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THE EFFECTS OF CLASS PERIOD LENGTH AND FREQUENCY OF 

MEETINGS ON BIOLOBY STUDENTS' UNDERSTANDING 

OF THE PROCESSES OF SCIENCE AND THEIR 

ACHIEVEMENT IN BSCS BIOLOGY

CHAPTER I  

INTRODUCTION

An in c reased  emphasis upon s tu d en t p a r t ic ip a t io n  and in te ra c t io n  

w ith  th e i r  p h y sica l environment through in q u iry  in  the  lab o ra to ry  ch ar

a c te r iz e s  a s ig n if ic a n t  trend  in  science  education . The c e n tra l  p o s it io n  

o f the lab o ra to ry  r e f le c t s  the co n v ic tio n  th a t  s tuden ts  understand science  

through p a r t ic ip a t io n  in  labo ra to ry  experiences th a t  involve a c tu a l s tu 

den t in v e s t ig a tio n s  ra th e r  than through the  v ica rio u s  p o s itio n  o f read ing  

about science  o r w atching teacher dem onstrations. The inc reased  emphasis 

on stu d en t p a r t ic ip a t io n  and in te ra c t io n  in  the  lab o ra to ry  re q u ire s  f le x 

ib le  and v a r ia b le  p a tte rn s  o f tim e.

S tuden ts need adequate time to  read  jo u rn a l a r t i c l e s ,  to  search  

fo r ideas and d e ta i l s  in  books, to  id e n tify  problems, to  pose re le v a n t 

q u estio n s , to  perform  e f f ic ie n t  and e f fe c t iv e  experim ents, to  make judg

ments on a l te rn a te  hypotheses, and to  in te r p r e t  d a ta . Since the 1930's  

a steady d ec lin e  in  the  use of extended lab o ra to ry  periods in  science 

has been observed. Science courses are  being taught la rg e ly  w ith in  the
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framework o f a t r a d i t io n a l  time schedule o f f i f ty - f iv e  minute periods , 

f iv e  tim es per week. Many lab o ra to ry  a c t i v i t i e s  th a t  emphasize the 

im portan t fe a tu re  o f studen t s e lf -d isço v e ry  and d ir e c t  experience w ith 

th e i r  p h y sica l environment re q u ire  one hour o r more. Metzner (1962) 

supported th is  p o in t of view when he wrote th a t  " i t  is  d i f f i c u l t  to 

compress in to  a s in g le  or double period  lab o ra to ry  the many experiences 

th a t  emphasize the im portant fe a tu re s  o f an experim ental approach. 

C on tinu ity  of time and e f f o r t  in  p u rsu it  of a problem is  req u ired  u n t i l  

the  d e s ire d  outcomes are  ob ta ined . In  many in s tan ces  the t r a d i t io n a l  

schedule ends the  lesson  p re se n ta tio n  and study before  s tuden ts  have 

had adequate time to  m aster the s u b je c t a t  hand" (p . 34).

P ro fe ss io n a l educators a re  beginning to  question  the t r a d i t io n a l  

schedule in  l ig h t  o f the knowledge exp losion , re c en t inform ation  on 

in d iv id u a l s tu d en t d iffe ren c es  and the renewed emphasis upon the  

sc ien ce  lab o ra to ry  as the fo ca l p o in t fo r  teach ing  science as in q u iry . 

The term  " f le x ib le  scheduling" has received  much a t te n tio n  in  the p ro

fe s s io n a l l i t e r a tu r e  in  recen t y e a rs , p a r t ic u la r ly  in  secondary schoo ls. 

In  r a t io n a le ,  f le x ib le  scheduling assumes th a t  the na tu re  o f the  su b jec t 

d ic ta te s  the leng th  o f the scheduled period . Therefore, educators r e a l 

iz e  th a t  v arious su b je c ts , by th e i r  very n a tu re , do no t req u ire  the 

same amounts o f d a ily  c la s s  tim e. No apparent lo g ic  e x is ts  today in  

the  time honored assumption th a t  a l l  methods o f learn ing  are  most 

e f fe c t iv e  w ith in  the framework o f hour long periods th a t meet every day.

The question ing  by educators o f the t r a d i t io n a l  schedule and the 

c u rre n t experim ents w ith  sh o rte r  p e rio d s , longer p e rio d s , and v a r ia b le  

periods a re  healthy  s ig n s . The c u rre n t p ro fess io n a l l i t e r a tu r e  rev ea ls
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the s t a r t l in g  f a c t  th a t  these f le x ib le  and v a r ia b le  p a tte rn s  o f time 

a llo tm ents appear to  be based upon opinions o f leading  ed u ca to rs , 

so c ia l p re ssu re s , and ad m in is tra tiv e  expediency.

S c ie n t i f ic  inqu iry  in  the a rea  o f time a llo c a tio n s  i s  extrem ely 

meager. O tto (1950) concluded th a t "experim ental evidence as to  how 

much time per day per week is  needed to  teach a given su b jec t in  

accordance w ith  accepted standards i s  so inadequate th a t i t  may be 

ignored" (p . 379).

Smith, S tan ley  and Shores (1957) supported Otto when they 

s ta te d  th a t " th e  resea rch  bearing  upon the  d is t r ib u t io n  o f time is  

both meager and inco n clu siv e . The len g th  and d is t r ib u t io n  o f c la s s  

periods u su a lly  have been determ ined w ith  l i t t l e  regard  to  psychological 

r e a l i t i e s .  The d is t r ib u t io n  o f  the time a llo te d  to  various su b jec ts  

has been determ ined more o ften  by ru le  o f  thumb and by convenience"

(p. 214-215). They went on to  pose some very in te re s t in g  q u estio n s ,

"how o ften  should a c la s s  meet - th ree  tim es, only once? Should i t  

be th i r ty  m inutes, fo r ty  m inutes, n in e ty  minutes? Would i t  be more 

e f fe c t iv e , o th e r th in g s  being equal, to  d is t r ib u te  the time over a 

longer period  by o ffe r in g  the c la s s  only two or th ree  tim es each week 

ra th e r  than d a ily ?  (p . 218). They supp lied  the answer to  these queries  

by concluding th a t  " th e re  are as y e t no answers to  these  q u estio n s.

Nor is  th e re  adequate research  bearing  upon them................ the  e n t i r e

secondary school system is  opera ting  on the b a s is  o f a mere conven

tio n  w ith  re sp e c t to  the d is t r ib u t io n  o f tim e" (p . 218). The amounts 

o f time necessary  fo r  formal c la s s  s i tu a t io n s  is  s t i l l  no t known, 

according to  H e lle r (1971).
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Today the Carnegie U nit faces a re s is ta n c e  th a t  i s  encouraged 

by marked change in  co n ten t o f in s tru c t io n , teach ing  methods, f le x ib le  

schedu ling , advanced placem ent honor courses, and e a r ly  adm issions to  

c o lle g e . However, an absence o f adequate re sea rch  on which to  base 

d ec is io n s  regard ing  tim e a llo tm en ts  to  rep lace  the  Carnegie U nit 

e x is ts  as Smith, S tan ley  and Shores (1957) po in ted  ou t " th a t  no one 

knows the leng th  of c la s s  p e rio d , nor the frequency of p e rio d s , most 

conducive to  le a rn in g  in  any given con ten t course" (p . 218).

Background of the Study

In  1963-64, the  Oklahoma C ity Public School System adopted 

the B io lo g ica l Science Curriculum Study, h e re in a f te r  r e fe r re d  to as 

BSCS and i t s  re la te d  m a te r ia ls . The primary emphasis o f the BSCS 

m a te r ia ls  i s  on the im portance of lab o ra to ry  experiences th a t  involve 

s tu d en ts  in  a c tu a l b io logy in v e s t ig a tio n s . Much o f the success in  the  

teach ing  o f BSCS m a te ria ls  i s  p red ica ted  on the  s tu d e n ts ' involvement 

in  lab o ra to ry  a c t i v i t i e s .

Two v ers io n s  o f  the BSCS biology program, the  b lue v e rs io n , 

and the green v e rs io n , were implemented in  a l l  h igh schools as the 

f i r s t  y ea r course in  b io logy . Teachers were f re e  to  s e le c t  the 

v e rs io n  they f e l t  most q u a lif ie d  to  teach .

During the 1970-71 school year the Oklahoma C ity  P u b lic  School 

System developed and implemented a "time block" schedule in  a l l  but 

two of i t s  member high schoo ls . The concept o f "tim e b locks"  re fe rre d  

to blocks o f time which d if f e r e d  in  leng th  according to  the  amount of 

time each block con tained . Thus, c la sses  met fo r  va rio u s  time du ra tio n s  

and vary ing  numbers o f sessio n s  per week. Some b io logy c la s se s  were
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m eeting fo r  two hours and tw en ty -five  m inutes tw ice a week, o th e rs  

met fo r  seventy m inutes four times per week, w hile  s t i l l  o th e r biology 

c la s s e s  met fo r  f i f ty - f iv e  minutes f iv e  tim es per week. These blocks 

o f  time are  h e re in a f te r  re fe r re d  to  as trea tm en t A, trea tm en t B, and 

trea tm en t C, re s p e c tiv e ly . F u rth er c la r i f i c a t io n  o f th ese  trea tm ent 

groups w i l l  be given in  Chapter I I I .

Assuming th a t  some su b jec ts  demand more time w hile  o th e rs , 

by th e i r  very n a tu re  need le s s  time d a ily , then re sea rc h  d a ta  should 

be ga thered  on the leng th  o f period  and the frequency of m eetings th a t  

a re  more conducive to  learn in g  in  BSCS b io logy .

Im plem entation o f the "tim e block" schedules brought to  mind 

the  fo llow ing  questions concerning BSCS b io logy:

1. what i s  the e f f e c t  o f an extended c la s s  p e rio d  th a t  meets 

le s s  freq u en tly  on ten th  grade s tu d e n ts ' achievement in  biology?

2. i s  th e re  a c la s s  period  leng th  and frequency o f meeting

more conducive than the t r a d i t io n a l  schedule fo r  teach in g  and learn ing

bio logy  by inquiry?

3. w i l l  ten th  grade BSCS biology s tu d en ts  ^develop a b e t te r  

understand ing  o f the processes o f science i f  they a re  provided a 

longer c la s s  period?

4 . i s  th e re  a c la s s  period  leng th  and a frequency o f meeting

more conducive than the t r a d i t io n a l  schedule fo r  h ig h , medium and low

a b i l i t y  le v e l s tu d e n ts ' achievement in  BSCS biology?

Statem ent o f the Problem

The problem of th is  in v e s t ig a tio n  was to  determ ine i f  length  

o f c la s s  p e rio d  and frequency of c la s s  meetings s ig n if ic a n t ly  e ffe c ted
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s tu d e n ts ' understand ing  of the p rocesses o f science and achievement 

in  BSCS b io lo g y .

The f i r s t  p a r t  of th is  study was concerned w ith  the p o ssib le  

s ig n if ic a n t  d if fe re n c e s  of te n th  grade s tu d en ts  w ith h igh , medium or 

low a b i l i t y  le v e ls  in  th e i r  understand ing  o f the processes o f science 

and th e i r  achievem ent in  BSCS bio logy c la s se s  th a t  met during t r e a t 

ment A, trea tm en t B, and trea tm en t C.

The second p a r t  of the study compared ten th  grade s tu d e n ts ' 

achievement in  BSCS biology and th e i r  understanding of the p rocesses 

of sc ience  in  trea tm en t A and trea tm en t B w ith  studen ts  e n ro lle d  in  

trea tm en t C.

An in v e s t ig a tio n  was a lso  made o f two secondary problems 

th a t  r e la te d  to  the  ma&or problem under co n sid e ra tio n .

1. I s  th e re  a s ig n if ic a n t  d if fe re n c e  in  BSCS b lue v e rs io n

and BSCS green v e rs io n  biology s tu d e n ts ' understanding of the processes 

o f sc ience  and th e i r  achievement in  BSCS bio logy c la sse s  th a t  met fo r 

d i f f e r e n t  len g th s  o f time and frequency?

2. I s  th e re  a s ig n if ic a n t  d if fe re n c e  between biology te a c h e rs ' 

classroom  and lab o ra to ry  p rac tice s?

Hypotheses

The fo llow ing  n u ll hypotheses were proposed w ith regard  to  the 

major problem o f th is  study:

H ypothesis 1. There i s  no s ig n if ic a n t  d iffe ren ce  in  biology 

achievement as measured by the Comprehensive F inal Exam ination, Form J , 

between h ig h , medium and low a b i l i ty  te n th  grade studen ts  in  trea tm en t A, 

trea tm en t B, and treatm ent C.
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H ypothesis 2 . There i s  no s ig n if ic a n t  d iffe ren c e  in  under

stand ing  o f the  p rocesses o f sc ien ce , as measured by the Processes 

of Science T e s t , Form A, between h igh , medium and low a b i l i ty  te n th  

grade s tu d en ts  in  trea tm en t A, trea tm en t B, and trea tm en t C.

Hypothesis 3 . The academic a b i l i t y  le v e l (DAT VR+NA) has 

no s ig n if ic a n t  e f f e c t  on ten th  grade s tu d e n ts ' achievement in  BSCS 

biology and th e i r  understanding of the  processes of science.

H ypothesis 4 . There i s  no s ig n if ic a n t  in te ra c t io n  among 

academic a b i l i t y ,  trea tm en t, and the dependent v a r ia b le s ,  achievement 

in  BSCS bio logy and understanding of the  processes o f sc ience .

H ypothesis 5 . A fte r s t a t i s t i c a l l y  ad ju s tin g  fo r  I n i t i a l  

d iffe ren c es  in  academic a b i l i ty ,  th e re  i s  no s ig n if ic a n t  d iffe ren c e  

in  biology achievem ent, as measured by the Comprehensive F in a l 

Exam ination, Form J ,  between c la s se s  o f ten th  grade studen ts  taugh t 

in  trea tm en t A, trea tm en t B, and trea tm en t C.

H ypothesis 6 . A fte r s t a t i s t i c a l l y  ad ju s tin g  fo r I n i t i a l  

d iffe ren c es  in  academic a b i l i ty ,  th e re  i s  no s ig n if ic a n t  d iffe ren c e  

in  the understand ing  of the p rocesses o f science as measured by the 

Processes o f Science T est, Form A, between c la sse s  of ten th  grade 

biology s tu d en ts  taugh t in  treatm ent A, trea tm ent B, and trea tm en t C.

Hypothesis 7. A fte r s t a t i s t i c a l l y  a d ju s tin g  fo r  i n i t i a l  

d iffe ren c es  in  academic a b i l i ty ,  th e re  i s  no s ig n if ic a n t  d iffe ren c e  

in  the  te a c h e rs ' e f f e c t  on c la sse s  o f te n th  grade biology s tu d e n ts ' 

understanding o f the  processes o f sc ience  and achievement in  BSCS 

bio logy.

H ypothesis 8 . A fte r s t a t i s t i c a l l y  ad ju s tin g  fo r  i n i t i a l
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d iffe re n c e s  in  academic a b i l i t y ,  th e re  i s  no s ig n if ic a n t  in t e r 

a c tio n  among te ach e rs , tre a tm e n ts , and the dependent v a r ia b le s ,

understanding  of the  p rocesses o f science and achievement in  BSCS
- n  ■

b io lo g y . ■<

The follow ing n u ll  hypotheses were proposed w ith  regard  to 

the  secondary problems o f th i s  study:

Hypothesis 9 . A fte r  s t a t i s t i c a l l y  ad ju s tin g  fo r  i n i t i a l  

d iffe re n c e s  in  academic a b i l i t y ,  there  is  no s ig n if ic a n t  d iffe ren ce  

in  b iology achievement, as measured by the Comprehensive F in a l 

Exam ination, Form J ,  between BSCS blue v e rs io n  and BSCS green 

v e rs io n  biology c la sse s  tau g h t in  treatm ent A, trea tm en t B, and 

trea tm en t C.

Hypothesis 10. A fte r  s t a t i s t i c a l l y  ad ju s tin g  fo r  i n i t i a l  

d iffe ren c es  in  academic a b i l i t y ,  th e re  is  no s ig n if ic a n t  d iffe ren c e  

in  understanding of the p rocesses o f science, as measured by the 

P rocesses o f Science T est, Form A, between BSCS blue v e rs io n  and 

BSCS green v ersion  biology c la s se s  taught in  trea tm en t A, treatm ent 

B, and treatm ent C.

Hypothesis 11. A fte r  s t a t i s t i c a l l y  a d ju s tin g  fo r i n i t i a l  

d iffe re n c e s  in  academic a b i l i t y ,  th e re  i s  no s ig n if ic a n t  d iffe ren ce  

in  b iology achievement and understanding of the p rocesses o f science 

between BSCS blue v e rs io n  and BSCS green v e rs io n  biology c la s se s .

Hypothesis 12. A fte r  s t a t i s t i c a l l y  a d ju s tin g  fo r  i n i t i a l  

d iffe re n c e s  in  academic a b i l i t y ,  th e re  is  no s ig n if ic a n t  in te ra c t io n  

among v e rs io n  s tu d ied , tre a tm e n ts , and the dependent v a r ia b le s ,  under

stand ing  of the processes o f  sc ience  and achievement in  BSCS bio logy.
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Hypothesis 13. There i s  no s ig n if ic a n t  d iffe re n c e  in  the

classroom  p ra c tic e s  o f biology teach e rs  (se c tio n  A through D com

bined) as measured by the Biology Classroom A c tiv ity  C h e c k lis t , 

in  trea tm en t A, treatm ent B, and trea tm en t C.

H ypothesis 14. There i s  no s ig n if ic a n t  d if fe re n c e  in  the 

lab o ra to ry  p ra c tic e s  o f b iology teach e rs  (s e c tio n  E through G com

bined) as measured by the Biology Classroom A c tiv ity  C h e c k lis t, in  

trea tm en t A, trea tm en t B, and trea tm en t C.

H ypothesis 15. There i s  no s ig n if ic a n t  d if fe re n c e  in  the

classroom  p ra c tic e s  (s e c tio n  A through D combined) and lab o ra to ry  

p ra c tic e s  ( s e c t io n  E through G combined) as measured by the Biology 

Classroom A c tiv ity  C h ec k lis t, between te ac h e rs .

H ypothesis 16. There i s  no s ig n if ic a n t  in te ra c t io n  among 

the te ac h e rs , trea tm en ts , and the  dependent v a r ia b le s ,  classroom  

and lab o ra to ry  p ra c tic e s  of te a c h e rs , as measured by the Biology 

Classroom A c tiv ity  C h eck lis t.

S ig n ifican ce  of the  Study

S evera l aspects o f t h i s  study had s ig n if ic a n t  im p lica tio n s  

fo r  fu tu re  b a s ic  use. F i r s t ,  th is  study was designed to  provide 

inform ation  in  an a rea  where very  l i t t l e  in form ation  based on 

re sea rch  d a ta  e x is te d . Second, th is  study should have provided 

resea rch  d a ta  on which fu tu re  d ec is io n s  may be based in  regard  to  

time a l lo c a tio n s  th a t f a c i l i t a t e  le a rn in g  and teach ing  of an inqu iry  

lab o ra to ry  o rie n te d  biology cou rse . T hird , the  r e s u l t s  o f th is  

study should provide in form ation  in  regard  to  len g th  and d is t r ib u t io n  

o f c la s s  pe rio d s  most conducive fo r  h ig h , medium, and low a b i l i ty
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s tu d en ts  to  achieve in  an in q u iry  o r ie n te d  biology course. F ourth , 

the r e s u l t s  o f th i s  study were designed to  provide inform ation  con

cern ing  the re o rg a n iz a tio n  o f time fo r  o th e r science course o f fe r in g  

in  a rea  sch o o ls . F i f th ,  the r e s u l t s  o f th i s  study should provide 

d a ta  concerning teach e r methodology conducive fo r le a rn in g  sc ience  

through the in q u iry  approach th a t  lo c a l systems could use in  d esig n 

ing in -s e rv ic e  programs to  improve sc ience  teach ing , and f in a l ly  

th is  study should provide an in v e s t ig a tio n  on which fu tu re  s tu d ie s  

might be based.

D e fin itio n  o f  Terms 

Achievement in  BSCS bio logy i s  a s tu d e n ts ' knowledge and 

understand ing  o f  b io logy concepts and re la tio n s h ip s  s tu d ied  in  

BSCS blue and green vers io n  b io logy  as measured by the Comprehensive 

F in a l Exam ination, Form J .

U nderstanding of the p ro cesses o f science is  the a b i l i t y  of 

a s tu d en t to  in te r p r e t  q u a l i ta t iv e  d a ta ;  to  recognize adequate 

c r i t e r i a  fo r  accep ting  o r r e je c t in g  hypotheses; and to  ev a lu a te  the 

g enera l s t ru c tu re  o f  the experim ental designs in  science as measured 

by the P rocesses o f Science Test (POST), Form A.

Time b locks r e f e r  to  the  amount o f time and frequency of

m eetings a l lo te d  to  s p e c if ic  c la s s e s .

BSCS blue and green v e rs io n  b io logy are  two b io logy courses

developed fo r  average and above average te n th  grade s tu d e n ts . Each

course c o n sis te d  o f a textbook w ith  coord inated  s tu d en t lab o ra to ry  

manuals and te ach e r guides. Each course rep resen ted  a d i f f e r e n t  

approach to  the study  of the same n ine b a s ic  b io lo g ic a l themes.
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The b a s ic  co n ten t o f both courses was seventy p e rcen t a l ik e .  The 

le v e l o f d i f f i c u l ty  of the two v e rs io n s  was the same.

Inqu iry  occurred when s tu d en ts  were provided opportun ity  

to  observe, hypo thesize , experim ent, ga ther d a ta , analyze and 

draw conclusions from th e i r  d a ta  in  find ing  th e i r  own answers. 

Emphasis was p laced on employment o f lo g ic a l p rocesses in  so lu tio n  

o f problem.

D e lim ita tio n s

The study was lim ite d  to  a s in g le  science  s u b je c t ,  b io logy, 

as tau g h t a t  a s in g le  grade le v e l ,  the ten th .

The study involved only te n th  g raders e n ro lle d  in  a BSCS 

blue o r green v e rs io n  b io logy  c la s s  in  fiv e  Oklahoma C ity  high 

schoo ls.

The study involved only teach ers  who had tau g h t a BSCS 

biology course one o r more y e a rs , and were teach ing  e i th e r  a BSCS 

b lue  o r green v e rs io n  b io logy  c la s s  in  trea tm en t À, trea tm en t B, 

and trea tm en t C.

Assumptions

That s tu d en ts  were randomly placed in  the  p a r t ic ip a t in g  

b iology c la s se s  p r io r  to  the i n i t i a t i o n  o f th i s  s tudy ;

That the sample se le c te d  from each school rep re sen ted  the 

p op u la tio n  o f th a t  p a r t ic u la r  school which e n ro lle d  in  BSCS blue 

and green v e rs io n  b io logy;

That achievement in  BSCS biology could be measured e f fe c t iv e 

ly  by the  BSCS Comprehensive F in a l Examination, Form J ;
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The s tu d e n ts ' understanding o f the  processes o f science  

could be measured e f fe c t iv e ly  by the BSCS Processes o f Science 

T est, Form A; and

That s tu d e n ts ' p e rcep tion  as to  w hether the teach er was 

conducting the BSCS biology classroom  and lab o ra to ry  according to  

the o b je c tiv e s  and philosophy of the BSCS course could be measured 

e f fe c t iv e ly  by the  Biology Classroom A c tiv ity  C h eck lis t, (BCAC).

O rganization o f the  Study 

This study was d iv ided  in to  f iv e  ch ap te rs . Chapter I  con

ta in s  the  in tro d u c tio n , background o f the  s tudy , need and j u s t i f i 

c a tio n  fo r  the s tu d y , d e f in i t io n  o f the  problem, and terms to  be 

used. A review  o f  se lec ted  and r e la te d  l i t e r a tu r e  i s  found in  

Chapter I I .  Chapter I I I  d ea ls  w ith  the d esign , procedures, 

in s tru m en ta tio n , t e s t  ad m in is tra tio n  and sco rin g , and s t a t i s t i c a l  

trea tm en t and Chapter IV p resen ts  the a n a ly s is  and In te rp re ta t io n  

o f d a ta . The l a s t  chapter c o n s is ts  o f the  summary, major f in d in g s , 

conclusions, and recommendations.



CHAPTER II

REVIEW OF SELECTED AND RELATED LITERATURE

Science teach ers  and those responsib le  fo r  the education o f science 

teach e rs  have been in c re a s in g ly  b ese t by claim s concerning the values to  be 

derived  from the lab o ra to ry  cen tered  approach to  sc ience  teaching . I n v e s t i 

g a tio n s  (Cox, 1963; G lass , 1962; Grobman, 1963; Hurd and Palmer, 1964; 

Klickman, 1962) supported the b e l ie f  th a t the lab o ra to ry  should be the very 

c en te r  o f lea rn in g  a c t i v i t i e s  in  a modern science  course. Weaver (1963) 

summarized the fe e lin g s  o f most science educators and teachers concerning 

the use o f the in d iv id u a l lab o ra to ry  when he s ta te d :

I t  seems to  me th a t  i t  i s  abso lu tely  e s s e n t ia l  th a t s tuden ts  
do something more than l i s te n  to le c tu re s ,  look a t  demonstra
tio n  experim ents, study a textbook, and r e c i t e  a le sson . A ll 
o f these th in g s  a re  good, but they a re  n o t enough. In  a d d itio n , 
the s tu d en ts  simply must do something on th e i r  own w ith th e ir  
own minds and w ith  th e i r  own hands (p . 342).

The problem o f time in  the use o f the lab o ra to ry  was d iscussed  by 

Haney (1966) when he s ta te d  th a t  " labo ra to ry  work takes time, e sp e c ia lly  

work which i s  la rg e ly  ex p lo ra to ry  and unstru e te re d . . . . fo r pu p ils  to  

inven t th e i r  own experim ents . . . more time i s  g en era lly  req u ired "  (p . 31). 

C arleton  (1960) supported Haney when he poin ted  ou t th a t  " in  o rder to  pro

v ide  fo r  problem so lv ing  lab o ra to ry  work in  sc ience . . . . w ith in  the time 

l im its  p re sen tly  a v a ila b le  i t  w il l  no t be p o ss ib le  to  cover the la rg e  number 

of to p ic s  or problems g en era lly  included" (p . 165).

13
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Students p a r t ic ip a t in g  in  the 1969 In te rn a tio n a l Youth Science 

F o rtn ig h t were asked to  ev a lu a te  the experim ental approach to  the teach

ing of sc ien ce . Their ev a lu a tio n s  were in  agreement w ith  Haney (1966) 

and C arle ton  (1960) when they considered  the experim ental approach was 

more in te r e s t in g  and b e n e f ic ia l  than the t r a d i t io n a l  approach, bu t th a t 

the new sc ie n c e s ' m a te r ia ls  had the d isadvantage of being In e f f ic ie n t .

These s tu d en ts  f e l t  th a t ,  w hile  being freed  in  the physics labo ra to ry  

to  d isco v e r the p ro p e rtie s  o f  waves or pendulums was a c re a tiv e  ch a l

lenge, i t  would a lso  take tim e. The se lf -d is c o v e r  method provided them

w ith  a thorough understanding  of fundamental concepts, bu t the study of

more advanced to p ic s  was freq u en tly  precluded by the lack  of tim e.

