l e c t e d  seventh  g rade  s c i e n c e  t eache r s .  Th i s  

o b j e c t i v e  was t o  be achieved by: 

1. Examination of  b iog raph ica l  c h a r a c t e r i s t i c s  of  t h e  t eache r s .  

2. D i r ec t  obse rva t ion  of  s e l e c t e d  seventh  g rade  s c i e n c e  c l a s s e s  u s ing  

a s t anda rd i zed  ins t rument .  

3 .  Analys i s  of  t h e  behav io ra l  da t a  w i th  r e s p e c t  t o  s e l e c t e d  i n d i c e s  

desc r ibed  a s  A c t i v i t y  R a t i o ,  Laboratory Ra t io ,  Ques t ion ing  Ra t io ,  

S tudent  Extended Talk Ra t io  and Teacher Extended Talk  Rat io .  

4 .  Examination o f  any o t h e r  f a c t o r s  emerging from q u e s t i o n n a i r e  da ta  

o r  d i r e c t  obse rva t ion .  

Ins t ruments  

The in s t rumen t s  used f o r  t h i s  s tudy  were: 

1. A q u e s t i o n n a i r e  designed purposely f o r  t h e  s tudy ,  and f u r t h e r  

r e v i s e d  through a  p i l o t  s tudy.  The r e v i s e d  q u e s t i o n n a i r e  i s  

shown i n  Appendix B.  

2 .  A modif ied system o f  F l ande r s '  I n t e r a c t i o n  Analysis  ca tegory  

system, t h e  A c t i v i t y  Categor ies  Instrument  (ACI) developed by 

Caldwell  (1970) (See Appendix C). Th i s  i s  an  e leven-ca tegory  

ins t rument  designed a s  a  q u a n t i t a t i v e  model f o r  eva lua t ing  sc i ence  



l e s sons  through d i r e c t  observa t ion .  The ins t rument  was f i r s t  developed 

and v a l i d a t e d  a t  Syracuse Un ive r s i t y  and h a s  been used s i n c e  f o r  

observa t ion  of e lementary sc ience  l e s sons  i n  t h e  United S t a t e s  and i n  

methods cour ses  i n  West V i rg in i a  and Syracuse Univers i ty .  

The e leven  c a t e g o r i e s  a r e  subdivided i n t o  two main s e c t i o n s  i . e .  

s t uden t - cen te red  and teacher -cantered  a c t i v i t i e s .  Student-centered 

a c t i v i t i e s  i nc lude  open-ended l abo ra to ry  expe r i ences ,  s t r u c t u r e d  

l abo ra to ry  expe r i ences ,  s tudent  group work and group and ind iv idua l  

demonstrat ions done independent ly o r  w i t h  minimum a s s i s t a n c e  from t h e  

t eache r ,  s tuden t  t a l k ,  and s tuden t  l i b r a r y  research .  

Under t eache r -cen te red  a c t i v i t i e s  a r e  student-workbook work, 

t e a c h e r  demonstrat ion,  and l e c t u r e .  

Teacher ques t ion ing  and havoc a r e  t h e  remaining c a t e g o r i e s  which 

do not  f a l l  i n t o  e i t h e r  two s e c t i o n s .  

S e l e c t i o n  of  t h e  popula t ion  and sampling procedure 

The g r e a t e r  Vancouver Area where t h i s  s tudy was conducted covers  about  

9 school  d i s t r i c t s  shown i n  Table I. Using s i z e  and a c c e s s i b i l i t y  a s  

t h e  c r i t e r i a  Coquitlam School D i s t r i c t  was s e l e c t e d  f o r  t h e  pre l iminary  

s tudy wh i l e  t h e  l a r g e r  Surrey D i s t r i c t  was s e l e c t e d  f o r  t h e  main s tudy.  

For t h e  p re l imina ry  s tudy  a l l  t h e  s u b j e c t s  i n  t h e  popula t ion  were 

used f o r  t he  a n a l y s i s .  In  t h i s  study c e r t a i n  assumptions were made wi th  

r ega rds  t o  t h e  i n f l u e n c e  of  b iog raph ica l  da t a  on teaching  method and t h e  

s e l e c t i o n  of r e sou rces .  Among t h e s e  assumptions were experience,  

academic and p r o f e s s i o n a l  background, number of grades  taught  a s  

c o n t r i b u t i n g  f a c t o r s  t o  teaching  method and r e source  s e l e c t i o n .  The 

c r i t e r i o n  f o r  "experience" was based on t h e  t ime of i n t r o d u c t i o n  of 

t h e  new curr iculum guide  i n  1968. Teachers who taught  s c i ence  be fo re  



TABLE I 

SCHOOL DISTRICTS 

OF GREATER VANCOWER AREA 

Numb e r 
Number o f  D i s t r i c t  Name o f  D i s t r i c t  o f  Elementary Schools 

~urrey/White Rock 
Delta 
Richmond 
Vancouver 
New Westminster 
Burna by 
Coqui tlam 
North Vancouver 
West Vancouver 



1968 be ing  t h e  exper ienced  o r  "long se rv i ce"  and those  e n t e r i n g  t h e  

i n  o r  a f t e r  1968 "shor t  service".  These assumptions were t o  form 

t h e  r a t i o n a l e  f o r  sampling procedure i n  t h e  main s tudy.  However, they  

were n o t  supported by t h e  r e s u l t s  of t h e  p re l imina ry  s tudy ,  making i t  

necessary  t o  cons ide r  t h e  sample f o r  t h e  main s tudy  i n  t o t o ,  r a t h e r  

than  a s  members of p a r t i c u l a r  groups. 

Rat iona le  f o r  t h e  s e l e c t i o n  of t h e  popula t ion  

S e l e c t i o n  of t h e  grade  was based on a c a r e f u l  examination of t h e  

Curriculum gu ides  of  t he  B r i t i s h  Columbia Department of  Education, Grades 

I - VII (Elementary Sc ience ) ,  1969, Grade VIII ( J u n i o r  Secondary School 

Sc i ence ) ,  1968. Grade VII sc ience  was chosen, s i n c e  it 1s the l a s t  s t a g e  

of t h e  elementary sc i ence  and t h e r e f o r e  s e r v e s  a s  a t r a n s i t i o n  between 

elementary and j u n i o r  secondary sc i ence .  The Grade VIII sc i ence  a s  t he  

beginning of a sequence covering Grades IX and X ,  i n  c o n t r a s t  t o  t h e  

elementary school  s c i ence ,  covers  s p e c i f i c  a r e a s  - Biology, Chemistry, 

Astronomy and Geology. Fu r the r ,  t h e  Curriculum Guide f o r  Science I -. VII 

sugges ts  v a r i o u s  a l t e r n a t i v e  methods t h a t  l end  themselves t o  s epa ra t e  

i n v e s t i g a t i o n  w i t h  r e s p e c t  t o  classroom i n t e r a c t i o n ,  though t h i s  i s  beyond 

t h e  scope of t h i s  s tudy.  For example, t h e  development of s epa ra t e  cou r ses  

designed f o r  p a r t i c u l a r  groups of s t u d e n t s ,  o r  t h e  design of "a core  

m a t e r i a l  f o r  a l l  s t u d e n t s  and enr iched  m a t e r i a l s  f o r  some" i s  recommended 

a s  a means of meeting t h e  needs and a b i l i t i e s  of a l l  types of s tuden t s .  

S i g n i f i c a n t l y ,  t h e  Science I - VII guide  recommends t h e  u s e  of t h e  

g e n e r a l l y  s tuden t - cen te red  elementary sc i ence  m a t e r i a l s  r e c e n t l y  developed 

through v a r i o u s  sc i ence  curr iculum p r o j e c t s .  S p e c i f i e d  f o r  Grade VII 

sc i ence  i n s t r u c t i o n  g e n e r a l l y ,  a r e  t h e  Elementary Science Study (ESS) 

and Elementary School Science P r o j e c t  of t h e  Un ive r s i t y  



of  I l l i n o i s  (ESSP-ILL) s c i e n c e  u n i t s .  These cur r icu lum approaches 

s a t i s f y  t h e  main requirement  o f  t h i s  s tudy  - t h e  s tudy  o f  a c t i v i t y -  

o r i e n t e d  s c i e n c e  l e s sons .  

DEFINITION OF TERMS USED I N  THE STUDY 

Ac t iv i t y -Or i en t ed  Lesson: I n  t h i s  s tudy  t h i s  r e f e r s  t o  any sc i ence  

l e s son  t h a t  a f f o r d s  t h e  l e a r n e r  t h e  oppor tun i ty  f o r  phys i ca l  manipula- 

t i o n  of  o b j e c t s  a s  a major  means of  l e a rn ing .  

A c t i v i t y  ----- Rat io :  The r a t i o  of t i m e  spent  i n  s tuden t - cen t r ed  a c t i v i t i e s  

t o  t i m e  spen t  i n  t eache r - cen t r ed  a c t i v i t i e s  a s  desc r ibed  by t h e  A c t i v i t y  

Ca tego r i e s  Ins t rument  (See Figure 5 , Appendix C) . 
Category Systzerl One of  two b a s i c  k inds  of  obse rva t ion  systems. A 

ca tegory  system provides  c l a s s i f i c a t i o n  of  behavior  t h a t  t h e  obse rve r  

l e a r n s ,  and a t  i n t e r v a l s  during obse rva t ion  determines i n  what ca tegory  

an observed behavior  f a l l s  and r e c c r d s  t h a t  ca t ego ry  number. 

The o t h e r  k ind  i s  t h e  Sign System-, t h a t  l i s t s  a number of  s p e c i f i c  

i n c i d e n t s  of behavior  t h a t  may o r  may n o t  occu r  dur ing  t h e  obse rva t ion  

pe r iod .  The obse rve r  simply checks once ( i r r e s p e c t i v e  of  frequency o f  

occurence)  each behav io r  t h a t  occu r s  du r ing  t h e  obse rva t ion  per iod .  

Classroom Climate: Refers  t o  g e n e r a l i z e d  a t t i t u d e s  toward t h e  t e a c h e r  

and t h e  c l a s s  t h a t  t h e  p u p i l s  s h a r e  d e s p i t e  i n d i v i d u a l  d i f f e r e n c e s .  

Classroom I n t e r a c t i o n  (Behavior) :  Teacher-pupi l  c o n t a c t s  o r  v e r b a l  

and non-verbal  b e h a v i o r a l  a c t s  t h a t  occur  i n  t h e  classroom. 

D i r e c t  Teaching S t r a t e g y :  Teaching- learn ing  s i t u a t i o n  where t h e r e  i s  

more t e a c h e r  a c t i v i t y  than  s t u d e n t  a c t i v i t y .  

I n d i r e c t  Teaching Strategy: Teaching- learn ing  s i t u a t i o n  where t h e r e  

i s  more s t u d e n t  a c t i v i t y  than t e a c h e r  a c t i v i t y .  



I n t e r a c t i o n  Analysis  System: A system t h a t  enab le s  one t o  q u a n t i f y ,  -- 
and ana lyse  s p e c i f i c  classroom behavior .  I n  t h i s  s tudy  t h e  term r e f e r s  

s p e c i f i c a l l y  t o  t h e  system developed by Ned Flanders .  

Laboratory Experiences:  Any independent p r a c t i c a l  i n v e s t i g a t i o n  o r  

experiment ( s imple  o r  complex) c a r r i e d  ou t  i n  t h e  classroom by t h e  

s tuden t  t o  d i s cove r  r e l a t i o n s h i p s  between a  set of o b j e c t s  o r  i deas .  

This  need n o t  be i n  a  s p e c i a l  l abo ra to ry .  

Laboratory Ratio: The p ropor t i on  of  t ime spen t  i n  l a b o r a t o r y  exper iences  

t o  t h e  t o t a l  t ime spen t  t eaching  sc ience .  

Long Se rv i ce  Teachers:  Teachers  w i t h  s c i e n c e  teaching  exper ience  of 

more than t h r e e  yea r s .  

Observat ion System: An organized o b j e c t i v e  means o f  looking  a t  c l a s s -  

room behavior  o r  i n t e r a c t i o n .  

Quest ioning Rat io:  Questions a s  a  f r a c t i o n  of t o t a l  t e a c h e r  t a l k .  

Shor t  Se rv i ce  Teachers:  Teachers w i th  l e s s  than t h r e e  y e a r s  of s c i e n c e  

t each ing  exper ience .  

Student  Extended Ta lk t  A s i t u a t i o n  where a  s t u d e n t  t a l k s  u n i n t e r r u p t e d  

f o r  an i n t e r v a l  of  more than t e n  seconds. Th i s  may be success ive  t a l k s  

by more than one s t u d e n t  without  i n t e r r u p t i o n  by t h e  t e a c h e r ,  

Sys temat ic  Observat ion:  A method o f  o rgan iz ing  nbserved teaching  and 

l e a r n i n g  a c t s  i n  a  manner which a l l ows  any t r a i n e d  person who fo l lows  

s t a t e d  procedures  t o  observe ,  r eco rd  and ana lyse  i n t e r a c t i o n s  s o  t h a t  

o t h e r s  viewing t h e  same s i t u a t i o n  would a g r e e ,  t o  a g r e a t e r  e x t e n t ,  

w i th  h i s  recorded sequence of  behzvior .  

Teacher -------------- Extended Talk:  A s i t u a t i o n  when a  t e a c h e r  t a l k s  u n i n t e r r u p t e d  

by a  s t u d e n t  o r  h i s  own aues t fons  o r  o t h e r  a c t i v i t i e s  f o r  a  pe r iod  of 

more than t e n  seconds. 
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Teaching S t r a t e ~ y :  A pat tern  of  teaching a c t s  that  s erves  t o  a t t a i n  

c e r t a i n  r e s u l t s  and guard aga in s t  c e r t a i n  o thers .  

Verbal Behavior: Any a c t i o n  of a teacher o r  student  that  i s  expressed 

by t a l k i n g .  



CHAPTER I I 

REVIEW OF THE LITERATURE 

The l i t e r a t u r e  was reviewed t o  r e f l e c t  t h e  two major  i d e a s  embodied 

i n  t h i s  s tudy i .e .  t h e  new "student-centered" sc i ence  c u r r i c u l a  and 

t h e  use o f  sys t ema t i c  obse rva t ion  of classroom a c t i v i t i e s  f o r  determining 

and developing e f f e c t i v e  teaching  s t r a t e g i e s .  '.As an exp lo ra to ry  s tudy  

an e l a b o r a t e  expos i t i on  of  t h e o r e t i c a l  c o n s t r u c t s  under ly ing  t h e s e  two 

b a s i c  i d e a s  was n o t  a t tempted,  though a  b r i e f  r a t i o n a l e  based on c e r t a i n  

concepts  of  i n s t r u c t i o n a l  theory  o r  sc ience  curr iculum development was 

o u t l i n e d  where necessary .  

THE ELEMENTARY SCIENCE 

S o c i a l  Imp l i ca t ions  of  Science Education 

The main concern ove r  elementary school  s c i ence  i n  North America 

h a s  been f o r  i t s  improvement which focuses  mainly on t h e  i d e n t i f i c a t i o n  

of d e f e n s i b l e  o b j e c t i v e s ,  r econs t ruc t ion  of  t h e  cur r icu lum,  u t i l i z a t i o n  

of  p u p i l  i n t e r e s t s ,  s t u d i e s  of  concept development and l ea rn ing ,  

encouragement of i n q u i r y  and d iscovery ,  e v a l u a t i o n  of achievement, 

development of  e f f e c t i v e  teaching  resources ,  and more adequate  p r e -  

s e r v i c e  and i n - s e r v i c e  educa t ion .  

The development of  t h e  new sc i ence  c u r r i c u l a  h a s  no t  depar ted  

s i g n i f i c a n t l y  from t h e  underlying ph i lo soph ie s  o f  educa t ion  i n  t h e  

democrat ic  process .  I n  t h i s  framework t h e  educa t iona l  p roces s  should 

o p e r a t e  under  f o u r  c a r d i n a l  p r i n c i p l e s  important  t o  e f f e c t i v e  and 

s a t i s f y i n g  pe r sona l  and s o c i a l  l i f e .  These a r e :  

1. The r ecogn i t i on  of t h e  importance of  t h e  i n d i v i d u a l  a s  a  

human being ; 



2. Opportuni ty f o r  wide p a r t i c i p a t i o n  i n  a l l  phases  of  a c t i v i t i e s  

of  t h e  s o c i a l  groups i n  t h e  s o c i e t y ;  

3. Encouragement of v a r i a b i l i t y  r a t h e r  than demanding a  s i n g l e  

t ype  of p e r s o n a l i t y  ; 

4. F a i t h  i n  i n t e l l i g e n c e  a s  a  method of d e a l i n g  w i t h  important  

problems r a t h e r  than depending on an a u t o c r a t i c  o r  a r i s t o c r a t i c  

a u t h o r i t y  (Ty le r ,  1949).  

New Direc t ions  and Relevant Research i n  Science Education 

I n  t h e  con tex t  of t h e  development of t h e  sc i ence  curr iculum a s  

i n  o t h e r  s u b j e c t s ,  t h e  emphasis i s  now on i n q u i r y  and d iscovery  

approach which is i n  accordance w i t h  t h e  s o c i a l  p r i n c i p l e s  o u t l i n e d  

above. For t h e  p a s t  few yea r s  a  c o l l e c t i o n  of curr iculum packages have 

been developed under v a r i o u s  p r o j e c t s .  These u n i t s ,  though they may 

d i f f e r  i n  con ten t ,  have a  common c h a r a c t e r i s t i c  i n  t h a t  they  r e l y  on 

c h i l d  involvement i n  t h e  process  of i n q u i r y  - much more manipulat ion of 

o b j e c t s  than  r e g u r g i t a t i o n  of s c i e n t i f i c  f a c t s  pouring from t h e  d i r e c t i o n  

o f  teachers .  

The Elementary School Science P r o j e c t  o f  t h e  Univers i ty  o f  

C a l i f o r n i a ,  Berkeley, designed i n s t r u c t i o n a l  u n i t s  b u i l t  on fundamental 

concepts ,  u n i t s  which would f o s t e r  i n d u c t i v e  t h i n k i n g  (Sco t t ,  1962). 

The Elementary Sc ience  Study (ESS) of Educat iona l  Se rv i ces ,  Incorpora ted ,  

Mass.(Nichols, 1964) ,  depending l a r g e l y  on an i n t u i t i v e  approach h a s  

designed a  s e r i e s  of curr iculum u n i t s  t h a t  enab le  t h e  c h i l d  t o  "work 

w i t h  h i s  own hands, mind and h e a r t  .I1 

The Science Curriculum Improvement Study (SCIS) of  t h e  Un ive r s i t y  

of  C a l i f o r n i a ,  Berkeley (Karplus,  1970),  h a s  developed a  program based 



on h i e r a r c h i c a l  arrangements of l e v e l s  of a b s t r a c t i o n s  and aimed a t  

e s t a b l i s h i n g  o r  r e in fo rc ing  an a b s t r a c t  concept. These u n i t s  too 

revolve around extens ive  labora tory  experiences and phenomena, a 

process  r e f e r r e d  t o  a s  t h e  "d i rec t  approach.'' It i s  t h e  b e l i e f  of t h e  

au thors  t h a t  science taught  through t h e  l abora to ry  approach simulates 

the  n a t u r a l  way t h a t  ch i ld ren  a c q ~ i r e  understanding. Teaching should 

not  be only t a l k i n g  and l i s t e n i n g ,  a method of teaching re fe r red  t o  a s  

the  " ind i rec t  approach." The "d i rec t  approach" a f f o r d s  a two way 

system of feedback between the  l e a r n e r  and t h e  teacher.  The t eacher  

becomes a c a t a l y s t ,  guide,  observer  a s  w e l l  a s  an eva lua to r  of  t h e  

program, t h e  c h i l d ,  and himself.  The c h i l d  becomes an inventor ,  synthe- 

s i z e r  and e v a l u a t o r  while a t  the  same time t h e r e  appears a th ree  way 

communication between him, t h e  teacher  and t h e  o t h e r  chi ldren.  

Science - A Process Approach, a program developed by t h e  

Commission on Science emphasizes the  s k i l l s  b a s i c  t o  f u r t h e r  l ea rn ing  

i n  science (AAAS, 1968). This  a l s o  t akes  the  labora tory  o r  behavioral  

approach. In  a s e r i e s  of  h i e r a r c h i c a l l y  planned l e s sons  t h e  c h i l d  i s  

introduced t o  a v a r i e t y  of use fu l  sc ience  content  while gaining 

experience i n  c l a s s i f y i n g ,  communicating, measuring, using numbers, 

observing and us ing space-time r e l a t i o n s h i p s  i n  the  primary grades. In  

the  l a t e r  s t a g e s  the  e x e r c i s e s  inc rease  i n  complexity t o  formulating 

hypotheses, making opera t iona l  d e f i n i t i o n s ,  c o n t r o l l i n g  and manipulating 

va r i ab les ,  formulat ing models and i n t e r p r e t i n g  data.  

Various o t h e r  p r o j e c t s  l i k e  the  Mathematics and Science Teaching 

Projec t  of the  Univers i ty  of Minnesota. The Oakleaf Individual ized  

Elementary School Science Projec t  (Univers i ty  of Utah), the  Elementary 



Science Pro jec t  (Howard Universi ty)  (designed t o  c r e a t e  a program of 

science experiences f o r  disadvantaged c h i l d r e n ) ,  t h e  Intermediate Science 

curriculum Study and many o the r s ,  though they may d i f f e r  i n  s p e c i f i c  

s t r a t e g i e s ,  a l l  emphasize "inquiry", "discovery" o r  "inductive" approach 

as a means of acquir ing  s c i e n t i f i c  knowledge. 

The necess i ty  f o r  r e l i a n c e  upon s c i e n t i f i c  inqu i ry  a s  a means of  

achieving the  requi red  performance i n  science education has  been revealed 

i n  many research f indings .  These s t u d i e s  revolve around the  theory 

t h a t  when p u p i l s  behave i n  t h e  way s c i e n t i s t s  do, they a r e  experiencing 

sc ience  r a t h e r  than j u s t  learning about i t ;  t h i s  e n t a i l s  involvement i n  

t h e  development of  p r i n c i p l e s  and genera l i za t ions ,  r a t h e r  than a c q u i s i t i o n  

of l ea rn ing  through reading o r  exposi tory  methods. 

Suchman (1960) i n  a study i n t o  t h e  problems of teaching s k i l l  i n  

inquiry  t o  elementary school ch i ld ren  concluded t h a t  f i f th -g rade  p u p i l s  

can improve t h e i r  s k i l l  i n  inquiry  and become more productive i n  t h e i r  

use o f  quest ions.  He a l s o  noted t h a t  t h e i r  t r a n s f e r  of s t r a t e g i e s  t o  

new problem s i t u a t i o n s  i s  enhanced. There were increments i n  understand- 

ing  of content  a s  s k i l l s  of inqu i ry  developed. However, p u p i l s  had 

l i t t l e  i n t e r e s t  i n  t h e  method f o r  i t s e l f ,  t h e  ch ie f  motivat ing f a c t o r  

f o r  t h e i r  performance being the  d e s i r e  t o  understand the  problem 

s i tua t ion .  

Bennet (1966) argues t h a t  one of t h e  prime o b j e c t i v e s  t o  be 

considered i n  elementary school teaching i s  t h e  "involvement of s tudents  

i n  open-ended education experiences u t i l i z i n g  s c i e n t i f i c  method of 

inqu i ry  t o  i n s t i l l  i n  the  s tuden t s  a f e e l i n g  of accomplishment r e l a t e d  

t o  ind iv idua l  i n i t i a t i v e  necessary f o r  simple experimentation." 



n u s ,  t h e  a f f e c t i v e  o r  mot iva t iona l  a spec t  o f  t h e  p roces s  o f  i n q u i r y  i s  

acknowledged. The u s e f u l n e s s  of  t h i s  method can be seen i n  t e n s  of  

gene ra t ing  c r e a t i v e  s tuden t  i n t e r e s t  and i n c r e a s i n g  s tudent  s e l f -mot iva t ion  

t o  seek knowledge. 

Washton (1966) hypothesized t h a t  problem-solving, open-ended 

experiments  and r e sea rch  p r o j e c t s ,  i f  t augh t  under  g iven  cond i t i ons  can 

promote s tuden t  c r e a t i v i t y  i n  sc ience  c l a s s e s .  Some of t h e s e  c o n d i t i o n s  

may be s t a t e d  a s :  

1. freedom f o r  t h e  s tudent  t o  a s k  thought provoking ques t ions ;  

2. freedom t o  ques t ion  accepted  i d e a s  and p r a c t i c e s ;  

3. mod i f i ca t ion  o r  r e j e c t i o n  of  o r i g i n a l  i d e a s  wi thout  

r i d i c u l e  o r  p e n a l t y ;  

4. freedom i n  r eques t ing  a  s u b s t i t u t e  assignment of  a  (more) 

c r e a t i v e  p o t e n t i a l .  

Atkins (1958) conducted a s tudy  t o  a s c e r t a i n  t h e  n a t u r e  of c h i l d r e n ' s  

development i n  c e r t a i n  a s p e c t s  of  t h e i r  a b i l i t i e s  t o  formulate  and 

suggest  t e s t s  of  hypotheses i n  s c i ence  l e a r n i n g  exper iences ,  and t o  

d i scove r  what r e l a t i o n s h i p  e x i s t s  between r e l a t i v e  permiss iveness  of  

t h e  classroom s i t u a t i o n  f o r  problem-solving a c t i v i t i e s  and t h e  develop- 

ment of t h e s e  a b i l i t i e s .  

Among t h e  s i g n i f i c a n t  f i n d i n g s  of t h i s  s tudy  were t h a t  

1. c h i l d r e n  a t  upper  l e v e l s  u s e  a u t h o r i t y  a s  t h e  b a s i s  f o r  

hypo thes i s  more f r e q u e n t l y  than  c h i l d r e n  a t  lower l e v e l s ,  

2, among t h e  younger c h i l d r e n ,  obse rva t ion  i s  used a s  t h e  

b a s i s  f o r  hypo thes i s ,  

3. i n  a  permiss ive  atmosphere c h i l d r e n  used a u t h o r i t y  a s  t h e  

b a s i s  f o r  hypo thes i s  l e s s  than  c h i l d r e n  i n  a  l e s s  permissive 



a t  smosphere , 

4.  c h i l d r e n  i n  t h e  permiss ive  classrooms made "o r ig ina l "  guesses  

mnre f r equen t ly .  

