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Throughou t  t he  h i s to ry  o f  ag r i cu l tu ra l  educa t ion ,  t he  p rob lem so lv -
ing  approach  has  been  recommended  by  ag r i cu l tu ra l  t eacher  educa to rs  as

the  p r imary  s t ra tegy  fo r  teach ing . Severa l  au tho rs  o f  ag r i cu l tu ra l  edu -
c a t i o n  t e x t s  c i t e  t h e  p r o b l e m  s o l v i n g  a p p r o a c h  a s  t h e  m o s t  e f f e c t i v e
app roach  fo r  t each ing  voca t i ona l  ag r i cu l t u re  (Binkley  8  T u l l o c h ,  1 9 8 1 ;
Crunki  lton  &  Krebs ,  1982;  Newcomb, McCracken & Warmbrod,  1986;  Ph ipps ,
1980).

Some agr i cu l tu ra l  educa to rs  have  ques t loned  the  e f fec t i veness  o f
p rob lem so lv ing  ins t ruc t i on , c l a im ing  t ha t  changes  i n  voca t i ona l  agri-
cu l tu re  p rograms and in  s tudent  backgrounds  resu l t ing  f rom the  expans ion
o f  voca t i ona l  ag r i cu l t u re  p rog rams  beyond  ag r i cu l t u ra l  p roduc t i on  have
reduced  the   e f  fect  i veness  o f  the  p rob lem so l  v i  ng  approach  (Moore  &
Moore ,  1984) . O t h e r s  h a v e  a r g u e d  t h a t  p r o b l e m  s o l v i n g  instruction
resu l ts  in  improved learn ing  by  s tudents  (Warmbrod ,  1969)  and  increased
re ten t i on  o f  know ledge  (Binkley  & Tu i  l och ,  1981 ;  B runer ,  1961) .

L i t t l e  e m p i r i c a l  evidence  e x i s t s  t o  s u p p o r t  t h e  p r o b l e m  s o l v i n g
a p p r o a c h  t o  t e a c h i n g  v o c a t i o n a l  a g r i c u l t u r e . S tud ies  conduc ted  by
Thompson  and  Tom (1957)  and  Dawson  (1956),  wh i ch  compared  the  p rob lem
so lv ing  approach  w i th  teacher -cen te red  ins t ruc t iona l  approaches ,  found
some advan tages  in  i nc reased  s tuden t  ach ievement  In  favo r  o f  p rob lem
so lv ing  ins t ruc t ion ,  bu t  were  conduc ted  p r io r  to  the  expans ion  o f  voca-
t i ona l  ag r i cu l t u re  p rog rams  resu l t i ng  f rom the  1963  Voca t i ona l  Educa t i on
A c t . I f  ag r i cu l tu ra l  educa to rs  a re  to  continue  to  p romote  p rob lem so lv -
ing  as  the  most  effective  app roach  to  t each ing  voca t l ona l  ag r i cu l t u re ,
the re  i s  a  need  to  examine  emp i r i ca l l y  t he  e f fec t i veness  o f  t he  p rob lem
so lv ing  approach  in  today ’s  voca t iona l  agr i cu l tu re  c lass room in  te rms o f
two o f  the  most  commonly  accepted  measures  o f  teach ing  e f fec t i veness- -
s tuden t  ach ievemen t  and  re ten t i on  o f  know ledge .

Purpose

T h e  p u r p o s e  o f  t h i s  s t u d y  w a s  t o  c o m p a r e  t h e  e f f e c t s  o n  s t u d e n t
ach ievemen t  and  re ten t i on  be tween  the  p rob lem so l v i ng  app roach  and  t he
sub jec t  ma t te r  app roach  i n  t each ing  a  se lec ted  p rob lem a rea  i n  voca -
t i o n a l  a g r i c u l t u r e . The  fo l l ow ing  research  hypo theses  p rov ided  the
framework for  th is  s tudy:

1 . S t u d e n t s  t a u g h t  b y  t h e  p r o b l e m  s o l v i n g  a p p r o a c h  wi I I  e a r n
h igher  sco res  on  a  p rob lem a rea  ach ievement  tes t  admin is te red  a t  the
c o n c l u s i o n  o f  t h e  p r o b l e m  a r e a  t h a n  s t u d e n t s  t a u g h t  b y  t h e  s u b j e c t
mat te r  approach .