Hurd (1961) found th a t  " i t  i s  becoming in c reas in g ly  apparent 

th a t  the p re sen t o rg an iza tio n  of teaching  schedules . . . may n o t be 

the most e f f i c i e n t .  A redeployment o f time to allow fo r some periods 

th a t  a re  longer . . .  i s  needed" (p . 242). Hurd exp lained  fu r th e r  th a t

. . the  in v e s tig a to ry  s id e  o f the study o f science [ re q u ire ^  the

ac tiv e  p a r t ic ip a t io n  of the le a rn e r  in  some re a l  s c i e n t i f i c  in v e s tig a tio n  

. . . "  (p . 146), and a ls o , th a t  "we th e re fo re  need a block of u n in te rru p ted , 

consecu tive time o f co nsiderab le  magnitude . . ."  (p . 148).

Berry (1964) advised:

Teachers and c la s s  schedules should provide fo r  s u b s ta n tia l  
blocks of time so th a t  learn in g  tasks are  no t co n tin u a lly  
in te r ru p te d , and . . .  an in d iv id u a l o r a group has time to 
follow  through w ith  an a l te rn a te  response r e la t iv e  to  a 
to p ic  or problem o f p a r t ic u la r  in te r e s t .  D iscovery is  
seldom com patible w ith  r ig id  time lim its  (p . 108).

The experim ental approach th a t  i s  being emphasized today has never 

been e n t i r e ly  neg lec ted  in  lab o ra to ry  teach ing . The b e s t  teach ers  and 

p lanners have always done what they could to  include a v a lid  experim ental
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approach to  th e  sc iences in  th e i r  lab o ra to ry  teach in g . Hurd (1961) 

reviewed th a t :

Such e f f o r t s  have floundered  on the  p r a c t ic a l  d i f f i c u l ty  
o f  compressing an experim ental approach to  a problem in to  
th e  confines o f s in g le  la b o ra to ry  p e rio d , o r , a t  b e s t ,  a 
s h o r t  sequence. For the  very  essence o f the  experim ental 
approach i s  th a t  i t  con tinues to  p re ss  toward a so lu tio n  
o f a problem u n t i l  r e s u l t s  a re  ob ta ined  (p . 148).

Voss and Brown (1968) emphasized th a t:

Laboratory work i s  too o f te n  rushed to  com pletion because 
o f  tim e schedules. Much o f the value o f the lab o ra to ry  
in  teach ing  r e f le c t iv e  th in k in g  i s  lo s t  by th i s  rush 
because th ink ing  takes tim e. A few w ell-chosen , p roperly  
m otivated  la b o ra to r ie s ,  w ith  la rg e  time allow ances are 
probably  p re fe ra b le  (p . 88 ).

The need fo r  adequate time was expressed by Combs and Snygg (1959) 

as " the  d iscovery  o f personal meaning i s  a p rocess which seems to proceed 

b e s t in  an u n h u rried , u nharried  atm osphere. . . . P e rce iv ing  takes time 

and . . . th e  p re ssu re s  o f speed may d estro y  the  p rocesses o f ex p lo ra tio n  

e n t i r e ly "  (p . 394).

M artin  (1960) po in t ou t th a t  " . . . an in c re a s in g  emphasis on 

pup il p lann ing  and performance of experim ents to  determ ine the  p r in c ip le s

which a re  a c tu a l ly  in h eren t in  a problem under in v e s t ig a tio n  . . . teach 

e rs  w i l l  need more time . . ."  (p . 252).

Trump and Baynham (1961) f e l t  th a t  " d i f f e r e n t  purposes in  in s tru c 

tio n  re q u ire  d i f f e r e n t  c la s s  o rg a n iz a tio n , procedures and s k i l l s "  (p . 9 ) . 

Trump and Baynham went on to  s t a t  th a t  " . . .  a complete b reak  from the

r ig id  o rg a n iz a tio n  o f time [Ts needed] . . . "  (p . 11).

Trump fu r th e r  in d ica ted  th a t  in  the fu tu re , schools w il l  do le ss  

scheduling  o f s tu d en ts  in to  fo r ty  to  f i f t y - f i v e  minute c la s s  p e rio d s , 

and th a t  experiences w il l  determ ine the  c la s s  period  len g th . This
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suggestion  o f Trumps' must be based on p e r t in e n t  re sea rch  i f  i t  i s  to  

be u se fu l.

Abel and G i l l  (1960) suggested the  fo llow ing;

The len g th  of the c la s s  period  should be long 
enough to  f a c i l i t a t e  the  g a th erin g  o f p e r tin e n t 
in fo rm ation , studying  such in fo rm ation , and then 
d iscu ss in g  i t  o r r e je c t in g  i t  under the sup erv isio n  
o f  a  competent teach er who can d i r e c t  the process 
o f recogn izing  the problem, g a th erin g  the in fo r 
m ation, s o r t in g , in te rp re t in g ,  a r r iv in g  a t  con
c lu s io n s , and te s t in g  the conclusion  in  an o rd e rly , 
ch a lleng ing  and e f fe c t iv e  manner (p . 8 ).

Saylor (1962) recommended th a t  "high sch o o ls , r a th e r  than try in g  

ou t p lans th a t  b reak  the school day in to  l i t t l e  f i f te e n  to  twenty minute 

modules, t ry  ou t p lans o f extended periods o f n in e ty  to  one hundred twenty 

m inutes" (p . 109).

S tud ies  P e rta in in g  to  C lass Period  Length in  Science

Although science  educators and science  teach e rs  have w r it te n  about 

the need fo r more c la s s  period  time to  conduct lab o ra to ry  work, s c i e n t i f i c  

resea rch  on tim e a llo c a tio n s  was no t abundant. A review of the l i t e r a 

tu re  d id  n o t y ie ld  a s in g le  study d ea lin g  w ith  thé  same time block 

arrangem ents and frequency o f m eetings. A few se le c te d  s tu d ie s  were 

reviewed as a background to s tim u la te  fu r th e r  in v e s t ig a tio n .

O lstad  (1961) in v e s tig a te d  the e f f e c t  o f leng th  o f c la s s  period  

on biology achievement in  th ree  randomly assigned  groups o f s tu d en ts .

He reviewed the l i t e r a tu r e  on the r e la t io n s h ip  o f c la s s  period  leng th  

to  s tu d en t achievement from 1918 through 1961. Because o f the lim ited  

number o f s tu d ie s  p e rta in in g  to  c la s s  period  len g th  and achievement, 

O ls ta d 's  review  o f  the l i t e r a tu r e  i s  rep eated  in  th is  study.
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Sugar (1928) and Àpolegarth (1935) s tu d ie d  the value o f a s in g le  

and double la b o ra to ry  c la s s  in  high school chem istry . They found th a t 

th e re  was no s ig n if ic a n t  advantage in  favo r o f e i th e r .

Denman and Kirby (1933) attem pted to  determ ine su b jec t m atter 

achievement in  long periods ( f i f t y - f iv e  - s ix ty  m inutes) versus sh o rt 

periods ( f o r ty  - fo r ty - f iv e  m inutes) in  a number o f high school courses 

which included  physics and general sc ien ce . They found no s ig n if ic a n t  

d iffe re n c e  in  favo r o f e i th e r  the long o r sh o rt periods in  sc ience , bu t 

d id  fin d  a  s ig n if ic a n t  d iffe ren ce  in  American l i t e r a tu r e  and geometry 

which d id  favo r long periods. Kambly (1938) compared a one hour, two 

sem ester course in  biology w ith a two hour, one sem ester course. He 

fa i le d  to  f in d  conclusive evidence th a t  e i th e r  p lan  or p re sen ta tio n  was 

su p e rio r to  the  o th e r , but found th a t teach e rs  and studen ts genera lly  

favored the  two hour period per day. McElhinney (1961) in v e s tig a te d  the 

re la t io n s h ip  between c lasses  th a t were scheduled fo r  long periods ( f i f t y -  

f iv e  o r more m inutes) and sh o rt periods ( f o r ty - f iv e  or le s s  minutes) and 

the academic achievement in  sev e ra l a reas o f the  high school curriculum , 

in c lud ing  science  (biology and general s c ie n c e ) . Through use of the 

a n a ly s is  o f  co variance , he found no s ig n if ic a n t  d iffe ren c e  in  growth in  

achievement in  the  various academic a reas  (E n g lish , mathematics, science 

and s o c ia l  s tu d ie s )  between the long and sh o r t pe rio d s . He found th a t  

teach ers  and s tu d en ts  favored the long p e rio d s .

O lstad  (1961) c r i t ic iz e d  th is  e a r ly  re sea rc h  on the re la tio n sh ip  

of c la s s -p e r io d  len g th  to studen t achievement as no t meeting the c r i t e r i a  

of good re sea rc h . He s ta te d  th a t:

What l i t t l e  ex is ted  su ffe red  from fa u lty  design and
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a n a ly s is  in  ways such as the lack  o f random ization 
in  sam pling, the use o f  Inadequate s t a t i s t i c a l  
te ch n iq u es , the lack  o f co n tro l of a l l  the  v a r ia b le  
f a c to r s ,  and the f a i lu r e  to  measure the a tta inm en t 
o f outcomes o th er than the  mean gain in  fa c tu a l 
in fo rm ation  (p . 24).

I t  was on the b a s is  o f the  inconclusiveness and incom pleteness 

o f the e a r ly  re sea rch  th a t  led  O lstad  to  conduct h is  s tudy . O lstad  

in v e s tig a te d  the e f f e c t  of c la s s  period  length  on biology achievement 

in  th ree  randomly assigned  groups o f s tu d en ts . Two groups met on . 

a l te rn a te  days fo r  a double period  o f time (110 m inu tes), w hile  the 

th ird  group met d a ily  fo r  a s in g le  hour period (55 m inu tes). One of 

the two double p e rio d  groups c a p ita liz e d  on the time a llo tm en t, w hile  

the second group tre a te d  the double period  as i f  i t  were simply two 

s in g le  p eriods p laced  to g e th e r. O lstad  found th a t the two hour method, 

when u t i l i z e d  to  the  maximum produced a s ig n if ic a n tly  g re a te r  a tta inm en t 

o f problem -solving s k i l l s  and was more e f fe c t iv e  in  in c reas in g  v a r i a b i l 

i t i e s  in  s tu d e n ts ' achievement in  b io logy, than d id  the s in g le  hour 

method. S tudents in  the  longer c la s s  periods a lso  tended to  r e a c t  more 

p o s itiv e ly  to  th e i r  b iology in s tru c t io n s . The above fin d in g s  were made 

in  l ig h t  o f the  fo llow ing l im ita t io n s  l i s t e d  by O lstad :

1. A s in g le  school w ith  a la rg e  m ajo rity  o f high a b i l i t y  

s tu d en ts  (mean in te l l ig e n c e  fo r  the e n t i r e  school was 124);

2. A sm all sample s iz e  ( th re e  biology c la s s e s ) ;

3. A s in g le  su b jec t and grade lev e l (n in th  grade b io logy)

The above lim ita tio n s  and the follow ing recommendations made by

O lstad  provided the major emphasis fo r the p resen t in v e s t ig a tio n :

1. Research on the r e la tio n s h ip  o f c la s s  period  len g th  to  
s tu d en t achievement should be broadened to include o th e r 
p a tte rn s  o f  o rg an iza tio n  o f c la s s  hours. Perhaps a longer
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c la s s  period  than  th a t  employed in  th is  in v e s t i 
g a tio n  would y ie ld  even g re a te r  d iv idends.

2. Research should be conducted in  o th e r schools 
on the  re la t io n s h ip  o f c la s s  period  len g th  to  s tu d en t 
a tta in m en t o f o b je c tiv e s  o f biology in s tru c t io n .  This 
would, in  i t s e l f ,  provide a broader base fo r  g en era l
iz a t io n  (p . 142).

Welch and Budgham (1968) in v e s tig a te d  the pacing o f in s tru c tio n  

in  physics and the re la t io n s h ip  o f s tu d en t achievement to  the len g th  of 

time spen t on a p a r t ic u la r  u n i t .  Here again , no s ig n if ic a n t  c o r re la t io n  

was found between achievement gain  and elapsed tim e.

Grobman (1963) and W allace (1963) rep o rted  on the r e s u l t s  o f 

la rg e  sca le  e v a lu a tio n  s tu d ie s  of the BSCS bio logy program. The BSCS 

biology program was te s te d  by 65,000 te n th  grade s tu d en ts  over a two 

year p e rio d . A nalysis  o f  the  d a ta  y ie lded  the follow ing conclusions:

1. S tu d en ts ' performance on the BSCS Comprehensive F in a l 
Exam ination and the Processes of Science T est c o rre la te d  
h igh ly  w ith  g enera l a b i l i ty  as measured by the DAT VR+NA.

2. On the  BSCS Comprehensive F in a l Exam ination, s tu d en ts  
beginning the b io logy  course knew l i t t l e  o f the  t e s t  co n ten t.

3. That one v e rs io n  o f the BSCS biology was no t more s u i t 
ab le  fo r  use w ith  c e r ta in  types o f s tu d en ts  o r in  c e r ta in  
types o f school s i tu a t io n s .

4 . A p o s it iv e  r e la t io n s h ip  was found between the v a r ia b le s -  
teach e r s a la ry , adequacy of la b o ra to ry , sm all c la s s  s iz e ,  
and p ro p o rtio n  o f sch o o ls ' graduates going to  co llege  - w ith  
s tu d e n ts ' perform ance on the  Comprehensive F in a l Exam ination.

5. The v a r ia b le s  o f s tu d en t a b i l i t y ,  sex o f s tu d en t, te a c h e rs ' 
s a la ry , adequacy o f  la b o ra to ry , c la s s  s iz e ,  and p ro p o rtio n  of 
sch o o ls ' g raduates going on to  co lleg e  accounted fo r  about 
th ree  q u a rte rs  o f the variance  in  s tu d en t sco res on the  BSCS 
Comprehensive F in a l Examination. One fo u rth  o f the variance  
in  s tu d en t achievement i s  unaccounted fo r .

6. The v a r ia b le s  o f s iz e  o f schoo l, leng th  o f c la s s  p e rio d , 
number o f p eriods per week, per p u p il expend itu re , te a c h e r 's  
age, y ears  o f teach ing  experience, number o f undergraduate
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and g raduate  hours in  biology and the lo c a tio n  o f school 
(ru ra l-u rb an -su b u rb an ) had l i t t l e  o r no dem onstrable 
r e la t io n s h ip  to  s tu d e n ts ' performance on the  BSCS 
Comprehensive F in a l Examination.

Inform ation on th e  c la ss  period  len g th  and on the number of c la s s  

meetings per week was ob tained  by use o f a q u e s tio n n a ire  completed by each 

teacher who p a r t ic ip a te d  in  the e v a lu a tio n . A summary o f the responses 

dealing  w ith leng th  o f  c la s s  period and number o f m eetings per week y ie ld ed  

the follow ing in fo rm ation :

1. N in e ty -fiv e  percen t o f  the teach e rs  met in  c la s s  periods 
o f fo r ty  to  f i f t y  minutes in  len g th .

2. N inety-n ine percen t o f  the te ach e rs  re p o rte d  meeting 
c la s se s  from fo u r to  seven tim es per week.

There was n o t a n o ticeab le  amount o f v a r ia t io n  in  the  experim ental 

sample which would account fo r the f a i lu r e  o f the len g th  of c la s s  periods 

and number o f  m eetings per week to  be d isc r im in a to ry .

S tud ies  R elated  to  C lass Period  Length in  Other Areas 

The s tu d ie s  review ed in v e s tig a te d  the r e la t io n s h ip  o f  time a l l o t 

ments to  achievement o f elem entary s tu d e n ts . Deady (1969) conducted an 

in v e s tig a tio n  to  determ ine i f  increased  tim e a llo tm en ts  and a te a c h e rs ' 

preference fo r  a p a r t ic u la r  time a llo tm en t would in c rease  fo u r th  grade 

s tu d en ts ' achievement in  sc ience . He a lso  in v e s t ig a te d  the re la tio n s h ip  

between the  te a c h e rs ' p reference  fo r  a p a r t ic u la r  tim e a llo tm en t and the 

fo u rth  grade s tu d e n ts ' a t t i tu d e  toward sc ien ce . The experim ental groups 

repo rted  a mean o f t h i r t y  minutes o f  sc ience  in s t r u c t io n  per day, w hile 

the co n tro l groups re p o rte d  a mean o f twenty m inutes o f science in s tru c t io n  

per day. Deady found no s ig n if ic a n t  d iffe re n c e  th a t  could be a t t r ib u te d  

to the trea tm en t v a r ia b le  o f increased  time a llo tm en t o r the v a r ia b le  of
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teacher p re fe ren ce  when examined across experim ental groups, sexes, IQ, 

or reading  groups. In freq u en t in te ra c t io n s  were a t t r ib u te d  to  random 

e f f e c ts .

J a r v is  (1962) conducted a study on the re la tio n s h ip  between 

v a ria b le s  o f time a llo tm en ts  and in te rm ed ia te  elem entary p u p ils ' 

achievement in  read in g , a r ith m e tic , and language. A nalysis was made 

of the achievement o f 329 p u p ils  who were studying read ing  on an 

average o f s ix ty  - seventy m inutes d a ily , and language fo r ty  - f i f t y  

minutes d a i ly .  The r e s u l t s  o f th ese  p u p ils  were compared w ith  the 384 

p u p ils  studying  in  c la s s  p e rio d  len g th  of fo r ty  -  f i f t y  m inutes d a ily  

fo r  read in g , th i r ty - f o u r  - f o r ty - f iv e  minutes d a ily  fo r  a r ith m e tic , 

and tw en ty -five  -  th i r ty  m inutes d a ily  fo r  language. P up ils  were 

fu r th e r  s tu d ie d  by i s o la t in g  p u p ils  w ith  in te ll ig e n c e  q u o tien ts  of 95 

o r le s s ,  and 115 o r more from both  the maximum time a llo tm en t and min

imum time a llo tm en t groups fo r  comparing achievement. A t - t e s t  was 

used to  determ ine th a t  the  maximum and minimum time a llo tm en t pup ils  

d id  not d i f f e r  s ig n if ic a n t ly  in  a b i l i t y .  J a rv is  concluded th a t :

In  read ing  v o cab u la rly  th e re  was no s ig n if ic a n t  
d if fe re n c e  between mean achievement le v e ls  o f  maximum 
and minimum time a llo tm en t p u p ils  when a l l  o f the 
c h ild re n  were considered  o r when those o f 95 o r le s s  
in te l l ig e n c e  q u o tie n ts  were analyzed. Mean achieve
ment le v e ls  o f 115 o r more IQ p u p ils  in  maximum time 
a llo tm en ts  was s ig n if ic a n t  a t  the .01 le v e l o f confidence.

In  the a rea  o f a r ith m e tic  reasoning  and fundam entals, 
th e  s tu d en ts  in  the  maximum time allo tm en t groups achieved 
h ig h er than those in  the minimum time a llo tm en t groups.
These fin d in g s  were s ig n if ic a n t  a t  the .01 le v e l o f 
confidence.

The longer time a llo tm en ts  were a lso  favorab le  to  
s tu d en t achievement in  language mechanics. These f in d 
ings were s ig n if ic a n t  a t  the  .01 le v e l of confidence.
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J a r v is ' study was a lso  designed to answer the fo llow ing question : 

I s  th e re  a r e la t io n s h ip  between time a llo tm en ts  and p u p il achievement in  

elem entary school read in g , E nglish , and sp e llin g ?  He c o lle c te d  d a ta  on 

723 s ix th -g ra d e  p u p ils  in  read in g , 616 p u p ils  in  E ng lish , and 253 ch ild ren  

in  s p e ll in g . These s tu d en ts  had been studying under vary ing  time a l l o t 

ments in  grades fo u r, f iv e  and s ix . In  read in g , the  maximum time a l l o t 

ment ch ild re n  sp en t 60-70 m inutes d a ily  and the minimum time a llo tm en t 

p u p ils  spen t 40-50 m inutes d a ily . In E ng lish , the  maximum time a l l o t 

ments spen t 40-50 m inutes d a ily  compared to  25-30 m inutes d a ily  fo r 

the minimum tim e a llo tm en t p u p ils . In  s p e ll in g , the maximum time a l l o t 

ment was 40-50 m inutes d a i ly ,  w hile the minimum time a llo tm en t was 20 

m inutes d a i ly . The maximum and minimum time Allotm ent p u p ils  d id  no t 

d i f f e r  s ig n if ic a n t ly  in  in te l l ig e n c e  when sub jec ted  to  a t - t e s t  fo r 

s t a t i s t i c a l  s ig n if ic a n c e .

J a r v i s '  conclusions were:

In  E nglish  mechanics which included the a reas  o f 
c a p i ta l iz a t io n ,  punctuation , and word usage, the  
evidence i s  unm istakably c le a r  th a t  to  e f f e c t  the 
g re a te s t  p u p il achievement the d a ily  c la s s  period  
len g th  should n o t be le s s  than fo r ty  m inutes.

The most s ig n if ic a n t  find ings o f a l l  was the  
r e la t io n s h ip  between time a llo tm en ts and pup il 
achievement in  s p e ll in g . S pe lling  p eriods which 
a re  in  excess o f twenty minutes d a ily  a re  unwar
ra n te d , p u p il achievement was found to  be g re a te r  
in  the  sh o rt time a llo tm en ts .

Form alized read ing  c la sses  which a re  longer than 
f i f t y  m inutes d a ily  do not y ie ld  enough a d d itio n a l 
s ig n if ic a n t  p u p il achievement to  w arran t them.

Loveless and Holmes (1968) sen t ou t an o p in io n n a ire  to  478 

business and o f f ic e  p ra c t ic e  teach e rs , co u n se lo rs , p r in c ip a ls ,  voca

t io n a l  d ire c to r s  and superin tenden ts  in  Utah high schools to  o b ta in
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t h e i r  op in ions concerning the advantages and d isadvantages o f two- 

period  b lock  c la s s e s  compared to  two one-hour period  c la s se s  no t 

taugh t co n secu tiv e ly . A to ta l  o f  259 or 58 p e rcen t, usab le  opinion- 

n a ire s  were re tu rn ed  and tab u la ted . A m ajo rity  o f those responding 

agreed th a t  the  follow ing were the advantages o f using  the tw o-period 

b locks; more m a te r ia l could be tau g h t, r e la te d  su b jec ts  c o rre la tio n  

would be g re a te r ,  more f l e x ib i l i t y  i s  p e rm itted , s tu d en t achievement 

i s  h ig h e r, opportun ity  fo r in d iv id u a lized  in s tru c t io n  i s  increased , 

v o ca tio n a l counseling  i s  improved, and more usab le  working time is  

provided. Loveless and Holmes concluded th a t  the two-hour period  was 

more d e s ira b le  than the two one-period  block fo r  the teach ing  of 

v o ca tio n a l busin ess  c la sse s .

S te a g a ll (1968) conducted a study to  determ ine whether s tuden ts 

e n ro lle d  in  a stenographic  block of time program achieved h igher com

p e ten c ie s  in  the  knowledge and s k i l l s  o f stenography than s tu d en ts  en ro lled  

in  the  conventional stenographic program. A q u estio n n aire  was used to ob

ta in  comments from studen ts and teach ers  on the value o f the block program. 

Two s e ts  o f the  N ational Business Entrance T es ts , s tenograph ic  s k i l l s  and 

business fundam entals, were adm in istered . A nalysis o f covariance was used 

to  a d ju s t fo r  s tu d en t d iffe ren ce  in  a b i l i ty .  S te a g a ll rep o rted  th a t:

1. No s ig n if ic a n t  d iffe ren c es  were found between the 
achievement o f the block s tu d en ts  and conventional 
s tu d en ts  as measured by the N ational Business Entrance 
T e s ts .

2. No s ig n if ic a n t  d iffe ren c es  were found between the 
low, average, and high a b i l i ty  s tu d en ts  in  the block 
program and the conventional program.

3. Urban stu d en ts  in  the  b lock program scored s ig n i f i 
c a n tly  h igher on the stenographic  t e s t  than the conven
t io n a l  urban s tu d en ts .
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4 . Suburban s tu d en ts  in  the  conventional program 
scored s ig n if ic a n t ly  h igher on the business funda
m entals t e s t  than  the  b lock suburban s tu d en ts .

5 . No s ig n if ic a n t  d if fe re n c e s  were found between 
the  achievement o f the  b lock and conventional 
s tu d en ts  in  the ru r a l  and urban schools as measur
ed by the business  fundam entals t e s t  and the s ten o 
graph ic  s k i l l s  t e s t .

Those p ra c tic e s  id e n t i f ie d  in  the s tu d e n ts ' q u estio n n a ire  as 

occurring  more freq u en tly  in  the  b lock -o f-tim e program were:

1. The block program provides the time fo r in s tru c t io n  
in  depth and fo r  in te n s iv e  tra in in g .

2. The teach er i s  ab le  to  become b e t te r  acquain ted  w ith 
the  needs, i n t e r e s t s ,  and a b i l i t i e s  o f s tu d en ts  and to 
p lan  learn in g  experiences to  meet s tu d en ts  needs.

3 . The teacher i s  b e t te r  ab le  to vary in s tru c tio n s  to  
meet in d iv id u a l needs.

4 . G reater o p p o rtu n ity  i s  provided to  exp lo re  and 
u t i l i z e  the knowledge and s k i l l s  o f more than one 
su b jec t in  so lv in g  problems.

5 . The c la s s  is  ab le  to  complete a p ro je c t o r d iscu ss io n  
w ithou t in te r ru p tio n  a t  the end of a re g u la r  p e rio d .

6 . More f l e x ib i l i t y  i s  provided because o f the  longer 
period  o f time w ith  one group of s tu d en ts .

A C hi-square t e s t  in d ic a ted  a s ig n if ic a n t  d iffe ren c e  a t  the .05 le v e l .

Georgiades and B jelke (1966) compared English  achievement of

n in th  grade p u p ils  e n ro lle d  in  a th re e  period  b lock , team -teaching

(experim ental) c la s s  w ith  E ng lish  achievement o f n in th  grade p u p ils

e n ro lled  in  a conventional (c o n tro l)  c la s s .  Comparison o f achievement

was e ffe c te d  on the b a s is  o f a 100 item  teacher-made t e s t  and two

sec tio n s  o f  a standard ized  achievement t e s t .  In  th is  in v e s t ig a tio n ,

E nglish  achievement of 74 n in th  grade p u p ils  en ro lle d  in  a th ree  p e riod ,

team -teaching c la s s  (in c lu d in g  a lg eb ra , E ng lish , and s o c ia l  s tu d ie s )  was
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con^>ared w ith  E nglish  achievement o f 149 n in th  grade p u p ils  e n ro lle d  

in  a co n v en tio n a lly  taugh t c la s s .  An an a ly s is  o f v a rian ce  rev ea led  

the fo llow ing :

1. A s ig n if ic a n t  d iffe ren c e  in  means fo r  the experim ental 
v e rsu s  the  co n tro l group on th e  teacher-made t e s t  and the 
two se c tio n s  o f a s tan d ard ized  achievement t e s t .

2. A s ig n if ic a n t  d iffe ren c e  in  means fo r  the high le v e l 
o f in te l l ig e n c e  group versus th e  low le v e l o f in te l l ig e n c e  
group on each o f the th ree  measures o f achievement.

3. A s ig n if ic a n t  d iffe re n c e  in  the  means fo r  the g i r l s  
v e rsu s  boys on the teacher-m ade t e s t .

4 . No s ig n if ic a n t  d iffe re n c e  e f f e c t s ;  i . e . ,  in te ra c t io n  
between the th ree  main e f f e c ts  (methods o f in s tru c t io n  
by le v e l o f in te l le c tu a l  a b i l i ty  by sex ).