Other  s t u d i e s  p e r t a i n i n g  t o  t o t a l  involvement o f  t h e  pup i l  i n  t h e  

l ea rn fng  p roces s  were conducted by Croxton (1936) ,  Eaton (1966),  Haupt (1948) 

and H i l l  (1947). Croxton concluded t h a t  t h e  i n a b i l i t y  of some p u p i l s  t o  

make gene ra l - l za t i ons  from s c i e n c e  con ten t  rnay'.be due t o  l a c k  of  s u f f i c i e n t  

exper iences  wi th  con ten t  a s  a b a s i s  f o r  g e n e r a l f z a t i a n s  and not  l a ck  o f  

a b i l i t y  t o  g e n e r a l i z e .  H i l l  no t ed  t h e  need f o r  more time t o  be devoted 

t o  i n v e s t i g a t i n g ,  d i s c u s s i n g  and sha r ing  i d e a s .  This  would enable  p u p i l s  

t o  i n c r e a s e  t h e i r  a b i l i t y  t o  q u e s t i o n ,  i d e n t i f y ,  s p e c u l a t e ,  recognize  

r e l a t i o n s h i p s  and draw conclus ions .  Eaton (1966) conducted a s tudy i n t o  

t h e  r e l a t i o n s h i p  of number of  q u e s t i o n s ,  a c t i v i t i e s  and i n c o n g r u i t i e s  

conta ined  i n  p r i n t e d  m a t e r i a l s  used by s i x t h  g rade  s t u d e n t s  and t h e  

achievement of  t h e s e  s t u d e n t s .  He found t h a t  on ly  one f a c t o r  - t h e  

number of  a c t i v i t i e s  produced any s i g n i f i c a n t  d i f f e r e n c e  i n  achievement.  

O f  i n t e r e s t ,  t o o ,  a r e  t h e  conc lus ions  of  Scandura (1962), Crab- 

t r e e  (19621, Bu t t  (1963, 1965) and Ca rpen te r  (1963).  Scandura showed that 

when t h e r e  was adequate  r ead ines s  f o r  problem-solving methods, c h i l d r e n  

so lved  new problems based on p r i n c i p l e s  developed through problem-solving. 

Where problem-solving methods were used wi thout  p r e p a r a t i o n  o r  exper ience  

s t u d e n t s  tended t o  memorize procedures  a s  they had p rev ious ly  memorized 

f a c t s  i n  t h e  t r a d i t i o n a l  approach. Ca rpen te r  comes out  i n  favour  of  a 

problem-solving,  a c t i v i t y - t y p e  approach t o  i n s t r u c t i o n .  Bu t t  found 

a f t e r  con f ron t ing  in t e rmed ia t e  grade  p u p i l s  w i th  a s c i ence  phenomenon 

and g i v i n g  them freedom of  a c t i v i t y ,  t h a t  wh i l e  s e l f  d i scovery  i s  

rewarding and mo t iva t ing ,  it must depend on e x t e r n a l  d i r e c t i o n  which 



focuses a t t e n t i o n  on the  r e l a t ionsh ips  involved. Independent manipulation 

of da ta  is  not s u f f i c i e n t  f o r  concept development. Crabtree's f indings  

seemed t o  favour an unstructured inves t iga t ion  i n  science r a t h e r  than 

the  step-by-step procedure, 

Science Education and the  Learning Theories 

The ideas  expressed i n  the  research s t u d i e s  reviewed and t h e  

underlying p r i n c i p l e s  i n  the  development of the  new science curriculum 

p r o j e c t s  may be viewed i n  some psychological and t h e o r e t i c a l  context.  

A l l  l ea rn ing  begins with some form of personal  contac t  with ob jec t s ,  

events ,  o r  circumstances i n  l i f e ,  Concepts a r e  formulated a s  a r e s u l t  

of percept ions  occurring through t h i s  contact .  Each contact p l a n t s  a b i t  

of meaning i n  t h e  mind, which i s  added cumulatively t o  a l l  r e l a t e d  meanings 

t h e  mind has already acquired, Thus, it seems, t h e  underlying f a c t o r  i s  

st imulus o r  contac t ,  s u m a t i o n  of which may b e  re fe r red  t o  a s  the  

"experience". These experiences subsume physica l  a s  well a s  log ica l -  

mathematical experiences*. 

Perhaps, Woodruff (1970) i n  a scheme shown below b e t t e r  i l l u s t r a t e s  

how i n  general  learning s i t u a t i o n s  concepts a r e  fomed  from the  l e a r n e r ' s  

EXPERIENCE 1 Disposi t ion \ r e t en t ion  t o  regard an 

EXPERIENCE 2- 

EXPERIENCE 3 A  of experienc 

CONCEPTS 
experience 

EXPERIENCE n with it 

Disposi t ion 
t o  a c t  
toward it 
according t o  
the  way it i s  
regarded 

*Physical experience conforms t o  o u r  usual  not ions  of ac t ing  on o b j e c t s  
and gaining some knowledge about the  o b j e c t s  through the  process of 
abs t rac t ion .  Logical-mathematical experience i s  drawn from t h e  ac t ions  
e f f e c t e d  on the  ob jec t s ,  



These l a t e r  become p red i spos i t ions  f o r  f u t u r e  behavior, s6mething s i m i l a r  

t o  the  " f a m i l i a r i t y  - knowledge - understanding - applicat ion1'  p r inc ip le .  

The ca rd ina l  point  here  i s  t h e  experience one acquires  a s  a  r e s u l t  of 

=ontact  with the  ob jec t ,  This under l ines  t h e  extreme importance of 

d i r e c t  manipulation of o b j e c t s  i n  the  sc ience  l e a n i n g  s i t u a t i o n .  The 

of t h i s  e x p e r i e n t i a l  p r i n c i p l e  of l ea rn ing  may be i l l u s t r a t e d  

~ i t h  the  at tainment of a  general  concept such a s  "Liquid has no shape1'. 

Contact with var ious  k inds  of l i q u i d  and shapes implants t h e  p r o p e r t i e s  

of ma t t e r  and measurements i.e. t h e  experience wi th  these  i n  t h e  b ra in  

of t h e  l e a n e r ,  

REFERENT CONTACT CONCEPT 

Water 
ink 

observes water  water  (Exp. 1 )  
observes ink  ink  (Exp. 2 )  

. . a  
* 0 • ‹  - 

shape observes shape shape (Exp. n )  
liq;id observes ( ink,  l i q u i d  (I&. n+l )  

water. .) 

SUM OF EXPERIENCES -- Liquids have - 
no s p e c i f i c  
shape, 
Container has 
shape. 

Milk - Liquid 
w i l l  assume 
t h e  shape 
of  container .  

Concept of 
etc..* volume-unit 

of  measurement 

Spec i f i c  
amount of milk 
needs s p e c i f i c  
"shape" of 
conta iner ,  

These four o r  more experiences may l ead  t h e  c h i l d  t o  formulate the  

concept of shape and t h a t  " l iqu ids  have no shape of t h e i r  own" and 

lead him t o  var ious  genera l i za t ions  through conceptual izat ion.  



Gagne (1970) ,  i n  a  much more r e s t r i c t e d  sense  o f  t h e  meaning o f  

concept ,  a g r e e s  t h a t  a  concept l e a rned  by way of  v e r b a l l y  s t a t e d  

p r i n c i p l e s  may have some inadequac ies .  

I f  t h e  s tuden t  i s  t o  l e a r n  concepts  l i k e  "power", 
"energy", "osmotic p re s su re" ,  and many o t h e r s ,  h e  
can ... l e a r n  them by means of d e f i n i t i o n s .  But 
t h e r e  i s  a  danger t h a t  t h e  concepts  h e  l e a r n s  t h i s  
way a r e  inadequate  i n  one way o r  ano the r .  Accord- 
i n g l y  most s c i ence  educa to r s  would ma in t a in  t h a t  
t h e  performing o f  o p e r a t i o n s ,  i nc lud ing  obse rva t ion  
i n  t h e  l a b o r a t o r y ,  i s  an e s s e n t i a l  p a r t  of t h e  
l e a r n i n g  s i t u a t i o n  r e q u i r e d  f o r  t h e  l e a r n i n g  o f  
f u l l y  adequate ,  g e n e r a l i z a b l e  concepts .  The r o l e  
of t h e  l a b o r a t o r y  i n  school  l e a r n i n g  s e r v e s  t o  
remind u s  of t h e  conc re t e  b a s i s  f o r  l e a r n i n g  con- 
c e p t s  and of  t h e  p o t e n t i a l  i n s u f f i c i e n c i e s  of  
concept - learn ing  which i s  based s o l e l y  on v e r b a l l y  
conveyed d e f i n i t i o n s .  

These t h e o r i e s  g i v e  substance t o  t h e o r i e s  of  l e a r n i n g  by d iscovery ,  

o r  t h e  l a b o r a t o r y  approach t o  t each ing  sc i ence .  "Learning by discovery" 

advoca tes  t h e  t each ing  o f  broad p r i n c i p l e s ,  and problem-solving through 

minimal t e a c h e r  gujdance and maximal o p p o r t u n i t y  f o r  e x p l o r a t i o n  and t r l a l  

and e r r o r  on t h e  p a r t  o f  t h e  s t u d e n t .  Bruner (1970) d e s c r i b e s  t h e  c h i l d  

a s  moving through t h r e e  l e v e l s  of  r e p r e s e n t a t i o n :  

1. The e n a c t i v e  l e v e l ,  where t h e  c h i l d  man ipu la t e s  m e t e r i a l s  

d i r e c t l y  ; 

2. The " i k o n i . ~ "  l e v e l ,  where h e  d e a l s  w i t h  i nages  of o b j e c t s  

bu t  does n o t  manipula te  them d i r e c t l y  ( v i c a r i o u s  l e a r n i n g ) ;  and 

3 .  The symbolic l e v e l ,  where he  i s  s t r i c t l y  manipula t ing  symbols 

and no longer  images of  o b j e c t s .  

Another school  of thought ,  "guided d i scove ry  l ea rn ing"  emphasizes 

t h e  importance o f  s e q u e n t i a l  i n s t r u c t i o n a l  expe r i ences  through maximum 



guidance: t h e  importance of b a s i c  a s s o c i a t i o n s  o r  f a c t s  i n  t h e  se rv ice  

of eventual  mastery of p r i n c i p l e s  and problem solving.  Gagne (1965) 

descr ibes  problem solving a s  the  h ighes t  s t age  of l ea rn ing  i n  a  

h ierarchy of l ea rn ing  c a p a b i l i t i e s :  

i 
PROBLEM SOLVING 
PRINCIPLE 
C ONCE PT 
MULTIPLE DISCRIMINATION 
VERBAL SEQUENCES 
CHAINING 
STIMULUS -RES PONSE 

I f  problem solving i s  t o  be used success fu l ly  i n  science,  then according 

t o  the  p r i n c i p l e  of guided discovery i t  i s  imperat ive t h a t  a l l  t h e  

p r e r e q u i s i t e  l ea rn ings  be achieved. In r e l a t i o n  t o  science education 

these  may be s e t  ou t  as:  

Stage 1. 

Stage 2. 

Stage 3. 

Stage 4. 

Basic types  of  l ea rn ing  inc luding st imulus response 

l ea rn ing ,  chaining and ve rba l  a s s o c i a t i o n ,  i n  which 

ch i ld ren  achieve b a s i c  r e l a t i o n s h i p  with t h e i r  environment, 

both  verbal  and nonverbal. 

Mult iple d iscr iminat ion  l ea rn ing  i n  which ch i ld ren  observe 

physica l  c h a r a c t e r i s t i c s  of o b j e c t s  and d iscr iminate  

among st them. 

Concept l ea rn ing  i n  which ch i ld ren  use knowledge acquired 

i n  previous  phases t o  acqu i re  genera l ized  not ions  of 

c l a s s e s  of ob jec t s .  

P r inc ip le  l ea rn ing  i n  which ch i ld ren ,  through experiences i n  

c l a s s i f y i n g ,  measuring, space-time r e l a t i o n s h i p s ,  communicating, 

and i n f e r r i n g ,  come t o  recognize and formulate s tatements of 

r e l a t i o n s h i p s  among concepts t h a t  a r e  of  continuing 

a p p l i c a b i l i t y .  



Stage 5. Problem so lv ing  i n  which c h i l d r e n  through t h e  a p p l i c a t i o n  

of p rev ious ly  der ived  p r i n c i p l e s  t o  new s i t u a t i o n s  so lve  

problems and emerge w i t h  h ighe r  o r d e r  p r i n c i p l e s  which, i n  

t u n ,  may be  a p p l i e d  t o  f u t u r e  problems. 

I n  summary, i t  may be s a i d  t h a t  i n  elementary sc i ence  educat ion,  d e s p i t e  

t h e  d i f f e r e n c e s  i n  approach, t h e  f o c a l  p o i n t  is  t h e  a c t i v i t y  type  

sc ience  lesson .  The va r ious  t h e o r i e s  of l e a r n i n g  proposed by Gagne ( l96S) ,  

Bruner (1970) Rarplus (1969) a r e  epi tomized by Woodruff's theory  - t h e  

c a r d i n a l  p o i n t  being t h e  c h i l d ' s  c o n t a c t  w i t h  conc re t e  o b j e c t s  o r  

phenomena forming expe r i ences  t h a t  a r e  r e t a i n e d  o r  reorganized  menta l ly  

i n t o  a  conceptua l  framework f o r  r e i n f o r c i n g  o r  a t t a i n i n g  f u r t h e r  

l e a n i n g .  

INTERACTION ANALY SI S  - A SYSTEMATIC OBSERVATION OF LEARNING 
ACTIVITIES 

I n t r o d u c t i o n  

An a c t i v i t y - o r i e n t e d  sc i ence  lesson  should  p rov ide  t h e  c h i l d r e n  

wi th  t h e  oppor tun i ty  f o r  t h e  exp lo ra t ion  o f  i d e a s  v e r b a l l y ,  and 

p r a c t i c a l l y  w i th  m a t e r i a l s .  Such a  l e s son  is  c h a r a c t e r i z e d  by a  

v a r i e t y  of cha l l eng ing  exper iences  which enab le  t h e  p u p i l s ,  by t h e  use  

of s imple manipula t ive  m a t e r i a l s ,  t o  i n v e s t i g a t e  important  s c i ence  

ques t ions  i n  t h e i r  phys i ca l  and b i o l o g i c a l  environment. 

Although d i r e c t  manipulat ion of o b j e c t s  by t h e  p u p i l s  i s  

emphasized i n  t h e  new sc i ence  u n i t s  o r  c u r r i c d l a ,  t h e  t e a c h e r ' s  r o l e  

i n  t h e  sc i ence  c l a s s  i s  no t  i n  any way diminished. Rather,  t h e  new 

sc i ence  approach poses  a  cha l lenge  t o  t h e  sc i ence  t eache r ,  s i n c e  t h e  

t e a c h e r  h a s  t o  i n t e r a c t  w i t h  t h e  p u p i l s  i n  a  manner t h a t  w i l l  gene ra t e  

t h e  d e s i r e d  method of  l ea rn ing .  The t e a c h e r ' s  method of  ques t ion ing  o r  
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gene ra l  ve rba l  d i scour se  wi th  t h e  p u p i l s  may e i t h e r  induce o r  s t i f l e  t h e  

c r e a t i v i t y  of t h e  c h i l d .  T h e o r e t i c a l l y ,  t e a c h e r  behavior  can be s t r u c t u r e d  

t o  e l i c i t  more e f f i c i e n t  thought  p roces ses  o r  t h ink ing  s k i l l s  from 

s t u d e n t s  (Simon, 1967). The t e a c h e r ' s  ve rba l  behav io r  c a r r i e s  a s  p a r t  

o f  i t s  con ten t  p r e s c r i p t i o n s  on how t o  th ink .  

A t e a c h e r  who a s k s  only d a t a  r e c a l l  ques t ions  i s  
p r e s c r i b i n g  a d i f f e r e n t  thought  p r o c e s s  than  one 
who a sks  ques t ions  r equ i r ing  p u p i l s  t o  p roces s  
data .  These p r e s c r i p t i o n s  a r e  t h e  "what" o f  
t each ing  c h i l d r e n  how t o  l ea rn .  

Not only  t h e  v e r b a l  behavior ,  bu t  a l s o  t h e  g e n e r a l  classroom behavior  of  

t h e  t e a c h e r  a r e  c h a r a c t e r i z e d  by a  degree of  cons i s t ency  and a r e  observable ,  

d i s t i n g u i s h a b l e  and q u a l i t a t i v e l y  and q u a n t i t a t i v e l y  c l a s s i f i a b l e .  I n  

o r d e r  t o  determine t h e  v e r b a l  behavior  o f  t h e  t e a c h e r  i n  t h e  c lassmom,  

s e v e r a l  methods of  observatj .on of  teacher-pupi l .  i n t e r a c t i o n  have been 

sys temat ized  by va r ious  i n v e s t i g a t o r s ,  Simon and Boyer reviewed e x t e n s i v e l y  

most of t h e  ca tegory  systems t h a t  have been devised  and used i n  numerous 

s t u d i e s .  Most of  t h e s e  a r e  r e sea rch  t o o l s ,  o t h e r s  by t h e i r  n a t u r e  lend  

themselves f o r  u s e  a s  i n t e r v e n t i o n  i n  t e a c h e r  t r a i n i n g  and superv is ion .  

I n  t h e  f i r s t  ca tegory  t h e  most widely used i s  t h e  system developed by 

Ned Flanders ,  In  t h e  l a t t e r ,  t h e  Teaching f o r  Inqu i ry  system developed 

by Theodore Parsons (Un ive r s i t y  of  C a l i f o r n i a ,  Berkeley) may be c i t e d  a s  

an example. Birch (1969) has  i n d i c a t e d  i t s  p o t e n t i a l  a s  a  c l i n i c a l  

method f o r  s e l  f  -ana lys is .  

F landers '  -. -- System of  I n t e r a c t i o n A n a l y s i s  

F landers '  o r i g i n a l  system of i n t e r a c t i o n  a n a l y s i s  cons i s t ed  of  

t e n  c a t e g o r i e s ,  i . e .  t e a c h e r  a c c e p t s  s tuden t  f e e l i n g s ,  2 )  t eache r  

p r a i s e s  s t u d e n t ,  3) t e a c h e r  accep t s  s tuden t  i d e a s ,  4 )  t e a c h e r  a sks  

ques t ions ,  5 )  t e a c h e r  l e c t u r e s ,  6 )  t e a c h e r  g i v e s  d i r e c t i o n s ,  



7)  teacher  c r i t i c i z e s  s tuden t ,  8) s tudent  answers with f a c t ,  9)  s tudent  

answers with opinion o r  concept,  and 10) s i l e n c e  and confusion. 

E a r l i e r  Anderson (1946) and Cogan (1956) had described classroom 

i n t e r a c t i o n  i n  t h e i r  research  and attempted t o  c l a s s i f y  teacher  behavior 

i n  t h e  classroom. Anderson saw p a t t e r n s  of classroom cl imate  a s  

e s s e n t i a l l y  dominative o r  i n t e g r a t i v e  (see  summary of ~ n d e r s o n ' s  

c l a s s i f i c a t i o n s  i n  Figure -1) something Cogan (1956) r e f e r s  t o  a s  

"preclusive" and "inclusive1'. Later  r e sea rchers  modified these  c l a s s i -  

f i c a t i o n s  i n t o  teacher-centered and pupil-centered,  While these  

c l a s s i f i c a t i o n s  of  t eacher  behavior g ive  i n d i c a t i o n s  of t eacher  

a t t i t u d e s  and con t r ibu te  t o  theory of  i n s t r u c t i o n ,  they a r e  not  

cons i s t en t  enough and l ack  f l e x i b i l i t y  i n  o rde r  t o  be used t o  expla in  

t h e  e f f e c t  o f  s h o r t  term p a t t e r n s  of  teacher  in f luence  on momentary 

s i t u a t i o n s .  

Flanders (1969), i n  an attempt t o  c o r r e c t  t h e  l ack  of f l e x i b i l i t y  

i n  the  e a r l i e r  c l a s s i f i c a t i o n s  introduced a new system which maintained 

t h e  bas ic  c h a r a c t e r i s t i c s  of the  Anderson c l a s s i f i c a t i o n ,  He introduced 

the  concepts "d i rec t  influence", and " ind i rec t  influence1',  which a r e  a 

measure of t h e  c h i l d '  s "dependence". * 

*Dependence: Flanders defined dependence a s  t h e  e s s e n t i a l  q u a l i t i e s  
of  t h e  superior-subordinate r e l a t i o n s h i p  between t h e  teacher  and 
t h e  pupi l ,  There a r e  t h r e e  degrees of  "dependence1' - high, medium, 
and low. High dependence r e f e r s  t o  a condi t ion  i n  which pup i l s  
v o l u n t a r i l y  seek add i t iona l  ways of  complying with the  au thor i ty  



Direct  Inf luence c o n s i s t s  of s t a t i n g  t h e  t eacher ' s  opinion o r  

ideas ,  d i r e c t i n g  t h e  pup i l s '  ac t ions ,  c r i t i c i z i n g  behavior o r  j u s t i f y i n g  

h i s  a u t h o r i t y  o r  t h e  use  of it. 

I n d i r e c t  Influence - c o n s i s t s  of s o l i c i t i n g  t h e  opinions o r  ideas  

of  t h e  pup i l s ,  applying and enlarging on these  opinions  and ideas ,  

p r a i s i n g  o r  encouraging t h e  p a r t i c i p a t i o n  of p t ip i l s ,  o r  c l a r i f y i n g  and 

accepting t h e i r  f e e l i n g s  (Flanders 1967). A l l  t h e s e  genera l  concepts 

of teaching methodology were cons t ructed  i n t o  a  sys temat ic  observation 

instrument comprising 10 ca tegor ies .  This instrument i s  genera l ly  

r e f e r r e d  t o  a s  Flanderso  System of I n t e r a c t i o n  Analysis. A summary of  

t h i s  system i s  shown i n  Figure 2. 

I n  l a t e r  s t u d i e s  ~ l a n d e r s '  o r i g i n a l  system was expanded o r  modified. 

Amidon and Hunter ( l967) ,  using t h e  same approach, designed t h e  Verbal 

I n t e r a c t i o n  Category System (VICS) which may be used t o  study verbal  

behavior i n  t h e  classroom. The VICS c o n s i s t s  of  f i v e  major ca tegor ies  

subdivided i n t o  eleven ca tegor ies  viz. 1) Teacher - in i t i a t ed  t a l k ,  

2) t eacher  response, 3) pup i l  response, 4) p u p i l - i n i t i a t e d  t a l k ,  and 

of  t h e  teacher.  Medium dependence - average classroom condi t ion  
i n  which t eacher  d i r e c t i o n  i s  e s s e n t i a l  t o  i n i t i a t e  and guide 
a c t i v i t i e s  but  t h e  pup i l s  do no t  v o l u n t a r i l y  s o l i c i t  i t ,  Low 
dependence - pup i l s  r e a c t  t o  teacher  d i r e c t i o n s  i f  they occur, 
but  t h e i r  present  a c t i v i t i e s ,  usua l ly  t e a c h e r - i n i t i a t e d ,  can 
be c a r r i e d  on without continued t eacher  d i rec t ion ,  Independence 
r e f e r s  t o  a  condi t ion  i n  which t h e  p u p i l s  perce ive  t h e i r  
a c t i v i t i e s  t o  be se l f -d i rec ted .  



Accepts c l a r i f i e s  and suppor ts  
i d e a s  and f e e l i n g s  of p u p i l s .  

- - - 

INTEGRATIVE PATTERN 

P r a i s e s  and encourages.  

DOMINATIVE PATTERN 

Asks ques t ions  t o  s t i m u l a t e  
p u p i l  p a r t i c i p a t i o n  i n  
dec i s ion  making. 

Asks ques t ions  t o  o r i e n t  
p u p i l s  t o  school  work. 

Expresses  o r  l e c t u r e s  about  own 
i d e a s  . 
Gives d i r e c t i o n s  o r  o rde r s .  

C r i t i c i z e s  and depreca tes  p u p i l  
behavior  w i t h  i n t e n t  t o  change it.  

J u s t i f i e s  h i s  own p o s i t i o n  o r  
a u t h o r i t y .  

FIGURE 1 

CLASSIFICATION OF TEACHER 

BEHAVIOR AND PATTERNS 

BY ANDERSON 



1. Accepts Feel ing:  a c c e p t s  and c l a r i f i e s  f e e l i n g  
tone  of t h e  s t u d e n t s  i n  a  non- threa ten ing  manner. 
Fee l ings  may be p o s i t i v e  o r  nega t ive .  P red ic t ing  
and r e c a l l i n g  f e e l i n g s  a r e  included.  

2. P r a i s e s  o r  Encourages: p r a i s e s  o r  encourages 
s tuden t  a c t i o n  o r  behavior .  Jokes  t h a t  r e l e a s e  
t e n s i o n ,  n o t  a t  t h e  expense of ano the r  i n d i v i d u a l  
nodding head o r  say ing  "uh huh?" o r  "go on" 
included.  

3. Accepts o r  Uses Ideas  of  S tudents :  c l a r i f y i n g ,  
bu i ld ing ,  o r  developing i d e a s  o r  sugges t ions  by 
a  s tudent .  A s  a  t e a c h e r  b r i n g s  more of h i s  own 
i d e a s  i n t o  p l a y ,  s h i f t  t o  ca tegory  f i v e .  

4. Asks Questions: a sk ing  a  ques t ion  about  con ten t  
o r  procedure wi th  t h e  i n t e n t  t h a t  a s tuden t  answer. 

5. Lectures:  g i v i n g  f a c t s  o r  op in ions  about  conten t  
o r  procedure;  exp res s ing  h i s  own i d e a s ;  ask ing  
r h e t o r i c a l  ques t ions .  

6. Gives D i rec t ions :  d i r e c t i o n s ,  commands, o r  o r d e r s  
w i t h  which a  s t u d e n t  i s  expected t o  comply. 

7. C r i t i c i z e s  o r  J u s t i f i e s  Author i ty :  S ta tements ,  
in tended  t o  change s t u d e n t  behavior  from non- 
accep tab le  t o  a c c e p t a b l e  p a t t e r n s ;  v e r b a l  c h a s t i s e -  
ment; s t a t i n g  why t h e  t e a c h e r  i s  doing what he  i s  
doing,  extreme s e l f - r e f e r e n c e .  

8. Student  Ta lk  - response:  t a l k  by s t u d e n t s  i n  
response t o  t eache r .  Teacher i n i t i a t e s  t h e  
c o n t a c t  o r  s o l i c i t s  s t u d e n t  s ta tement .  

9, S tudent  Ta lk  - i n i t i a t i o n :  t a l k  by s t u d e n t s ,  which 
they  i n i t i a t e .  I f  " c a l l i n g  on1' s tuden t  i s  t o  
i n d i c a t e  who may t a l k  n e x t ,  observer  must dec ide  
whether s tuden t  wanted t o  t a l k .  I f  he d i d ,  u se  
t h i s  category.  

10. S i l e n c e  o r  Confusion: p a u s e s ,  s h o r t  pe r iods  of  
s i l e n c e ,  and p e r i o d s  of confusion i n  which communi- 
c a t i o n  cannot be understood by t h e  observer .  