2 . T h e  p r o b l e m  s o l v i n g  a p p r o a c h  will  r e s u l t  I n  h i g h e r  s t u d e n t
achievement  sco res  fo r  l ow  l eve l  cogn i t i ve  i t ems  and  h igh  l eve l  cogn i -
t i ve  i t ems  than  the  sub jec t  ma t te r  approach .
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3 .  S t u d e n t s  t a u g h t  b y  t h e  p r o b l e m  s o l v i n g  a p p r o a c h  will  e a r n
h igher  scores  on  a  p rob lem area  re ten t fon  tes t  admfn fs te red  one  week
a f te r  the  ach ievement  tes t  than  s tuden ts  taugh t  by  the  sub jec t  mat te r
approach .

4 .  T h e  p r o b l e m  s o l v i n g  a p p r o a c h  wi I I  r e s u l t  i n  h i g h e r  s t u d e n t
re ten t i on  o f  i n f o rma t i on  f o r  l ow  l eve l  and  h i gh  l eve l  cogn i t i ve  i t ems  on
the  p rob lem a rea  re ten t ion  tes t  than  the  sub jec t  ma t te r  approach .

5 .  S tuden ts  taugh t  by  the  p rob lem so lv ing  app roach  wi I I  e x h i b i t
less achievement  loss, a s  m e a s u r e d  b y  d i f f e r e n c e s  i n  s c o r e s  f o r  t h e
ach ievement  tes t  and  re ten t ion  tes t ,  than  s tuden ts  taugh t  by  the  sub-
jec t  ma t te r  app roach .

Procedures

Population and Sample

The  popu la t i on  cons i s ted  o f  high  schoo l  s tuden ts  en ro l l ed  in  i n t ro -
duc to ry  voca t iona l  agr i cu l tu re  courses  in  I I  linois.  A  c lus te r  sampl ing
technique  was  used  to  se lec t  a  purpos ive  sample  f rom the  ta rge t  popu la -
t i o n . On ly  teachers  who  taugh t  two  o r  more  in t roduc to ry  voca t iona l
agr i cu l tu re  c lasses  and  had  p r io r  knowledge  and  exper ience  in  us ing  the
prob lem so lv lng  approach  were  cons idered  as  poss ib le  par t i c ipan ts  In
t h i s  s t u d y . I n  o r d e r  t o  c o n t r o l  f o r  overal I  t e a c h i n g  a b i  lity,  t h e
teachers  taugh t  one  c lass  us lng  the  p rob lem so lv ing  approach  and  one
c lass  us ing  the  sub jec t  mat te r  approach.

S ince  th is  s tudy  was conducted  us ing  In tac t  g roups ,  random assign-
ment  o f  s tudents  to  t reatments  was not  poss i  ble. A quasi-experimental
des ign , a  va r la t i on  o f  nonequ iva len t  con t ro l  g roup  des ign ,  was  used  fo r
t h i s  s t u d y . Us ing a  formula  suggested by Hays (1973),  wh i ch  i nco rpo -
r a t e d  t h e  d e s i r e d  a l p h a  l e v e l ,  p o w e r  o f  t h e  t e s t ,  a n d  e f f e c t  size,  a
necessary  sample  s ize  o f  60  s tudents  in  each group was determlned as
appropr I ate. Th ls  samp le  s i ze  was  based  upon  an  a lpha  leve l  o f  .05,  a
des i red  power  o f  .90,  and  an  e f fec t  s i ze  o f  .66  s tandard  dev ia t ions .

Te lephone  in te rv iews  were  conduc ted  w l th  20  teachers  who  taugh t  two
or  more  in t roduc to ry  voca t iona l  ag r i cu l tu re  c lasses  to  -de te rm ine  the l r
know ledge  and  use  o f  t he  p rob lem so lv lng  approach . A I 1st of steps
invo l ved  i n  us ing  the  p rob lem so l v ing  app roach  was  used  to  de te rm ine  i f
t eachers  were  fami  I l a r  w l th  a l l  o f  the  s teps  in  us ing  p rob lem so lv ing
i n s t r u c t i o n . Four  teachers  who  ind ica ted  dur ing  the  in te rv iews  they
used  a l l  o f  the  s teps  in  the  p rob lem so lv lng  approach  were  se lec ted  and
a g r e e d  t o  p a r t i c i p a t e . T r e a t m e n t s  w e r e  r a n d o m l y  a s s i g n e d  t o  t h e
c lasses ,  resu l t ing  in  68  s tuden ts  in  the  p rob lem so lv ing  t rea tment  g roup
and 61 s tudents  in the  sub jec t  ma t te r  t rea tmen t  g roup . Due to  absences
dur ing  the  tes t i ng  pe r iod ,  da ta  were  co l l ec ted  f rom 66  s tuden ts  i n  the
p rob lem so lv ing  t rea tmen t  g roup  and  60  s tuden ts  i n  the  sub jec t  ma t te r
t rea tmen t  g roup .