Georgiades and B jelke concluded th a t  the find ings were s u f f i c i 

e n tly  p o s i t iv e  to  w arran t fu r th e r  im plem entation and ev a lu a tio n  o f the 

th ree  p e rio d  b lock , team -teaching c la s s .

C a rro ll  (1963) proposed a model o f the in fluence  o f time v a r ia 

tio n s  on le a rn in g  and achievement. C a rro ll s ta te s  th a t:

The model involves f iv e  elem ents - th ree  re s id in g  in  
th e  in d iv id u a l and two stemming from e x te rn a l c o n d itio n s .
F ac to rs  in  the  in d iv id u a l a re  (1) ap titu d e  - the amount 
o f  time needed to  le a rn  the ta sk  under optim al in s tru c t io n a l  
c o n d itio n s , (2) a b i l i ty  to  understand in s tru c t io n ,  and (3) 
perseverance - the amount o f time the le a rn e r i s  w ill in g  
to  engage a c tiv e ly  in  le a rn in g . Factors in  e x te rn a l con
d i t io n s  a re  (4) opportun ity  - time allowed fo r le a rn in g , 
and (5) the  q u a lity  o f in s tru c tio n  - a measure o f the  
degree to  which in s tru c t io n  i s  p resen ted  so th a t  i t  w i l l  
n o t re q u ire  a d d itio n a l time fo r  m astery beyond th a t  r e 
q u ired  in  view o f ap titu d e  (p . 729).

The degree o f le a rn in g  was considered  to  be a fu n c tio n  o f the  

r a t io  o f tim e a c tu a lly  spen t in  le a rn in g  to  the time needed to  le a rn . 

Time sp en t in  le a rn in g  was defined  by a combination o f the  sm a lle s t 

value o f  the  fo llow ing: (a) opportun ity  - the time allowed fo r  le a rn in g ; 

(b) a p titu d e  - the amount o f time needed to  le a rn ; and (c ) the  len g th
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of time the  le a rn e r  was w ill in g  to  spend in  le a rn in g  (perseverance). The 

time needed to  le a m  a ta sk  is  determ ined by the q u a li ty  o f in s tru c tio n  

and the a b i l i t y  to  understand in s tru c t io n . The va lues rep resen tin g  the 

time spen t and the  time needed were the num erators and the dem oninators, 

re sp e c tiv e ly , in  th e  r a t io  mentioned e a r l i e r .  The tim e needed to  le a rn  

might be extended by poor q u a lity  o f in s tru c t io n  and by the in a b i l i ty  

of the le a rn e r  to  understand  in s tru c t io n .

A v a r ie ty  o f resea rch  s tu d ie s  reg ard in g  the in fluence  of time 

v a r ia t io n s  upon e f fe c t iv e  learn in g  of school r e la te d  ta sk s  have been 

p a tte rn ed  a f t e r  o r  a re  congruent w ith  the model proposed by C a rro ll.

Sjogren (1967) in  a study co n stru c ted  to  t e s t  the  C arro ll model 

concluded th a t  the  r e s u l t s  supported the model in  th a t  a measure of the 

degree o f le a rn in g  from the  study o f a program one time was s ig n if ic a n t ly  

r e la te d  to  the r a t i o  o f time taken to  time needed fo r  the study o f the 

program. Sjogren concluded th a t  the  d a ta  provided evidence th a t time 

r a t io  has a s ig n if ic a n t  l in e a r  re la tio n s h ip  w ith  measures of le a rn in g , 

w ith  two achievement t e s t s ,  and w ith  an a p titu d e  m easure, thus provid ing  

a d d itio n a l evidence to  support the c r e d ib i l i ty  o f the C arro ll model.

Bugelski (1962) s tu d ied  item  p re se n ta tio n  time per t r i a l  in  

r e la t io n  to  t o ta l  le a rn in g  tim e. He te s te d  the hypotheses th a t ,  in  a t  

le a s t  some areas  o f memorization and under some co n d itio n s  of p re se n ta tio n , 

the degree o f le a rn in g  would be a fu n c tio n  o f t o t a l  tim e, reg a rd le ss  o f 

the  d u ra tio n  o f the  in d iv id u a l 's  t r i a l - i n t e r i t e m  tim es. Bugelski r e 

ported  th a t  the  fin d in g s  suggested th a t  the  t o t a l  le a rn in g  time was a 

s ig n if ic a n t  v a r ia b le  to  be considered in  a t  l e a s t  some kinds o f le a rn in g .

Murdock (1960) employed f re e  r e c a l l  o f work in  l i s t s  of vary ing
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len g th s . He found th a t  time was a determ ining  fa c to r  in  the amount o f 

number le a rn ed , re g a rd le ss  o f p re se n ta tio n  tim e.

J e s te r  and Travers (1967) s tu d ied  the e f f e c ts  o f various p resen

ta t io n  p a tte rn s  on the comprehension o f speeded speech by trac in g  the 

two co n d itio n s  o f  in c re a s in g  and decreasing  speed. They concluded th a t  

when the r a te  a t  which m a te ria l i s  p resen ted  i s  in c reased , there  was no 

gain  in  comprehension a f t e r  the second d isp la y  o f the  m a te ria l. A f a s t  

p re sen ta tio n  a f te r  a slow p re sen ta tio n  d id  n o t add to  the m ate ria l r e 

ta in ed . C onversely, by decreasing  the  r a te  o f p re se n ta tio n  on successive  

t r i a l s ,  the  le a rn in g  curve continued to  r i s e  throughout the d if f e r e n t  

r a te s  o f p re se n ta tio n  and reached a h igher le v e l o f learn in g  than e i th e r  

o f the o th e r r a te s  o f p re sen ta tio n  co n d itio n s . The le v e l of learn ing  

achieved f e l l  roughly between in c reas in g  and decreasin g  modes of p resen 

ta t io n .  From the r e s u l t s .  J e s te r  and Travers concluded th a t  maximum 

learn in g  occurs when the  r a te  o f p re se n ta tio n  n ears  the  optimum of le v e l 

req u ired  by the le a rn e r  fo r  m astery.

In  a study which assessed  two p o ss ib le  s t r a te g ie s  fo r accommo

d a tin g  in d iv id u a l d iffe re n c e  in  pacing requ irem ents when the pace must 

be c o n tro lle d  e x te rn a lly , Kress and Cropper (1966) concluded th a t ach ieve

ment sco res tend to  d ec lin e  as the tempo in c re a se s  (a  fin d in g  s im ila r  to  

th a t  rep o rted  by J e s te r  and T ravers, 1967). They a lso  observed a general 

p a tte rn  which rev ealed  th a t  the mean performance was h ig h est when charac

t e r i s t i c a l l y  f a s t  s tu d en ts  worked under a f a s t  f ix ed  tempo, and when 

c h a r a c te r is t ic a l ly  slow studen ts  worked under a slow fix ed  tempo. Kress 

and Cropper concluded th a t  the low est mean achievement scores re su lte d  

when th e re  was a f a i lu r e  to  match c h a r a c te r i s t ic  work ra te s  and e x te rn a lly



28

co n tro lled  tempos.

Research conducted by Rogers (1968), concerned w ith  programmed 

and f le x ib le  modes o f  p re sen ta tio n , revealed  the  follow ing:

1. The method of p re sen ta tio n  a f fe c ts  the  ra te  
v a r ia t io n  o f  p u p ils  when they are asked to  perform 
re la te d  ta sk s .

2. P up ils  w ith  d if f e r e n t  o p era tiv e  r a te  p a tte rn s  
w i l l  show d i f f e r e n t  achievement outcomes when ex
posed to  d i f f e r e n t  modes o f p re se n ta tio n .

3. The r a te  o f work i s  the b e s t  p re d ic a to r  or gain 
o f achievement i f  the method of p re se n ta tio n  i s  f le x 
ib le  ( f a s t  worker w ill  be su p erio r a ch ie v e r) .

4. The r a te  w ith  which le a rn e rs  complete the c r i te r io n  
t e s t  can be p re d ic tiv e  o f performance when the modes of 
p re se n ta tio n  becomes a v a r ia b le .

In  g en era l, Rogers' fin d in g s  supported C a r r o l l 's  model which s ta te d  th a t

the degree o f le a rn in g  was a func tion  of the r a t io  o f time spent to  tim e

needed.

Summary

A review  o f the l i t e r a tu r e  d isc lo sed  many re fe rences to  the need 

fo r la rg e r  blocks o f time to  conduct the in q u iry  labo ra to ry  o rien ted  

science cou rse . However, research  bearing  on the  re la tio n sh ip  o f time 

a llo c a tio n  to  achievement in  science was meager and inconclusive . Stud

ie s  on tim e a l lo c a tio n  and achievement in  o th e r  d is c ip lin e s  of the  school 

curriculum  would in d ic a te  th a t time needed may depend somewhat on the 

s tru c tu re  o r n a tu re  o f the su b jec t. Several s tu d ie s  reviewed seem to  

support the  assumption th a t there  i s  a l in e a r  re la tio n s h ip  between time 

and le a rn in g .

An exam ination of the resea rch  f a i le d  to  produce a study u t i l i z in g  

the same tim e block v a ria b le s  as included in  th is  study , nor d id  any o f
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the  s tu d ie s  reviewed use any o f the  new science curricu lum  m a te ria l 

enq>haslzlng Inquiry  teach ing  techn iques.



CHAPTER III

METHODS AND PROCEDURE

Subjects

The su b je c ts  fo r  th is  study were te n th  grade stu d en ts  en ro lle d  

in  b iology c la s se s  in  f iv e  o f  the  sen io r high schools o f the Oklahoma 

City Public  School System. A ll f iv e  schools o ffe red  e i th e r  the BSCS 

blue v e rs io n  t e x t .  B io lo g ica l Science; M olecules to  Man. 2nd e d i t io n ,  or 

the BSCS green v e rs io n  te x t .  High School B iology, 2nd e d it io n , as the 

f i r s t  year program in  b io logy . A ll schools had s im ila r  requirem ents in  

regard to  s tu d en t e l i g i b i l i t y  fo r  enro llm ent in  BSCS blue and green v e r

sion  b io logy . Teachers in  each school were f re e  to  s e le c t  the v e rs io n  

they f e l t  they were most q u a l i f ie d  to  teach .

A to ta l  o f 128 s tu d en ts  from s ix  c la s s e s  tau g h t by two teach ers  

in  two h igh  schoo ls were u sin g  the BSCS blue v e rs io n  biology program.

The o th e r th re e  te a c h e rs , in  d i f f e r e n t  high sch o o ls , were using  the BSCS 

green v e rs io n  w ith  a t o t a l  o f 158 s tu d e n ts .

In  a l l  o f the sch o o ls , the  su b jec ts  were tau g h t by c e r t i f i e d  

teachers in  trea tm en t A, trea tm en t B, and trea tm en t C. The to ta l  amount 

o f time devoted to  b iology in s tru c t io n  each week was 280, 280, and 275 

minutes re s p e c tiv e ly . S tudents e n ro lle d  in  trea tm en t A were given a f iv e  

minute break  half-w ay through the p e rio d , accounting fo r  the 280 minutes 

per week in s te a d  o f the 290 m inutes. No attem pt was made to equate the

30
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amount o f  m a te ria l p resen ted  to  the  in d iv id u a l c la s s e s . The scheduling  

o f the trea tm en t groups i s  shown diagram m atically  in  F igure 1.

Although biology was no t s p e c if ic a l ly  req u ired  fo r  g raduation  

in  the  f iv e  schoo ls, a m a jo rity  o f  the su b jec ts  e le c te d  biology as the 

la b o ra to ry  science to  meet g rad u a tio n  requirem ents.

The su b jec ts  were members o f f i f te e n  in ta c t  b iology c la s s e s , 

which were e s ta b lish e d  by the  normal enro llm ent procedures employed by 

counse lo rs  in  the f iv e  schoo ls. Normal enro llm ent procedures in  the
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Figure 1

Sample Weekly Schedule fo r  Treatment Groups
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p a r t ic ip a t in g  schools d id  n o t Include the  d iv is io n  o f s tu d en ts  in to  

groups accord ing  to  academic achievem ent.

The BSCS blue and green v e rs io n  biology c la s se s  in  th is  study 

were tau g h t by f iv e  te ac h e rs , a l l  o f whom had experience in  teach ing  

the BSCS b io logy  program. Four o f th e  teachers  had received  sp e c ia l 

tra in in g  in  th e  use o f BSCS curricu lum  m a te r ia ls . The use o f f iv e  

d if f e r e n t  te ac h e rs  in troduced  v a r ia b le s  th a t  would no t be p re sen t i f  

a l l  c la s s e s  had been taught by the same in s tru c to r .  The in v e s t ig a to r ,  

th e re fo re , e le c te d  to  inc lude  the f iv e  teachers  as independent v a r ia b le s  

in  the  d esig n  o f  the  experim ent.

S e lec tio n  and D escrip tio n  o f Instrum ents 

A ll su b je c ts  in  the f iv e  schools were req u ired  to  take two 

s tan d a rd ized  t e s t s  a t  the end of the  s tudy . The in v e s t ig a to r  s e le c te d  

the Comprehensive F in a l Exam ination, Form J ,  and the P rocesses o f Science 

T es t, Form A, developed by the  BSCS ev a lu a tio n  committee to  measure spe

c i f i c a l l y  s tu d e n ts ' p rogress in  a BSCS biology course.

In  a  study by G alleger (1967) o f how teachers teach  a concept in  

biology concluded th a t  " th e re  r e a l ly  i s  no such th ing  as a BSCS curriculum  

p re se n ta tio n  in  the  schoo ls. R ather th e re  is  a ^ e a c h e r ^  in te rp re ta t io n  

o f the cu rricu lum , and so fo r th "  (p . 17 ). The Biology Classroom A c tiv ity  

C h eck lis t was used to  o b ta in  s tu d e n ts ' percep tion  of w hether the  te ach e rs ' 

classroom  and lab o ra to ry  p ra c tic e s  were in  agreement w ith  the o b jec tiv es  

and philosophy o f the BSCS course. The technique of having s tu d en ts  re 

p o r t on th e  p ra c tic e s  th a t  take p lace  in  th e i r  classroom  i s  supported by 

(Cogan, 1958; C ornel, 1952; K ochendorfer, 1967; Leeds and Cook, 1947;
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lew in , 1943) who believed  th a t  s tu d en ts  could accu ra te ly  re p o r t  what they 

had observed.

A d d itio n a l standard ized  m u ltifa c to r  t e s t  scores were secured fo r 

each school from the research  departm ent o f  the p a r t ic ip a t in g  school sys

tem. The d e sc r ip tiv e  inform ation  which follow s in  th is  chap ter was found 

in  the re sp e c tiv e  t e s t  manuals.

Comprehensive F in a l Exam ination. Form J ,  (B io log ica l Science Cur

riculum  Study, 1965) was designed to  measure a s tu d e n ts ' knowledge and 

understand ing  o f b asic  concepts, p r in c ip le s ,  and re la tio n sh ip s  contained 

in  a BSCS b io logy  course. The t e s t  c o n s is te d  of 50 m u ltip le  choice items 

th a t  measured s p e c if ic  knowledge of the  course m a te ria ls  in  both the BSCS 

blue and green vers io n s  b io logy . The t e s t  allowed fo r ty - f iv e  m inutes of 

te s t in g  tim e fo r completion of the 50 item s. The t e s t  manual contained 

d is t r ib u t io n  sca le s  which l i s t e d  p e rc e n ti le  ranks and standard  scores 

based on d a ta  ob ta ined  by te s t in g  11,092 s tu d e n ts . The published  norms, 

r e l i a b i l i t y ,  and v a l id i ty  o f the  s tan d ard ized  t e s t ,  provided s u f f ic ie n t  

evidence th a t  the t e s t  was a v a lid  instrum ent fo r  use in  th is  study .

Processes o f Science T est, Form A, (B io log ica l Science C u rric 

ulum Study, 1965) con sis ted  o f fo r ty  m u ltip le  choice items designed by 

the BSCS ev a lu a tio n  committee to  ap p ra ise  a s tu d e n ts ' understanding  of 

general s c i e n t i f i c  p r in c ip le s  and s c i e n t i f i c  reasoning a b i l i ty .  More 

s p e c i f ic a l ly ,  the  t e s t  was an instrum ent fo r  measuring the fo llow ing:

1. the a b i l i ty  to  in te r p r e t  q u a l i ta t iv e  and q u a n tita t iv e  d a ta ;

2. a b i l i ty  to  screen and judge the  design of experim ents;

3. a b i l i ty  o f s tuden ts  to recognize  adequate c r i t e r i a
fo r  accep ting  o r r e je c t in g  hypotheses;
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4 . to  ev a lu a te  the  general s tru c tu re  o f experim ental
design  in  sc ien ce , in c lud ing  the need fo r  c o n tro ls ;
and

5. the  e x ten t to  which s tuden ts  have developed s ta n 
dards fo r  judging o r app ra isin g  d a ta .

The t e s t  allowed th i r ty - f iv e  m inutes of te s t in g  time fo r com pletion o f 

the 40 item s. The t e s t  manual contained norms, r e l i a b i l i t y ,  and v a l id i ty  

c o e f f ic ie n ts  based on d a ta  obtained  from adm in istering  the t e s t  to  more 

than 28,000 s tu d en ts  e n ro lle d  in  BSCS bio logy cou rses. This d a ta  pro

vided s u f f ic ie n t  evidence th a t  the t e s t  was a v a l id  instrum ent fo r  use 

in  th is  study .

Biology Classroom A c tiv ity  C h eck lis t (Kochendorfer and Lee,

1966) was designed to  measure a s tu d e n ts ' p e rcep tio n  o f a c tu a l c la s s 

room p ra c tic e s  as they r e la te d  to  the philosophy and ra t io n a le  o f the 

BSCS program. The c h e c k lis t  c o n s is ts  o f 53 s p e c if ic  item s th a t  d e sc rib 

ed some classroom  a c t iv i ty  (Appendix B). Each o f the item s was w ritte n  

from the  view point o f the  s tu d en t. Kochendorfer ob ta ined  a r e l i a b i l i t y  

and v a l id i ty  c o e f f ic ie n t  o f .96 and .84 re sp e c tiv e ly  fo r  the instrum ent.

The BCAC i s  organized in to  seven s e c tio n s . The n a tu re  o f each 

sec tio n  was id e n t i f ie d  as:

1. ro le  o f the  teach er

2. s tu d en t p a r t ic ip a t io n

3. use o f curricu lum  m a te ria ls

4 . t e s t s

5 . p re -la b o ra to ry

6. lab o ra to ry

7. p o s t- la b o ra to ry
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The BCAC had 26 item s which were considered tru e  and 27 items 

which were considered f a ls e .  The s tu d en t responds depending upon the 

s i tu a t io n  in  h is  classroom . The instrum ent was scored by considering  

a p o s it iv e  item  marked tru e  o r a negative  item  marked f a l s e  as a 

c o rre c t response . A score  fo r  each c h e c k lis t was computed, u s in g  the 

fo llow ing form ula:

Score = Number o f C o rrec t Responses ^  j q̂q 
To ta l  Number o f Responses

Scores on the BCAC had a p o te n t ia l  range o f 0 to  100, w ith  the  h ighest 

sco res in d ic a tin g  a g re a te r  degree o f  agreement w ith  p ra c t ic e s  recom

mended by the  BSCS.

W ritten  perm ission to  u se  th e  BCAC was obtained  from Dr. Leonard 

Kochendorfer and Dr. Addison Lee.

Laboratory F a c i l i t i e s  C h eck lis t (BSCS, 1962 re v is e d , 1966) was 

designed to  f a c i l i t a t e  com parative ev a lu a tio n  of b io logy  lab o ra to ry  f a c i l 

i t i e s  in  schools (Appendix B). The lab o ra to ry  f a c i l i t i e s  were grouped in to  

th ree  c a te g o rie s :

1. f ix ed  lab o ra to ry  in s ta l l a t io n s ,  budget c o n s id e ra tio n s ,
m icroscopes, and la b o ra to ry  a ss is tan c e

2 . sm all equipment and dem onstration o f a ids

3 . major equipment

The c h e c k lis t  p e rm itted  a  general comparison o f a sch o o ls ' f a c i l 

i t i e s  w ith  optim al f a c i l i t i e s  in d ic a te d  on the c h e c k lis t .  A p o in t value 

was assigned  to  each category  and the school received  p o in ts  fo r  having 

item s l i s t e d  on the c h e c k lis t .  A grand to ta l  fo r  a l l  c a te g o r ie s  was 

computed and the school la b o ra to ry  was ra te d  from A to  F, based on the 

to ta l  number o f  p o in ts  rece iv ed .
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D if fe re n t ia l  A ptitude Test (DAT) was adm inistered  annually to  

every n in th  grade s tu d en t en ro lled  in  the  school system o f which the f iv e  

schools p a r t ic ip a t in g  in  the re sea rch  were p a r t .  The DAT contained e ig h t 

s u b - te s ts ,  which a re : (a) v e rb a l reaso n in g , (b) num erical a b i l i ty ,  (c) 

a b s tr a c t  reason ing , (d) space r e la t io n s ,  (e ) m echanical reasoning , ( f )  

c l e r i c a l  a b i l i t y ,  (g) s p e ll in g  a b i l i t y ,  and (h) sentence usage.

The t e s t  was d iv ided  in to  e a s i ly  adm in istered  p a r ts ,  answer sh ee ts  

were provided fo r machine sco rin g , and d ire c t io n s  were c le a r  on the two 

a v a ila b le  forms. Three hours and s ix  m inutes o f a c tu a l te s t in g  time was 

needed to  adm in ister the t e s t .

The s tu d e n ts ' scores on the combined v e rb a l reasoning and numer

ic a l  a b i l i t y  components o f the  DAT measured th a t  which was equ ivalen t 

to  academic ap titu d e  or a b i l i ty .

S e lec tio n  of Samples

The Oklahoma C ity Public  School System employed 23 teachers to 

teach  4,759 BSCS biology stu d en ts  in  seven high schools. The samples 

o f su b je c ts  were se le c te d  by id e n tify in g  those teachers  who were teach 

ing  a BSCS blue o r green v e rs io n  biology c la s s  during  a l l  th ree  time 

block v a r ia t io n s .  A ll teachers  who had n o t rece iv ed  sp ec ia l tra in in g  

o r who had no t taugh t the BSCS bio logy program fo r  one o r more years 

were excluded. A biology c la s s  th a t  met fo r  f i f t y - f iv e  m inutes, f iv e  

tim es per week; seventy m inutes, four tim es per week; and two hours and 

tw en ty -fiv e  m inutes, two tim es per week were s e le c te d  from the program 

o f each teach er who met the above c r i t e r i a .  C lasses were se le c ted  th a t  

met approxim ately the same time of the day, i . e . ,  the afternoon.
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The f in a l  sample o f su b je c ts  se le c ted  co n sis ted  o f f iv e  teachers 

and 286 te n th  grade s tu d en ts  (BSCS bio logy) e n ro lled  in  f i f t e e n  in ta c t  

biology c la s s e s  in  f iv e  se n io r  h igh schoo ls . The sample d is t r ib u t io n  

i s  recorded  in  Table 1.

Table 1 

Sample D is tr ib u tio n

School Teacher Version Treatment Treatment Treatm ent Total
Studied A B C

A 1 Blue 15 23 22 60

B 2 Blue 15 26 27 68

C 3 Green 22 20 24 66

D 4 Green 22 18 13 53

E 5 Green 11 14 14 39

Since the  samples were non-random, g e n e ra liz a tio n s  about the 

popu la tion  from which the samples were drawn was made w ith  some cau tion . 

However, no e f f o r t  was made by the  in v e s t ig a to r  to  choose p a r t ic u la r  

teachers  o r c la s s e s  fo r  th is  s tu d y , o th e r  than to  apply the  c r i t e r i a  o f:

1. t r a in in g  and experience  o f the  teacher w ith  the 
BSCS program;

2. te ach e rs  who were teach ing  a BSCS blue o r green 
v e rs io n  biology c la s s  during  a l l  th ree  time v a r ia 
tio n s  ;

3 . s e le c t io n  o f c la s s e s  th a t  met during one o f the 
d i f f e r e n t  time block v a r ia t io n s ;  and

4 . s e le c t io n  o f c la s s e s  th a t  met in  the a fte rnoon .
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Any v a r ia b le  th a t  may have appeared to  e f f e c t  the s e le c tio n  procedure 

should n o t . In  g en era l, have had more e f f e c t  on the s e le c tio n  o f the  

teach e rs  and /o r c la s se s  In  one group than ano ther. There was no e v i

dence th a t  s tu d en ts  were no t randomly assigned to  the  d if f e r e n t  c la sse s  

by normal enro llm ent procedures.

Procedure

The procedure o f th is  study was the  te s t in g  o f the hypotheses 

by use o f th re e  trea tm en t groups in  each o f the p a r t ic ip a t in g  high 

schoo ls. The major d iffe ren c e  between the trea tm en t groups was the 

leng th  o f time and the number o f times the  c la s se s  met per week. The 

th ree  trea tm en t groups were thus defined:

1. Treatment A (experim ental, time and frequency of m eetings): 

This group, co n sis ted  o f b io logy c la s se s  th a t  met fo r  two hours and 

tw en ty -five  m inutes, two times per week. Teachers received  no sp ec ia l 

t r a in in g  In  th e  employment of procedures to  take advantage of the ex

tended c la s s  p eriod .

2. Treatment B (experim en tal, time and frequency of m eetings): 

These groups co n sis ted  of b io logy c la s se s  th a t  met fo r  seventy m inutes, 

four tim es per week. Teachers received  no sp e c ia l tra in in g  in  the em

ployment o f  procedures to  take advantage o f  the extended c la ss  pe rio d s .

3. Treatment C (c o n tro l) :  This group co n sis ted  of biology

c la s se s  th a t met fo r  f i f t y - f iv e  m inutes, f iv e  tim es per week.

The b iology course con ten t u t i l i z e d  h e re , as w ith  a l l  t r e a t 

ment groups, was the BSCS blue and green v e rs io n  biology te x ts  and r e 

la te d  lab o ra to ry  m a te r ia ls . These two v e rs io n s  o f BSCS biology were
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inquiry  la b o ra to ry  o rie n te d  m a te ria ls  designed to  help  s tu d en ts  de

velop a workable understanding  o f the p r in c ip le s  and g e n e ra liz a tio n s  

o f b io logy . They were a lso  designed to  a id  s tu d en ts  in  the develop

ment o f an o p e ra tio n a l understanding o f th e  n a tu re  o f  science and i t s '  

underly ing methods and a t t i tu d e s .

S tandard ized  t e s t s  were adm inistered to  a l l  s tu d en ts  in  o rder to  

gather d a ta  on the  v a r ia b le s ,  s tu d e n ts ' understand ing  of the p rocesses o f 

sc ience , and th e i r  achievement in  BSCS b io logy . Each s tu d e n ts ' score on 

the DAT VR+NA was ob ta ined  from the c e n tra l  te s t in g  o f f ic e  fo r  the compu

ta tio n  o f a mean a b i l i ty  score fo r  each c la s s .  This da ta  was used to  

compute m u l t ip le - c la s s i f ic a t io n  an a ly s is  o f covariance F t e s t  to  d e te r 

mine the r e la t io n s h ip  and s ig n if ic a n t  d iffe re n c e  o f  trea tm ents and teach 

e rs  on the dependent v a r ia b le s . S tuden ts ' DAT VR+NA scores were a lso  

used to  c la s s i f y  s tu d en ts  in to  h igh , medium and low a b i l i ty  groups. The 

in te ra c tio n  o f a b i l i t y  le v e l and trea tm en ts w ith  the dependent v a r ia b le s ,  

achievement and understand ing  o f the p rocesses o f sc ien c^  were te s te d  by 

computing m u l t ip le - c la s s i f ic a t io n  a n a ly s is  o f v a rian ce  F t e s t s .