FIGURE 2 

SUMMARY OF FLANDERS ' CATEGORIES 

FOR INTERACT I O N  ANALYSIS 
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5) o ther .  Thus, while t h e  Flanders'  system takes  a general  view of t h e  

dimension of  t eacher  behavior i n  terms of  d i r e c t n e s s  and ind i rec tness ,  

the  VICS system looks a t  t eacher  c a t e g o r i e s  i n  terms of i n i t i a t i o n  and 

response. Furthermore, VICS discr iminates  between "narrow" and "broad" 

ques t ions  o f  t h e  t eacher  and expands t h e  pup i l  t a l k  t o  e l abora te  on 

t h e  type of  response e l i c i t e d  from t h e  s tudent ,  The in t roduct ion  of 

"narrowness" o r  "broadness" of "Teacher Questions" makes t h e  instrument 

a useful  one s i n c e  i t  enables  the  researcher  o r  the  teacher  t o  determine 

t h e  l e v e l  of  thinking.  

Hough (1967) expanded t h e  o r i g i n a l  10 ca tegor ies  t o  s ix teen  t o  

make up f o r  c e r t a i n  inadequacies i n  t h e  ~ l a n d e r s '  system. Hough's 

s i x t e e n  ca tegory  Observational System f o r  I n s t r u c t i o n a l  Analysis (OSIA) 

was grouped i n t o  four  major subdivisions:  

1. t eacher  i n d i r e c t  ve rba l  behavior, 

2, t eacher  direct verbal  behavior, 

3, s tudent  ve rba l  behavior, 

4 .  s i l e n c e  o r  nonfunctional  behavior. 

The cogn i t ive  elements i n  the  Observational System f o r  I n s t r u c t i o n a l  

Analysis make it more f l e x i b l e  f o r  use i n  a v a r i e t y  of s i tua t ions .  The 

more e l a b o r a t e  a n a l y s i s  of "s i lencen makes t h i s  a s u i t a b l e  system f o r  

use i n  a sc ience  classroom s i t u a t i o n  where most of the  time may be 

spent i n  "contemplative o r  productive silence1'.  The t h r e e  ca tegor ies  

of "si lence" cover,  d i r e c t  p r a c t i c e  o r  a c t i v i t y ,  s i l e n c e  and contemplation 

and demonstration wi th  teaching a ids .  La te r  development of the  OSIA has 

improved t h e  d iagnos t i c  value o f  t h i s  system. The c l a s s i f i c a t i o n  of the  

OSIA i n t o  subs tan t ive  and managerial s tudent - teacher  i n t e r a c t i o n s ,  a s  



w e l l  a s  behaviors  a s soc ia ted  with "processes of thought" (Hough, 1970) 

makes t h i s  system more comprehensive than most o t h e r  v a r i a t i o n s  of t h e  

Flanders'  System, Two add i t iona l  ca tegor ies  make it poss ib le  t o  record 

i n s t r u c t i o n a l l y  non-functional behaviors and s tudent  t o  s tudent  i n t e r -  

ac t ion  during discussion.  The system a l s o  i n d i c a t e s  t h e  l e v e l  of thought 

processes i n  broad ca tegor ies  of "closed" and "open" behaviors. A 

%lased" behavior i n d i c a t e s  a  convergent app l i ca t ion  of knowledge, 

performance of s k i l l  and f e e l i n g  s t a t e s  while an "open" behavior r equ i res  

a divergent  app l i ca t ion  of these  bas ic  cogn i t ive ,  a f f e c t i v e  and 

psychomotor un i t s .  

Procedure f o r  recording teacher-pupi 1 i n t e r a c t  ion  

The review of t h e  recording procedure and i t s  ana lys i s  w i l l  be 

done wi th  r e fe rence  t o  t h e  bas ic  Flanders '  system, s i n c e  t h e  approach 

i s  genera l ly  t h e  same f o r  a l l  t h e  systems. An observer  o r  a team of 

obsenrers  record t h e  classroom a c t i v i t i e s  e i t h e r  l i v e  o r  from a 

recorded audio o r  video tape. Every t h r e e  seconds t h e  observer  wr i t e s  

down the  category number of i n t e r a c t i o n  t h a t  b e s t  descr ibes  t h e  a c t i v i t y  

a t  t h e  moment. These numbers a r e  recorded i n  a  column and a sequence 

of i n t e r a c t i o n s  maintained and preserved. For example, cons ider  t h e  

following sc ience  classroom in te rac t ion :  

Teacher: "Everybody g e t  your materiaLs ready" - ( 6 ) *  

*Figures i n  brackets  denote the  appropr ia te  category i n  the  Flanders'  
10 category system. 



This  may be fol lowed by " s i l ence  and confusion" a s  

m a t e r i a l s .  Then, probably,  a t eache r  d i r e c t i o n  f o  

response.  For example: 

s t u d e n t s  look f o r  t h e i r  

llowed by a s tuden t  

T: "Harry, w i l l  you g e t  your m a t e r i a l s  ready,  p lease ."  - (7)  

Harry: "S i r ,  I c a n ' t  f i n d  one of my bulbs" - (8)  

T: "Unfortunate,  w i l l  somebody lend Harry a bulb". - (1)  

Teacher: "Right,  now l e t ' s  s t a r t " .  
"In a s e r i e s  c i r c u i t ,  t h e  c u r r e n t  f lows  through a source 
of e l e c t r i c i t y ,  (5)  through a c l o s e d  swi tch ,  through a 
bu lb ,  and ( 5 )  back t o  t h e  source ,  making a round t r i p . "  
(5) (about  1 0  seconds of l e c t u r e  - 5 ,  5 ,  5 , ) .  

Teacher: "Okay, Why do we need a c l o s e d  switch?" - (4)  

A s tuden t  answers i n  about  15  seconds ( f i v e  8 ' s )  

Teacher: ''Very good, now we a l l  know t h e  procedure". - (2)  
"Set up your  c i r c u i t s  s o  your  f l a s h l i g h t  bu lbs  w i l l  
l i g h t  up!" - ( 6 )  

An obse rve r  w i l l ,  t hus ,  record  t h e  fol lowing f o r  t h e  above 

s h o r t  s e s s ion .  

*The number 10  a t  both ends of t h e  r eco rd  denotes  t h e  beginning 
and t h e  end of a lesson  o r  a s e c t i o n  of  i t ,  and a l s o  makes t h e  
p a i r i n g  up of t h e  numbers e a s i e r .  



Analysis  o f  responses  i n  t h e  F landers '  system 

The sequence of numbers recorded by t h e  obse rve r  ( a s  above) i s  

e n t e r e d  upon n-row by n-column ma t r ix ,  "nu be ing  t h e  number of 

c a t e g o r i e s  i n  t h e  system. These numbers a r e  en t e red  a s  ordered  p a i r s  i n  

c e l l s  of t h e  ma t r ix ,  w i t h  t h e  f i r s t  number i n  each ordered  p a i r  des igna t ing  

t h e  row and t h e  second number - t h e  column of t h e  mat r ix .  For t h e  

sequence o f  behaviors  above, an obse rve r  would e n t e r  ma t r ix  t a l l i e s  f o r  

t h e  ordered  p a i r s  10-6, 6-10, 10-7, 7-8, 8-1, 1-6, 6-5, 5-5, 5-5, 5-8, 

8-8, 8-8, 8-8, 8-8, 8-2,  2-6, 6-10. Thus each p a i r  o f  numbers ove r l aps  

w i th  t h e  p rev ious  p a i r ,  and each number except  t h e  f i r s t  and t h e  l a s t  

appears  twice. The number of t a l l i e s  i n  t h e  ma t r ix  i s  one l e s s  than 

t h e  numbers e n t e r e d  on t h e  record.  A f t e r  t h e  ma t r ix  i s  s e t  o u t ,  t o t a l s  

a r e  computed and t h e  percentage  of use  made of  each type  of behavior  i s  

ca l cu la t ed .  

General a s p e c t s  of  classroom i n t e r a c t i o n  

T o t a l  Teacher  Ta lk  - t h i s  i s  found by adding up t h e  t a l l i e s  i n  

columns 1-7. The percentage  of  t h i s  ove r  t o t a l  t a l l i e s  g i v e s  t h e  

r a t i o  of  t e a c h e r  t a l k .  

S tudent  Ta lk  - s i m i l a r  c a l c u l a t i o n  f o r  columns 8 and 9 g i v e s  t o t a l  

s tuden t  t a l k  and t h e  r a t i o  of s tuden t  t a l k .  

I n d i r e c t - D i r e c t  R a t i o  g i v e s  t h e  number of  t e a c h e r  i n d i r e c t  s ta tements  

t o  d i r e c t  s ta tements .  T h i s  i s  t h e  r a t i o  of  t a l l i e s  i n  columns 1-4 

t o  t hose  of columns 5-7. I D  r a t i o  of 1 means t h a t  f o r  every i n d i r e c t  

s ta tement  t h e r e  was one d i r e c t  s ta tement .  

I n d i r e c t  ( 1  -4) 
I.D. - r a t i o  = 

Direc t  (5-7) 



I Revised I d i r e c t - D i r e c t  Rat io ( i d - r a t i o )  

The r e v i s e d  i d - r a t i o  shows t h e  kind of  emphasis given t o  r o t l v a t i o n  

and c o n t r o l  i n  a  p a r t i c u a l r  classroom. The i d - r a t i o  i s  found by 

d iv id ing  t h e  number of t a l l i e s  i n  columns 1 ,  2 and 3 by t h e  number 

of t a l l i e s  i n  columns 6  and 7. The r a t i o  e l imina te s  t h e  e f f e c t s  of 

"asking ques t ions"  and " l ec tu r ing"  (categorie 's  4 and 5) and shows 

whether t he  t eache r  i s  i n d i r e c t  o r  d i r e c t  i n  h i s  approach t o  mot iva t ion  

and c o n t r o l .  

Categor ies  1, 2 ,  3 ( i n d i r e c t )  

i d - r a t i o  = 

Categor ies  6 ,  7  ( d i r e c t )  

The i d - r a t i o  i s  a  f a c t o r  of t eache r  e f f e c t i v e n e s s .  A h ighe r  

i d - r a t i o  i n d i c a t e s  how r e c e p t i v e  a t eache r  i s  t o  s t u d e n t s '  i d e a s  and 

f e e l i n g s .  The more r e c e p t i v e  a  t eache r  i s  t o  s tuden t s '  i d e a s  and f e e l -  

i ngs  t h e  more l i k e l y  he  i s  t o  c l a r i f y ,  develop o r  r e i n f o r c e  these  i d e a s .  

A t  t h e  same time a  low i d - r a t i o  i n d i c a t e s  p o s s i b l e  d i s c i p l i n a r y  problems 

t h a t  i n  t u r n  may impai r  t he  e f f e c t i v e n e s s  of  t h e  teacher .  Hough (1967) 

drawing on a  s tudy by Flanders ,  s t a t e d  t h a t  h i g h  t eache r  i n d i r e c t n e s s  

was a s s o c i a t e d  wi th  h igh  s tuden t  achievement. For a  t eache r  who i s  

t r a i n e d  i n  a p p l i c a t i o n  of sys t ema t i c  a n a l y s i s ,  a  h igher  i d - r a t i o  may 

f a c i l i t a t e  t h e  use  of p o s i t i v e  reinforcement  t o  s tuden t  i d e a s  and 

responses by avoid ing  ave r s ive  s t i m u l i  and responses  which may be a  

func t ion  of  a s s o c i e t i v e  i n h i b i t i o n .  Re la t ing  t h e  reinforcement  theory  

t o  F l ande r s '  r e sea rch  i n  I n t e r a c t i o n  Analys is ,  Hough (1967) concluded t h a t :  

Classrooms i n  which t h e r e  i s  a  l a r g e  percentage  of 
ques t ion-ask ing ,  s tudent - responding ,  and t eache r -  
r e i n f o r c i n g  have a  g r e a t e r  achievement than  c l a s s -  
rooms i n  which t h e s e  c o n d i t i o n s  a r e  p r e s e n t  t o  a  
l e s s e r  e x t e n t .  



Classrooms i n  which t h e r e  i s  a  small  percentage  o f  
c r i t i c i s m ,  j u s t i f i c a t i o n  of  t e a c h e r  a u t h o r i t y  and 
sarcasm ( a v e r s i v e  s t i m u l a t i o n )  have a  g r e a t e r  
achievement than classrooms i n  which t h e s e  cond i t i ons  
a r e  p r e s e n t  t o  a  g r e a t e r  e x t e n t .  

The f i r s t  s ta tement  i s  a  f a c t o r  of h igh  i d - r a t i o  wh i l e  t h e  second g i v e s  

a  low i d - r a t i o .  

I n t e r a c t i o n  Matr ix  
. , 

The i n t e r a c t i o n  m a t r i x  i s  ano the r  u s e f u l  t o o l  f o r  examining 

p a t t e r n s  of classroom i n t e r a c t i o n .  S p e c i f i c  a r e a s  o f  i n t e r e s t  i n  t h e  

m a t r i x  a r e  s e l e c t e d  f o r  a n a l y s i s .  The t o t a l  number of t a l l i e s  i n  t h e s e  

a r e a s  g i v e  a  p i c t u r e  o f  t h e  p a r t i c u l a r  t e ach ing  s t r a t e g y  t h a t  i s  be ing  

employed i n  a p a r t i c u l a r  classroom (Flanders  1967, 1970). 

The Use of  I n t e r a c t i o n  Analysis  i n  Research and Teacher T r a i n i n g  

Mason (1970) used F landers '  system i n  conjunc t ion  wi th  B a r r e t -  

Leonard 's  Re la t i onsh ip  Inventory t o  determine t h e  r e l a t i o n s h i p s  

between t h e  b e h a v i o r a l  s t y l e s  of  j u n i o r  and s e n i o r  h i g h  school  t e a c h e r s ,  

and t h e  q u a l i t y  of  t e ache r - s tuden t  i n t e r p e r s o n a l  r e l a t i o n s h i p .  No 

c o r r e l a t i o n  was found between t h e s e  two v a r i a b l e s .  

I n  a  s tudy by Johns ton  (1969) secondary s tuden t  t e a c h e r s  were 

taught  t o  u se  t h e  F l ande r s '  system f o r  s e l f - s u p e r v i s i o n  by a n a l y s i s  o f  

v ideo  t a p e s  of  t h e i r  l e s s o n s  i n  micro- teaching  s i t u a t i o n .  They were 

r a t e d  on t h e  Minnesota Teacher A t t i t u d e  Inventory  (MTAI) t o g e t h e r  w i t h  

s tuden t  t e a c h e r s  who were superv ised  i n  a  t r a d i t i o n a l  manner. Among 

o t h e r  t h i n g s ,  Johnston concluded t h a t  s e l f - s u p e r v i s i o n  promotes i n d i r e c t  

t each ing  and tends  t o  promote h i g h e r  s c o r e s  on t h e  MTAI. The r e t e n t i o n  

o r  t h e  long term e f f e c t s  of  s e l f - s u p e r v i s i o n  were n o t  i n v e s t i g a t e d ,  

though no s i g n i f i c a n t  r e l a t i o n s h i p  was found between time and a t t i t u d e  

change i n  t h e  s tuden t  t eaching  under  t r a d i t i o n a l  superv is ion .  



~ l a n d e r s '  system and t h e  va r ious  mod i f i ca t ions  t o  i t  have found much 

g r e a t e r  a p p l i c a t i o n  i n  s tuden t  o r  p r e s e r v i c e  teaching .  Moskovits (1967) 

i n v e s t i g a t e d  t h e  i n f l u e n c e  of t h e  a t t i t u d e s  and teaching  p a t t e r n s  of 

coopera t ing  t e a c h e r s  and s tuden t  t e a c h e r s  t r a i n e d  i n  i n t e r a c t i o n  

a n a l y s i s .  Two groups of coopera t ing  t e a c h e r s  and  s tuden t  t e a c h e r s  

( t r a i n e d  and un t r a ined  i n  i n t e r a c t i o n  a n a l y s i s )  were observed i n  t h e  

fo l lowing  manner: 

1. Trained coopera t ing  t e a c h e r s  w i t h  t r a i n e d  s tuden t  t eache r s .  

2. Untrained coopera t ing  t e a c h e r s  w i th  t r a i n e d  s tuden t  t eache r s .  

3. Tra ined  cooperat i t lg  t e a c h e r s  w i th  u n t r a i n e d  s tuden t  t eache r s .  

40 Untrained coopera t ing  t e a c h e r s  w i t h  un t r a ined  s tuden t  teachers .  

The a t t i t u d e s  of  coopera t ing  t e a c h e r s  toward teaching  and toward 

t h e i r  s tuden t  t e a c h e r s  were most p o s i t i v e  when both coopera t ing  t e a c h e r s  

and s t u d e n t  t e a c h e r s  were t r a i n e d ,  and decreased succes s ive ly  i n  p o s i t i v e -  

nes s  a s  t h e  degree of con tac t  of  t h e  coope ra t ing  t e a c h e r s  w i th  i n t e r a c t i o n  

a n a l y s i s  diminished. On t h e  whole, t h e  t r a i n i n g  i n  i n t e r a c t i o n  a n a l y s i s  

of  one o r  t h e  o t h e r  p a r t y  o r  both enhanced t h e  p o s i t i v e n e s s  towards 

each o the r .  Another s i g n i f i c a n t  r e s u l t  o f  t h e  s tudy  was t h e  degree of  

v a r i a b i l i t y  i n  t h e  teaching  p a t t e r n s  of  t h e  coopera t ing  t eache r s  and 

t h e  s tuden t  t e a c h e r s  who were t r a i n e d  i n  i n t e r a c t i o n  a n a l y s i s .  The 

t r a i n e d  t eache r s  became more i n d i v i d u a l i s t i c .  This  f i nd ing  appears  

t o  co r robora t e  those  of F landers  (1961) and Swjneford (1964) i n  

e a r l i e r  s t u d i e s ;  t h a t  m a t r i c e s  of  low achiev ing  t e a c h e r s  conta ined  

i d e n t i c a l  t eaching  p a t t e r n s ,  while  t hose  of h igh  achiev ing  t e a c h e r s  had 

p a t t e r n s  d i f f e r i n g  from t e a c h e r  t o  t eache r .  Swineford found no 

s i n g l e  c h a r a c t e r i s t i c  p a t t e r n  i n  t h e  teaching  behaviors  of t h e  h i g h e s t  

r a t e d  t eache r s .  



Zahn (1965) i n  a  s tudy w i t h  s t u d e n t  t e a c h e r s  used t h e  i n t e r a c t i o n  

a n a l y s i s  a s  a  supe rv i so ry  technique.  This  s tudy ,  t o o ,  confirms t h e  p o s i -  

t i v e  a s p e c t s  of t r a i n i n g  i n  I n t e r a c t i o n  Ana lys i s ,  i n  t h a t  i t s  use i n  

i n s t r u c t i o n  and supe rv i s ion  of  s t u d e n t  t e a c h e r s  appears  t o  be r e l a t e d  

t o  a  p o s i t i v e  change i n  t h e  a t t i t u d e s  of  t h e  s t u d e n t .  Th i s  r e l a t i o n s h i p ,  

however, was found t o  be  l i m i t e d  by t h e  s t r e n g t h  o f  t h e  s t u d e n t ' s  

b e l i e f  system. I n t e r a c t i o n  Analys i s  a s  supe rv i so ry  technique  f o r  s t u d e n t s  

w i th  s t r o n g  b e l i e f  systems i s  r e l a t e d  t o  a  p o s i t i v e  change. A s  i n  

~ o s k o w i t z ' s  s t udy ,  Zahn found t h a t  t h e  e f f e c t  of  coopera t ing  t e a c h e r s  

on t h e  a t t i t u d e s  of t h e  s tuden t  t e a c h e r s  was g r e a t e r  when s t u d e n t s  were 

superv ised  by convent iona l  t echniques  than  i t  was through t h e  I n t e r a c t i o n  

Analysis  technique.  

Though I n t e r a c t i o n  Analysis  ha s  been used more widely i n  s o c i a l  

s t u d i e s ,  some s t u d i e s  u s ing  t h i s  method conducted i n  s c i ence  educa t ion  

have suppor ted  some of  t h e  e a r l i e r  f i n d i n g s  i n  s o c i a l  s t u d i e s .  

F landers  (1965) found i n d i r e c t  mathematics t e a c h e r s  t o  be t e a c h e r s  

of h ighe r  ach iev ing  c l a s s e s  than d i r e c t  mathematics t eache r s .  Th i s  

was f u r t h e r  supported by Pankra tz ' s  (1966) s tudy  of classroom 

i n t e r a c t i o n  of  "high r a t ed"  and "low ra t ed"  t e a c h e r s  of  twel f th-grade  

phys ics  ( r a t e d  accord ing  t o  t h r e e  e v a l u a t i v e  ins t ruments  - Teacher  

Rat ing Sca l e ,  Student  Opinion Ques t ionna i re  and Teaching S i t u a t i o n  

Reaction Tes t  (TSRT)). Using Amidon's modif ied system - Observa t iona l  

System f o r  t h e  Analysis  of  Classroom I n s t r u c t i o n  - Pankrs tz  found 

t h a t  h igh  r a t e d  phys ics  t e a c h e r s  used more p r a i s e  and reward, and more 

c o g n i t i v e  and s k i  11 c l a r i f i c a t i o n ,  t han  low r a t e d  t eache r s .  

Ques t ion ing  occured a s  f r equen t ly  i n  one group a s  i n  t h e  o t h e r  bu t  

t h e  c o g n i t i v e  l e v e l s  o f  ques t i ons  were d i f f e r e n t .  



Newport 

evoked by t h e  

and McNeil (1970) compared the  teacher -pupi l  i n t e r a c t i o n  

new sc ience  program of Science - A Process  Approach, and 

t h a t  which was evoked by textbooks.  Two groups of  t e a c h e r s  who were 

g iven  a l i m i t e d  t r a i n i n g  i n  t h e  use  of  Science - A Process  Approach 

(SAPA), and I n t e r a c t i o n  Analysis ,  t aught  and taped t h e i r  l e s sons  which 

were l a t e r  analyzed us ing  t h e  ~ l a n d e r s '  system. Analysis  of t he  t a p e s  

showed t h a t  wh i l e  t e a c h e r s  who were acquain ted  wi th  i n t e r a c t i o n  a n a l y s i s  

bu t  taught  from tex tbooks  used more l e c t u r e  than t h e  SAPA teache r s ,  

they  used s i g n i f i c a n t l y  more s tudent  i d e a s  than  t h e  SAPA teachers .  

Probably what was s i g n i f i c a n t  i n  t h e  s tudy  was t h e  f i n d i n g  t h a t  

t e a c h e r s  un t r a ined  i n  t h e  use  of t h e  new SAPA program d i d  n o t  d i f f e r  

s i g n i f i c a n t l y  i n  t h e i r  methods from t e a c h e r s  who used textbooks. This  

p o i n t s  ou t  t h e  need f o r  t e a c h e r  t r a i n i n g  be fo re  t h e  use  of t h e  SAPA 

program. It i s  d i f f i c u l t ,  though, t o  g e n e r a l i z e  about o t h e r  new 

programs s i n c e  t h e  SAPA program i s  based on t h e  theory  of  "guided 

learn ing"  which may have t h e  tendency t o  i n c r e a s e  p u p i l - t e a c h e r  d i scour se  

and probably t e a c h e r  d i r e c t n e s s .  Another f i n d i n g  i n  t h e  same study 

emphasizes t h e  need f o r  i n s t r u c t i o n  i n  t h e  phi losophy,  psychology and 

methodology of  s c i ence  educa t ion  i n  o r d e r  t o  make t h e  use  of i n t e r a c t i o n  

a n a l y s i s  a s  a c l i n i c a l  t o o l  more e f f e c t i v e .  

C i t r o n  and Barnes (1970, 1970a) i n  an a t t empt  t o  determine a 

b e t t e r  method f o r  teaching  b io logy  t o  slow l e a r n e r s  conducted a long and 

ex tens ive  s tudy  i n t o  biology classroom i n t e r a c t i o n  by observing and 

r eco rd ing  on t a p e  t h e  classroom i n t e r a c t i o n  a t  monthly i n t e r v a l s .  

D i f f e r e n t  t r ea tmen t s  were given t o  t h r e e  groups of  slow l ea rne r s .  The 

f i r s t  group was taught  w i th  a very h igh  ~ n d i r e c t / D i r e c t  (ID) r a t i o  

decreas ing  a t  monthly i n t e r v a l s  t o  a very  low ID- ra t io ,  whi le  ano the r  



group was subjec ted  t o  a very low ID-rat io inc reas ing  t o  a very high r a t i o .  

The t h i r d  group was subjec ted  t o  a cons tant  in termedia te  r a t i o .  Pupil  

achievement was measured j u s t  p r i o r  t o  the  change i n  teacher  pa t t e rn .  

In a l l  t h r e e  achievement measures used (concept formation, problem 

solving,  and t o t a l  achievement) t h e r e  was a negat ive  c o r r e l a t i o n  

between achievement and I D  change, though concept formation and problem 

solving were d i f f e r e n t l y  a f f e c t e d  ( d i f f e r e n t  c o r r e l a t i o n  c o e f f i c i e n t s ) .  

Af te r  f u r t h e r  a n a l y s i s  i t  was concluded t h a t  a h igh ID-ra t io  a t  the  

beginning of the  biology course f o r  t h e  slow l e a r n e r s  changing t o  lower 

ID-ra t io  l a t e r  i n  t h e  course inc reases  achievement i n  problem solving 

and t o t a l  achievement, provided t h a t  problem solving p lays  a major r o l e  

i n  t h e  t o t a l  performance. Secondly, a cons tant  in termedia te  ID-ra t io  

throughout t h e  course leads  t o  h igher  achievement i n  concept 

formation. In  a follow-up (1970a) the  e f f e c t  of  cons tant  teaching 

p a t t e r n s  was f u r t h e r  t e s t ed .  This  showed t h a t  problem-solving 

performance among t h e  High School biology slow l e a n e r s  was a f f e c t e d  i n  

a p o s i t i v e  way by use  of more i n d i r e c t  ve rba l  i n t e r a c t i o n  f o r  an extended 

per iod ,  while t h e  use of more extended d i r e c t  ve rba l  i n t e r a c t i o n  produced 

negat ive  r e s u l t s .  However, i n  concept formation t h e  r e s u l t s  were not  

very conclusive,  which makes i t  d i f f i c u l t  t o  de r ive  f irm conclusions on 

t o t a l  achievement (problem-solving + concept formation) s ince  the  

t e s t i n g  had some b i a s  towards problem-solving., Even so ,  t h e  study 

demonstrated I n t e r a c t i o n  Analysis a s  a powerful too l  f o r  q u a n t i t a -  

t i v e l y  determining va r ious  a spec t s  of l ea rn ing  t h e o r i e s .  

While t h e  Flanders '  system i s  s u i t a b l e  f o r  use i n  a l l  classroom 

s i t u a t i o n s ,  i t  f a i l s  t o  account f o r  some s p e c i f i c  sc ience  classroom 

s i t u a t i o n s .  Perhaps t h e  category i n  t h e  I n t e r a c t i o n  ~ n a l y s i s  observation 



system t h a t  b e s t  d e s c r i b e s  t h e  ex t ens ive  nonverbal a c t i v i t i e s  t h a t  goes 

on i n  t h e  sc i ence  classroom i s  s i l e n c e  o r  confusion which Amidon modi f ies  

i n t o  "contemplat ive s i lence ' '  and "d i r ec t ed  a c t i v i t y " .  Nonetheless,  t h e s e  

c a t e g o r i e s  do no t  adequate ly  d e s c r i b e  t h e  n a t u r e  of p r a c t i c a l  o r  l abo ra to ry  

p roces ses  of sc iencg  classroom i n t e r a c t i o n .  

