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Abstract:
During the Fall Quarter of 1982, the researcher conducted an experiment at Montana State University
involving six sections of Math 121, freshman calculus. The purpose of the study was to determine the
effect of formative testing, diagnostic and prescriptive remediation, and retesting on student
performance in calculus in a conventional classroom instructional setting. The experimental treatments
were limited to the use of weekly formative quizzes and did not intrude into lecture time or homework
practices.

The students in the six sections were divided randomly into two groups for the study, an experimental
group and a control group. Experimental and control group students all took the same quizzes and
examinations. The control group students received conventional forms of written feedback on their
quizzes and remedial assistance based on their own perceptions of need and initiative in seeking help.
Experimental group students received a detailed error analysis for each formative quiz and remediation
individualized to address the diagnosed errors.

At the end of the quarter, student performance was evaluated as the sum of the three one hour
examination scores plus the final examination score. Of 500 possible points, the control group had a
mean score of 375.9 and the experimental group had a mean of 402.3 for students finishing the course.
The analysis of variance showed significant main effect differences for the experimental and control
groups. The p-value for the difference in mean performance for entering freshmen was .0186. No
aptitude-treatment interaction was found.

On the basis of this analysis, the researcher concluded that student performance in calculus can be
significantly improved by using formative testing, prescribed remediation, and retesting, procedures
which do not require extensive intrusion into the conventional lecture- discussion format of college
calculus. 
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ABSTRACT

D uring  th e  F a l l  Q u a r te r  o f 1982, th e  r e s e a r c h e r  co n d u c ted  an 
experim ent a t  Montana S ta te  U n iv e rs ity  in v o lv in g  s ix  s e c tio n s  of Math 
121, freshm an c a lc u lu s . The purpose of th e  study was to  determ ine the  
e f f e c t  of fo rm a tiv e  t e s t in g ,  d ia g n o s tic  and p re s c r ip t iv e  rem ed ia tio n , 
and r e t e s t i n g  on s tu d e n t  p e rfo rm a n c e  in  c a lc u lu s  in  a c o n v e n tio n a l  
classroom  in s t r u c t io n a l  s e t t i n g .  The e x p e r im e n ta l;  t r e a tm e n t s  w ere  
l i m i t e d  to  th e  use  o f w eek ly  fo r m a t iv e  q u iz z e s  and d id  n o t in t r u d e  
in to  le c tu r e  tim e  o r homework p ra c t ic e s .

The s tu d en ts  in  th e  s ix  s e c tio n s  w ere d iv ided  randomly in to  two 
g ro u p s  f o r  th e  s tu d y , an e x p e r im e n ta l  g roup  and a c o n t r o l  g ro u p . 
Experim ental and c o n tro l group s tu d e n ts  a l l  took th e  same qu izzes and 
exam inations. The c o n tro l group s tu d en ts  rece iv ed  conven tional form s 
of w r i t t e n  feedback on t h e i r  qu izzes and rem ed ial a s s is ta n c e  based on 
t h e i r  own p e r c e p t io n s  o f need  and i n i t i a t i v e  in  s e e k in g  h e lp . 
E x p e r im e n ta l  g ro u p  s tu d e n t s  r e c e iv e d  a d e t a i l e d  e r r o r  a n a ly s i s  f o r  
e ach  f o r m a t iv e  q u iz  and r e m e d ia t io n  in d iv id u a l i z e d  to  a d d re s s  th e  
d iag n o sed  e r ro r s .

At the  end of th e  q u a r te r ,  s tu d en t perform ance was ev a lu a ted  as 
th e  sum o f th e  th r e e  one ho u r e x a m in a tio n  s c o r e s  p lu s  th e  f i n a l  
e x a m in a tio n  s c o r e .  Of 500 p o s s ib le  p o i n t s ,  th e  c o n t r o l  g roup  had a 
mean score  of 375.9 and th e  ex p erim en ta l group had a mean of 402.3 fo r  
s tu d e n t s  f i n i s h i n g  th e  c o u rs e . The a n a ly s i s  o f v a r ia n c e  showed 
s ig n i f ic a n t  main e f f e c t  d if fe re n c e s  fo r  the  experim en ta l and co n tro l 
g ro u p s . The p -v a lu e  f o r  th e  d i f f e r e n c e  in  mean p e rfo rm a n c e  f o r  
e n te r in g  freshm en was .0186. No a p t i t u d e - t r e a t m e n t  i n t e r a c t i o n  was 
found.

On th e  b a s i s  o f t h i s  a n a l y s i s ,  th e  r e s e a r c h e r  co n c lu d ed  th a t  
s tu d en t perform ance in  c a lc u lu s  can be s ig n i f ic a n t ly  improved by using  
fo rm a tiv e  te s t in g ,  p re sc r ib e d  re m ed ia tio n , and r e te s t in g ,  procedures 
w h ich  do n o t r e q u i r e  e x te n s iv e  i n t r u s i o n  in to  th e  c o n v e n tio n a l  
l e c tu r e -  d is c u s s io n  fo rm at of co lleg e  c a lc u lu s .
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CHAPTER OHE 

HTRODD CTIOH 

In tro d n c tio n

M athem atics, the  p h y s ica l s c ie n c e s , en g in eerin g  in  a l l  i t s  fo rm s, 

and many o th e r  d is c ip l in e s  sh are  a c h a r a c te r i s t i c  o r ie n ta t io n  tow ard 

s e q u e n t i a l ,  t a s k - o r i e n t e d  d e v e lo p m e n t. In  th e s e  d i s c i p l i n e s ,  . a 

s tu d e n t  p r o g r e s s e s  from  th e  b a s ic  to  th e  m ore com plex  by m a s te r in g  

in c re a s in g ly  more s o p h is t ic a te d  concepts and s k i l l s  in  a w e ll defined  

o r d e r .  Bloom (1976) a rg u e s  t h a t  f a i l u r e  a t  any p o in t  in  su ch  a 

seq u en ce  to  m a s te r  th e  t a s k  a t  hand n o t o n ly  w eakens th e  s tu d e n t 's  

un d ers tan d in g  a t  th e  p o in t of f a i l u r e ,  but a lso  in h ib i t s  h is  a b i l i t y  

to  m a s te r  su b se q u e n t t a s k s .  In  l i g h t  o f t h i s  c h a r a c t e r i s t i c ,  th e  

cu rricu lum  must p rov ide some way of d ea lin g  w ith  s tu d en t e r ro rs  and 

m isu n d erstan d in g .

At M ontana S ta te  U n iv e r s i ty ,  th e  f i r s t  q u a r t e r  o f c a lc u lu s  

w as M ath 121. The c o u rse  b r i e f l y  re v ie w e d  a lg e b r a i c  s k i l l s  b e fo re  

b e g in n in g  d i f f e r e n t i a l  c a lc u lu s .  A p p ro x im a te ly  t w o - th i r d s  o f th e  

q u a r te r  was sp en t on th i s  to p ic ,  which d e a ls  p r im a r i ly  w ith  a study of 

th e  r a te  of change o f fu n c tio n a l v a lu es  and a s so c ia te d  a p p lic a tio n s  to  

sc ien ce  and en g in ee rin g . The l a s t  to p ic  in troduced  in  th e  course was 

i n t e g r a l  c a l c u lu s ,  w h ich  i s  o f t e n  a p p l ie d  to  th e  p ro b lem  o f f in d in g  

the . a re a  under a g iven  curve. A thorough in v e s t ig a t io n  of in te g ra t io n
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was p re sen te d  in  Math 122 .and subsequent course o f fe r in g s . The problem 

of d e a lin g  w ith  s tu d en t, e r ro r s  and m isunderstand ings in  Math 121 was 

th e  focus o f t h i s  s tu d y .

The M astery L earning paradigm  proposed by Bloom (1976) s t r e s s e s  

l a r g e  g ro u p  i n s t r u c t i o n ,  u se  o f  f o r m a t iv e  t a s k s ,  and r e m e d ia t io n  to  

a c h ie v e  m a s te ry .  The c la s s ro o m  t e a c h e r 's  r o l e  i s  e x te n d e d  beyond 

c o n v e n tio n a l  p a t t e r n s  o f  p r e s e n t a t i o n  and e v a lu a t io n  to  in c lu d e  

d i a g n o s i s  o f  s t u d e n t  c h a r a c t e r i s t i c s  and  p r e s c r i p t i o n  o f 

in d iv id u a liz e d  in s t r u c t io n  and rem ed ia tio n .

Another sy s te m a tic  approach to  in d iv id u a l iz a t io n  i s  th e  K e lle r , 

o r  P S I, P la n . PSI (P e r s o n a l iz e d  System  o f I n s t r u c t i o n )  p ro g ram s 

s t r e s s  th e  u se  o f th e  w r i t t e n  w ord a s  th e  p r im a ry  v e h ic l e  of 

com m unication fo r  course co n ten t. T utors a re  used e x te n s iv e ly  in  PSI 

program s to  respond to  s tu d en t q u e s tio n s  and a d m in is te r  u n it  

q u iz z e s ,  w h ich  m ust be r e p e a te d  u n t i l  m a s te ry  i s  a c h ie v e d  ( K e l le r ,  

1968). The p r im a ry  t a s k  o f c o u rse  l e c t u r e s  i s  to  m o t iv a te  th e  

s tu d e n t s  and d i r e c t  th e  c o u rse  o f  s tu d y . R ese a rch  c o n d u c te d  on PSI 

c o u rs e s  in  p sy ch o lo g y  (C ooper and G r e in e r ,  1971 ), c h i l d  d ev e lo p m en t 

(Semb, 1974), and p r e - c a l c u lu s  m a th e m a tic s  (H av er, 1978) i n d i c a t e s  

th a t  th e  PSI method o f te n  r e s u l t s  in  h ig h e r s tu d en t perform ance than  

conven tional l e c t u r e - r e c i t a t i o n  methods o f in s tru c t io n .  .

Use o f PSI as  an i n s t r u c t i o n a l  fo rm a t in  c o l le g e  c a lc u lu s  has 

r e s u l te d  in  seem ingly c o n tra d ic to ry  f in d in g s  by d i f f e r e n t  re s e a rc h e rs . 

P a s c a r e l l a  (1977a , 1977b, 19 7 8 ), P e lu s b  and B a ra n c h ik  (1 9 7 7 ), and 

K u lik , K u lik  and S m ith  (1976) found  t h a t  s tu d e n t s  in  PSI s e c t io n s  o f
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c a lc u lu s  scored  h ig h e r on esams than  s tu d en ts  in  co n v en tio n a lly  taught 

s e c t i o n s .  K l o p f e n s t e i n  (1 9 7 7 )  an d  T hom pson (1 9 8 0 )  fo u n d  no 

s ig n i f ic a n t  d if fe re n c e s  betw een exam sco res  of PSI and co n v en tio n a lIy 

tau g h t s tu d e n ts .

In  r e c e n t  y e a r s ,  r e s e a r c h  on th e  n a tu r e  and im p o r ta n c e . of 

in d iv id u a l  l e a r n in g  s t y l e s  (Dunn and Dunn, 1978; G re g o rc , 1979) has 

le d  to  th e  u se  o f th e s e  c o n c e p ts  in  th e  i n d i v i d u a l i s a t i o n  o f 

in s t r u c t io n  (K usler, 1979). This study  makes use o f le a rn in g  s ty le s  

r e s e a r c h  a s  a v e h i c l e  f o r  i d e n t i f y i n g  a p p r o p r i a t e  m odes o f  

rem ed ia tio n  f o r  in d iv id u a l s tu d e n ts .

In  i n t r o d u c to r y  c a l c u l u s ,  th e  p ro b lem  of d e a l in g  m ith  s tu d e n t  

m is u n d e rs ta n d in g  i s  c o m p lic a te d  by th e  iCride ra n g e  o f  a b i l i t i e s  and 

degrees of p re p a ra tio n  in  th e  s tu d en t p o p u la tio n . In  p a r t i a l  answer 

to  t h i s  p ro b le m , th e  M o n tan a  S t a t e  U n i v e r s i t y  D e p a r tm e n t  o f  

M athem atical Sciences o p e ra te s  a L earn ing  C enter every school day from 

8 am to  5 pm. At th e  l e a r n in g  c e n t e r ,  s tu d e n t s  have  a c c e s s  to  

t u t o r i a l  h e lp  from  q u a l i f i e d  s t a f f  m em bers and g r a d u a te  s tu d e n t s .  

S tudents may seek a s s is ta n c e  on homework problem s, c l a r i f i c a t i o n  of 

t o p i c s  p r e s e n t e d  i n  c l a s s ,  o r  r e v ie w  in  p r e p a r a t i o n  f o r  an 

e x a m in a tio n . T h is  s e r v ic e  has b een  o f f e r e d  s in c e  1977 and was 

o r i g i n a l l y  p ro v id e d  to  p ro v id e  s tu d e n t s  w i th  a s s i s t a n c e  when t h e i r  

in s t r u c to r s  w ere u n a v a ilab le  (T ia h r t ,  1982).
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Statem ent o f th e  Problem

S tu d e n t f a i l u r e  in  i n t r o d u c to r y  c a lc u lu s  has c r e a te d  p ro b lem s 

bo th  f o r  th e  s tu d en t p e rso n a lly  and f o r  c o lle g e  departm ents faced  w ith  

s c h e d u lin g  t r a i l e r  s e c t io n s  f o r  s tu d e n t s  who have d e la y e d  ta k in g  

c o u rs e  w ork in  t h e i r  m a jo r  a re a  b e c a u se  o f f a i l u r e  in  p r e r e q u i s i t e  

c a lc u lu s  c o u rs e s .  The p u rp o se  o f  t h i s  s tu d y  was to  d e te rm in e  th e  

e f f e c t  o f fo rm a tiv e  t e s t in g ,  p re sc r ib e d  rem ed ia tio n , and r e te s t in g  on 

s tu d en t perform ance in  freshm an c a lc u lu s  when rem ed ia tio n  i s  ad ju s ted  

to  accommodate in d iv id u a l le a rn in g  s ty le s .

Keed fo r  th e  Study

I n  1 9 8 1 , a p p r o x i m a t e l y  30% o f  t h e  s t u d e n t s  e n r o l l e d  in  

in tro d u c to ry  c a lc u lu s  a t  Montana S ta te  U n iv e rs ity  rece iv ed  a grade of 

D o r  F. T h is  was t y p i c a l  of f a i l u r e  r a t e s  in  co m p arab le  c o u rs e s  

a c r o s s  th e  c o u n try  ( S t r u ik  and F le x e r ,  1977). A d d i t io n a l ly ,  t h i s  

f a i l u r e  r a te  c re a te d  o f co n sid e rab le  p e rso n a l d isappo in tm en t to  both 

s tu d e n t s  and p a r e n t s .  When th e  e f f e c t  o f su ch  f a i l u r e s  was seen  in  

th e  b ro a d e r  p e r s p e c t iv e  o f th e  u n i v e r s i t y  d i s c i p l i n e s  f o r  w h ich  

m a th e m a t i c s  i s  a f o u n d a t i o n ,  t h e  f a i l u r e s  to o k  oh  f u r t h e r  

s ig n if ic a n c e . S tudent f a i lu r e s  c re a te d  a need fo r  t r a i l e r  s e c tio n s  of 

M ath 1-21 and o th e r  c o u rs e s  seq u en ced  w i th  M ath 121 in  o th e r  

departm en ts. As an exam ple, co n sid e r th e  im pact of s tu d en t f a i lu r e  in  

Math 121 on course schedu ling  in  th e  E ngineering  Mechanics Department. 

W ith en ro llm en ts  in  en g in eerin g  growing every y ear, th e  u n iv e rs i ty  was
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f a c in g  s h o r ta g e s  in  q u a l i f i e d  s t a f f i n g  and f a c i l i t i e s .  U ltim a te ly , 

en g in ee rin g  s tu d e n ts  who f a i l e d  c a lc u lu s  and had to  re p e a t the  course 

added  to  th e  b u rd e n  o f th e  e n g in e e r in g  d e p a r tm e n ts  by c r e a t in g  

sch edu ling  problem s when m athem atics p r e re q u is i te s  w ere n o t completed 

ah ead  o f  s p e c i f i e d  e n g in e e r in g  c o u rs e s  a s  p la n n e d  (W il l ia m s , 1982). 

The same type of sch ed u lin g  problem s o ccu rred  in  o th e r  departm ents as 

w e ll .  Thus, in  o rd e r to  deal w ith  s tu d en t f a i lu r e s  both  as a personal 

p ro b lem  and a s  a u n i v e r s i t y  p ro b le m , t h e r e  w as a need  f o r  r e s e a r c h  

ad d ress in g  th e  improvement of in s t r u c t io n  in  in tro d u c to ry  c a lc u lu s .

A review  o f th e  l i t e r a t u r e  re v e a le d  s tu d ie s  which su p p o rt th e  use 

o f  M as te ry  L e a rn in g  and PSI s t r a t e g i e s  a s  e f f e c t i v e  a p p ro a c h e s  to  

im p ro v in g  s tu d e n t  p e rfo rm a n c e  in  c a lc u lu s  ( P a s c a r e l l a ,  1977a and 

Peluso  and B aranchik , 1977 ). The review  a lso  rev ea led  s tu d ie s  which 

c o n c lu d e d  t h a t  th e  M as te ry  L e a rn in g  and PSI s t r a t e g i e s  made no 

d i f f e r e n c e  in  s tu d e n t  p e rfo rm a n c e  w hen com pared to  c o n v e n tio n a l  

m ethods o f i n s t r u c t i o n  ( K lo p fen iB te in , 1977). The v a r i e t y  o f 

i n s t r u c t i o n a l  fo r m a ts  and p ro c e d u re s  em ployed in  th e  s tu d i e s  c i t e d  

above and in  o th e r  s tu d i e s  d is c u s s e d  in  C h ap te r  Two o f t h i s  p ap e r 

ranged from m oderate m o d if ic a tio n s  o f conven tional classroom  procedure 

to  m ajor d iv e rs io n s  from t r a d i t i o n a l  p ro c e d u re s . T h is  s tu d y  t e s t e d  

th e  e ffe c t iv e n e s s  o f c e r ta in  M astery Learn ing  and PSI s t r a t e g i e s  in  an 

i n s t r u c t i o n a l  s e t t i n g  t h a t  w as c lo s e  to  c o n v e n tio n a l  c la s s ro o m  

p ro ced u res .

F ina lly , the so lu tion  to  the problem of fa ilu re s  in  calculus does

not l i e  in  college pre-calculus remedial courses. W hitesitt ( 1980 )
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showed t h a t  p r e - c a l c u lu s  c o u rs e s  su ch  a s  c o l le g e  a lg e b r a  and 

trig o n o m etry  o ffe re d  a t  Montana S ta te . U n iv e rs ity  w ere n o t e f f e c t iv e  in  

p rep a rin g  s tu d e n ts  f o r  c a lc u lu s . Thus, th e  problem of s tu d en t e r ro rs  

and m isunderstand ing  in  c a lc u lu s  must be d e a l t  w ith  as a p a r t  o f the  

c a lc u lu s  c u rric u lu m .

Q uestions Answered

This study answered n ine q u e s tio n s .

1. D id th e  random  a ss ig n m e n t o f s tu d e n t s  to  t r e a tm e n t  g ro u p s 

r e s u l t  in  an experim en tal and c o n tro l group of equal a b i l i ty ?

2. Did th e  random assignm ent of s tu d e n ts  to  i n s t r u c t o r s . r e s u l t  

in  th e  in s t r u c to r s  te ach in g  groups o f equal a b i l i ty ?

3 . F o r s tu d e n t s  o f  known a b i l i t y ,  did. th e  experim en ta l group 

s tu d e n ts  perform  a t  a d i f f e r e n t  le v e l  th an  th e  c o n tro l group s tu d en ts?

4. Has th e re  an a p ti tu d e - tre a tm e n t in te ra c t io n ?  In  p a r t ic u la r ,  

when th e  d i f f e r e n c e  in  exam p e rfo rm a n c e  o f c o n t r o l  g roup  and 

exp erim en ta l group s tu d e n ts  of r e l a t iv e ly  low a b i l i t y  was compared to  

th e  d i f f e r e n c e  in  p e rfo rm a n c e  o f c o n t r o l  and e x p e r im e n ta l  group 

s tu d e n ts  o f r e l a t iv e ly  h igh  a b i l i t y ,  w ere th e  d if fe re n c e s  co n stan t o r 

d id  one t r e a tm e n t  b e n e f i t  s tu d e n t s  o f  one a b i l i t y  l e v e l  m ore th a n  

s tu d e n ts  o f an o th er a b i l i t y  le v e l?

5. For s tu d en ts  of unknown a b i l i t y ,  d id  the  experim en ta l group 

s tu d en ts  perform  a t  a d i f f e r e n t  le v e l  th an  th e  co n tro l group s tu d en ts?

6. Has th e  s tan d a rd  d e v ia t io n  of th e  experim en tal group sco res 

d i f f e r e n t  than  the  s tan d a rd  d e v ia t io n  o f th e  co n tro l group sco res  fo r
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each of th e  fo u r  exam inations?

7. Was th e r e  any r e l a t i o n s h i p  b e tw ee n  th e  am ount o f t im e  a 

s tu d e n t  s p e n t  in  r e m e d ia t io n  w i th  h i s / h e r  i n s t r u c t o r  and h i s / h e r  

o v e ra l l  perform ance on exam inations?

8. Was th e re  any r e la t io n s h ip  betw een a s tu d e n t 's  expected GPA 

and h is /h e r  o v e ra l l  exam ination perform ance?

9. Was th e re  any re la t io n s h ip  betw een a s tu d e n t 's  le a rn in g  s ty le  

and h is /h e r  o v e ra ll  exam ination perform ance?

T hese n in e  q u e s t io n s  w ere  r e s t a t e d  o p e ra tio n a l ly  in  Chapters 3 

an d  4 .

G eneral P rocedures

Arrangem ents w ere made through the  chairm an o f th e  Department of 

M athem atical Sciences a t  Montana S ta te  U n iv e rs ity  fo r  fo u r Math 121 

in s t r u c to r s  to  p a r t i c ip a te  in  the  study . These in d iv id u a ls  taugh t a 

t o t a l  o f  s i x  s e c t i o n s  o f  i n t r o d u c t o r y  c a l c u l u s .  One o f  t h e  

i n s t r u c t o r s  w as a v i s i t i n g  p r o f e s s o r  w i th  many y e a r s  te a c h in g  

experience  a t  th e  u n iv e r s i ty  le v e l .  The o th e r  th re e  in s t r u c to r s  w ere 

G rad u a te  T each in g  A s s i s t a n t s  in  th e  M ath e m a tic s  D ep artm en t w i th  

v a ry in g  degrees of experience  a t  th e  secondary and c o lle g e  le v e l .

to  c o n tro l fo r  d if f e re n c e s  betw een in s t r u c to r s ,  each in s t r u c to r  

ta u g h t  ro u g h ly  th e  same num ber o f e x p e r im e n ta l  and c o n t r o l  g roup  

s tu d e n ts . Two in s t r u c to r s  tau g h t only  one s e c tio n  each of Math 121. 

The s tu d e n t s  in  each  o f th e s e  s e c t io n s  w ere  ran d o m ly  a s s ig n e d  

m em bersh ip  in  e i t h e r  th e  e x p e r im e n ta l  g roup  o r  c o n t r o l  g ro u p , th u s
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s p l i t t i n g  the  s tu d e n ts  in  each s e c tio n . Tyo in s t r u c to r s  taugh t two 

s e c t io n s  each  of. H a th  121. In  b o th  c a s e s ,  th e s e  s e c t io n s  m et a t  

c o n s e c u t iv e  h o u rs . F o r e ac h  o f th e s e  i n s t r u c t o r s ,  one s e c t io n  y a s  

a s s ig n e d  to  th e  e x p e r im e n ta l  g roup  and one s e c t io n  to  th e  c o n t r o l  

group. The assignm ents  y e re  a l l  made th e  second week of c la s s  a f t e r  

th e  l a s t  day to  add a c la s s  had passed.

The r e s e a r c h e r  u sed  th e  e x p e c te d  GPA, a . s t a t i s t i c  g e n e ra te d  by 

th e  u n i v e r s i t y  f o r  e n te r in g  f re s h m e n , a s  a m easu re  o f  a p t i t u d e  o r 

a b i l i t y  to  do c o lle g e  work. A ll th e  e n te r in g  freshm en in  th e  Math 121 

s e c t io n s  in  th e  s tu d y  y e r e  ra n k e d  by th e  r e s e a r c h e r  on th e  b a s i s  o f 

t h e i r  expected  GPA sco re s . The top  th i r d  o f th e  rank ing  y a s  lab e led  

th e  h ig h  a b i l i t y  g ro u p , th e  Io y  t h i r d  th e  Io y  a b i l i t y  g ro u p , and th e  

m iddle o f th e  l i s t  y as  th e  m iddle a b i l i t y  group. This in fo rm a tio n  y as  

used in  the  d a ta  a n a ly s is  to  look  f o r  in te r a c t io n s  o f tre a tm e n t y i t h  

a b i l i t y ,  bu t i t  y a s  no t made a v a ila b le  to  th e  in s t r u c to r s  o r  s tu d en ts . 

Thus, th i s  c l a s s i f i c a t i o n  had no b earin g  on the  tre a tm e n ts  g iven .

D uring  th e  t h i r d  y e e k  o f c l a s s ,  G re g o rc 's  L e a rn in g  S ty le s  

D e l in e a to r  (G re g o rc , 1982) y a s  a d m in is te r e d  to  th e  s t u d e n t s .  At th e  

end o f th e  t h i r d  y e e k  o f c l a s s ,  s t u d e n t s  in  th e  s ix  s e c t i o n s  began  a 

s e r ie s  o f w eekly fo rm a tiv e  ta sk s  (Appendix A). These ta sk s  took th e  

form of q u izzes  tak en  in  c la s s . I n s t ru c to r s  graded th e  qu izzes of 

th e  ex p erim en ta l group s tu d en ts  and marked a  ta b le  of s p e c if ic a t io n s  

(Appendix B) fo r  each s tu d en t c h a ra c te r iz in g  th e  s tu d e n t 's  e r ro r s  both  

by su b je c t m a tte r  and le v e l  of d i f f i c u l ty .  Uhen the  s tu d en t re p o rte d  

to  th e  i n s t r u c t o r ' s  o f f i c e  th e  n e x t day to  p ic k  up h i s  q u iz ,  th e
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i n s t r u c t o r  d is c u s s e d  th e  s tu d e n t 's  e r r o r  a n a ly s i s  and re m e d ia te d  

(A ppendix  D) th e  s tu d e n t  on th e  in d ic a te d  o b j e c t i v e s ,  ta k in g  in to  

a c c o u n t  t h e  s t u d e n t 's  p r e f e r r e d  l e a r n i n g  s t y l e  (A p p e n d ix  £)« 

F o llo w in g  th e  r e m e d ia t io n ;  a r e t e s t  (A ppendix  C) was g iv e n  to  th e  

s tu d e n t  to  c o m p le te  w i t h i n  a few  days and r e t u r n  to  th e  i n s t r u c t o r .  

F o r th e  e x p e r im e n ta l  g ro u p , th e  i n s t r u c t o r  d i r e c t e d  th e  s tu d e n t 's  

a t t e n t io n  to  th e  d iagnosed a reas  o f concern.

The c o n t r o l  g roup  s tu d e n t s  r e c e iv e d  i d e n t i c a l  q u iz z e s a t  th e  

same, tim e  as th e  exp erim en ta l group s tu d e n ts . The classroom  teach e rs  

ev a lu a ted  th e se  papers in  the  conven tional manner and re tu rn e d  them to  

th e  s tu d e n t s  w i th  w r i t t e n  fe e d b a c k  b u t w ith o u t  a s y s te m a t ic  e r r o r  

a n a l y s i s .  S tu d e n ts  r e p o r te d  to  th e  i n s t r u c t o r  in  th e  sam e m anner as 

th e  exp erim en ta l group s tu d en ts  to  c la im  t h e i r  qu izzes . At a l l  tim es , 

s tu d e n t s  in  th e  c o n t r o l  g roup  w ere  f r e e  to  see k  h e lp  from  t h e i r  

in s t r u c to r s  and i n i t i a t e  any d is c u s s io n  concerning t h e i r  p ro g ress  o r 

p e rc e iv e d  p ro b le m s . F or th e  c o n t r o l  g ro u p , th e  s tu d e n t  i n i t i a t e d  

rem ed ia tio n  by re q u e s tin g  h e lp .