The secondary problem, v e rs io n  o f BSCS b io logy  s tu d ied  and how i t  

re la te d  to  s tu d e n ts ' achievement in  biology and th e i r  understanding  o f the 

processes o f sc ie n c e , was s tud ied  by c la s s ify in g  s tu d en ts  according to  

version  s tu d ie d . M u lt ip le -c la s s if ic a t io n  a n a ly s is  o f covariance F t e s t s ,  

using the  DAT VR+NA scores as the c o v a r ia te , were computed to  determ ine 

the re la t io n s h ip  and s ig n if ic a n t  d iffe ren c e  o f  trea tm en t and v e rs io n  

stud ied  on the  dependent v a r ia b le s .

The Biology Classroom A c tiv ity  C h eck lis t was used to c o l le c t  d a ta  

on te ac h e rs ' classroom  and labo ra to ry  p ra c t ic e s .  This d a ta  was used to
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compute m u lt ip le - c la s s i f ic a t io n  an a ly s is  o f v a rian ce  F te s t s  to  d e te r 

mine th e  re la tio n s h ip  and s ig n if ic a n t  d if fe re n c e s  between teachers  and 

tre a tm e n ts .

T esting  Procedure

Each year in  October the  guidance counse lo rs  adm inistered the 

D if f e r e n t ia l  A ptitude Test to  a l l  n in th -g rad e  s tu d en ts  in  the Oklahoma 

C ity  P u b lic  School System. Classroom teach e rs  ac ted  as p ro c to rs  and 

a s s i s ta n t s  to  the  guidance counselors during  the  te s t in g  procedure.

The answer cards were processed  in  the  re sea rch  departm ent on an IBM 

1401 com puter. A copy of the  t e s t  r e s u l t s  was s e n t to  the  c e n tra l t e s t 

ing  o f f ic e .

The p a r t ic ip a tin g  school system d id  n o t perm it rep roduction  of 

t e s t  d a ta  id e n t i f ia b le  by s tu d en t name. T herefo re , the  t e s t  r e s u l t s  o f 

the  DAT VR+NA were recorded fo r  su b jec ts  according  to  an assigned number.

In  February, 1972, the  f iv e  teach e rs  p a r t ic ip a t in g  in  th is  study 

completed the Laboratory F a c i l i t i e s  C h eck lis t to  provide a comparison of 

la b o ra to ry  f a c i l i t i e s  a v a ila b le  to  each te ach e r.

A lso during February , the  Biology Classroom A c tiv ity  C heck lis t 

(BCAC) was adm inistered by th e  classroom  teach e rs  to  a l l  s tu d en ts  p a r t i c 

ip a t in g  in  th is  study. The answer sh ee ts  were a l l  hand scored . A c la s s 

room p ra c t ic e  mean score (s e c tio n  A through D combined), and a lab o ra to ry  

p ra c t ic e  mean score (s e c tio n  E through G combined) were computed fo r  each 

c la s s .

During the l a s t  week in  February, 1972, a l l  s tu d en t p a r t ic ip a n ts  

were g iven  sample t e s t s  to  fa m ila r is e  them w ith  the type o f questions 

asked , and the general form at o f the BSCS stan d ard ized  te s t s  (Appendix B ).
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The answers to  the q u estio n s  were l i s te d  on the sample t e s t  and the s tu 

den ts were allow ed to  keep th e  t e s t s .  Between March 1 and 10, 1972, the 

Comprehensive F in a l Exam ination, Form J ,  was given to  282 studen ts  to  

measure th e i r  achievem ent in  BSCS blue and green v e rs io n  b io logy , and 

286 s tu d en ts  were g iven the Processes o f Science T e s t, Form A, to  mea

sure th e i r  understand ing  o f the  processes o f sc ie n c e . These te s t s  were 

adm in istered  by the  classroom  teach e rs . Four s tu d en t p a r t ic ip a n ts  were 

absen t the  day the Comprehensive F inal Exam ination, Form J ,  was given.

A ll answer sh ee ts  were scored by hand. An achievem ent mean t e s t  score 

and an understand ing  o f the  processes o f science  mean t e s t  score were 

computed fo r  each c la s s .

The d a ta  c o lle c te d  in  th is  in v e s t ig a tio n  was reco rded , and i s  

included  in  Appendix A. This da ta  was recorded according  to  an assigned 

teach er and s tu d en t number.

Design

The design  s e le c te d  fo r  th is  study was p a tte rn e d  a f t e r  the p o s t

te s t -o n ly ,  c o n tro l group design  as described  by Campbell and S tanley (1963), 

Concerning the  p o s t te s t  d esig n , Campbell and S tan ley  agreed th a t  proper 

a p p lic a tio n  o f a n a ly s is  o f covariance and b lock ing  on su b je c t v a r ia b le s , 

such as p rev ious g rad es, IQ, and p a re n ts ' employment could provide an in 

crease  in  the  power o f  s ig n if ic a n c e  t e s t  s im ila r  to  th a t  provided by a 

p r e te s t .

The a n a ly s is  o f covariance was employed because o f the  need to  

use in ta c t  BSCS b io logy  c la s s e s . The use o f th i s  s t a t i s t i c a l  technique 

enabled th is  in v e s t ig a to r  to  study the performance o f sev e ra l biology 

c la s se s  which were unequal in  academic a b i l i ty  as though they were
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equal in  th i s  re s p e c t.

A nalysis  o f covariance procedures ad ju sted  the trea tm en t groups 

means on the  dependent v a r ia b le  fo r  i n i t i a l  between group d if fe re n c e s  on 

the  c o v a r ia te . The c o rre c t e r ro r  term was used to  t e s t  fo r  the s i g n i f i 

cance o f d if fe re n c e  among ad ju sted  means.

Scores on the DAT VR+NA were used fo r e s ta b lish in g  group equ iva

lence and as a  concom itant o b servation  in  the an a ly s is  o f co v a ria r^ e .

The DAT VR+NA sco res  were se le c te d  as th e  co n tro l o r co v aria te  because 

o f the high c o r re la t io n  o f these t e s t s  w ith  scores on the Comprehensive 

F in a l Exam ination, Form J ,  and the P rocesses o f Science T e s t, Form A,

The DAT VR+NA c o rre la te d  r  = .71 w ith  the  Comprehensive F in a l Examina

t io n , Form J ,  and r  = .66 w ith  the  P rocesses o f Science T e s t, Form A, 

(B ennett, Seashore, and Wesman, 1966).

As advocated by both Roth (1967) and Wardrop (1969), the  u n i t  

o f an a ly s is  was the  e n t i r e  c la s s  o f  s tu d e n ts , and not the  in d iv id u a l 

s tu d en t.

S ig n ific an ce  o f d iffe ren c e  between the mean scores o f  c la s s e s  

were te s te d  w ith  m u l t ip le - c la s s i f ic a t io n  an a ly s is  o f covariance F t e s t s .

In  a d d itio n , two-way an a ly s is  o f v a rian ce  F te s t s  were used to  t e s t  the 

s ig n if ic a n c e  o f d iffe re n c e  between mean scores o f o th e r s e le c te d  v a r ia b le s .

The .05 le v e l o f s ig n if ic a n c e  was adopted fo r acceptance o r r e j e c t 

ion  o f the  s ta te d  hypotheses.



CHAPTER IV 

RESULTS 

In tro d u ctio n

The prim ary purpose of th is  in v e s t ig a tio n  was to  determ ine the 

e f f e c ts  o f c la s s  period  leng th  and frequency o f meeting on te n th  grade 

b iology s tu d e n ts ' understanding of the p rocesses o f science and th e ir  

achievement in  BSCS bio logy . Two main e f f e c t  v a r ia b le s  of the problem 

were time a llo c a tio n  and frequency of c la s s  m eetings, and the e f fe c ts  

of these  two fa c to rs  on studen ts of d if f e r e n t  le v e ls  o f a b i l i ty  in  

th e i r  study of BSCS biology was of prim ary concern. A secondary pur

pose was to  analyze da ta  c o lle c te d  to  determ ine the e f f e c t  of the 

v e rs io n  s tu d ied  and d iffe ren c e  in  te a c h e rs ' classroom  and lab o ra to ry  

p ra c tic e s  on te n th  grade s tu d e n ts ' achievement in  biology and th e i r  

understanding  of the  processes of sc ience .

Data included in  th is  chapter were obtained by adm in istering  

two s tandard ized  t e s t s ,  the BSCS Comprehensive F inal Exam ination, Form 

J ,  and the BSCS Processes of Science T es t, Form A. The Biology C lass

room A c tiv ity  C h eck lis t was used to  ga ther d a ta  on s tu d e n ts ' percep tion  

of a c tu a l classroom  and lab o ra to ry  p ra c tic e s  o f th e i r  teach e rs  as they 

re la te d  to  the philosophy and ra tio n a le  o f the BSCS program.

The s t a t i s t i c a l  trea tm en ts, employed fo r te s t in g  the hypotheses 

s ta te d  in  Chapter I ,  were the m u lt ip le - c la s s if ic a t io n  a n a ly s is  o f variance

43
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and the an a ly sis  o f covariance which a d ju s ts  fo r  i n i t i a l  in e q u a l i t ie s  

Pophank's (1967, p. 204-255) com putation procedures were used fo r com

puting  these s t a t i s t i c a l  t e s t s .

A ll c a lc u la tio n s  were performed on a Marchant 1016 PR e le c tro n ic  

c a lc u la to r .  The .05 le v e l o f confidence was se lec ted  to  t e s t  fo r  s i g n i f i 

can t d iffe ren ces  between means.

Testing the Hypotheses and A nalysis o f the Data

The r e s u l ts  of th is  study are  p resen ted  in  five  se c tio n s . The 

f i r s t  sec tio n  records the r e s u l t s  of two m u lt ip le - c la s s if ic a t io n  an a ly s is  

o f variance  t e s t s .  These te s t s  were used to  determ ine i f  s tu d en ts  o f 

v a ried  a b i l i ty  performed s ig n if ic a n t ly  d i f f e r e n t  on the processes of 

science t e s t  and the biology achievement t e s t  in  the th ree  trea tm ent 

groups.

The second sec tio n  i s  a p re se n ta tio n  and d iscussion  of the  r e 

s u l t s  o f two m u l t ip le - c la s s if ic a t io n  an a ly s is  o f covariance te s t s  used 

to  determ ine the re la tio n s h ip  and s ig n if ic a n t  d iffe ren ce  in  s tu d e n ts ' 

achievement and understanding  of the  p rocesses of sc ience , w ith  teach ers  

and trea tm ent groups as the independent v a r ia b le s .

The th ird  sec tio n  i s  concerned w ith  r e s u l ts  of two m u ltip le -  

c la s s i f ic a t io n  an a ly s is  of covariance te s t s  used to  determine the 

re la tio n s h ip  and s ig n if ic a n t  d iffe re n c e  in  s tu d e n ts ' achievement and 

understanding of the processes o f sc ie n c e , w ith  v ersion  s tud ied  and 

trea tm en t groups as the independent v a r ia b le s .

The fo u rth  sec tio n  o f th is  ch ap te r is  a p re sen ta tio n  and d isc u s 

s io n  of two m u lt ip le - c la s s if ic a t io n  a n a ly s is  o f variance t e s t  used to  

determ ine i f  a s ig n if ic a n t  d if fe re n c e  e x is te d  between the te ac h e rs '
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classroom  and lab o ra to ry  p ra c t ic e s ,  w ith teacher and trea tm en t as the 

independent v a r ia b le s .

The f i f t h  s e c tio n  i s  a supplementary an a ly s is  o f d a ta  re le v a n t 

to  in d iv id u a l teach er d iffe re n c e s  in  th e i r  lab o ra to ry  and classroom  

p ra c tic e s .

The general form at o f each sec tio n  c o n s is ts  o f a s ta tem en t o f 

the hypothesis to be te s te d ,  follow ed by a ta b le  d e sc rib in g  the  approp

r i a t e  sample d a ta . This i s  follow ed by the r e s u l ts  of the prim ary 

s t a t i s t i c a l  trea tm en t used and an in te rp re ta t io n  of the ap p lied  s t a t i s 

t i c a l  method w ith re fe ren ce  to  the hypotheses te s te d .

Findings P e rta in in g  to  Biology Students 
of V aried A b ility

Hypotheses one, two, th ree  and four were te s te d  in  th is  se c tio n .

Hypothesis one s ta te d  th a t  th e re  i s  no s ig n if ic a n t  d if fe re n c e  in  

biology achievement between h igh , medium and low a b i l i ty  te n th  grade 

stu d en ts  in  th ree  trea tm en t groups.

Hypothesis two s ta te d  th a t  th e re  is  no s ig n if ic a n t  d if fe re n c e  in  

understanding of the p rocesses o f science between h igh , medium and low 

a b i l i ty  te n th  grade b io logy  s tu d en ts  in  th ree  trea tm en t groups.

Hypothesis th re e  s ta te d  th a t  the academic a b i l i ty  le v e l has no 

s ig n if ic a n t  e f f e c t  on te n th  grade s tu d e n ts ' achievement in  BSCS biology 

and th e i r  understand ing  o f the p rocesses o f sc ien ce .

Hypothesis four s ta te d  th a t  th e re  is  no s ig n if ic a n t  in te ra c t io n  

among academic a b i l i t y ,  trea tm en ts  and the dependent v a r ia b le s , ach ieve

ment in  BSCS biology and understand ing  of the p rocesses o f sc ien ce .

The raw scores on the combined verba l reasoning  (VR) and numer

ic a l  a b i l i ty  (HA) of the D if f e re n t ia l  A ptitude Test (DAT), were used to
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c la s s ify  s tu d en ts  In to  high a b i l i ty  (raw scores 41-99), medium a b i l i ty  

(raw scores 27-40), and low a b i l i ty  (raw scores 0-26) groups. Two 

m u l t ip le - c la s s i f ic a t io n  an a ly s is  o f v a rian ce  F t e s t s  were used to  t e s t  

the hypotheses.

H ypothesis one. Table 2 con ta in s a summary o f the  means and 

standard  d e v ia tio n  sco res  fo r  282 high, medium and low a b i l i t y  ten th  

grade b iology s tu d e n ts ' achievement in  th re e  trea tm en t groups.

Table 2

Achievement Means and Standard D eviation Scores of 
High, Medium and Low A b ili ty  Biology S tudents

Treatm ent A

Time Blocks 

Treatment B Treatm ent C

Groups N X SD N X SD N X SD

High 25 22.48 7.33 34 23.00 8.06 30 23.50 6.79

Medium 30 16.00 4.87 29 17.17 5.65 37 17.75 5.09

Low 33 14.79 5.47 34 13.91 3.74 30 14.60 4.56

T otal 88 17.75 97 18.02 97 18.61

The r e s u l t s  o f a m u lt ip le - c la s s if ic a t io n  a n a ly s is  o f  variance  

t e s t  o f 282 h igh , medium and low a b i l i ty  te n th  grade b io logy  s tu d e n ts ' 

achievement d if fe re n c e  in  th ree  trea tm en t groups i s  con tained  in  Table

3. The ob ta ined  F value must be equal to  o r g re a te r  than 1 to  be 

s ig n i f ic a n t ,  th e re fo re , the  .942 value fo r  trea tm en ts was n o t s ig n i f i 

c an t. H ypothesis one was accepted because h igh, medium and low a b i l i ty  

ten th  grade b io logy  s tu d en ts  achieved as w ell in  trea tm en t A and t r e a t 

ment B as they d id  in  trea tm en t C. The computed F value  o f 52.54 fo r
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a b i l i t y  was s u b s ta n tia l ly  la rg e r  than the 4.66 req u ired  fo r  s ig n ific a n ce  

a t  the .01 le v e l w ith  2 and 271 degrees o f freedom. The F value  of .093 

fo r  in te ra c t io n  was no t s ig n if ic a n t  a t  the .05 le v e l .

Table 3

A nalysis o f  Variance Test o f Achievement 
D ifferences in  Three Treatment Groups

Source o f 
V a ria tio n

Degrees o f 
Freedom

Sum
Squares

Mean
Squares F

Treatm ents 2 63.5 31.75 .942

A b ili ty 2 3540.5 1770.30 52.54**

In te ra c tio n 4 12.5 13.13 .093

W ithin 273 9200.0 33.69

T otal 281 12,816.5

** S ig n if ic a n t a t  the .01 le v e l .

Hypothesis two. The means and standard  d e v ia tio n  sco res fo r 286 

h igh , medium and low a b i l i ty  ten th  grade biology s tu d e n ts ' understanding 

o f the  p rocesses o f science in  th ree  trea tm en t groups are  p resen ted  in  

Table 4 . The r e s u l t s  o f a m u l t ip le - c la s s if ic a t io n  an a ly s is  o f variance 

t e s t  o f  286 h igh , medium and low a b i l i ty  te n th  grade b io logy s tu d en ts ' 

understanding  o f the processes o f sc ience  d iffe re n c e s  in  th ree  treatm ent 

groups i s  summarized in  Table 5. The computed F value o f 3.49 (Table 5 ). 

fo r  trea tm en ts  was la rg e r  than the 3.02 necessary  fo r  s ig n if ic a n c e  a t  

the  .05 le v e l w ith  2 and 276 degrees o f freedom. Hypothesis two was 

re je c te d ,  which in d ic a te d  th a t  s tu d e n ts ' understanding  o f the  processes 

o f  sc ience  was s ig n if ic a n t ly  d if f e r e n t  in  trea tm en t A, trea tm en t B and
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trea tm en t C. The to ta l  p rocesses o f  science means in  treatm ent A, t r e a t 

ment B and trea tm en t C (Table 4) were compared by the Newman-Keuls method 

o f m ultip le-com parisons (W einer, 1962). The r e s u l t s  o f the  comparisons 

in d ic a ted  th a t  s tu d e n ts ' understanding  o f the  p rocesses o f science was 

n o t only h ig h er in  trea tm en t C than  in  trea tm en t B, bu t th a t  the d i f f e r 

ence was s ig n if ic a n t  a t  the .05 le v e l .  There was no s ig n if ic a n t  d i f f e r 

ence between trea tm en t A and trea tm en t C, nor was th e re  any s ig n if ic a n t

Table 4

Processes o f Science Means and Standard D eviation  Scores of 
High, Medium and Low A b ili ty  Biology Students

Treatm ent A

Time Blocks 
Treatm ent B Treatment C

Groups N X SD N X SD N X SD

High 22 25.68 4.47 36 23.33 4.02 32 24.22 5.84

Medium 32 17.50 6.24 29 17.38 5.09 34 19.06 6.54

Low 31 11.39 3.46 36 13.50 4.48 33 14.76 4.91

T otal 85 18.19 101 18.07 100 19.35

d iffe ren c e  between trea tm en ts  A and B. A comparison o f h igh , medium and 

low a b i l i ty  s tu d e n ts ' p rocesses o f science means across  treatm ent A, t r e a t 

ment B and trea tm en t C (Table 4) in d ic a te d  th a t  medium and low a b i l i ty  

stu d en ts  scored s ig n if ic a n t ly  h ig h er in  trea tm en t C, w hile high a b i l i ty  

stu d en ts  performed s ig n if ic a n t ly  h ig h er in  trea tm en t A.

The F value o f 116.49 fo r the  s tu d e n ts ' a b i l i t y ,  another source
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of v a r ia t io n , was s u b s ta n t ia l ly  la rg e r  than the 4.66 necessary  fo r 

s ig n ific a n ce  a t  the  .01 le v e l .  The F value o f 1.49 computed fo r 

in te ra c tio n  was n o t s ig n if ic a n t  a t  the .05 le v e l .

Table 5

A nalysis o f V ariance o f Processes o f Science 
D ifferences in  Three Treatment Groups

Source of 
V aria tion

Degrees o f 
Freedom

Sum of 
Squares

Mean
Squares F

Treatments 2 171.1 85.60 3.49*

A b ility 2 5703.6 2851.80 116.49**

In te ra c tio n 4 146.3 36.57 1.49

W ithin 276 6761.8 24.48

Total 285 12,782.6

* S ig n if ic a n t  a t  the .05 le v e l .
** S ig n if ic a n t a t  the .01 le v e l .

Hypotheses th re e  and fo u r . Based on the s ig n if ic a n t  F values 

fo r a b i l i ty  and the  n o n -s ig n if ic a n t F values fo r  in te ra c t io n  (Table 3 

and Table 5 ) , hypo thesis  th ree  was re je c te d  and hypothesis four was 

accepted . R ejec tio n  o f hypothesis  th ree  in d ica ted  th a t  s tu d en ts ' 

achievement in  BSCS b io logy  and th e i r  understanding  of the  processes 

o f science was h ig h ly  dependent on general academic a b i l i ty .  Accept 

tance o f hypo thesis  four in d ic a ted  th a t  th e re  was no s ig n if ic a n t  i n t e r 

ac tio n  among a b i l i ty  le v e l and the dependent v a r ia b le s .

The h igh ly  s ig n if ic a n t  F te s t s  fo r  academic a b i l i ty  (Table 3 

and Table 5) fu r th e r  supported the use o f s tu d e n ts ' DAT VR+NA scores 

as a co v a ria te  to  s t a t i s t i c a l l y  co n tro l fo r  i n i t i a l  d iffe ren c e  in
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academic a b i l i ty  between c la s s e s  in  sec tio n s  two and th re e .

E ffe c ts  o f Treatm ents and Teachers on 
Tenth Grade Biology Students

The use o f  in ta c t  b io logy  c la s se s  and s tu d en ts  absenteeism  on 

the days th a t  t e s t s  were g iven re s u lte d  in  unequal c la s s  s iz e  n e c e s s i

ta t in g  the use o f F erguson 's  (1966, p. 120) formulae fo r  computing the 

components o f v a rian ce  in  the  case o f  unequal c la s s e s .  The use o f these

formulae depended upon w hether the  ch i square departed  s ig n if ic a n t ly  from

e q u a lity  a t  the  .01 le v e l .  The formulae used to  determ ine ch i square o r 

expected equal freq u en cies  was:

jj3 „ f  y  j d f  i ? C - l

-  ch i square

Nr.c = C ell s iz e

n = Average c e l l  s iz e  o f to ta l  sample

I f  the ch i square va lue  d id  n o t dep art s ig n if ic a n t ly  from eq u al

i ty  a t  the .01 le v e l ,  the sum and sum of squares fo r  each c e l l  were ad ju sted  

by m u ltip ly in g  the  values by n/N rc. Thus: the ad ju sted  c e l l  sum was:

and the ad ju sted  c e l l  sum o f squares was:

jOrc. ^  / \  r  ex.
The ad ju sted  c e l l  sums and sum o f squares were used to  o b ta in  the 

row and column to ta l s  and the t o ta l  sum of squares. This adjustm ent e s 

tim ated what the c e l l  sum and sum o f  squares would be i f  th e re  was an
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equal number o f su b je c ts  in  each c e l l .  The adjustm ent d id  no t change 

the  c e l l  means o r  the row and column means. The a n a ly s is  of covariance 

s t a t i s t i c a l  t e s t  was computed in  the  u su a l way using  these  ad justm ents.

Hypotheses f iv e ,  s ix , seven and e ig h t  were concerned w ith  the 

v a r ia b le s ,  trea tm en ts  and te ac h e rs , as they r e la te d  to  ten th  grade s tu 

d e n ts ' achievem ent in  BSCS b io logy , and th e i r  understanding  of the pro

cesses o f  sc ien ce .

H ypothesis f iv e  s ta te d  th a t  a f t e r  s t a t i s t i c a l l y  ad ju s tin g  fo r 

i n i t i a l  d if fe re n c e  in  academic a b i l i t y ,  th e re  i s  no s ig n if ic a n t  d i f f e r 

ence in  b io logy  achievement between b io logy  c la s s e s  taught in  trea tm en t 

A, trea tm en t B and trea tm en t C.

H ypothesis s ix  s ta te d  th a t ,  a f t e r  s t a t i s t i c a l l y  a d ju s tin g  fo r 

i n i t i a l  d if fe re n c e  in  academic a b i l i t y ,  th e re  i s  no s ig n if ic a n t  d i f f e r 

ence in  the  understand ing  o f the p ro cesses  o f sc ien ce , between biology 

c la s s e s  tau g h t in  trea tm en t A, trea tm en t B and trea tm en t C.

H ypothesis seven s ta te d  th a t ,  a f t e r  s t a t i s t i c a l l y  ad ju s tin g  fo r 

i n i t i a l  d if fe re n c e  in  academic a b i l i t y ,  th e re  i s  no s ig n if ic a n t  d i f f e r 

ence in  te ach e rs  e f f e c t  on s tu d e n ts ' understand ing  o f the  p rocesses of 

sc ience  and th e i r  achievement in  BSCS b io logy .

H ypothesis e ig h t s ta te d  th a t  a f te r  s t a t i s t i c a l l y  ad ju s tin g  fo r 

i n i t i a l  d if fe re n c e  in  academic a b i l i t y ,  th e re  i s  no s ig n if ic a n t  i n t e r 

a c tio n  among trea tm en ts , teachers  and the two independent v a r ia b le s .

H ypothesis f iv e . Table 6 co n ta in s  a summary o f the unadjusted  

and a d ju s ted  achievement means, s tan d ard  d e v ia tio n s  and co n tro l v a r ia b le  

means fo r  282 te n th  grade biology s tu d e n ts .
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Table 6

Unadjusted and Adjusted Achievement Means, Standard
Deviation and Control Variable Means

C rite r io n Control
Achievement DAT VR+NA

Unadjusted Adjusted

Groups N X SD X X

Treatment A

Teacher 1 16 24.64 6.58 23.14 41.81
Teacher 2 15 18.80 5.62 18.03 38.20
Teacher 3 22 18.68 4.39 18.21 36.68
Teacher 4 23 11.78 3.21 13.40 26.26
Teacher 5 12 14.33 2.90 15.51 28.42

S ub to ta l 88 16.57 17.75 34.27

Treatment B

Teacher 1 24 25.54 8.17 22.91 47.54
Teacher 2 23 17.04 5.37 16.54 36.83
Teacher 3 21 17.09 4.08 17.25 33.62
Teacher 4 17 13.70 4.16 14.56 30.08
Teacher 5 12 13.00 3.86 13.85 30.08

S ub to tal 97 17.28 17.02 35.63

Treatm ent C

Teacher 1 20 23.25 5.48 21.46 43.30
Teacher 2 28 19.10 7.76 18.56 37.11
Teacher 3 24 19.54 4.17 19.07 36.71
Teacher 4 12 12.16 3.06 14.85 20.91
Teacher 5 13 14.23 4.14 15.51 27.92

S ubto tal 97 17.66 17.89 33.19

Total 282 17.52 17.70 34.36
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Table 7 co n ta in s  the r e s u l t s  o f a m u lt ip le - c la s s if ic a t io n  

an a ly s is  o f  covariance t e s t  o f the achievement d iffe ren c e  between 

th ree  trea tm en t groups, c o n tro llin g  fo r academic a b i l i ty .  The com

puted F va lue  o f 3.25 fo r  trea tm en t was la rg e r  than the necessary  3.02 

fo r  s ig n if ic a n c e  a t  the  .05 le v e l .  Hypothesis f iv e  was r e je c te d . This

Table 7

A nalysis  o f Covariance o f Achievement D ifference Between 
Three Treatm ent Groups, C o n tro lling  fo r A b ility

Source of Degrees o f

Residual 

Sum of Mean
V aria tio n Freedom Squares Squares F

Treatm ents 2 99.6 49.80 3.25*

Teachers 4 1387.8 346.95 22.67**

In te ra c t io n 8 1045.2 130.65 8.53**

W ithin 267 4085.1 15.30

T otal 281 6617.0

* S ig n if ic a n t a t  the .05 le v e l .
** S ig n if ic a n t a t  the .01 le v e l .

suggested  th a t  a f t e r  ad ju s tin g  fo r i n i t i a l  d iffe ren c e  in  a b i l i t y ,  th e re  

was a s ig n i f ic a n t  d iffe ren c e  in  s tu d e n ts ' achievement in  trea tm en t A, 

trea tm en t B and trea tm en t C. A comparison o f the ad ju sted  achievement 

means in  Table 6 in d ic a ted  th a t  the o v e ra ll  mean (17.89) in  trea tm en t C 

was s ig n if ic a n t ly  h ig h er than in  trea tm en t B (17 .02); however, th e re  was 

no s ig n if ic a n t  d iffe re n c e  in  achievement between trea tm en t A and t r e a t 

ment B, o r  trea tm en t A and trea tm en t C, a t  the .05 le v e l .  The ob ta ined
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F value o f 22.67 fo r  teach ers  was s u b s ta n tia lly  la rg e r  than  the 3.36 

necessary  fo t  s ig n if ic a n c e  a t  the .01 le v e l .  Teachers d id  have a 

s ig n if ic a n t  e f f e c t  on s tu d e n ts ' achievement in  BSCS b io logy . The F 

value o f 8.53 obtained  fo r  the in te ra c t io n  source o f v a r ia t io n  was 

a lso  s ig n if ic a n t  a t  the .01 le v e l ,  which in d ic a ted  a s ig n if ic a n t  in te r 

a c tio n  among teach e rs , trea tm en ts  and achievement in  BSCS b io logy .