I nstrumentat ion

Ins t ruments  deve loped by  the  researchers  to  measure  the  dependent
v a r i a b l e s  c o n s i s t e d  o f  a  p r o b l e m  a r e a  achievement  t e s t  a n d  a  p a r a l l e l
p rob lem a rea  re ten t ion  tes t . Mehrens  a n d  L e h m a n  (1973)  descr ibed paral-
l e l  tes ts  as  those wi th  equa f  content , cons t ruc ted  us ing  the  same  spec-
i f i c a t i o n s . o f  s i m i l a r  difficulty, a n d  using  the  same fo rmat . Both
ins t ruments  were  cons t ruc ted  to  i ’ nc fude  bo th -h igh  leve l  and  low leve l
cogn i t i ve  i tems. Conten t  va l id i t y  o f  the  ins t ruments  was  es tab l i shed
b y  a  p a n e l  o f  e x p e r t s  c o n s i s t i n g  o f  t w o  m e m b e r s  o f  t h e  a g r f c u l t u r a f
e d u c a t i o n  f a c u l t y  a t  t h e  U n i v e r s i t y  o f  I I I  inois  a n d  t w o  h l g h  s c h o o l
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v o c a t i o n a l  agriculture  teachers. T h e  p a n e l  a l s o  e v a l u a t e d  t h e  difficulty
leve l  o f  the  I tems on  the  ins t ruments  and  de te rmined  tha t  the  tes ts  were
equa l  I n  con ten t . I n  addition,  s tudent  scores for  both  ins t ruments  in
t h e  p i l o t  t e s t  w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .  T h e  u n i v e r s i t y  f a c u l t y
members  ra ted  each  i t em as  e i t he r  a  l ow  l eve l  o r  a  h igh  l eve l  cogn i t i ve
i t em us ing  the  cogn i t i ve  l eve l s  desc r i bed  by  B loom (1956). F o r  this
s tudy ,  l ow leve l  cognitive  i tems were  those  wh ich  requ i red  knowledge and
comprehens ion ,  and  h igh l e v e l  c o g n i t i v e  i t e m s  r e q u i r e d  a p p l  ication,
analysis, s y n t h e s i s , o r  eva lua t i on . The Ins t ruments  were  f ie ld  tes ted
a n d  p i l o t  t e s t e d  f o r  c l a r i t y  a n d  r e l i a b i l i t y  using  s t u d e n t s  I n  t w o  voca-
tional  a g r i c u l t u r e  d e p a r t m e n t s n o t  p a r t i c i p a t i n g  i n  t h e  s t u d y . The
K u d e r - R i c h a r d s o n  2 0  reliability  c o e f f i c i e n t  f o r  t h e  r e v i s e d  s t u d e n t
ach ievement  ins t rument  was  .80, and  a  K -R  20  coe f f i c i en t  o f  .88  was ca l -
cu la ted  fo r  t he  re ten t i on  i ns t rumen t . R e l i a b i l i t y  c o e f f i c i e n t s  f o r  t h e
l ow  l eve l  cogn i t i ve  sca le  and  h i gh  l eve l  cogn i t i ve  sca le  on  t he  ach leve -
ment and  re ten t ion  ins t ruments  ranged  from  .73  to  .91.