For both  groups, th e  m easure of perform ance was a s e r ie s  of th re e  

one ho u r exam s and a tw o h o u r f i n a l  exam (A ppendix F). A ll s tu d e n t s  

to o k  th e  same exams a t  th e  same t im e  and had t h e i r  p a p e rs  s c o re d  by 

th e  same c o m m itte e  o f  i n s t r u c t o r s .  A ll  s tu d e n t s  had e q u a l a c c e s s  to  

h e lp  in  th e  M ath L e a rn in g  C e n te r . The t r e a tm e n ts  and p ro c e d u re s  

d esc rib ed  here  ap p lie d  only to  the  use o f rem ed ial p rocedures re le v a n t 

to  th e  f o r m a t iv e  t a s k s .  A ll  q u e s t io n s  a r i s i n g  from  c la s s ro o m  

d i s c u s s io n s ,  hom ew ork a s s i g n m e n t s ,  e t c .  w e re  h a n d le d  by th e
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i n s t r u c t o r s  in  a c o n v e n t io n a l  m anner w i th o u t  r e f e r e n c e  to  th e  

s t r a t e g i e s  o u tlin e d  in  t h i s  study.

A nalysis  of. th e  d a ta  was accom plished u sing  com puter f a c i l i t i e s  

a t  Montana S ta te  U n iv e rs ity . The s t a t i s t i c a l  so ftw are  package MSUSTAT 

(Lund, 1978) was u sed  . For each  o f th e  t h r e e  ho u r exam s and th e  two 

h o u r  f i n a l ,  t h e  m ean p e r f o r m a n c e  l e v e l s  f o r  t h e  c o n t r o l  and  

e x p e r im e n ta l  g ro u p s  w ere  com pared u s in g  a 2X3 AHOVA in  w h ich  th e  

i n t e r a c t i o n  o f  t r e a tm e n t  w i th  a b i l i t y  w as ex am in ed . M endenhall and 

Reinmuth (1982) s t a t e  th a t  th e  AHOVA is  an a p p ro p ria te  techn ique fo r  

id e n tify in g  im p o rtan t independent v a r i a b l e s  in  a s tu d y  and how th e y  

i n t e r a c t  and a f f e c t  th e  d ep en d en t v a r i a b l e .  For i d e n t i f y i n g  th e  

s t r e n g t h  o f a r e l a t i o n s h i p  b e tw een  v a r i a b l e s ,  L in d e r  (1979) s t a t e s  

t h a t  th e  c o r r e l a t i o n  c o e f f i c i e n t  i s  m ost u s e f u l .  T hus, P e a rso n  

c o r r e la t io n  c o e f f ic ie n ts  w ere c a lc u la te d  fo r  th e  r e la t io n s h ip s  between 

o v e r a l l  p e rfo rm a n c e  on e x a m in a tio n s  and s tu d e n t  a b i l i t y  l e v e l  as 

m easu red  by th e  e x p e c te d  GPA and b e tw een  o v e r a l l  e x a m in a tio n  

perform ance and th e  amount of tim e spen t in  rem ed ia tio n . The e f fe c t  

o f s tu d en t le a rn in g  s ty le  to  o v e ra l l  perform ance was examined using  

AHOVA.

L im ita tio n s  and D e lim ita tio n s

T h is  s tu d y  was l i m i t e d  to  s tu d e n t s  e n r o l l e d  in  M ath 121 a t  

Montana S ta te  U n iv e rs ity  during  F a l l  q u a r te r ,  1982.

The study  was d e lim ite d  to  ad d ress in g  the  in s t r u c t io n a l  va lue  o f 

fo rm a tiv e  te s t in g ,  p re sc r ib e d  re m ed ia tio n , and r e te s t in g  in  ca lcu lu s
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w ith  reg ard  to  exam ination  perform ance. Ho q u estio n s  w ere asked 

reg a rd in g  a f f e c t iv e  a sp e c ts  of th e  in s t r u c t io n a l  procedures o r o th e r  . 

p o s s ib le  dependent v a r ia b le s  o r  outcom es.

D efin itio n s

Terms d e fin ed  fo r  t h i s  s tu d y :

1. A b i l i t y  o r  A b i l i t y  L ev e l r e f e r r e d  t o  a s tu d e n t 's  

r e l a t iv e  p o s i t io n  w ith  reg a rd  to  a l l  the  o th e r  s tu d e n ts  in  the  study 

in  a ra n k in g  b a se d  on e x p e c te d  MSU g ra d e  p o in t  a v e ra g e . S tu d e n ts  

ran k ed  in  th e  to p  t h i r d  o f  t h i s  l i s t i n g  w ere  d e s ig n a te d  as  b e in g  o f 

"high" a b i l i t y .  S tudents ranked in  th e  bottom  th i r d  o f th is  l i s t i n g  

w ere  d e s ig n a te d  as  b e in g  o f "low " a b i l i t y .  The re m a in in g  t h i r d  was 

d e s ig n a te d  "average".

2. Form ative T estin g  o r E v a lu a tio n  i s  a form of c r i t e r io n  

based  te s t in g  used to  diagnose s tu d e n t  e r r o r s  and m is u n d e rs ta n d in g s  

fo r  th e  purpose of id e n tify in g  in s t r u c t io n a l  s t r a te g ie s  a p p ro p ria te  

to  the  s tu d e n t 's  needs. In  th i s  s tu d y , s tu d en ts  re c e iv in g  fo rm ativ e  

t e s t i n g  w ere  re m e d ia te d  on th e  b a s i s  o f  t h e i r  in d iv id u a l  le a r n in g  

s ty le s .  Thus, two s tu d e n ts  who answ ered th e  same problem s in c o r re c t ly  

on a f o r m a t iv e  t a s k  w ere  re m e d ia te d  o v e r th e  same c o n te n t  

m a te r ia l .  However, i f  the  s tu d en ts  had d i f f e r e n t  le a rn in g  s ty le s ,  the  

fo rm at fo r  th e  rem ed ia tio n  was d i f f e r e n t  fo r  the  two s tu d e n ts .

3. A m a th e m a tic s  L e a rn in g  C e n te r  was a room o r  group  o f 

rooms where s tu d en ts  went fo r  t u t o r i a l  help  o r e v a lu a tio n . At Montana



12

S ta te  U n iv e rs ity , s tu d e n t s .e n ro lle d  in  p re -c a lc u lu s  c la s s e s  went to  a 

d i f f e r e n t  room th a n  s tu d e n t s  e n r o l l e d  in  c a lc u lu s  o r  m ore advanced  

courses. The MSU le a rn in g  c e n te r  was s ta f f e d  by in s t r u c to r s ,  g raduate  

te a c h in g  a s s i s t a n t s ,  and adv an ced  u n d e rg ra d u a te s  w i th  a s t ro n g  

background in  m athem atics.

4. Learning S ty le  in  t h i s  study  r e f e r s  to  th e  range of 

c o g n itiv e  behav io rs  by w hich in d iv id u a ls  p e rce iv e  and p rocess 

in fo rm a tio n  in  a le a rn in g  environm ent. The fo u r o r ie n ta t io n s  tow ards 

in fo rm a tio n  p ro cess in g  used in  th i s  study  a re  id e n t i f ie d  as 

c o n c re te /s e q u e n tia l ,  a b s t r a c t / random, a b s t r a c t / s e q u e n t ia l ,  and 

concrete/random  ( G regorc, 1982 ).

5. M as te ry  L e a rn in g  r e f e r s  to  a th e o ry  o f i n s t r u c t i o n  

d e v e lo p e d  by Bloom ( 1976 ). The e s s e n t i a l  f e a t u r e s  o f  m a s te ry  

l e a r n in g  r e q u i r e  th e  i n s t r u c t o r  to  p ro v id e  th e  s tu d e n t  s e v e r a l  

s p e c i f i c  s e r v i c e s .  F i r s t , d i r e c t i o n s ,  d e m o n s t r a t i o n s ,  a n d  

e x p la n a t io n s  a r e  p ro v id e d  in  l a r g e  g ro u p  i n s t r u c t i o n .  Second, th e  

s tu d e n t 's  tim e  i s  u t i l i z e d  in  such a way as to  p rov ide s u f f i c i e n t  tim e 

on ta s k  p ra c t ic e  of each to p ic  to  be m astered . T h ird , in d iv id u a liz e d  

c o r re c t iv e  feedback and re in fo rcem en t a re  used to  develop bo th  m astery  

o f each to p ic  and a p o s i t iv e  a t t i tu d e  tow ard le a rn in g .

6. In  th i s  s tu d y , P resc rib e d  R em ediation r e f e r s  to  a 

p ro cess  whereby th e  tu to r  uses th e  d iag n o sis  provided by th e  fo rm ativ e  

t e s t  to  de term ine  the  co n ten t and d i f f i c u l t y  le v e l o f th e  m a te r ia ls  

used fo r  rem ed ia tio n .
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7. PSI o r  P e rso n a lized  System o f I n s tru c t io n  i s  a theory  of

i n s t r u c t i o n  d e v e lo p e d  by K e l l e r  ( 1968 ). The m ost d i s t i n c t i v e  

f e a tu re s  o f th e  system  a re  as fo llo w s : s e lf -p a c in g , a u n it  p e r fe c t io n

r e q u ir e m e n t ,  u se  o f  l e c t u r e s  as  v e h ic l e s  o f  m o t iv a t io n  r a t h e r  th a n  

s o u rc e s  o f  c r i t i c a l  in f o r m a t io n ,  d ependence  upon w r i t t e n  s tu d e n t -  

te a c h e r  c o m m u n ic a tio n , and th e  u se  o f  p r o c to r s  in  e v a lu a t io n ,  

feedback , and re in fo rcem en t.

8. R e te s tin g  r e f e r s  to  the  p ra c t ic e  of e v a lu a tin g  a 

s tu d e n t 's  knowledge a f t e r  rem ed ia tio n  u sing  a p a r a l le l  form of the  

u n i t  t e s t .

9 . A Sum m ative E v a lu a t io n  was u sed  to  e s t a b l i s h  a g rad e  o r 

rank ing  and was not used in  a fo rm a tiv e  sense.

10. A T ab le  o f  S p e c i f i c a t i o n s  i s  a d i a g n o s t i c  r e p o r t  form  

u sed  to  c l a s s i f y  e r r o r s  on a t e s t .  In  t h i s  s tu d y , th e  t a b l e  l i s t e d  

a l l  th e  l e a r n in g  o b je c t iv e s  f o r  a u n i t  down th e  l e f t  m a rg in  and th e  

h e a d in g s  " n o t a t i o n / d e f i n i t i o n ,  d i r e c t  a p p l i c a t i o n ,  s y n th e s i s ,  and 

a b s t r a c t "  a c r o s s  th e  to p . I n s e r t e d  in  t h i s  m a tr ix  w as a l i s t  o f th e  

p ro b lem  num bers from  th e  f o r m a t iv e  q u iz .  By i n s e r t i n g  th e  p ro b lem

number in  th e  c o rre c t row and column, th e  con ten t of th e  problem and
■ !

i t s  le v e l  o f d i f f i c u l t y  w ere c h a ra c te r iz e d .

11. A T u to r  in  t h i s  s tu d y  was th e  g e n e r a l  te rm  used  to  

d e n o te  l e a r n in g  c e n te r  p e r s o n n e l .  T hese i n d iv id u a l s  w ere  e i t h e r  

in s t r u c to r s ,  g rad u a te  teach in g  a s s i s t a n t s ,  o r advanced undergraduates 

w ith  a s tro n g  background in  m athem atics.
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12. U n struc tu red  Help r e f e r s  to  in fo rm al s tu d e n t - tu to r  

in te r a c t io n  in  which th e  s tu d en t d e term ines the  substance  o f the  

d is c u s s io n  or problem s to  be addressed .

Snmmfl r v

S tu d e n t f a i l u r e  ( g ra d e  o f D o r F ) r a t e s  in  c o l le g e  and 

u n i v e r s i t y  i n t r o d u c to r y  c a lc u lu s  c o u rs e s  in  th e  U n ite d  S ta te s  a re  

t y p i c a l l y  in  th e  ra n g e  o f 30% -  35% o f c o u rse  e n r o l lm e n t .  The 

p e rc e n ta g e  o f f a i l u r e s  in  fre sh m a n  c a lc u lu s  a t  M ontana S ta te  

U n iv e r s i ty  has a l s o  t y p i c a l l y  f a l l e n  in  t h i s  ra n g e . A s tu d y  of th e  

p re -c a lc u lu s  courses o ffe re d  a t  MSU has shown th a t  they  a re  g e n e ra lly  

n o t e f f e c t i v e  in  p r e p a r in g  a s tu d e n t  f o r  s u c c e s s  in  c a lc u lu s  

( W h i t e s i t t ,  1980). The p u rp o se  o f t h i s  s tu d y  was to  exam ine th e  

e f f e c t  of fo rm ativ e  t e s t in g ,  p re sc r ib e d  rem ed ia tio n , and r e te s t in g  on 

s tu d e n t  p e rfo rm a n c e  in  i n t r o d u c to r y  c a lc u lu s  when r e m e d ia t io n  i s  

a d ju s te d  to  accommodate a s tu d e n t 's  p re fe r re d  le a rn in g  s ty le .

The d a ta  f o r  t h i s  s tu d y  was c o l l e c t e d  d u r in g  th e  F a l l  q u a r t e r ,  

1982 a t  M ontana S ta te  U n iv e r s i ty .  A sam p le  o f a p p ro x im a te ly  200 

s tu d e n t s  was ran d o m ly  s e l e c t e d  from  th e  s tu d e n t s  e n r o l l e d  in  th e  

c o u rse  ( 700 -  8.00 ). T hese s u b je c t s  w ere  d iv id e d  i n t o  a c o n t r o l  and 

an ex p erim en ta l group f o r  tre a tm e n t. The experim en tal group rece iv ed  

f o r m a t iv e  t e s t i n g ,  p r e s c r ib e d  r e m e d ia t io n ,  and r e t e s t i n g  w ith  

rem ed ia tio n  in d iv id u a liz e d  to  accommodate the  s tu d e n t 's  le a m in g s ty le  

as in d i c a t e d  by G re g o rc 's  L e a rn in g  S ty le s  D e l in e a to r  (A ppendix F).
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The c o n tro l group s tu d en ts  took the  same qu izzes but d id  no t re c e iv e  

th e  d ia g n o s tic  tre a tm e n ts  o ffe re d  th e  ex p erim en ta l group. Feedback 

was in  conven tional form , w r i t t e n  comments on the  q u iz z e s , e tc .

At th e  end o f th e  q u a r t e r ,  th e  d a ta  was a n a ly s e d  u s in g  th e  

so ftw a re  s t a t i s t i c a l  package HSDSTAT (Lund, 1978) on th e  CP6 computer 

a t  Montana S ta te  U n iv e rs ity . The a n a ly s is  made use of one and two way 

a n a ly s i s  o f  v a r ia n c e  to  com pare e x a m in a tio n  p e rfo rm a n c e  f o r  th e  

exp erim en ta l and c o n tro l groups, Pearson  c o r re la t io n s  to  m easure the  

s tre n g th s  o f r e la t io n s h ip s  betw een v a r ia b le s ,  and F t e s t s  to  compare 

exam ination  v a ria n c e  sc o re s .
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CHAPTER TWO

REVIEW OF THE LITERATURE 

! In tro d u c tio n

F or th e  p u rp o se  o f t h i s  s tu d y , th e  l i t e r a t u r e  was re v ie w e d  w i th  

reg a rd  to  the  fo llo w in g  m ajor to p ic s :  the  th e o r e t ic a l  frameworks o f

M as te ry  L e a rn in g  and P e r s o n a l iz e d  S ystem s o f I n s t r u c t i o n  (P S I)1 

L earning S ty le s , feedback , re m e d ia tio n , and r e te s t in g  as in s t r u c t io n a l  

p r a c t i c e s ,  a f f e c t i v e  a s p e c t s  o f t e s t i n g  and e v a lu a t io n  p ro c e d u re s , 

in te r a c t io n  e f f e c t s  o f v a rio u s  in s t r u c t io n a l  p ra c t ic e s  w ith  a p ti tu d e , 

p re p a ra t io n  o r re a d in e s s , and m o tiv a tio n , "no-difference** s tu d ie s ,  and 

o r g a n iz a t i o n a l  and m a n a g e r ia l  p r a c t i c e s  in  PSI and L e a rn in g  C e n te r  

environm ents.

M astery Learning and P e rso n a lized  Systems o f In s tru c t io n

At th e  fo u n d a tio n  o f the  M astery L earn ing  paradigm  i s  a r e je c t io n  

o f th e  n o tio n  th a t  s tu d en t achievem ent should be norm ally  d is t r ib u te d .  

Bloom (1981) s ta te s

There i s  no th in g  sacred  about th e  normal curve. I t  is  
th e  d i s t r ib u t io n  most a p p ro p ria te  to  chance and random 
a c t i v i t y .  E d u c a tio n  i s  a p u rp o s e fu l  a c t i v i t y  and we 
seek to  have the  s tu d en ts  le a r n  what we have to  teach .
I f  we a r e  e f f e c t i v e  i n  o u r  i n s t r u c t i o n ,  th e  
d i s t r i b u t i o n  o f  a c h ie v e m e n t sh o u ld  be v e ry  d i f f e r e n t  
from th e  normal curve ( p . 155 ) .
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This s ta tem en t i s  based in  p a r t  on C a r ro ll 's  (1963) view th a t  a p ti tu d e  

is  th e  amount of tim e  re q u ire d  by a le a rn e r  to  m aste r a le a rn in g  ta sk .

G iven a g ro u p  o f l e a r n e r s  n o rm a lly  d i s t r i b u t e d  w i th  r e s p e c t  to  

a p t i t u d e  f o r  some s u b j e c t ,  and g iv e n  an  i n s t r u c t i o n a l  s t r a t e g y  t h a t  

t r e a t s  a l l  s tu d e n t s  a l i k e  w ith o u t  r e g a rd  f o r  p e r s o n a l  d i f f e r e n c e s ,  

th e n  th e  end r e s u l t  w i l l  be a n o rm a l d i s t r i b u t i o n  on an  a p p r o p r ia te  

m easure of achievem ent. Bloom (1981) concludes, however, th a t  i f

. . .  th e  k ind  and q u a l i ty  of in s t r u c t io n  and th e  amount of 
tim e a v a ila b le  f o r  le a rn in g  a re  made a p p ro p ria te  to  the 
c h a r a c te r i s t i c s  and needs o f each s tu d e n t, th e  m a jo rity  
o f s tu d e n t s  may be e x p e c te d  to  a c h ie v e  m a s te ry  o f th e  
su b je c t ( p . 156 ) .

Bloom (1976) s u g g e s ts  th r e e  in d e p e n d e n t v a r i a b l e s  t h a t  e f f e c t  

le a rn in g : C ognitive Entry  B ehaviors, A ffe c tiv e  Entry  C h a r a c te r is t ic s ,  

an d  Q u a l i t y  o f  I n s t r u c t i o n .  C o g n i t i v e  E n t r y  B e h a v io r s  a r e  

p r e re q u is i te  le a rn in g s  o r behav io rs  n ecessa ry  fo r  the  com pletion  of a 

l e a r n in g  t a s k .  A f f e c t iv e  E n try  C h a r a c t e r i s t i c s  a r e  a "compound o f 

i n t e r e s t s  and a t t i t u d e s  to w a rd s  th e  s u b je c t "  ( p . 168 ). Q u a l i ty  o f  

I n s t r u c t i o n  r e f e r s  to  th e  e x te n t  to  w h ich  a te a c h e r  e f f e c t i v e l y  

communicates in fo rm a tio n  to  an in d iv id u a l s tu d e n t, engages the  s tu d en t 

in  p r a c t i c e  o f  th e  l e a r n in g  t a s k ,  and r e i n f o r c e s  ( p o s i t i v e l y  o r  

n e g a t iv e ly  ) th e  s tu d e n t  v i a  fe e d b a c k . The u se  o f  f o r m a tiv e  

e v a lu a tio n  over sh o rt u n i ts  la s t in g  one o f two weeks i s  recommended 

(B lo o m ) a s  an  e f f e c t i v e  m eans o f  p r o v i d i n g  th e  n e c e s s a r y  

re in fo rcem en t.

In  b r i e f ,  t h e  Mas t e ry  L ea r n in g  model  s u g g e s t s  t h a t  t he

educational process should be highly individualized. When a teacher
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f a c e s  a c l a s s  h a v in g  a w id e  ra n g e  o f  C o g n itiv e  E n try  B e h a v io rs , th e  

in s t r u c t io n a l  p rocess may c a l l  fo r  s e v e ra l a l t e r n a t iv e  in tro d u c tio n s  

to  th e  le a rn in g  ta s k , each in tro d u c tio n  b rid g in g  the  gap between some 

s tu d en ts"  e n try  behav io rs  and th e  p re re q u is i te s  fo r  th e  le a rn in g  ta sk . 

V a rio u s  m ethods may be u sed  to  m o t iv a te  th e  c l a s s  and p re p a re  th e  

s tu d e n ts  a f f e c t iv e ly  to  deal w ith  the  le a rn in g  ta sk . A lso, feedback 

can  be g iv e n  f r e q u e n t ly  v ia  f o r m a t iv e  t e s t i n g  and in d iv id u a l i z e d  

r e m e d ia t io n  s t r a t e g i e s .  Bloom (1981) s u g g e s ts  t h a t ,  g iv e n  such  a 

p ro g ram , a much h ig h e r  p e rc e n ta g e  o f s tu d e n t s  w i l l  p e rfo rm  a t  a 

m a s t e r y  l e v e l  ( B+ o r  A ) t h a n  i n  a c o n v e n t i o n a l  p ro g ra m  o f  

in s t r u c t io n .

The P e rso n a lize d  System of I n s t r u c t io n  (PSI) i s  c h a ra c te r iz e d  by 

K e lle r  (1968) as d i f f e r in g  from  c o n v e n t io n a l  te a c h in g  p ro c e d u re s  in  

th e  fo llo w in g  ways:

1 . The g o -a t-y o u r -o w n -p a c e  f e a t u r e ,  w h ich  p e r m i ts  a 
s t u d e n t  t o  m ove th r o u g h  th e . c o u r s e  a t  a s p e e d  
co m m ensu ra te  w i th  h is  a b i l i t y  and o th e r  demands upon 
h is  tim e.

2 . The u n i t - p e r f e c t io n  requ irem en t fo r  advance, w hich l e t s  
th e  s tu d e n t  go ahead  to  new m a te r i a l  o n ly  a f t e r  
dem onstrating  m astery  of th a t  which proceeded.

3 . The use o f le c tu re s  and d em o nstra tions as v e h ic le s  of 
m o t i v a t i o n ,  r a t h e r  th a n  s o u r c e s  o f  c r i t i c a l  
in fo rm atio n .

4 . The r e l a t e d  s t r e s s  upon th e  w r i t t e n  w ord in  t e a c h e r -  
s tu d en t com m unications; and, f i n a l l y :

5. The use of p ro c to rs ,  which p erm its  rep ea ted  t e s t in g ,  
im m ediate sc o r in g , a lm ost unavoidable tu to r in g ,  and a 
marked enhancement of th e  p e rs o n a l- so c ia l  a sp e c t of the  
ed u ca tio n a l p rocess (p . 8 3 ).
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The most e s s e n t ia l  f e a tu re  in  th e  FSI paradigm  i s  the  co n stan t use of 

re in fo rcem en t, K e lle r  (1968) s ta t e s

The kind  of change needed in  ed u ca tio n  today is  not one 
t h a t  w i l l  be e v a lu a te d  in  te rm s  o f th e  p e rc e n ta g e  o f •
A"s in  a g ra d e  d i s t r i b u t i o n  o r  o f d i f f e r e n c e s  a t  th e  
.01 le v e l  o f confidence. I t  i s  one th a t  w i l l  produce a
re in fo rc in g  s t a t e  of a f f a i r s  for. everyone invo lved----  a
s t a t e  o f  a f f a i r s  t h a t  has h e r e to f o r e  been  re a c h e d  so 
r a r e l y  as  to  be th e  s u b je c t  o f eu lo g y  in  th e  w o r ld 's  
l i t e r a t u r e ,  and w h ic h , u n f o r tu n a t e ly ,  has le d  to  th e  
m y s tiq u e  o f th e  “g r e a t  t e a c h e r ” r a t h e r  th a n  a so b e r  
a n a ly s is  of the  c r i t i c a l  co n tin g en c ie s  in  o p e ra tio n
( p . 86 ) .

Learning S ty le s

Keefe (1979) d e fin e s  le a rn in g  s ty le  as fo llo w s ;

L earning s ty le s  a re  c h a r a c te r i s t i c  c o g n itiv e , 
a f f e c t iv e ,  and p h y s io lo g ic a l behav io rs  th a t  se rve  as 
r e l a t iv e ly  s ta b le  in d ic a to rs  o f how le a rn e rs  p e rc e iv e , 
in te r a c t  w ith , and respond to  th e  le a rn in g  environm ent 
( p. 4 ).

C o g n it iv e  s t y l e s  a r e  h a b i t s  r e p r e s e n t in g  th e  l e a r n e r 's  p r e f e r r e d  o r

t y p i c a l  m ode o f  p e r c e i v i n g ,  t h i n k i n g , p ro b le m  s o l v i n g ,  and

remem bering. G regorc's (1979) in v e s t ig a t io n s  rev ea led  th a t  th e re  i s  a

d u a l i ty  in  le a rn in g  p re fe ren ce .

P e o p le  l e a r n  b o th  th ro u g h  c o n c r e te  e x p e r ie n c e s  and 
through a b s tr a c t io n .  F u r th e r , bo th  of th ese  modes have 
tw o s u b d iv i s i o n s ,  s e q u e n t i a l  and random p r e f e r e n c e
( p. 20 ) .

Gregorc (1979) d isco v ered  th a t  th e se  s e ts  o f d u a l i t i e s  merged to  form 

fo u r d i s t i n c t  co g n itiv e  s ty le s :  c o n c re te -s e q u e n tia l ,  c o n c re te -  random, 

a b s t r a c t - s e q u e n t ia l , and ab strac t-ran d o m . Host people e x h ib it  a l l  fo u r 

p a t t e r n s  o r  s t y l e s  to  some d e g re e . I t  i s  common f o r  in d iv id u a l s  to
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p r e f e r  one o r  tw o o f th e s e  s t y l e s  and to  u se  th o s e  p r e f e r r e d  s t y l e s  

most of th e  tim e .

A c o n c re te -s e q u e n tia l le a rn e r  p re fe rs  s tep  by s te p  d ire c t io n s  and 

w i l l  fo llo w  them. Such in d iv id u a ls  l ik e  c le a r ly  o rdered  p re se n ta tio n s  

and a q u ie t  atm osphere.

A concrete-random  le a rn e r  i s  in tu i t i v e  and o f te n  does not "show 

h i s  w ork". They u se  t r i a l  and e r r o r  a p p ro a c h e s  b u t d i s l i k e ,  c u t and 

d r i e d  p ro c e d u re s .  Such in d iv id u a l s  work w e ll independently  and may 

no t respond w e ll to  te a c h e r  in te rv e n tio n .

An a b s t r a c t - s e q u e n t ia l  le a rn e r  i s  s k i l l f u l  w ith  sym bolic system s 

and makes use of diagram s or p ic tu re s  e x te n s iv e ly . Such in d iv id u a ls  

work w e ll w ith  t h e i r  te ac h e rs  and o th e r  a u th o r i ty  f ig u re s  and p re fe r  

l o g i c a l ,  s e q u e n t i a l  p r e s e n t a t i o n s .  M ain id e a s  o r  p r i n c i p l e s  a re  

r e a d ily  accep ted  and used.

A bstract-random  le a rn e rs  a re  s e n s i t iv e  to  human in te r a c t io n s  and 

fu n c tio n  w e ll in  group a c t i v i t i e s  and busy environm ents. They l ik e  to  

re c e iv e  in fo rm a tio n  in  an u n s tru c tu re d  manner and d i s l ik e  ru le s  and 

g u id e lin e s . Such le a rn e r s  o rgan ize  in fo rm a tio n  through a  process of 

r e f l e c t io n .