Hypothesis s ix . Table 8 con tains the  unadjusted  and ad justed

processes o f science means, standard  d ev ia tio n s  and c o n tro l v a ria b le  
%

means fo r  286 ten th  grade biology s tu d en ts . The r e s u l t s  o f  a m u ltip le - 

c la s s i f ic a t io n  an a ly s is  o f  covariance t e s t  fo r  the  p rocesses o f science 

d iffe re n c e  between th ree  trea tm en t groups, c o n tro ll in g  fo r  academic 

a b i l i t y ,  i s  summarized in  Table 9.

The F value of 2.61 fo r  treatm ents (Table 9) was sm aller than

the 3.02 necessary  fo r  s ig n if ic a n c e  a t  the .05 le v e l ,  th e re fo re , 

hypothesis s ix  was accep ted . There was no s ig n if ic a n t  d if fe re n c e  in  

s tu d e n ts ' understanding  o f the processes o f science in  trea tm en t A, 

trea tm en t B or trea tm en t C, a f te r  ad ju stin g  fo r i n i t i a l  d iffe re n c e s  in  

academic a b i l i ty .  The te a c h e r 's  source o f v a r ia t io n  F value o f 17.89

was g re a te r  than the 3.36 necessary  fo r s ig n if ic a n c e  a t  the  .01 lev e l

o f confidence. The ob ta ined  F value of 3.37 fo r in te ra c t io n  was a lso  

s ig n if ic a n t  a t  the  .01 le v e l .

Hypotheses seven and e ig h t . Based on the s ig n if ic a n t  F values

obtained  fo r a b i l i ty  and in te ra c t io n  (Table 7 and Table 9 ) ,  hypotheses 

seven and e ig h t were r e je c te d . This in d ica ted  th a t  a f t e r  s t a t i s t i c a l l y  

ad ju stin g  fo r i n i t i a l  d if fe re n c e s  in  academic a b i l i t y ,  s tu d e n ts ' under

stand ing  o f the p rocesses o f science and achievement in  BSCS biology
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Table 8

Unadjusted and Adjusted Processes o f Science Means
Standard D eviation and Control Variable Means

C rite r io n
Achievement

Unadjusted A djusted

Control 
DAT VR+NA

Groups N X SD X X

Treatm ent A

Teacher 1 15 23.06 7.44 20.46 44.40
Teacher 2 15 14.06 7.80 13.12 38.20
Teacher 3 22 21.90 5.95 21.39 36.59
Teacher 4 22 12.59 5.43 14.77 26.41
Teacher 5 11 14.81 7.16 16.61 28.00

S u b to ta l 88 16.57 17.65 34.27

Treatment B

Teacher 1 23 23.69 5.45 20.23 47.52
Teacher 2 26 18.03 6.15 17.26 37.58
Teacher 3 20 17.10 6.21 17.10 34.65
Teacher 4 18 14.77 6.40 16.75 27.33
Teacher 5 14 14.86 4.80 16.57 28.29

S u b to ta l 101 17.70 17.58 35.07

Treatment C

Teacher 1 22 23.31 5.08 20.52 45.05
Teacher 2 27 17.74 6.35 17.24 36.52
Teacher 3 24 22.58 5.16 21.66 38.08
Teacher 4 13 11.15 4.46 13.69 25.23
Teacher 5 14 17.00 4.47 19.28 26.21

S u b to ta l 100 18.36 18.48 34.22

Total 286 17.78 17.77 34.66
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were e f fe c te d  by the classroom  te a c h e r . A s ig n if ic a n t  in te ra c t io n  

in d ic a te d  th a t  teach ers  and trea tm en ts  in te r a c t  w ith  s tu d e n ts ' under

stand ing  o f the  processes o f sc ien ce  and th e i r  achievement in  BSCS 

b io logy .

Table 9

A nalysis  o f Covariance o f  P rocesses o f Science 
D ifferences Between Three Treatment Groups, 

C on tro llin g  fo r  Academic A b ili ty

Source o f 
V a ria tio n

Degrees o f 
Freedom

R esidual
Sum o f Mean
Squares Squares

Treatm ents 2 97.0 48.50 2.61

Teachers 4 1332.0 333.00 17.89**

In te ra c t io n 8 501.8 62.73 3.37**

W ithin 271 5043.7 18.61

T otal 285 6974.5

** S ig n if ic a n t a t  the  .01 le v e l .

F ig u re  2 p resen ts  a two dim ensional an a ly s is  o f the in te ra c t io n  

among te a c h e rs , trea tm ents and te n th  grade s tu d e n ts ' achievement in  BSCS 

b io lo g y . A s ig n if ic a n t  in te ra c t io n  in d ic a ted  th a t  the performance o f 

s tu d en ts  on the  achievement t e s t  was re la te d  to  a p a r t ic u la r  combination 

o f te ach e r and leng th  o f c la s s  p e rio d . The graph in  f ig u re  2 was made 

from the ad ju s ted  c la s s  achievement means in  trea tm en t A, trea tm en t B 

and trea tm en t C, fo r  each te ach e r from Table 6.

An exam ination o f f ig u re  2 re v e a ls  th a t  the s ig n if ic a n t  i n t e r 

a c tio n  was among teachers and the d iffe re n c e  in  s tu d e n ts ' performance
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on the achievem ent t e s t  in  the longer time b lo ck s, treatm ent A and 

treatm ent B. For example, s tu d en ts  tau g h t by teacher 1 achieved 

higher in  trea tm en t A and trea tm en t B, w h ile  s tu d e n ts ' performance 

on the achievem ent t e s t  fo r teachers  2, 3 and 5 , was low est in  t r e a t 

ment B.

Adjusted
Means

30

25

20
1

15

10

. OTreatment A 

□ Treatment B- 

A Treatm ent C

I 2 3 5 T"

Teachers

F ig . 2. In te ra c tio n  among te a c h e rs , treatm ents and ad ju sted
achievem ent means.

The p a r a l l e l  l in e s  between teach e r 2 and 3 i l l u s t r a t e s  no i n t e r 

ac tio n ; th e i r  s tu d e n ts ' performance on the achievement t e s t  was about 

the same in  trea tm en t A, treatm ent B and trea tm en t C. With the excep tion  

o f teach er 1, the  o v e ra ll performance o f s tu d en ts  on the achievement t e s t  

was h ig h est in  trea tm en t C.

F igure  3 p re sen ts  a two dim ensional an a ly s is  o f the in te ra c t io n  

o f te ac h e rs , trea tm en ts  and s tu d e n ts ' perform ance on the p rocesses o f 

science t e s t .  The s ig n if ic a n t  in te ra c t io n  was among teachers  and s tu d e n ts '
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F ig . 3. In te ra c t io n  o f trea tm en ts, te ach e rs  and s tu d en ts ' 
ad ju sted  means on the processes o f sc ien ce  t e s t .

performance on the  p rocesses o f science t e s t  in  the  s h o r te s t  and longest 

time b locks, trea tm en t C and treatm ent A, r e s p e c tiv e ly . S tuden ts ' p e r

formance on the p rocesses o f science t e s t  was n o t s ig n if ic a n tly  d i f f e r 

e n t in  treatm ent B under teach e rs  2, 3, 4 and 5.

The Newman-Keuls method employed to  compare the  ad justed  means 

(Table 8) o f s tu d en ts  on the processes o f sc ience  t e s t  in  treatm ent A,

B and C of each teach er in d ic a te d  th a t ,  a f te r  s t a t i s t i c a l l y  ad ju stin g  

fo r  i n i t i a l  d iffe re n c e s  in  a b i l i ty ,  s tu d en ts  o f te ach e r 1 d id  no t p e r

form s ig n if ic a n tly  d i f f e r e n t  on the processes o f  sc ience  t e s t ,  in  the 

th re e  treatm ent groups. Teacher 2 's  s tuden ts  perform ed s ig n if ic a n tly  

h ig h er in  trea tm en ts C and B, when compared to  trea tm en t A. There was 

no s ig n if ic a n t  d iffe re n c e  between treatm ent C and trea tm en t B. Teacher 

3 's  s tuden ts  performance was s ig n if ic a n tly  h ig h er in  treatm ents A and C, 

when compared to  trea tm en t B, w ith no s ig n if ic a n t  d iffe ren c e  between
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trea tm en ts  C and Â. The s tu d en ts  o f teach e r 4 performed s ig n if ic a n t ly  

h igher in  trea tm en t B, when compared to  the o ther two trea tm en ts . There 

was no s ig n if ic a n t  d iffe ren ce  found between treatm ent À and trea tm en t C. 

S tuden ts ta u g h t by teacher 5 perform ed s ig n if ic a n t ly  h igher in  trea tm ent 

C, when compared to  treatm ents A and B. There was no s ig n if ic a n t  d i f f e r 

ence between trea tm en ts A and B.

E ffec ts  of Treatments and Version Studied 
on Tenth Grade Biology Students

Hypotheses n in e , ten , e leven  and twelve were concerned w ith  the 

v a r ia b le s  o f trea tm ents and v e rs io n  s tu d ie d  as they re la te d  to  s tu d e n ts ' 

understand ing  o f the processes o f  sc ience  and th e i r  achievement in  BSCS 

b io logy .

H ypothesis nine s ta te d  th a t  a f t e r  s t a t i s t i c a l l y  a d ju s tin g  fo r 

i n i t i a l  d iffe re n c e s  in  academic a b i l i t y ,  th e re  i s  no s ig n if ic a n t  d i f f e r 

ence in  b io logy  achievement between BSCS blue v e rs io n  and BSCS green 

v e rs io n  c la s s e s  taught in  trea tm en t A, trea tm ent B and trea tm en t C.

H ypothesis ten  s ta te d  th a t  a f t e r  s t a t i s t i c a l l y  a d ju s tin g  fo r 

i n i t i a l  d iffe re n c e s  in  academic a b i l i t y ,  there  i s  no s ig n if ic a n t  d i f f e r 

ence in  understand ing  the processes o f science between BSCS b lu e  and BSCS 

green v e rs io n  biology c lasses  taugh t in  treatm ent A, trea tm en t B and t r e a t 

ment C.

Hypothesis eleven s ta te d  th a t  a f t e r  s t a t i s t i c a l l y  a d ju s tin g  fo r 

i n i t i a l  d if fe re n c e s  in  academic a b i l i t y ,  there  is  no s ig n if ic a n t  d i f f e r 

ence in  b io logy  achievement and understand ing  of the processes o f science 

between BSCS blue and BSCS green v e rs io n  biology c la s se s .

Hypothesis twelve s ta te d  th a t  a f te r  s t a t i s t i c a l l y  a d ju s tin g  fo r
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i n i t i a l  d iffe re n c e s  in  academic a b i l i t y ,  th e re  i s  no s ig n if ic a n t  in te r 

a c tio n  among v e rs io n  s tu d ie d , trea tm en ts  and the dependent v a r ia b le s .

S tudents in  the  th ree  trea tm en t groups were c la s s i f ie d  in to  

two groups, BSCS b lue  v e rs io n  and BSCS green v e rs io n . The m u ltip le -  

c la s s i f i c a t io n  an a ly s is  of covariance t e s t ,  w ith academic a b i l i ty  as 

the  c o v a r ia te  was used to  t e s t  the hypotheses in  th is  s e c tio n .

Hypothesis n in e . Table 10 con ta in s  a summary o f the unadjusted

and ad ju sted  achievement means, s tandard  d ev ia tio n  and c o n tro l v a ria b le  

means fo r  282 ten th  grade b io logy  s tu d e n ts , c la s s i f ie d  according to  v e r

sio n  s tu d ied  and trea tm en t. An exam ination of Table 10 in d ic a ted  th a t  

the  number o f s tu d en ts  in  each su b c lass  was no t equal. A p re lim inary  

t e s t  fo r  homogeneity o f v a rian ce  re s u lte d  in  an F value o f 1 .02 , which 

was sm alle r than the  1.39 req u ired  fo r  s ig n ific a n ce  a t  the  .05 le v e l

w ith  97 and 88 degrees o f freedom. The assumption o f v a rian ce  homo

g en e ity  was accepted; th e re fo re , the re sea rch er continued w ith  the 

a n a ly s is  o f covariance t e s t .

Table 11 con ta in s  the r e s u l t s  o f a m u lt ip le - c la s s i f ic a t io n  

a n a ly s is  o f covariance t e s t  o f 282 te n th  grade biology s tu d e n ts ' 

achievement d iffe ren c e  between the  v e rs io n  s tu d ied  and trea tm en t 

groups, c o n tro llin g  fo r  academic a b i l i t y .  In  Table 11 the  computed F 

value o f 1.16 fo r  trea tm en ts  was sm aller than the 3.02 req u ired  fo r 

s ig n if ic a n c e  a t  the .05 le v e l .  H ypothesis nine was accep ted . A fte r 

a d ju s tin g  s t a t i s t i c a l l y  fo r  academic a b i l i ty ,  th e re  was no s ig n if ic a n t  

d if fe re n c e  in  the achievement o f BSCS blue and BSCS green v e rs io n  

biology c la s se s  in  the th ree  trea tm en t groups.
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Table 10

Unadjusted and Adjusted Achievement Means, Standard
Deviation and Control Variable Mean

C rite r io n
Achievement

Unadjusted A djusted

Control 
DAT VR+NA

Groups N X SD X X

Treatm ent A

Blue 31 21.81 6.72 20.60 41.62
Green 57 14.98 4.75 16.33 31.02

S u b to ta l 88 18.39 18.48 36.35

Treatment B

Blue 47 21.38 8.10 19.74 42.25
Green 50 14.96 4.38 16.35 39.59

S u b to ta l 97 18.17 18.04 39.59

Treatm ent C

Blue 48 20.83 7.14 19.87 39.68
Green 49 16.32 5.04 17.66 31.10

S u b to ta l 97 18.58 18.76 35.39

T otal 282 18.38 18.42 37.11 -

The F value o f 27.24 fo r  v e rs io n  was s u b s ta n tia l ly  la rg e r  than 

the 6.70 necessary  fo r  s ig n if ic a n c e  a t  the .01 le v e l .  There was a 

s ig n i f ic a n t  d iffe ren c e  in  biology achievement between BSCS blue v e r 

sio n  and BSCS green v e rs io n  c la s s e s . The computed F value o f .784 

was n o t equal to  o r la rg e r  than 1; th e re fo re , a f t e r  ad ju s tin g  s t a t i s 

t i c a l l y  fo r  academic a b i l i ty  d if fe re n c e , th e re  was no in te ra c t io n
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Table 11

A nalysis o f Covariance of Achievement D ifference 
Between V ersion Studied and Treatm ents, 

C o n tro llin g  fo r  Academic A b ili ty

R esidual

Source o f 
V aria tio n

Degrees o f 
Freedom

Sum o f 
Squares

Mean
Squares F

Treatm ents 2 53 26.50 1.16

V ersion 1 625 625.00 27.24*:

In te ra c tio n 2 36 18.00 .784

W ithin 276 6332 22.94

T otal 281 7046

** S ig n if ic a n t a t  the .01 le v e l ,  

between v e rs io n  s tu d ie d , trea tm en ts  and s tu d en t performance on the achieve

ment t e s t .

Hypothesis te n . Table 12 con tains a summary of the unadjusted  and 

ad ju sted  processes o f sc ien ce  means, standard  d e v ia tio n , and co n tro l v a r i 

ab le  means fo r  286 te n th  grade biology s tu d en ts . T ab le  12 did  no t con ta in  

an equal number o f s tu d en ts  in  each sub class. A pre lim inary  t e s t  fo r 

homogeneity o f trea tm en t group variance  re s u lte d  in  an F value of 1.45, 

which was la rg e r  than the  1.39 req u ired  fo r s ig n if ic a n c e  a t  the .05 le v e l 

w ith  85 and 100 degrees o f freedom. Winer (1962) s ta te d  th a t " th e re  i s  

no need fo r  a high degree o f s e n s i t iv i ty  in  t e s t s  fo r  homogeneity of 

v a rian ce  because F t e s t s  a re  ro b u st w ith re sp e c t to  departu re  from 

homogeneity o f v a rian ce"  (p . 93). The assumption o f homogeneity of 

v a rian ce  was accepted.
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Table 12

Unadjusted and Adjusted Processes o f  Science Means,
Standard Deviation and Control Variable Means

C rite r io n

Achievement

Unadjusted Adjusted

Control 

DAT VR+NA

Groups N X SD X X

Treatm ent A

Blue 30 18.23 9.07 16.70 41.30
Green 55 16.75 7.33 18.34 30.80

S u b to ta l 85 17.49 17.02 36.05

Treatment B

Blue 49 20.69 6.44 18.88 42.24
Green 52 15.69 5.93 17.34 30.60

S u b to ta l 101 18.19 18.11 36.42

Treatment C

Blue 49 20.24 6.41 18.99 40.35
Green 51 18.14 6.70 19.51 31.55

S ub to ta l 100 19.19 19.25 35.95

Total 286 18.29 18.12 36.14

The r e s u l t s  of a m u lt ip le - c la s s i f ic a t io n  an a ly s is  o f covariance 

o f 286 te n th  grade biology s tu d e n ts ' understanding o f the processes o f 

sc ience  d if fe re n c e  between v e rs io n  s tu d ied  and trea tm en ts , c o n tro llin g  

fo r a b i l i t y ,  i s  contained in  Table 13. The computed F value of 1.38 was 

sm aller than  the  3.02 necessary fo r  s ig n if ic a n c e  a t  the .05 le v e l.
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Table 13

A nalysis  o f Covariance o f P rocesses o f Science D ifference  
Between V ersion S tudied  and Treatm ents, 

C on tro lling  fo r  Academic A b ility

Residual

Source o f 
V aria tio n

Degrees of 
Freedom

Sum of 
Squares

Mean
Squares

Treatment 2 67 33.50 1.38

Version 1 78 78.00 3.22

In te ra c tio n 2 199 99.50 4.11*

W ithin 280 6776 24.16

Total 285 7120

* S ig n if ic a n t a t  the .05 le v e l.

Hypothesis ten  was accepted. A fte r  a d ju s tin g  s t a t i s t i c a l l y  fo r  a b i l i ty  

d if fe re n c e s , BSCS blue ve rs io n  and BSCS green v e rsion  biology studen ts 

d id  no t perform  s ig n if ic a n tly  d i f f e r e n t  on the processes o f science t e s t  

in  any o f the trea tm ent groups. The F value of 3.22 fo r v e rs io n s  was 

sm aller than the 3.86 necessary fo r  s ig n ific a n ce  a t  the .05 le v e l .  This 

in d ica ted  th a t  a f te r  s t a t i s t i c a l l y  a d ju s tin g  fo r a b i l i ty ,  BSCS blue v e r

sion  and BSCS green version  biology c la s se s  did  no t perform  s ig n if ic a n tly  

d i f f e r e n t  on the processes o f  sc ience  t e s t .  The F value o f 4 .11 fo r  in t e r 

ac tio n  was s ig n if ic a n t  beyond the .05 le v e l of s ig n if ic a n c e . There was a 

s ig n if ic a n t  in te ra c t io n  among v e rs io n  s tu d ie d , treatm ents and s tu d en ts ' 

performance on the  processes o f sc ience  t e s t .

Hypotheses eleven and tw elve. Based on the n o n -s ig n if ic a n t F
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va lu es  obtained  fo r  ve rs io n  and in te ra c t io n  (Table 11 and Table 13), 

hypotheses e leven  and twelve were accep ted . Acceptance o f hypothesis 

e leven  in d ic a ted  th a t  a f te r  a d ju s tin g  s t a t i s t i c a l l y  fo r  academic a b i l i ty ,  

BSCS b lue  and green vers io n  biology stu d en ts  d id  n o t perform s ig n if ic a n t ly  

d i f f e r e n t  on the p rocesses o f sc ience  t e s t ;  however. Table 11 in d ica ted  

th a t  th e re  was a s ig n if ic a n t  d iffe re n c e  in  BSCS blue v e rs io n  and green 

v e rs io n  biology s tu d e n ts ' performance on the achievement t e s t .

Hypothesis twelve was accepted; however, in  Table 13 th e re  was 

a s ig n if ic a n t  in te ra c t io n  between v e rs io n  s tu d ie d , trea tm en ts  and s tu 

d e n ts ' performance on the p rocesses o f science t e s t ,  bu t in  r e la t io n  

to  achievem ent, th e re  was no s ig n if ic a n t  in te ra c t io n  in d ic a ted  in  Table 

11.

Figure 4 p re sen ts  the s ig n if ic a n t  in te ra c t io n  among v e rs io n  

s tu d ie d , trea tm ents and BSCS b lue  and BSCS green v e rs io n  biology s tu 

d e n ts ' performance on the p rocesses o f science t e s t .

A s ig n if ic a n t  in te ra c t io n  in d ic a ted  whether the performance of 

s tu d en ts  on the p rocesses o f sc ience  t e s t  was re la te d  to  a p a r t ic u la r  

com bination of v e rs io n  s tu d ied  and trea tm en ts . An exam ination o f F igure 

4 re v e a ls  th a t  the s ig n if ic a n t  in te ra c t io n  was among BSCS blue v e rs io n  

and BSCS green v e rs io n  biology c la s se s  performance on the processes of 

science  t e s t  in  treatm ents A and B. The BSCS blue v e rs io n  c la sses  p e r

formed s ig n if ic a n t ly  h igher in  trea tm en t B, when compared to  trea tm en t A. 

The BSCS green v e rs io n  biology c la s se s  performed h igher in  trea tm en t A 

when compared to  treatm ent B, bu t the d iffe ren c e  was no t s ig n if ic a n t  a t  

the  .05 le v e l o f s ig n if ic a n c e .

Both the BSCS blue and BSCS green v e rs io n  biology c la sses
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performed h ig h e r on the p rocesses of science  t e s t  in  trea tm en t C, when 

compared to  trea tm en ts  A and B.

30
O Blue v ersion

25 ^  Green v e rs io n --------------

20

15
A djusted

Means
10

5

0
A B C

Treatments

F ig . 4 . In te ra c tio n  among v e rs io n  s tu d ie d , tre a tm en ts ,
and s tu d en t ad ju sted  p rocesses o f science means.

F indings P e rta in in g  to  Teachers' Classroom 
and Laboratory P rac tic e s

Hypotheses th i r te e n ,  fo u rteen , f i f te e n  and s ix te en  were concerned 

w ith  the e x te n t to  which the teach ing  p ra c tic e  and techniques o f the f iv e  

p a r t ic ip a t in g  teach e rs  conformed to those advocated by the BSCS course 

o b je c tiv e  and ph ilosphy . The Biology Classroom A c tiv ity  C heck lis t was 

used to  g a th er d a ta  fo r  an a ly s is  in  th is  sec tio n .

Hypothesis th ir te e n  s ta te d  th a t  there  i s  no s ig n if ic a n t  d i f f e r 

ence in  the classroom  p ra c tic e s  of b io logy teach ers  (s e c tio n  A through 

D combined), o f  the  BCAC, in  trea tm en t A, trea tm ent B and trea tm en t C.

H ypothesis fou rteen  s ta te d  th a t  there  is  no s ig n if ic a n t  d iffe ren c e
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in  the lab o ra to ry  p ra c tic e s  o f b io logy teachers  ( s e c t io n  E through G 

combined), o f th e  BCAC, in  trea tm en t A, trea tm en t B and trea tm en t C.

Hypothesis f i f t e e n  s ta te d  th a t  th e re  i s  no s ig n if ic a n t  d i f f e r 

ence in  the classroom  p ra c tic e s  (s e c tio n  A through D combined), and 

lab o ra to ry  p ra c tic e s  ( s e c tio n  E through G combined), between teach ers .

Hypothesis s ix te e n  s ta te d  th a t  th e re  i s  no s ig n if ic a n t  in te r 

ac tio n  among te a c h e rs , trea tm en ts  and the dependent v a r ia b le s ,  c la s s 

room and lab o ra to ry  p ra c tic e s  o f te ac h e rs .

The m u lt ip le - c la s s i f ic a t io n  an a ly s is  of v a rian ce  t e s t s  were 

computed to  t e s t  the hypotheses in  th is  s e c tio n .

Hypothesis th i r t e e n . Table 14 co n ta in s  a summary of the means 

and standard  d ev ia tio n  o f 282 ten th  grade s tu d e n ts ' sco res on the c la s s 

room p ra c tic e s  ( s e c tio n  A through D combined), o f the  Biology Classroom 

A c tiv ity  C h ec k lis t.

Table 14

C lass Means and Standard D eviation  Scores o f T eachers ' Classroom 
P ra c tic e s  (S ec tions A-D combined) on the  BCAC

Treatment A

Time Blocks 

Treatment B Treatment C

Teachers N X SD N X SD N X SD

1 16 68.19 10.62 24 71.29 12.12 20 65.15 9.99

2 15 50.33 10.18 23 43.83 9.23 28 52.29 9.34

3 24 54.21 9.16 21 49.19 6.77 22 60.82 8.97

4 23 52.70 11.86 17 45.71 12.93 12 51.75 11.97

5 12 42.08 8.70 12 47.33 14.66 13 50.92 13.06

Total 90 53.50 97 51.47 95 56.19
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The t e s t  f o r  v a rio u s  homogeneity re s u lte d  in  an F value o f  

1.59, which was la rg e r  than the 1.39 req u ired  fo r  s ig n ific a n ce  a t  the 

.05 le v e l .  F erguson 's  (1966) method o f computing expected equal f r e 

quencies was ap p lied  to  the  d a ta  and re s u lte d  in  b ia s  F te s t s  producing 

a la rg e r  p ro p o rtio n  o f  s ig n if ic a n t  F r a t io s .  T herefore, the in v e s t ig a to r  

decided to  use the  a n a ly s is  variance  t e s t  w ithou t ad ju s tin g  fo r  unequal 

c e l l  s iz e  on the  b a s is  th a t  th is  t e s t  was ro b u s t to the assumption of 

homogeneity of v a r ia n c e .