Data  Col lect ion

P r i o r  t o  t h e  b e g i n n i n g  o f  t h e  s t u d y ,  t e a c h e r s  w h o  w e r e  s e l e c t e d
t o  p a r t i c i p a t e  r e c e i v e d  i n s e r v i c e  e d u c a t i o n  o n  t h e  p r o p e r  u s e  o f  t h e
two  teach ing approaches. The  p rob lem so lv ing  approach  was  a  student-
cen te red  ins t ruc t iona l  approach , w h i l e  t h e  s u b j e c t  m a t t e r  a p p r o a c h  in
th is  s tudy was a  teacher -centered approach. Wh i l e  t he  p rob lem so l v i ng
approach focused ins t ruc t ion  on  p rob lems and concerns  ra ised  by  the
students, the  sub jec t  ma t te r  approach  focused  upon  ag r i cu l tu ra l  subject
m a t t e r  s e l e c t e d  b y  t h e  t e a c h e r . W i th  the  p rob lem so l v ing  app roach ,
e m p h a s i s  w a s  p l a c e d  u p o n  u s i n g  i n f o r m a t l o n  t o  d e v e l o p  s o l u t i o n s  t o
prob lems, while  t h e  s u b j e c t  m a t t e r  a p p r o a c h  e m p h a s i z e d l e a r n i n g
agricultural f a c t s . S p e c i f i c  t e a c h i n g techn i ques and l e a r n i n g
ac t i v i t i es  to  be  used  du r ing  the  p rob lem so lu t i on  s tep  (p rob lem solving
approach ) a n d  t h e  p r e s e n t a t i o n  s t e p  ( s u b j e c t  m a t t e r  a p p r o a c h )  w e r e
dete rmined by  the  teachers .

The  s teps  i nvo l ved  i n  t he  p rob lem so l v ing  app roach ,  as  ou t l i ned  in
C r u n k l l t o n  a n d  K r e b s  (1982), i nc I uded conduct I ng an i n teres t  approach,
deve lop ing  s tuden t  ob jec t i ves  fo r  s tudy ing  the  p rob lem a rea ,  identifica-
tion  o f  spec i f i c  p rob lems and concerns  o f  s tudents  re la ted  to  the  p rob-
lem area ,  deve lop lng  poss ib le  so lu t ions  to  p rob lems and  concerns ,  d raw-
ing  conc lus ions  o r  summar iz ing  the  appropr ia te  so lu t ions ,  and  s tuden t

eval uation. The  s teps  i nvo l ved  in  the  sub jec t  ma t te r  app roach  Inc luded
an  i n t r oduc t i on  (in  wh ich  the  teacher  p resented the  reasons fo r  s tudy ing
the  p rob lem area) , presentation  o f  s u b j e c t  m a t t e r ,  r e v i e w  o f  i m p o r t a n t
points , and  s tuden t  eva lua t i on .

Da ta  were  co l l ec ted  In  a l l  f ou r  schoo ls  be tween  m id -Apr i l  and  ea r l y
May  o f  1986 . A  p rob lem a rea  in co rn  p roduc t i on  wh ich  requ i red  approx i -
m a t e l y  1 0  c l a s s  p e r i o d s  o f I n s t r u c t i o n a l  t i m e  w a s  s e l e c t e d  f o r  t h i s
study, s i n c e  c o r n  p r o d u c t i o n  w a s  i n c l u d e d  i n  t h e  c o u r s e  o f  s t u d y  f o r
each o f  the  schoo ls  se lec ted . The  p rob lem a rea  focused  upon  seedbed
prepara t ion  and  p lan t ing  p rocedures  fo r  co rn .  Each  c lass  par t i c ipa t ing
in  the s tudy was v  i  sited  by the researcher  dur  ing  the s tudy to  observe
the  teach ing  approaches  used  and  to  ve r i f y  tha t  the  p roper  t rea tments
were be ing used In  the  ass igned groups. T h e  p r o b l e m  a r e a  a c h i e v e m e n t
tes t  was  admin i s te red  Immed ia te l y  f o l l ow ing  the  t rea tmen t ,  and t he  p rob -
lem a rea  re ten t ion  tes t  w a s  admin i s te red  one  week f o l l o w i n g  t h e  a c h l e v e -
ment  tes t . I n  o r d e r  t o  c o n t r o l  f o r  possible  p r e e x i s t i n g  g r o u p  d i f f e r -
ences, average  grades for  the f i rst  semester  of  vocational  agr icul ture
a n d  s t u d e n t  I Q  s c o r e s  w e r e  col lected  f o r  e a c h  s t u d e n t  t o  b e  u s e d  a s
covar ia te  measures In  the  s tudy.