Dunn and Dunn (1978) have i d e n t i f i e d  a s e t  o f e n v iro n m e n ta l, and 

s o c ia l  f a c to r s  in f lu e n c in g  an in d iv id u a l 's  a b i l i t y  to  le a r n  in  a given 

s i t u a t i o n .  For i n s t a n c e ,  some p e o p le  m ost r e a d i ly  l e a r n  in  a w e l l  

o rdered  room f r e e  of d i s t r a c t io n s .  O ther in d iv id u a ls  would be made 

q u i te  uncom fortab le  by such an environm ent and would consequently  have 

d i f f i c u l t y  le a r n in g .  .
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The i n t e n t  o f th e  i d e n t i f i c a t i o n  o f an i n d i v i d u a l 's  le a r n in g  

s t y l e  i s  to  p ro v id e  th e  e d u c a to r  w i th  in f o r m a t io n  u s e f u l  in  th e  

in d iv id u a l iz a t io n  of in s t r u c t io n  fo r  th a t  s tu d en t. The e x te n t to  which 

a le a rn in g  p rocess reco g n ise s  and accommodates in d iv id u a l d if fe re n c e s  

in  l e a r n in g  s t y l e s  may be see n  as  one m easu re  o f th e  q u a l i t y  o f 

in s t r u c t io n  o ffe re d  by the  in s t r u c t io n a l  program.

Feedback. R em ediation, and R e tes tin g  '

Many q u e s tio n s  rem ain  unansw ered, i f  n o t unaddressed , concerning 

th e  n a tu re  of feedback b e s t s u ite d  to  a given  in s t r u c t io n a l  ta sk . The 

tim in g  of the  feedback , r e l a t iv e  e f fe c t iv e n e s s  o f v e rb a l v s . w r i t t e n  

fe e d b a c k , th e  le n g th  o f th e  u n i t  b e in g  t e s t e d ,  and th e  c r i t e r i a  f o r  

p ass in g  each u n i t  a l l  have a b earin g  on th i s  study.

S tu rg e s  (1978) com pared  th e  e f f e c t  o f im m e d ia te  v s . d e la y e d  

fe e d b a c k  on r e t e n t i o n  o f  l e a r n in g .  V a rio u s  d e la y s  in  fe e d b ac k  

t r e a tm e n t s  f o l lo w in g  co m p u te r m anaged m u l t i p l e  c h o ic e  t e s t s  w ere  

em ployed in  a s tu d y  o f  112 s tu d e n t s  e n r o l l e d  in  a c h i ld  p sy ch o lo g y  

course. R esu lts  confirm ed p rev ious s tu d ie s  in d ic a tin g  th a t  r e te n t io n ' 

f o l lo w in g  d e la y e d  fe e d b a c k  i s  n o t d eg rad ed  by th e  d e la y .  In  f a c t ,  

fe e d b a c k  d e la y s  o f  20 m in u te s  to  24 h o u rs  had a g r e a t e r  p o s i t i v e  

e f f e c t  on s tu d e n t  c o n f id e n c e  on su b se q u e n t r e t e n t i o n  t e s t s  th a n  d id  

im m ediate feedback, As a r e s u l t  of t h i s  study , S turgea hypothesized 

th a t  w ith  a longer de lay  s tu d en ts  “engage in  a more thorough sem antic 

a n a ly s is  o f in fo rm a tio n  p re sen ted  a t  feedback" (1978).
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In  a n o th e r  e x p e r im e n t  i n v o lv in g  98 i n t r o d u c t o r y  p sych o lo g y  

s tu d e n t8 » Cooper and G re iner (1971) compared s tuden t performance in  a

t r a d i t i o n a l l y  taugh t l e c tu r e  s e c t io n  ^ i t h  s tuden t performance in  a PSI 

s e c t i o n .  Feedback  i n  th e  PSI s e c t i o n  u a e  p r o v id e d  i n  t h e  f o l l o w i n g  

manner: a f t e r  c o l l e c t in g  a- weekly q u ia ,  th e  papers, were r e d i s t r i b u t e d  

ran d o m ly  t o  th e  c l a s s ,  no s t u d e n t  r e c e i v i n g  h i s  own p a p e r .  The 

qu izzes  were then  c o rre c ted  in  c la s s .  This provided each s tuden t w i th  

f a s t  feedback on the  c o r re c t  s o lu t io n s .  The qu izzes  were then turned  

in  f o r  double-checking and reco rd ing  by TAzS. W ithin  two hours , th ese  

p a p e r s  w e re  a v a i l a b l e  t o  th e  s t u d e n t s  f o r  s tu d y .  T u to r s  co u ld  th e n  

a s s i s t  them in  rem ed ia t io n  and e v a lu a tio n .  Students f a i l i n g  to  meet 

th e  m astery  s tan d a rd  r e t e s t e d  on eq u iv a len t  forms of the  qu iz  la tte r  in  

t h e  week. At th e  c o n c lu s io n  o f th e  s tu d y ,  i t  was found  t h a t  th e  PSI 

s t u d e n t s  e a rn e d  h ig h e r  c o u rs e  g ra d e s  and had b e t t e r  lo n g - t e r m  

r e t e n t io n  than  s tu d en ts  in  th e  conven tio n a lly  taught sec t io n .  Cooper 

and G r e in e r  h y p o th e s i z e d  t h a t  PSI r e i n f o r c e s  r e g u l a r l y  sp aced  

p r a c t i c e ,  w h ile  conventional methods r e in fo r c e  massed p r a c t i c e  p r io r  

t o  exam s and  t h a t  t h i s  i s  t h e  r e a s o n  f o r  t h e  d i f f e r e n c e s  i n  

performance.

With regard  to  the  e f fe c t iv e n e s s  of w r i t t e n  c o r r e c t iv e  feedback on 

q u i z z e s ,  B e la n g e r  (1976) found i n  a s tu d y  o f  51 u n d e r g r a d u a t e s  

e n r o l l e d  i n  a PSI p sy ch o lo g y  c o u rs e  t h a t  on ly  23% to o k  a d v a n ta g e  o f  

the  w r i t t e n  feedback on t h e i r  qu izzes . O bservations mad® during the 

s tu d y  le d  B e la n g e r  to  s u g g e s t  f u r t h e r  r e s e a r c h  i n t o  t h e  e f f e c t  of 

v e rb a l  in t e r a c t i o n  between in s t r u c to r s  o r  TAzS and s tu d e n ts .
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Semb (1974) i n v e s t i g a t e d  th e  e f f e c t  o f  u n i t  l e n g t h  on s tu d e n t  

p e r fo rm a n c e  in  a s tu d y  o f  193 s t u d e n t s  e n r o l l e d ' i n  an i n t r o d u c to r y -  

c h i ld  development course. The M astery Learning method of in s t r u c t io n  

was used. When a s tuden t completed a q u ia  he or she took i t  to  the TA 

o r  p ro c to r  f o r  immediate grading . Answers were graded e i t h e r  c o r re c t ,  

p a r t i a l l y  c o r r e c t  o r  i n c o r r e c t .  I f  th e  s tu d e n t  co u ld  j u s t i f y  o r  

c o m p le te  a p a r t i a l l y  c o r r e c t  a n sw e r  th e  i te m  was m arked  c o r r e c t .  

O therw ise , i t  was scored  in c o r r e c t .  The e f f e c t  of v a r io u s  le v e l s  of 

m a s t e r y  on f i n a l  exam p e r fo rm a n c e  was a l s o  s t u d i e d .  The r e s u l t s  of 

t h i s  s tu d y  i n d i c a t e  t h a t  u se  o f  a h ig h  m a s te ry  c r i t e r i o n  w i t h  s h o r t  

a s s ig n m e n ts  p ro d u c e s  b e t t e r  t e s t  p e r fo rm a n c e  th a n  use  o f  a low 

m astery  c r i t e r i o n  on long assignm ents .

S um m ariz ing  r e s e a r c h  on th e  PSI m ethod , K u l ik ,  K u l ik ,  and S m ith  

(1976) emphasize the  f in d in g s  of s e v e ra l  s tu d ie s  examining the  reasons 

f o r  the  re p o r te d  e f f e c t iv e n e s s  of the  PSI method. There appear to  be 3 

key f e a tu r e s :  sm all u n i t s  of i n s t r u c t i o n ,  e f f e c t iv e  feedback, and a 

u n i t -m a s te ry  requ irem en t.  Other a sp ec ts  of the  PSI approach seem to  

o f f e r  l e s s  b e n e f i t  th a n  has  been  p r e v i o u s l y  assum ed . In  c i t i n g  

re s e a rc h  by Calhoun (1976) th e  au thors  re p o r te d  th a t  immediate ve rba l 

feedback from p ro c to rs  or TA's was s u p e r io r  to  w r i t t e n  feedback.

In  th e  M as te ry  L e a rn in g  p a ra d ig m , t h e  f o l l o w - u p  t o  f e e d b a c k  i s  

r e m e d i a t i o n .  H a s s e t t  and McCoy (1979) i n v e s t i g a t e d  th e  e f f e c t  o f  

p o s t - q u i z  p r e s c r i b e d  r e m e d i a t i o n  on s t u d e n t  p e fo rm an ce  in  an 

in t ro d u c to ry  co lleg e  a lg eb ra  course invo lv ing  100 s tu d en ts .  In th i s  

s t u d y ,  t h e  s t u d e n t s  i n  t h e  e x p e r im e n t a l  g roup  r e c e iv e d  r e m e d i a t i o n
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keyed  t o  t h e i r  e r r o r s  on q o i s z e s .  The c o n t r o l s  w ere  t o l d  to  go o v e r  

t h e i r  m i s t a k e s ,  b u t  r e c e i v e d  no a d d i t i o n a l  d r i l l ,  as  d id  th e  

e x p e r im e n t a l  g roup  s t u d e n t s .  . The r e s u l t s  o f  t h i s  s tu d y  showed a 

s i g n i f i c a n t l y  s m a l l e r  v a r i a n c e  i n  f i n a l  exam s c o r e s  f o r  th e  

exper im en ta l  group than f o r  the  c o n tro l  group. Performance was h igher 

a l s o  f o r  the  exper im en ta l  group.

In  a s tu d y  o f 235 c a l c u l u s  s t u d e n t s ,  S t r u i k  and F l e x e r  (1977) 

com pared  th e  t r a d i t i o n a l  l e c t u r e  m ethod  w i t h  a s e l f - p a c e d  m a s te ry  

a p p ro a c h .  In  t h e  m a s t e r y  a p p ro a c h  s t u d e n t s  had t h e  o p t io n  of 

r e t e s t i n g  up to  f o u r  t i m e s ,  w i t h  o n ly  th e .  b e s t  s c o r e  c o u n t in g .  

Feedback occurred  w i th in  a day. The r e s u l t s  of t h i s  s tudy showed th a t  

s tu d en ts  in  the  s e l f -p a c e d ,  m astery  le a rn in g  course d id  s u b s t a n t i a l l y  

b e t t e r  than  those in  th e  t r a d i t i o n a l  course.

A ffe c t iv e  Aspects of T es ting  and E valua tion  Procedures

I t  i s  n o t  uncommon f o r  s t u d e n t s  to  e x p e r i e n c e  a n x ie t y  in. 

a n t i c ip a t i o n  of and during  an exam. How does t h i s  an x ie ty  a f f e c t  the  

way s t u d e n t s  f e e l  ab o u t a g iv e n  c o u rs e  o r  m a th e m a t ic s  i n  g e n e r a l?  

D o u t h i t t  (1978) r e p o r t e d  in  a s tu d y  o f  47 s t u d e n t s  e n r o l l e d  in  a 

course in  f i n i t e  m athem atics th a t  f req u e n t  use of in fo rm al ev a lu a tio n  

p ro c e d u re s  (homework, b o a rd w o rk , e t c . )  i n s t e a d  o f t r a d i t i o n a l  u n i t  

exam inations r e s u l t e d  in  achievement le v e l s  on the  f i n a l  exam which 

w ere  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  from  a c o n t r o l  g roup  t a k in g  th e  

c o n v e n t io n a l  u n i t  exam s. However, mean s c o r e s  on t h e  A ik e n -D re g e f  

Mathematics A t t i tu d e  Test were h ig h e r  f o r  the  experim en ta l  group. In
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h is  conclus ion , Doufchifcfc recommended fchafc i n s t r u c to r s  should g ive  more 

a t t e n t i o n  t o  f i n d i n g  o t h e r  l e s s  a n x i e t y  p ro d u c in g  m ethods of 

e v a lu a t io n .

In  th e  p r e v i o u s l y  c i t e d  s tu d y  by Cooper and G r e in e r  (1971) an  

a n a l y s i s  was a l s o  made o f  s t u d e n t  a n x i e t y  l e v e l s .  The P S I - t a u g h t  

s t u d e n t s  e x p e r i e n c e d  e s s e n t i a l l y  t h e  same l e v e l s  o f  a n x ie t y  o v e r  

q u iz z e s  as  d id  th e  c o n v e n t i o n a l l y  t a u g h t  s t u d e n t s  o v e r u n i t  exams. 

However, a t  the  end of the  course the  PSI s tu d en ts  r a te d  th e  va lue  of 

t h e i r  c o u rs e  s i g n i f i c a n t l y  h ig h e r  th a n  d id  th e  s t u d e n t s  in  th e  

conven tio n a lly  taugh t s e c t io n s .

A comparison of s tu d en t  a t t i t u d e s  was conducted by Haver (1978). 

In  the  s tudy , 1200 s tu d en ts  e n ro l le d  in  a co lleg e  in te rm e d ia te  a lgebra  

c o u rs e  w e re  d iv id e d  i n t o  v a r i o u s  g ro u p s ,  each  o f w h ich  r e c e iv e d  a 

d i f f e r e n t  i n s t r u c t i o n a l  fo rm a t.  Of th e  v a r i o u s  f o r m a t s  t e s t e d ,  th e  

M astery approach produced th e  h ig h e s t  g rades , h ig h es t  com pletion  r a t e ,  

and the  h ig h e s t  s tu d en t  opin ion  r a t in g .  The Mastery Learning form at 

was a lso  s ig n i f i c a n t l y  more su ccess fu l  in  improving i n i t i a l l y  nega tive  

a t t i t u d e s  to w a rd s  m a th e m a t ic s  d u r in g  th e  c o u rse  th a n  was any o t h e r  

approach in  th e  experim ent. This reshap ing  of e f f e c t i v e  behavior i s  

c o n s is te n t  w i th  Bloom's th e o r e t i c a l  framework f o r  Mastery Learning.

I n te r a c t io n  E f fe c ts
f

The a p p lic a t io n  of the same tre a tm e n t, x, to  su b je c ts  in  an

experiment often  produces varying re s u lts  or degrees of v a r ia b il i ty  in

the dependent v a r ia b le ,  y. I f  t h i s  v a r i a b i l i t y  i s  a t t r ib u ta b le  to
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some o th e r  v a r i a b l e ,  z ,  a c t iv e  in  th e  experim ent, then i t  i s  sa id  th a t  

th e re  i s  an i n t e r a c t i o n  e f f e c t  between v a r ia b le s  x and s on v a r ia b le  

y. Such i s  th e  c a s e  i n  a s tu d y  by Born, G l e d h i l l ,  and D avis  (1972), 

S ix ty  s tu d en ts  in  a Psychology of Learning c la s s  were d iv ided  in to  two 

g ro u p s ,  one t a u g h t  by PSI m ethods and th e  o t h e r  by a c o n v e n t io n a l  

approach. At th e  end of the  course s tu d en t  performance on the  f i n a l  

exam was h ig h e r  on a l l  t e s t  item  types from PS I-taught s tu d en ts .  This 

e f f e c t  was m ost p ron o u n ced  f o r  th e  s t u d e n t s  w i t h  "poor** t o  "good" 

academic reco rd s .  The g r e a te s t  d i f f e r e n c e  in  sco res  occurred  on essay 

and f i l l - i n  i te m  ty p e s  r a t h e r  th a n  on r e c o g n i t i o n  ty p e  q u e s t i o n s .  

Thus, the  le v e l  of s tu d en t  p re p a ra t io n  o r  a b i l i t y  i n t e r a c t e d  w ith  the  

type of i n s t r u c t i o n  to  e f f e c t  the  le v e l  of s tuden t performance.

S im ila r  r e s u l t s  a re  re p o r te d  by P a s c a re l la  (1977a) in  a study of 

248 s t u d e n t s  e n r o l l e d  i n  c a l c u l u s .  The r e s u l t s  i n d i c a t e d  t h a t  

s tu d en ts  w i th  the  lo w est  l e v e l s  of a b i l i t y  and p re p a ra t io n  were most 

l i k e l y  t o  p e r f o r m  b e t t e r  i n  t h e  P S I s e c t i o n s  t h a n  i n  t h e  

c o n v e n t i o n a l l y  t a u g h t 1 s e c t i o n s .  S tu d e n ts  o f  h ig h  a b i l i t y  and 

p r e p a r a t i o n  d id  n o t  p e r fo rm  a t  s i g n i f i c a n t l y  d i f f e r e n t  l e v e l s  when 

tau g h t by d i f f e r e n t  methods. In  a d d i t io n ,  i t  was found th a t  le v e l  of 

p r e p a r a t i o n  i s  a more s i g n i f i c a n t  f a c t o r  i n  p r e d i c t i n g  s tu d e n t  

performance when the  s tu d en t  i s  e n r o l l e d  in  a c o n v e n t i o n a l I y - t a u g h t  

s e c t io n  than  when in  a PSI sec t io n .

P a s c a r e l l a  (1977b) a l s o  com pared t h e  e f f e c t  o f  m o t i v a t i o n  on

s tu d en t  performance in  ca lc u lu s  in  a PSI s e c t io n  w ith  performance in  a
<

c o n v e n t i o n a l l y  t a u g h t  c o u rs e .  T h is  s tu d y  in v o lv e d  94 s t u d e n t s .  I t
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was found th a t  the  most d ram atic  d i f f e r e n c e s  in  both achievement and 

a t t i t u d e  w ere  i n d i c a t e d  a t  t h e  h i g h e s t  l e v e l s  o f  m o t i v a t i o n .  T h is  

seem s to  i n d i c a t e  t h a t  th e  g r e a t e s t  b e n e f i t  o f  PS l i n  m a th e m a t ic s  

i n s t r u c t i o n  may go to  th e  most h igh ly  m otiva ted  s tu d en ts .

A s tu d y  by P e lu s o  and B a ra n c h ik  (1977) i n v o lv in g  395 c a l c u l u s  

s tu d en ts  re p o r te d  s i m i l a r  f in d in g s .  S tudents e n ro l le d  in  a Learning 

Center (PSI) course d id  b e t t e r  than s tu d en ts  taugh t by the  t r a d i t i o n a l  

approach. Based on f i n a l  esam performance and drop r a t e s  of the  "top" 

s t u d e n t s  as  m easu red  by a c a l c u l u s  r e a d i n e s s  t e s t ,  i t  was a l s o  

s u g g e s te d  t h a t  t h e  PSI m ethod may n o t  be a p p r o p r i a t e  f o r  th e  b e s t  

s tu d e n ts .

The study by Kulik ,  Kulik , and Smith (1976) p laces  some r e s t r a i n t s  

on conclusions  concerning a p t i tu d e - te a c h in g  method in te r a c t io n s .  The 

s tu d y  p o i n t s  o u t  t h e  l a r g e  d i f f e r e n c e s  b e tw ee n  B loom 's  t h e o r e t i c a l  

r e l a t i o n s h i p s  c o n c e rn in g  a p t i t u d e  and p e r fo rm a n c e  u n d e r  d i f f e r e n t  

t e a c h i n g  m ethods  and c i t e s  r e s e a r c h  i n  w h ich  th e  i n t e r a c t i o n  i s  th e  

o p p o s i t e  o f  w hat B loom 's M as te ry  L e a rn in g  th e o r y  w ou ld  p r e d i c t .  

C le a r ly ,  more work needs to  be done in  th e  a rea  of i n t e r a c t i o n  e f f e c t s  

in  Mastery Learning o r PSI environments.

wM o-Differencew S tud ies

As an i n d i c a t i o n  o f  th e  m ixed r e s u l t s  r e p o r t e d  r e g a r d in g  PSI, 

K lo p fen s te in  (1977) re p o r te d  th a t  in  a study involv ing  57 s tu d en ts  in  

a PSI c a l c u l u s  s e c t i o n  and an u n s p e c i f i e d  number o f  s t u d e n t s  in  a 

co n v en tio n a lly  taugh t s e c t io n ,  th a t  no d i f f e r e n c e  was observed e i t h e r
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i n  s t u d e n t  p e r fo rm a n c e  o r  a t t i t u d e .  In  t h i s  v e r s i o n  o f  PS I, no 

l e c t u r e s  w e re  g iv e n .  A l l  t im e  was s p e n t  i n  th e  PSI s e c t i o n  w o rk in g  

w i th  the  study guides and p ro c to rs .

A s tu d y  by H a r r i s  and L i q u o r i  (1974) co m paring  th e  PSI and 

conventional approaches in  the . te ach in g  of a course in  m athem atics f o r  

b us iness  s tu d en ts  found no s i g n i f i c a n t  d i f f e r e n c e s  in  s tu d en t  lea rn in g  

between groups. The s tudy involved 128 s tu d en ts .

O r g a n i z a t i o n a l  and M a n a g e r ia l  P r a c t i c e s  in  PSI and L e a rn in g
Center Environments

The p r o c t o r ' s  o r  t u t o r s ' s  r o l e  was d i s c u s s e d  by R om isow ski, 

B a j p a i ,  and L ew is  (1976). In  p a r t i c u l a r , s e l f - m a r k i n g  o f  q u iz z e s  by 

s tu d en ts  fo llow ed  by an a n a ly s is  o f  s tu d en t  e r ro r s  by the  p ro c to r  and 

r e m e d i a t i o n  b a se d  on t h a t  a n a l y s i s  was p r e f e r r e d  by s t u d e n t s  ov e r  

grading procedures in  which th e  s tu d e n t 's  paper was graded by a tu to r .  

The r e a s o n s  g iv e n  by th e  s t u d e n t s  f o r  t h i s  p r e f e r e n c e  w ere  t h r e e .  

Grading was smoother and l e s s  tim e was l o s t  w a i t in g  f o r  the  tu to r  to  

c o r r e c t  a p a p e r .  Once g ra d e d ,  s t u d e n t s  co u ld  r e c e i v e  im m e d ia te  

fe e d b a c k  and r e m e d i a t i o n ,  r a t h e r  th a n  w a i t  w h i l e  t h e  t u t o r  g rad ed  

som eone 's  p a p e r .  Q u iz ze s  co u ld  be g ra d e d  and som efeedback  g iv e n  

r e g a r d l e s s  o f  w h e th e r  o r  n o t  a t u t o r  was a v a i l a b l e .  The m ain 

d i s a d v a n ta g e  s ee n  by s t u d e n t s  was a w o rry  t h a t  in  g r a d in g  t h e i r  own 

p a p e r s  a s t u d e n t  m ig h t  p a s s  h i m s e l f  on a p rob lem  t h a t  a t u t o r  would  

n o t  a c c e p t  and t h a t  t h i s  w ould  l e a d  t o  t r o u b l e  on th e  sum m ative  o r  

f i n a l  exams w here  s t u d e n t s  do n o t  g ra d e  t h e i r  own p a p e r s .  The need
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f o r  d e t a i l e d  m a rk in g  keys  was d i s c u s s e d  as  a p a r t i a l  rem edy f o r  

inexperienced  s tu d en t  g raders .

In  summarizing the  l i t e r a t u r e ,  th e  fo l lo w in g  p o in ts  s tand  ou t: I)  

i n  th e  M a s te ry  L e a rn in g  and PSI a p p ro a c h e s ,  th e  m ost s i g n i f i c a n t  

f e a t u r e s  a r e  th e  u se  o f  s h o r t  u n i t s ,  f r e q u e n t q u i z z e s  f o l l o w e d  by 

undelayed feedback and re m ed ia t io n ,  and the  use of a h igh  performance 

c r i t e r i o n ,  2) in  comparisons of the  PSI and conventional approaches, 

s t u d e n t  a t t i t u d e s  w e re  b e t t e r  in  PSI c o u r s e s ,  3) s i g n i f i c a n t  

i n t e r a c t i o n  e f f e c t s  b e tw ee n  m o t i v a t i o n  and. i n s t r u c t i o n a l  method on 

p e r fo rm a n c e  and b e tw ee n  a p t i t u d e  and i n s t r u c t i o n a l  m ethod on 

perform ance were noted, and 4) mixed r e s u l t s  a re  re p o r te d  in  s tu d ie s  

d ea l in g  w i th  v a r io u s  su b je c t  a re a s  a t  the  co lleg e  le v e l .  In  l i g h t  of 

t h e s e  f i n d i n g s ,  t h e  need  f o r  r e s e a r c h  i n  t h e  a r e a  o f  i n d i v i d u a l i z e d  

i n s t r u c t i o n a l  m ethods i n v o lv in g  M as te ry  L earn ing , o r  PSI i n  c o l l e g e  

m athem atics  i s  apparen t.
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CHAPTER THREE 

PROCEDURES 

In tro d u c t io n

The s p e c i f i c  a s s u m p t io n s  and p ro c e d u re s  f o r  t h i s  s tu d y  a re  

d iscu ssed  under the  fo l lo w in g  h e a d in g s :  p o p u l a t i o n  d e s c r i p t i o n  and

sa m p l in g  p r o c e d u r e s , t r e a t m e n t s j  c o n te n t  v a l i d i t y  and departm ental 

e x a m i n a t io n s ,  e x a m in a t io n  r e l i a b i l i t y ,  s t a t i s t i c a l  h y p o th e s e s ,  

s t a t i s t i c a l  p rocedures , p recau tio n s  taken  fo r  accuracy, and summary.

. Popu la tion  D esc r ip t io n  and Sampling Procedure

The popu la t io n  under study was Montana S ta te  U n iv e rs i ty  s tuden ts  

e n r o l l e d  i n  Math 121, i n t r o d u c t o r y  c a l c u l u s ,  d u r in g  F a l l  Q u a r t e r ,  

1992. N e a r ly  700 s t u d e n t s  e n r o l l e d  in  th e  c o u r s e ,  r e q u i r i n g  21 

s e c t i o n s  o f  Math 121. The i n f e r r e d  p o p u l a t i o n  was s t u d e n t s  a t  th e  

c o l l e g e  l e v e l  e n r o l l e d  i n  i n t r o d u c t o r y  c a l c u l u s  c o u r s e s  u s in g  th e  

Swokowski (1979) t e x t  and a la rg e  group in s t r u c t i o n a l  form at.

Based on a sam ple  o f  100 Math 1 21 s t u d e n t s '  f i n a l  p e r c e n ta g e  

scores  in  1980, the  re s e a rc h e r  e s t im a te d  the' .1980 Math 121 popu la tion  

perform ance s tandard  d e v ia t io n  to  be 20.45% and the  mean to  be 70.4% . 

U sing  th e  1980 s t a n d a r d  d e v i a t i o n  as an  e s t i m a t e  o f  th e  1982 v a lu e ,  

th e  f o l l o w i n g  fo r m u la  ( Snqdecor and C ochran , 1980, p l0 3 )  y i e ld e d  a 

recommended sample s iz e  f o r  each group, co n tro l  and ex p er im en ta l:
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n = < Z2« + h  )2°2D /52

where a= sample s i s e

a=  s ig n i f ic a n c e  le v e l  

3 = p r o b a b i l i ty  of type 2 e r r o r  

Ctq= p o p u la t io n  s tan d a rd  d e v ia t io n  

6 = t ru e  d i f f e r e n c e  t o  be d e tec te d  by experiment 

Using ta b le s  provided by Snedecor and Cochran (1980, p!04) t o  s im p lify  

c a l c u l a t i o n s ,  i f  t h e  pow er o f  a o n e - t a i l e d  t - t e s t  i s  s e t  a t  .95 , th e  

s i g n i f i c a n c e  l e v e l  a t  .0 5 ,  and t h e  p e r c e n ta g e  d i f f e r e n c e ,  to  be 

d e t e c t e d  b e tw ee n  th e  two g ro u p s  exam s c o r e s  a t  6%, th e n  th e  

recom m ended sam p le  s i z e  p e r  g roup  was 125. Thus, i f  t h e  t r u e  

d i f f e r e n c e  between the  exam scores  of the  two groups was as la rg e  as 

6%, th e re  was a 95% p r o b a b i l i ty  th a t  th e  d i f f e r e n c e  would be d e tec ted  

s t a t i s t i c a l l y .