To compensate f o r  t h i s  inadequacy Caldwell (1968) cons t ruc t ed  t h e  

A c t i v i t y  Ca tegor i e s  Instrument  (ACI) based on t h e  b a s i c  p r i n c i p l e s  of 

t h e  I n t e r a c t i o n  Analys is .  This  t a k e s  i n t o  account  t h e  n a t u r e  of t h e  

sc i ence  l abo ra to ry -o r i en t ed  l e s sons .  Thus, i n s t e a d  of t h e  usua l  

c a t e g o r i e s  i n  t h e  F landers  o r  Amidon systems Caldwell devised new 

c a t e g o r i e s  t h a t  desc r ibe  t h e  sc ience  classroom c l i m a t e ,  v i z .  open-ended 

l abo ra to ry  exper iences ,  s t r u c t u r e d  l abo ra to ry  expe r i ences ,  group p r o j e c t s ,  

s tuden t  demonstrat ion,  s tuden t  l i b r a r y  r e sea rch ,  s tuden t  speaking. These 

a r e  descr ibed  a s  s tuden t - cen t r ed  a c t i v i t i e s ,  wh i l e  "workbook work", 

t eache r  demonstrat ion and t eache r  l e c t u r e  a r e  c l a s s i f i e d  a s  t eache r -  

cent red .  I n  a d d i t i o n  t h e r e  a r e  c a t e g o r i e s  f o r  t e a c h e r  ques t ion ing  and 

"havoctg. The b a s i c  s i m i l a r i t y  t o  t h e  F landers '  system i s  t h e  method of 

coding and a n a l y s i s  of t h e  da t a  from t h e  r e s u l t s  of  t h e  observa t ions .  

H a l l  (1970) i n v e s t i g a t e d  t eache r  - p u p i l  behaviors  by groups of 

t e a c h e r s  t r a i n e d  i n  Science - A Process  Approach (SAPA) and those  

un t r a ined  i n  SAPA. H a l l  used ano the r  modif ied ve r s ion  of t h e  I n t e r a c t i o n  

Analysis  - The Instrument  f o r  Analysis  of Sc ience  Teaching (IAST). This  

was a p p l i e d  i n  t h e  classrooms of p r a c t i s i n g  t eache r s .  A 23-category 

ins t rument ,  i t  sys t ema t i zes  i n  d e t a i l  t h e  v e r b a l  i n t e r a c t i o n  between t h e  

t eache r  and t h e  pup i l .  Although i t  con ta ins  c a t e g o r i e s  f o r  "overt  

s i l e n t  a c t i v i t y f '  and "covert s i l e n t  a c t i v i t y "  i t  i s  d i f f i c u l t  t o  

determine q u a n t i t a t i v e l y  by t h i s  ins t rument  t h e  e x t e n t  o f  a c t i v i t y  i n  

t h e  classroom. 



However, H a l l ' s  r e s u l t s  seem t o  support  t hose  of  Newport and McNeil 

(1970) who used t h e  o r i g i n a l  system of I n t e r a c t i o n  Analysis .  Ha l l  came 

t o  t h e  conclus ion  t h a t  con t r a ry  t o  a n  e a r l i e r  f i n d i n g  by Westmeyer, 

t e a c h e r s  t r a i n e d  i n  SAPA were more d i r e c t  than  t e a c h e r s  us ing  t h e  o l d  

curr iculum. There was a  s h i f t  from g iv ing  informat ion  t o  g iv ing  more 

procedura l  d i r e c t i o n s ,  which i n  terms of p roces s -o r i en t ed  l e s sons  may 

be equ iva l en t  t o  g iv ing  informat ion  i n  con ten t -o r i en t ed  c l a s s e s .  

Yet another  modi f ica t ion  of  t h e  I n t e r a c t i o n  Analysis  t h a t  h a s  been 

used f o r  s c i ence  classroom observa t ion  i s  Science  Teaching Observa t iona l  

Ins t rument ,  which con ta ins  f i v e  c a t e g o r i e s  - r e c a l l  f a c t s ,  s e e  r e l a t i o n -  

s h i p s ,  make obse rva t ion ,  hypothes ize ,  and t e s t  hypothes is .  Moon (1971) 

used t h i s  ins t rument  In  conjunct ion  wi th  F landers '  system of I n t e r a c t i o n  

Analysis  t o  ana lyse  s e l e c t e d  samples of t e a c h e r  behavior  p a t t e r n s  i n  

pr imary grade classrooms dur ing  sc i ence  a c t i v i t i e s .  Two groups of  

t eache r s ,  one us ing  u n i t s  of t h e  Science Curriculum Improvement Study 

(SCIS) and t h e  o t h e r  us ing  convent iona l  methods were observed. Comparison 

was a l s o  made between t h e  teaching  performances of  t he  SCIS t eache r s  

be fo re  and a f t e r  t h e  SCIS program was in t roduced .  The t e a c h e r s  exposed 

t o  t h e  SCIS program had s i g n i f i c a n t l y  h i g h e r  I D - r a t i o s  than  t h e  

t e a c h e r s  employing convent ional  methods and m a t e r i a l s .  This  ag rees  

with H a l l ' s  s tudy  of t h e  Science - A Process  Approach program. Moon 

a t t r i b u t e s  t h i s  phenomenon t o  a  p o s s i b l e  i n c r e a s e  i n  percentage of 

t e a c h e r  d i r e c t i o n - g i v i n g  t o  young c h i l d r e n  a c t i v e l y  involved w i t h  

sc i ence  m a t e r i a l s .  The l e v e l  of ques t ion ing  of t h e  t e a c h e r s  was r a i s e d  

from a low-order ( r e c a l l  of f a c t s  and informat ion)  t o  a  h igher -order  

ques t ions ,  though whether t h i s  was due t o  t h e  i n t r o d u c t i o n  of t h e  SCIS 

program, o r  t h e  obse rva t ion  ins t rument ,  o r  bo th ,  i s  n o t  c l e a r .  The 
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i n v e s t i g a t o r  found t h a t  t h e r e  was l i t t l e  r e t e n t i o n  i n  t ime of  t h e  methods 

l ea rned  a t  t h e  workshop f o r  t h e  SCIS u n i t s .  The t e a c h e r s  assumed a  more 

d i r e c t  s t ance  a s  t h e  school  y e a r  progressed.  An explana t ion  given f o r  

t h i s  i s  t h e  t e a c h e r s '  compliance w i t h  t h e  program's emphasis on c a r e f u l l y  

g iv ing  d i r e c t i o n s  (a measure of d i r e c t n e s s )  t o  young c h i l d r e n  before  

a l lowing  them t o  handle  o b j e c t s .  

Another u s e f u l  ins t rument  of i n t e r a c t i o n  a n a l y s i s  i s  t h e  Guided 

S e l f  Analysis  (GSA) (Bi rch  1969),  which i s  designed s p e c i f i c a l l y  t o  

a s s i s t  t e a c h e r s  i n  t h e  s e l f - a p p r a i s a l  o f  t h e i r  t eaching  methods c o n s i s t e n t  

wi th  major  elements  of succes s fu l  teaching .  The t h e o r e t i c a l  b a s i s  of  

t h e  GSA i s  founded on t h e  induc t ion  of " cogn i t i ve  dissonance" i n  t h e  

t eache r ,  and i t s  subsequent r educ t ion  which r e s u l t s  from behavior  change 

provided  t h a t  : 

1. The d i s sonan t  f a c t s  a r e  no t  r e j e c t e d  a s  f a l s e .  

2. The d i s sonan t  f a c t s  a r e  no t  i n t e r p r e t e d  i n  such a  way a s  

t o  b e  seen a s  c o n s i s t e n t  w i t h  t h e  pe r son ' s  behavior  and 

b e l i e f s .  

3. The d i s sonan t  f a c t s  a r e  taken s e r i o u s l y ,  causing t h e  

person  t o  a l t e r  h i s  o r i g i n a l  assumptions and behavior .  

The GSA system seeks  t o  promote t h e  l a s t  r e a c t i o n .  

In  e f f e c t  t h e  F landers  system may be used f o r  s e l f  a n a l y s i s  i n  

i t s  raw form and h a s  t hus  been used a s  a  feedback system by some 

r e sea rche r s .  But i t s  focus on t h e  broad a r e a  of human i n t e r a c t i o n  

makes it d i f f i c u l t  f o r  t h e  u s e r  t o  i d e n t i f y  t h e  concomitant f a c t o r s  

t h a t  enhance t h e  c o g n i t i v e  l e v e l  of teaching .  It i a  i n  t h i s  a r e a  t h a t  

t h e  importance o f  t h e  GSA a s  a  c l i n i c a l  ins t rument  a s s e r t s  i t s e l f .  

The Teaching f o r  Inqu i ry  Program which embodies t h e  under ly ing  



s t r a t e g i e s  of  The GSA system i s  divided i n t o  s i x  "schedules" which focus 

more on t h e  t eacher  than on the  student .  These schedules a r e  Questioning 

S t r a t e g i e s ,  Response S t r a t e g i e s ,  Teacher Talk Pa t t e rns ,  Experience 

Referents  and Levels of Thinking. Each schedule i s  f u r t h e r  divided i n t o  

, ca tegor ies  t h a t  he lp  i n  opera t iona l ly  analysing t h e  behavior concerned. 

For ins tance ,  the  Questioning S t r a t e g i e s  a r e  designed t o  f i n d  t h e  r a t i o  

of ques t ions  r equ i r ing  more complex pup i l  th inking and a g r e a t e r  amount 

of pup i l  th inking a c t i v i t i e s ,  t o  those ques t ions  demanding l e s s  pup i l  

thinking. Leading ques t ions ,  probing ques t ions ,  r h e t o r i c a l  quest ions,  

and bas ic  ques t ions  make up the  Questioning S t r a t e g i e s  schedule, and the  

r a t i o  of  t h e  f i r s t  two ca tegor ies  t o  t h e  l a s t  two make up t h e  quest ioning 

index. 

Each schedule i s  coded and analysed individual ly .  Thus a  t eacher  

may video-tape h imsel f ,  code according t o  a p a r t i c u l a r  schedule c o n s i s t e n t  

wi th  h i s  need f o r  improvement, and try t o  modify h i s  behaviors t o  h i s  

acceptable  i d e a l  i n  a  s e r i e s  of s e l f  analyses.  The same video-tape can 

be used t o  code t h e  o t h e r  schedules. Thus t h e  r e s u l t a n t  cumulative 

e f f e c t  can be assessed.  

This  s h o r t  review of the  GSA was intended a s  an example of the  

cogn i t ive  systems of t h e  observation of l e a r n i n g  a c t i v i t i e s .  Simon and 

Boyer i n  t h e i r  anthology give  extens ive  reviews of both cogni t ive  and 

a f f e c t i v e  systems. A 1 1  the  a f f e c t i v e  systems; except f o r  minor d e t a i l s ,  

a r e  s imi la r .  Thus, d e t a i l e d  review of o t h e r  systems i n  addi t ion  t o  

t h a t  of Flanders ( t h e  most widely used) may prove redundant. 



CHAPTER I11 

METHODS AND PROCEDURES 

The purpose of  t h i s  c h a p t e r  i s  t o  p r e s e n t  an o u t l i n e  of t h e  

methods and procedures  t h a t  were used i n  t h e  s tudy.  The main p o i n t s  t o  

be d i scussed  w i l l  be ,  t h e  pre l iminary  s tudy  ( cons t ruc t ion  and adrninis t ra-  

t i o n  of i n s t rumen t s )  and t h e  main s tudy  ( cons t ruc t ed  and s t anda rd ized  

ins t ruments  used ,  admin i s t r a t i on  of t h e  in s t rumen t s ,  and t h e  problems 

involved  i n  t h e  a d m i n i s t r a t i o n  of t h e  ins t ruments ) .  

The Pre l iminary  Study 

The p re l imina ry  s tudy  was undertaken t o  des ign  and r e f i n e  a  

q u e s t i o n n a i r e  and t o  u s e  it t o  determine t h e  p o t e n t i a l  r e l a t i o n s h i p s  

between b iog raph ica l  and behaviora l  c h a r a c t e r i s t i c s  of s e l e c t e d  seventh 

grade  sc i ence  t e a c h e r s  and t o  use  t h e  A c t i v i t i e s  Categor ies  Instrument 

(ACI) i n  a  t r i a l  observa t ion .  

Method 

A 48-item q u e s t i o n n a i r e  cover ing  exper ience ,  academic and 

p r o f e s s i o n a l  t r a i n i n g ,  t each ing  methods, l e s son  a i d s  and u n i t s  used,  

p u p i l  achievement and i n t e r e s t  was cons t ruc t ed ,  

The ques t ionna i r e  was d i s t r i b u t e d  through t h e  o f f  i c e s  of  School 

D i s t r i c t  No, 43 (Cocpitlarn) t o  Seventh Grade s c i e n c e  t eache r s  i n  t h e  

d i s t r i c t .  In  a l l  48 q u e s t i o n n a i r e s  were d i s t r i b u t e d .  T h i r t y  were 

r e tu rned ,  g i v i n g  a  60% response. 

The d a t a  were examined t o  determine p o t e n t i a l  r e l a t i o n s h i p s  

between b iog raph ica l  and behaviora l  ( t each ing )  c h a r a c t e r i s t i c s  of t h e  

t e a c h e r s  concerned. The o v e r a l l  s c i ence  t each ing  experience,  t h e  



, elementary science teaching experience, c r e d i t s  i n  advanced science courses, 

t h e  number of grades  taught  were chosen a s  independent va r i ab les  and 

t e s t e d  aga ins t  t h e  repor ted  science teaching p r a c t i c e s  including a c t i v i t y -  

o r i en ted  lessons ,  indiv idual ized ,  small group and f u l l  c l a s s  ins t ruc t ion ,  

and use  of curriculum guides  and resource u n i t s .  

These analyses  revealed no s t rong r e l a t i o n s h i p s  with t h e  poss ib le  

exception of science teaching experience and a c t i v i t y - o r i e n t e d  lessons. 

The summary of t h e  r e s u l t s  i s  given i n  Table 11 . 
The Ac t iv i ty  Categories Instrument (ACI) - T r i a l  Administration 

The Ac t iv i ty  Categories Instrument which was t o  be used f o r  d i r e c t  

observation i n  t h e  study was used i n  a t r i a l  observation ( a f t e r  permission 

f o r  i t s  use had been granted)  t o  a )  develop observat ional  s k i l l ,  

b )  determine r e l i a b i l i t y  i n  coding, c )  determine t h e  de fec t s ,  i f  any, i n  

t h e  method of coding and i n  the  instrument i t s e l f  and d)  e s t a b l i s h  

ground r u l e s  f o r  t h e  observation. 

S ix  f u l l  sess ions  of a s e l e c t e d  science c l a s s  (Grade Seven) were 

observed. Analysis  of  the s i x  observat ions  revealed a consistency of 

0.88 using S c o t t ' s  Coefficient*. A s  a r e s u l t  of  the  t r i a l  observation,  

some minor changes were made i n  t h e  procedure t o  be adopted i n  the  

main study, notably  "simultaneous coding" of events  i n  the  classroom, 

In the  o r i g i n a l  instrument t h e  observer  records  one of two events  t h a t  

occur, a t  the  same time using h i s  own d i s c r e t i o n  t o  choose the  category 

t h a t  most a p t l y  desc r ibes  the  s i t u a t i o n .  In some cases  t h e  observer  

records t h e  category wi th  the  lowest number. Thus, i n  a s i t u a t i o n  

*Consistency Rat io  ca lcu la ted  by S c o t t ' s  method ( f o r  the  main study) 
a s  a-measure of coding s t a b i l i t y  i s  described on page 53. 



TABLE I1 

SUMMARY OF RESULTS OF THE PRELIMINARY STUDY. 

SINGLE CLASSIFICATION ANALYSIS OF VARIANCE. 

-- - --.- - 

V a r i a b l e  Group Mean 
F Comment 

Independent  Dependent Gp.1 Gp.2 

Time s p e n t  on: 

1. A c t i v i t y - o r i e n t e d  
l e s s o n s  

2. I n d i v i d u a l i z e d  
i n s t r u c t i o n  

I. 3. Small  group 
Teaching i n s t r u c t i o n  

Experience** 4. C l a s s  s i z e  i n s t r .  

Use o f :  

5. Teacher-prepared 
exper iments  

6. B.C. Curriculum 
Guide 

P u p i l  i n t e r e s t  r a t e d  
by t e a c h e r s  

P u p i l  achievement 
r a t e d  by t e a c h e r s  

2.21 7.42* Mean d i f f e r e n c e  

1.16 21.11* Mean d i f f e r e n c e  

1.32 0.13 No mean d i f f .  

2.32 13.70 Nomean d i f f .  

0.62 2.98 No mean d i f f .  

0.94 0.07 Nomean d i f f .  

Not s t a t i s t i c a l l y  a n a l y s e d .  
Moderate i n t e r e s t  and  achievement  
r e p o r t e d  g e n e r a l l y  . 

* Beyond 0.01 l e v e l  o f  s i g n i f i c a n c e .  

** T e a c h e r s  were grouped a c c o r d i n g  t o  t h e  number o f  y e a r s  t h e y  had 
t a u g h t  s c i e n c e .  Group 1 - l e s s  t h a n  t h r e e  y e a r s .  Group 2 - more 
t h a n  t h r e e  y e a r s .  n  = 1 0 ,  n  = 1 9 .  

1 2 

11. T e a c h e r s  grouped a c c o r d i n g  t o  t h e  number o f  s c i e n c e  c o u r s e s  t aken  

d u r i n g  t r a i n i n g  and t e s t e d  a g a i n s t  v a r i a b l e s  1 t o  6 d i d  n o t  show any 

s i g n f f i c a n t  mean d i f f e r e n c e s .  F -va lues  f o r  t h e s e  v a r i a b l e s  were  0.1 3 ,  
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2.14, 2.00, 1.49, 0.61 and 0.20 r e s p e c t i v e l y .  Group 1 - only  i n t r o d u c t o r y  

courses .  Group 2 - i n t r o d u c t o r y  and advanced courses .  n  = 16,  n  = 13. 
1 2 

111. Teachers  grouped according t o  t h e  number of  g r a d e s - t h e y  were 

teaching  a t  t h e  t ime of  t h e  s tudy  and t e s t e d  a g a i n s t  v a r i a b l e s  1 t o  6  

d i d  no t  show any s i g n i f i c a n t  mean d i f f e r e n c e s .  F-values  i n  t h i s  c a s e  

were 5.86, 3.02, 1 .66 ,  0.47, 0.19 and 0.34 r e s p e c t i v e l y .  Group 1 - 
t each ing  only  Grade 7. Group 2 - t e ech ing  Grade 7 and one o r  more 

o t h e r  grades .  



F ct where a  t eache r  i s  t a l k i n g  (Category 8 )  whi le  s t u d e n t s  a r e  working 

on an open-ended experiment (Category I ) ,  h e  r eco rds  an 8. In  sfmul- 

taneous coding t h e  obse rve r  w i l l  r e co rd  i n s t e a d  both 8 and 1 i n  t h e  

8  same space, t h u s  1 , i f  ca tegory  1 was t h e  extended event  a t  t h e  t ime 

1 
o r  8 , i f  t h e  s i t u a t i o n  was reversed .  

I n  t h e  ins t rument  i t s e l f ,  i t  was found necessary  t o  in te rchange  

t h e  p o s i t i o n s  of c a t e g o r i e s  8 and 10.  I n  the o r i g i n a l  schedule t h e  

p o s i t i o n  of  Teacher Talk a s  ca tegory  10  was removed from o t h e r  c a t e -  

g o r i e s  o f  ve rba l  behavior ,  i . e .  c a t e g o r i e s  6 (Student  Talk)  and 7 

(Teacher Talk)  by t h e  in t e rven ing  c a t e g o r i e s .  Th i s  made i t  d i f f i c u l t  

t o  design a  coherent  i n t e r a c t i o n  mat r ix .  However, by in te rchanging  

t h e  p o s i t i o n s  o f  c a t e g o r i e s  8  and 10, t h e  s tuden t  and t e a c h e r  v e r b a l  

behaviors  were brought i n t o  sequence and a  more sys t ema t i c  and a  work- 

a b l e  ma t r ix  could be  devised.  Thus, i t  was p o s s i b l e  t o  d e l i n e a t e  i n  

t h e  i n t e r a c t i o n  ma t r ix  t h e  "Discussion Area" which descr ibed  s tuden t -  

t eache r  v e r b a l  i n t e r a c t i o n .  

THE M A I N  STUDY 

Ins t ruments  Used 

The Ques t ionnai re .  One of t h e  aims of t h e  pre l iminary  s tudy  was 

t o  t e s t  t h e  q u e s t i o n n a i r e  t o  be used i n  t h e  main s tudy.  Based on 

a n a l y s i s  and feedback on t h e  p re l imina ry  s tudy t h e  o r i g i n a l  ques t ion-  

n a i r e  was modif ied t o  make i t  more e x p l i c i t .  

S tandard ized  Instruments .  Severa l  systems f o r  observa t ion  of 

classroom c l ima te  were conaidered.  Among t h e s e  systems were: The 

Guided Se l f -Analys is  Schedules (GSA), which, though p o t e n t i a l l y  u s e f u l  
.I 



behavior  change through s e l f - a n a l y s i s .  S ince  coding of  classroom 

a c t i v i t i e s  was t o  be done l i v e ,  i t  was e s s e n t i a l  t h a t  t h e  system used 

be s h o r t  and i n c l u s i v e .  The o r i g i n a l  F landers '  I n t e r a c t i o n  Analysis 

system was considered.  So, t o o ,  were Amidon and Hough's Observat ional  

System f o r  t h e  Analys is  of Classroom I n s t r u c t i o n ,  t h e  Instrument f o r  

Analysis  f o r  Science Teaching, a  long ins t rument  c o n s i s t i n g  of 23 

c a t e g o r i e s ,  Science Teaching Observa t iona l  Instrument ,  a  r a t h e r  s h o r t  

5-category system and,  f i n a l l y ,  t h e  A c t i v i t y  Categor ies  Instrument (ACI) 

developed by Caldwell.  

The A c t i v i t y  Ca tegor i e s  Instrument  (ACIL was found t o  be t h e  

most a p p r o p r i a t e  ins t rument  f o r  t h e  main s tudy.  It c o n s i s t s  of e leven 

c a t e g o r i e s  desc r ib ing  s tuden t - cen t r ed  and t eache r -cen t r ed  a c t i v i t i e s .  

I n t e r a c t i o n  Analysis  - A c t i v i t y  Categor ies .  

The A C I  was cons t ruc t ed  and v a l i d a t e d  a t  Syracuse Univers i ty  

by H. E. Caldwell.  The instrument  h a s  been used i n  ove r  300 schools  

i n  t h e  United S t a t e s .  It has  a l s o  been used f o r  i n $ e r v i c e  t r a i n i n g  

and supe rv i s ion  a s  w e l l  a s  p r e s e r v i c e  t r a i n i n g  i n  West V i rg in i a  and 

Syracuse U n i v e r s i t i e s .  It h e l p s  t o  determine t h e  p ropor t ion  of t ime 

spent  on l a b o r a t o r y  a c t i v i t i e s ,  ques t ion ing ,  and o t h e r  a s p e c t s  of 

classroom i n t e r a c t i o n .  The modif ied A C I  a s  used i n  t h i s  s tudy appears  

on Fig. 5  of Appendix CI 

D i s t r i b u t i o n  of t h e  p e s t i o n n a i r e s  

For t h e  main s tudy  Surrey School D i s t r i c t  was s e l e c t e d .  Th i s  

school  d i s t r i c t ,  comprising 60 elementary schoo l s ,  9 j u n i o r  second- 

a r y  schools  and 5 s e n i o r  secondary schools  i s  one of t h e  l a r g e s t  

school  d i s t r i c t s  i n  t h e  Grea t e r  Vancouver a r e a .  The d i s t r i c t  i s  of 

i n t e r e s t  a l s o  i n  terns of t h e  number o f  d i v e r s e  communities. 
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A f t e r  s e l e c t i n g  t h e  d i s t r i c t  a  l e t t e r  r e q u e s t i n g  permission t o  

conduct t h e  s tudy  was s e n t  t o  t h e  D i s t r i c t  Super in tendent  by t h e  s e n i o r  

s u p e r v i s o r  of t h i s  work. Af t e r  permission was g ran t ed  r e g u l a r  con tac t  

was main ta ined  w i t h  t h e  Superv isor  of  In t e rmed ia t e  I n s t r u c t i o n .  Through 

t h e  o f f i c e  of  t h e  school  d i s t r i c t ,  w i t h  t h e  h e l p  of  t h e  Superv isor  f o r  

In t e rmed ia t e  I n s t r u c t i o n ,  e i g h t y  a u e s t i n n n a i r e s  were d i s t r i b u t e d  t o  

seventh g rade  s c i ence  t eache r s .  F o r t y - f i v e  were r e t u r n e d ,  w i t h  one 

response incomplete  s i n c e  t h e  t e a c h e r  was no  longer  t each ing  sc i ence .  

Th i s  r a t h e r  low r e t u r n  a s  compared t o  t h e  p re l imina ry  s tudy  may be  

a t t r i b u t e d  t o  t h e  t ime of  t h e  s tudy .  The p re l imina ry  s tudy  was conducted 

i n  summer 

e f f e c t  on 

u n t i l  t h e  

t h e  f i r s t  

m a i l s  and 

and t h e  r e s u l t s  were n o t  ready u n t i l  t h e  middle of  f a l l .  The 

t h e  mafn s tudy  was t h a t  t h e  r e v i s e d  q u e s t i o n n a i r e  was n o t  ready 

middle  o f  f a l l  semester  and d i s t r i b u t i o n  could on ly  begin i n  

week of December, which co inc ided  w i t h  t h e  heavy Christmas 

a c t i v i t i e s .  However, t h i s  could  n o t  be  avoided due t o  t h e  

l i m i t e d  t ime a v a i l a b l e  f o r  t h i s  s t udy ,  

S e l e c t i n g  t h e  Sample f o r  Observat ion 

A s t r a t i f i e d  random sample of  twenty seventh  grade  s c i e n c e  t e a c h e r s  was 

s e l e c t e d  from among t h e  respondents  t o  t h e  q u e s t i o n n a i r e .  Two l a t e r  w i t h -  

drew, l eav lng  a  sample of e igh teen .  

The a n a l y s i s  of  responses  t o  t h e  q u e s t i o n n a i r e  r evea l ed  t h a t  

a lmost  a l l  t h e  t e a c h e r s  depended on vari .ous curr iculum u n i t s ,  e s p e c i a l l y ,  

ESS and t h e  Curriculum Guide (Sc ience  7 )  (Table  111), t h e r e f o r e  i t  was 

p o s s i b l e  t o  make random s e l e c t i o n  of  t e a c h e r s  who used t h e s e  u n i t s .  