The r e s u l t s  o f  a n a ly s is  of v a rian ce  o f 282 biology s tu d e n ts ' 

scores on the classroom  p ra c tic e  (s e c tio n  A through D combined) on the 

Biology Classroom A c tiv ity  C heck list i s  summarized in  Table 15. The 

computed F r a t i o  o f 3.83 was la rg e r  than the 2.62 necessary  fo r  s i g n i f i 

cance a t  the  .05 le v e l .  Hypothesis th ir te e n  was re je c te d . There was a 

s ig n if ic a n t  d if fe re n c e  in  the classroom  p ra c tic e s  o f b iology te ach e rs  in  

the th ree  trea tm en t groups. A comparison o f the  to ta l  classroom  p ra c tic e  

means (T able 14) in d ic a te d  th a t  the mean o f 56.19 fo r  trea tm ent C was not 

only h igher than the  mean of 51.47 fo r  trea tm en t B and 53.50 fo r  trea tm ent 

A, bu t was s ig n if ic a n t ly  h igher a t  the  .05 le v e l .  There was no s ig n if ic a n t  

d iffe ren c e  in  the  t o t a l  classroom  p ra c tic e  means fo r  treatm ent A and t r e a t 

ment B. The F value o f 37.65 fo r teach ers  was s u b s ta n tia l ly  la rg e r  than 

the 3.36 necessary  fo r  s ig n ific a n ce  a t  the .01 le v e l w ith  4 and 267 degrees 

of freedom. There was a s ig n if ic a n t  d iffe ren c e  between the te a c h e rs ' c la s s 

room p ra c tic e s . The obtained  F value o f 3.33 was a lso  s ig n if ic a n t  a t  the 

.01 le v e l o f s ig n if ic a n c e , which in d ica ted  th a t  th e re  was a s ig n if ic a n t  

in te ra c t io n  among te a c h e rs , treatm ents and s tu d e n ts ' percep tion  of the 

classroom  p ra c tic e s  o f te ach e rs .
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Table 15

A nalysis o f Variance o f Classroom P rac tic e  D ifference 
Between Teachers and Treatments

Source of 
V aria tio n

Degrees o f 
Freedom

Sum of 
Squares

Mean
Squares F

Treatments 2 854.1 427.10 3.83*

Teachers 2 16,806.1 4,201.50 37.65**

In te ra c tio n 8 2,975.0 371.80 3.33**

W ithin 267 29,798.0 111.60

Total 281 50,433.1

* S ig n if ic a n t a t  the .05 le v e l .
** S ig n if ic a n t a t  the .01 le v e l .

H ypothesis fo u rtee n . Table 16 con tains a summary o f the means and 

standard  d ev ia tio n  sco res o f 282 te n th  grade biology s tu d e n ts ' percep tion  

of the lab o ra to ry  p ra c tic e s  o f teachers  (s e c tio n  E through G combined), 

of the Biology Classroom A c tiv ity  C h ec k lis t. A pre lim inary  t e s t  fo r 

variance  homogeneity y ie ld ed  an F r a t io  o f 1 .27 , which was sm aller than 

the 1.29 necessary  fo r  s ig n ific an ce  a t  the .05 le v e l ,  th e re fo re , the 

assumption o f variance  homogeneity was accepted.

The r e s u l t s  o f an a ly s is  of variance  t e s t  o f te a c h e rs ' lab o ra to ry  

p ra c tic e s  (s e c tio n  E through G combined), on the Biology Classroom A ctiv 

i ty  C heck lis t are contained in  Table 17. The F value o f 1.93 was no t 

s ig n if ic a n t  a t  the .05 le v e l . Hypothesis fourteen  was accep ted , in 

d ic a tin g  th a t  th e re  was no s ig n if ic a n t  d iffe ren c e  in  the lab o ra to ry  

p ra c tic e s  o f teachers  in  the th ree  trea tm en t groups. The computed F 

value o f 31.84 was s u b s ta n tia lly  la rg e r  than the 3.36 necessary  fo r
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Table 16

Class Means and Standard D eviation Scores o f Teachers' Laboratory 
P ra c tic e  (S ec tion  E - G combined) on the BCAC

Treatm ent A

Time Blocks 

Treatment B Treatm ent C

Teachers N X SD N X SD N X SD

1 16 69.94 8.70 24 68.33 7.82 20 63.80 10.41

2 15 57.67 8.44 23 45.78 7.03 28 50.65 8.13

3 24 57.67 7.70 21 53.29 10.14 22 59.91 8.49

4 23 51.13 13.11 17 50.29 8.28 12 47.91 7.11

5 12 53.67 11.06 12 56.33 13.81 13 52.62 12.65

Total 90 58.01 97 54.80 95 55.17

Table 17

A nalysis o f Variance o f Laboratory P rac tic e  D ifference 
Between Teachers and Treatments

Source of 
V aria tio n

Degrees of 
Freedom

Sum of 
Squares

Mean
Squares F

Treatments 2 350 175.00 1.93

Teachers 4 11,555 2,888.70 31.84**

In te ra c tio n 8 1,973 246.63 2.72**

W ithin 267 24,226 90.73

Total 281 38,104

** S ig n if ic a n t a t  the .01 le v e l ,  

s ig n if ic a n c e  a t  the  .01 le v e l. There was a s ig n if ic a n t  d iffe re n c e  in  the 

lab o ra to ry  p ra c tic e s  among teach e rs . The in te ra c t io n  F value o f 2.72 was
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a lso  s ig n i f ic a n t  a t  the .01 le v e l o f s ig n if ic a n c e . There was a s ig n if ic a n t  

in te r a c t io n  among trea tm en ts , te ach e rs  and s tu d e n ts ' p e rcep tio n  of the la b 

o ra to ry  p ra c tic e s  o f te ach e rs .

Hypothesis f i f te e n  and s ix te e n . The s ig n if ic a n t  F v a lu e , evidenced 

in  Tables 15 and 17, fo r  teach ers  and in te ra c t io n ,  re s u lte d  in  the  r e j e c t 

ion o f hypotheses f i f te e n  and s ix te e n . The d a ta  recorded in  Tables 14 and 

16 show the e x te n t to  which the  teach ing  approach and techniques advocated 

by BSCS were being used by the te ach e rs  p a r t ic ip a t in g  in  the study . Teacher 

1 e x h ib ite d  the  h ig h est degree o f conform ity , as in d ic a ted  by the o v e ra ll  

mean (68 .21 ) fo r  classroom  p ra c tic e  and (67.25) fo r lab o ra to ry  p ra c t ic e .

I t  was noted  th a t  out o f a p o ss ib le  score  o f 100, only Teacher 1 c la s s e s  

scored in  the  65-69 range. I t  was a lso  noted th a t  although th e re  were 

d if fe re n c e s  among the classroom  p ra c tic e  and lab o ra to ry  p ra c tic e  means 

o f te ach e rs  2, 4 and 5 , they were n o t s ig n if ic a n t ly  d i f f e r e n t .  T heir 

teach ing  approaches and techniques were perceived  by th e i r  s tu d en ts  as 

being very  s im ila r .

An i l l u s t r a t i o n  o f the s ig n i f ic a n t  in te ra c t io n  o f te a c h e rs , t r e a t 

ments and classroom  p ra c tic e  means i s  shown in  f ig u re  5. The graph in  

f ig u re  5 was con stru c ted  by p lo t t in g  the  p ra c t ic e  means in  trea tm en ts  A,

B and C fo r  each teacher (Table 14). An exam ination o f fig u re  5 in d ic a ted  

th a t  w ith  the  exception o f teach er 1, s tu d e n ts ' perceived  the classroom  

p ra c tic e  o f teach ers  to  be about the  same in  trea tm en t B. I t  was noted 

th a t  a lthough  the means in  the trea tm en t groups v a r ie d , the classroom  

p ra c tic e  o f  teach ers  2 and 3 were s im ila r  in  trea tm en ts  A, B and C. The 

teach ing  approach and techniques o f both teach ers  were perceived  by th e i r  

s tu d en ts  as conforming h ig h est to  the  p ra c tic e  recommended by the BSCS
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F ig . 5. In te ra c tio n  o f te a c h e rs , treatm ents and classroom  
p ra c tic e  means.

in  trea tm en t C and low est in  trea tm en t B. There was a s ig n if ic a n t  i n t e r 

ac tio n  among teach e rs  1 and 2, and the dependent v a r ia b le  in  trea tm en ts  A, 

B and C. A s ig n if ic a n t  in te ra c t io n  was a lso  noted among teachers  4 and 5 

in  trea tm en ts  A and B.

F igure  6 i s  a graph of the s ig n if ic a n t  in te ra c t io n  among te ac h e rs , 

trea tm en ts  and the lab o ra to ry  p ra c t ic e  means o f teachers in  Table 16. In  

g en era l, the p r o f i le  in  f ig u re  6 shows th a t  the s ig n if ic a n t  in te ra c t io n  

was p rim arily  due to  the d if fe re n c e  in  the  s tu d e n ts ' p e rcep tio n  of the 

lab o ra to ry  p ra c tic e s  o f th e i r  teach e rs  in  treatm ent B and trea tm en t C.

I t  was noted th a t  although the means v a rie d  from teacher to teach er in  

trea tm en t A, the s tuden ts  perceived  the lab o ra to ry  p ra c tic e s  o f teachers  

2, 3 , 4 and 5 to  be very s im ila r .
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F ig . 6. In te ra c tio n  among teach e rs , trea tm en ts  and 
lab o ra to ry  p ra c tic e .

Supplementary Data Relevant to Teachers D ifference 

The r e s u l t s  obtained in  sec tio n  four in d ic a ted  a s ig n if ic a n t  

d iffe re n c e  in  the  classroom  and lab o ra to ry  p ra c tic e s  o f teachers  (Table 

15 and 17). The purpose o f th is  sec tio n  was to  use the d a ta  obtained  

by the Biology Classroom A c tiv ity  C heck list to id e n tify  o r b rin g  more 

sharp ly  in to  focus s p e c if ic  classroom  and lab o ra to ry  p ra c tic e s  o f 

in d iv id u a l te ac h e rs .

Table 18 con ta in s a summary of demographical d a ta  on teach e rs  

1, 2, 3, 4 and 5. The teachers  are c la s s i f ie d  according to  sco res on 

the lab o ra to ry  f a c i l i t i e s  c h e c k lis t ,  age, number o f years  teach ing  

b io logy , years of experience teach ing  a BSCS course, p re p a ra tio n  fo r 

teach ing  BSCS and graduate and undergraduate hours in  biology.

In  o rder to  id e n tify  b a s ic  d iffe re n c e s , teach ers  1, 2, 3 and 

5 were s e le c te d  fo r  comparison. These teachers  were se le c ted  because
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teach ers  1 and 3 's  s tuden ts o v e ra ll understanding  of the processes of 

science and achievement in  BSCS biology were s ig n if ic a n tly  h igher than 

teachers  2 and 5 . Teacher 4 's  s tu d en ts  performance on the two dependent 

v a r ia b le s  were very  s im ila r  to  teach er 5 , th e re fo re , teacher 4 was no t 

included .

I t  should be pointed ou t th a t  teachers  4 and 5 had been teaching 

BSCS biology th e  few est number o f y e a rs , and had received  the  le a s t  amount 

o f p rep a ra tio n  fo r  teaching BSCS b io logy . I t  was a lso  noted th a t  teachers 

2 and 5 had the  low est labora to ry  f a c i l i t i e s  c h e c k lis t  sco res , 295 and 246, 

re sp e c tiv e ly .

Table 18

Demographical Data on the Five Teachers

Prep- Under-
Years o ra tio n  Years Graduate

LFC Teaching Teaching Teaching Hours Graduate
Teacher Score Age Biology BSCS BSCS Biology Hours

1 337 30-39 10-15 Summer
In s t i tu te

3-5 16-30 16-30

2 295 40-49 16/more In -se rv ice  
& co llege 
course

6-9 31-45 1-15

3 364 20-29 6-9 College
course

3-5 31-45 16-30

4 327 20-29 2 /le s s 2-week
workshop

2 /le s s 31-45 1-15

5 246 30-39 2 /le s s None 2 /le s s Over 45 1-15

As p rev io u sly  reported  in  Chapter I ,  the Biology Classroom A ctiv 

i t y  C h eck lis t was composed of seven sec tio n s  as follow s:



75

S ection  Â - Role o f the teach e rs  in  classroom

S ection  B - S tudent p a r t ic ip a t io n  in  the  classroom

S ection  C - Use o f textbook and re fe re n ce  m a te ria l

S ec tion  D - Design and use o f t e s t s

S ec tion  E - P rep ara tio n  fo r  lab o ra to ry

S ec tion  F - Type of a c t i v i t i e s

S ec tion  G - Laboratory follow -up a c t i v i t i e s

S ec tions A through D combined, measure the classroom  p ra c tic e  

and se c tio n  E through G combined, the lab o ra to ry  p ra c tic e  o f teach e rs .

Table 19 con ta in s a summary of mean scores fo r  teach e rs  1, 2,

3 and 5 on sec tio n s  A through G o f the BCAC. I t  should be po in ted  out

th a t  the h ig h er the mean sco re , the more the teach ing  p ra c tic e s  and

techniques conform to those advocated by the BSCS course o b jec tiv es  

and philosophy. The g re a te s t  v a r ia t io n  between teacher 1 and teachers  

2, 3 and 5 was in  se c tio n  D, design  and use o f t e s t s ;  se c tio n  E, p rep ar

a tio n  fo r  lab o ra to ry ; sec tio n  A, ro le  o f the  teach er in  the classroom ; 

se c tio n  F, s tu d en t p a r t ic ip a t io n  in  the  classroom ; and se c tio n  G, lab 

o ra to ry  follow -up a c t i v i t i e s .  Teacher 3 d if f e r e d  from teach ers  2 and 

5 in  s e c tio n  C, the use o f textbook and re fe ren ce  m a te r ia l; se c tio n  D, 

use and design  of t e s t s ;  sec tio n  E, p re p a ra tio n  fo r lab o ra to ry ; and 

se c tio n  G, lab o ra to ry  follow -up a c t i v i t i e s .

F igure  7 shows the four s e le c t  te a c h e rs ' mean scores on sec tio n  

A through G, on the BCAC. The graph in  f ig u re  7 was co n stru c ted  by com

b in in g  the sco res o f a l l  the  th ree  c la s s e s  on each se c tio n  o f the BCAC 

in  the  th re e  c la sse s  taugh t by teach e rs  1, 2, 3 and 5.
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Table 19

Teachers Mean Scores on Section  A through G on the BCAC

Teacher A B C
S ections

D E F G T otal

1 70.66 61.90 60.00 73.90 74.17 65.03 60.89 67.15

2 49.12 52.93 52.55 32.76 52.85 45.61 51.67 49.34

3 57.23 53.00 61.15 47.33 58.19 51.94 58.43 56.23

5 56.00 41.74 46.77 34.35 53.18 51.68 51.15 49.10

BCAC
Scores
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C D
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F ig . 7. Teachers mean sco res  on sec tio n  A through G of 
the Biology Classroom A c tiv ity  C h eck lis t.



77

S p ec ific  item s on the lab o ra to ry  p ra c tic e  (s e c tio n  E through G 

combined) and the classroom  p ra c tic e  (s e c tio n  A through D combined) of 

BCAC t e s t  have been se le c te d  fo r  study to  id e n tify  some b a s ic  d iffe ren c e  

between te a c h e rs ' classroom  and lab o ra to ry  p ra c tic e . S p ec ific  item s on 

the classroom  p ra c tic e  o f teachers  ( s e c tio n  A through D combined) o f  the 

BCAC have been se le c te d  fo r study and s tu d e n ts ' p o s itiv e  responses on 

these item s are  given in  Table 20.

Table 20

Student Response to  Selected  Items on Classroom P ra c tic e  
(S ec tio n  A through D combined) o f the BCAC 

fo r  Four S e lec t Teachers

S ection  and Item

Percent o f P o s itiv e  Response 

Teacher 1 Teacher 2 Teacher 3 Teacher 5

A1 Much o f our c la s s  time i s  
spen t l is te n in g  to  our 
teach e r t e l l  us about 
b io logy . 45

A3 I f  th e re  i s  a d iscu ss io n  
among s tu d e n ts , the teacher 
u su a lly  t e l l s  us who i s  
r ig h t .  28

A4 My teach e r o f te n  rep ea ts  
alm ost ex ac tly  what the 
textbook says. 66

A6 My teach er shows us th a t 
b iology has alm ost a l l  o f 
the  answers to  questions 
about liv in g  th in g s . 60

Bl My job i s  to  copy down and 
memorize what the  teacher 
t e l l s  us. 64

B4 Classroom dem onstrations
are  u su a lly  done by s tu d en ts  
r a th e r  than by the teach er. 40

20

32

25

42

24

22

40

46

59

12

35

24

58

29

33

41
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Table 20 (continued)

P ercen t o f P o s itiv e  Response 
Section  and Item Teacher 1 Teacher 2 Teacher 3 Teacher 5

B7 Most o f the qu estio n s  
th a t  we ask in  c la s s  
are  to  c le a r  up what 
the  te ach e r o r te x t
has to ld  us 15 9 9 22

Cl When read ing  the te x t ,  
we are  expected to  le a rn  
most o f the  d e ta i l s  th a t
are  s ta te d  th e re  26 29 24 20

C2 We freq u en tly  a re  r e 
q u ired  to  w rite  out 
d e f in i t io n s  to  word
l i s t s  85 60 76 29

Dl Our t e s t s  inc lude  many 
q u estio n s  based on th ings 
th a t  we have learn ed  in
the  lab o ra to ry  85 33 51 40

D2 Our t e s t s  o fte n  ask us 
to  w r ite  ou t d e f in i t io n s
o f terms 83 16 75 14

D5 Our t e s t s  o fte n  give us 
new d a ta  and ask us to  
draw conclusions from
th ese  d a ta  69 22 34 37

D6 Our t e s t s  o fte n  ask us 
to  pu t la b e ls  on draw
ings 78 38 37 20

Table 21 shows s p e c if ic  item s on the lab o ra to ry  p ra c tic e  o f 

te a c h e rs , s e c tio n  (E through G combined), o f the  BCA.C and s tu d e n ts ' 

p o s itiv e  responses on th ese  item s. A nalysis o f the  item s l i s te d  in  

Table 20 and Table 21 can r e s u l t  in  the form ation of some statem ents 

concerning the d iffe re n c e  in  the p ra c tic e s  employed by th ese  four
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Table 21

Student Response to  Selected  Items on Laboratory P rac tic e  
(S ec tion  E through G combined) of the BCAC 

fo r Four S e le c t Teachers

P ercent of P o s itiv e  Response 
Section and Item  Teacher 1 Teacher 2 Teacher 3 Teacher 5

El My teach er u su a lly  t e l l s  
us s tep -b y -s tep  what to
do in  the labo ra to ry . 85 6 36 32

E5 We o fte n  use the lab 
o ra to ry  to  in v e s t ig a te  
a problem th a t  comes up
in  c la ss , 56 9 21 32

E8 We u su a lly  know the answer 
to  a lab o ra to ry  problem th a t  
we a re  in v e s t ig a tin g  before
we begin the  experim ent 87 68 68 56

F5 We are  sometimes asked to  
design our own e x p e ri
ments to  answer a question
th a t  puzzles u s . 29 17 15 40

F6 We o fte n  ask the  teacher 
i f  we a re  doing the r ig h t
th in g  in  our experim ent. 11 20 15 17

F8 We spend le s s  than one- 
fo u rth  o f our time in  
biology doing lab o ra to ry
work. 83 17 16 51

F9 We never have the chance 
to  try  our own ways of 
doing the lab o ra to ry
work. 36 32 44 50

65 We are  allowed to  go 
beyond the re g u la r  lab 
o ra to ry  e x e rc ise  and to  
do some experim enting on
our own. 15 18 27 27
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te ac h e rs . Teacher 1 conveyed the Im pression th a t biology was n o t complete 

(A6). This teach er d id  no t use le c tu r in g  as the primary method of teach 

ing (A l), and h is  s tu d en ts  were no t expected to  le a rn  as much d e ta i l  (C2). 

His te s t s  were le s s  tex tbook-con ten t o rien ted  (D l, D5 and d6 ), and h is  labs 

were more in v e s t ig a tiv e  (E8) and le s s  r ig id  (G5).

Teachers 2, 3 and 5 conducted c la s se s  th a t  were more teach e r domi

nated (A3 and Bl) w ith emphasis on le c tu r in g  (Al) and the te x t  as the major 

means o f teaching  the c la s s  (A4, B7 and C l). Their c la s se s  had le s s  s tu 

dent p a r t ic ip a t io n  (B4) w ith  more emphasis on w ritin g  ou t answers to  ques

tio n s  (B3) and s tu d e n ts ' le a rn in g  more d e ta i l  (02 ). Their t e s t s  were 

tex tbook-con ten t o rien ted  w ith  emphasis on r e c a l l  (D l, D2, D5 and d6 ) .

Their la b o ra to r ie s  were more teach er d ire c te d  (E l) , r ig id  (G5 and F5) 

and more i l l u s t r a t i v e  than in v e s t ig a tiv e  (E8).



CHAPTER V

SUMMARY, MAJOR FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

Summary

The newer c u r r ic u la r  s tu d ie s , sponsored by the  N ational Science 

Foundation, have p laced  more emphasis on the la b o ra to ry  as a p lace where 

the many aspec ts  o f " s c i e n t i f i c  inqu iry" are in tro d u ced , developed and 

p ra c tic e d . In  1963-64, the  Oklahoma C ity Public  School System adopted 

one o f the  new c u r r ic u la r  s tu d ie s , the B io lo g ica l Science Curriculum 

Study (BSCS). The BSCS b lu e  and green v e rs io n  b io logy  courses were 

implemented in  a l l  h igh schoo ls as the f i r s t  y ear course in  biology.

A ll biology c la s s e s  were tau g h t in  the t r a d i t io n a l  schedule o f 55 minute 

p e rio d s , f iv e  tim es a week.

In  1971, a "tim e b lock" schedule was developed and implemented in  

a l l  bu t two o f the h igh schools in  Oklahoma C ity . Under the "time block" 

schedule, BSCS b io logy  c la s s e s  were meeting fo r  e i th e r  145 m inutes, tw ice 

a week; 70 m inutes, fou r tim es a week; or 55 m inu tes, f iv e  times a week. 

The to ta l  amount o f  tim e devoted to  biology in s t r u c t io n  each week was 280, 

280 and 275 m inutes re s p e c tiv e ly . Students e n ro lle d  in  the  145 minute 

period  receiv ed  a f iv e  m inute break half-way through the  p e rio d , account

ing fo r the  280 m inutes per week, in s tead  of 290 m inu tes.

The purpose o f th i s  in v e s tig a tio n  was to  determ ine the e f fe c ts  o f 

c la s s  pe rio d  leng th  and frequency of meetings on b io logy  s tu d en ts ' under-

81
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stand ing  o f the  p rocesses o f sc ience  and th e i r  achievement in  BSCS 

biology.

The f i r s t  p a r t  o f th i s  study was concerned w ith  the p o ssib le  

s ig n if ic a n t  d if fe re n c e  o f h igh, medium and low a b i l i t y  te n th  grade 

s tu d e n ts ' understand ing  of the p rocesses o f science and th e i r  ach ieve

ment in  BSCS bio logy  in  treatm ent A, trea tm en t B, and trea tm en t C.

The second p a r t  of th is  study compared te n th  grade s tu d e n ts ' 

achievement in  BSCS biology and th e i r  understanding  o f the  processes 

o f  science  in  trea tm en t A and trea tm en t B w ith  s tu d en ts  e n ro lled  in  

trea tm en t C.

An in v e s t ig a t io n  was a lso  made o f  two secondary problems th a t  

r e la te d  to  the m ajor problem under co n sid e ra tio n :

1. Is  th e re  a s ig n if ic a n t  d iffe re n c e  in  BSCS blue ve rs io n

and BSCS green v e rs io n  biology s tu d e n ts ' understanding of the processes 

o f sc ience  and th e i r  achievement in  BSCS biology in  c la s se s  th a t  met 

fo r  d i f f e r e n t  len g th s  o f time and frequency?

2. I s  th e re  a s ig n if ic a n t  d iffe ren c e  between b iology te a c h e rs ' 

classroom  and lab o ra to ry  p rac tices?

The sample co n sis ted  of f iv e  teach e rs  and 286 te n th  grade s tu 

den ts e n ro lle d  in  f i f t e e n  in ta c t  b io logy c la s s e s . A to ta l  o f 128 s tu 

den ts and two teach e rs  were using  the  BSCS blue v e rs io n  course in  two 

sch o o ls , and th re e  teachers  and 158 s tu d en ts  were using  the  BSCS green 

v e rs io n  course in  th e  o ther th ree  high schools.

The sample was se lec ted  by id e n tify in g  teach ers  who were teach 

ing a BSCS blue o r green v e rs io n  biology c la s s  during  a l l  th ree  time
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block  v a r ia t io n s .  Only those teachers who had received  sp ec ia l t ra in in g  

o r had taugh t a BSCS bio logy  course fo r one y ear o r  more were included 

in  th is  study . Biology c la s se s  th a t met in  the  afternoon  were se le c ted  

from each o f the th ree  tim e block v a r ia t io n s  o f each teach er. Three t r e a t 

ment groups were used in  each of the p a r t ic ip a t in g  high schoo ls, t r e a t 

ment A, 145 m inutes; trea tm en t B, 70 m inu tesÎ and trea tm en t C, 55 min

u te s .

The p o s t te s t-o n ly  co n tro l group d esig n , employing an a ly s is  of 

covariance was s e le c te d  fo r  th is  study . The a p p lic a tio n  o f a n a ly s is  o f 

covariance provided an in c rease  in  the power o f s ig n if ic a n c e  t e s t  sim

i l a r  to  th a t  provided by a p r e te s t . .

S tandardized t e s t s  were adm inistered in  March, 1972 to  gather 

d a ta  on the s tu d e n ts ' understanding  of the  p rocesses o f science  and th e i r  

achievement in  BSCS b io lo g y . The two s tan d a rd ized  te s t s  used to  ga ther 

d a ta  were the Comprehensive F ina l Exam ination. Form J ,  to  measure s tu 

den ts achievement in  b io lo g y , and the Processes o f  Science T es t. Form A, 

to  measure s tu d e n ts ' understanding  of the  p ro cesses o f sc ien ce . Achieve

ment sco res were ob ta ined  fo r  282 s tu d e n ts . Four s tuden ts  were absent 

on the day the achievement t e s t  was adm in istered .

A th ir d  in s tru m en t, the Biology Classroom A c tiv ity  C h ec k lis t, 

was adm inistered  in  February , 1972, to  g a th e r  d a ta  on s tu d e n ts ' p e rcep tio n  

o f a c tu a l classroom  and lab o ra to ry  p ra c tic e s  of te ac h e rs , as they r e la te d  

to  the  philosophy and o b je c tiv e s  o f the BSCS course .

A ll answer sh ee ts  were hand scored . A c la s s  mean was computed 

fo r  each o f the s tan d ard ized  te s t s  and the Biology Classroom A c tiv ity  

c h e c k lis t .
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In  February , 1972, each teacher completed a labo ra to ry  f a c i l i 

t ie s  c h e c k lis t  to  provide inform ation  on the lab o ra to ry  f a c i l i t i e s  in  

each school.