I n i t i a l  c la s s  en ro llm en ts  fo r  Math 121 s e c t io n s  were s e t  between 

33 and 38 s tu d en ts .  On the  b a s is  of the  r e s e a rc h e r 's e s t im a te s  of the  

s a m p l e  s i z e  n e e d e d  t o  m e e t  s t a t i s t i c a l  r e q u i r e m e n t s  i n  t h e  

i n t e r p r e t a t i o n  o f  th e  e x p e r im e n t a l  d a t a ,  t h e  r e s e a r c h e r  d e c id e d  to  

seek th e  p a r t i c i p a t i o n  of a minimum of s ix  se c t io n s  of Math 121 in  

t h i s  study. The s e l e c t i o n  of the  s ix  s e c t io n s  took p lace  in  a meeting 

o f  a l l  Math 1 21 i n s t r u c t o r s  s h o r t l y  a f t e r  th e  s t a r t  o f  t h e  F a l l  

Q u a r t e r .  The r e s e a r c h e r  e x p la i n e d  th e  p u rp o se  of th e  r e s e a r c h  and
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e x p e r im e n t a l  p r o c e d u r e s  to  th e  g roup  and s o l i c i t e d  v o l u n t e e r s  to  

p a r t i c i p a t e  i n  t h e  s tu d y .  From th o s e  i n s t r u c t o r s  o f f e r i n g  t o  

p a r t i c i p a t e ,  fo u r  were s e le c te d  by the  re s e a rc h e r  to  take  p a r t  in  the 

s tu d y .  B etw een them , t h e s e  i n s t r u c t o r s  t a u g h t  6 s e c t i o n s  of 

c a lc u lu s .  For purposes of i d e n t i f i c a t i o n ,  th ese  fo u r  in d iv id u a ls  w i l l  

hen ce fo rth  be r e f e r r e d  to  as i n s t r u c to r s  Ml, M2, F l , and F2.

I n s t r u c t o r  Ml w asan  e x p e r i e n c e d ,  m a le ,  c o l l e g e  m a th e m a t ic s  

i n s t r u c t o r  w i t h  a PhD and an i n t e r e s t  i n  r e s e a r c h  oh i n s t r u c t i o n a l  

q u e s t i o n s .  I n s t r u c t o r  M2 was a m a le  g r a d u a te  s t u d e n t  w o rk in g  on a 

M asters i n  m athem atics  w ith  a teach in g  a s s i s t a n t s h ip .  M2 p a r t i c ip a te d  

i n  th e  s tu d y  b u t  d id  n o t  m a n i f e s t  any p e r s o n a l  i n t e r e s t  in  th e  

q u es t io n s  addressed  by the  study. I n s t r u c to r  Fl was a fem ale  graduate  

s t u d e n t  w o rk in g  on a M a s te r s  d e g re e  in  m a th e m a t ic s  w i t h  a t e a c h in g  

a s s i s t a n t s h ip .  Fl was a fo re ig n  s tu d en t ,  having been born, r a i s e d  and 

e d u c a te d  th ro u g h  c o l l e g e  i n  Germany. I n s t r u c t o r  F2 was a fe m a le  

g r a d u a te  s t u d e n t  w o rk in g  on a M a s te r s  d e g re e  in  m a th e m a t ic s  w i th  a 

te ach in g  a s s i s t a n t s h i p  and had a genuine p ro fe s s io n a l  i n t e r e s t  in  the  

s tu d y .

A f te r  the  l a s t  day to  add a c la s s  passed  in  the  second week of the  

q u a r te r ,  each i n s t r u c t o r  randomly ass igned  each of h i s  s tu d en ts  to  one 

of two groups of roughly equal s iz e ,  a c o n tro l  group and experim ental 

g ro u p .  I n s t r u c t o r s  M2 and Fl e ach  t a u g h t  two s e c t i o n s  o f  Math 121. 

For both i n s t r u c t o r s ,  th ese  two s e c t io n s  met a t  consecu tive  hours of 

the  day. Each of th e se  two i n s t r u c to r s  randomly ass igned  one e n t i r e  

s e c t i o n  t o  t h e  c o n t r o l  g r o u p  a n d  one  e n t i r e  s e c t i o n  t o  t h e
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ex per im en ta l  group. I n s t r u c to r s  Ml and F2 each taugh t one s e c t io n  of 

Math 121. Each o f t h e s e  two i n s t r u c t o r s  a s s ig n e d  h a l f  of h i s / h e r  

s e c t i o n  t o  th e  c o n t r o l  g roup  and th e  o t h e r  h a l f  to  th e  e x p e r im e n t a l  

group us ing  a random process .

The s e le c t io n  procedures o u t l in e d  above were used to  co n tro l  fo r  

th e  e f f e c t  of te ac h e r  d i f f e r e n c e s  on group performance by having each 

t e a c h e r  make e q u i v a l e n t  c o n t r i b u t io n s  i n s t r u c t i o n a l Iy to  each group. 

In  t h i s  way, n e i th e r  group rece iv ed  the  b e n e f i t s  o r  l i a b i l i t i e s  of a 

g iv e n  t e a c h e r ' s  i n s t r u c t i o n  d i f f e r e n t l y  than th e  o th e r  group. Thus, 

te a c h e r s ,  s tu d e n ts ,  and t re a tm e n ts  were randomly ass igned .

W ith in  both the  experim en ta l and c o n tro l  groups, th r e e  subgroups 

w e re  i d e n t i f i e d  by p a r t i t i o n i n g  each  g roup  on th e  b a s i s  o f  g e n e r a l  

academic re a d in e s s .  The u n iv e r s i ty  g en e ra te s  an expected GPA fo r  a l l  

inco m in g  f r e s h m e n .  T h is  s tu d y  u sed  t h a t  s t a t i s t i c  t o  r a n k  a l l  t h e  

s tu d en ts  in  each group. Students in  th e  top  t h i r d  of th e  l i s t  in  each 

group were d es igna ted  as being of h igh  a b i l i t y  f o r  the  purpose of th i s  

s tu d y .  S tu d e n ts  i n  t h e  lo w e s t  t h i r d  o f  th e  l i s t  w e re  d e s ig n a t e d  as  

being of low est a b i l i t y .  The m iddle t h i r d  were d es igna ted  as being of 

a v e ra g e  a b i l i t y .  T h is  p a r t i t i o n i n g  o f  t h e  g roups  l e a d  t o  ro u g h ly  

e q u a l  subg roup  s i z e s ,  a u s e f u l  d e s ig n  e lem en t  f o r  s t a t i s t i c a l  

p u rp o s e s .  However, i t  d id  n o t  p a r t i t i o n  each  Math 121 s e c t i o n  

e q u a l l y .  A lso ,  b e c a u s e  o f  t r a n s f e r  s t u d e n t s  and r e t u r n i n g  s tu d e n t s  

t h a t  were e n ro l le d  in  th e  s e c t io n s  involved  in  th e  s tudy , no expected 

GPA w as  a v a i l a b l e  f o r  som e i n d i v i d u a l s .  The d a t a  f o r  t h e s e  

in d iv id u a ls  was analyzed in  a fo u r th  category  fo r  s tu d en ts  of unknown
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a b i l i ty *  This c l a s o i f i c a t i o n  in fo rm a t io n  ^ c a u s e d  by th e  re s e a rc h e r  

in  th e  a n a ly s is  and i n t e r p r e t a t i o n  of th e  d a ta  g a thered  in  t h i s  study* 

The i n f o r m a t i o n  was n o t  s u p p l i e d  t o  th e  i n s t r u c t o r s  n o r  to  th e  

s tu d en ts  in  th e  study.

Treatments

The t r e a t m e n t s  u n d e r  i n v e s t i g a t i o n  i n  t h i s  s t u d y  w e r e  

a d m i n i s t e r e d  i n  c l a s s  and a t  th e  i n s t r u c t o r s '  o f f i c e s  b e g in n in g  th e  

t h i r d  week of c la s s .  The experim en ta l  group rece ived  th e  fo l lo w in g  

t r e a tm e n ts :

1 . D uring  th e  t h i r d  week o f  c l a s s ,  a L e a rn in g  S ty l e s  

D e l i n e a t o r  (G re g o rc ,  1982) was a d m i n i s t e r e d  to  a l l  

s tu d en ts  in  th e  experim en ta l group w ith  the  excep tion  

of i n s t r u c t o r  M2's s tu d e n ts .  This om ission  was not p a r t  

o f  t h e  e x p e r im e n t a l  d e s ig n ,  b u t  came ab o u t b ecau se  of 

i n s t r u c t o r  M2 ' s  c h a r a c t e r i s t i c  p r o c r a s t i n a t i o n  and 

i n s p i t e  of, the  r e s e a rc h e r 's  promptings.

2 . B eg in n in g  w i t h  th e  t h i r d  w eek, a w e ek ly  f o r m a t i v e  

t a s k  was a s s ig n e d .  These t a s k s  (A ppendix  A) to o k  th e  

form of a quiz  to  be completed in  c la s s .  Each ta s k  was 

a review of th e  previous week's classroom le c tu re s .

3 . Each i n s t r u c t o r  a d m in is te red  th e  f o r m a t i v e  q u iz z e s

i n  c l a s s  and c o l l e c t e d  t h e  p a p e r s  a t  t h e  end of th e  

a l l o t t e d  t i m e .  T h e s e  p a p e r s  w e r e  g r a d e d  by t h e
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i n s t r u c t o r ,  o u t s i d e  o f  c l a s s  and th e  s c o r e s  e n t e r e d  i n  

th e  g ra d e  book as  p a r t  o f  th e  s t u d e n t ' s  o v e r a l l  g ra d e .  

A t a b le  of s p e c i f i c a t io n s  (Appendix B) v a s  then  marked 

f o r  each  s t u d e n t ,  i n d i c a t i n g . w h i c h  p ro b le m s  had been  

m is se d .  The t a b l e  o f  s p e c i f i c a t i o n s  d i s p l a y e d  th e  

p ro b lem  num bers i n  an a r r a y  t h a t  c r o s s e d  th e  s k i l l  o r  

c o n ce p t  b e in g  t e s t e d  w i t h  t h e  l e v e l  o f  d i f f i c u l t y  o f  

the  problem.

Uhen a problem was m issed  on a fo rm a tiv e  qu iz , th e  

i n s t r u c t o r  c i r c l e d  th e  p ro b lem  number on th e  t a b l e  o f  

s p e c i f i c a t i o n s  f o r  t h a t  q u i z .  E ach  p r o b le m  w as 

c h a ra c te r iz e d  in  two ways by i t s  lo c a t io n  in  the  ta b le .  

The row h e a d in g  i d e n t i f i e d  t h e  l e a r n i n g  o b j e c t i v e  f o r  

t h e  p r o b le m  by c i t i n g  a s e c t i o n  n u m b e r  i n  t h e  

re m e d ia t io n  m a te r i a l s  (Appendix D). This s e c t io n  number 

c o n s i s t e d  o f  t h r e e  d i g i t s  s e p a r a t e d  by p e r io d s .  The 

f i r s t  d i g i t  c o r re sp o n d e d  to  th e  c h a p te r  number i n  th e  

Swokowski (1979) t e x t  where the  le a rn in g  o b je c t iv e  was 

p resen ted . The second d i g i t  gave the  s e c t io n  number in  

th e  c h a p te r .  The t h i r d  d i g i t  s e rv e d  a s  a c o u n te r  f o r  

o b j e c t i v e s  from  th e  same c h a p te r  and s e c t i o n .  For 

example, on qu iz  #1 (Appendix A), problem 11 appeared on 

a row w i t h  h e a d in g  2.4.3 . The te x tb o o k  r e f e r e n c e  was 

c h a p t e r  2 , s e c t i o n  4. The r e m e d ia l  exam ples  f o r  th e  

o b j e c t i v e  t e s t e d  i n  p rob lem  11 w ere  found  in  th e
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rem ed ia t ion  m a te r ia l s  (Appendix D):

2 .4 .3  U se . l im i ts  in  curve sk e tch in g .

The c o lu m n  h e a d i n g  i d e n t i f i e d  t h e  l e v e l  o f  

d i f f i c u l t y  of the  problem, th e  fo u r  l e v e l s  used in  th i s  

s tu d y  w ere  D e f i n i t i o n  and N o ta t io n  [ D e f /N o t( I )  ] ,  

D i r e c t  A p p l i c a t i o n  [ A pp t(Z ) . '] ,  S y n th e s i s  W ith  O ther  

C oncepts  t Syn(3) ] ,  and A b s t r a c t i o n  [ Abs(4) ]. The 

p a r e n t h e t i c a l  numbers a s s o c i a t e d  w i t h  th e  l e v e l s  of 

d i f f i c u l t y  w e re  p r i n t e d  in  th e  r e m e d i a t i o n  m a t e r i a l s  

b e s id e  each  exam ple . The i n s t r u c t o r  a t t a c h e d  a marked 

t a b l e  o f  s p e c i f i c a t i o n s  to  each  s t u d e n t ' s  g ra d e d  q u iz  

paper .

4. To ge t t h e i r  quiz papers back, th e  s tu d en ts  went to

t h e i r  i n s t r u c t o r ' s  o f f i c e  the  day a f t e r  tak in g  the qu iz . 

When a s tuden t from the  experim ental group rep o r ted  to  

h i s / h e r  i n s t r u c t o r ' s  o f f i c e ,  th e  i n s t r u c t o r  b r i e f l y  

r e v ie w e d  t h e  s t u d e n t ' s  t a b l e  of s p e c i f i c a t i o n s  and 

sum m arized  th e  s t u d e n t ' s  p e r fo rm a n c e .  F or exam ple , 

f a i l u r e  to  study d e f in i t i o n s  and n o ta t io n  showed up as a 

s e r i e s  of missed problems in  the  D ef/N o t( l)  column.

B e fo re  b e g in n in g  r e m e d i a t i o n  on th e  i n d i c a t e d  

t o p ic s ,  w i th  the  excep tion  of i n s t r u c to r  M2 who f a i l e d  

to  a d m i n i s t e r  t%ie G reg o rc  i n s t r u m e n t ,  t h e  i n s t r u c t o r s  

lo q k ed  up th e  s t u d e n t ' s  l e a r n i n g  s t y l e  p r o f i l e  and
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i d e n t i f i e d  an a p p ro p r ia te  s t r a te g y  fo r  rem ed ia t ing  the  

s t u d e n t  i n  harmony y i t h  th e  s t u d e n t ' s  l e a r n i n g  s t y l e .  

The i n s t r u c t o r s  i n  t h e  s tu d y  m ere t r a i n e d  in  th e  

i d e n t i f i c a t i o n  o f  a p p r o p r i a t e  r e m e d i a t i o n  s t r a t e g i e s  

d u r in g  t h e  f i r s t  two w eeks o f  c l a s s  and p r i o r  to  th e  

in t r o d u c t io n  of the  exper im en ta l  group t re a tm e n ts .  The 

t r a i n i n g  was a c c o m p l is h e d  i n  two s t a g e s .  F i r s t ,  a l l  

f o u r  i n s t r u c t o r s  and th e  r e s e a r c h e r  m et a s  a g roup  to  

d iscu ss  th e  re se a rc h  o b je c t iv e s  and procedures . Second, 

the  r e s e a rc h e r  met p r iv a t e ly  w i th  each i n s t r u c t o r  a few 

days l a t e r  to  review p rocedures , d iscu ss  th e  use of the  

v a r io u s  r e s e a rc h  in s tru m e n ts ,  and answer q u e s t io n s .  .

The p r o f i l e  the  Gregorc in s trum en t provided was used 

as  a p o i n t  of d e p a r t u r e  f o r  th e  i n s t r u c t o r s  in  th e  

i n d i v i d u a l i z a t i o n  o f  r e m e d ia t io n  s t r a t e g i e s .  Based on 

the  in d ic a t io n s  the  Learning S ty l e  D e l i n e a t o r  p ro v id e d  

c o n c e r n i n g  a s t u d e n t ' s  p r e f e r e n c e s  f o r  p r o c e s s in g  

c o g n i t iv e  in fo rm a t io n ,  the  i n s t r u c t o r  proceeded w ith  one 

o f  th e  f o u r  f o l l o w i n g  r e m e d ia l  f o r m a t s  (A ppendix E). 

C o n c r e t e - s e q u e n t i a l  l e a r n e r s  r e c e iv e d  a t e a c h e r - l e d  

s t e p - b y - s t e p  re v ie w  o f t h e  p r i n c i p l e s  and p ro c e d u re s  

r e l e v a n t  t o  th e  p ro b le m s  m is se d  on th e  q u i z .  In  t h i s  

r e v i e w ,  t h e  em p h as is  was p la c e d  on u se  o f  c o n c r e te  

examples and an in d u c t iv e  approach. A b s t ra c t - s e q u e n t ia l  

le a r n e r s  re ce iv ed  a review based on a deductive  a n a ly s is
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o f  th e  p r i n c i p l e s  a t  w ork  i n  t h e  g iv e n  p ro b le m s .  

L e a d i n g  q u e s t i o n s  w e r e  u s e d  t o  p r o m p t  d e d u c t i v e  

th in k in g . For th ese  f i r s t  two types of in d iv id u a ls ,  the  

r e m e d i a t i o n  was c o n c lu d e d  i n  one s e s s i o n  w i t h  th e  

i n s t r u c t o r .  Concrete-random le a r n e r s  re ce iv ed  a review 

th a t  provided a b a s is  of sev e ra l  examples and then sen t 

th e  s tu d en t  o f f  to  co n s id e r  a few lead ing  q u e s t io n s  away 

f r o m  t h e  i n s t r u c t o r .  When t h e s e  s t u d e n t s  h ad  

sy n th es ized  a s o lu t io n  to  th e  problems in  q u e s t io n ,  they 

r e tu rn e d  to  th e  i n s t r u c t o r  to  r e p o r t  t h e i r  conclusions 

and c o n t in u e  th e  r e m e d ia t io n .  Abstract-random  le a rn e r s  

r e c e i v e d  a r e v ie w  t h a t  in c lu d e d  a d i s c u s s i o n  of th e  

r e le v a n t  p r in c ip le s  involved  and a few lead in g  q u es t io n s  

to  d i s c u s s  w i t h  o t h e r s  i n  th e  c l a s s  a l s o  r e m e d ia t i n g .  

F o l lo w in g  t im e  f o r  r e f l e c t i o n  and s y n t h e s i s ,  t h e s e  

s tu d en ts  re tu rn e d  to  complete the  rem ed ia t ion .

The r e m e d i a t i o n  s t r a t e g y  r e l i e d  on th e  G regorc  

i n s t r u m e n t  t o  i n d i c a t e  a l e a r n i n g  s t y l e  p r e f e r e n c e .  

However, th e  i n s t r u c t o r s  were not bound to  continue w ith  

any  s t r a t e g y  t h a t  t h e  s t u d e n t  d i s l i k e d  o r  fo u n d  

inconvenien t. I f  a s tu d en t  requested  a d i f f e r e n t  form at 

f o r  the  rem ed ia t io n ,  the  i n s t r u c t o r  a t tem p ted  to  s a t i s f y  

t h e  s t u d e n t ' s  p r e s e n t  f e l t  need  f o r  i n f o r m a t i o n  and 

rem ed ia t ion  i n  w hatever format seemed most p ro d u c tiv e .
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Once th e  i n s t r u c t o r  had d e c id e d  x?hich r e m e d ia l  

f o r m a t  to  u s e  w i t h  a s t u d e n t ,  th e  s u b s ta n c e  of th e  

r e m e d i a t i o n  was a d d r e s s e d  u s in g  a s e t  o f  r e m e d ia l  

examples prepared  to  add ress  a l l  the  le a rn in g  o b je c t iv e s  

f o r  th e  c o u rs e  (A ppendix  D). Each q u ia  p rob lem  was 

keyed  t o  a s p e c i f i c  l e a r n i n g  o b j e c t i v e  i n  th e  t a b l e  o f  

s p e c i f i c a t io n s  (Appendix B). Thus, when a g iven  problem 

was m is se d  on a s t u d e n t  q u i z ,  c i r c l i n g  th e  p rob lem  

number on t h e  t a b l e  o f  s p e c i f i c a t i o n s  im m e d ia te ly  

i d e n t i f i e d  which le a rn in g  o b je c t iv e  had to  be reviewed 

and w h e re  t h e  a p p r o p r i a t e  r e m e d ia l  ex am p les  c o u ld  be 

found in  the  rem ed ia t io n  m a te r ia l s .

5 . A f te r  the  s tu d en t  completed the  rem ed ia t ion , the

i n s t r u c t o r  v e r i f i e d  th a t  the  s tuden t had m astered  the  

o b j e c t i v e s  of. t h e  f o r m a t i v e  t a s k  u s in g  a w r i t t e n  

r e t e s t .  T h is  r e t e s t  was i n  th e  fo rm  o f  a t a k e  home 

quiz to  be completed and re tu rn e d  w i th in  a few days.

A posted  answer key served  to  inform the  s tuden t of 

th e  c o r re c t  responses to  the  r e t e s t  problems. F u r the r  

a s s i s ta n c e  was a v a i l a b le  a t  the  req u es t  o f  the  

s tu d e n t .

The control group received e sse n tia lly  the oame treatm ent th a t

a l l  s tu d e n ts  have rece iv ed  in  c la s s  fo r  se v e ra l y e a rs , th a t  i s ,

w ritte n  evaluation of quizzes and assistance  on homework problems. In
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a d d i t i o n ,  i n s t r u c t o r s  Ml and F2, th e  s p l i t - s e c t i o n  i n s t r u c t o r s ,

a d m i n i s t e r e d  t h e  L e a rn in g  S t y l e s  D e l i n e a t o r  to  t h e i r  c o n t r o l  group

s t u d e n t s .  T h is  d a t a  was n o t  u s e d ,  h ow ever , i n  th e  t r e a t m e n t  th e  
I '  • ' • "

c o n t r o l  g roup  s t u d e n t s  r e c e iv e d .  In  t h e  c l a s s r o o m ,  when th e

experim en ta l  group s tu d en ts  rece ived  the  weekly fo rm a tiv e  ta sk ,  the

c o n tro l  group s tu d en ts  re ce iv ed  an i d e n t i c a l  quiz or w orksheet which

was completed w i th in  the  same tim e l i m i t a t i o n s  as the  ta sk  given

th e  experim en ta l  group s tu d en ts .  This paper was graded by the  teache r

in  the  conventional manner and re tu rn e d  to  the  s tu d en ts  the  next day

a t  the  i n s t r u c t o r ' s  o f f i c e .  Ho s y s te m a tic  d iagnosis  of s tu d en t  e r ro r s

o r  p r e s c r i b e d  r e m e d i a t i o n  was o f f e r e d  th e  c o n t r o l  g roup  s t u d e n t s .

They w ere  f r e e  to  s e e k  u n l i m i t e d  a s s i s t a n c e  i n  t h e  c o n v e n t io n a l

m anner . But th e y  d id .  n o t  have  a c c e s s  to  t h e  m a t e r i a l s  u sed  by th e

exper im en ta l  group.

Content V a l id i ty  of the  Departmental i u a t Ions

During the  Spring q u a r te r  of 1982, the  r e s e a rc h e r  p repared  a l i s t  

of course o b je c t iv e s  f o r  Math 121. This l i s t  was sen t to  th e  Math 121 

i n s t r u c t o r s  in  th e  fo rm  o f  a q u e s t i o n n a i r e .  The p u rp o s e  of th e  

q u e s t i o n n a i r e  was t o  i d e n t i f y  th e  c o u rs e  o b j e c t i v e s  t h a t  th e  

i n s t r u c t o r s  w ere  c o n c e rn e d  w i t h  t e s t i n g  on th e  f i n a l  exam. The 

i n s t r u c t o r s  i n d i c a t e d  t h e  o b j e c t i v e s  th a t  should appear on a l l  Math 

121  f i n a l s ,  th e  o b j e c t i v e s  t h a t  s h o u ld  n e v e r  be t e s t e d ,  and th e  

o b j e c t i v e s  w h ic h  co u ld  be i n c lu d e d  o r  l e f t  ou t a t  t h e  d i s c r e t i o n  of 

the  committee p reparing  the  exam ination. Additions to  the  l i s t  were
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w r i t t e n  in  by the  i n s t r u c t o r s  a t  the  end of the  questionnaire*

The r e s u l t s  o f  t h i s  q u e s t i o n n a i r e  w e re  used  as  a g u i d e l i n e  f o r  

the  c o n s t ru c t io n  of the  f i n a l  exam f o r  F a l l  q u a r te r ,  1982. Because a 

c a lc u lu s  exam ination  emphasizes problem so lv in g , and because problem 

so lv in g  i s  tim e consuming, i t  i s  ty p i c a l l y  not p o s s ib le  f o r  the  f i n a l  

exam t o  a d d r e s s  a l l  t h e  c o u rs e  o b j e c t i v e s .  F o l lo w in g  th e  p ro c e d u re  

j u s t  o u t l i n e d ,  th e  f i n a l  c o n s i s t e d  o f  t e s t  i te m s  c o v e r in g  a l l  th e  

t o p i c s  c o n s id e r e d  n e c e s s a r y  and as  many o f  th e  o p t i o n a l  t o p i c s  a s  

could be inc luded  g iven  the  tim e l i m i t a t i o n s  of the  exam.

As a r e s u l t  o f  t h i s  i te m  s e l e c t i o n  p r o c e s s ,  t h e  e x a m in a t io n  

q u e s t i o n s  r e f l e c t e d  th e  c o u rse  o b j e c t i v e s  and th e  i n s t r u c t o r s " '  

p r i o r i t i e s .  S in ce  t h e  f u n c t i o n  o f  t h e  exam in  t h i s  s tu d y  was to  

q u a n t i f y  s t u d e n t  r e s p o n s e  to  th e  t r e a t m e n t s  u n d e r  s tu d y ,  a h ig h  

c o n te n t  v a l i d i t y  made th e  i n t e r p r e t a t i o n  o f  any d i f f e r e n c e s  in  

performance between the  groups more m eaningful. I t  should be noted 

here  th a t  th e  fo rm a tiv e  t e s t s  addressed  a l l  the  course o b je c t iv e s ,  not 

j u s t  those  which appeared on the  f i n a l .

T h ree  one hou r d e p a r tm e n t a l  u n i t  exams (A ppendix F) 

w e re  a d m i n i s t e r e d  F a l l  q u a r t e r  i n  a d d i t i o n  to  th e  f i n a l  exam. The 

r e s u l t s  o f  th e  c o u rs e  o b j e c t i v e s  q u e s t i o n n a i r e  w e re  u sed  in  th e  

c o n s t ru c t io n  of th ese  exams a lso .

The s e le c t io n  p rocess  f o r  the  u n i t  exams allowed f o r  ev a lu a tio n  

of course o b je c t iv e s  which were not measured on the f i n a l  exam. Such a 

procedure broadened th e  scope of th e  o v e ra l l  ev a lu a t io n  p rocess . This 

c o n tr ib u te d  to  the  o v e ra l l  content v a l i d i t y  of the  ev a lu a t io n s .
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Examination R e l i a b i l i t y

The r e l i a b i l i t y ,  o r  p re c is io n  of measurement, of an in d iv id u a l 's

perform ance l e v e l  on a t e s t  i s  o f te n  q u a n t i f i e d  by us ing  a r e l i a b i l i t y

c o e f f i c i e n t .  A p e r f e c t l y  r e l i a b l e  t e s t  w ould  have  a r e l i a b i l i t y

c o e f f i c i e n t  o f  1 .0  and w ould  a lw ay s  i n d i c a t e  th e  t r u e  l e v e l  o f

performance of an in d iv id u a l .  A t o t a l l y  u n r e l ia b le  t e s t  would have a

r e l i a b i l i t y  c o e f f i c i e n t  o f  0 .0  and w ould  r e v e a l  n o th in g  a b o u t  an

i n d i v i d u a l ' s  t r u e  l e v e l  of p e r fo rm a n c e  C Hopkins & S t a n l e y ,  1981).