Equal numbers o f  exper ienced  ( t h o s e  w i th  more than t h r e e  y e a r s  

exper ience)  and l e s s  experienced t e a c h e r s  ( t h o s e  w i t h  l e s s  than t h r e e  

y e a r s  s c i e n c e  t each ing  expe r i ence )  were s e l e c t e d  t o  make t h e  sample more 



TABLE I11 

LEARNING RESOURCES USED BY TEACHERS 

I N  THE MAIN STUDY 

I tem 
Average number o f  Number o f  

P e r c e n t a g e  
m a t e r i a l s  u s e d  u s e r s  

L e a n i n g  Aids* 2.5 3 2 8 3 

Curr iculum P r o j e c t  
Units* 1.7 

B. C. Curr iculum 
Guide. S c i e n c e  7*** 

* These i n c l u d e d  a u d i o - v i s u a l  m a t e r i a l s ,  t e x t b o o k s  and f i e l d t r i p s .  

** U n i t s  i n c l u d e d  were  Exper iences  i n  S c i e n c e  (EIS) ,  Elementary  S c i e n c e  
Study (ESS), S c i e n c e  - A P r o c e s s  Approach and  Elementary  School  
S c i e n c e  P r o i e c t  , U n i v e r s i t y  of I l l i n o i s  (ESSP-ILL). 

*** 84% o f  t h e  s u b j e c t s  i n  t h e  popu1.atiot-1 used  t h e  Guide "rnoderate7yf', 
w h i l e  14% used  i t  "c lose ly" .  Only one s u b j e c t  used  i t  "spar ing ly" .  
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r e p r e s e n t a t i v e .  The c r i t e r i o n  of experience was e s t a b l i s h e d  i n  t h e  

e a r l i e r  p r e l imina ry  s tudy  ( see  page 5 ) .  To avoid obse rve r  b i a s  t h e  

s e l e c t i o n  was made by the  supe rv i so r  of I n s t r u c t i o n  ( i n s t e a d  of t h e  

i n v e s t i g a t o r  h imse l f ) .  A t  t h e  same time a  f a i r  d i s t r i b u t i o n  of t h e  

schools  i n  t h e  d i s t r i c t  was maintained.  A l l  t h e  t e a c h e r s  s e l e c t e d  

were put  on a common r o l l  and d e t a i l s  of  t h e i r  exper ience  were no t  

known u n t i l  a f t e r  t h e  end o f  t h e  observa t ion  o f  t h e  classroom 

a c t i v i t i e s .  

The d i s t r i b u t i o n  of e lementary schools  i n  t h e  d i s t r i c t  a s  w e l l  

a s  t h o s e  i n  t h e  sample i s  shown i n  F igure  3. 





Types of Classrooms Vis j  t e d  

The t y p i c a l  s c i e n c e  classroom was only  s l i g h t l y  d i f f e r e n t  from t h e  

o rd ina ry  classroom, Because of t h e  use  of  packaged u n i t s  t h a t  could  

be e a s i l y  assembled before  and packed a f t e r  each l e s son ,  same of t h e s e  

c l a s s e s  were h e l d  i n  a very " u n s c i e n t i f i c "  environment. It was 

not  uncommon t o  f i n d  s lan t - topped  t a b l e s  used f o r  o t h e r  s u b j e c t s  be ing .  

used f o r  s c i ence  experiments  such a s  ba lanc ing  f o r c e s  on beam balances.  

Some c l a s s e s  were h e l d  i n  s p e c i a l  a r e a s  o r  rooms equipped wi th  water  

t aps ,  The c l a s s e s  t h a t  were h e l d  i n  s p e c i a l  s c i ence  classrooms 

provid ing  a p p r o p r i a t e  environment f o r  l abo ra to ry - type  sc i ence  l e s sons  a 

accounted f o r  about 50% o f  t he  c l a s s e s  v i s i t e d .  

ObservaJion o f  Se l ec t ed  - Science C las ses  

A f t e r  s e l e c t i n g  t h e  sample, t h e  t e a c h e r s  a s  we l l  a s  t h e i r  

p r i n c i p a l s  were informed about t h e  s tudy by t h e  Superv isor  of 

In te rmedia te  I n s t r u c t i o n ,  and permission was sought t o  v i s i t  t h e  s c i ence  

c l a s s e s  of  t h e  Grade Seven t e a c h e r s  s e l e c t e d .  Observat ions s t a r t e d  

i n  t h e  second week of  December and ended i n  t h e  f i r s t  week of March, 

With two except ions  each t eache r  was v i s i t e d  a t  l e a s t  twice,  

Sys temat ic  C o d i s  of Classroom InJeract ion 

A c t i v i t i e s  i n  t h e  classrooms were recoded on " i n t e r a c t i o n  

a n a l y s i s  record ing  shee ts"spec ia l1y  designed f o r  t h i s  purpose, A 

sample record ing  shee t  i s  shown i n  Table XV,.Appendix C. The 

obse rve r  occupied a p o s i t i o n  ( u s u a l l y  i n  t h e  back of t h e  classroom) 

where a l l  a c t i v i t i e s  were v i s i b l e ,  A t  i n t e r v a l s  of  f i v e  seconds t h e  

number of  t h e  ca tegory  . i n  t h e  A c t i v i t y  Categor ies  Instrument t h a t  

c o r r e c t l y  desc r ibed  t h e  behavior  i n  t h e  classroom was recorded, A s h o r t  

t ime,  u s u a l l y  t h r e e  minutes ,  was allowed by t h e  observer  f o r  classroom 



"acc l imat iza t ion"  ( i . e .  g e t t i n g  acquainted w i t h  t h e  gene ra l  classroom 

atmosphere) be fo re  r e a l  coding s t a r t e d .  The du ra t ion  of lessons  

ranged from t h i r t y  minutes t o  one hour  ten  minutes .  . P e r t i n e n t  remarks 

were made i n  spaces provided on t h e  recording shee t  and t h e  records  

rechecked immediately a f t e r  the  lesson  ended. 

Beside t h e  l i v e  coding a  c a s s e t t e  tape  r eco rde r  was used t o  

r eco rd  l e s sons  f o r  l a t e r  coding. ~t l e a s t  one l e s son  p e r  t eache r  was 

recorded on tape .  The recorded lessons  were coded independent ly and 

t h e  r e s u l t  compared wi th  t h e  l i v e  coding. 

Ground Rules 

In  o r d e r  t o  s t anda rd ize  t h e  coding procedure a  s e t  of ground 

r u l e s  was e s t a b l i s h e d .  These ground r u l e s  w i th  minor modi f ica t ion  

(notab ly  Rules 3 and 7) were s i m i l a r  t o  those suggested by 

Caldwell (1967) f o r  t h e  use  of t he  Ac t iv i ty  Categor ies  Instrument.  

The ground r u l e s  a s  used i n  t h i s  s tudy  a r e  summarized below: 

A pe r iod  of "acc l imat iza t ion"  of n o t  more than  f i v e  
minutes  i s  allowed by t h e  observer  be fo re  coding s t a r t s .  

A l l  coding begins and ends wi th  Category 11. 

When two a c t i v i t i e s  o f  equal  cogn i t i ve  va lue  occur  s imul ta -  
neously w i t h i n  a  f i v e  second i n t e r v a l  t h e  observer  records  
both even t s  i n  t he  same space. For example, i f  a t eache r  
a s k s  a  ques t ion  (Category 7)  whi le  showing a  f i l m s t r i p  
(Category 9 ) ,  t he  observer  r eco rds  a  g7, t h e  base number 
denot ing t h e  sus t a ined  a c t i v i t y  and t h e  exponent t h e  
temporary a c t i v i t y .  

When two o r  more a c t i v i t i e s  occur  s e q u e n t i a l l y  w i th in  a  
f i v e  second i n t e r v a l ,  t h e  obse rve r  records  t h e  a c t i v i t y  t h a t  
occupiee t h e  major po r t ion .  

Lu l l s  dur ing  a l e c t u r e  f o r  purposes of no te  t ak ing  a r e  
recorded a s  7,  i f  they occur  fo l lowing  a  t eache r  
ques t ion  (Cat'egory 7) .  



6. When an  i n t e r v a l  cannot be ass igned  a  number it i s  l e f t  blank 
and t h e  s i t u a t i o n  expla ined  i n  t h e  "remark" column. 

7. Student  Ta lk  occuring whi le  s t u d e n t s  a r e  working on an 
experiment i s  deregarded, if such t a l k  has no cogni t ive  va lue  
o r  i s  not  d i r e c t e d  t o  t h e  e n t i r e  c l a s s .  For example, when 
s t u d e n t s  a r e  working i n  groups on open-ended exveriments 
(Category 1 )  and d i scuss ing  among themselves, t he  observer 
records  only  open-ended experiment and comments i n  t h e  
remark column. 

8. Guest speakers  and any persons othe,r than the  members of t he  
c l a s s  a r e  disregarded.  The i n t e r v a l s  such people occupy a r e  
i n d i c a t e d  a s  i n t e r r u p t i o n .  

9.* In a  s p l i t  c l a s s  a l l  a c t i v i t i e s  involv ing  t h e  c l a s s  not  under 
i n v e s t i g a t i o n  a r e  disregarded.  ( I n  t h i s  study Grade 6).  

lo.* T e s t s ,  f i e l d t r i p s  and a c t i v i t i e s  of s u b s t i t u t e  teachers  a r e  
not  coded. 

Problems o fLb_se rva t ion  - Applicat ion of t h e  ----- Instrument 

The main problems i n  a  s tudy  o f  t h i s  k ind  r e l a t e  t o  observer  

b i a s ,  obse rve r  r e l i a b i l i t y  and obse rve r  cons is tency ,  Among the  

f a c t o r s  t h a t  c o n t r i b u t e  t o  t hese  problems a r e  i n s t a b i l i t y  of  behavior 

and incons i s t ency  i n  t h e  i tems of  t h e  obse rva t ion  schedule. However, 

t h e  second f a c t o r  i s  c o r r e c t e d  by t h e  use  of  a  va l ida t ed  instrument.  

TO avoid obse rve r  b i a s  i n  coding, c a r e  was taken  t o  avoid sub jec t ive  

judgements. In fe rences  regard ing  t h e  s i g n i f i c a n c e ,  value,  o r  r e l a t i o n -  

s h i p  o f  t h e  s e t  o f  behaviors  t o  be coded were avoided, Beside t h i s  

p recau t ion ,  t h e  r eco rd  of  t eache r  background was not  r e f e r r e d  t o  u n t i l  

a f t e r  t h e  completion o f  t h e  observa t ions .  

To e s t a b l i s h  t h e  v a l i d i t y  of  t h e  r e s u l t s  two f a c t o r s  were 

mathematical ly  determined. 

Consis tency o r  S t a b i l i t y  C o e f f i c i e n t ,  This  i s  def ined  a s  t h e  

c o r r e l a t i o n s  between obse rva t ions  made by t h e  same person a t  d i f f e r e n t  

-- - - 

* Rules 9 and 10  were added t o  s u i t  t h e  n a t u r e  of t h e  s tudy* 



t imes. In  o r d e r  t o  c a l c u l a t e  t h i s  f a c t o r ,  randomly s e l e c t e d  t ape -  

recorded l e s sons  were coded a t  i n t e r v a l s  during t h e  s tudy,  ana lysed ,  

and t h e  r e s u l t s  c o r r e l a t e d  with r e s u l t s  of  t h e  l i v e  coding. The 

Consistency Rat io  c a l c u l a t e d  by S c o t t ' s  method ranged from 83% t o  87%, 

which shows adequate s t a b i l i t y  i n  coding. The Consistency Ratios_ a r e  

p re sen ted  i n  Table IV.  

R e l i a b i l i t y  -- Coef f i c i en t .  Various approaches have been suggested f o r  

e s t i m a t i n g  i n t e r - o b s e r v e r  r e l i a b i l i t y  (Medley and Mi tze l ,  1958). By 

f a r  t h e  s imp les t  o f  t h e s e  methods i s  t h a t  suggested by S c o t t  (F landers ,  1960), 

which involves  t h e  c a l c u l a t i o n  of  a  f a c t o r  g e n e r a l l y  r e f e r r e d  t o  as 

S c o t t ' s  c o e f f i c i e n t .  .-- The use of  S c o t t ' s  c o e f f i c i e n t  h a s  some s i g n i f i c a n t  

advantages.  

1. It is no t  a f f e c t e d  by low f requencies .  

2. It can be adapted t o  percentage  f igu res .  

3, It can be es t imated  r a p i d l y  i n  t h e  f i e l d .  

4. It i s  more s e n s i t i v e ,  p a r t i c u l a r l y ,  a t  h ighe r  l e v e l s  of 

r e l i a b i l i t y .  

The c o e f f i c i e n t  fl) i s  expressed a s  t h e  amount by which two obse rve r s  

( o r  obse rva t ions )  exceed chance agreement d iv ided  by t h e  amount by which 

p e r f e c t  agreement exceeded chance. &themat i ca l ly ,  i t  may be determined 

by formulae 1 and 2 below. 

where, 

Po = t h e  p ropor t ion  of agreement,  and 

PQ t h e  p ropor t ion  of agreement expected by chance, PC i s  

found by squa r ing  t h e  p ropor t ion  of  t a l l i e s  i n  each ca tegory  and 



TABLE IV 

ESTIMATED CONSISTENCY RATIOS 

Instance 
Consistency Ratio 

(Scott 's Coefficient) 



summing t h e s e  over  a l l  c a t egor i e s ,  i . e .  

where, Pi i s  t h e  p ropor t ion  of t a l l i e s  f a l l i n g  i n t o  each ca tegory ,  

and k. i s  t h e  number of ca tegor ies .  

To t e s t  f o r  coding r e l i a b i l i t y ,  a  s e r i e s  of obse rva t ions  

were made s imultaneously by the  i n v e s t i g a t o r  and a second experienced 

observer .  The r e s u l t s  of  both observers  were ana lysed  a s  i n  Table XVIZI. 

Using t h e  S c o t t  method t h e  l e v e l  of r e l i a b i l i t y  was computed a s  fol lows.  

Thus, 

3 = 0.84 

The S c o t t ' s  c o e f f i c i e n t  computed i n  t h i s  manner i n d i c a t e d  a  l e v e l  

of agreement between 0.84 and 0.87. Flanders  (1960) c i t e s  an accep t -  

a b l e  l e v e l  of 0.85 f o r  such in - se s s ion  coding. 

Other Problems Involved i n  t h e  Observat ion 

Other problems encountered were of  a  p r a c t i c a l  na tu re .  A study 

involv ing  personal  appearance i n  t h e  classroom sometimes evokes a  

g r e a t  d e a l  of uneas iness  among t h e  s u b j e c t s .  Th i s  f a c t o r  may lead  t o  



TABLE V 

ESTIMATED RELIABILITY COEFFICIENTS 

Ins tance  C o e f f i c i e n t  



noncooperation o r  o u t r i g h t  r e fusa l  by the  t eacher  t o  p a r t i c i p a t e .  

One reason f o r  such f e e l i n g  i s  the  f a c t  t h a t  most classroom observations 

tend t o  be as soc ia ted  wi th  teacher  evaluat ion.  Therefore, teachers  i n  

t h e  sample were made aware i n  a  cover l e t t e r ,  of t h e  f a c t  t h a t  the  

study was not  f o r  eva lua t ive  purposes o r  commissioned by the  school 

d i s t r i c t .  Also, emphasis was l a i d  on the  c l a s s  a s  a  whole r a t h e r  

than on t h e  t eacher  i n  p a r t i c u l a r ,  

It i s  commonly assumed t h a t  the  appearance of a  v i s i t o r  i n  t h e  

classroom a f f e c t s  t h e  normal classroom cl imate.  This  may be p a r t i c u l a r l y  

so  i n  t h i s  s tudy s i n c e  arrangements were made wi th  t h e  t eacher  p r i o r  t o  

each v i s i t .  I d e a l l y  i t  would have been b e t t e r  t o  pay t h e  v i s i t s  

unannounced t o  avoid "special  lessons", However, t h i s  approach, 

bes ides  being p r a c t i c a l l y  impossible would have been d i f f i c u l t  t o  

make without arousing suspic ions  about t h e  o b j e c t i v e s  of  the  study. 

The disadvantage of t h e  d i r e c t  and formal approach was poss ib ly  

counteracted by the  wi l l ingness  of the  t eachers  i n  the  sample t o  

p a r t i c i p a t e  and t h e  enthusiasm shown i n  t h e  study. 

Another means of overcoming t h e  e f f e c t  of observer  presence 

would be t o  pay severa l  v i s i t s  t o  each teacher ,  In  p r a c t i c a l  terms 

t h i s  was impossible because of t h e  r e l a t i v e l y  l a r g e  sample, the  

length  of t h e  v i s i t s ,  and the  f a c t  t h a t  most of t h e  sc ience  lessons  

were scheduled a t  the  same time. With few exceptions a t  l e a s t  two 

v i s i t s  were made t o  each c las s .  These v i s i t s  were scheduled, where 

poss ib le ,  i n  such a way a s  t o  cover a s  many aspec t s  of sc ience  teaching 

a s  poss ib le .  For example, i f  a  sess ion  was mainly discussion the  

i n v e s t i g a t o r  t r i e d  t o  arrange t h e  next  v i s i t  t o  coincide  with a 



l e s s o n  tha t  involved  more a c t i v i t y ,  i f  the  u n i t  being t rea ted  was 

designed t o  conta in  s c i e n c e  a c t i v i t i e s .  Despi te  a l l  the cons t ra in t s  

attempts  were made t o  make the  v i s i t s  a s  informal a s  p o s s i b l e ,  care 

being taken not  t o  d i srupt  the general  course o f  even t s  i n  t h e  

classroom. 



CHAPTER I V  

ANALYSIS OF THE DATA 

In t roduc t ion  

During obse rva t ion  of t he  lessons,  two main types  of  l e s s o n s  

were encountered: 

I. Some s c i e n c e  l e s sons  were cen t r ed  around gene ra l  s tuden t  

a c t i v i t i e s ,  These l e s s o n s  cons is ted  mainly of  s c i ence  u n i t s  ob ta ined  

from t h e  d i s t r i c t  resource  of •’ ice .  Inva r i ab ly  t h e  u n i t s  under  t rea tment  

were those  of  t h e  Elementary Science Study (ESS) p r o j e c t  

(Educat iona l  Se rv i ces  Incorporated,  Newton, Mass.). Un i t s  be ing  t r e a t e d  

a t  t h e  t ime o f  t h i s  i n v e s t i g a t i o n  were "Bones" (5 l e s s o n s ) ,  "Gases and 

A i r s "  (4 l e s s o n s ) ,  "Kitchen Physics" (5 l e s s o n s ) ,  "Microgardening" 

(2  l e s sons )  a l l  from t h e  ESS s e r i e s  and "Soundg1. 

2. Some sc i ence  l e s sons ,  though designed t o  a rouse  s tuden t  

i n t e r e s t ,  were by t h e i r  n a t u r e  highly teacher -cent red  and had very  

l i t t l e  l a b o r a t o r y  con ten t ,  Among the  u n i t s  used i n  t h e s e  l e s sons  

were "Astronomy", "Time" and "Geologic Processes". 

I n  accordance wi th  t h e  ob jec t ives  of  t h e  s tudy  t h e  l e s sons  were 

c l a s s i f i e d  i n t o  "ac t iv i ty -o r i en t ed t1  and %on-ac t iv i ty-or ien ted"  f o r  

purposes o f  a n a l y s i s .  I n  one o r  two i n s t a n c e s  a  u n i t  t h a t  i s  a c t i v i t y -  

o r i e n t e d  i n  design was c l a s s i f i e d  a s  non-ac t iv i ty -o r i en t ed  because 

t h e  c l a s s  had a  d i scuss ion  of t he  u n i t  dur ing  t h e  e n t i r e  s c i ence  

pe r iod ,  wi thout  any p r a c t i c a l  a c t i v i t y .  

Composite Percentage T a l l i e s  of t he  A c t i v i t y  Categor ies  

The composite percentage  t a l l i e s  show t h e  percentage  of t o t a l  

t a l l i e s  i n  each ca tegory  f o r  t h e  sample o f  teachers .  These s t a t i s t i c s  

g i v e  a  rough i d e a  of  t h e  classroom dynamics. The composite percentage  



t a l l i e s  a r e  obta ined  by summing up a l l  t a l l i e s  i n  each ca tegory  over  

t h e  whole p e r i o d  from t h e  raw s c o r e  from t h e  obse rva t ion  schedules  

f o r  i n d i v i d u a l  t e a c h e r s  i n  t h e  sample and computing t h e  percentage  

f o r  each category.  Table V I  shows t h e  composite percentage  t a l l i e s .  

Ca tegor i e s  1 and 2 - "Open-ended" and "St ruc tured"  l a b o r a t o r y  

exper iences  were used,  when t h e  u n i t  was a c t i v i ~ y - o r i e n t e d ,  between 

18% and 89% of t h e  t ime w i t h  t h i r t e e n  o u t  of  twenty f i v e  such l e s sons  

sco r ing  above t h e  50% mark. Category 3 was n o t  observed. Category 4 ,  

"Student Demonstration" was spa r ing ly  used - l e s s  than  2% of t h e  t ime. 

Category 5 - "Student Reporting" - a group of  s t u d e n t s  . o r  i n d i v i d u a l s  

r e p o r t i n g  on a p r o j e c t ,  l i b r a r y  r e s e a r c h ,  o r  an experiment done i n  

c l a s s  i n  which they  a r e  expected t o  make i n f e r e n c e s  o r  independent 

a n a l y s i s  was n o t  observed a g r e a t  d e a l  - about  3% i n  t h r e e  i n s t a n c e s  

and over  10% on t h r e e  o t h e r  occasions.  

Ca tegor i e s  6,  7 and 8 which express  t h e  measure of ve rba l  i n t e r -  

a c t i o n  i n  t h e  classroom were used a g r e a t  d e a l  i n  a l l  t h e  lessons .  

Category 6 - "Student Talk" was used between 3% and 40% of  t h e  t ime - 
w i t h  e i g h t  i n s t a n c e s  over  20% and eleven between 10% and 15%. 

Category 7 - "Teacher Questioning" was between 0% and 18% which 

breaks  down t o  over  10% c l a s s  time on t e n  occas ions ,  5% t o  10% on 

t e n  occas ions  and l e s s  than 5% i n  seven o t h e r  i n s t ances .  Category 8 ,  

"Teacher TalkH was used between 6% and 50% - ove r  40% on f o u r  occa- 

s ions ,  20% t o  40% on ano the r  fou r ,  10% t o  20% on t e n  and l e s s  than 

5% c l a s s  t ime on f i v e  o t h e r  occas ions .  Category 9 - "Teacher Demonst- 

r a t i o n "  was l e s s  used,  i n  one i n s t a n c e  f o r  about  29% but  g e n e r a l l y  

between 1% and 5% when t h e  u n i t  was n o t  a c t i v i t y - o r i e n t e d .  
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Category 1 0  - 'Workbook Work", when s t u d e n t s  copy from cha lk  board 

o r  books o r  work on s h e e t s ,  a c t i v i t i e s  t h a t  demand very  l i t t l e  

independent t h ink ing  by t h e  s t u d e n t s ,  was observed on two occasions 

occupying l e s s  than 4% o f  t h e  t ime, and on two o t h e r  occasions f o r  

33% of t h e  time. Category 11 - -  "General Havoc", u s u a l l y  c o n s i s t e d  

of  t ime spent  s e t t i n g  up equipment, regrouping s t u d e n t s ,  humour and 

prolonged l augh te r .  Th i s  a c t i v i t y  occupied between 1% and 8% of t h e  

t ime,  Of ten  t h e  magnitude of t h i s  ca tegory  was a measure of  s tuden t  

a c t i v i t y  i n  t h e  classroom. It i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  t a l l i e s  

i n  t h i s  ca tegory  f o r  t h e  non-ac t iv i ty -o r i en t ed  u n i t s  were usua l ly  

below t h e  mean f o r  t h e  sample. 

I n t e r a c t i o n  Matr ix 

The composite percentage  t a l l i e s  a lone  cannot d e s c r i b e  c l a s s -  

room i n t e r a c t i o n  o r  t he  n a t u r e  of  t h e  s t r a t e g y  employed by t h e  teacher .  

In o r d e r  t o  determine some s p e c i f i c  a s p e c t s  of teaching  behavior  an 

i n t e r a c t i o n  ma t r ix  was cons t ruc t ed  a s  descr ibed  i n  ghap te r  3 (Methods 

and Procedure).  A ma t r ix  f o r  each i n d i v i d u a l  s u b j e c t  was cons t ruc t ed  

from t h e  raw scores .  From t h e s e  m a t r i c e s  r a t i o s  d e s c r i b i n g  s p e c i f i c  

a s p e c t s  of  classroom i n t e r a c t i o n  were c a l c u l a t e d  f o r  each s u b j e c t .  

These were t h e  A c t i v i t y  Ra t io ,  Laboratory Rat io  and Questioning Ratio.  

A c t i v i t y  Rat io.  This  r a t i o  i s  i n d i c a t i v e  of  t h e  amount of  

s tuden t  involvement w i th  t h e  process  of  l e a r n i n g  i n  t h e  sc i ence  c l a s s -  

room. A h igh  A c t i v i t y  Rat io  i n d i c a t e s  a  more s tuden t - cen t r ed  l e s son  

o r  i n d i r e c t  teaching  method. 

The r a t i o s  were c a l c u l a t e d  from t h e  column t o t a l s  of  t h e  ma t r ix  

f o r  each s u b j e c t .  Thus, t he  A c t i v i t y  Ra t io  was determined by d iv id ing  

t h e  sum of t o t a l  t a l l i e s  i n  columns 1 t o  6 ( i n d i r e c t  a c f i v 1 t i e s ) ' b y  



those of columns 8 and 10  ( d i r e c t  a c t i v i t i e s ) .  Mathematically, t h e  

Ac t iv i ty  Ratio was s t a t e d  as:  

Sum of Column t o t a l s  f o r  columns 1 t o  6 
A.R. " 

Sum of Column t o t a l s  f o r  columns 8 t o  10  

Category 7 - "Teacher Questioning" was not  considered i n  t h e  ca lcula t ion .  

However, t h i s  category inf luences  the  magnitude of t h e  Ac t iv i ty  Ratio. 

When t h e r e  i s  a preponderance of t eacher  ques t ioning t h e  Act iv i ty  Ratio 

i s  h igher ,  s ince  some of t h e  "lecture1 '  time i s  taken by quest ioning 

and the re fo re  t h e  denominator of t h e  r a t i o  i s  reduced. A t  t he  same 

time t h e  numerator should inc rease  (unless t h e  ques t ions  were mostly 

r h e t o r i c a l )  because t h e  quest ions,  by e l i c i t i n g  s tudent  response, s h i f t  

some of  t h e  t a l l i e s  t o  Category 6 - "Student Talk", one of t h e  ca tegor ies  

t h a t  de ternine  t h e  magnitude of t h e  numerator. An Act iv i ty  Ratio g r e a t e r  

than 1 can be considered s i g n i f i c a n t  (Caldwell, 1970), An Act iv i ty  Rat io  

value of 1 o r  g r e a t e r  means t h e  t eacher  employed more i n d i r e c t  than 

d i r e c t  teaching s t r a t egy .  