S tu d en ts ' scores on the combined v e rb a l reasoning and num erical 

a b i l i ty  components o f the D if fe re n tia l  A p titude  Test were obtained from 

the c e n tra l  o f f ic e .  The DAT VR+NA scores were used as the co n tro l or 

co v aria te  in  computing an a ly s is  o f covariance te s t s  and to  c la s s ify  s tu 

dents in to  h igh , medium and low a b i l i ty  groups.

Data concerning the re la tio n sh ip  and s ig n if ic a n t  d iffe ren ce  of 

treatm ents and teach e rs  on the dependent v a r ia b le s  were analyzed by 

computing m u l t ip le - c la s s if ic a t io n  an a ly s is  o f covariance F t e s t s .  Analy

s is  of covariance te s t s  were a lso  used to  determ ine the  e f fe c ts  of v e rs io n  

stud ied  and trea tm en ts  on the two dependent v a r ia b le s .

The e f f e c t s  o f the independent v a r ia b le s ,  s tu d en t a b i l i ty  le v e l ,  

te a c h e rs ' classroom  and lab o ra to ry  p ra c t ic e s ,  and trea tm en ts, on the two 

dependent v a r ia b le s  were te s te d  by m u lt ip le - c la s s i f ic a t io n  an a ly s is  of 

variance F t e s t s .  The .05 le v e l o f s ig n if ic a n c e  was adopted fo r accep

tance or r e je c t io n  of the s ta te d  hypotheses.

Major Findings

1. When the raw scores on the DAT VR+NA were used to  c la s s ify  

s tuden ts  in to  h igh a b i l i ty  (41-99), medium a b i l i t y  (27-40), and low a b i l 

i ty  (0-26) g roups, the follow ing re su lte d  w ith  regard  to  the .05 lev e l 

of s ig n if ic a n c e :

a. High, medium and low a b i l i ty  te n th  grade biology studen ts  

d id  no t achieve s ig n if ic a n t ly  d i f f e r e n t  in  trea tm en t A (145 m inu tes), 

trea tm ent B (70 m inu tes), and treatm ent C (55 m inu tes).
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b . High, medium and low a b i l i ty  ten th  grade b io logy  s tu d e n ts ' 

performance on the p rocesses o f  science t e s t  was s ig n if ic a n t ly  h igher in  

trea tm en t C than in  trea tm en t B. There was no s ig n i f ic a n t  d iffe ren ce  in  

th e ir  performance on the p rocesses o f science t e s t  in  trea tm en t A and 

treatm ent C, o r  in  trea tm en t A and treatm ent B. However, when high, 

medium and low a b i l i ty  s tu d e n ts ' processes o f sc ience  means were compared 

across trea tm en t groups, low and medium a b i l i ty  s tu d e n ts ' performed s ig 

n i f ic a n t ly  h igher in  trea tm en t C, w hile high a b i l i ty  s tu d e n ts ' performance 

was s ig n if ic a n t ly  h igher in  trea tm en t A.

c . The main e f f e c t  v a r ia b le ,  a b i l i ty ,  was s ig n if ic a n t  a t  the .01 

le v e l ,  in d ic a tin g  th a t  s tu d e n ts ' performance on the  BSCS achievement t e s t  

and processes o f science t e s t  was highly dependent on academic a b i l i ty .

d . There was no s ig n if ic a n t  in te ra c tio n  between the main e f f e c t  

v a r ia b le s ,  trea tm en t and a b i l i t y  le v e l , and s tu d e n ts ' performance on the 

processes o f  science t e s t  and achievement t e s t .

2 . When s tu d e n ts ' DAT VR+NA scores were used as a co v aria te  to  

c o n tro l fo r  d iffe ren c es  in  academic a b i l i ty ,  the fo llow ing  re su lte d  w ith 

re sp ec t to  s tu d e n ts ' perform ance on the two dependent v a r ia b le s  in  the 

th ree  trea tm en t groups:

a . Tenth grade b io logy  students achieved s ig n if ic a n t ly  h igher 

in  trea tm en t C, than in  trea tm en t B, a t  the .05. le v e l .  There was no 

s ig n if ic a n t  d iffe ren c e  in  th e i r  achievement in  trea tm en t A and treatm ent 

C, o r in  trea tm en t A and trea tm en t B.

b . Tenth grade b io logy  s tu d en ts ' performance on the  processes 

of science  t e s t  was no t s ig n if ic a n t ly  d if f e r e n t  in  any o f the th ree  

trea tm en t groups.
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c . The e f f e c t  o f the classroom  te ach e r on s tu d e n ts ' performance 

on the p rocesses o f science t e s t  and BSCS biology achievement t e s t  was 

h ighly  s ig n i f ic a n t  a t  the .01 le v e l o f confidence,

d . A s ig n if ic a n t  In te ra c tio n  was noted between the main e f f e c t  

v a r ia b le s ,  te ac h e rs  and tre a tm e n ts , and s tu d e n ts ' performance on the BSCS 

achievement t e s t ,  and the p rocesses o f sc ien ce  t e s t .  A source o f th is  

s ig n if ic a n t  In te ra c t io n  was between te ac h e rs  and the d iffe re n c e  In  s tu 

d e n ts ' perform ance on the achievement t e s t  In  the longer time b lo ck s, 

trea tm en t A and trea tm en t B. Another source of th is  s ig n if ic a n t  I n te r 

a c tio n  was between teachers  and the  d if fe re n c e s  In s tu d e n ts ' performance 

on the p rocesses o f science t e s t  In  the  s h o r te s t  and lo n g est time b lo ck s, 

trea tm en t C and trea tm en t A, r e s p e c tiv e ly .

3. When academic a b i l i t y  was c o n tro lle d , the follow ing re su lte d  

w ith  re s p e c t to  BSCS blue and BSCS green v e rs io n  biology s tu d e n ts ' perform 

ance on the two dependent v a r ia b le s  In  th e  th ree  trea tm en t groups:

a . BSCS b lu e  and BSCS green v e rs io n  biology c la s se s  d id  no t 

perform  s ig n if ic a n t ly  d i f f e r e n t  on the  achievement t e s t  In  trea tm en ts  A,

B o r C.

b . BSCS b lue  and BSCS green v e rs io n  biology c la s se s  d id  no t 

perform  s ig n i f ic a n t ly  d i f f e r e n t  on the  p rocesses o f science t e s t  In  t r e a t 

ments A, B o r  C.

c . Biology c la sse s  using  e i th e r  the  BSCS blue v e rs io n  or th e  

BSCS green v e rs io n  d id  not perform  s ig n if ic a n t ly  d if f e r e n t  on the p ro 

cesses o f sc ien ce  t e s t .  However, s tu d en ts  In  the BSCS blue v e rs io n  

biology course  d id  perform s ig n if ic a n t ly  h igher on the BSCS achievement 

t e s t  than d id  s tu d en ts  In  the BSCS green v e rs io n  biology cou rse .
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d . There was no s ig n if ic a n t  in te ra c t io n  among the  main e f f e c t  

v a r ia b le s ,  v e rs io n  and trea tm en ts , and s tu d e n ts ' performance on the ach ieve

ment t e s t s ;  however, th e re  was a s ig n if ic a n t  in te ra c t io n  between v e rs io n  

s tu d ie d , and s tu d e n ts ' performance on the  p rocesses o f science  t e s t  in  

the two long time b lo ck s, trea tm en t A and trea tm en t B.

4 . The s tu d e n ts ' scores on the  BCAC, w ith  re sp e c t to  th e i r  

te a c h e rs ' classroom  and lab o ra to ry  p ra c tic e s  in  the  th ree  treatm ent 

groups, r e s u l te d  in  the  fo llow ing:

a . There was a s ig n if ic a n t  d iffe re n c e  in  the  classroom  p ra c tic e s  

o f b io logy  teach e rs  in  the th re e  trea tm en t groups. The classroom  p ra c tic e  

mean o f 56.19 in  trea tm en t C was n o t only h igher than  the mean o f 51.47

in  trea tm en t B, and 54.50 fo r trea tm en t A, b u t was s ig n if ic a n t ly  h igher 

a t  the .05  le v e l .  There was no s ig n if ic a n t  d if fe re n c e  in  the  to ta l  c la s s 

room p ra c t ic e  means in  trea tm en t A and trea tm en t B.

b . There was no s ig n if ic a n t  d iffe ren c e  in  the  to t a l  mean la b 

o ra to ry  p ra c t ic e s  o f teach ers  in  the  th ree  trea tm en t groups; however, 

teach e rs  d id  d i f f e r  s ig n if ic a n t ly  in  th e i r  in d iv id u a l classroom  and la b 

o ra to ry  p ra c t ic e s .

c . There was a s ig n if ic a n t  in te ra c t io n  between the main e f f e c t  

v a r ia b le s ,  te ach e rs  and trea tm en ts  and s tu d e n ts ' p e rcep tio n  of the c la s s 

room and la b o ra to ry  p ra c tic e s  o f  te a c h e rs . One source o f in te ra c t io n  was 

the  d if fe re n c e  in  s tu d e n ts ' p e rcep tio n  o f the classroom  p ra c tic e s  o f teach 

e rs  in  the  lo n g est and s h o r te s t  time b lo ck s, trea tm en t A and C, re sp e c tiv e ly . 

The source o f  in te ra c t io n  fo r  lab o ra to ry  p ra c tic e s  was the  d iffe ren c e  in

the s tu d e n ts ' p e rcep tio n  of th e i r  te a c h e rs ' lab o ra to ry  p ra c tic e s  in  t r e a t 

ment B and trea tm en t C.
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Conclusions

The major fin d in g s  o f th is  study suggest th a t :

1. Teacher c h a r a c te r is t ic s  were more im portant in  determ ining 

outcomes in  BSCS biology than any imposed e x te rn a l arrangement o f time 

b locks.

2. The teach ing  p a tte rn s  o f teach e rs  were independent o f the  

time block leng th . Teachers d id  not n e c e ssa r ily  change th e i r  teach ing  

approach or method ju s t  because the  time b lock  len g th  was changed.

3. S tu d en ts ' understand ing  of the  p rocesses o f science and 

achievement in  a p a r t ic u la r  time block appeared to  depend on whether 

the teaching  methods and techniques used by the classroom  teach er were 

ap p ro p ria te  to  the len g th  of the  period .

4. The teach ing  methods and techniques o f the teacher were 

probably more im portan t to  s tu d e n ts ' understanding  of the processes of 

sc ience  than a te a c h e rs ' use o f  one of the BSCS v e rs io n s .

5. Tenth grade b io logy s tu d en ts  probably can achieve as w ell in  

c la s s e s  th a t  meet fo r  a longer period  and le s s  freq u en tly  than t r a d i t io n 

a l ly  scheduled c la s se s  i f  the  teach ing  approach i s  app ro p ria te  to  the 

len g th  o f the c la s s  p e rio d .

6. Because of the  h ig h ly  s ig n if ic a n t  d iffe re n c e  in  te a c h e rs , th is  

study fa i le d  to  dem onstrate co n clusive ly  th a t  a p a r t ic u la r  period  leng th  

and frequency o f c la s s  Meeting was more conducive than t r a d i t io n a l ly  

scheduled c la sse s  fo r  teach ing  an inqu iry  lab o ra to ry  o rien ted  science 

cou rse , such as BSCS bio logy.
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Recommendations

I t  «as recommended th a t:

1. This study  be d u p lica ted , u sing  the same time block v a r ia 

t io n s , a f te r  te ach e rs  have received  in -s e rv ic e  tra in in g  on the a d ju s t

ment o f  course co n ten t and teaching methods to  longer blocks o f tim e.

2. A study be conducted using  one e x te rn a l arrangement of 

period  le n g th , and compare outcomes ob ta ined  by using teachers w ith  

d i f f e r e n t  c h a r a c te r i s t ic s .

3 . A study be conducted to  f in d  the most e f fe c t iv e  way of 

adapting the BSCS course m a te ria ls  to  time b locks o f d i f f e r e n t  le n g th s .

4 . The use  o f the time block schedule fo r  the teaching  of BSCS 

biology be continued  in  the Oklahoma C ity  p u b lic  schools, w ith  in te n s iv e  

in -s e rv ic e  t r a in in g  fo r  teachers  in  the  development of teaching  methods 

th a t conform to  those advocated by BSCS, and the  adap ta tion  of the  BSCS 

m a te ria ls  to  d i f f e r e n t  blocks of tim e. In  a d d itio n , teachers should r e 

ceive t r a in in g  in  the  development o f a v a r ie ty  o f teaching techniques 

ap p licab le  to  d i f f e r e n t  leng ths o f tim e, and s tu d en ts  o f d i f f e r e n t  a b i l i 

t i e s .

5. A d m in is tra to rs , when developing schedules, should give 

se rio u s  c o n s id e ra tio n  to  matching teach ers  w ith  time block len g th s , 

and scheduling  low a b i l i ty  s tuden ts  fo r  b io logy  courses o th e r than 

the BSCS blue and green v ers io n  b io logy , p re fe ra b ly  in  sh o rte r  time 

b locks.
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Table 22

Scores on the Comprehensive F in a l Examination and DAT VR+NA T ests for Teacher No  ̂ I

Treatm ent A Treatm ent B Treatm ent C

s tu d e n t No. CFE DAT VR-HJA CFE DAT VR+NA CFE DAT VR+NA

1 22 53 25 56 23 54

2 37 62 35 66 25 40

3 14 54 32 68 23 35

4 21 15 15 23 32 62

5 32 55 19 41 27 63

6 20 20 14 26 12 18

7 21 23 26 60 26 56

8 22 19 33 38 23 44

9 19 22 26 61 23 26

10 31 76 38 59 32 52

11 24 36 18 29 28 53

12 30 77 40 63 23 31

VO
•vl



Table 22 - Continued

Treatm ent A T reatm ent B T reatm ent C

s tu d e n t No. CFE DAT VR+NA CFE DAT VR+NA CFE DAT VR+NA

13 21 59 28 39 20 35

14 32 56 19 42 21 65

15 31 49 27 69 27 58

16 17 35 18 47 20 39

17 31 52 16 44

18 42 70 22 26

19 25 47 25 32

20 20 21 11 33

21 28 46

22 16 34

23 22 41

24 16 43

S



Table 23

Scores on the Comprehensive F in a l Examination and DAT VR+NA T ests for  Teacher No. 2

Treatm ent A Treatm ent B Treatm ent C

s tu d e n t No. CFE DAT VR+NA CFE DAT VR+NA CFE DAT VR+NA

1 16 25 11 23 40 61

2 32 74 26 68 8 17

3 16 38 14 19 23 59

4 21 51 14 14 18 18

5 17 23 18 52 21 41

6 17 24 12 19 16 27

7 20 25 18 33 16 23

8 20 41 14 35 16 55

9 22 22 27 39 10 52

10 25 68 14 24 10 23

11 13 25 28 74 25 38

12 17 43 15 48 12 22

13 7 36 19 49 35 78

14 17 42 18 34 16 30

so
so



Table 23 - Continued

Treatm ent A T reatm ent B Treatm ent C

S tu d en t No. CFE DAT VR+NA CFE DAT VB+NA CFE DAT VR+NA

15 22 36 15 43 26 60

16 10 16 18 49

17 13 28 24 37

18 14 24 16 34

19 20 24 17 16

20 22 65 15 32

21 24 37 32 54

22 9 55 8 28

23 17 24 24 22

24 11 31

25 17 26

26 18 46

27 23 32

28 20 28

§



Table 24

Scores on the Comprehensive F in a l Examination and DAT VR+NA T ests for  Teacher No.3

Treatm ent A Treatm ent B Treatm ent C

S tuden t No. CFE DAT VR+NA CFE DAT VR+NA CFE DAT VR±NA

1 13 18 15 37 17 39

2 22 31 13 25 18 23

3 22 18 14 27 16 51

4 25 37 9 35 20 38

5 16 40 15 23 20 46

6 21 32 16 34 17 25

7 20 59 18 19 22 28

8 15 28 19 29 19 46

9 23 32 19 55 17 35

10 27 61 16 34 15 30

11 18 37 16 44 14 45

12 22 49 21 36 25 45

13 15 32 21 23 20 28

14 24 43 27 62 21 47



Table 24 -  Continued

Treatm ent A Treatm ent B Treatm ent C

s tu d e n t No. CFE DAT W^NA CFE DAT VR+NA. CFE DAT VR+NA

15 21 38 20 33 15 28

16 14 44 14 33 22 33

17 17 47 20 47 32 57

18 12 30 18 33 13 35

19 14 34 15 35 23 37

20 13 34 11 26 19 47

21 21 32 22 16 19 18

22 16 31 18 25

23 25 34

24 22 41

oto



Scores

Table 25

on th e  Comprehensive F in a l Exam ination and DAT VR+NA T ests fo r  Teacher So. 4

Treatm ent Â Treatm ent B Treatm ent C

S tu d en t No. CFE EAT VR+NAl CFE DAT VR+NA CFE DAT VR+NA

1 11 28 15 19 12 28

2 17 59 16 29 14 18

3 10 22 15 42 16 17

4 12 17 8 29 11 36

5 11 20 8 28 18 21

6 9 28 20 23 11 23

7 9 19 23 56 9 18

8 9 39 12 15 6 12

9 10 42 16 18 12 36

10 11 22 13 46 12 24

I I 8 26 8 18 12 23

12 10 22 10 13 13 15

13 9 19 13 21

14 14 25 18 21

h -*

S



Table 25 -  Continued

Treatm ent A Treatm ent B Treatm ent C

S tuden t No. CFE DAT VR+NA CFE DAT VR+NA CFE DAT VR+NA

15 18 17 13 20

16 10 29 12 24

17 13 34 13 56

18 11 15

19 19 19

20 11 19

21 11 28

22 18 32

23 10 23

°



Table 26

Scores on the Comprehensive F inal Examination and DAT VR+NA T ests for  Teacher No. 5

Treatm ent A T reatm ent B: Treatm ent C

S tu d en t No. CFE DAT VR+NA CFE DAT VR+NA CFE DAT VR+NA

1 16 19 12 25 7 13

2 15 15 17 37 13 35

3 19 31 10 14 14 23

4 16 31 12 19 9 15

5 16 24 8 24 12 35

6 15 31 14 29 16 24

7 8 23 9 24 15 33

8 11 22 15 58 11 24

9 16 24 22 40 19 36

10 13 29 10 25 14 23

11 15 63 13 34 16 24

12 12 29 14 32 16 33

13 23 45

g



Table 27

Scores on the Processes o f  Science T est and DAT VR+NA T ests for  Teacher No. I

Treatm ent A Treatm ent B Treatm ent C

S tu d en t No. P ost DAT VR+NA P ost DAT VR+NA P o st DAT VR+NA

I 31 62 23 56 22 54

2 16 54 36 66 18 40

3 17 15 31 68 21 35

4 34 55 21 23 31 62

5 17 26 21 41 27 63

6 19 23 18 26 14 18

7 14 19 22 60 21 56

8 15 24 25 38 22 44

9 34 76 19 24 22 26

10 16 36 26 61 31 52

11 32 77 31 59 30 53

12 20 59 33 63 17 31

13 28 56 22 39 21 35

14 27 49 17 42 21 65

g



Table 27 -  Continued

Treatm ent A Treatm ent B Treatm ent C

S tuden t No. P ost DAT VR+NA P ost DAT VR+NA P o st DAT VR+NA

15 26 35 30 69 24 39

16 22 47 23 58

17 25 52 23 39

18 20 70 27 39

19 27 47 25 44

20 19 21 23 32

21 22 46 34 73

22 15 34 16 33

23 20 41

o



Table 28

Scores on the Processes o f  Science T est and DAT VR4-NA Tests for Teacher No. 2

Treatm ent A T reatm ent B Treatm ent C

S tuden t No. P ost DAT VR+NA P o st DAT VR+NA P o st DAT VR+NA

1 12 25 18 23 31 61

2 33 74 31 68 16 17

3 12 38 11 19 23 59

4 18 51 12 14 16 18

5 17 23 15 52 19 41

6 7 24 20 19 10 27

7 8 25 24 33 12 23

8 14 41 11 35 11 52

9 7 22 19 46 10 23

10 28 68 20 39 17 38

11 8 25 14 24 10 22

12 19 43 29 74 33 78

13 8 36 26 48 17 30

14 10 42 23 54 26 60

o
00



Table 28 -  Continued

Treatm ent A Treatm ent B Treatm ent C

s tu d e n t No. P o st DAT VR+NA P o st DAT VR-HIA P o st DAT VR-tNA

15 10 36 18 49 17 49

16 21 34 23 37

17 18 30 23 34

18 12 43 13 16

19 12 16 16 32

20 15 28 27 54 .

21 11 24 11 28

22 10 24 14 22

23 14 65 17 31

24 30 37 17 26

25 18 55 11 46

26 17 24 19 30

27 20 32

S



Table 29

Scores on the Processes o f  Science Test and DAT VR+NA T ests fo r  Teacher No. 3

Treatm ent A Treatm ent B Treatm ent C

S tuden t No. P o st DAT VR+NA P o st DAT VR+NA P o st DAT VR-HIA

1 . 9 18 13 37 25 39

2 26 31 17 25 29 74

3 9 18 15 27 12 23

4 27 37 20 34 21 51

5 19 40 8 19 23 38

6 23 40 17 45 26 46

7 26 59 17 29 13 25

8 19 28 23 55 28 22

9 28 32 18 34 20 35

10 29 61 18 44 13 30

11 28 37 21 36 22 45

12 24 49 16 23 27 45

13 20 32 34 62 21 28

14 31 43 13 33 28 47



Table 29 - Continued

Treatm ent A Treatm ent B Treatm ent C

S tu d en t No. P ost DAT VR-HlA P o st DAT VRfNA P o st DAT VR+NA.

15 20 38 19 33 28 ; 44

16 26 47 25 47 18 28

17 18 30 20 33 32 57

18 20 34 12 35 21 35

19 14 34 8 26 23 37

20 25 42 8 16 22 47

21 19 32 20 18

22 22 31 24 25

23 26 34

24 20 41



Table 30

Scores on the Processes o f  Science T est and DAT VR+NA T ests for Teacher No. 4

T reatm ent A Treatm ent B Treatm ent C

S tu d en t No. P o st DAT VR+NA P o st DAT VR+NA P o st DAT VR+NA

1 10 28 16 19 14 21

2 10 31 7 29 7 28

3 33 59 15 24 18 18

4 16 22 22 42 12 18

5 13 17 10 23 18 48

6 11 31 10 29 17 17

7 13 20 15 28 8 36

8 13 28 28 23 12 21

9 8 39 22 56 9 23

10 10 22 10 15 10 23

11 9 23 27 46 5 36

12 10 19 11 18 6 24

13 8 17 10 13 9 15

14 17 29 11 21



Table 30 r Continued

Treatm ent A Treatm ent B T reatm ent C

s tu d e n t No. P o s t DAT VR+NA P ost DAT VR+NA P o st DAT VR+NA

15 11 26 7 20

16 15 34 12 22

17 6 15 14 24

18 9 19 19 56

19 14 19

20 17 28

21 12 32

22 12 23

w



Table 31

Scores on the Processes o f  Science Test and DAT VR+NA T ests for  Teacher No. 5

Treatm ent A Treatm ent B Treatm ent C

S tu d en t No. P o s t DAT VR+NA P o st DAT VR+NA P o st DAT VR+NA

1 8 19 14 25 23 33

2 11 31 13 16 17 35

3 10 19 14 37 18 23

4 28 31 11 14 20 25

5 12 16 10 19 13 15

6 8 24 11 24 12 17

7 12 23 18 29 22 24

8 13 22 8 15 15 14

9 27 63 22 58 19 24

10 13 29 26 40 20 36

11 21 31 16 25 8 20

12 15 34 12 23

13 13 32 22 24

14 17 28 17 45
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Table 32

Raw Scores on Classroom Practice (A-D combined) and Laboratory
Practice (E-G combined) of the BCAC -  Teacher 1

Treatment A Treatment B Trea tment C
BCAC BCAC BCAC BCAC BCAC BCAC
Classroom Lab Classroom Lab Classroom Lab

41 67 52 54 83 50
72 79 76 79 59 67
79 71 83 63 59 54
69 75 83 67 79 63
62 71 55 75 62 50
79 58 76 75 59 75
79 67 69 75 66 58
59 63 55 71 62 67
62 75 62 67 76 79
79 67 41 63 76 75
72 67 79 75 69 58
55 54 83 67 66 63
69 75 83 75 52 71
79 92 90 75 41 71
66 71 79 75 76 83
69 67 83 63 62 67

69 75 55 50
66 63 66 71
69 71 69 54
83 75 66 50
69 50
62 58
72 58
72 71
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Table 33

Raw Score on Classroom P ractice (A-D combined) and Laboratory
P ractice (E-G combined) of the BCAC -  Teacher 2

Treatm ent A Treatm ent B Treatment C
BCAC BCAC BCAC BCAC BCAC BCAC
Classroom Lab Classroom Lab Classroom Lab

55 58 48 43 54 48
41 67 55 54 50 69
53 43 38 50 50 38
48 50 41 50 63 48
38 46 41 29 46 34
59 71 31 46 54 52
34 63 38 42 50 59
38 46 59 50 33 48
55 58 41 50 54 38
55 58 31 50 63 59
48 63 34 54 54 52
62 67 41 46 46 45
52 54 55 58 33 41
45 58 38 42 54 48
72 63 48 42 50 62

52 46 46 66
48 38 46 45
41 42 63 66
45 46 58 66
48 38 50 52
24 33 54 48
59 54 63 45
52 50 42 62

54 59
38 52
42 55
54 59
54 48
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Table 34

Raw Score on Classroom P ra c tic e  (A-D combined) and lab o ra to ry
P rac tic e (E-G combined) of the BCAC - Teacher 3

Treatm ent A Treatment B Treatment C
BCAC BCAC BCAC BCAC BCAC BCAC
Classroom Lab Classroom Lab Classroom Lab

38 63 55 58 66 50
52 75 41 71 69 67
48 58 34 46 66 58
48 67 55 42 66 58
59 54 55 50 69 67
66 63 48 46 52 58
41 54 48 71 62 67
66 46 62 54 59 54
48 58 59 58 59 50
48 62 52 50 66 71
55 63 52 63 55 50
62 46 45 67 59 67
55 46 45 38 79 75
45 71 52 46 48 58
62 54 48 54 69 67
69 54 41 58 45 42
52 63 48 38 55 63
66 63 41 46 52 50
55 54 45 46 66 58
41 46 55 67 59 67
66 58 52 50 45 54
52 54 72 67
62 54
45 58
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Table 35

Raw Score on Classroom P ra c tic e  (A-D combined) and Laboratory
P rac tic e (E-G combined) of the  BCAC -  Teacher 4

Treatment A Treatment B Treatment C
BCAC BCAC BCAC BCAC BCAC BCAC
Classroom Lab Classroom Lab Classroom Lab

38 54 44 45 45 54
62 46 55 54 45 46
72 54 76 46 59 54
52 58 34 38 59 38
62 54 41 54 48 46
55 63 45 38 79 54
45 46 41 42 34 46
66 33 41 58 45 33
59 63 31 42 38 50
69 54 45 42 55 50
34 42 24 50 55 46
48 54 41 58 59 58
55 58 55 58
72 46 66 63
69 29 38 54
38 38
52 42
41 79
48 46
38 42
48 63
41 33
48 79
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Table 36

Raw Score on Classroom Practice (A-D combined) and Laboratory
Practice (E*-G combined) of the BCAC -  Teacher 5

Treatment A Treatment B Treatment C
BCAC BCAC BCAC BCAC BCAC BCAC
Classroom Lab Classroom Lab Classroom Lab

45 38 31 46 48 38
34 50 21 38 28 33
34 67 59 83 59 75
48 50 45 50 62 46
48 50 59 75 69 50
45 67 66 71 48 67
55 63 55 63 38 58
55 71 52 42 55 50
38 46 38 54 69 71
34 50 28 54 45 46
41 38 52 50 62 42
28 54 62 50 34 58

45 50
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BIOLOGY CLASSROOM ACTIVITY CHECKLIST*

The purpose of th is  c h e c k lis t  is  to  determ ine how w ell you know 

what is  going on in  your b io logy  c la s s .  Each statem ent desc rib es  some

classroom  a c t iv i ty .  The a c t i v i t i e s  are  not judged as e i th e r  good or

bad. Therefore, th is  c h e c k lis t  is  not a t e s t  and is  not designed to

grade e i th e r  you or your te ac h e r. You a re  to  read each statem ent and

decide i f  i t  d esc rib es  the a c t i v i t i e s  in  your c la s s . A ll answers should 

be recorded on the answer sh ee t. NO MARKS should be made in  th is  

b o o k le t.