Davis (1964, p 24) made the  fo l lo w in g  s ta tem en t reg a rd in g  r e l i a b i l i t y

c o e f f i c i e n t s  in  s tu d ie s  of group behavior:

For measuring the  average c h a r a c t e r i s t i c s  of groups of 
t h e  s i z e  o f  many c l a s s e s ,  say  t w e n t y - f i v e  t o  f i f t y ,  
sco res  w i th  r e l i a b i l i t y  c o e f f i c i e n t s  as low as .50 may 
o f te n  be h ig h ly  s e rv ic e a b le .

The same c o n c lu s io n  i s  found  in  K e l l e y 's  (1927) a n a l y s i s  o f  th e  

r e l i a b i l i t y  requ irem en ts  fo r  group s tu d ie s .

The problem of de term in ing  the  r e l i a b i l i t y  of sco res  f o r  co llege  

l e v e l  m a th e m a t ic s  p ro b lem  s o lv in g ,  ex am ina tions  was in v e s t ig a te d  by 

H i l l  (1976). Using eq u iv a len t  f o r a  exam inations , H i l l  found th a t  the  

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  t h r e e - h o u r  exams i n  h i s  s tu d y  la y  

w i t h i n  t h e  r a n g e  .55 t o  . 8 6 , t h a t  e r r o r  v a r i a n c e  was in d e p e n d e n t  o f  

s tu d en t  a b i l i t y ,  and th a t  sco re r  r e l i a b i l i t y  lay  w i th in  th e  range .90 

to  .95. Thus, m ost o f  th e  u n r e l i a b i l i t y  l a y  w i t h  th e  in s t r u m e n t  

i t s e l f  and not w ith  the  sco r ing  procedures.

Other s tu d ie s  d ea lin g  s p e c i f i c a l l y  w i t h  s t u d e n t  p e r fo rm a n c e  in  

c a l c u l u s  have  r e p o r t e d  s i m i l a r  r e l i a b i l i t y  c o e f f i c i e n t s .  P a s c a re l la
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r e p o r t e d  r e l i a b i l i t i e s  o f  .72 (1977 , b) and .75 (1978). Thompson 

(1980) r e p o r t e d  Chronbach  r e l i a b i l i t y  e s t i m a t e s  o f  .85 and .80 on 

d ep a r tm en ta l ly  w r i t t e n  ca lc u lu s  f i n a l  exams.

T h i s  s t u d y  u s e d  d e p a r t m e n t a l l y  w r i t t e n  e x a m in a t io n s  as  

in s tru m en ts  f o r  m easuring s t u d e n t  a c h ie v e m e n t .  P a r t i a l  c r e d i t  was 

g iven  on t e s t  i tem s invo lv ing  problem so lv ing . In  o rd e r  to  e s t im a te  

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  e x a m in a t io n s  u sed  d u r in g  th e  "81-"82 

school y ea r ,  th e  r e s e a rc h e r  examined tv o  HSD departm en ta l  exams used 

during  F a l l  and Spring q u a r te r s .

The 30 i te m  f i n a l  exam u sed  F a l l  q u a r t e r  f o r  H a th  121 y a s  

e v a lu a t e d  on th e  b a s i s  o f  20 s t u d e n t  p a p e r s  s e l e c t e d  a t  random from  

th e  r e s e a rc h e r 's  68 s tu d en ts .  The exam ination  was w orth  200 p o in ts ,  

w i t h  a sam ple  mean o f  142, v a r i a n c e  585, and a s t a n d a r d  e r r o r  o f  th e  

mean o f  5 .4 . In  o r d e r  t o  e s t i m a t e  t h e  r e l i a b i l i t y  u s in g  t h e  K uder- 

Richardson form ula  #20 (Sax, 1980) the  papers , which had been scored 

g iv in g  p a r t i a l  c r e d i t  on problem so lv in g  i tem s were re sco red  g iv ing  

e i t h e r  f u l l  c r e d i t  i f  th e  item  was answered 1001  c o r re c t  or no c r e d i t  

i f  th e re  were any m is tak es  in  th e  s o lu t io n .  Based on t h i s  procedure, 

KR-20 y i e l d e d  a r e l i a b i l i t y  o f  .69. H ex t,  u s in g  th e  same s c o r in g  

method, a s p l i t - h a l f  techn ique  and Spearman-Brown form ula (Sax, 1980) 

y ie ld e d  a c o e f f i c i e n t  of .76. In  as much as the  item  d is c r im in a t io n  

o f  t h e  p ro c e d u re  th u s  d e f in e d  may have  been  l e s s  t h a n  t h a t  of a 

c o n s i s te n t ly  ad m in is te red  procedure f o r  a ss ig n in g  p a r t i a l  c r e d i t ,  the  

r e l i a b i l i t y  o f  t h e  r e s u l t s  o b t a in e d  under the  p a r t i a l  c r e d i t  form at



44

may have b een  h i g h e r  th a n  th e  c o e f f i c i e n t s  o b ta in e d  by r e s c o r i n g  

w i t h o u t  p a r t i a l  c r e d i t .  The s i g n i f i c a n t  p o i n t  i s  t h a t  t h e

c o e f f i c i e n t s  ob ta ined  were g r e a te r  than  .50 and comparable to  r e s u l t s  

ob ta ined  by o th e r  re s e a rc h e r s  a lread y  c i te d .

A sam ple  o f  30 s tu d e n t  p a p e r s  from  a u n i t  e x a m in a t io n  was 

p h o to c o p ie d  p r i o r  to  s c o r in g  d u r in g  S p r in g  q u a r t e r ,  1982. These 

d u p l i c a t e  exam s w e r e  s c o r e d  t w i c e  by t h e  sam e i n s t r u c t o r s  

approx im ate ly  two weeks a p a r t .  Based on th e  c o r r e la t io n  between the  

two s e t s  of sco re s ,  a s c o r e r  r e l i a b i l i t y  of .98 was c a lc u la te d .

From t h e s e  o b s e r v a t i o n s  and from  c o n s i d e r a t i o n s  o f  c o n te n t  

v a l i d i t y  of the  depar tm en ta l  e x a m in a t io n s ,  th e  r e s e a r c h e r  co n c lu d ed  

t h a t  d e p a r tm e n t a l  e x a m in a t io n s  u sed  i n  th e  F a l l  o f  1982 w ere  

s u f f i c i e n t l y  r e l i a b l e  to  u se  as m e a su re s  o f  s t u d e n t  p e r fo rm a n c e  in  

g roups .

S t a t i s t i c a l  Hypotheses

F e rg u so n  (1976) s t a t e s  t h a t  i t  i s  a common c o n v e n t io n  to  u se  

s ig n i f ic a n c e  le v e l s  of .05 on; .01 and t h a t  an in v e s t ig a to r  may adopt, 

p e rh a p s  a r b i t r a r i l y ,  a p a r t i c u l a r  l e v e l  o f  s i g n i f i c a n c e .  For th e  

p u rp o s e s  o f  t h i s  s t u d y ,  a l l  h y p o th e s e s  w e re  t e s t e d  a t  t h e  .05 l e v e l .  

In  some s i t u a t i o n s  a p -va lue  was a lso  re p o r ted .  The numbering of the  

hypotheses r e f l e c t e d  th e  numbering of th e  general q u e s t io n s  asked in  

C h a p te r  I .  For e x am p le ,  a l l  q u e s t i o n s  and h y p o th e se s  d e a l i n g  w i t h  

g e n e r a l  q u e s t i o n  number I  b e g in  w i t h  a I f o l l o w e d  by a d o t  ( . ) ,  such  

as hypo thesis  1 .2  .
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1.1 There was no d i f f e r e n c e  between th e  experim enta l and co n tro l  

group expected GPA^s.

1.2 There was no d i f f e r e n c e  between th e  v a r ian ce  of expected GPA 

s c o r e s  f o r  th e  e x p e r im e n t a l  g roup  and th e  v a r i a n c e  o f  e x p e c te d  GPA 

scores  f o r  th e  c o n tro l  group.

2.1 There were fo u r  in s t ru c to r s *  each teach ing  an experim ental 

group and a c o n tro l  group, form ing e i g h t  i n s t r u c t o r  s u b -g ro u p s .

There was no d i f f e r e n c e  in  mean expected GPA f o r  any of th e  e ig h t  

subgroups.

2 .2  There was no d i f f e r e n c e  in  o v e r a l l  exam perform ance means 

between s tu d en ts  a ss igned  to  d i f f e r e n t  i n s t r u c t o r s .

2.3 T here  was no s tu d e n t  a p t i t u d e - i n s t r u c t o r  in t e r a c t i o n  for. 

o v e ra l l  exam ination performance.

3.1 On th e  f i r s t  exam ination , th e re  was no d i f f e r e n c e  in  mean 

perform ance f o r  the  experim en ta l and co n tro l  groups f o r  s tu d en ts  of 

known a b i l i t y .

3.2 On th e  second exam ination , th e re  was no d i f f e r e n c e  in  mean 

perform ance f o r  the  exper im en ta l  and co n tro l  groups f o r  s tu d en ts  of 

known a b i l i t y .

3.3 On the  t h i r d  exam ination , th e re  was no d i f f e r e n c e  in  mean 

perform ance f o r  the  experim en ta l  and co n tro l  groups f o r  s tu d e n t s -o f  

known a b i l i t y .

3.4 On th e  f i n a l  exam ination , th e re  was no d i f f e r e n c e  in  mean 

perform ance f o r  the  experim en ta l  and c o n tro l  groups f o r  s tu d en ts  of 

known a b i l i t y .
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3.5 In  o v e r a l l  p e r fo rm a n c e  ( t o t a l  of a l l  f o u r  a n a m in a t io n  

s c o r e s  )» t h e r e  was no d i f f e r e n c e  i n  mean p e r fo rm a n c e  f o r  th e  

experim ental and c o n tro l  groups fo r  s tu d en ts  of known a b i l i t y .

4.1 On th e  f i r s t  e x a m in a t io n ,  t h e r e  was no a p t i t u d e - t r e a t m e n t  

i n t e r a c t i o n  fo r  s tu d en ts  of known a b i l i t y .

4.2 On the second exam ination , th e re  was no a p t i tu d e - t r e a tm e n t  

i n t e r a c t i o n  fo r  s tu d e n ts  of known a b i l i t y .

4.3 O n.the t h i r d  e x a m in a t io n ,  t h e r e  was. no a p t i t u d e - t r e a t m e n t  

i n t e r a c t i o n  f o r  s tu d en ts  of known a b i l i t y .

4.4 On the  f i n a l  exam ination , th e re  was no a p t i tu d e - t r e a tm e n t  

i n t e r a c t i o n  fo r  s tu d en ts  of known a b i l i t y .

4.5 In  o v e r a l l  p e r fo rm a n c e ,  t h e r e  Xjas no a p t i t u d e - t r e a t m e n t  

i n t e r a c t i o n  fo r  s tu d en ts  of known a b i l i t y .

5.1 On the  f i r s t  exam ination , th e re  was no d i f f e r e n c e  in  mean 

perform ance f o r  the  experim en ta l and c o n tro l  groups f o r  s tu d en ts  of 

unknown a b i l i t y .  ,

5.2 On the  second exam ination , th e re  was no d i f f e r e n c e  in  mean 

perform ance f o r  the  experim en ta l  and c o n tro l  groups f o r  s tu d en ts  of 

unknown a b i l i t y .

5.3 On t h e  t h i r d  e x a m in a t io n ,  t h e r e  was no d i f f e r e n c e  i m e a n  

perform ance f o r  the  experim en ta l  and co n tro l  groups f o r  s tu d en ts  of 

unknown a b i l i t y .

5.4 On the  f i n a l  exam ination , th e re  was no d i f f e r e n c e  in  mean 

perform ance f o r  the  experim en ta l  and c o n tro l  groups f o r  s tu d en ts  of 

unknown a b i l i t y .
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5.5 In  o v e r a l l  p e r fo rm a n c e ,  t h e r e  was no d i f f e r e n c e  i n  mean 

perform ance f o r  the  experim en ta l and co n tro l  groups f o r  s tu d en ts  oh 

unknown a b i l i t y .

6.1 F or th e  low a b i l i t y  g ro u p ,  t h e r e  was no d i f f e r e n c e  in  

s tanda rd  d e v ia t io n s  fo r  the  exper im en ta l  and co n tro l  groups on each of 

th e  four exam inations .

6.2 For th e  m id d le  a b i l i t y  g ro u p ,  t h e r e  was no d i f f e r e n c e  i n  

s tandard  d e v ia t io n s  f o r  the  exper im en ta l  and co n tro l  groups on each of 

th e  fo u r  exam inations.

6.3 For th e  h ig h  a b i l i t y  g ro u p ,  t h e r e  was no d i f f e r e n c e  in  

s tanda rd  d e v ia t io n s  f o r  the  exper im en ta l  and co n tro l  groups on each of 

th e  fo u r  exam inations.

6 .4  N e ithe r  the  s tan d a rd  d e v ia t io n  of the  experim enta l group 

nor the  s tandard  d e v ia t io n  of the  co n tro l  group was c o n s i s te n t ly  l e s s  

than  th e  o th e r  fo r  s tu d en ts  of known a b i l i t y . '

6 .5  For the  unknown a b i l i t y  group, th e re  was no d i f f e r e n c e  in  

s tan d a rd  d e v ia t io n s  f o r  the  experim en ta l and c o n tro l  groups on each of 

th e  fo u r  exam inations .

6.6  N e ither  th e  s tan d a rd  d e v ia t io n  of the  experim en ta l  group nor 

th e s tan d a rd  d e v ia t io n  of the  co n tro l  group was c o n s i s te n t ly  l e s s  than 

th e  o th e r  f o r  s tu d en ts  of unknown a b i l i t y .

7.1 There was no r e l a t io n s h ip  between the amount of tim e spent 

in  rem ed ia t ion  and o v e r a l l  examination performance.
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8.1 There y a s  no r e l a t i o n s h ip  between expected GPA and o v e ra l l  

exam ination performance f o r  the  experim ental group.

8.2 There was no r e l a t io n s h ip  between expected GPA and o v e ra l l  

exam ination performance f o r  the  c o n tro l  group.

8.3 T here  was ho d i f f e r e n c e  b e tw ee n  th e  s t r e n g t h s  o f  th e  

r e l a t io n s h ip s  ob ta ined  in  the  t e s t s  of hypotheses 8 . land  8 .2  .

9.1 There was no d i f f e r e n c e  in  o v e ra l l  performance f o r  s tu d en ts  

w i th  a s e q u e n t ia l  le a rn in g  s ty l e  and s tu d en ts  w i th  a random le a rn in g  

s t y l e  f o r  s tu d en ts  of known a b i l i t y .

9.2 There was no d i f f e r e n c e  in  o v e r a l l  performance f o r  s tu d en ts  

w i th  a concre te  le a rn in g  s t y l e  and s tu d en ts  w ith  an a b s t r a c t  le a rn in g  

s t y l e  f o r  s tu d en ts  of known a b i l i t y .

9 J  There was no d i f f e r e n c e  in  o v e r a l l  performance f o r  s tu d en ts  

w i th  a s e q u e n t ia l  le a rn in g  s t y l e  and s tu d en ts  w i th  a random le a rn in g  

s t y l e  f o r  s tu d en ts  of unknown a b i l i t y .

9.4 There was no d i f f e r e n c e  in  o v e ra l l  performance f o r  s tu d en ts  

w i th  a concre te  le a rn in g  s ty l e  and s tu d en ts  w ith  an a b s t r a c t  le a rn in g  

s t y l e  f o r  s tu d e n ts  of unknown a b i l i t y .

S t a t i s t i c a l  Procedures
i -

A ll  th e  h y p o th e s e s  i n v o lv in g  c r o s s e d  v a r i a b l e s . w e r e  a n a ly z e d  

u s in g  a 2X3 a n a l y s i s  o f  v a r i a n c e .  M endenhall and K einm uth  (1982) 

s t a t e  t h a t  AM09A i s  an  a p p r o p r i a t e  t e c h n iq u e  to  i d e n t i f y  im p o r ta n t  

independent v a r ia b le s  and to  de term ine  t h e i r  i n t e r a c t io n s  and a f f e c t  

on t h e  d ep en d e n t  v a r i a b l e .  The MSUSTAT program  A9MF was used  f o r
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th ese  c a lc u la t io n s .  This program can be used w ith  unequal numbers of 

observa tion^  pe r  c e l l .  For the  s tu d en ts  of unknown a b i l i t y ,  AVMF was 

u sed  as a one-w ay AMOVA w i t h  two l e v e l s  to  a d d r e s s  th e  h y p o th e s e s .  

L e a s t  s i g n i f i c a n t  d i f f e r e n c e s ,  D, f o r  com paring  c e l l  means w ere  

c a lc u la te d  us ing  the  Q t a b le  d iscussed  by Snedecor and Cochran (1980). 

The formula used (p . 235) was

D = Q.05j|/MSE /  nh

where n^ was the  harmonic mean

C ell counts a re  shown in  the  Tables found in  Chapter 4. The c e l l  

count a s s o c ia te d  w i th  each c e l l  mean appears in  p a re n th e s is  fo llo w in g  

th e  c e l l  mean.

The hypotheses d ea lin g  w ith  the  s t r e n g th  of a r e l a t io n s h ip  were 

t e s t e d  by co m pu ting  th e  i n d i c a t e d  P e a r s o n  c o r r e l a t i o n  c o e f f i c i e n t s  

u s in g  th e  MSUSTAT program  SUMSTAT. L in d n e r  (1979) s t a t e s  t h a t  

c o r r e l a t i o n  i s  th e  m ost u s e f u l  m e asu re  o f  r e l a t i o n s h i p  be tw een  

v a r i a b l e s .  A t e s t  o f  th e  n u l l  h y p o th e se s  t h a t  r  = 0 w ere  

performed a t  the  .05 le v e l .

P recau tions  Taken f o r  Accuracy

The o r i g i n a l  docum ents  from  w h ich  d a ta  was d e r iv e d  w ere  th e  

fo rm ativ e  t e s t s ,  the  l i s t  of expected GPA scores genera ted  by Montana 

S ta te  U n iv e rs i ty ,  and the  departm enta l exam inations which serve as the  

dependent v a r ia b le  in  t h i s  study. Student scores on the  departm ental 

exam inations were ob ta ined  by photocopying each Math 121 i n s t r u c to r ' s
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g ra d e  book a t  th e  end o f th e  q u a r t e r .  F o l lo w in g  r e m e d i a t i o n ,  e ach  

in s t r u c t o r  r e ta in e d  th e  top  p o r t io n  of each s tu d e n t 's  fo rm a tiv e  t e s t  

i n  a f i l e  b o s .  The c o n t e n t s  o f  t h e s e  h o s e s  w e r e  c o l l e c t e d  

p e r io d ic a l ly  by the  r e s e a rc h e r .

A ll da ta  p e r ta in in g  to  a g iven  s tuden t in  th e  study was then 

p u t  on a co m p u te r  f i l e  and re c h e c k e d  f o r  a c c u ra c y .  A l l  s t a t i s t i c a l  

hypotheses were t e s t e d  us ing  th e  CP6 computer.

Summary

In  th e  F a l l  of 1982 a t  Montana S ta te  U n iv e rs i ty ,  6 s e c t io n s  of 

freshman c a lc u lu s .  Math 121, were s e le c te d  a t  random to  p a r t i c ip a t e  

i n  t h i s  s tu d y .  H a lf  th e  s t u d e n t s  i n  t h e  s e l e c t e d  s e c t i o n s  w ere  

ass igned  to  the  exper im en ta l  group and h a l f  to  the  c o n tro l  group using 

a random assignm ent procedure. The assignm ent procedure used re s u l te d  

in  each i n s t r u c t o r  te ach in g  roughly equal numbers of experim ental and 

c o n tro l  group s tu d e n ts .  This c o n t ro l le d  f o r  te ach e r  d i f f e r e n c e s .

Using the  expected GPA, a u n i v e r s i t y  g e n e r a te d  s t a t i s t i c  f o r  

e n t e r i n g  f r e s h m e n ,  a s  a m easu re  of a b i l i t y  o r  a p t i t u d e  f o r  c o l l e g e  

work, a l l  the  e n te r in g  freshmen in  the  s e le c te d  s e c t io n s  were ranked 

by the  r e s e a rc h e r  on th e  b a s is  of th e  expected GPA. The top t h i r d  of 

t h i s  r a n k in g  was l a b e l e d  th e .h ig h  a b i l i t y  g roup . The b o tto m  t h i r d  

was l a b e l e d  t h e  low a b i l i t y  g roup . The t h i r d  g roup  was l a b e l e d  t h e  

m iddle  a b i l i t y  group. This in fo rm a t io n  was not used as the  b a s is  of 

o r  p a r t  o f  any t r e a t m e n t  i n  t h i s  s tu d y  n o r  was t h e  i n f o r m a t i o n  made 

a v a i la b le  to  the  i n s t r u c t o r s .  I t  was used, however, by the  re se a rc h e r
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in  a n a ly s is  and i n t e r p r e t a t i o n  of the  d a ta  g a th e red .

B eg in n in g  w i t h  t h e  t h i r d  week o f  c l a s s ,  t h e  c la s s ro o m  t e a c h e r s  

a d m i n i s t e r e d  f o r m a t i v e  t a s k s .  The i n s t r u c t o r s  e v a l u a t e d  s tu d e n t  

perform ance on th e  ta sk s ,  p re sc r ib e d  rem ed ia t io n ,  and r e t e s t e d  the  

e x p e r im e n t a l  g roup  s t u d e n t s  as  th e y  c0 me in  t o  p i c k  up t h e i r  t e s t s .  

Rem ediation was in d iv id u a l i s e d  to  accommodate each s tu d e n t 's  . le a rn in g  

s t y l e  as determ ined  by the  Gregorc (1982) Learning S ty les  D e linea to r  

a d m i n i s t e r e d  th e  t h i r d  w eek o f  c l a s s .  The c o n t r o l  g roup  s t u d e n t s  

rece ived  the  conven tional w r i t t e n  e v a lu a t io n  of quizzee  and a s s is ta n c e  

on homework, e tc .  t h a t  has been th e  p r a c t ic e  in  th e  p a s t .

At t h e  end o f t h e  q u a r t e r ,  t h e  d a ta  g a th e r e d  i n  th e  s tu d y  was 

e n t e r e d  i n t o  a d a t a  f i l e  on t h e  CP6 co m p u te r  a t  Montana S t a t e  

U n iv e rs i ty .  An a n a ly s is  of the  d a ta  was conducted us ing  the  so ftw are  

s t a t i s t i c a l  package  MSUSTAT (Lund, 1978). Two way a n a l y s i s  of 

v a r ia n ce  was used to  i d e n t i f y  s ig n i f i c a n t  v a r ia b le s  and in te r a c t io n s .  

P e a r s o n  c o r r e l a t i o n s  w e r e  u s e d  t o  e x a m in e  t h e  s t r e n g t h s  o f  

r e l a t i o n s h ip s .
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CHAPTER FOUR 

RESULTS 

In tro d u c t io n

The d a ta  rep o r te d  in  t h i s  chap te r  a re  arranged  in to  th e  fo llow ing  

c a t e g o r i e s :  e f f e c t i v e n e s s  of s a m p l in g  p r o c e d u r e s ,  m a in  t r e a t m e n t

e f f e c t s ,  incom ple te  d a ta  s e t s ,  hypotheses suggested by exam ination of 

th e  c o l l e c t e d  d a t a ,  and s e l e c t e d  d e s c r i p t i v e  t a b u l a r  d a t a .  C e l l  

counts a re  shown in  p a re n th e s is  in  th e  ta b le s .

E f fe c t iv e n e ss  of Sampling Procedures

An underly ing  assum ption of th e  experim en ta l design  was th a t  the  

s t u d e n t s  w ere  random ly  a s s ig n e d  to  v a r i o u s  s e c t i o n s  o f  Math 121 a t  

r e g i s t r a t i o n  and t h a t  th e  d i s t r i b u t i o n  o f  a b i l i t y  o r  t a l e n t  w i th  

re s p e c t  to  c a lcu lu s  would be the  same from se c t io n  to  s e c t io n  and f o r  

th e  experim en ta l (Expt) and co n tro l  (C t r l )  groups. In  a sse ss in g  the  

s t r e n g th  of t h i s  assum ption , the  fo l lo w in g  q u es t io n s  were answered.

Q uestion  1.1: Was the  mean expected GPA ( EGPA ) th e  same fo r  the  

experim en ta l  and c o n tro l  groups?

H y p o t h e s i s  1 .1 :  T h e r e  w as  no d i f f e r e n c e  b e tw ee n  th e  

experim en ta l  and contro l, group expected GPA.

T e s t :  The mean EGPA f o r  t h e  e x p e r im e n t a l  g roup  was 2.783.

The mean EGPA f o r  th e  c o n t r o l  g roup  was 2.692. A t - t e s t  f a i l e d  to
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r e j e c t  h y p o th e s i s  1.1 a t  t h e  .05 l e v e l  w i t h  I lO  d f .  The p -v a lu e  

ob ta ined  was .2413;.

R e s u l t  1 .1 :  T h e r e  w as  no d i f f e r e n c e  b e tw e e n  t h e

exper im en ta l  and co n tro l  group expected GPA.

Q u e s t io n  1.2: Was t h e  v a r i a n c e  i n  EGPA s c o r e s  t h e  same f o r  th e

exper im en ta l  and c o n t r o l . groups ?

H y p o th e s is  1.2: T here  was no d i f f e r e n c e  b e tw ee n  th e

v a r i a n c e  o f  e x p e c te d  GPA s c o r e s  f o r  th e  e x p e r im e n t a l  g roup  and th e  

v a r ian ce  of expected GPA sco res  f o r  th e  co n tro l  group.

T es t:  The exper im en ta l  group EGPA v a r ian ce  was .1570. The

c o n tro l  group EGPA v a r ia n ce  was .1741. An F t e s t  f a i l e d  to  r e j e c t  

hypothesis  1 .2  f o r  a lpha  = .05. The p -va lue  was .6968.

R esu lt 1.2: There was no d i f f e r e n c e  in  th e  EGPA v a r ian ces

f o r  the  experim ental and co n tro l  groups.

Q u e s t io n  2 .1: W ith  f o u r  i n s t r u c t o r s  (F2, Ml, F l 1 and M2) each

t e a c h i n g  an e x p e r im e n t a l  and c o n t r o l  g ro u p , t h e r e  w ere  e i g h t  

t r e a t m e n t - i n s t r u c t  o r  su b g ro u p s .  Were t h e  mean EGPA's t h e  same f o r  

these  subgroups?

Hypothesis 2.1: There were fo u r  i n s t r u c t o r s ,  each teach ing

an  e x p e r im e n t a l  and a c o n t r o l  g ro u p , fo rm in g  e i g h t  i n s t r u c t o r  sub ­

groups. There was no d i f f e r e n c e  in  mean EGPA fo r  any two of the  e ig h t  

sub-groups.

Table I shows th e  mean EGPA's f o r  the  sub-groups.
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EGPA Means fo r  I n s t ru c to r  Subgroups 

In s tru c to r s
F2 Ml • F l M2

Expt 2 .70  (11) 2.79 (16) 2 .82  (27) 2 .6 4  (29)

C tr l 2.73 (14) 2.66 (17) 2.63 (25) 2 .70  (29)

T e s t :  For a lp h a  = .0 5 , th e  l e a s t  s i g n i f i c a n t  d i f f e r e n c e

f o r  th e  m eans shown in  T ab le  I was .4 0 9 . No p a i r  o f means has a 

d i f f e r e n c e  as l a r g e  a s  .409. T hus, th e  t e s t  f a i l e d  to  r e j e c t  

h y p o th e s is  2.1.

R e s u l t  2 .1 : T h ere  was no d i f f e r e n c e  in  mean EGPA's among

the  e ig h t te ac h e r sub-g roups.

Q u e s t io n  2 .2 :  The e x p e r i m e n t a l  d e s ig n  r e l i e d  on random

assignm ent of s tu d en ts  to  se c tio n s  of Math 121 to  d i s t r ib u te  a b i l i t y  

eq u a lly  among th e  s e c tio n s . Was o v e ra l l  s tu d en t perform ance on a l l  

fo u r  exam inations th e  same betw een in s tru c to r s ?