Column 1, Table XIX, Appendix C shows t h e  Ac t iv i ty  Rat io  values 

f o r  a l l  t he  s u b j e c t s  i n  t h e  study. In almost a l l  cases  where the  u n i t s  

were a c t i v i t y - o r i e n t e d  t h e  Ac t iv i ty  Rat ios  were s u b s t a n t i a l l y  g r e a t e r  

than 1, ranging from 102.  t o  11,2. 

Laboratory Ratio. This r a t i o  r e f l e c t s  t h e  propor t ion  of c l a s s  

t i m e  during which s tuden t s  were a c t u a l l y  t ak ing  p a r t  i n  labora tory  

experiences. In t h i s  study labora tory  experiences implied s tuden t s  

performing experiments simple o r  complex i n  o r d e r  t o  discover,  e s t a b l i s h  

o r  understand a concept o r  phenomenon i n  science. Science labora tory  

experiences i n  t h e  sample of c l a s s e s  v i s i t e d  cons i s t ed  of  a c t i v i t i e s  

such a s  observing and examining bones and bu i ld ing  skele tons  of animals 



from t h e s e  bones,  count ing  drops of water  and measuring t h e  h e i g h t  o f  

t h e  non-beaded p a r t  o f  a  s t ream of  water ;  c o n s t r u c t i n g  and us ing  ba l ances  

t o  d i s cove r  t h e  p r i n c i p l e s  of f o r c e s ;  conducting s i ~ p ! e  experiments  w i t h  

cand le s  t o  d i s cove r  t h e  p r o p e r t i e s  of a i r  gases .  

The Laboratory Ra t io  was expressed  a s  t h e  p ropor t i on  o f  t ime spen t  

t eaching  s c i e n c e  w i th  l abo ra to ry  a c t i v i t i e s .  The r a t i o  may be s t a t e d  t hus :  

Sum of Column T o t a l s  of  'Co1.umns 1 and 2 
L.R. = 

Sum of Column Tota1.s o f  Columns 1 t o  10 

The L,R. was h igh  f o r  a c t i v i t y - o r i e n t e d  l e s s o n s  w i th  a  minimum va lue  

of 0.2 and maximum o f  0.9. About h a l f  t h e  l e s sons  had L.R. g r e a t e r  t han  

0.5, i.e. 50% o f  c l a s s  t ime was spent  on l a b o r a t o r y  a c t i v i t i e s .  The 

L. R. v a l u e s  a r e  shown i n  Column 2 of  Table  X I X ,  Appendix C. 

Quest ioning Rat io .  This  i s  t h e  p ropor t i on  of  t e a c h e r  u t t e r a n c e s  

i n  t h e  form o f  ques t i ons .  The r a t i o  may be expressed  a s :  

Sum of  Column Tota1.s of Column 7 
Q. R. - - 

Sum o f  Column T o t a l s  o f  Columns 7 and 8 

The Q.R. ranged from 0 t o  0.51. About two t h i r d s  of t h e  s c o r e s  f e l l  

w i t h i n  0.2 and 0.4 range,  i.e. i n  t h e s e  c a s e s  20% t o  40% o f  t eache r  

speech was i n  t h e  form of  ques t i ons .  I n  a  few cases  ( f i v e  a c t i v i t y -  

o r i e n t e d  l e s sons )  t h e  Q.R. was below 0.1. The Q.R. va lues  a r e  shown 

i n  Column 3 o f  Table  X I X ,  Appendix C. 

Composite Matr ix  

Composite o r  mas te r  ma t r ix  showing average  percentage  of t o t a l  

t a l l i e s  i n  each c e l l  of  t h e  i n d i v i d u a l  m a t r i c e s  were cons t ruc t ed .  The 

t o t a l  o f  each column o f  t h e  ma t r ix  (shown on page 67) i n d i c a t e s  t h e  average  
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6  9 

?T 
r percentage  o f  t a l l i e s  recorded f o r  t h a t  ca tegory  and i s  a measure of 

t h e  average percentage  o f  t ime t e a c h e r s  i n  t h e  sample used a p a r t i c u -  

l a r  ca tegory .  C e l l s  l y i n g  along t h e  diagonal  e.g. 1-1, 2-2, 3-3, 

4 - 4 ,  ..., 11-11 r e p r e s e n t  t h e  average number of  t i m e s  t h a t  a ca tegory  

o f  behav io r  was s u s t a i n e d  f o r  p e r i o d s  longer  than  f i v e  seconds (Steady 

S t a t e ) .  The o t h e r  c e l l s  i n d i c a t e  t h e  average  number of  t imes  one c a t e -  

gory of  behavior  changed t o  ano the r  ( T r a n s i t i o n a l  Behavior).  Figure 4 

shows an i n t e r a c t i o n  m a t r i x  w i t h  a r e a s  d e s c r i b i n g  some p a t t e r n s  of  i n t e r -  

a c t i o n  ( I n t e r a c t i o n  Areas) of i n t e r e s t  t o  t h i s  s tudy .  

Areas of  S p e c i f i c  I n t e r a c t i o n  

Areas of i n t e r a c t i o n  m a t r i x  which c o n t a i n  common elements  were 

i d e n t i f i e d  i n  t h e  composite m a t r i x  f o r  t h e  a n a l y s i s  o f  some s p e c i f i c  

i n s t r u c t i o n a l  behaviors .  There a r e  v a r i o u s  ways of  i d e n t i f y i n g  t h e s e  

a r e a s  and u s i n g  them t o  d e s c r i b e  classroom behavior .  These a r e a s  

shown i n  Figure 4  were found r e l e v a n t  t o  t h e  a n a l y s i s  of t h i s  work. 

Area A - Discuss ion  Area. T a l l i e s  i n  t h i s  a r e a  were ana lysed  

t o  determine t h e  n a t u r e  o f  t e ache r - s tuden t  i n t e r a c t i o n  dur ing  

d i scus s ion .  Of p a r t i c u l a r  i n t e r e s t  were t h e  a c t i v i t i e s  i n  t h e  s t eady  

s t a t e  - c e l l s  6 - 6  and 8 - 8 .  These c e l l s  i n d i c a t e  S tudent  Extended 

Talk (S.E.T.3 - t h e  t ime dur ing  which a s t u d e n t  t a l k s  u n i t e r r u p t e d  

by t h e  t e a c h e r ,  and Teacher  Extended Talk  (T.E.T.) - when a t eache r  

l e c t u r e s  u n i n t e r r u p t e d  by o t h e r  a c t i v i t i e s .  The r a t i o  i n  pe rcen t -  

ages  of  t h e s e  a s  w e l l  a s  t hose  o f  t h e  t r a n s i t i o n  behaviors  were 

computed a s  a r a t i o  o f  t h e  sum of  a l l  t h e  mean t a l l i e s  i n  t h i s  a r e a .  

Mean t a l l i e s  i n  ce l l  6 - 6  
Student  Extended Talk (S.E.T.) = x 100. 

Sum of  mean t a l l i e s  i n  a r e a  



TABLE VIII 

DISCUSSION AREA -, 

AREA A 



87.4 x 100 Student  Extended Talk  (S.E.T.) = -- 
549.1 

Mean t a l l i e s  i n  c e l l 8 - 8  x , O O  
Teacher Extended Talk  (T.E.T) = 

Sum o f  mean t a l l i e s  i n  a r e a  

= 40.6  

Thus, S.E.T. = 16% and T.E.T. = 41%. 

T r a n s i t i o n  C e l l s .  By s i m i l a r  calculation~transitional behaviors  

were determined. S tudent  t a l k  fol lowed by t e a c h e r  ques t i on ing  ( c e l l  6-7) 

was found t o  be  12%. Behavior i n  t h i s  c e l l  may be  i n t e r p r e t e d  a s  a  

t e a c h e r  r e i n f o r c e r e n t  o r  c l a r i f i c a t i o n  of  s t u d e n t  s ta tement .  S tudent  

t a l k  fol lowed by t eache r  t a l k  o r  t e ache r  corncent on s t u d e n t  s ta tement  

( c e l l  6-8) was lo%, wh i l e  t e a c h e r  ques t i on  followed by s tuden t  t a l k  was 17.3%. 

Area B - Student  Reaction Area. S tudent  responses  t o  t e a c h e r  

behavior  a r e  i n d i c a t e d  by t h i s  a r e a .  T a l l i e s  i n  t h e s e  c e l l s  showed which 

s tuden t  a c t i v i t y  followed a  t e a c h e r ' s  ques t i on ,  t a l k  o r  demonstrat ion 

and o t h e r  classroom a c t i v i t i e s .  The a n a l y s i s  o f  t h i s  a r e a  (Table I X )  

i n d i c a t e d :  

Very l i t t l e  t e ache r - s tuden t  v e r b a l  communication during 

l a b o r a t o r y  work. Teacher ques t i on  fol lowed by l a b o r e t o r y  a c t i v i t i e s  

was almost n e g l i g i b l e ,  wh i l e  t eache r  t a l k  followed by such a c t i v i t i e s  

was  only  10%; 

Teacher a u e s t i o n  followed by s tuden t  response was g e n e r a l l y  t h e  

p a t t e r n  of  communication a s  shown by c e l l  7-6 (73% o f  t h e  mean t a l l i e s ) ;  



TABLE .TX 

STUDENT REACTION AREA, - 
AREA B 



Teacher s tatements followed by s tudent  s ta tements  

minimal (about 10%). 

7 3 

were a l s o  

Area C. This a rea  descr ibes  a l l  a c t i v i t i e s  followed by "general 

havoc" o r  confusion such a s  laughter ,  non-functional  a c t i v i t y  o r  

noise .  From the  data i n  the  composite matr ix  it can be seen t h a t  i n  

a few cases t h i s  category of a c t i v i t y  was followed by category 8 

(Teacher Talk) wi th  almost a l l  t h e  r e s t  of t h e  t a l l i e s  i n  c e l l  11-11, 

showing extended "general havoc". . This .was c h a r a c t e r i s t i c  of the  

sc ience  lessons ,  s ince  normally c l a s s  p repara t ion  f o r  a  labora tory  

was preceded by t eacher  d i rec t ions .  

A summary of t h e  analyses  i s  shown i n  Tables :X t o  XII. 



TABLE X 

SUMMARY OF THE ANALYSIS 

Category Quantity 

Total  number o f  sc ience  l e s sons  observed 3 3 

Number o f  ac t iv i ty -or i en ted  l e s sons  

Number o f  non-act iv i ty-or iented  lessons  

Project u n i t s :  

Elementary Science Study (ESS) 2 7 

Experiences i n  Science (EIS) 6 



TABLE XI 

SUMMARY OF THE ANALYSIS: CCrlPOSITE PERCENTAGE 

TALLIES - ROUGH DESCRIPTION OF 

CLASSROCM BEHAVIOR 

Category 
Min. Percentage Max. Percentage 

c l a s s  t i m e  c l a s s  time 

Laboratory Experiences 18 89 

Student Demonstration used only 2% of  the time 

Student Talk 3 4 0 

Teacher Questioning 

Teacher Talk 

Teacher Demonstration 1 5 

Workbook Work not used extens ive ly  

General Havoc 1 8 



TABLE X I 1  

SUMMARY OF THE ANALYSIS: 

INDICES OF TEACHING STRATEGIES 

Ratio  Mean Value 

A c t i v i t y  

Laboratory 

Questioning 0.32** 

Student Extended Talk 

Teacher Extended Talk 

* Fract ion o f  c l a s s  t ime.  

** Fract ion  of t e a c h e r  u t t e r a n c e s .  



CHAPTER V 

DISCUSSION OF THE RESULTS 

Examination of t h e  da ta  from t h e  prel iminary study revealed  no 

s t rong  r e l a t i o n s h i p  between biographical  and behavioral  c h a r a c t e r i s t i c s  

of t h e  teachers  i n  t h e  sample with the  p o s s i b l e  exception of  experience 

( l eng th  of time a t eacher  has  been teaching science.).  Further ,  comparison 

of t h e  b iographica l  and a t t i t u d i n a l  c h a r a c t e r i s t i c s  of  the  sample i n  t h e  

prel iminary study and t h a t  of the  main study showed s i m i l a r  t r ends  

(Table X I I I ) .  On t h i s  b a s i s  t h e  main study was defined a s  desc r ip t ive  

r a t h e r  than comparative. 

Both t h e  pre l iminary  and main ques t ionna i re  surveys ind ica ted  t h a t  

t h e  problems faced by t eachers  i n  teaching in termedia te  sc ience  were 

c l a s s  s i z e  and c o n t r o l  ( including s p l i t  c l a s s e s )  and l ack  of adequate 

f a c i l i t i e s ,  Teachers did not  perce ive  t h e  l a c k  of  a  s t rong  sc ience  

background o r  teaching experience a s  handicaps i n  teaching sc ience  a t  

t h a t  l eve l ,  However, a  g r e a t e r  percentage of  t h e  teachers  i n  t h e  

samples had adequate background ( e i t h e r  sc ience  courses  o r  sc ience  

methods courses)  i n  science. The use of newly developed sc ience  u n i t s  

e s p e c i a l l y  those  from Elementary 

Teachers perceived a moderate t o  

s tuden t s  i n  t h e s e  un i t s .  

Science Study (ESS) was high. 

high i n t e r e s t , a n d  achievement by the  

In  d i scuss ing  the  r 3 s u l t s  of t h i s  s tudy,  no value judgement on 

a behavior  p a t t e r n  w i l l  be attempted s i n c e  t h e  study was designed t o  be 

explora tory ,  The dichotomy of teaching s t r a t e g i e s  i n t o  "direct"  and 

" indi rec t"  does no t  bear  any connotat ion of t eacher  e f fec t iveness  s ince  

no c r i t e r i o n  of e f f e c t i v e n e s s  was es tabl i shed.  



TAR12 X T T T  

GENERAL CHARACTERISTICS OF SUBJECTS 

I N  PRELIMINARY AND MAIN STUDIES 

Raw Score '. Per Cent Score 
Academic and P ro fes s iona l  
Prepara t ion  

Prelim. Ma i n  Prelim. Main 
Study Study Study Study 

Un ive r s i t y  degrees 25/30 33/44 8 3 75 

Taken in t roduc to ry  
s c i e n c e  courses  

Taken advanced 
sc i ence  courses  

Taken cou t se s  i n  s c i e n c e  
teaching  methods 25/30 32/44 8 3  7 3 

Acquired sc i ence  t each ing  
exper ience  i n  u n i v e r s i t y  
pract icum 18/ 30 23/44 6 0 5 2 
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I n  d e s c r i b i n g  t h e  classroom c l imate  of  t h e  t e a c h e r s  f i v e  i nd i ca to r s  

o f  i n s t r u c t i o n a l  s t r a t e g y  were s e l e c t e d ,  i . e .  

1. i n d i r e c t  o r  d i r e c t  t each ing  method a s  desc r ibed  by t h e  A c t i v i t y  Rat to ;  

2.  s t uden t  involvement i n  a c t u a l  l a b o r a t o r y  o r  p r a c t i c a l  a c t i v i t y  a s  

desc r ibed  by t h e  Laboratory Rat io;  

3. propor t i on  of t e ache r  s ta tements  i n  t h e  form of q u e s t i o n s ;  

4 ,  e x t e n t  t o  which s t u d e n t s  t a l k e d  u n i n t e r r u p t e d ;  

5. e x t e n t  t o  whj-ch a  t eache r  t a l k e d  un in t e r rup t ed .  

I n  a d d i t i o n  t o  t h e s e  s t r a t e g i e s  t h e  s i t u a t i o n a l  feedback ( i n  t h e  

form of  comments i n  t h e  ques t i onna i r e  and dur ing  classroom obse rva t ion )  

w i l l  a l s o  be d i scussed .  

A c t i v i t y  Rat io  

The e x t e n t  of t e ache r  i n d i r e c t n e s s  a s  determined by t h e  A c t i v i t y  

Rat io  f o r  t h e  a c t i v i t y - o r i e n t e d  l e s sons  was marked. The A c t i v i t y  Ra t io  

va lues  ranging from 1.2 t o  11.2 w i t h  modal s c o r e  i n  t h e  reg ion  o f  3.5 

and t h e  mean of  4.6 was s i g n i f i c a n t .  The A c t i v i t y  R a t i o  was h igh  when t h e  

Laboratory Ra t io  was high.  On t h e  o t h e r  hand, cons idered  i n  r e l a t i o n  

t o  o t h e r  i n s t r u c t i o n a l  s t r a t e g i e s  some of  t h e  r a t i o s  were ga ined  a t  t h e  

expense of  o t h e r  i n t e r a c t i o n  r a t i o s ,  p a r t i c u l a r l y  t h e  Questioning Rat io .  

I n  o t h e r  words, t h e  e x h i b i t i o n  of s i g n i f i c a n t  measure of  i n d i r e c t n e s s  

i n  t h i s  type  of  l e s sons  may no t  be an end i n  i t s e l f .  It r a i s e s  t h e  

ques t i on  o f  t h e  l e v e l  of t e ache r  i n d i r e c t n e s s  e f f e c t i v e  f o r  t h e  new 

approach t o  t each ing  in te rmedia te  sc ience .  F landers  and o t h e r  r e s e a r c h e r s  

(1867, 1967a) po in ted  ou t  t h a t  depending on c e r t a i n  s i t u a t i o n a l  f a c t o r s  

t h e  e f f e c t i v e n e s s  of "Direc t - Ind i rec t"  s t r a t e g y  w i l l  be  a  func t ion  of i t s  

v a r i a b i l i t y .  I n  some s i t u a t i o n s  i t  w i l l  be  d e s i r a b l e  t o  va ry  t h e  ID- ra t i o ,  

i n  t h i s  c a s e  t h e  A c t i v i t y  Rat io ,  from h igh  t o  low o r  v i c e  ve r sa ,  i n  o r d e r  



TABLE X I V  

INTERACTION SCORES - BY SUBJECT MATTER 

Unit Teacher Activity Lab. Question 
Ratio Ratio Ratio SoEoTo* T.EoT.* 

Bones 8 1.89 0.25 0.39 8.1 46.0 

10 9.00 0.90 0 14.8 55.6 

Gases and Airs 2 1.20 0.46 0.22 4.0 53.5 

Kitchen Physics 3 3.74 O047 0.35 20.1 18.5 

Microgardening 10 0.71 0.24 0.10 6.5 70.5 

15 7.0 0.64 0.40 20.9 17.0 

15 2.0 0.01 0.38 22.1 18.0 --- 
Scale Drawing 8 2. 15 0.41 -0.20 - - 
Sound 4 1.59 0.47 0.35 19.1 47.0 

4 4.29 0030 0.52 47.6 22.0 

*SeEeTo - Student extended t a lk ,  ToEoT. - Teacher extended ta lk ,  Scores 
1 i n  percentages. 



t o  improve pup i l  achievement. Hamachek (1970) argued t h a t  c lassroms in 

which achievements and a t t i t u d e s  were s u p e r i o r  were l i k e l y  t o  be conducted 

by t e a c h e r s  who d i d  n o t  b l i n d l y  pursue  a s i n g l e  b e h a v i o r a l - i n s t r u c t i o n a l  

approach t o  t h e  exc lus ion  o f  o t h e r  p o s s i b i l i t i e s .  

The i n f l u e n c e  of  sub jec t  m a t t e r  on t h e  t e a c h e r ' s  use  of  s t r a t e g y  

was q u i t e  d i s c e r n i b l e .  A l l  t h e  h i g h  A c t i v i t y  Rat io s c o r e s  - 9.0, 11.20 

and 11.13 - were f o r  t h e  sc i ence  l e s sons  on bones. The in f luence  of  t h e  

s u b j e c t  m a t t e r  i s  shown a l s o  by t h e  f a c t  t h a t  t e a c h e r s  who had h igh  

A c t i v i t y  Ra t io  s c o r e s  i n  t h e  l e s son  on bones had lower o r  average s c o r e s  

when t r e a t i n g  o t h e r  a c t i v i t y - o r i e n t e d  sc i ence  u n i t s ,  i . e .  A.R. = 0.71 

f o r  t h e  "Microgardening" and 1.77 and 3.57 f o r  t h e  "Kitchen Physics" 

u n i t s .  The ques t ion  t h a t  a r i s e s  from t h i s  i n f luence  of s u b j e c t  m a t t e r  

i s  whether  o r  no t  c o n s i s t e n t  r a t i o s  a r e  a t t a i n a b l e  and/or  des i r ab l e .  

There i s  v i r t u a l l y  no m a t e r i a l  concerning t h i s  a spec t  of  classroom i n t e r -  

a c t i o n  i n  t h e  l i t e r a t u r e  reviewed. Moon (1971) s tudying classroom 

i n t e r a c t i o n  of t e a c h e r s  us ing  Sc ience  Curriculum Improvement Study 

m a t e r i a l s  and those  us ing  "textbook ma te r i a l s "  conjec tured  t h a t  t h e  type  

of  s c i ence  m a t e r i a l  might have an in f luence  on t h e  t e a c h e r ' s  p r e s e n t a t i o n .  

On t h e  o t h e r  hand Newport and McNeil (1970) i n  a  s tudy on Science - 
A Process  Approach (SAPA), whi le  no t  d i r e c t l y  commenting on t h e  e f f e c t  

of t h e  m a t e r i a l  i l l u s t r a t e  t h e  d i f f i c u l t y  which f aces  t h e  t eache r  u s ing  

t h e  new programs i n  s c i ence  wi thout  t r a i n i n g .  They concluded t h a t  

wi thout  t r a i n i n g  t h e  t e a c h e r s  "misuse" t h e  SAPA u n i t s  i n  such a  way t h a t  

i n s t r u c t i o n  d i f f e r s  l i t t l e  from t h a t  of textbook teaching.  

Labora t ory Rat i o  

Laboratory Rat ios  were high.  A r a t i o  of 0.5 means 50% of c l a s s  

t ime was spent  on sc i ence  experiments  by t h e  s tuden t s .  On the average 
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about ha l f  the  c l a s s  time was spent on experiments i n  t h e  ac t iv i ty -o r i en ted  

lessons.  The category of  Laboratory Experiences i s  one of the  main 

determinants of t h e  Ac t iv i ty  Ratio, the re fo re  where t h e r e  were very high 

Ac t iv i ty  Ratio va lues  t h e r e  were corresponding high Laboratory Ratio values. 

The h ighes t  va lues  were f o r  lessons  on bones although these  lessons  had 

t h e  lowest Questioning Ratio scores,  I n  t h e  o t h e r  u n i t s ,  p a r t i c u l a r l y  

"Gases and AirsM and "Kitchen Physics", t h e  ~ a b o r a t o r y  Ratios were high 

and had corresponding though not  very s u b s t a n t i a l  Questioning Ratios. 

The e f f e c t  of t h e  Questioning Rat io  i s  i n  t h e  d i rec t ion-giv ing by teachers.  

This means t h a t  t h e  inf luence  of  the  u n i t  i s  i t s  di rec t ion-giv ing po ten t i a l .  

It seems ' t h a t  wi th  the  "Bones" u n i t  t h e r e  i s  l i t t l e  o r  no d i rec t ion-giv ing 

by t h e  teachers.  The cogn i t ive  e f f e c t  of t h e  l a c k  of d i rec t ion-giv ing 

i s  not  c l e a r  i n  t h i s  study. However, when t h e  " d i s c ~ s s i o n ~ ~  i s  considered, 

t h e  Student Extended Talk f o r  t h e  "Bones" u n i t  f a l l s  below t h e  mean and 

i s  heavi ly  outweighed by t h e  Teacher Extended Talk i n d i c a t i n g  minimal 

s tudent  verbal  p a r t i c i p a t i o n  i n  t h e  "Bones1' u n i t ,  On the  whole, when 

t h e  lesson was h ighly  labora tory-or iented ,  t h e  propor t ion  of time spent  

by t h e  teachers  i n  asking ques t ions  was very low. 

Questioning Ratio 

The Questioning Ratio was determined i n  r e l a t i o n  t o  a l l  teacher  u t t e rances  

over t h e  whole lesson.  In  about 50% of the  ac t iv i ty -o r i en ted  lessons  

observed t h e  Questioning Ratio exceeded 30%, i.e. a  t h i r d  of  teacher  

u t t e rances  were quest ions.  However, it seems t h a t  most of these  ques t ions  

occured during the  "discussion1', a s  can be seen from Table I X . .  Teacher 

quest ioning followed d i r e c t l y  by labora tory  a c t i v i t i e s  was n e g l i g i b l e  a s  

were t eacher  s tatements followed by t h e  same type of  a c t i v i t i e s ,  i.e. 

t eacher  d i rec t ion-giv ing was genera l ly  low. 



Verbal I n t e r a c t i o n  

This  aspect  of classroom i n t e r a c t i o n  was described by t h e  "areas" 

of t h e  matrix, p a r t i c u l a r l y  t h e  "Discussion Area". Discussion i n  t h e  

context  of t h i s  study was teacher-student  verbal  exchange over  an extended 

per iod  of one minute o r  more. This inc ludes  extended breaks i n  p r a c t i c a l  

a c t i v i t i e s  f o r  purposes of explanation and o t h e r  verbal  behavior. The 

verbal  i n t e r a c t i o n  w i l l  be discussed i n  r e l a t i i n s h i p  t o  t h e  general  

c h a r a c t e r i s t i c s  of  behavior i n  t h e  classroom. 

Analysis of  t h e  raw observation scores  revealed  a genera l  s t r a t e g y  

of  d iscuss ion and experimentation which may be schematical ly represented 

a s  follows: 

Pre-experimental Discussion -----o- Experimentation -& Post-experimental 
In t roduct ion  of t h e  problem, Discussion 
statement o f  goals .  Examination of 

achievements and 
new concepts. 

The a n a l y s i s  of  t h e  Discussion Area showed f o r  pre-  and pos t -  

experimental d iscuss ions  a genera l  dominance of t eacher  t a lk .  Teachers 

t a lked  uninter rupted  f o r  41% (mean) of d iscuss ion time with a maximum of 

70.5% and a minimum of 10%. Students  t a l k e d  ind iv idua l ly  o r  among 

themselves uninter rupted  f o r  16% of t h e  time on t h e  average with a maximum 

score of  22.6% and a minimum of 0%. When a t eacher  was not  l e c t u r i n g  he 

was d i r e c t i n g  s tuden t s  t o  t a lk .  This  i s  i l l u s t r a t e d  by the  ana lys i s  of 

t h e  t r a n s i t i o n  c e l l s  of the  Discussion Area of  t h e  matrix. On t h e  average 

49% of s tudent  s ta tements  were s o l i c i t e d  by t eacher  ques t ions  and f o r  22% 

of d iscuss ion time a student's t a l k  was followed by f u r t h e r  teacher  

ques t ioning o r  t eacher  comment, No allowance was made i n  the instrument 

t o  determine t h e  n a t u r e  of teacher-student  verbal  in te rac t ions .  Since 

incorpora t ion  of  more c a t e g o r i e s  i n t o  t h e  instrument would make i t  



unwieldy and probably unworkable i t  would be adv i sab le  t o  use another 

cogn i t i ve  obse rva t ion  system i n  conjunct ion  wi th  the  p re sen t  one if a 

more d e t a i l e d  and e x p l i c i t  s tudy  1s at tempted* Such a  cogn i t i ve  ins t rument  

could be used t o  determine i f  t e a c h e r  ques t ions  and s tatements  after 

s tudent  t a l k  were aimed a t  re inforcement  o r  c l a r i f i c a t i o n  o r  j u s t  general 

d i rec t ion-g iv ing .  