2 2



Analys is  o f  Data

For  the  purpose  o f  s ta t i s t i ca l  ana lys is ,  appropr ia te  nu l l  hypo the-
ses were deve loped for  each research hypothes ls  and were tes ted a t  the
.05  a l p h a  l e v e l . Mul t ivar iate a n a l y s i s  o f  c o v a r i a n c e  (MANCOVA)  tech-
n lques  were  used  to  examlne  the  da ta ,  wh lch al I owed the two dependent
va r lab les  to  be  examlned  s imu l taneous ly  and  took  In to  accoun t  ex l s t l ng
correlations  be tween  the  variables.  Ho te l  l ing's  T* statistic  was used
t o  d e t e r m i n e  i f  d i f f e r e n c e s  e x i s t e d  b e t w e e n  t h e  t w o  t r e a t m e n t  g r o u p s
wi th  un ivar ia te  ana lys ls  o f  covar iance  used  as  a  fo l low-up  p rocedure .
The se lec t ion  o f  covar ia te  measures  was suppor ted  by  w i th in  g roup cor -
re la t ions  computed  fo r  the  covar ia te  measures  and  s tuden t  ach ievement
a n d  r e t e n t i o n  s c o r e s  which  indicated  t h a t  t h e  c o v a r l a t e  m e a s u r e s  w e r e
re la ted  to  the  ma jo r  dependen t  va r i ab les . I n  a d d i t i o n ,  t - t e s t s  i n d i -
ca ted  s ign i f i can t  differences  be tween  t rea tment  g roups  fo r  bo th  average
grade  in  voca t iona l  ag r i cu l tu re  and  s tuden t  IQ ,  sugges t ing  tha t  ana lys i s
o f  covar iance  techniques  were appropriate.

Resul ts

A  m u l t l v a r l a t e  a n a l y s l s  o f  c o v a r l a n c e  w a s  p e r f o r m e d  o n  s t u d e n t
scores  fo r  the  p rob lem a rea  ach ievement  tes t  and  the  p rob lem a rea  re ten -
t i o n  t e s t . Hotelling's  T* s t a t i s t i c  w a s  .041  [F(2,121)  =  2 . 5 0 ,  e  =
.08],  indicating  there  was  no  d i f fe rence  a t  the  .F5  a l p h a  l e v e l  b e t w e e n
the  t rea tment  g roups  when s tuden t  ach ievement  and  s tuden t  re ten t ion  were
cons idered  s imu l taneous ly . I n  a d d i t i o n , un  l va r  I  a te  fo l  l ow-up  tes ts
i nd i ca ted  no  d i f f e rence  in s tuden t  ach ievemen t  o r  re ten t i on  be tween  the
groups when cognitive  leve ls  o f  the  i tems were  cons idered .  There fo re ,
the  da ta  d ld  no t  suppor t  Research  Hypotheses  1  th rough 4 .

F ind lngs  Re la ted  t o  S tuden t  Ach ievemen t

Student  ach ievement  was  measured  by  the  number  o f  cor rec t  responses
o n  t h e  25-item  prob lem a rea  ach ievemen t  tes t .  Due  to  p re - t rea tmen t  d i f -
fe rences between the groups, the  mean scores  fo r  s tudent  ach ievement
were ad jus ted us ing the  covar la te  measures . Summary s ta t is t ics  for  s tu-
den t  pe r fo rmance  on  the  p rob lem a rea  achievement  test which  i n c l u d e d  1 6
l o w  l e v e l  cognitive  i t e m s  a n d  9  h i g h  l e v e l  cognitive  i tems are  presented
i n  T a b l e  1 .

Table 1

Mean  S tuden t  Ach  ievement  f o r  P rob lem Area  Ach ievemen t  Tes t  by  Teach ing

Method

Tota l  Score L o w  L e v e l  I t e m s H i g h  L e v e l  I t e m s
Teach I ng

Method 11 Ob  s?ed
AdL. Observed

x
AdJ  .

ObsFved
AIJ.