H ypothesis 2 .2 : T here  was no d i f f e r e n c e  in  o v e r a l l  exam

perform ance means betw een s tu d en ts  ass ig n ed  to  d i f f e r e n t  in s t ru c to r s  

(F2,M1,F1,M2).

H y p o th e s is  2 .3 : T here  was no s tu d en t a p t i tu d e - in s t r u c to r

in te r a c t io n  fo r  o v e ra l l  exam ination  perform ance.

O vera ll s tu d en t perform ance means a re  shown by in s t r u c to r  in  

T a b le  2. T a b le  3 shows th e  r e s u l t s  o f th e  ANOVA f o r  th e  d a ta

Table I

summarized in  Table 2
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O v erall S tudent Performance by A b il i ty  Level and I n s t ru c to r

In s tru c to r s

Table 2

F2 Ml Fl M2

L 337.2 (6) 365 (4) 335.3 (11) 331.8  (14)

M 394.4  (9) 371.1 (9) 390.3 (13) 421.6 (8)

H 442.3 (10) 423.1 (7) 465.6 (12) 426.3 (9)

Table 3

ANOVA f o r  O vera ll S tudent Performance by A b il i ty  Level and In s tru c to r

Source df F n -v a lu e

A b il i ty  le v e l 2 22.88 .000

In s tru c to r 3 .1425 .9336

In te r a c t io n 6 1.195 .3148

R esidual 100

T e s t : At th e .05 l e v e l , th e  ANOVA t e s t f a i l e d  to  r e j e c t

hypotheses 2.2 and 2 .3 .

R e s u l t  2 .2 : T here  was no d i f f e r e n c e in  o v e r a l l  exam

perform ance means between s tu d en ts  ass ig n ed  to  d i f f e r e n t  in s t r u c to r s .

R e s u lt  2 .3 : T here  was no s tu d e n t  a p t i t u d e - i n s t r u c t o r

in te r a c t io n  fo r  o v e ra ll  exam ination perform ance.
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Main Treatm ent E ffe c ts

Every s tu d en t in  t h i s  study  ass ig n ed  an EGPA was a f i r s t - q u a r t e r  

f re sh m a n . The s tu d e n t s  o f unknown a b i l i t y  d id  n o t a l l  s h a re  t h i s  

unique e n try - le v e l  c h a r a c te r i s t i c .  Some w ere second, th i r d ,  o r fo u r th  

q u a r t e r  s t u d e n t s .  Some had p r e v io u s ly  f a i l e d  M ath 121 and w ere  

r e t a k in g  th e  c o u rs e . B ecause o f th e  many p o t e n t i a l  d i f f e r e n c e s  

b e tw ee n  th e  s tu d e n t s  o f known a b i l i t y  and th e  s tu d e n t s  o f unknown 

a b i l i t y ,  t h i s  s tu d y  a n a ly z e d  d a ta  from  th e s e  tw o g ro u p s  s e p a r a t e ly .  

S epara te  hypotheses a re  s ta te d  and sep a ra ted  s t a t i s t i c a l  t e s t s  c a r r ie d  

ou t. Q uestions 3.1 -  4.5 d e a l t  w ith  th e  s tu d en ts  o f known a b i l i t y  as 

m easured by th e i r  EGPA.

Q uestion  3.1: On th e  f i r s t  exam, d id  exp erim en ta l group s tu d en ts  

and c o n tro l group s tu d en ts  perform  a t  the  same le v e l?

H y p o th e s is  3 .1 : On th e  f i r s t  e x a m in a t io n , t h e r e  was no 

d i f f e r e n c e  in  mean p e rfo rm a n c e  f o r  th e  e x p e r im e n ta l  and c o n t r o l  

groups fo r  s tu d en ts  of known a b i l i t y .

H y p o th e s is  4 .1 : On th e  f i r s t  e x a m in a t io n , t h e r e  was no 

a p ti tu d e - tre a tm e n t in te r a c t io n  fo r  s tu d e n ts  of known a b i l i t y .

Group means f o r  th e  f i r s t  exam fo r  s tu d en ts  o f known a b i l i t y  

a r e  shown in  T a b le  4. A summary o f th e  ANOVA f o r  th e  f i r s t  exam f o r  

s tu d e n ts  of known a b i l i t y  i s  shown in  Table 5.
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Table 4

F i r s t  Exam Means: S tuden ts of Known A b il i ty

A b il i ty  Level
L M H

Expt 71 .94  (16) 76.62 (21) 92.45 (22)

C tr l  66.26 (19) 75.72 (18) 82.69 (16)

( l e a s t  s ig n i f ic a n t  d if fe re n c e  = 3 .02  )

ANOVA fo r

Table 5

F i r s t  Exam: S tuden ts of Known A b il i ty

Source djL F n -value

Expt/C tr l I 4 .444 .03739

L/M/H 2 17.35 .000

In te r a c t io n 2 .9843 ,3788

R esidual 106

T e s t :  The ANOVA t e s t  r e j e c t e d  h y p o th e s is  3.1 a t  th e  .05

le v e l .  H ypothesis 4.1 was not re je c te d .

R e s u lt  3 .1 : On th e  f i r s t  e x a m in a tio n , th e  e x p e r im e n ta l

group perform ed a t  a h ig h e r le v e l  than  the  co n tro l group f o r  s tu d en ts  

o f known a b i l i t y .

R e s u l t  4 .1 : T h ere  was no s tu d e n t  a p t i t u d e - t r e a t m e n t

in te r a c t io n  on the  f i r s t  exam fo r  s tu d en ts  of known a b i l i t y .
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Q u e s tio n  3 .2 : On th e  second  exam , d id  e x p e r im e n ta l  group 

s tu d e n ts  and c o n tro l group s tu d en ts  perform  a t  the  same le v e l?

H y p o th e s is  3 .2 : On th e  second  e x a m in a tio n , t h e r e  was no 

d if fe re n c e  in  mean perform ance fo r  th e  ex p erim en ta l and c o n tro l groups 

fo r  s tu d en ts  of known a b i l i t y .

H y p o th e s is  4 .2 : On th e  seco n d  e x a m in a tio n , t h e r e  was no 

a p ti tu d e - tre a tm e n t in te r a c t io n  f o r  s tu d e n ts  of known a b i l i t y .

Group m eans f o r  th e  second  exam f o r  s tu d e n t s  o f known 

a b i l i t y  a re  shown in  Table 6. A summary of the  AMOVA f o r  th e  exam fo r  

s tu d e n ts  of known a b i l i t y  i s  shown in  Table 7.

Table 6

Second Exam Means: S tuden ts  of Known A b il i ty

A b il i ty  Level
L M H  

Expt 7 5 .1 9 (1 6 )  8 3 .8 6 (2 1 )  9 3 .7 3 (2 2 )

C tr l  72 .68 (19) 80.11 (18) 88.06 (16)

( l e a s t  s ig n i f ic a n t  d if fe re n c e  = 2.53 )
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Table 7
ANOVA fo r  Second Exam: S tuden ts  o f Known A b il i ty

Source df F n-v a lu e

Expt/C tr l I 3.389 .06843

L/M/H 2 20.62 0.000

In te r a c t io n 2 .1817 .8354

R esidual 106

T e s t :  T h is  t e s t  f a i l e d  to  r e j e c t  h y p o th e s is  3.2 a t

the  .05 l e v e l .  The p -v a lu e  w as .06843. H y p o th e s is  4.2 w as r e t a in e d .

R esu lt 3.2: On th e  second exam, th e re  was no d if fe re n c e  in

mean perform ance fo r  the  ex p erim en ta l and co n tro l groups fo r  s tu d en ts  

of known a b i l i t y .

R e s u lt  4 .2 : On th e  second  exam , th e r e  was no a p t i t u d e -

trea tm en t in te r a c t io n  fo r  s tu d en ts  of known a b i l i t y .

. Q uestion  3.3: On th e  th i r d  exam, d id  experim en ta l group s tu d en ts

and c o n tro l group s tu d en ts  perform  a t  the  same le v e l?

H y p o th e s is  3 .3 : On th e  t h i r d  e x a m in a tio n , t h e r e  was no

d if fe re n c e  in  mean perform ance fo r  th e  exp erim en ta l and c o n tro l groups 

fo r  s tu d e n ts  of known a b i l i t y .

H y p o th e s is  4 .3 : On th e  t h i r d  e x a m in a tio n , t h e r e  was no .

a p ti tu d e - tre a tm e n t in te r a c t io n  fo r  s tu d e n ts  of known a b i l i t y .

Group means fo r the th ird  exam fo r students of known a b il i ty

are shown in Table 8. A summary, of the ANOVA for the exam is  shown in

Table 9
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Third  Exam Means: S tuden ts  of Known A b il i ty

A b il i ty  Level .
L M H

Expt 65.81 (16) 76.48 (21) 88.91 (22)

C tr l  61.11 (19) 73.94 (18) 80.91 (16)

( l e a s t  s ig n i f ic a n t  d if f e re n c e  = 3 .4 6  )

Table 8

Table 9

ANOVA fo r  T hird  Exam: S tuden ts of Known A b il i ty

Source i f Z u-value

Expt/C tr l I 3.138 .07935

L/M/H 2 17.23 0.000

In te r a c t io n 2 .3445 .7145

R esidual 106

T e s t: The t e s t  f a i l e d  to  r e j e c t  h y p o th e s is  3.3 a t  th e  .05

le v e l .  The p -v a lu e  was .07935. H ypothesis 4.3 was re ta in e d .

R e s u l t  3 .3 :  On th e  t h i r d  e x a m i n a t i o n ,  t h e r e  w as no

d if fe re n c e  in  mean perform ance fo r  the  experim en ta l and c o n tro l

groups fo r students of known a b il i ty .
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R e s u lt  4 .3 : On th e  t h i r d  e x a m in a tio n , t h e r e  was no

a p ti tu d e - tre a tm e n t in te r a c t io n  fo r  s tu d e n ts  of known a b i l i t y .

Q uestion  3.4: On th e  f in a l  exam, d id  ex p erim en ta l group s tu d en ts

and c o n tro l group s tu d en ts  perform  a t  the  same le v e l?

H y p o th e s is  3 .4 : On th e  f i n a l  e x a m in a tio n , t h e r e  was no

d i f f e r e n c e  in  mean p e rfo rm a n c e  f o r  th e  e x p e r im e n ta l  and c o n t r o l  

groups fo r  s tu d e n ts  of known a b i l i t y .

H y p o th e s is  4 .4 : On th e  f i n a l  e x a m in a tio n , t h e r e  was no

a p t i tu d e - in te r a c t io n  f o r  s tu d en ts  of known a b i l i t y .

Group means fo r  th e  f in a l  exam fo r  s tu d en ts  of known a b i l i t y  

a r e  shown in  T ab le  10. A summary o f th e  ANOVA f o r  th e  exam i s  shown 

in  Table 11.

Table 10

F in a l Exam Means: S tuden ts of Known A b il i ty

A b il i ty  LevelL M H  
Expt 136.8 (16) 163.8 (21) 184.0 (22)

C tr l  1 2 7 .3 (1 9 )  1 5 4 .8 (1 8 )  1 6 8 .2 (1 6 )

( le a s t  s ig n i f ic a n t  d if fe re n c e  = 6 .73 )
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ANOVA fo r  F in a l Exam: S tuden ts  of Known A b il i ty

Table 11

Source df F n-value

Expt/C tr l I 3.947 .04955

L/M/H 2 19.81 0.000

In te r a c t io n 2 .1440 .8664

R esidual 106

T e s t :  The t e s t  r e j e c t e d  h y p o th e s is  3.4 a t  th e  .05 l e v e l .  

H ypothesis 4 .4  was r e ta in e d .

R e s u lt  3 .4 : On th e  f i n a l  e x a m in a tio n , th e  e x p e r im e n ta l  

group perform ed a t  a h ig h e r le v e l than  the  co n tro l group f o r  s tu d en ts  

of known a b i l i t y .

R e s u lt  4 .4 : On th e  f i n a l  e x a m in a tio n , t h e r e  was no 

a p ti tu d e - tre a tm e n t in te r a c t io n  fo r  s tu d e n ts  of known a b i l i t y .

Q u e s tio n  3 .5 : In  o v e r a l l  p o in t s  e a rn e d  on a l l  f o u r  exam s, d id  

ex p erim en ta l group s tu d en ts  and c o n tro l group s tu d en ts  perform  a t  the  

same le v e l?

H y p o th e s is  3 .5 : In  o v e r a l l  p e rfo rm a n c e  ( t o t a l  o f a l l  

f o u r  e x a m in a tio n s  ) , . t h e r e  was no d i f f e r e n c e  in  mean o v e r a l l  

perform ance fo r  th e  ex p erim en ta l and c o n tro l groups fo r  s tu d en ts  of 

known a b i l i t y .
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H y p o th e s is  4 .5 : In  o v e r a l l  p e rfo rm a n c e , t h e r e  was no 

a p ti tu d e - tre a tm e n t in te r a c t io n  fo r  s tu d e n ts  of known a b i l i t y .

Group m eans f o r  o v e r a l l  p e rfo rm a n c e  f o r  s tu d e n t s  o f  known 

a b i l i t y  a r e  shown in  T a b le  12. A summary o f th e  ANOVA f o r  o v e r a l l  

perform ance i s  shown in  Table 13.

Table 12

O verall Perform ance Means: S tuden ts of Known A b il i ty

A b il i ty  Level
L M H

Expt 349.7 (16) 400.7 (21) 458.9 (22)

C tr l 327 .4  (19) 384.6 (18) 419.4 (16)

( le a s t  s ig n i f ic a n t  d if fe re n c e  = 12.77 )

Table 13

ANOVA fo r  O verall Performance Means: S tuden ts  of Known A b ili ty

Source i f I o -va lue

Expt/C tr l I 5 .714 .0186

L/M/H 2 28.44 0.000

In te r a c t io n 2 .4159 .6666

R esidual

4

106



64

T e s t :  H y p o th e s is  3.5 was r e j e c t e d  a t  th e  .05 l e v e l .  The

p -v a lu e  was .0186. H ypothesis 4 .5  was r e ta in e d .

R e s u lt  3 .5 : In  o v e r a l l  p o in t s  e a rn e d , th e  e x p e r im e n ta l

group perform ed a t  a h ig h e r le v e l  than  the  c o n tro l group f o r  s tu d en ts  

o f known a b i l i t y .

R e s u l t  4 .5 : In  o v e r a l l  p o in t s  e a rn e d , t h e r e  was no

a p ti tu d e - tre a tm e n t in te r a c t io n  f o r  s tu d e n ts  of known a b i l i t y .

Q uestions 5.1 -  5.5 d e a l t  w ith  th e  perform ance of th e  s tu d en ts  

of unknown a b i l i t y .  Mo EGPA was a v a ila b le  fo r  the  s tu d en ts  addressed
V

in  th e  fo llo w in g  q u e s tio n s .

Q u e s tio n  5 .1 : On th e  f i r s t  exam , d id  th e  e x p e r im e n ta l  and

c o n tro l group s tu d en ts  perform  a t  the  sam e .lev e l?

H y p o th e s is  5 .1 : On th e  f i r s t  e x a m in a tio n , t h e r e  was no

d i f f e r e n c e  in  mean p e rfo rm a n c e  f o r  th e  e x p e r im e n ta l  and c o n t r o l  

groups fo r  s tu d e n ts  of unknown a b i l i t y .

The group means fo r  the  f i r s t  exam fo r  s tu d e n ts  of unknown 

a b i l i t y  a re  shown in  ta b le  14.

Table 14

F i r s t  Exam Means: S tuden ts of Unknown A b il i ty

Expt 73.08 (24)

C tr l  74.41 (32)
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T e s t :  A t - t e s t  f a i l e d  to  r e j e c t  h y p o th e s is  5.1 a t  th e  .05

le v e l  w ith  54 df. The p -v a lu e  was .7422.

R e s u l t  5 .1 :  On th e  f i r s t  e x a m i n a t i o n ,  t h e r e  w as no

d if fe re n c e  in  mean perform ance fo r  the  exp erim en ta l and c o n tro l groups 

fo r  s tu d e n ts  of unknown a b i l i t y .

Q u e s tio n  5 .2 : On th e  second  exam , d id  th e  e x p e r im e n ta l  and

c o n tro l groups perform  a t  th e  same le v e l?

H ypothesis 5.2: On th e  second exam ination , th e re  was no

d if fe re n c e  in  mean perform ance f o r  th e  e x p e r im e n ta l  and c o n t r o l  

groups fo r  s tu d e n ts  of unknown a b i l i t y .

Group m eans f o r  th e  seco n d  e x a m in a tio n  f o r  s tu d e n t s  o f 

unknown a b i l i t y  a re  shown in  Table 15.

Table 15

Second Exam Means: S tuden ts of Unknown A b il i ty

Expt 85.92 (24)

C tr l  80.50 (32)

T e s t :  A t - t e s t  f a i l e d  to  r e j e c t  h y p o th e s is  5.2 a t  th e  .05

le v e l  w ith  54 d f. The p -va lue  was .2604.

R e s u l t  5 .2 : On th e  second  e x a m in a tio n , t h e r e  was no

d if fe re n c e  in  mean perform ance fo r  th e  experim en ta l and c o n tro l

groups fo r students of unknown a b il i ty .
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Q u e s tio n  5 .3 : On th e  t h i r d  exam , d id  th e  e x p e r im e n ta l  and

c o n tro l groups perform  a t  the  same le v e l?

H y p o th e s is  5 .3 : On th e  t h i r d  e x a m in a tio n , th e r e  was no

d if fe re n c e  in  mean perform ance f o r  th e  e x p e r im e n ta l  and c o n t r o l  

groups fo r  s tu d en ts  of unknown a b i l i t y .

Group m eans f o r  th e  th i r d ,  e x a m in a tio n  f o r  s tu d e n t s  o f 

unknown a b i l i t y  a re  shown in  Table 16.

Table 16

Third  Exam Means: S tuden ts o f  Unknown A b il i ty

Expt 71.08 (24)

C tr l  74.58 (32)

T est: A t - t e s t  f a i l e d  to  r e j e c t  hy p o th esis  5.3 a t  th e  .05

le v e l  w ith  54 df. The p -v a lu e  was .5383.

R e s u l t  5 .3 :  On th e  t h i r d  e x a m i n a t i o n ,  t h e r e  w as no

d if fe re n c e  in  mean perform ance fo r  th e  exp erim en ta l and c o n tro l groups 

fo r  s tu d en ts  of unknown a b i l i t y .

Q u e s tio n  5 .4 : On th e  f i n a l  exam , d id  th e  e x p e r im e n ta l  and

c o n tro l groups perform  a t  the  same le v e l?

H y p o th e s is  5 .4 : . On th e  f i n a l  e x a m in a tio n , t h e r e  was no

difference in  mean performance fo r  the  experim en ta l and c o n tro l

groups fo r students of unknown a b il i ty .
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Group m eans f o r  th e  f i n a l  exam f o r  s tu d e n t s  o f unknown 

a b i l i t y  a re  shown in  Table 17.

Table 17

F in a l Exam Means: S tuden ts o f Unknown A b il i ty

Expt 156.7 (24)

C tr l  148.7 (32)

T e s t :  A t - t e s t  f a i l e d  to  r e j e c t  h y p o th e s is  5 .4  a t  th e  .05

le v e l  w ith  54 df. The p -v a lu e  was .3548.

R e s u l t  5 .4 :  On th e  f i n a l  e x a m i n a t i o n ,  t h e r e  w as no

d if fe re n c e  in  mean perform ance fo r  the  exp erim en ta l and c o n tro l groups 

fo r  s tu d en ts  of unknown a b i l i t y .

Q uestion  5.5: In  o v e ra l l  p o in ts  earned , d id  th e  experim en tal and

c o n tro l groups perform  a t  the  sam e.lev e l?

H y p o th e s is  5 .5 : In  o v e r a l l  p e rfo rm a n c e , t h e r e  was no

d if fe re n c e  in  mean o v e ra l l  p e rfo rm an ce  f o r  th e  e x p e r im e n ta l  and 

c o n tro l groups fo r  s tu d e n ts  o f unknown a b i l i t y .

Group means fo r  o v e ra ll  perform ance fo r  s tu d e n ts  of unknown 

a b i l i t y  a re  shown in  Table 18.
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Expt 386.8  (24)

C tr l  378.2 (32)

T e s t : A t - t e s t  f a i l e d  to  r e j e c t  h y p o th e s is  5.5 a t  th e  .05

le v e l  w ith  54 df. The p -v a lu e  was .6685.

R esult. 5.5: In. o v e ra l l  perform ance, th e re  was no d iffe re n c e

in  mean p e rfo rm a n c e  f o r  th e  e x p e r im e n ta l  and c o n t r o l  g ro u p s  f o r  

s tu d e n ts  of unknown a b i l i t y .

Q u e s tio n s  6.1 -  6.5 d e a l t  w i th  th e  s ta n d a rd  d e v ia t io n s  o f th e  

mean exam s c o r e s  f o r  th e  lo w , m id d le , h ig h ,  and unknown a b i l i t y  

g ro u p s.

Q uestion  6.1: For th e  low a b i l i t y  group; was th e re  a d iffe re n c e

in  s tan d a rd  d e v ia tio n s  fo r  the  exp erim en ta l and c o n tro l groups on the 

fo u r exams?

H y p o th e s is  6 .1 : For th e  low a b i l i t y  g ro u p , t h e r e  was no

d i f f e r e n c e  in  s ta n d a r d  d e v ia t io n s  f o r  th e  e x p e r im e n ta l  and c o n t r o l  

groups on each of th e  fo u r exam inations.

Table 18

Overall Student Performance Means: Students of Unknown A bility

The standard deviations fo r the low group are shown in Table

19.
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’ Exam ination S tandard D ev ia tio n s: Low A b ili ty  Group

Table 19

Expt (16) C tr l  (19) p -v a lu e

EXAM I 12.61 16.65 .2825

EXAM 2 17.05 11.62 .1226

EXAM 3 17.94 20.78 .5698

EXAM 4 34.41 38.22 .6870

T e s t : An F t e s t  was u sed  to  com pare th e  v a r i a n c e s .  T h is

f a i l e d  to  r e j e c t  hypo thesis 6.1 a t  th e  .05 le v e l .

R e s u l t 6 .1 : For th e low a b i l i t y g ro u p , t h e r e  was no

d i f f e r e n c e  in  s ta n d a r d  d e v ia t io n s  f o r  th e  e x p e r im e n ta l  and c o n t r o l  

groups fo r  th e  fo u r exam inations.

Q u e s tio n  6 .2 : F o r th e  m id d le  a b i l i t y  g ro u p , was th e r e  a 

d i f f e r e n c e  in  s ta n d a r d  d e v ia t io n s  f o r  th e  e x p e r im e n ta l  and c o n t r o l  

groups on th e  fo u r  exams?

H y p o th e s is  6 .2 : For s tu d e n t s  in  th e  m id d le  a b i l i t y  g ro u p , 

th e re  was no d if fe re n c e  in  standard  d e v ia t io n  fo r  the  exp erim en ta l and 

c o n tro l groups on each of th e  fo u r exams.

The stan d ard  d e v ia tio n s  fo r  the  m iddle a b i l i t y  group a re

shown in  Table 20
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Table 20

Examination Standard Deviations: Middle A bility  Group

Expt (21) C tr l  (18) p -va lue

EXAM I 15.39 13.23 .5324

EXAM 2 7.786 11.84 .075

EXAM 3 10.67 13.00 .3962

EXAM 4 23.51 28.35 .4199

T e s t : An F t e s t  was u sed  to  com pare th e  v a r i a n c e s .  T h is  

t e s t  f a i l e d  to  r e j e c t  h y p o thesis  6 .2  a t  th e  .05 le v e l .

R e s u l t  6 .2 : For th e  m id d le  a b i l i t y  g ro u p , t h e r e  was no 

d i f f e r e n c e  in  s ta n d a rd  d e v ia t io n s  f o r  th e  e x p e r im e n ta l  and c o n t r o l  

groups on each of th e  fo u r exams.

Q u e s tio n  6 .3 : For th e  s tu d e n t s  o f h ig h  a b i l i t y ,  was t h e r e  any 

d i f f e r e n c e  in  s ta n d a r d  d e v ia t io n  f o r  th e  e x p e r im e n ta l  and c o n t r o l  

groups on th e  fo u r exams?

H y p o th e s is  6 .3 : For th e  h ig h  a b i l i t y  g ro u p , t h e r e  was no 

d i f f e r e n c e  in  s ta n d a r d  d e v ia t io n s  f o r  th e  e x p e r im e n t a lan d  c o n t r o l  

groups fo r  each of th e  fo u r exams.

The standard deviations fo r the high a b il i ty  group are shown

in Table 21



71

Table 21

Examination Standard D eviations: High A bility  Group

Expt (22) C tr l  (16) p -v a lu e

EXAM I 1 7.469 14.73 .00525

EXAM 2 6.504 12.47 .00717

EXAM 3 12.95 16.89 .2575

EXAM 4 20.40 35,62 .01968

T e s t :  An F t e s t  was u sed  to  com pare v a r ia n c e s .  T h is  t e s t  

r e je c te d  hy p o th esis  6.3 fo r  every exam except EXAM 3 a t  th e  .05 le v e l .

R e s u l t  6 .3 : W ith  th e  e x c e p t io n  o f EXAM 3 , th e  s ta n d a rd  

d e v ia t io n s  o f th e  e x p e r im e n ta l  g roup  w ere  l e s s  th a n  th e  s ta n d a rd  

d e v ia tio n s  of th e  c o n tro l group on th e  exam inations.

Q u e s tio n  6 .4 : For th e  s tu d e n t s  o f known a b i l i t y ,  was th e  

exp erim en ta l group s tan d a rd  d e v ia t io n  th e  same as th e  c o n tro l group 

s tandard  d ev ia tio n ?

H y p o th e s is  6 .4 : N e i th e r  th e  e x p e r im e n ta l  group 

s ta n d a rd  d e v ia t io n  n o r th e  c o n t r o l  g roup  s ta n d a rd  d e v ia t io n  was 

c o n s is te n tly  le s s  th an  th e  o th e r.

The g r e a t e r  and  l e s s e r  s t a n d a r d  d e v i a t i o n s  f o r  th e  

exam inations a re  shown in  Table 22.
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Signs Comparison o f Exam ination S tandard  D ev ia tion  M agnitude: 
S tuden ts  of Known A b il i ty

Table 22

A b ili ty Level L M H

Exami? 1 2  3 F I 2 3 F I 2 3 F

Expt -  -s- - - + --------

C tr l + -  + -  + + + + + + +

T e s t : F o r th e tw e lv e p a i r s  o f  d a ta show n, th e  s ig n s

i n d i c a t e  w h ich  g ro u p  had th e  g r e a t e r  (+) o r  l e s s e r  ( - )  s ta n d a rd  

d e v ia t i o n  f o r  each  exam. The s ig n s  t e s t  r e j e c t e d  h y p o th e s i s  6.4 a t  

th e  .05 l e v e l  w i th  a p -v a lu e  o f  .039.

R e s u l t  6 .4 : For s tu d e n t s  o f  known a b i l i t y ,  th e  s ta n d a rd  

d e v ia tio n  of the  ex p erim en ta l group was c o n s is te n tly  le s s  th an  th a t  of 

th e  c o n tro l group.

Q uestion  6.5: For s tu d en ts  of unknown a b i l i t y ,  was th e  s tandard  

d e v ia tio n  o f th e  ex p erim en ta l group th e  same as the  s tan d a rd  d e v ia tio n  

o f th e  c o n tro l group?

H ypothesis 6.5: For th e  unknown a b i l i t y  group, th e re  was no 

d i f f e r e n c e  in  s ta n d a r d  d e v ia t io n s  f o r  th e  e x p e r im e n ta l  and c o n t r o l  

groups on each of th e  fo u r exams.

The s ta n d a r d  d e v ia t io n s  f o r  th e  unknown a b i l i t y  g roup  a r e

shown in  Table 23
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Table 23

Examination Standard D eviations: Unknown A b ility  Group

Expt (24) C tr l  (32) p -v a lu e

EXAM I 13.66 15.62 .5095

EXAM 2 9.155 21.90 .00018

EXAM 3 18.02 22.95 .2342

EXAM 4 28.13 34.38 .3234

T e s t :  An F t e s t  was u sed  to  com pare v a r i a n c e s .  T h is  t e s t  

r e j e c t e d  h y p o th e s is  6.5 f o r  EXAM 2 a t  th e  .05 l e v e l .  H y p o th e s is  6.5 

was re ta in e d  fo r  a l l  the  o th e r  exams.