The experimental  p a r t  o f  t h e  sc i ence  l e s sons  ha rd ly  showed any 

major d i f f e r e n c e s  i n  t h e  s t r u c t u r e  of  s c i ence  a c t i v i t i e s  from classroam 

t o  classroom. The boundary between s t r u c t u r e d  and uns t ruc tured  l a b o r a t o r y  

exper iences  was r a t h e r  b lu r r ed .  Genera l ly ,  experiments were s t r u c t u r e d  

i n  content  and procedure. The h e u r i s t i c  e x p l o r a t i o n  s t a g e  which 

c h a r a c t e r i z e s  t h e  beginning of ESS u n i t s  was n o t  much i n  evidence. I n  

many classrooms t h e r e  was a  g r e a t  dea l  o f  uncon t ro l l ed  movement when t h i s  

mob i l i t y  was pe rmi t t ed  by t h e  teacher .  However, l i t t l e  of such movement 

was cogn i t i ve ly  o r i e n t e d  and t h e r e f o r e  could  n o t  be considered a s  

c h a r a t e r i s t i c  o f  uns t ruc tu red  l e s sons ,  s i n c e  even i n  such circumstances 

the  assignments were, none the l e s s ,  s t r u c t u r e d .  

Teacher Feedback on t h e  New Science Program 

Teacher comments given i n  t h e  ques t ionna i r e  and during t h e  classroom 

observa t ion  were noted. Opinions on t h e  new sc i ence  program d id  not  vary  

g r e a t l y  s i n c e  a l l  t h e  t e a c h e r s  i n  t h e  sample recognized t h e  p o t e n t i a l  of  

t h e  sc ience  u n i t s .  While t eache r s  were s a t i s f i e d  wi th  t h e  program g e n e r a l l y ,  

some were s k e p t i c a l  about  s u s t a i n i n g  i n t e r e s t  i n  t h e  u n i t s  beyond t h e  

i n i t i a l  s t a g e  due t o  t h e  f a c t  t h a t  t h e  u n i t s  a r e  ungraded and t h e i r  use  

i s  determined by t h e i r  a v a i l a b i l i t y .  A t y p i c a l  t eache r  comment was: 

The main problem t h a t  I have noted  w i t h  r e f e rence  
t o  i n t e r e s t  i n  t h e  u n i t s  i s  t h a t  s t u d e n t s  have 
done b i t s  and p i e c e s  of  most o f  t h e  a v a i l a b l e  sc ience  



k i t s ,  a s  wel l  a s  the  Grade Seven sc ience  t e x t  
(dreadful  a s  the  l a t t e r  is) i n  previous yea r s*  

To my mind i t  would be more e f f i c i e n t  i f  
s p e c i f i c  k i t s  and a c t i v i t i e s  were assigned t o  
s p e c i f i c  grade l e v e l s  - thus  avoiding duplica-  
t i o n  of ma te r i a l  i n  succeeding yea r s  and the  
k i l l i n g  of a c e r t a i n  amount of enthusiasm, 

I 

The skepticism a l s o  covered the  u t i l i t y  of the  program. Grade Seven 
L 

being the  t r a n s i t i o n  s t age  between the  elementary and ( j u n i o r )  secondary 

school l e v e l s ,  some teachers  f e l t  t h a t  the  ob3ective should be t o  he lp  t h e  

s tuden t s  t o  develop t h e i r  methods of s c i e n t i f i c  inves t iga t ion ,  "they 

should adopt a  more se r ious  outlook" with regard t o  sc ience  labora tory  

lessons  t o  g ive  them a foundation upon which f u r t h e r  l ea rn ing  i n  the  

h igher  grades could be based. Some teachers  f e l t  t h a t  i n s t e a d  of t h i s  

"serious outlook1', s tuden t s  regarded the  u n i t s  a s  l i t t l e  more than 

ch i ld ren ' s  games, and were a f r a i d  t h e  o b j e c t i v e s  of t h e  u n i t s  would be 

l o s t  through mis in te rp re ta t ion  on the  p a r t  of t h e  students .  

Another comment worth noting from the  feedback i s  the  problem of 

teaching s p l i t  c l a s s e s  i n  a  sc ience  s e t t i n g  t h a t  sometimes lacked adequate 

f a c i l i t i e s  and mater ia ls .  This could be observed a s  c r e a t i n g  problems 

i n  t h e  t eacher ' s  span of a t t en t ion .  Though a f i f t y - f i f t y  s p l i t  of 

a t t e n t i o n  was genera l ly  reported,  upon observat ion  i t  was found t h a t  

t h e  teacher ' s  a t t e n t i o n  was weighted i n  favour of one grade. .In most 

cases  t h e  l o s e r s  were the  s i x t h  graders*. One t eacher  i n  a  s p l i t  c l a s s  

s i t u a t i o n  put  h i s  problem thus: 

... I am teaching a s p l i t  c l a s s  of s i x e s  and sevens. 
Last yea r  I taught  a  complete Grade Six  c l a s s .  
Because I am faced with a new curriculum and a t  the  
same time t r y i n g  t o  g e t  the  bugs o u t  of t h e  handling 
of t h e  Grade Six  program, I r e a l l y  f e e l  t h a t  I cannot 
do j u s t i c e  t o  the  exce l l en t  sc ience  program provided 
by t h e  d i s t r i c t .  

- 

* It is p o s s i b l e  t h a t  t h e  i n v e s t i g a t o r s  presence cont r ibuted  t o  t h i s  
imbalance. 



The e f f e c t  of  t h e  s p l i t  c l a s s  s i t u a t i o n  on t h e  s t u d e n t s  i s  d i f f i c u l t  

p r e d i c t  from t h i s  study.* But, as some t eache r s  po in t ed  o u t ,  if it is 

t r u e  t h a t  f a m i l i a r i t y  w i t h  t h e  u n i t s  reduces t h e  i n t e r e s t  o f  t h e  s tudents ,  

then  i t  may be argued t h a t  t h e  s p l i t  c l a s s  s i t u a t i o n  would t end  subsequent ly 

t o  reduce t h e  i n t e r e s t  o f  t h e  s i x t h  g rade r s ,  who by sha r ing  t h e  same 

classroom environment w i th  t h e  seventh g rade r s  would have had a  v i c a r i o u s  

exper ience  wi th  t h e  u n i t s  be fo re  they  t r e a t e d  them exper imenta l ly  i n  

subsequent y e a r s ,  Furthermore, it could reduce t h e  problem-solving o r  

i n q u i r y  ~ o t e n t i a l  of t h e  u n i t s ,  s i n c e  s t u d e n t s  would tend t o  know t h e  

p roduc t s  of  t h e i r  experiments  beforehand.  

Some Impl i ca t ions  and Sugges t ions  f o r  Future Study 

It was ev ident  from t h i s  s tudy  t h a t  t h e  t e a c h e r s  u t i l i z e  t o  a  

s i g n i f i c a n t  degree t h e  " i n d i r e c t "  method of t each ing  a c t i v i t y - o r i e n t e d  

sc i ence  lessons .  However, t h e  e f f e c t i v e n e s s  o f  t h e  i n d i r e c t  method a s  

a t eaching  s t r a t e g y  could  n o t  be  a sce r t a ined .  Gage (1965) i n  a  review 

c i t e s  i n d i r e c t n e s s  as one of  t h e  "global c h a r a c t e r i s t i c s "  of e f f e c t i v e  

teaching.  While i n d i r e c t n e s s  o r  s tudent -cent redness  may be regarded a s  

a c r i t e r i o n  of  e f f e c t i v e n e s s ,  o t h e r  r e s e a r c h e r s  have po in t ed  ou t  i t s  

dangers when used i n d i s c r i m i n a t e l y ,  The c o g n i t i v e  l e v e l  o f  t eache r -  

s tuden t  d i scour se  a l s o  was n o t  determined. Therefore  i t  can be concluded 

t h a t  t h e  s tudy  served  a s  a d e s c r i p t i o n  of classroom i n t e r a c t i o n  p roces s  

d e f i n i n g  a  d i r e c t i o n  f o r  a  more e x p l i c i t  r e sea rch  design.  S p e c i f i c a l l y ,  

u s ing  a  c r i t e r i o n  f o r  determining s tuden t  achievement and more than 

* Since t h e  i n v e s t i g a t o r  was mainly i n t e r e s t e d  i n  t h e  seventh grade,  
t e a c h e r s  might have, o b l i g i n g l y ,  focused t h e i r  a t t e n t i o n  on t h e  
seventh grade. 



one c o g n i t i v e  system of  observa t ion  a  r e l a t i o n s h i p  between s tuden t  

achievement and p a r t i c u l a r  teaching  s t r a t e g i e s  could be e s t a b l i s h e d .  

Some f a c t o r s  t o  c o n s i d e r  i n  such a  design would be: 

1. s i z e  o f  t h e  sample, 

2. number of v i s i t s ,  

3. t ype  of  l e s sons  ( o r  u n i t s )  

4. d i f f e r e n c e s  i n  t h e  t e a c h e r s '  n a t u r a l  t each ing  s t y l e .  

A s m a l l e r  sample would make it p o s s i b l e  t o  i n c r e a s e  t h e  number of  v i s i t s ,  

thereby improving between c l a s s  and between v i s i t s  r e l i a b i l i t y .  

The e f f e c t  o f  t h e  m a t e r i a l  on t h e  t e a c h e r ' s  p r e s e n t a t i o n  i s  a l s o  

worth cons ide ra t ion .  I n  any i n - s e r v i c e  s i t u a t i o n ,  i t  seems necessary  

t o  determine t h e  r e l a t i v e  t h e o r e t i c a l  and exper imenta l  ( o r  p r a c t i c a l )  

t rea tment  of  t h e  u n i t s .  I f  t h e  d i f f e r e n c e  i n  t h e  t eache r s '  t rea tment  

of  t h e  m a t e r i a l s  i s  a t t r i b u t a b l e  t o  mi s rep resen ta t ion  of t h e  o b j e c t i v e s  

of t h e  i n d i v i d u a l  u n i t s ,  then ,  perhaps t h e  t r a i n i n g  o f  p rospec t ive  

t e a c h e r s  (and p o s s i b l y  those  i n  s e r v i c e )  i n  t h e  u s e  of  sys t ema t i c  

obse rva t ion  f o r  purposes o f  o b t a i n i n g  feedback i n  c e r t a i n  dimensions of 

classroom t each ing  would be worthwhile. Such t r a i n i n g  would enable  t h e  

t e a c h e r s  t o  e l i m i n a t e  d i sc repanc ie s  i n  t h e i r  pe rcep t ion  and t rea tment  

o f  t h e  v a r i o u s  u n i t s .  A t e a c h e r  could  t ape  and c o n s t r u c t  a  simple 

ca tegory  system i n  accordance wi th  t h e  o b j e c t i v e s  s e t  f o r  t he  p r o j e c t  

u n i t s .  Analysis  of  h i s  taped l e s son  could  determine t h e  c o g n i t i v e  

l e v e l  of  classroom discourse .  

Based on feedback from t e a c h e r s  some assumptions were made 

regard ing  t h e  e f f e c t  of  s p l i t  c l a s s e s  on t h e  t e a c h e r  and t h e  lower 

grade  p u p i l s  i n  such a  s i t u a t i o n ,  where t h e  new sc i ence  i s  concerned. 

Without an a p p r o p r i a t e  s tudy  t h e  e f f e c t  of  such s i t u a t i o n a l  f a c t o r s  



on the learning outcome o f  the lower grade pup i l s  cannot be wholly 

ascertained.  An i n v e s t i g a t i o n  i n t o  the re lat ionship  o f  t h i s  f a c t o r  

t o  teaching and learning o f  the new sc ience  u n i t s  might prove t o  be 

o f  some value.  



h, 

BIBLIOGRAPHY 
b 

i American Assoc ia t ion  f o r  t h e  Advancement of  Science.  Science - A 
t Process Approach : An Evaluatiorl  Model AndI_ts Applicat ion.  AAAS 
1 Miscel laneous Publ ica t ions .  1968. 
I 

! Amidon, E.J., J.B. Hough (Eds.). I n t e r a c t i o n  Analysis :  Theory 
L 
f Research and App l i ca t ion ,  Reading, Mass.: Addison-Wesley, 1967 
4 
! Amidon, E.J., E l i zabe th  Hunter. "Verbal I n t e r a c t i o n  In  t h e  Classroom: 

The Verbal I n t e r a c t i o n  Category System (VICS)". Reported i n  Amidon E.J. 
and J.B. Hough (Eds.). I n t e r a c t i o n  Analysis:  '.Theory, Research and 
Applicat ion.  Reading, Mass: Addison-Wesley, 1967 

Anderson, H.H., "The Measurement o f  Domination and S o c i a l l y  I n t e g r a t i v e  
Behavior i n  Teachers '  Contac ts  w i th  Children". Reported i n  Amidon E.J. 
and J.B. Hough. (Eds.). I n t e r a c t i o n  Analysis :  Theory, Research and 
Applicat ion.  Reading, Mass: Addison-Wesley, 1967 

Atkin, J .M.  A Study of  Formulating and Suggest ing T e s t s  f o r  Hypotheses 
i n  Elementary School Sc ience  Learning Experiences.  Science Education, 
Vol. 42 (De. l 958) ,  412 - 422 

Bennet, L.M. An Induc t ive  Approach t o  Teaching Elementary Science.  
Science Educat ion,  Vol. 50 (Nov. 1960),  42 - 49 

Birch,  Daniel  R. s i d e d  S e l f  Analysis  and Teacher  Educatjon. Burnaby: 
Simon F r a s e r  Un ive r s i t y ,  1971. (Mimeograph). 

Bi rch ,  Daniel R. E f f e c t s  of  Inau i ry  Or i en ta t ion  and Guided S e l f  Analys is  -- 
Using Video Tape, on t h e  Verbal Teaching Behavior of  In te rmedia te  Grade 
Student  Teachers.  Doctoral  D i s s e r t a t i o n .  Berkeley: Un ive r s i t y  of 
C a l i f o r n i a ,  1969 

Bloom, Benjamin, (Ed.). Taxonomy of Educat iona l  Object ives .  Handbook I: 
Cognit ive Domain. New York, N.Y.: Longmans, Green and Co., 1956 

Blough, G.O. Developing Science Programs i n  t h e  Elementary School. 
F i f t y - n i n t h  Yearbook of  the  National  Soc ie ty  f o r  t h e  Study of  Educetion, 
P a r t  11. Chicago: Un ive r s i t y  of Chicago P res s ,  1960 

Bondi, J . C .  The E f f e c t s  of I n t e r a c t i o n  Analys is  Feedback on t h e  Verbal 
Behavior of Student  Teachers. Educat iona l  Leadership. May 1969, 974 - 800 

Bondi, J . C .  Feedback from I n t e r a c t i o n  Analysis :  Some Impl i ca t ions  f o r  
t h e  Improvement of  Teaching. Jou rna l  o f  Teacher  Education. Vol. 21 (1970), 
189 -196 

B u t t s ,  D.P. The Degree t o  Which Children Conceptual ize from Science 
Experiences.  Jou rna l  of  Research i n  Science Teaching. Vol. 1 (June 1963),  
135 -143. 



But ts ,  D.P. and Howard L. Jones.  The Rela t ionship  
A b i l i t y  and Science Knowledge. Science Education. 

of  Problem Solving 
Vol. 49 ( l965) ,  138 - 146. 

Caldwell ,  Ha r r i e  E. A c t i v i t y  Categor ies :  A Q u a n t i t a t i v e  Method f o r  
Planning and Evalua t ing  Science Lessons, School Science and Mathem~t i c s .  
Vo1.71 (Jan.  l.971), 55 - 63. 

Caldwell,  H a r r i e  E. Report f o r  P r o j e c t  No. 6-8760. Washington, D.C.: 
Department of  Heal th ,  Education and Welfare,  Sept .  1967. 

Carpenter  R. A Reading Method and A c t i v i t y  Method i n  Elementary Science 
I n s t r u c t i o n .  Science Education. Vol. 47 (1963),  256 - 258. 

C i t ron ,  I .M. and C.W. Barnes. The Search f o r  More E f f e c t i v e  Methods of  
Teaching High School Biology t o  Slow Learners  Through I n t e r a c t i o n  
Analysis.  Pa r t  I: The E f f e c t s  of Varying Teacher Pa t t e rns .  P a r t  11: 
The E f f e c t  of Constant  Teaching B a t t e n s .  Journal of Research i n  
Science Teaching. Vol. 7 (l97O), 9 -119; 21 - 28. 

Cogan, M.L. Theory and Design of a Study of  Teacher-Pupil  I n t e r a c t i o n .  
Reported i n  Arnidon, E.J. and J .B .  Hough. I n t e r a c t i o n  Analysis:  Theory, 
Research and Applicat ion.  Reading, Mass. : Addison-Wesley, 1967. 

Crabt ree ,  C.A. E f f e c t s  of  S t r u c t u r i n g  on Product iveness  of Ch i ld ren ' s  
Thinking: A Study of  Second Grade Dramatic Play P a t t e r n s  Centred 
i n  Harbour and Ai rpo r t  A c t i v i t i e s  under Two Types o f  Teacher S t r u c t u r i n g ,  
~ o c t o r ' s  D i s s e r t a t i o n .  Palo Al to ,  C a l i f o r n i a ,  1962. 
D i s s e r t a t i o n  Abs t r ac t s .  Vol. 23 (1962),  161. 

Croxton, W.C. P u p i l s  A b i l i t y  t o  General ize.  Science and Mathematics. 
Vol. 36 ( l936) ,  627 - 634. 

Dunfee, Maxine. Elementary School Science:  A Guide t o  Current 
Research. Washington, D. C. : A. S. C. D. , 1967. 

Eaton. E o J o  The Re la t ionsh ip  of  t h e  Three F a c t o r s  i n  P r i n t e d  Mate r i a l s  
t o    ti dent Achievement. ~ o u k a l  of  Research i n  Science Teaching. 
Vol. 4 (1966),  28 - 36. 

F landers ,  Ned A. Teacher In f luence  i n  t h e  Classroom. Reported i n  
Arnidon. E.J. and J .B.  Hough. I n t e r a c t i o n  Analysis :  Theory. Research 
and Applicat ion.  Reading, Mass. : Addison-Wesley, 1967. 

F landers ,  Ned A. Analysing Teaching Behavior. Reading, Mass. : 
Addison-Wesley, 1970. 

Flanders ,  Ned A. Teacher Inf luence ,  Pupi l  A t t i t u d e s  and Achievement. 
Reported i n  Amidon, E.J. and L.B. Hough. I n t e r a c t i o n  Analysis :  Theory, 
Research and Applicat ion.  Reading, Mass.: Addison-Wesley, 1967. 



Gagne, R.M. Condi t ions  of Learning, Winston, N.Y.: H o l t ,  Rhinehar t ,  1965 

Gagne, R.M. Elementary Science:  A New Scheme of I n s t r u c t i o n .  Sciense.  
Vol. 8 (May 1970),  29 - 37 

Gagne, R.M. The Learning of Concepts. Science,  Vol. 8 (May 1970, 29 - 37 

Gega, P.C. Science i n  Elementary Education. Wiley and Sons, 1970 

H a l l ,  G.E. Teacher-Pupil  Behavior Exhib i ted  by Two Groups of 'Teachers 
Using Science - A Process  Approach. Sc ience  Education. Vol. 54 (1970),  
325 - 334 . 
Hamachek, D. " C h a r a c t e r i s t i c s  of Good Teachers  and Impl i ca t ions  f o r  
Teacher Education". Reported i n  Robert D. Strorn (Ed.). Teachers  and 
Learning Process.  Englewood C l i f f s .  N . J . :  P r e n t i c e  Ha l l ,  1971 

Haupt, G.W. An Experimental Appl ica t ion  of  - Philosophy of  Science 
Teaching i n  an Elementary School. New York, N,Y. Bureau of  Pub l i ca t ions ,  
Teachers '  Col lege,  Columbia Univers i ty ,  1948 

H i l l ,  K.E. C h i l d r e n ' s  Cont r ibut ion  i n  Sc ience  Discussions.  New York, 
N.Y. Bureau of Pub l i ca t ions ,  Columbia Un ive r s i t y ,  1947 

Hough, J . B .  An Observa t iona l  System f o r  t h e  Analys is  of  Classroom 
I n s t r u c t i o n .  Reported i n  Amidon, E.J. and J .B.  Hough (Eds.), I n t e r a c t i o n  
Analysis :  -- Theory3 Research and Applicat ion.  Reading, Mass.: Addison- 
Wesley, 1967 

Hough, J ,  B. and J. K. Duncan, Teaching: Descr ip t ion  and Analysis .  
Reading, Mass. : Addison-Wesley, 1970 

Jacobson, W. and Allan Kondo. - Science Curriculum Improvement Study 
Source Book. Berkeley: Univers i ty  of  C a l i f o r n i a ,  1968 

Johnston,  D.P. The Re la t ionsh ip  of S e l f  Superv is ion  t o  Change i n  
Se l ec t ed  A t t i t u d e s  and Behaviors  of  Secondary S tudent  Teachers.  
Educat ional  Leadership,  Vol. 3 1969, 57 - 63 

Karplus,  Robert and Herber t  D. ~ h i e r .  A New Look a t  Elementary School 
Science. Chicago: Rand McNally, 1969. 

Kuslan, L.I. and A.H. Stone. Teaching Children Science:  An I n q u i r y  
Approach. Belmont , C a l i f .  :  worth Publ i sh ing  Co., 1968 

Mason, J . C .  A Study o f  t h e  Re la t ionsh ips  of  t h e  Behavioral  S t y l e s  of 
Classroom Teachers  and t h e  Qual i ty  of Teacher-Student In t e rpe r sona l  
Rela t ions .  Educat iona l  Leadership. Vol. 4 (Oct. 1969),  49 - 56 

Medley, D.H. and H. E. Mitzel  , "Measuring Classroom Behavior by Systematic  
Observation1'. Reported i n  Gage, N.L. (Ed.). Handbook of Research i n  
Teaching. Chicago: Rand McNally, 1963 



Moon, T.C. A Study of Verbal Behavior Pa t t e rns  i n  Primary Grade 
Classrooms During Science A c t i v i t i e s .  Jou rna l  of Research i n  Science - 
Teaching. Vol. 7 (1971), 171 - 179 

Moskowitz, G. "The A t t i t u d e s  and Teaching P a t t e r n s  of  Cooperating 
Teachers  and Student  Teachers Trained i n  I n t e r a c t i o n  Analysis". 
Reported i n  Arnidon, E.J. and J .B .  Hough. I n t e r a c t i o n  Analysis  Theory 
Research and Applicat ion.  Reading, Mass, : Addison-Wesley, 1967 

Newport, J.F. and Keith McNeil, A Comparison of  Teacher-Pupil  Verbal 
Behaviors Evoked by Science - A Process Approach and by Textbooks. 
J o u r n a l  of Research i n  S c i e n c e  Teaching. Vo1.*.7 (1970),  191 - 195 

Nichols ,  B. Elementary Science Study - Two Years Later .  Journa l  of  
Research i n  Science Teaching. Vol. 2 (1964), 288 - 292 

Ober, R.L., E.L. Bentley and Edi th  Mi l l e r .  Sys temat ic  Observation of 
Teaching. An I n t e r a c t i o n  Analysis-Instruct ional .  S t r a t e g y  Approach. 
Englewood C l i f f s ,  N.J.: Pren t i ce  Hal l ,  1970 

Pankratz ,  R. Verbal I n t e r a c t i o n  P a t t e r n s  i n  t h e  Classroom of Se l ec t ed  
Physics  Teachers.  Reported i n  Amidon, E.J. and J.B.  Hough. I n t e r a c t i o n  
Analysis :  Theory, Research and Applicat ion.  Reading, Mass. : Addison- 
Wesley, 1967 

Parsons,  Theodore W. Guided S e l f  Analysis.  A System f o r  P ro fe s s iona l  
Development. Berkeley: Univers i ty  of  C a l i f o r n i a  Education S e r i e s ,  
1969. (Mimeograph) 

Rogers, R.E. and A.M. Voelker. Programs f o r  Improving Science I n s t r u c t i o n  
i n  t h e  Elementary School. Pa r t  I: Elementary Sc ience  Study. Science 
and Children. Vol. 8 (1970), 35 - 43 

Ryans, David G. C h a r a c t e r i s t i c s  of Teachers.  Washington, D. C. : 
American Council on Education, 1960 

Sanders ,  Noris.  Classroom Wes t ions :  What Kinds? New York, N.Y.: 
Harper and Row, 1966 

Scandura, J . M .  The Teaching-Leaning  Process: An Explora tory  I n v e s t i g a t i o n  
of  Expos i t ion  and Discovery Modes of Problem Solving I n s t r u c t i o n .  
Doctoral  D i s s e r t a t i o n ,  Syracuse Un ive r s i t y ,  1962. D i s s e r t a t i o n  Abs t rac ts .  