SAMPLE QUESTION
C h eck lis t ... Answer sheet

T F
1. My teacher o fte n  takes c la s s  a tten d an ce . 1. ( ) ( )

I f  the  statem ent d esc rib es  what occurs in  your classroom , blacken the  

space under the  l e t t e r  T (TRUE) on the  answer sh ee t; i f  i t  does n o t, 

blacken in  the  space under the  l e t t e r  F (FALSE).

REMEMBER:

1. The purpose of the  c h e c k lis t  is  to  determ ine how w ell you know 
what i s  going on in  your classroom .

2. Make no marks in  th is  book le t.

3. A ll statem ents should be answered on the  answer sheet by blackenipg 
in  the space under the chosen response in  pencil or ink .

4. P lease do not w rite  your name on th is  booklet or answer sh ee t.

*W ritten perm ission to  use the  instrum ent was granted by Dr. Leonard H. 
Kochendorfer and Dr. Addison E, Lee.

121



122

BIOLOGY CLASSROCM ACTIVITY CHECKLIST

SECTION A
1. Much of our c la s s  time is  spent l is te n in g  to  our teacher t e l l  us 

about b io logy .

2. My te ach e r d o e sn 't  l ik e  to  admit h is  m istakes.

3. I f  th e re  is  a d iscu ss io n  among s tu d e n ts , the  teacher u su a lly  t e l l s  
us who is  r ig h t .

4. My teach e r o fte n  rep ea ts  almost e x a c tly  what the textbook says.

*5. My teach e r o f te n  asks us to  ex p la in  the  meaning of c e r ta in  th ings
in  the te x t .

6. My teach e r shows us th a t b io logy has alm ost a l l  of the answers to  
q u estions about liv in g  th in g s .

*7. My teach e r asks questions th a t  cause us to  th in k  about th in g s  th a t  
we have learned  in  o th e r ch ap te rs .

*8. My teach e r o fte n  asks questions th a t  cause us to  th in k  about the
evidence th a t  is  behind s tatem ents th a t  are  made in  the textbook.

SECTION B
1. My job is  to  copy down and memorize what the teacher t e l l s  us.

*2. We s tu d en ts  a re  o fte n  allowed time in  c la s s  to  ta lk  among ourselves 
about ideas in  b iology.

3. Much of our c la s s  time is  spen t in  answering o ra l ly  or in  w ritin g  
questions th a t  are  w ritte n  in  the  textbook or on study gu ides.

*4. Classroom dem onstrations are  u su a lly  done by s tuden ts  ra th e r  than 
by the  te ac h e r.

5. We seldom or never d iscuss the  problems faced by s c ie n t i s t s  in  the  
d iscovery  of a s c ie n t i f i c  p r in c ip le .

*6. I f  I d o n 't  agree w ith what my teach er say s , he wants me to  say so .

7. Most of the  questions th a t we ask in  c la s s  a re  to  c le a r  up what 
the  teach e r or te x t has to ld  us.

*Items considered  as those which c o n tr ib u te  p o s it iv e ly  toward the 
a tta in m en t of BSCS o b je c tiv e s .
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*8. We o ften  ta lk  about the  kind of evidence th a t is  behind a sc ie n 
t i s t ' s  conclusion .

SECTION C
1. When read ing  the  t e x t ,  we a re  expected to  learn  most of the 

d e ta i ls  th a t  a re  s ta te d  th e re .

2. We freq u e n tly  are  requ ired  to  w rite  out d e f in i t io n s  to  word l i s t s .

*3. When read ing  the tex tbook , we are  always expected to  look fo r  the 
main problems and fo r  the evidence th a t  supports them.

*4. Our teach er has t r i e d  to  teach  us how to  ask questions of the te x t .

5. The textbook and the te a c h e r’s notes a re  about the  only sources of
b io lo g ic a l knowledge th a t  a re  d iscussed  in  c la s s .

*6. We sometimes read the o r ig in a l  w ritin g s  of s c ie n t i s t s .

*7. We are  seldom or never req u ired  to  o u tlin e  sec tio n s  of the
textbook.

SECTION D
*1. Our te s t s  include many questions based on th ings th a t we have 

learned in  the  lab o ra to ry .

2 . Our t e s t s  o fte n  ask us to  w rite  out d e f in i t io n s  of term s.

*3. Our te s t s  o f te n  ask us to  r e la te  th in g s th ings th a t  we have learned
a t  d i f f e r e n t  tim es.

*4. Our te s t s  o ften  ask us to  f ig u re  out answers to  new problems.

*5. Our te s t s  o fte n  give us new data  and ask us to  draw conclusions
from these  d a ta .

6. Our te s t s  o f te n  ask us to  put la b e ls  on drawings.

SECTION E
1. My teacher u su a lly  t e l l s  us s te p -b y -s te p  what we a re  to  do in  the 

lab o ra to ry .

*2. We spend some time before every la b o ra to ry  in  determ ining the pur
pose of the  experim ent.

3. We o ften  cannot f in i s h  our experim ents because i t  takes so long to  
ga ther equipment and prepare s o lu tio n s .
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4. The la b o ra to ry  meets on a re g u la r ly  scheduled b a s is  (such as every 
F ird a y ) .

*5. We o ften  use the  lab o ra to ry  to  in v e s t ig a te  a problem th a t  comes up 
in  c la s s .

*6. The la b o ra to ry  u su a lly  comes before we ta lk  about the  s p e c if ic  
to p ic  in  c la s s .

7. O ften our lab o ra to ry  work is  not re la te d  to  the  to p ic  th a t we are 
studying in  c la s s .

8. We u su a lly  know the answer to  a lab o ra to ry  problem th a t  we are  
in v e s t ig a tin g  before we begin the experim ent.

SECTION F
1. Many of the  experim ents th a t a re  in  the  lab o ra to ry  manual a re  done 

by the  te ach e r or s tu d en ts  w hile the  c la s s  watches.

*2.  The data th a t  I c o l le c t  are  o fte n  d if f e r e n t  from data  th a t  a re  
c o lle c te d  by the  o th e r s tu d en ts ,

3. Our teach e r is  o fte n  busy grading papers o r doing some o ther per
sonal work w hile we are  working in  the la b o ra to ry .

*4. During an experim ent we record our data  a t  the  time we make our 
o b se rv a tio n s .

*5. We are  sometimes asked to  design  our own experim ent to  answer a 
question  th a t  puzzles us.

6. We o fte n  ask  the  teach er i f  we a re  doing the  r ig h t  th in g  in  our 
experim ents.

*7. The teach e r answers most of our questions about the  lab o ra to ry  
work by ask ing  us qu estio n s.

8. We spend le s s  than  one-fourth  of our tim e in  b io logy  doing 
lab o ra to ry  work.

9. We never have the  chance to  t r y  our own ways of doing the lab o r
a to ry  work.

SECTION G
*1. We ta lk  about what we have observed in  th e  lab o ra to ry  w ith in  a 

day or two a f te r  each sessio n .

*2. A fte r every lab o ra to ry  sess io n , we compare the  data  th a t  we have 
c o lle c te d  w ith  the data of o th e r in d iv id u a ls  or groups.
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3. Our teacher o f te n  grades our data books fo r  neatness.

4, We a re  req u ired  to  copy the  purpose, m a te r ia ls , and procedures 
used in  our experim ents from the  lab o ra to ry  manual.

*5. We a re  allowed to  go beyond the re g u la r  lab o ra to ry  ex erc ise  and do 
some experim enting on our own.

*6. We have a chance to  analyze the conclusions th a t  we have drawn in  
the la b o ra to ry .

*7. The c la s s  is  ab le  to  ex p la in  a l l  unusual data th a t a re  co lle c ted  
in  the  la b o ra to ry .



BSCS HIGH SCHOOL BIOLOGY: Blue V ersion Sample Test*

D ire c tio n s :  Each o f  th e  q u e s tio n s  o r  inconq>Iete s ta tem e n ts  in  t h i s  t e s t  i s  fo llow ed by f iv e  suggested
answ ers o r  com ple tions. S e le c t  th e  one which i s  b e s t  in  each  case  and th en  c i r c l e  th e  co rrespond ing  
l e t t e r .

Q uestions 1 - 8  r e l a t e  to  a  b i o l o g i s t 's  experim ent in  which ra d io a c tiv e  t r i t iu m (a n  iso to p e  o f  hydro
gen) i s  u sed  to  f in d  o u t w hat happens to  f a t s  consumed by an an im al.

- When n a tu r a l  f a t s  g e t in to  th e  body o f  an organism , one q u ick ly  lo se s  t r a c k  o f  th e  f a t s  s in c e  they  
mix w ith  s im i la r  su b stan ces  a lre a d y  p re s e n t .  However, one can f in d  o u t what happens to  f a t  which con
ta in s  ra d io a c t iv e  t r i t iu m .

Â b io lo g i s t  feeds a group o f  mice a n e a r - s ta r v a t io n  d i e t  c o n ta in in g  ra d io a c t iv e  f a t .  The b io lo 
g i s t  th in k s  th a t  s in c e  the  mice a re  ex trem ely  u nderfed  they  w i l l  q u ick ly  use  a l l  th e  f a t  in  t h e i r  
d i e t  f o r  energy . A t th e  end o f  10 days th e  mice a re  f i l l e d  and th e  fo llo w in g  d a ta  a re  reco rd ed  on th e  
b a s is  o f  c a r e fu l  m easurem ents:

Amount o f  R ad io ac tiv e  
f a t  comsumed by th e
_______ mice___________

35 grams

T o ta l amount o f f a t  found 
s to re d  in  th e  b o d ies  o f  th e
mice a t  end o f  10 days_____

12 grams

P ercen tage  o f  s to re d  f a t  
in  the  b o d ies  o f  th e  mice 
which i s  ra d io a c tiv e  d i e t  f a t  

50%

too\

Which o f  th e  fo llo w in g  hypotheses was th e  
b io lo g is t  e v id e n tly  t e s t in g  in  t h i s  
experim ent?

+(A) U nderfed anim als w i l l  q u ick ly  u se  a l l  f a t  
in  t h e i r  d i e t s .

(B) F a t s to ra g e  i s  a c o n tin u a l p ro cess  in  a l l
an im als.

(C) T ritiu m  i s  an e s s e n t i a l  p a r t  o f  the  d i e t
o f  an an im al.

(D) R ad io ac tiv e  m a te r ia l  w i l l  k i l l  m ice.
(E) The b o d ily  p ro c e sse s  o f  an anim al on a d i e t

c o n ta in in g  t r i t iu m  w i l l  be g r e a t ly  changed.

2 . which o f  th e  fo llo w in g  i s  a n ecessa ry  
assum ption i s  t h i s  experim ent?

(A) F a ts  c o n ta in in g  t r i t iu m  a re  id e n t ic a l
in  a l l  r e s p e c ts  w ith  n a tu r a l  f a t s .

(B) Mice a re  b e t t e r  ab le  than  o th e r  a n i
mals to  w ith s ta n d  doses o f t r i t iu m .

(C) Substances c o n ta in in g  t r i t iu m  w i l l
rem ain se p a ra te d  from s im ila r  n a t 
u r a l  su b s ta n c es .

+(D) Mice w i l l  t r e a t  r a d io a c tiv e  f a t s  in
th e  same way they  t r e a t  n a tu r a l  f a t s .  

(E) P la n ts  w i l l  r e a c t  to  t r i t iu m  e x a c tly  
as anim als do.



Blue Version Smaple Test (continued)

3. How much ra d io a c tiv e  f a t  was found s to re d  in  
th e  f a t  b od ies o f  th e  mice a t  the  end o f 
10 days?

+ (A) 6 grams
(B) 12 grams
(C) 23 grams
(D) 29 grams
(E) 35 grams

5. I f  one makes the  p ro p e r assum ption in  q u e s tio n  
4 , how much ra d io a c t iv e  f a t  d id  th e  mice use 
fo r  energy d u rin g  th e  experim ent?

4 . One cou ld  determ ine from th e  d a ta  g iven  
the  amount o f r a d io a c tiv e  f a t  which th e  
mice used f o r  energy d u rin g  th e  e x p e r i
ment i f  one assumes th a t

(A) F lu id  e x c re te d  by th e  mice i s  20% 
ra d io a c t iv e .

+  (B) A ll f a t  n o t s to re d  i s  burned fo r  
en erg y .

(C) The mice weighed le s s  a t  the  con
c lu s io n  o f th e  experim ent than  a t  
th e  b eg in n in g .

(p ) A s p e c i f ic  amount o f  energy r e s u l t s  
from the  burn ing  o f  1 gram o f f a t .

(A) 6 grams (E) A g r e a te r  amount o f ra d io a c tiv e  f a t
(B) 12 grams i s  burned fo r  energy than  i s  s to re d
(C) 23 grams in  f a t  d e p o s its . K)•nJ

+ (D) 29 grams
(E) 35 &rams . 6 . Of th e  fo llo w in g  the  m ost p re c is e  co n c lu s io n

which can be drawn from th i s  experim ent i s  
th a t  mice on s ta r v a t io n  d ie t s

(A) Die w ith in  one day.
(B) Use a l l  o f  th e  f a t  in  t h e i r  d ie t s

fo r  energy .
(C) Use h a l f  o f the  f a t  in  t h e i r  d ie t s

fo r  energy and s to re  the  o th e r  h a l f .
(D) S to re  some o f  the  f a t  in  t h e i r  d i e t s .
(E) Can be k ep t h e a lth y ’ by g iv ig g ' them

p ro p e r dosages o f t r i t iu m .

+ Arrow in d ic a te s  c o r r e c t  answer.



BSCS High School Biology: Green Version Sample Test

D ire c tio n s :  Each o f th e  q u e s tio n s  o r  Incom plete s ta tem e n ts  In  th i s  t e s t  I s  fo llow ed by f iv e  suggested
answers o r  co m ple tions. S e le c t  the  one which i s  b e s t  in  each case  and th en  c i r c l e  th e  co rrespond ing  
l e t t e r .

Q uestions 1 - 7  r e la te d  to  th e  fo llo w in g  s i tu a t io n :

A p a le o n to lo g is t  (a  b io lo g i s t  who s tu d ie s  p r e h is to r ic  
o r  f o s s i l  forms o f  l i f e )  I s  on a f o s s i l - c o l l e c t i n g  t r i p  in  
th e  d e s e r t  badlands o f n o r th e rn  Wyoming. He d isc o v e rs  a 
500-fo o t c l i f f  o f  rock  made up o f a th in ly  bedded sh a le  
( th in  la y e r s  o f  mud d e p o s ited  one on top  o f th e  o th e r ,  
which have become hardened and s o l id i f i e d  w ith  th e  p a ss 
age o f  t im e ) . He f u r th e r  observes th a t  th e  la y e r s  o f 
sh a le  a re  a l l  f l a t - l y i n g  and have been r e l a t i v e ly  un
d is t r ib u te d  s in c e  the  tim e they  were f i r s t  d ep o s ited  
( l a i d  down).

The p a le o n to lo g is t  d isc o v e rs  th a t  th e  sh a le  in  the  
c l i f f  c o n ta in s  f o s s i l s ,  which he proceeds to  c o l l e c t  a t  
th re e  d i f f e r e n t  le v e ls  as shown in  th e  diagram .

Level

b j
00

Below i s  a l i s t  o f  th e  f o s s i l s  which the p a le o n to lo g is t  
c o l le c t s  a t  each o f the  th re e  le v e ls :

Level 1 Level 2 Level 3

Many specim ens o f  two d i f f e r e n t  
sp e c ie s  o f  f i s h .

F ern s .
Palm fro n d s .
A quatic  t u r t l e  s h e l l s .
E el g ra s s .

A :̂ ew fragm ents o f th e  same 
two sp e c ie s  o f  f i s h  found 
in  Level 1.

S n a il s h e l l s .
T u r tle  s h e l l s  (same as from 

Level 1 ) .
E el g ra s s .

Many specimens o f th e  same two 
sp ec ie s  o f  f i s h  found in  
Level 1.

F e rn s .



Green V ersion Sample T est (continued)

1. The f o s s i l  specim ens c o l le c te d  would su g g es t 
th a t  th ro u g h -o u t th e  tim e o f  the  d e p o s it io n  
o f  th e  s h a le ,  the  re g io n  o f  n o r th e r#  Wyoming 
under s tudy  was probably

(A) A d e s e r t .
(B) Submerged deep under th e  ocean.

+  (C) A lowland re g io n  o f  f r e s h  w a te r la k e s , 
and s tream s.

(D) An a re a  o f  h igh  m ountains.
(E) B urled under th ic k  g la c i e r s .

3 . A ll o f  th e  fo llo w in g  sp e c ie s  co n ta in ed  In  
th e  f o s s i l  c o l le c t io n s  p robably  belonged 
to  a s in g le  community EXCEPT

(A) T u r t le s .
(B) S n a ils .
(C) Eel g ra s s .

+  (D) Palm t r e e s .
(E) F ish e s .

5 . Which one o f  th e  fo llo w in g  co n c lu s io n s  con
cern in g  th e  c lim a te  In  n o r th e rn  Wyoming 
d u rin g  th e  tim e o f  d e p o s it io n  o f the  sh a le  
I s  suggested  by th e  forms o f  l i f e  re p re se n te d  
In  th e  f o s s i l  c o l le c t io n s ?

(A) The c lim a te  was c o n sid e ra b ly  more a r id  than
I t  I s  today .

(B) The c lim a te  was co n s id e ra b ly  warmer and more
humid th an  I t  I s  today .

(C) The c lim a te  was much more v a r ia b le  than  I t
I s  today .

(D) The c lim a te  was becoming p ro g re s s iv e ly  c o ld e r
d u rin g  th e  p e rio d  o f  d e p o s it io n .

(E) There I s  I n s u f f i c i e n t  ev idence to  draw any con
c lu s io n  concern ing  th e  c lim a te  d u rin g  the  time 
o f  d e p o s it io n .

2. Which one o f  th e  fo llo w in g  p o p u la tio n s  could  
be reaso n ab ly  expected  to  be most numerous 
In  the  b io lo g ic a l  community re p re se n te d  by 
th e  f o s s i l  c o l le c t io n s ?

+  (A) E el g ra s s .
(B) Palm t r e e s .
(C) F ish e s .
(D) T u r t le s .
(E) S n a ils .

4 . Which o f the  fo llo w in g  co n c lu s io n s  concern ing  
th e  f o s s i l  p o p u la tio n s  I s  l e a s t  reasonab le?

(A) There a re  sam ples o f  d i f f e r e n t  
p o p u la tio n s  o f  the  same sp e c ie s  
a t  each o f  th e  th re e  le v e l s .

+  (B) The d e n s ity  o f  the  f i s h  p o p u la tio n  
l iv in g  a t  the  tim e le v e l  2 was 
d ep o sited  was p robably  about the  
same as when le v e ls  1 and 3 were 
d e p o s ite d .

(C) The s n a i l  p o p u la tio n  was g r e a te s t  du rin g
the  tim e le v e l  2 was d e p o s ite d .

(D) Both sp e c ie s  o f  f i s h  could  s t i l l  be 
l iv in g .

(E) The m o r ta l i ty  r a t e  o f  f is h e s  was 
g r e a te s t  d u rin g  th e  tim e re p re se n te d  
by le v e l  2.

ro
V D



Green V ersion Sample Test (continued)

6. The most reaso n ab le  co n clu sio n  re g a rd in g  the  7. 
p o te n t ia l  energy a v a ila b le  to  th e  anim als 
re p re se n te d  in  th e  f o s s i l  c o l le c t io n  i s  
th a t  th e  p o te n t ia l  energy a v a i la b le .

+  (A) Was g r e a te r  d u rin g  th e  tim e re p re se n te d
by le v e l  1 than  d u rin g  th e  tim e re p re se n te d  
by le v e l  2.

(B) Was th e  same in  n o rth e rn  loom ing d u rin g  the
tim e o f the  d e p o s it io n  o f  th e  sh a le  as i t  
i s  th e re  a t  th e  p re s e n t tim e.

(C) From th e  palm t r e e s  was g r e a te r  than  th a t
from the  E el g ra s s .

(D) Was g r e a te r  d u rin g  th e  tim e re p re se n te d  by
le v e l  3 th an  d u rin g  th e  tim e re p re se n te d  
by le v e l  1.

(E) Was le s s  d u rin g  the p e rio d  o f  d e p o s it io n
o f  th e  sh a le  in  n o r th e rn  loom ing than  in  
a p re se n t-d a y  d e s e r t  re g io n .

The absence o f any ev idence o f  rem ains o f  
E e l g ra s s ,  t u r t l e  s h e l l s  and s n a i l s  in  
Level 3 m ight be e x p la in ed  by any o f  
th e  fo llo w in g , EXCEPT;

(A) There was an elem ent o f  chance which
determ ined w hether a  g iven  p la n t  o r 
anim al happened to  d ie  under co n d i
t io n s  j u s t  r i g h t  fo r  i t s  being  
p rese rv ed  as  a f o s s i l .

(B) There was an elem ent o f  chance as to
th e  p a r t i c u la r  f o s s i l  specimens th e  
p a le o n to lo g is t  happened to  f in d  in  
the  ro ck s .

(C) The p h y s ic a l environm ent d u rin g  the
tim e o f th e  d e p o s it io n  o f  le v e l  3 
was n o tic e a b ly  d i f f e r e n t  from th a t  
in  the  p rev io u s  tim e p e rio d s .

(D) The t u r t l e s  and s n a i l s  e lim in a te d  the
E el g ra ss  a t  the  tim e le v e l  2 was 
d e p o s ite d .

+ (E) Each sp e c ie s  o f  p la n t  o r  anim al occupies 
a p a r t i c u la r  n ich e  in  r e l a t io n  to  o th e r  
sp e c ie s  w ith  which i t  o ccu rs .

wo

+ Arrow in d ic a te s  c o r r e c t  answer.



1965 R evised L abora to ry  F a c i l i t i e s  C h ec k lis t

F a c i l i t y 16 p t s .  12 p t s .
P o in t Value 

8 p t s .  4 p ts . Your School

C ategory A

1. F ixed la b o ra to ry  i n s t a l l a t i o n s  - 
maximum p o ss ib le  sco re  216 p ts .

2.

S u b - to ta l  p o in ts

Budget c o n s id e ra tio n s  - maximum 
p o s s ib le  sco re  48 p ts .

Funds fo r  p e r is h a b le s ,  g la ssw are , 
ch em ica ls , specim ens, e tc .

Funds a v a i la b le  d u rin g  y e a r  as 
needed

C a p ita l o u tla y  funds
S u b - to ta l  jpoints

D em onstration ta b le 1
Work co u n te r (p e r ip h e ra l)  -

l in e a r  f t . 120 60 30 15
Sinks - r e g u la r 4 3 2 1

- laundry
4 tap s

2 1
W ater - co ld 3 tap s 2 tap s 1 tap

-  h o t 2 tap s 1 tap
O u tle t  -  gas 7 5“ 3 2

- e l e c t r i c a l 7 5 3 2
Compressed a i r yes
Garbage d is p o sa l

360-
yes

S h e lf  s to ra g e  sq . f t . 350" 2ÔÔT 100
P re p a ra tio n  room la rg e medium sm all
L ife  alcove la rg e medium sm all
P ro je c t  work a re a la rg e medium sm all
Science l ib ra ry /m in . 50 v o ls . la rg e medium sm all
D isp lay  case s  ( in  h a l l s ) 2 T~
L ig h t and v e n t i l a t io n good f a i r poor

$500/yr $250/yr $125/yr $50 /y r

yes ____  ____
$500/yr ‘p S Ï Ï /y r  ? ï2 5 /y r  "^ W y r

w



F a c i l i t y 16 p ts .
P o in t Value 

12 p t s .  8 p t s .  4 p ts . Your School

C ategory A (co n tin u ed )

3 . M icroscopes -  maximum p o s s ib le  sco re
32 p t s .

Compound m icroscopes 28
B inocu lar s tereo m icro sco p es  28

S u b - to ta l p o in ts

4 . Lab a s s i s t a n t s  - maximum sco re
16 p ts .

P aid  lab  a s s i s t a n t s  - 5 h rs  p e r week 
p e r s e c t io n  1

S u b - to ta l  p o in ts

C ategory B

3 . M ajor equipm ent -  maximum p o s s ib le  
sco re  111 p t s .

R e f r ig e ra to r  
Gas range/oven  
In cu b a to r 
B alances ( .0 1  g)
A utoclave 
P ressu re  cooker 
C en trifu g e
Tenq>, hum idity  and l i g h t  

c o n tro l le d  chamber 
Fume hood 
L aborato ry  c a r t
Power supply  u n i t s  (AC/DC p o r ta b le )  

S u b - to ta l  p o in ts

12 p ts .

1
1
2
4
1
2

14
14

3

T

1
1

7
7

4
4

w
N>

9 p t s .  6 p t s .  3 p t s .  Your School

2

1



F a c i l i ty

P o in t Value

12 p t s .  9 p t s .  6 p t s .  3 p t s .  Your School

Category C

6. Small equipm ent - maximum p o s s ib le  
sco re  70 p t s .

7.

B asic  la b o ra to ry  equipm ent * many: adeq. few sp a rse
A quaria 4 3 2 1
T e r ra r ia 4 3 2 1
Glassw are many adeq. few sp a rse
C o lle c tin g  equipm ent many adeq. few sp arse
Animal cages 8 6 4 2
Covered d is p o sa l c o n ta in e rs 2 1
E le c t r ic  h o t p la te s 2 1
Chemicals many adeq. few sp a rse

S u b - to ta l  p o in ts

D em onstration  a id s  - maximum 
p o s s ib le  sco re  48 p t s .

Overhead p ro je c to r  
C a rtr id g e  p ro je c to r  
S lid e  p ro je c to r  
M ic ro p ro jec to r

S u b - to ta l  p o in ts

wu>

Specimen s e t s many adeq. few sp a rse
Models and c h a r ts many adeq. few sp a rse
P repared  m icroscope s l id e s many adeq. few sp a rse

A ll F a c i l i t i e s  
Your School

- maximum p o s s ib le  sco re  541 p t s .  
• t o t a l  sco re

* In c lu d es  such item s as c e n tig ra d e  therm om eters, p i p e t t s ,  gas b u rn e rs , d is s e c t in g  
s e t s ,  t r ip o d  s ta n d s , r in g  s ta n d s , e t c .