R esu lt 6.5: For the  unknown a b i l i t y  group, o th e r  than  EXAM 

2, th e re  was no d if fe re n c e  in  s tan d ard  d e v ia tio n s  f o r  th e  experim en ta l 

and c o n tro l groups.

Q u e s tio n  6 .6 : For th e  unknown a b i l i t y  g ro u p , was th e  s ta n d a rd  

d e v ia tio n  of the  ex p erim en ta l group c o n s is te n tly  le s s  than  th a t  of the  

c o n tro l group?

H y p o th e s is  6 .6 : N e i th e r  th e  s ta n d a rd  d e v ia t i o n  of th e  

ex p erim en ta l group nor th e  s tandard  d e v ia t io n  o f the  c o n tro l group was 

c o n s is te n t ly  le s s  than  th e  o th e r fo r  s tu d e n ts  of unknown a b i l i t y .

The g re a te r  and le s s e r  s tan d a rd  d e v ia tio n s  f o r  s tu d en ts  of 

unknown a b i l i t y  a re  shown in  Table 24.
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Signs Comparison o f Esaminafcion S tandard  D ev ia tion  M agnitude: 
S tuden ts o f Dnlmoan A b il i ty

Esam # I 2 3 F

Espt — -  — —

C tr l  + + + +

T e s t :  The s ig n s  t e s t  f a i l e d  to  r e j e c t  h y p o th e s is  6.6 a t

th e  .05 l e v e l .  The p -v a lu e  i s  .0625 and i s  th e  l o a e s t  p -v a lu e  

o b ta in a b le  w ith  only fo u r p a ir s  o f d a ta  p o in ts .

R e s u l t  6 .6 : F o r th e  unknown a b i l i t y  g ro u p , th e  s ta n d a rd

d e v ia t io n  o f th e  ex p erim en ta l group was c o n s is te n tly  le s s  than  th a t  of 

th e  c o n t r o l  g ro u p , b u t n o t a t  th e  .05 l e v e l .

Incom plete Data Sets

In  the  o r ig in a l  p roposa l fo r  th i s  s tu d y , the  exp erim en ta l design  

c a l le d  f o r  th e  in s t r u c to r s  to  keep an a c c u ra te  reco rd  o f th e  amount of 

tim e sp en t rem ed ia tin g  each s tu d en t. The re la t io n s h ip  betw een stu d en t 

p e rfo rm a n c e  on th e  exams and t im e  s p e n t  in  r e m e d ia t io n  was to  have 

b e e n  e x a m in e d  u s in g  c o r r e l a t i o n .  W ith  th e  e x c e p t i o n  o f  one 

i n s t r u c t o r ,  F2, t h i s  d a ta  was n o t g a th e r e d  as  p la n n e d . The o th e r  

t h r e e  i n s t r u c t o r s  g a th e r e d  t h i s  d a ta  o c c a s io n a l ly  b u t n o t in  su ch  a 

m anner as  to  be s t a t i s t i c a l l y  v a lu a b le .  R ec o g n is in g  t h a t  th e  d a ta  

from in s t r u c to r  F2 i s  l im ite d  to  on ly  one s p l i t - s e c t io n  and th a t  the

Table 24
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number of s tu d en ts  involved  i s  sm a ll, the  fo llo w in g  in fo rm atio n  i s  

p re sen te d .

Q uestion  7.1: Was th e re  any re la t io n s h ip  betw een th e  amount of

tim e spen t in  rem ed ia tio n  and o v e ra ll  perform ance?

H ypothesis 7.1: There i s  no re la t io n s h ip  betw een th e  amount

of tim e spen t in  rem ed ia tio n  and exam perform ance fo r  exp erim en ta l and 

c o n tro l group s tu d en ts .

T es t: A Pearson c o r r e la t io n  c o e f f ic ie n t  was c a lc u la te d  fo r

bo th  the  exp erim en ta l and c o n tro l groups. For the  ex p erim en ta l group, 

th e  v a lu e  r= - .0 9  was o b ta in ed . For the  c o n tro l group, th e  value 

r= .006 was ob ta in ed . N e ith e r o f th e se  v a lu es  is  s u f f i c i e n t ly  la rg e  

to  r e je c t  h y p o th esis  7.1 a t  th e  .05 le v e l .

R esu lt 7.1: There was no re la t io n s h ip  betw een th e  amount of

t im e  sp e n t in  r e m e d ia t io n  and o v e r a l l  p e rfo rm a n c e  f o r  e i t h e r  th e  

experim ental or c o n tro l groups.

Another proposed hy p o th esis  which was not te s te d  d e a l t  w ith  the  

r e la t io n s h ip  o f fo rm a tiv e  t e s t  sco res  to  exam perform ance. Although 

a l l  th e  f o r m a t iv e  q u iz z e s  w ere  g iv e n  in  each  s e c t io n ,  th e  r e l a t i v e  

tim in g  betw een the  fo rm a tiv e  t e s t s  and the  summative exams d if f e r e d  

g r e a t l y  from  s e c t io n  to  s e c t io n  and from  exam to  exam. B ecause of 

t h i s  in c o n s i s te n c y ,  th e  r e s e a r c h e r  e l e c t e d  n o t to  a d d re s s  t h i s  

h y p o thesis  in  th e  d a ta  a n a ly s is .

Another h y p o th e s is  ^ o t t e s t e d  d e a l t  w i th  th e  r e l a t i o n s h i p  

betw een the  "gain in  fo rm ativ e  t e s t  p o in ts  on r e t e s t i n g  and summative 

exam p e rfo rm a n c e . As w ^th  th e  r e m e d ia t io n  tim e  h y p o th e s i s ,  th e
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i n s t r u c t o r s  f a i l e d  to  g a th e r  th e  d a ta  as  p la n n e d , m aking  t h i s  t e s t  

im p o ssib le .

Hypotheses Suggested By Exam ination Of The C o llec ted  Data

Q uestion  8.1: For th e  ex p erim en ta l group, was th e  EGPA re la te d

to  o v e ra ll  perform ance on th e  exams?

H ypothesis 8.1: There i s  no r e la t io n s h ip  b e tu een  EGPA and

o v e ra l l  exam perform ance f o r  th e  ex p erim en ta l group.

T es t: The Pearson c o r r e la t io n  c o e f f ic ie n t  o b ta in ed  was

r  = .7654. T h is  r e j e c t e d  h y p o th e s is  8.1 a t  th e  .05 l e v e l .  The p -  

v a lu e  was .01 .

R e s u l t  8 .1 : For th e  e x p e r im e n ta l  g ro u p , th e  EGPA was

r e la te d  to  o v e ra l l  exam perform ance.

Q uestion  8.2: For th e  c o n tro l group, was th e re  any re la t io n s h ip

betw een EGPA and o v e ra l l  exam perform ance?

H ypothesis 8.2: There was no r e la t io n s h ip  betw een th e  EGPA

and o v e ra l l  exam perform ance fo r  th e  c o n tro l group.

T e s t: The Pearson  c o r r e la t io n  c o e f f ic ie n t  o b ta in ed  was

r  = .4653. T h is  r e j e c t e d  h y p o th e s is  8 .2  a t  th e  .05 l e v e l .  The p -  

v a lu e  was .0 1 .

R e s u l t  8 .2 : For th e  c o n t r o l  g ro u p , EGPA was r e l a t e d  to

o v e ra l l  exam perform ance.

Q uestion  8 J :  H ere th e  two c o r re la t io n s  between EGPA and o v e ra ll  

perform ance s ig n i f ic a n t ly  d i f f e r e n t  f o r  th e  exp erim en ta l and co n tro l 

groups?



H y p o th e s i s  8 .3 :  T h e re  i s  no d i f f e r e n c e  b e tw e e n  th e

c o r r e la t io n s  of the  exp erim en ta l and c o n tro l groups w ith  EGPA.

T e s t :  A Z- t r a n s f o r m a t i o n  w as u sed  to  com pare th e  two

c o r re la t io n s .  The Z v a lue  o b ta in ed  was 2.589, w hich i s  s ig n i f ic a n t  a t  

th e  .01 le v e l .  Thus, h y p o th esis  8.3 was re je c te d .

R esu lt 8.3: The c o r r e la t io n  betw een o v e ra l l  perform ance and

EGPA was s t r o n g e r  f o r  th e  e x p e r im e n ta l  g roup  th a n  f o r  th e  c o n t r o l  

group.

Q u e s t io n  9 .1 : Among s tu d e n t s  o f  known a b i l i t y ,  was a s tu d e n t 's  

le a rn in g  s ty le  r e la te d  to  h i s /h e r  o v e ra l l  exam perform ance?

H y p o th e s is  9 .1 : T h ere  was no d i f f e r e n c e  in  o v e r a l l

perform ance fo r  s tu d en ts  w ith  a s e q u e n tia l s ty le  and s tu d e n ts  w ith  a 

random le a rn in g  s ty le  fo r  s tu d en ts  of known a b i l i t y .

H y p o th e s i s  9 .2 :  T h e re  w as no d i f f e r e n c e  i n  o v e r a l l  

perform ance fo r  s tu d en ts  w ith  a co n cre te  le a rn in g  s ty le  and s tu d en ts  

w ith  an a b s t r a c t  le a rn in g  s ty le  fo r  s tu d e n ts  of known a b i l i t y .

Group means fo r  s tu d en ts  o f known a b i l i t y  a re  shown in  Table 

25. A summary o f th e  AHOVA i s  shown in  Table 26.

Table 25

Learning  S ty le s  and O verall Perform ance: S tudents of Known A b il i ty

C oncrete A b strac t

S eq u en tia l 409.5 (31) 413.6 (8)

Random 382.9 (11) 377.3 (14)
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MOVA fo r  L earning S ty le s  and O v era ll Perform ance: S tuden ts
of Known A b il i ty

Table 26

Source i £ Z

Sequential/Random I 2.738 .1032

C o n cre te /A b strac t I .0016 .9684

In te r a c t io n I .065 .7990

R esidual 60

T e s t :  N e i th e r  h y p o th e s io  9.1 n o r 9 .2  was r e j e c t e d  a t  

th e  .05 le v e l .  There was no in te r a c t io n .

R esu lt 9.1: S eq u en tia l and random le a rn e r s  perform ed a t  the

same le v e l .

R esu lt 9.2: C oncrete and A b stra c t le a rn e rs  perform ed a t  the

same le v e l .

Q uestion  9.3: Among s tu d e n ts  o f unknown a b i l i t y ,  was a s tu d e n t 's

le a rn in g  s ty le  r e la te d  to  h is /h e r  exam perform ance?

H y p o th e s is  9 .3 : T h ere  was no d i f f e r e n c e  i n  o v e r a l l

perform ance f o r  s tu d en ts  w ith  a s e q u e n tia l le a rn in g  s ty le  and s tu d en ts  

w ith  a random le a rn in g  s ty le  fo r  s tu d e n ts  of unknown a b i l i t y .

H y p o th e s is  9 .4 : T h ere  w as no d i f f e r e n c e  in  o v e r a l l

perform ance fo r  s t u d e n t s u i t h  a c o n c r e te  l e a r n in g  s ty le  and s tu d en ts  

w ith  an a b s t r a c t  le a rn in g  s ty le  f o r  s tu d e n ts  of unknown a b i l i t y .

Group means fo r  s tu d e n ts  of unknown a b i l i t y  a re  shown in

Table 27. A summary of the MOVA is  shown in  Table 28.
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Learning  S ty le s  and O v era ll Perform ance: S tuden ts
o f Onknosm A b il i ty

C oncrete A b strac t

S eq u en tia l 399.5 (11) 324.0  ( I )

Random 379.3 (3) 377.0 (2)

Table 28

MOVA fo r  L earn ing  S ty le s  and O v era ll Perform ance: Unknown

Table 27

A b ili ty  S tuden ts

Source i f I ©-value

Sequential/Random l .0707 .7944

C o n cre te /A b strac t I .3992 .5384

In te r a c t io n l .3528 .5627

R esidual 13

T e s t : The t e s t  f a i l e d  to  r e j e c t  b o th  h y p o th e se s  9.3 and 9 .4  a t  

th e  .05 l e v e l .  No i n t e r a c t i o n  was p r e s e n t .  The r e a d e r  i s  c a u tio n e d  

to  no te  th e  sm all c e l l  s iz e s  be fo re  acc e p tin g  the  fo llo w in g  r e s u l t s .

R esu lt 9.3: S eq u en tia l and random le a rn e rs  perform ed a t  the

same le v e l  fo r  s tu d e n ts  o f unknown a b i l i t y .

same le v e l  fo r  s tu d e n ts  o f unknown a b i l i t y .

Result 9.4: Concrete and A bstract learners performed a t the
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S e lec ted  D e sc rip tiv e  T abular Data

The f o l lo w in g  t a b l e s  a r e  p r e s e n te d  a s  i n c i d e n t a l  in fo r m a t io n .  

The m a jo r i ty  o f  s tu d e n t s  ta k in g  H a th  121 in  th e  F a l l  o f  1982 a t  

M ontana S ta te  U n iv e r s i ty  w ere  n o t in v o lv e d  w i th  t h i s  s tu d y . A few 

com parisons a re  th e re fo re  o ffe re d  betw een the s tu d en ts  in  the  study 

and th o s e  n o t in  th e  s tu d y . T ab le  .29 shows a b reakdow n o f f i n a l  

l e t t e r  g ra d e s .  T ab le  30 shows th e  d ro p o u t r a t e s  f o r  th e  c o u rse . 

Table 31 shows th e  f in a l  p e rcen t av erag es.

Table 29

Grade D is tr ib u t io n  On The F in a l Esam 

C tr l Ezpt Ezpt & C tr l  A ll O ther
Group Only Group Only Groups Math 121 S tudents

A 17.4% 27.7% 22.35% 14.79%

B 32.6% 31.3% 28.82% 32.39%

C 15.1% 18.1% 21.18% 29.81% ,

D 17.4% 18.1% 17.06% 16.19%

F 17.4% 5% 10.59% 6.81%
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Table 30 

Dropout R ates

Experim ental group s tu d en ts  

C ontro l group s tu d en ts  

A ll o th e r  s tu d en ts

10 . 88%

12.79%

10 . 8%

Table 31

O verall Averages

Experim ental group s tu d e n ts 80.33%

C ontro l group s tu d en ts 75.28%

A ll o th e r  s tu d en ts 77.53%

Sum m ary

The r e s u l t s  o f th e  d a ta  a n a l y s i s  and s t a t i s t i c a l  h y p o th e s is  

te s t in g  a re  as fo llo w s :

H y p o th ese s  r e t a i n e d  a t  th e  .05 l e v e l :  1 .1 , 1 .2 , 2 .1 , 2 .2 , 2 .3 ,

3 .2 , 3 .3 , 4 .1 , 4 .2 , 4 .3 , 4 .4 , 4 .5 , 5 .1 , 5 .2 , 5 .3 , 5 .4 , 5 .5 , 6 .1 , 6 .2 ,

6 .5 , 7 .1 , 9 .1 ,  9 .2 ,  9 .3 ,  9 .4

H y p o th eses  r e j e c t e d  a t  th e  .05 l e v e l :  3 .1 , 3 .4 , 3 .5 , 6 .3 , 6 .4 ,

6 .6 , 8 .1 , 8 .2 ,  8 .3



82

The f o l lo w in g  r e s u l t s  and p - v a lu e s  w ere  m ost i n f l u e n t i a l  in  

reach in g  the  conclusions drawn in  C hapter 5:

1. R esu lt 1.1 There was no d if fe re n c e  in  th e  experim en tal 

and c o n tro l group EGPA's» p° .2413

2. R e s u l t  1.2 T h e re  was no d i f f e r e n c e  in  th e  EGPA 

v a ria n ce s  fo r  the  experim en tal and c o n tro l g roups.

3 . R e s u l t  3 .5  Zn o v e r a l l  p o in t s  e a rn e d , th e  e x p e r im e n ta l  

group perform ed a t  a h ig h e r le v e l  than  the  co n tro l group f o r  s tu d en ts  

o f known a b i l i t y .  p= .0186

4. R e s u l t  4.5 In  o v e r a l l  p o in t s  e a rn e d , t h e r e  was no 

a p t i t u d e - t r e a t m e n t  i n t e r a c t i o n  f o r  s tu d e n t s  o f known a b i l i t y .

p = .6666

5. R e s u l t  5.5 In  o v e r a l l  p o in t s  e a rn e d , t h e r e  was no 

d if fe re n c e  in  mean perform ance fo r  th e  exp erim en ta l and c o n tro l groups 

of unknown a b i l i t y .  p = .6685

6. R esu lt 6.4 For s tu d e n ts  o f known a b i l i t y ,  th e  s tan d ard  

d e v ia t io n  o f th e  exp erim en ta l group was c o n s is te n tly  le s s  than  th a t  of 

th e  c o n tro l group, p °  .039. This must be seen in  th e  con tex t of th e  

o th e r  t e s t s  w hich showed the  m agnitude of the  d if fe re n c e s  to  be non­

s ig n i f ic a n t  a t  th e  .05  le v e l .

7* R e s u l t  7.1 T here  was no r e l a t i o n s h i p  b e tw een  th e  

amount o f tim e spen t in  rem ed ia tio n  and o v e ra ll  perform ance.

8. R esu lt 8.3 The c o r r e la t io n  of EGPA w ith  o v e ra ll

performance fo r the experimental group was s ig n ific an tly  higher than
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th e  c o r r e l a t i o n  o f EGPA u i t h  o v e r a l l  p e rfo rm a n c e  f o r  th e  c o n t r o l  

group, p = .01

9. R esu lt 9.1 S eq u en tia l and random le a rn e rs  perform ed a t  

the  same le v e l  f o r  s tu d e n ts  of known a b i l i t y  . p B .1032

10. R esu lt 9.2 Concrete and random le a rn e r s  perform ed a t  

the  same le v e l  f o r  s tu d e n ts  of known a b i l i t y ,  p = .9684

The i n t e r p r e t a t i o n  o f th e s e  r e s u l t s  c l e a r l y  sh o w e d th a t f o r  

f i r s t  q u a r te r  freshm en, fo rm a tiv e  te s t in g ,  p re sc rib ed  rem ed ia tio n , and 

r e t e s t i n g  r e s u l t e d  i n  h i g h e r  l e v e l s  o f  p e r f o r m a n c e  th a n  d id  

c o n v e n t io n a l  m ethods o f fe e d b a c k . T a b le  12 on page 64 i l l u s t r a t e d  

t h i s  f a c t .  R e c a l l in g  t h a t  t h e r e  w ere  500 p o in t s  p o s s ib l e ,  a 

d i f f e r e n c e  in  p o in t s  e a rn e d  o f  5 p o in t s  r e p r e s e n te d  a g ra d e  

d i f f e r e n c e  o f 1%.. T hus, th e  e x p e r im e n ta l  g roup  s tu d e n t s  o f low 

a b i l i t y  perform ed a t  a le v e l  approx im ate ly  4.5% h ig h e r than  s tu d en ts  

o f com parable a b i l i t y  in  th e  c o n tro l group. S im ila r ly , th e  s tu d en ts  

in  th e  e x p e r im e n ta l  g ro u p  o f m id d le  a b i l i t y  p e rfo rm e d  a t  a l e v e l  

a p p ro x im a te ly  4% h ig h e r  th a n  co m p arab le  c o n t r o l  g ro u p  s tu d e n t s .  

F i n a l l y ,  th e  s tu d e n t s  o f h ig h  a b i l i t y  in  th e  e x p e r im e n ta l  g roup  

perform ed a t  a le v e l  approx im ate ly  8% h ig h e r than  com parable c o n tro l 

group s tu d e n ts . The v a ria n ce  sco res f o r  th e  exp erim en ta l group w ere 

s y s t e m a t i c a l l y  l e s s  th a n  th o s e  o f th e  c o n t r o l  g ro u p . T h is  i s  in  

agreement w ith  the  M astery L earning Paradigm .

The mean perform ance le v e ls  fo r  s tu d en ts  who w ere not e n te r in g  

freshm en w ere d isp lay ed  in  Table 18. The experim en ta l group s tu d en ts  

d id  p e rfo rm  a t  a s l i g h t l y  h ig h e r  l e v e l ,  b u t th e  d i f f e r e n c e  was n o t
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s t a t i s t i c a l l y  s ig n i f ic a n t .  The re a s o n s  f o r  th e  l i m i t e d  d i f f e r e n c e s  

o b se rv e d  f o r  t h i s  g roup  w ere  n o t a d d re s s e d  f o r m a l ly  in  t h i s  s tu d y  

o th e r  th a n  n o t in g  t h a t  th e  s tu d e n t s  o f unknown a b i l i t y  w ere  a much 

m ore h e te ro g e n e o u s  g ro u p  in  te rm s  o f academ ic background. Variance 

sco res f o r  th e  ex p erim en ta l group s tu d en ts  w ere c o n s is te n tly  le s s  than  

th e  sco res fo r  the  c o n tro l group s tu d e n ts  fo r  s tu d en ts  of unknown 

a b i l i t y .  .

As re p o rte d  in  r e s u l t  7.1, th e  r e la t io n s h ip  of tim e  spen t w ith  an 

i n s t r u c t o r  in  r e m e d ia t io n  to  p e rfo rm a n c e  was so w eak t h a t  th e  

e x p la n a t io n  o f th e  p e rfo rm a n c e  d i f f e r e n c e s  fo r  th e  experim en ta l and 

c o n t r o l  g ro u p s  c o u ld  n o t be re d u c e d  to  s im p ly  a c a se  o f  g iv in g  th e  

e x p e r im e n ta l  g ro u p  a g r e a t e r  q u a n t i t y  o f h g lp . The d i f f e r e n c e  in  

perform ance re s te d  pn a q u a l i ty  o f h e lp .

F in a l ly , fo r  e n te r in g  freshm en. Table 25 in d ic a te d  th a t  s tu d en ts  

w ith  a s e q u e n tia l le a rn in g  s ty le  perform ed between. 5% and 7% h ig h e r 

than  s tu d e n ts  w ith  random le a rn in g  s ty le s ,  depending on w hether they  

favored  co n cre te  o r  a b s tr a c t  le a rn in g  s ty le s .
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CHAPTER FIVE

CONCLUSIONS

In tro d u c tio n

The p u rp o se  o f t h i s  s tu d y , th e  sam p le  c h o sen , th e  e x p e r im e n ta l  

procedures u sed , and the  r e s u l t s  o b ta in ed  a re  b r i e f ly  review ed in  

t h i s  ch ap te r. The conclusions reached a re  then  d iscu ssed . F in a lly , 

re co m m en d a tio n s  f o r  f u r t h e r  s tu d y  and a c t i o n  a r e  p r e s e n te d .

Summary o f th e  Study

BloomlfS (1976) M astery Learn ing  p arad ig m  s u g g e s te d  t h a t  s tu d e n t  

p e rfo rm a n c e  c o u ld  be in c r e a s e d  by i n d i v i d u a l i s i n g  r e m e d ia t io n  

fo llo w in g  la rg e  group in s t r u c t io n  and f o r m a t iv e  t e s t i n g .  . The m odel 

a lso  suggested  th a t  as s tu d en t perform ance in c reased , v a ria n ce  sco res 

w ould  d e c r e a s e .  H a s s e t t  and McCoy (1979) t e s t e d  th e  e f f e c t  o f  

p re sc r ib e d  rem ed ia tio n  fo llo w in g  c la s s  q u izzes  in  a study of co lleg e  

a lg e b r a  s tu d e n t s .  The r e s u l t s  o f  t h e i r  s tu d y  showed im proved  

perform ance and s m a lle r  v a ria n ce  sco res on th e  f in a l  exam f o r  s tu d en ts  

re c e iv in g  th e  p re sc r ib e d  rem ed ia tio n .

S tru ik  and F le x e r (1977) compared perform ance of s tu d en ts  in  a 

se lf -p a c e d  M astery approach c a lc u lu s  course to  perform ance of s tu d en ts  

in  a t r a d i t i o n a l  l e c t u r e  b a sed  c a lc u lu s  c o u rs e . R ep ea ted  r e t e s t i n g
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was a main e lem ent in  the  study. The r e s u l t s  showed th a t  the  s tu d en ts  

u s in g  th e  M as te ry  a p p ro a c h  p e r fo rm e d  a t  a h ig h e r  l e v e l  th a n  th e  

s tu d en ts  us ing  the  conventional approach.

Semb (1974) i n v e s t i g a t e d  t h e  e f f e c t  o f  u n i t  l e n g t h  bn s tu d e n t  

perform ance in  a c h i ld  development course us ing  the M astery Learning 

approach. The r e s u l t s  of th e  study showed th a t  the  use of sh o r t  u n i t s  

w i th  a h igh  c r i t e r i o n . f o r  m astery  produced g r e a te r  s tu d en t  performance 

on exam inations .

The r e c o g n i t i o n  t h a t  i n d i v i d u a l s  p r o c e s s  i n f o r m a t i o n  u s in g  a 

v a r i e t y  o f  l e a r n i n g  s t y l e s  was u sed  by G reg o rc  (1982) t o  d ev e lo p  an 

in s tru m en t s u i t a b l e  fo r  the  i d e n t i f i c a t i o n  of s tu d en t  le a rn in g  s ty le s .  

The in te n t  of the  i n d e n t i f i c a t i o n  of an in d iv id u a l 's  le a rn in g  s ty le  i s  

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

i n d i v i d u a l i z a t i o n  o f  i n s t r u c t i o n .  The e x t e n t  to  w h ich  a l e a r n i n g  

p rocess  accommodates an in d iv id u a l 's  le a rn in g  s ty l e  may be seen as 

one m e asu re  o f  th e  q u a l i t y  o f  i n s t r u c t i o n  spoken  o f  by Bloom in  th e  

Mastery Learning paradigm.

The p u rp o se  o f  t h i s  s tu d y  was to  d e te r m in e  t h e  e f f e c t  of 

fo rm ativ e  t e s t i n g ,  p re sc r ib ed  r e m e d i a t i o n ,  and r e t e s t i n g  on s tu d e n t  

p e r fo rm a n c e  i n  f r e s h m a n  c a l c u l u s  when r e m e d ia t i o n  i s  a d j u s t e d  t o  

accommodate in d iv id u a l  le a rn in g  s ty l e s .  The s e t t i n g  f o r  th e  experiment 

was Montana S t a t e  U n i v e r s i t y ,  l o c a t e d  i n  Bozeman, M ontana. The 

experim ent took p lace  during  F a l l  Q u a r te r ,  1983. Of th e  21 s ec t io n s  

of Math 121, freshman c a lc u lu s ,  o f f e re d  in  the  F a l l  of 1983, s ix  were 

s e le c te d  as the  sample f o r  t h i s  study. At the  tim e of r e g i s t r a t i o n ,
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t h i s  involved approx im ate ly  200 s tu d en ts .

The s tu d y  d e s i g n a t e d  th e  g roup  o f  s t u d e n t s  r e c e i v i n g  w e ek ly  

fo rm a tiv e  t e s t i n g  (Appendix A), d i a g n o s t i c  e r r o r  a n a l y s i s  (Appendix 

B), p r e s c r i b e d  and i n d i v i d u a l i z e d  r e m e d i a t i o n  (A ppendix  D), and 

r e t e s t i n g  (Appendix C) the  experim en ta l  group. Each of th e se  s tu d en ts  

r e c e i v e d  an  e r r o r  a n a l y s i s  b a s e d  on t h e  u s e  o f  a t a b l e  o f  

s p e c i f i c a t i o n s  and r e m e d i a t i o n  s t r u c t u r e d  to  accom m odate  h i s / h e r  

in d iv id u a l  le a rn in g  s t y l e  (Appendix E).