S c o t t ,  L. An Experiment i n  Teaching Basic  Science i n  t h e  Elementary 
School. Science Education. Vol. 46 (1962),  105 - 108 

Shulman, Lee S. Guided Learning Versus Discovery: Psychological  
Cont rovers ies  i n  t h e  Teaching of  Science and Mathematics. Reported i n  
Cl a r i z i o ,  H. L. ,  Robert C. Craig and William A. Mehrens (Eds.). Contemporary 
I s s u e s  i n  Educat ional  Psychology. Boston, Mass: Alyn and Bacon, Inc. ,  - 
1970 



Simon, Anita and G i l  E. Boyer. Mir rors  f o r  Bebaylor .  An Anthology of 
Classroom Observat ion Instruments .  Phi lade lphia ,  Pa,: Research f o r  - 
B e t t e r  schools ,  Incorpora ted :  1967 

Snyder, Wl 1 liam Roy. The Question-Asking Behavior of G i f t e d  J u n i o r  
High School Science S tuden t s  and T h e i r  Teachers. D i s s e r t a t i o n  Abs t rac ts .  
Vol. 27 (1967),  3738-A 

Suchman, J. R. Rebuilding t h e  Science Program. Inqu i ry  Tra in ing  i n  t h e  
Elementary School. Science Teacher. Vol. 27 (l96O), 42 - 49 

Swineford, E.J. Analys is  of Teaching Improvement Sugges t ions  t o  
Student  Teachers.  J o u r n a l  of  Experimental Education. Vol, 32 ( l ? 6 4 ) ,  
299 - 303 

Thomson, Barbara and A.M. Voelker. Programs f o r  Improving Science 
I n s t r u c t i o n  i n  t h e  Elementary School. Par t  11: Science Curriculum 
Improvement Study. Science and Children.  Vol. 8 (1970),  29 - 37 

Ty le r ,  R.W. P r i n c i p l e s  o f  Curriculum and I n s t r u c t i o n .  Chicago: 
Un ive r s i t y  of  Chicago P res s ,  1949 

Washton, N.S. Teaching Science f o r  C r e a t i v i t y .  Science Education. 
Vol. 50 (1966), 22 - 25 

Woodruff, Ashel D. "Experience and Concept Learning". Reported i n  
C l a r i z i o ,  H.L. e t  a l .  (Eds,) .  Contemporary I s s u e s  i n  Educat ional  
Psychology, Boston, Mass: Alyn and Bacon, Inc., 19% 

Zahn, Richard. "The Use of  I n t e r a c t i o n  Analys is  i n  Superv is ing  
Student Teachers", Reported i n  Amidon, E.J .  and J. B. Hough (Eds.) . 
I n t e r a c t i o n  Analysis :  T h s s ,  Research and Applicat ion.  Reading, 
Mass. : Addison-Wesley, 1969 



APPENDIX A 



W I L K E S  C O L L E G E  
W I L K E S - B A R R E  

P E N N S Y L V A N I A  1870s 

M r ,  Richard Abrokwa-Ampadu 
Professional Development Center 
Simon F'raser University 
Burnaby 2, Br i t i sh  Columbia 

Dear Mr, Abrokwa-Ampadu: 

November I, 197l 

I would be very happy t o  grant you permission t o  use my instrument, 
Act ivi ty  Categories, i n  your research project. I n  re turn  would you send 
me a repor% of your work when it is  completed. 

I am sending a copy of my report  t o  the Department of Health, 
J3ducation and F'elfare fo r  project k'6-8760, a s  well a s  miscellaneous papers 
related t o  the instrument. Everything except the report  of project #6-8760 
i s  yours t o  keep o r  f i l e ,  as  you see f i t .  Unfortunately, t h i s  copy of the 
report  i s  my only copy and I would l i k e  t o  have it returned when you a r e  
finished using it, 'Fhank you. 

If I can be of any fur ther  service, please do not hes i ta te  t o  contact 
me. 

Sincerely, 

Harrie E. Caldwell 
Associate Professor . 
Education Department 

Enclosures 



SIMON F K A S E l i  U N I V E R S I T Y  

23rd  November, 1971 

M r .  E a r l  M a r r i o t t ,  
D i s t r i c t  Super in tendent  o f  Schools, 
School D i s t r i c t  # 3 6 ,  
14225 - 5 6 t h  Avenue, 
Surrey,  B.C. 

Dear M r .  M a r r i o t t ,  

I am w r i t i n g  on b e h a l f  o f  M r .  R ichard  Ampadu, a  g raduate  
s tuden t  i n  t h i s  F a c u l t y  who i s  s t u d y i n g  Sc ience Cu r r i cu lum and I n s t r u c t i o n .  

M r .  Ampadu i s  o r i g i n a l l y  f rom Ghana. He h o l d s  a  
European Master  o f  Science Degree and has come t o  Canada t o  s tudy  
c u r r i c u l u m  development.  Du r i ng  h i s  t ime  a t  Simon Fraser  U n i v e r s i t y  he 
has become i n t e r e s t e d  i n  teach ing  s t r a t e g i e s  and p a r t i c u l a r l y  i n  t h e  
p r o p o r t i o n  o f  t ime  g i v e n  t o  v a r i o u s  aspec ts  o f  sc ience  i n s t r u c t i o n  i n  the  
upper e lementary  schoo l .  

S p e c i f i c a l l y ,  M r .  Ampadu i s  i n t e r e s t e d  i n  s y s t e m a t i c a l l y  
o b s e r v i n g  seventh grade sc ience c l asses .  May I ask your a u t h o r i z a t i o n  
f o r  h im t o  conduct  h i s  s tudy  i n  the Sur rey  School D i s t r i c t .  M r .  L i n t o t t ,  
your  i n t e r m e d i a t e  supe rv i so r ,  assures me t h a t  he w i l l  be w i l l i n g  t o  
coopera te  w i t h  M r .  Ampadu i n  making a p p r o p r i a t e  arrangements.  

I t  i s  customary i n  such s t u d i e s  t h a t  the  r e s u l t s  be made 
a v a i l a b l e  t o  personnel  p a r t i c i p a t i n g  i n  t h e  s tudy  and t o  t he  school d i s t r i c t .  
We c e r t a i n l y  a n t i c i p a t e  making t he  s tudy  a v a i l a b l e  th rough you. 

Thank you f o r  your c o n s i d e r a t i o n .  

Yours s i n c e r e l y ,  

Dan ie l  R. B i r c h  
A c t i n g  Dean 
F a c u l t y  o f  Educa t ion  

ORB : caa 

D i c t a t e d  by Dr .  B i r c h  and s igned i n  h i s  absence 
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SIMON PRASER UNIVERSITY 

Professional  Development 
Centre 

Burnaby 2 ,  B. C. 
November 23, 1971. 

Dear Science Teacher, 

I am a candidate  f o r  t h e  M,Sc, (Ed.) degree a t  Simon Frase r  
University. A s  p a r t  of a  study being conducted i n t o  sc ience  education 
i n  t h e  elementary school,  t h e  enclosed ques t ionnai re  i s  being d i s t r i b u t e d  
t o  Grade Seven sc ience  teachers  i n  t h i s  school d i s t r i c t  with the  kind 
permission of t h e  a u t h o r i t i e s  of t h e  d i s t r i c t .  

The study i s  i n  two p a r t s  - t h e  f i r s t  p a r t  being the  quest ionnaire.  
The second p a r t  w i l l  be a  sys temat ic  d i r e c t  observat ion  of a  number of 
Grade Seven sc ience  lessons  randomly s e l e c t e d  from a l l  Grade Seven 
c l a s s e s  i n  t h e  d i s t r i c t ,  This  w i l l  be taken i n  t h e  e a r l y  p a r t  of 
December, A t  least two v i s i t s  p e r  c l a s s  w i l l  be made and classroom 
a c t i v i t i e s  coded us ing  a system c a l l e d  t h e  Ac t iv i ty  Categories Instrument 
(ACI), This i s  a modificat ion of ~ l a n d e r s '  System of I n t e r a c t i o n  
Analysis  which has  been used extens ively  i n  r e sea rch  and in-service  t r a i n i n g ,  
mostly i n  the  f i e l d  o f  s o c i a l  s tud ies .  

It i s  hoped t h a t  t h i s  study w i l l  reveal  some of t h e  genera l  
c h a r a c t e r i s t i c s  i n  t h e  teaching of new and r e c e n t l y  developed science 
u n i t s  and packages, and poss ib ly  problems inheren t  i n  the  new science 
c u r r i c u l a o  

Material  c o l l e c t e d  through e i t h e r  method w i l l  be t r e a t e d  i n  a  
h igh ly  c o n f i d e n t i a l  manner. No person o t h e r  than the  researcher  w i l l  
have access t o  any p a r t  of  t h e  da ta  co l l ec ted ,  

A r e p o r t  of  t h i s  s tudy when completed, w i l l  be made ava i l ab le  t o  
i n t e r e s t e d  p a r t i c i p a n t s  through t h e  d i s t r i c t  o f f i c e s .  

Please f i l l  i n  t h e  ques t ionnai re  a t  your e a r l i e s t  convenience and 
r e t u r n  it i n  t h e  envelope provided, I n  case your c l a s s  f a l l s  i n  t h e  
s e l e c t e d  sample, p lease  t r e a t  it  a s  an ordinary  matter ,  

Your cooperat ion w i l l  be h ighly  appreciated.  

Thank you very much i n  a n t i c i p a t i o n ;  

Sincere ly  yours, 

Richard Ampadu. 



A QUESTIONNAIRE TO SEVENTH GRADE SCIENCE 
TEACHERS OF SURREY SCHOOL DISTRICT (No. 36) 

I PROVINCE OF BRITISH COLUMBIA 
I 

Since t h i s  i s  a general  s tudy,  it w i l l  not  be necessary t o  a t t a c h  your 
name t o  t h e  quest ionnaire.  In responding t o  t h e  ques t ionnai re ,  p l ease  
f e e l  f r e e  t o  add any comments you deem necessary. 

I Please,  check on do t t ed  l i n e s  where provided. 
C 
b 1. SEX. Male......oo Female.. ...... 
1 
i : 
L 

ACADEMIC AND PROFESS1 ONAL PREPARATION 

F 
I 

2. C e r t i f i c a t e  he ld / sa la ry  sca le .  

3. Degrees he ld  

Other. . . O . . O  

4. Number of  in t roductory  science courses taken. 

l.Oo..OOoO.O 2 0 0 . . 0 0 0 0 0 0 0  3 0 . . 0 0 0 0 0 . 0  4..0..00.0 5 o r  more....... 

5. Number of advanced science courses taken, 

100.O..O.OOO 2 . . 0 0 0 . 0 0 0 0 .  3....0..000 4......... 5 o r  more....... 

6, Science methods course o r  curriculum seminar: 

7, Science teaching experience i n  u n i v e r s i t y  practicum: 

YesOO.OO..O  NO..^....... 

8. Number of in - se rv ice  non-credit  workshops. 

..... l..O..OOa 2 0 0 0 0 0 0 0 0  3.000.0. .  40 .00. . .0  5 o r  more... 

PROFESSIONAL LEADERSHIP 

9. Member of Science PSAo Yeso.......  NO......^. 

10. Served on curriculum rev i s ion  o r  in - se rv ice  education committee i n  



PROFESSIONAL EXPERIENCE 

Yearsofteaching. . . . . , . .  ( P l e a s e s t a t e )  

Years of teaching science...,.... 

Years of teaching sc ience  i n  elementary school...o..,~......o.Oo 

Years of teaching sc ience  i n  t h e  p resen t   district,.^^.^^..^..,.. 

Years of teaching science i n  the  present  schoo1..,...~.......... 

TEACHING ASSIGNMENT 

I am a)  f u l l  time sc ience  t eacher  (sc ience  only)o.. . .o. . . .~.o. 
b) f u l l  time t eacher  (science and o t h e r  subjects)...,..,. 
c )  teaching p r i n ~ i p a l . . . ~ . . . .  
d)  teaching vice-principal........ 
e )  teacher-1ibrarian......~~~~ 
f )  teacher-counsellor.OO..o.~o 
g )  t eacher  with o t h e r  d u t i e s  (o the r  than classroom 

teaching)....... ...... h )  par t - t ime r e l i e v i n g  teacher.. 

Percentage of  school time I spend on  teaching...^...., 

My o t h e r  d u t i e s  ( i f  any, o t h e r  than teaching)  a f f e c t  my 
teaching a c t i v i t i e s .  

a )  a g r e a t  deal........ 
b) j u s t  a l i t t l e o o . . o o .  
C )  no t  a t  a l l o . o o o . o o o .  

...... ...... I teach grade ( s )  1-3.. ..... 4-5.. ..... 6. 7*  
(Please, i n d i c a t e  percentage of time spent  i n  each grade) 

I teach sc ience  i n  grade (s) 1-3.. O O O O .  4-5.. O O O . .  60.. .... 7.. . . . ~ ~  
(Please,  i n d i c a t e  percentage of sc ience  teaching t i m e  you spend i n  
t h e  grade). 

Besides sc ience  I teach l..... 2..,.. 3 . . . . ,  more...., o t h e r  
subjec ts .  
Please s t a t e  t h e  percentage of  t o t a l  sc ience  teaching time you g ive  
t o  the  following methods of ins t ruc t ion .  

Individual ized  instruction........, 

Small group instruction......... 

Class-s ize  instruction,,...... 

Larger group i n s t r u c t i o n  (more than one class)......,...,.. 

Please s t a t e  t h e  percentage of c l a s s  t i m e  of Grade Seven sc ience  you 
spend on a c t i v i t y - o r i e n t e d  (and/or l abora to ry )  lessons.. ...... 



NATURE OF SCHOOL 

I ........ i 27, I t each  i n  a )  open-area school.. 
b )  convent iona l  school,...... 
c )  other . .  o o . . o o .  

CURRICULUM RESOURCES 

28, My sc i ence  7 fo l lows  t h e  Department of  Education curr iculum guide  

....... a )  c l o s e l y  ....,.. b )  moderately o o o o o o .  c)  n o t  a t  a l l  

29, I f i n d  t h e  m a t e r i a l  i n  t h e  curr iculum guide  

........ ....... a )  t oo  e x t e n s i v e  b)  adequate  C) n o t  e x t e n s i v e  
enough ....... 

30. I n  my opin ion  t h e  Sc ience  7 programme ( a s  o u t l i n e d  i n  t h e  guide)  
g e n e r a t e s  

a )  above average b) moderate c )  below average 
p u p i l  i n t e r e s t  .... p u p i l  i n t e r e s t . . .  p u p i l  interest... . . .  

I r e g u l a r l y  u s e  f o r  my i n s t r u c t i o n  
31, Motion p i c t u r e s  films......... 

32, S l i d e s  and/or  f i l m s t r i p s  and/or  f i lmloops,  .......... 

Teacher-prepared  experiment^...,...^^^^ 

Audiomaterials....~OOO~oO...o~ 

T e ~ t - b o o k s ~ ~ . ~ . ~ ~ . . ~  

......... Commerci a1 TV.. 

Closed c i r c u i t  TV o r  v ideo  tapes.....o...oo.... 

I use  exper imenta l  u n i t s  from t h e  p r o j e c t ( s )  

Experiences i n  Science (EIS) .......o.. 

.......... Elementary Sc ience  Study (ESS) 

Elementary School Science P ro jec t ,  Univ. o f  I l l i n o i s  (ESSP-ILL)......... 

Sc ience  Curriculum Improvement Study (SCIS)...,,......... 

Sc ience  - A Process  Approach. (AAAS).,..o....o....o 

Other........o.......~~o.o 



g r e a t e s t  d i f f i c u l t y  i n  using a labora tory  o r  a c t i v i t y  approach 
i s  

l a c k  of  labora tory  facilities.............. 
l a c k  of materials...........~.... 
c l a s s  s i z e  o r  control.......... 
my own lack  of t r a i n i n g  and experience..........., 
my own d u t i e s  o t h e r  than teachingo.......... 

A l l  t h e  p u p i l s  i n  my c l a s s  keep lab. records. Yes...... No...... 

I f i n d  it  more convenient t o  c o r r e c t  t h e  *lab. records 

i n  t h e  classroom....... out  o f  t h e  classroom......... 

PUPIL INTEREST AND ACHIEVEMENT 

Pupils  i n  my school have f a c i l i t i e s  (ego Science Club) f o r  ex t ra -  
c u r r i c u l a r  sc ience  a c t i v i t i e s .  Yes.......  NO..,..^... 

A l l  t h e  Grade Seven p ~ p i l s . . , ~ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ )  
Most of  the  Grade Seven pupils....,.........) p a r t i c i p a t e ( s )  i n  
Some of t h e  Grade Seven pupils..............) ex t ra -cur r i cu la r  
None of t h e  Grade Seven pupils....~.........) sc ience  a c t i v i t i e s .  

The genera l  performance of t h e  Grade Seven science c l a s s  i s  

above average....,.,,.. average.......... below average.........o. 

The i n t e r e s t  i n  sc ience  of the  Grade Seven c l a s s  i n  r e l a t i o n  t o  
o t h e r  c l a s s ( e s )  I teach ( i f  any) i s  

above average........... average........ below average........... 

The i n t e r e s t  of t h e  Grade Seven pup i l s  i n  science a s  compared t o  
t h e i r  i n t e r e s t  i n  o t h e r  sub jec t s  ( i f  any) I teach i n  t h i s  c l a s s  
i s  

above average....,,... average......... below average............ 

THANK YOU VERY MUCH FOR YOUR COOPERATION 
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1. LABORATORY S tuden t s  a r e  p re sen ted  a  problem t o  b e  
EXPERIENCE : solved by experimentat ion.  The procedure 
OPENENDED may o r  may no t  be given. They a r e  r equ i r ed  

t o  make obse rva t ions  and ana lyse  o r  
i n t e r p r e t  t h e i r  f ind ings .  

LAB ORAT 0  RY S tudents  a r e  presented  a  l abo ra to ry  
EXPERIENCES : experiment wi th  a  s t r u c t u r e d  procedure. 
STRUCTURED r They a r e  no t  r equ i r ed  t o  ana lyse  o r  

i n t e r p r e t  t h e i r  data .  They a r e  asked t o  
make observa t ions .  

-* 
W 
H 
e 
H z w v 
4 

5. STUDENT a )  A s tuden t  o r  group o f  s t u d e n t s  g ive  an  
LIBRARY o r a l  r e p o r t  they  have prepared  based on 
RESEARCH, r e fe rence  m a t e r i a l .  b) The c l a s s  works wi th  
REPORTING, ETC. r e f e rence  m a t e r i a l s  f o r  purposes o f  w r i t i n g  

o r  making r e p o r t s .  

- 

3. GROUP One o r  more grpups of s t u d e n t s  a r e  working 
PROJECTS on a  s c i ence  p r o j e c t  during t h e  c l a s s  

per iod .  Some may work i n d i v i d u a l l y ,  (no t  
w r i t t e n  p r o j e c t s ) .  

w 

8 
5 

I 6. STUDENT The s tuden t  c o n t r i b u t e s  v e r b a l l y  by a sk ing  
SPEAKING ques t ions ,  answering a  ques t ion  o r  simply 

vo lun tee r ing  i n  forinat ion. 

7. TEACHER S tuden t s  a r e  asked a  ques t ion  by t h e  
QUESTIONING teacher .  

4. STUDENT A s tuden t  o r  group of s t u d e n t s  demonstrate 
DEMONSTRATIONS a  sc ience  experiment o r  p r o j e c t  which they  

prepared.  (Oral r e p o r t  on sc ience  p r o j e c t  
would be inc luded) .  

8. LECTURE The t e a c h e r  reads  aloud,  expresses  h i s  
views, g i v e s  d i r e c t i o n s ,  makes an a s s ign -  
ment o r  a sks  r h e t o r i c a l  ques t ions .  S tuden t s  
a r e  expected t o  l i s t e n .  They may i n t e r r u p t  
on ly  when they  do no t  understand. S tudent  
reading i n  t h e  t e x t  i s  a l s o  included.  

9. TEACHER The t e a c h e r  p r e s e n t s  m a t e r i a l s  by f i lm ,  
DEMONSTRATI ON f i l m s t r i p ,  record ,  TV, r ad io ,  demonstrat ion,  

e t c .  

LO. WORKBOOK S tuden t s  work i n  c l a s s  on workbooks, horne- 
WORK work, ques t ions  from t e x t s ,  a r t - t y p e  work 

e t c .  

11. GENERAL The c l a s s  may be c l ean ing  up, s e t t l i n g  
HAVOC down o r  doing nothing.  I n  gene ra l ,  t h i s  

ca tegory  should be used spar ingly .  

FIGURE 5 

REVISED ACTIVITY CATEGORIES INSTRUMENT 



TABLE XV 

SAMPLE RECORD SHEET 

INTERACTION ANALYSIS - ACI SYSTEM 

School No. Science Topic. 

Time : Sub-topics 
Start  o f  l e s son .  
End o f  l e s son .  

Tr ia l  No. Observer. 

Date : 

I Category numbers per  I Notes o r  I Total ta l l i es /minute  



School No. 

TABLE (CONTD. ) 

10 
Total 
Tallies, 
over 
whole 

11 

7 

1 6 

4 / r /  

2 

1 9 4  

4 3 7 

2s' 

5 

V 

8 

88 

9 

4 



TABLE XVI 

SAMPLE MATRIX 
- I Teacher  N o . . . . . .  

/a Schoo l  N o . . . . . .  
- - 2 T r i a l  No. . . . . .  

SECOND EVENT 1 

A c t i v i t y  R a t i o  Lab. Rat io  Quest ioning R a t i o  

T o t a l  Cat .  1 t o  6 = 288 T o t a l  Cat .  1 and 2 = 151 T o t a l  Cat .  7  and 8 = 115  

T o t a l  Cat . -  8 t o  l o  5 96 Tota l  a l l  Cat .  = 407 Cat. 7 = 23 

288 3 . 0  A.R. = - = 9 6 

( ~ n c l .  Cat .  1 1 )  4 1 3  

= 0 . 3 7  L.R. = 407 



TABLE XVII  

CALCULATING CONSISTENCY RATIO 

BY SCOTT'S METHOD 

Tape* Per  Cent Per  Cent Per Cent Category Live* 2 
o f  ( 1 )  of ( 2 )  D i f f  . 

T o t a l  430 447 1 0 0 . 2  100  .O 1 2  .0 21.41 

* Data from coding l e s s o n s  d i r e c t l y  i n  t h e  c lassroom - ( I ) ,  and 
from coding  tape  recorded l e s s o n s  - ( 2 ) .  



TABLE XVIII 

ESTIMATING RELIABILITY COEFFICIENT 

BY SCOTT'S METHOD: 

Observer Observer Per Cent Per Cent Per Cent Category 
2 

A B o f  (1)  o f  (2)  D i f f .  

Total 440 461 99.97 100.23 12.71 24 .a79 



TABLE X I X  

INTERACTION RAT1 OS 

SUBJECTS ACTIV IT'Y LAB OMTORY QUEST1 ONING NATURE 
RAT I0 RATIO RATIO OF 

LESS ON 

N A W  

AO* 
. A0 

A0 
A0 

A0 
A0 

NAO 

NAO 
NAO 

A0 
A0 

A0 
A 0  

A0 

*A0 denotes Activity-Oriented, while NAO Non-Activity-Oriented lessons 



TABLE X I X  (CONTD.) 

I 
I SUBJECTS ACTIVITY LAB ORATORY QUESTIONING NATURE 

RAT I 0 RATIO RATIO OF 
LESS ON 

14 0.24 0. 01 0.07 NAO 
0.16 0.01 0.20 NAO 

17  0.36 0.00 0,18 NAO 
0,32 0.00 0.11 N A 0  



RATIO OF EXTENDED STUDENT AND TEACHER TALK 

- - I N  THE PROCESS OF DISCUSSION O F  TEACHER- - - 
STUDENT VERBAL INTERACTION. 

SUBJECTS R A T I O I N  PERCENT R A T I O  I N  PERCENT NATURE OF 
OF STUDENT TALK OF TEACHER TALK LESSON 

NAO 

A 0  
A 0  

A 0  
A 0  

A 0  
A0 

N A 0  

N A 0  
NAO 

A 0  
A 0  

A 0  
A 0  

A 0  
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APPENDIX D 



G r .  7 THE "CLOSED END" EXPERIMENT 

Mater ia ls  f o r  two s tuden t s  

1 l a r g e  p l a s t i c  tube 
candles ,  matches, and c l a y  
red  p l a s t i c  cap 

Background 

In t h e  f i r s t  t h r e e  experiments and we have been concerned with 
expansion and con t rac t ion  of gases when temperature changes. The 
sucking down of  t h e  rubber sheet ing ,  a s  well  a s  t h e  bulging o u t ,  
suggests  t h a t  gases  which a r e  con t rac t ing  o r  expanding a r e  able  t o  
e x e r t  a fo rce  of some kind t o  cause t h e  rubber sheet ing  t o  s t r e t c h .  

Method 

Set  up t h i s  experiment i n  t h e  same manner a s  t h e  previous ones. 
The only d i f fe rence  i s  t h a t  a red rubber cap w i l l  be s u b s t i t u t e d  
for t h e  rubber sheet ing.  

Observations 

1. What happens when t h e  tube was placed over  the  candle? 

2. How do you expla in  the  r e s u l t s  of  t h i s  experiment? 

3. Does it work every time? I f  no t ,  why? 

4. Try t h e  experiment with two candles. A r e  t h e  r e s u l t s  
the  same? Why? 

1. Summarize t h e  experiments by t e l l i n g  what e f f e c t  was noted 
by each of  t h e  following experiments. 

a. The "Open End" Experiment. 

b. The "Drumhead" Experiment. 

c. The ''Closed End" Experiment. 

The fol lowing experiments a r e  designed t o  provide some observation 
f o r  you t o  th ink  about. How do each o f  them show the  presence of a i r ?  

1. What's Pushing What? 

Pul l  out  t h e  plunger on a 30-cc syr inge  pump t o  about t h e  15-cc 
mark, then d ip  t h e  end of  t h e  syr inge  i n t o  some colored  water. Withdraw 



t h e  p lunger  t o  t h e  30-cc l i ne0  Hold t h e  syringe-ptmp above a j a r  and 
push t h e  p lunger  down. 

1 2. Syringe-pump Under Water 

~ Take a syringe-pump fu l l .  of a i r  and p l a c e  t h e  end of  t h e  syr inge-  
pump under  water.  Push t h e  p lunger  i n t o  t h e  syringe-pump. 

3. Sponge Under Water 

F i l l  a jar almost  f u l l  o f  wa te r  and squeeze a sponge under t h e  
water.  

ADDITIONAL EXPERIMENTS WITH GAS PRESSURE 

1, Changing Pressure  By Chemical Means 

F i l l  a tube  p a r t i a l l y  wi th  wa te r  and s e t  i t  i n  a t r a y .  Place 
rubber  s h e e t i n g  o v e r  t h e  top. A s e l t z e r  t a b l e t  i s  p l aced  on a p i e c e  
of  c l a y  which i s  a t t a c h e d  t o  t he  s i d e  of  a l a r g e  p l a s t i c  tube. When 
t h e  tube i s  s i t t i n g  i n  t h e  water ,  knock t h e  t a b l e t  o f f  i n t o  t h e  wa te r  
and observe t h e  r e s u l t s .  

2. A p i ece  of wet s t e e l  wool i s  pu t  i n t o  a t ube  and t h e  open end i s  
s c a l e d  o f f  wi th  rubber  shee t ing .  Observe t h e  r e s u l t s .  

THE EGG AND THE BOTTLE 

M a t e r i a l s  1 /2  g a l l o n  mi lk  b o t t l e  
1 hard-boi led  egg (wi th  s h e l l  removed) t h a t  w i l l  f i t  

i n  t h e  mouth of t h e  b o t t l e  wi thout  f a l l i n g  i n t o  t h e  
b o t t l e  

p i e c e  of pape r  
matches 

Method -- The p i e c e  of  pape r  i s  i g n i t e d  and dropped i n t o  t h e  
mi lk  b o t t l e .  The egg i s  p laced  o v e r  t h e  mouth of  t h e  b o t t l e  
a s  qu ick ly  a s  p o s s i b l e ,  

Think of a way t o  p re se rve  what h a s ' h a ~ p e n e d ,  