X X X

Problem
Solving 66 1 3 . 5 9 1 3 . 1 3 9 .55 9 .20 4 .05 3 .92

Sub jec t
M a t t e r 60 13.38 13.85 9 .10 9 .44 4 .28 4 .40
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F lnd lnqs  Re la ted  t o  Re ten t i on  o f  Know ledge

Two measures  o f  re ten t ion  o f  acqu i red  knowledge were  used :  (a)  t he
number  o f  cor rect  responses on the 25-item  prob lem area  re ten t ion  tes t
a n d  (b)  ach ievement  loss , o r  the  dif fe rence between s tudent  scores on
the  ach ievement  tes t  and  the  pa ra l l e l  re ten t ion  tes t .  S tuden t  sco res  on
the  re ten t ion  tes t  were  adjusted  us ing  the  covar la te  measures  o f  average
grade  In  voca t lona l  ag r i cu l tu re  and  IQ  scores .  Summary  statistics  f o r
s tuden t  pe r fo rmance  on  the  re ten t ion  tes t  a re  p resen ted  In  Tab le  2 .

Table 2

Mean  S tuden t  Re ten t i on  f o r  P rob lem Area  Re ten t i on  Tes t  by  Teach ing

Method

Tota l  Score Low Level I terns H i g h  L e v e l  I t e m s

Teach I ng
ObsFved

Ad-j  .
ObsFved

Ag.
obsF-ved

A-!  .
Method ” X X X

Prob I  em
S o l v i n g  6 6 12.24 1 1 . 8 9 8 .02 7 .75 4 .23 4 .14

Sub jec t
M a t t e r 60 10.90 11.25 7 .27 7 .53 3 .63 3 .73

As shown in Tables 1 and 2, s t u d e n t s  I n  t h e  s u b j e c t  m a t t e r
t r e a t m e n t  g r o u p  h a d  s l  i g h t l  y  h  l g h e r  adj usted  m e a n  s c o r e s  o n  t h e
ach  levement  tes t  than  s tuden ts  In  the  p rob lem so lv lng  t rea tmen t  g roup .
However ,  the  reverse was found for  the  re tent ion  tes t ,  with  students In
t h e  p r o b l e m  s o l v l n g  g r o u p  e a r n l n g  h l g h e r  a d j u s t e d  m e a n  s c o r e s  t h a n
s tuden ts  in  the  sub jec t  mat te r  t rea tment  g roup . While  t h e  d i f f e r e n c e s
b e t w e e n  t h e  g r o u p s  w e r e  n o t  significant  f o r  e i t h e r  a c h i e v e m e n t  o r
re ten t ion ,  th is  reversa l  indicated  a  lower  ach ievement  loss  fo r  s tudents
in  t he  p rob lem so l v ing  t rea tmen t  g roup  ( see  Tab le  3).

Table 3

Mean S tuden t  Ach ievemen t  Loss  by  Teach ing  Me thod

Tota I  Achievement Achievement
Achievement L o s s  f o r L o s s  f o r

T e a c h i n g  Method  ” Loss L o w  L e v e l  I t e m s High  L e v e l  I t e m s

P r o b l e m  S o l v i n g  6 6 -1 .24 -1 .45 +0.21
Subject  M a t t e r  6 0 - 2 . 6 0 -1 .91 -0 .67

Note . Mean s tuden t  ach ievement  loss  was  ca lcu la ted  f rom mean scores
ad jus ted for  covar la te  measures. Nega t l ve  va lues  l nd l ca te  ach ievemen t
l o s s . Pos l t l ve  va lues  l nd l ca te  achievement  gain.
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Because of  th is  reversal  in scores , an exploratory analysis of
variance was performed for achievement loss on the adjusted mean scores
for the two groups to determl  ne I f the difference in achievement loss
was statistically  significant (see Table 4).  When the total test scores
were considered, there was a significant difference  In achievement loss
in favor of  the problem solv ing treatment group. Research Hypothesis
5 was supported by the data, and the hypothesis of  no difference In
achievement loss between students taught by the problem solving approach
and students taught by the subject matter approach was rejected.

Table 4

ANCOVA Summary Table for Achievement Loss

Source of Variation s s- df M S- - F

Covariates

Average Grade

IQ

Teach 1 methodn g

Residual (error)

Tota I

13.33 2 6.67 0.54

5.62 1 5.62 0.46

1 .ll 1 1.11 0.09

54.60 1 54.60 4.40*

1500.52 122 12.30

1568.44 125

*e’.o5.

In order to examine  the nature of the dif ference I n achievement
loss between the two treatment groups, further analysis  was performed on
achievement loss for the two cogni t ive levels of  the I tems. For low
level  cogni t ive i tems, achievement loss for the problem solving  group
was slightly  lower, but not s igni f icant ly lower,  than for the subject
matter group [f_ (1,222) = 0.84, e= .36]. The sub-hypothesis of no dif-
ference in achievement loss for  lower level  cogni t ive I tems was not
re j ected.

However,  for hlgh level  cognlt lve i tems, students in the problem
solving  t reatment group scored s l ight ly h igher on the retention  test,
resul t ing in  an a  ga in , while  s tudents  in the subject  mat-
ter group experienced an achievement loss. An analysis of covariance
was per formed to determine the signif  icance  of the di f ference between
the treatment groups. The 1 test Indicated a significant  difference
between the t reatment groups (see Table 5), indicat ing that for high
level  cogni t ive i tems, students taught by the problem solving approach
had less achievement loss than students taught by the subject matter
approach. Therefore, the data supported the sub-hypothesis associated
w i th Research Hypothesl  s 5, and the hypothesis of no difference between
treatment groups for achievement loss for high level cognltlve items was
rej ected .

2 5



Table 5

ANCOVA Summary Table for Achievement Loss for High Level Items

Source  o f  Variation s s d f MS F- - - -

Covar i ates
Average  g rade
IQ

T e a c h  1 m e t h o dn g
Residual  (er ror)

Tota  I

““p.01  .

5 .69 2 2 .85 0 .82
3 .82 1 3 . 82 1 .10
4 .88 1 4 . 88 1 .40

2 3 . 5 9
12:

2 3 . 5 9 6.79**
4 2 3 . 9 4 1 2 . 3 0

453.21 1 2 5

Conc lus ions

T h e  c o n c l u s i o n s  d r a w n  f r o m  this  s t u d y  w e r e  limited  t o  t h e  e x -
t e n t  t h a t  t h e  s a m p l e  w a s  n o t  r a n d o m l y  s e l e c t e d  f r o m  t h e  population.
There fo re ,  t he  conclusions  a re  gene ra l l zab le  t o  t he  ex ten t  t ha t  t he  sam-
p le  was  rep resen ta t i ve  o f  the  popu la t ion  o f  s tuden ts  en ro l l ed  in In t ro -
duc to ry  voca t l ona l  agriculture  courses In Illinois.

The p rob lem so lv lng  approach  Is  no  more  o r  less  e  t han  t he
sub jec t  mat te r  approach as  measured by  s tudent  ach ievement ,  regard less
o f  the  cogn i t i ve  l eve l  o f  t he  ques t lons .

The  p rob lem so lv lng  approach  I s  no  more  o r  l ess  e f fec t i ve  than  the
sub jec t  ma t te r  approach  in  producing  h lgher  scores  on  the  de layed  re ten-
t ion  tes t ,  regard less  o f  the  cogn l t l ve  leve l  o f  the  ques t lons .

F o r  h l g h  l e v e l  c o g n l t l v e  i t e m s , s tuden ts  taugh t  by  the  p rob lem
so lv ing  app roach  exh lb l t  l ower  achievement  loss  than s tudents  taught  by
the  sub jec t  mat te r  approach .

R E

Because  o f  t he  s l i gh t  advan tage  o f  t he  p rob lem solving  approach  In
the  a rea  o f  s tuden t  retention  o f  knowledge , t h e  p r o b l e m  solving  approach
may  be  used  w l th  con f idence  to  teach  In t roduc to ry  voca t iona l  ag r i cu l tu re
courses.

S t u d i e s  o f  simi l a r  p u r p o s e  a n d  d e s l g n  with  a  v a r l e t y  o f  p r o b l e m
areas  and s tudents  f rom both  ru ra l  and  urban backgrounds  shou ld  be  con-
duc ted  In  vocat ionaI  agr lcu I tu re  c lassrooms to  Increase the  genera I  iza-
bility  o f  t h e  f l n d l n g s  o f  this  s t u d y .

Additional  s tud les  shou  Id  be  conduc ted  to  de te rm l  ne  the  e f fec t  o f
t h e  p r o b l e m  solving  app roach  on  retention  over  l onger  periods  o f  t i m e .

S tud ies  involving  s tudents  In  vocat iona l  agr icu l tu re  courses  shou ld
be  conduc ted  t o  de te rm ine  t he  effectiveness  o f  p rob lem so l v i ng  instruc-
t l o n  in Imp rov ing  p rob lem so l v l ng  and  decision  maklng ski l ls .

(Con t i nued  on  page  52)
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