The c o n tro l  group s tu d en ts  took the same weekly qu izzes  as the  

experim en ta l group. The feedback th e se  s tu d en ts  rece ived  co n s is ted  of 

w r i t t e n  no tes  on t h e i r  papers and any v e rb a l  comments th e  i n s t r u c to r s  

c a r e d  to  make. T h is  has  been  th e  c o n v e n t io n a l  form  o f  fe e d b a c k  in  

m ath  c l a s s e s  f o r  many y e a r s .  S tu d e n ts  w ere  f r e e  to  a sk  as many 

q u es tions  as they wished and had e s s e n t i a l l y  u n l im ited  he lp  a v a i la b le  

in  the  Math Learning C enter.

A ll s tu d en ts  took the  same summative exam inations (Appendix F). 

T here  w ere  t h r e e  one h o u r  exams and a two h o u r f i n a l  exam, m aking a 

t o t a l  of 500 p o in ts  p o s s ib le .  A ll exam ination  papers were scored by a 

committee of i n s t r u c t o r s .

The s ix  s e c t io n s  s e le c te d  were taugh t by four in s t r u c to r s .  Two 

of the  i n s t r u c t o r s ,  a male and a fem ale , taugh t two s e c t io n s  each of 

Math 121. The o th e r  two in s t r u c t o r s ,  . a male and a fem ale , taught one 

s e c t i o n  each . To c o n t r o l  f o r  t e a c h e r  d i f f e r e n c e s ,  e ac h  i n s t r u c t o r  

randomly ass igned  h a l f  of h i s /h e r  s tu d en ts  to  the  experim enta l group 

and h a l f  to  the  co n tro l  group. The in s t r u c to r s  who tau g h t one s e c t io n
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of Math 121 p a r t i t io n e d  the  s e c t io n  in to  two groups. The in s t r u c to r s  

who taugh t two s e c t io n s  ass igned  one s e c t io n  to  th e  experim enta l grpup 

and th e  o t h e r  s e c t i o n  to  th e  c o n t r o l  g ro u p . For b o th  i n s t r u c t o r s ,  

th ese  s e c t io n s  met a t  consecu tive  hours of the  day.

In  a d d i t i o n  t o  th e  d a ta  c o l l e c t e d  on th e  e x a m i n a t io n s ,  th e  

s tu d e n t s '  le a rn in g  s t y l e  was ob ta ined  us ing  a Gregorc Learning S ty le s  

D e l i n e a t o r  and th e  e x p e c te d  GPA f o r  in co m in g  s t u d e n t s  was o b ta in e d  

from  t h e  u n i v e r s i t y .  T h is  i n f o r m a t i o n  was u sed  i n  t h e  s t a t i s t i c a l  

a n a l y s i s  t o  lo o k  f o r  any i n t e r a c t i o n  o f  th e  t r e a t m e n t s  w i t h  e i t h e r  

le a rn in g  s t y l e  or a b i l i t y .

The s t a t i s t i c a l  a n a l y s i s  was c a r r i e d  out us ing  th e  s t a t i s t i c a l  

s o f t w a r e  package  MSUSTAT on th e  CP6 com pu te r  a t  Montana S t a t e  

U n i v e r s i t y .  Use was made of t h e  f o l l o w i n g  p r o c e d u r e s :  a n a l y s i s  of 

v a r i a n c e ,  P e a rs o n  c o r r e l a t i o n s  and z - t r a n s f o r m a t io n s ,  F - t e s t s ,  and 

s ign  t e s t s .

For s tu d en ts  of known a b i l i t y ,  the  main e f f e c t s  t e s t  comparing the  

o v e r a l l  p e r fo rm a n c e s  of th e  e x p e r im e n t a l  g roup  and c o n t r o l  group 

r e j e c te d  th e  n u l l  hypo thesis  a t  the  .05 l e v e l ,  y ie ld in g  a p -value 

of .0186. The n u l l  hypo thesis  t e s t i n g  f o r  in t e r a c t i o n  between a b i l i t y  

and t re a tm e n t  was r e ta in e d ,  y ie ld in g  a p-value  of .6666 .

For s tu d en ts  of unknown a b i l i t y ,  s tu d en ts  who. were no t en te r in g  

freshmen, th e  n u l l  hypo thesis  comparing experim enta l and c o n tro l  group 

o v e ra l l  performance was r e t a in e d .

The co rre la tions between time spent in  rem ediation and overall

performance were nonsignificant. The c o r re la t io n s  betw een expected
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GPA and o v e ra l l  performance were s i g n i f i c a n t .

F i n a l l y ,  t h e  n u l l  h y p o th e se s  d e a l i n g  w i t h  l e a r n i n g  s t y l e s  and 

p e r f o r m a n c e  w e r e  r e t a i n e d ,  a l t h o u g h  t h e  p - v a l u e  f o r  t h e  

s e q u e n t i a l / r a n d o m  l e a r n i n g  s t y l e  t r a i t  a s  a f a c t o r  in  o v e r a l l  

performance was approxim ately  .10

Conclusions

The re s e a rc h e r  has reached the  fo l lo w in g  conclusions based on an 

a n a l y s i s  o f  th e  d a t a  c o l l e c t e d  i n  t h i s  s tu d y .

1. The random a s s ig n m e n t  o f  s t u d e n t s  t o  t r e a t m e n t  g roups  

r e s u l t e d  in  groups of equal a b i l i t y .

2. The random a s s ig n m e n t  o f  s t u d e n t s  to  Math 121 s e c t i o n s  

r e s u l t e d  in  the  fo u r  in s t r u c to r s  teach in g  groups of equal a b i l i t y ,

3. For e n te r in g  freshm en, s tu d en ts  re c e iv in g  fo rm a tiv e  t e s t in g ,  

p r e s c r i b e d  r e m e d i a t i o n  and r e t e s t i n g  e a rn e d  more t o t a l  p o i n t s  on 

e x a m in a t io n s  d u r in g  t h e  c o u rs e  th a n  d id  t h e  s t u d e n t s  r e c e i v i n g  

conventional forms of feedback. Thus, the  experim en ta l t re a tm e n t  was 

a s u p e r i o r  m ethod o f i n s t r u c t i o n  to  t h e  c o n v e n t io n a l  ap p ro a ch  f o r  

e n te r in g  freshmen.

4. For e n t e r i n g  f r e s h m e n ,  t h e r e  was no a p t i t u d e - t r e a t m e n t

in te r a c t io n .  That i s ,  the  experim en ta l t re a tm en t produced c o n s is te n t  

g a in s  i n  p e r fo rm a n c e  o v e r  th e  c o n t r o l  group f o r  s t u d e n t s  of a l l  

a b i l i t i e s  re p re se n te d  in  the  study. ,

5. For s t u d e n t s  who w ere  n o t  e n t e r i n g  f r e s h m e n ,  s t u d e n t s  

r e c e iv in g  fo rm a tiv e  t e s t i n g ,  p r e s c r i b e d  r e m e d i a t i o n ,  and r e t e s t i n g
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performed a t  the  same le v e l  as s im i l a r  s tu d en ts  re c e iv in g  Conventional 

forms of rem ed ia t ion .

6 . For e n te r in g  freshmen, th e  v a r ia n ce  in  exam ination  scores  

f o r  s tu d en ts  r e c e iv in g  fo rm a tiv e  t e s t i n g ,  p re sc r ib ed  rem ed ia t io n ,  and 

r e t e s t i n g  was l e s s  than  t h a t  fo r  s tu d en ts  re c e iv in g  conventional forms 

of feedback. This i s  in  agreement w i th  the  t h e o r e t i c a l  ex p ec ta t io n s  

of th e  Mastery Learning paradigm.

7. There was no r e l a t io n s h ip  between th e  amount of tim e spent in  

re m e d ia t io n  and o v e ra l l  performance

8 . The r e l a t i o n s h ip  between expected GPA and o v e r a l l  performance 

was s t r o n g e r  f o r  th e  e x p e r im e n t a l  g roup  th a n  f o r  th e  c o n t r o l  g roup . 

Thus, th e  e x p e r im e n t a l  t r e a t m e n t  was a more e f f e c t i v e  d e v e lo p e r  o f  

s tu d en t  t a l e n t  than  the  conventional approach.

9. For e n t e r i n g  f r e s h m e n ,  s t u d e n t s  w i t h  s e q u e n t i a l  l e a r n i n g  

s ty le s  performed a t  a h ig h e r  le v e l  than s tu d en ts  w i th  random lea rn in g  

s t y l e s .  The s t a t i s t i c a l  t e s t  a d d r e s s i n g  t h i s  t r a i t  w as  n o t  

s i g n i f i c a n t  a t  the  .05 l e v e l ,  but the  t r a i t  i t s e l f  i s  no t defined  as a 

f i x e d  o r  i n v a r i a n t  b e h a v io r .  Consequently , t h i s  r e s e a rc h e r  concluded 

th a t  the  observed d i f f e r e n c e  in  o v e ra l l  performance between seq u e n t ia l  

and random s t y l e  le a r n e r s  was s i g n i f i c a n t l y  r e l a t e d  to  t h i s  t r a i t .

I t  was a lso  concluded th a t  the  c o n c r e te /a b s t r a c t  t r a i t  was not a 

f a c t o r  r e l a t e d  t o  p e r fo rm a n c e  f o r  e n t e r i n g  f r e sh m e n .  N e i th e r  th e  

sequen tia l/randpm  t r a i t  nor the  c o n c r e te /a b s t r a c t  t r a i t  was r e l a t e d  to  

performance f o r  th e  n o n -en te r in g  freshmen.
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Recommendations f o r  Action

Based on t h e  f i n d i n g s  o f  t h i s  s t u d y ,  t h e  r e s e a r c h e r  recommends 

t h a t  th e  D ep ar tm en t of M a th e m a t ic a l  S c ie n c e s  of Montana S t a t e  

U n iv e rs i ty  take the  fo llow ing  a c t io n s :

1. Make fo rm a tiv e  ta sk s ,  p re sc r ib e d  rem ed ia t io n ,  and r e t e s t i n g  

m a te r ia l s  a v a i la b le  to  Math 121 s tu d e n ts .

2. T ra in  a l l  Learning Center s t a f f  in  th e  use of such m a te r ia l s  

so th a t  m o tiva ted  s tu d en ts  can monitor, t h e i r  p rogress  in  a sy s tem a tic  

manner.

3. T r a in  a l l  Math 121 i n s t r u c t o r s  i n  t h e  u se  o f  su ch  m a t e r i a l s  

and encourage t h e i r  use  as an element of the  i n s t r u c t i o n a l  process.

Recommendations fo r  F u r th e r  Study

The re s e a rc h e r  recommends the  fo llow ing  a d d i t io n a l  re s e a rc h :

1. A s tu d y  sh o u ld  be c o n d u c ted  e x te n d in g  th e  t r e a t m e n t s  and 

hypotheses of t h i s  paper to  inc lude  the  second and t h i r d  q u a r te r s  of 

c a lc u lu s .  Math 122 and Math 123. A d d itiona l hypotheses add ress ing  th e  

lo n g i tu d in a l  a sp e c ts  of the  main trea tm en t e f f e c t s  should be inc luded .

2. A s tu d y  sh o u ld  be c o n d u c te d  t o  exam ine  m ore c l o s e l y  th e  

e le m e n t  o f  l e a r n i n g  s t y l e s  a s  a f a c t o r  i n  a c h ie v e m e n t  in  c a l c u l u s .  

I n te r a c t io n  of s tu d en t  le a rn in g  s t y l e  w i th  i n s t r u c to r  teach ing  s ty l e  

might be considered .

3. A s tu d y  sh o u ld  be co n d u c te d  to  i d e n t i f y  t h e  s i g n i f i c a n t  

d i f f e r e n c e s  in  c h a r a c t e r i s t i c s  of th e  e n t e r i n g  f r e s h m e n  e n r o l l e d  i n
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Math 121 and. th o s e  l a b e l e d  "unknown a b i l i t y "  i n  t h i s  s tu d y .  An 

a t tem p t should be made to  l e a r n  why the  experim enta l t re a tm e n t  was no t .  

e f f e c t i v e  in  r a i s in g  the  performance of t h i s  "unknown" group.
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NAME________ ______________________________________ SEC

DATE_________  ' .

For o f f ic e  use on ly :

Time : s t a r t ___;________  stop__________

Total s c o r e _________;_________  * 1

■ Ml21 Quiz #1 2 .1 -2 .5  .

S i i c l e  T or F
1 . (5) T F All polynomials a re  continuous on [0 ,1 ] .

2. (5) T F I f  f  (x)=x^-4 i s  d e f in e d  on [ - 2 , 2 ] ,  th e n  f '(z )= 0
somewhere in  th e  in t e r v a l .

MsliiBle Choice
3 . (10) a b e d  The Iim x^-25 i s

x -> 5 x -5

a) 0
b) 5
c) 10
d) 00

4 . (10) a b e d  f (x)= 2 x / (x ^ - l )  i s  continuous

a) a t  0 , 1 , —I
b) a t  1 , - 1
c) fo r  a l l  r e a l s  except 1 , - 1
d) fo r  a l l  r e a l s  excep t 0 , 1 , - I

5 . (10) a b e d  The I i m x^—9x i s
x 4

a) -2 0
b)  —I
c ) - 28
d) 0
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Short Answer
6 .  (10) S ta te  the  d e f i n i t i o n  of a l i m i t .

7. (10) S ta te  the th ree  co n d it io n s  fo r  c o n t in u i ty  a t  a p o in t

Problem si Show your work
8 . (10) Show th a t  Iim 7x+3 = 10

x  ->• I

9 . ( 10 ) Show th a t  Iim I g+8 l does not e k i s t .
x -T 8 x+8

1 0 . ( 1 0 ) Find Iim I x+2 | 
x -> 2+ x+2

^  I  i f  x < 0
11. (10) Sketch the graph, of f  W = I  x i f  0 < x < 3

^ - I  i f  x > 3
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NAEffi__________________________________ SEC #_______ _

DATE_____________________ _

For o f f ic e  use on ly :

Time: s t a r t _____________ stop----------- ,------ --------

T o ta l s c o r e ______ _____________________ _

BE21 Quiz #2 3.1 -  3.3

C irc le  T o r F
1. ( 6 ) T F  I f  a f u n c t i o n  f  i s  c o n t in u o u s  a t  a p o i n t  a , th e n  i t

i s  d i f f e r e n t i a b l e  a t  a.

2. (6 ) T F Dxy = dy /ds

3. ( 6 ) T F Iim ^ (a+ h )  -  f (a) = Iim f (x+a) -  f (x )
h -> 0 H s-> a x-a

Short Answer
4 . ( 8) S ta te  the  d e f i n i t i o n  of the  d e r iv a t iv e .

5. ( 8 ) S ta te  the power ru le  fo r  f in d in g  the d e r iv a t iv e  of f (x)=xn .

6 . ( 8 ) S t a t e  th e  p r o d u c t  r u l e  f o r  a f u n c t i o n  w i t h  two f a c t o r s ,
f  and g.

( f  %)' =

. ( 8 ) S ta te  the  q u o t ie n t  ru le  fo r  a fu n c tio n .  ( f / g ) * 1 =7
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P ro b lems
7 TlO) A s to n e  i s  d ropped  from  an a l t i t u d e  o f  1600 f t .  The 

s to n e 's  p o s i t io n  above the ground i s  g iven by

P ( t )  = 1600 -  1 6 t2
Hou lo n g  does  th e  s to n e  f a l l  and w i t h  w ha t speed  does 
i t  s t r ik e  the ground?

9. (10) Using the  d e f i n i t i o n  of the  d e r iv a t iv e ,  f in d  f ' (x) i f
f  (x> = y £ "

10. (10) f (x )  = 6x3 -  2x2 + I  Find f ' ( x )  11

11. (10) f (x )  = x / (x -2 )  Find f ' ( x )

1 2 . ( 1 0 ) f (x )  = ( x2 +1 x ) Find f ' (x)
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NAME_______________________ ;______________________SBC

DATE________:__________ _

BE21 Quiz #3 3.4 -  3.6

For o f f ic e  use on ly :

Time: s t a r t __ ;________ stop.

T o ta l  score _____

Dxy = Dxy ' Dxu

dy = f ' ' (x) dx

x^ + y^ = I  de term ines e x a c t ly  one im p l ic i t  fu n c tio n ,  

the  chain  r u le  using  2 d i f f e r e n t  n o ta t io n s .

5. (10)

6 . ( 1 0 )

Problems ,  -
7 . (10) Find f ' ( x )  i f  f (x )  = ( xz + 2x + I  ) 3 [Don't s im plify ]

f (x) = x^ -IOx^ + x + 2 Using d i f f e r e n t i a l s  to  
approximate the  change in  f (x) as  x changes from 2 to  2.005 
you should l e t

dx= df= and s e t  x=

W hat e x p r e s s i o n  s h o u l d  y o u  s e l e c t  f o r  u (x )  i n  
d i f f e r e n t i a t i n g

4x + 12
f(%> = -----Z------- 3

Cx2 -  2 )3

C irc le  T or F
1. (10) T F

2 . (10) T F

3. (10) T F

Short Ansger
4 . (10) S ta te



105

8 . (10) E s tim ate  the  change in  volume of a c y l in d e r  of r a d iu s  4cm
and h e ig h t  5cm i f  the  r a d iu s  in c re a se s  to  4.01cm and the 
h e ig h t  rem ains constan t.  Use d i f f e r e n t i a l s .

9. (10) Find y '  i f  y^ f  3y -r 4x^ = 5x + I

10. (10) xy^ = Sy . Find an eq ua tion  of the tangen t to  the
a t  the  p o in t  ( 0 , 0 )

curve
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NAME____________________ _________________ ^ SEC #_____

DATE __________  ' • ■

Ml21 Quiz #4 3.7 -  4.2

For o f f ic e  use on ly :

Time: s t a r t ____________stop.

T o ta l  s c o r e __________________  * 1

C irc le  T or F
1. (10) T F The slope of a p o s i t io n - t im e  graph i s  v e lo c i ty .

2 . (1 0 ) T F A  fu n c t io n  can take  on a maximum value  e x a c t ly  once.

3. (10) T F  A lo c a l  extrema i s  a f u n c t io n 's  l a r g e s t  or sm alles t
v a lu e .

4 . ( 10 ) T F A  c r i t i c a l  number fo r  f (x) = I / (x -2 ) i s  2 .

Short Answer
5. (10) Give 3 d i f f e r e n t  n o ta t io n s  fo r  the  second d e r iv a t iv e  of

y = f ( x ) .

6 . (10) f (x) =I x - 3 I i s  defined  on [2 ,4 ] .  Does the  Mean Value
Theorem apply? Ie s  or No and why.

Problems
7. (10) f (x )  = 6xa + 2x - I  Find the  second d e r iv a t iv e .

8 . (10) f (x) = 6x^ + 4 Find the c r i t i c a l  numbers.
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9. (10) f (x) = x^ -  IOx^ + x + 2 Uoe d i f f e r e n t i a l s  to
e s t im ate  the  change in  f ' (x) as  x changes from 2 to  2 .005.

10. (10) Find the c r i t i c a l  numbers and sketch  the graph of

f (x) = x^ -  36x
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NAME________

DATE________

For o f f ic e  use o n ly :

Time : s t a r t ____________stop.

Total score _________________ * 1

ML 21 Quiz #5 4.3 -  4.6

SEC #

C irc le  T or F
1. (10) T F  A fu n c t io n  i s  concave down a t  a p o in t  c i f  f ' ' (c) <0.

2. (10) T F The second d e r iv a t iv e s  on e i th e r  s ide  o f  a p o in t  of
i n f l e c t i o n  have d i f f e r e n t  s igns .

3. (10) T F  At lo c a l  extrema, f ' ' (x) = 0 .

H o r i z o n t a l  a s y m p t o t e s  may be fo u n d  by 
examining a g ra p h 's  c h a r a c t e r i s t i c s  a t

a) p o in ts  Of i n f l e c t i o n
b) r e l a t i v e  maxima or minima
c) p o in ts  not in  the  domain
d) i n f i n i t y

V e r t ic a l  asymptotes may be found by examining 
a g ra p h 's  c h a r a c t e r i s t i c s  a t

a) p o in ts  of in f l e c t io n .
b) r e l a t i v e  maxima or minima
c) p o in ts  not in  the  domain
d) i n f i n i t y

M ultip le  Choice 
4 . (10) a b e d

5. (10) a b e d
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6 .  (10) a b e d  At a p o in t  a in  the domain of f ( z )
Iim f ' ( x )  = <» . At p o in t  a th e re  i s  a(n) 

x-> a

a) r e l a t i v e  maxima
b) zero  of the  fu n c t io n
c) asymptote
d) v e r t i c a l  tangen t

2x2 -  9x + I  
7x2 -  3 ~

Problems
7. (10) Find Iim

8 . (10) f (x )  = 5 / (  x2 -  4x + 4 ) Does t h i s  fu n c t io n  have any
v e r t i c a l  asymptotes? I f  so, f in d  them.

9. (10) Sketch the  graph of f (x )  = x2 + IOx2 + 25x -  50

10. (10) A f a r m e r  h a s  900 f e e t  o f  fe n c e  to  e n c lo s e  a r e c t a n g u l a r
p a s t u r e  bounded on one s id e  by a s tre am  and on th e  o th e r  
t h r e e  s id e s  by f e n c in g .  What d im e n s io n s  f o r  th e  p a s tu r e  
w i l l  enclose the  most a rea?
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4 .7  - 4 . 8

SEC #.

DATE

For o f f ic e  use on ly :

Time : . s t a r t ____________ stop,

T o ta l score ____________  * 1

C irc le  T or F
1 . (10) T F I f  g ( t )  i s  a p o s i t io n - t im e  fu n c t io n ,  then

g ( t  + h) -  g ( t )  i s  an exp ress ion  fo r  a c c e l l e r a t io n  
h

2. (10) T F  x + y = 4 and dx + dy = 0
dt ' dt

a re  c a l le d  r e l a t e d  r a t e s .

Problems
3. (20) The tem perature  of a r e a c t io n  chamber i s  g iven by

C(t) = 120t -  6 t^ . .  Find the average r a t e  of change of 
C(t) during the  time in te r v a l  [1 , 2 ] and the  in s tan tan eo u s  
r a t e  of change a t  t  = 2 .

Then dx and dy 
d t dt

Ml21 Quiz #6 

NAME

4. (20) P ( t )  = 8t^  + 14t + 2  i s  a p o s i t io n - t im e  fu n c t io n .  Find
ex p ress io n s  f o r  v e lo c i ty  and a c c e l l e r a t io n .



I l l

5. (20) Show th a t  the r a t e  of change o f volume of a sphere w ith
re sp e c t  to  i t s  r a d iu s  i s  n u m erica l ly  equal to  the  surface 
a rea  of the sphere.

6 . (20) A metal p la te  has a square c ro ss  s e c t io n  and i s  50 times as
long on a s ide  as i t  i s  th ic k .  As i t  i s  h ea ted  i t  expands, 
leng then ing  1% in  each d i r e c t i o n  pe r  minute. Find the  r a t e  
of change of volume when the s ide  of the square i s  1 0 cm.
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NAME 

DATE

For o f f ic e  use only:.

Time : s t a r t __________ ___stop.

T o ta l  score ________________

Ml21 Quiz # 7 5.1 -  5.4

SEC

C irc le  T or F 
I .  (5) T F A = lim 5 3 f ( u .  )Ax

Ax -> 0

2. (5) T F In  a Riemann Sum, th e  r e c ta n g le s  used to  e s tim ate  the  
a rea  under the curve must a l l  be the  same width.

3. (5) T F f(x )d x  = lim 5 3  f(w;)Axj
I l P l U o  1

4. (5) T F I f  f  i s  continuous on [ a ,b ] ,  then f  i s  in te g ra b le  
on [a ,b ] .

Short Answer 
5. (5) Ei=Ic =

6 . ( 1 0 ) /g  f (x )d x  =

7. (10) k dx =

8 . (1 0 ) Write in  in te g r a l  form: Iim 53 (3w? -D ^A x, , [0 ,5]
I Ip I I ->0 1

Problems 
9. (5) S i,! i 2 > l  =
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10. (10) Compute by g rap h ica l  i n t e r p r e t a t i o n : JU

11. (10) 3 dx =

1 2 . ( 1 0 ) I f  / J  \ / x  dx = 2 /3 ,  f in d  /  \ / I x  dx

13. (10) / q X2 dx = 64 /3  F in d  a number z w hich  s a t i s f i e s
Mean Value Theorem fo r  t h i s  
in t e g r a l .
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NAME_________ ____;_______________ _________ SEC

DATE __________________

For o f f ic e  use on ly :

Time : s t a r t ____;_________ stop____________

T ota l s c o r e _____________■

Ml21 Quiz #8 5.5 -  5.6

C irc le  T or F
I .  (10) T F  I f  F i s  any a n t id e r iv a t iv e  of f  defined  on [a ,b ] ,  

. then  V* f(x )d x  = F (a) -  F(b)

2 . (10) T F kxr dx = k [ br+1 + ar+1 ]
r  + I

3. (10) T F f  2x3dx = x 4 / 2

Problems 
4 . (10) Ii•3

wH

5 . ( 10 ) S i  x + I  dx

6.  ( 1 0 ) dx =

7. (10) /£ 2  Ix + 11 dx =
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8 . ( 10 )

9. (10)

1 0 . ( 10 )

I  (2x - I ) ^  dx =

dz =.
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APPENDIX B

TABLES OF SPECIFICATION
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Section

2. 1.1

2 . 2 .1

2 . 2 . 2

2 .3 .1

2 .4 .2

2 .4 .3

2 .5 .1

2 .5 .2

2.5.3

Quiz #1

Def/N o t( I )  Appl(2) Syn(3)

3

6

8 9

5

10

11

1,7

2

4

Abs(4)
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Quiz #2

Section Def/N o t( I )  Appl(2) Syn(3) Abs(4)

3 .1 .1 8

3 .2 .1 I , 2 ,3 ,4

3 .2 .2 9

3 .3 .1 5 ,6 ,7

3 .3 .2 1 0 , 11 ,12
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" Quiz #3

Section Def/N o t(I ) Appl(2) Syn(3)

3 .4 .1 2

3 .5 .1 1.4

3 .5 .3 6

3 .5 .4 7

3 .5 .7 5 8

3 .6 .1 3

3 .6 .4 9

3 .6 .5 10

Abs(4)
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Quiz #4

Section DefZNot(I) Appl(2) Syn(3) Abs(4)

3 .8 .1 5

3 .8 .2 7

3 .8 .3 9

3 .8 .4 I

4 .1 .1 2 ,3 ,4

4 .1 .2 8 ,1 0

4 .2 .1 6
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Quiz #5

Section DefZNot(I) Appl(2) Syn(3) Abs(4)

4 .4 .1 1 .2 ,3 !
4 .4 .2 9

4 .5 .1 4

4 .5 .2 5 8

4 .5 .3

4 .5 .4 6

7

4 .6 .1 10
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Quiz #6

S ec tion  DefZNot(I) Appl(2) Syn(3)

4 .7 .1  I  3

4 .7 .2  4

4 .7 .3

Abs(4)

5

4 .8 .1 2 6
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Quiz #7

Section Def/N o t( I ) Appl(2) Syn(3) Abs(4)

5 .1 .1 9

5 .1 .2 5

5 .1 .3 I

5 .2 .1 2,3

5 .2 .2 4 ,6

5 .2 .3 8

5 .2 .4 10

5 .3 .1 7

5 .3 .2 1 1 ,1 2

5 .4 .2 13
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Quiz #8

Section DefZNot(I) Appl(2) Syn(3) Abs(4)

5 .5 .1 1 ,2

5 .5 .2 4 , 5 , 6 ,7

5 .6 .1 3

5.6.2 8,9,10
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APPENDIX C 

RETESTS
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Quiz #1

2 . 1- 2 . 5

NAME I. SEC

I .  (10) Show th a t  Iim I 4x+8| = 16
x-> 2

2. (10) Give the  th re e  c o n d it io n s  fo r  c o n t in u i ty  a t  a p o in t .

4 .  (10) Find Iim X3 - I
x -y  2 .

5. (10) Where i s  f (x )  = x^-4 continuous?
x+1

6 . (10) Give an. example of a func tion , th a t  i s  continuous over the
r e a l  numbers.

7. (10) S ta te  the  Mean Value theorem in  your own words.
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8 . ( 1 0 ) 

9. (10)

Find Iim x^—9
x -> 3 x-3

Show th a t  Iim 1/x  does not e x i s t ,  
x 0

10 (10) S ta te  the d e f i n i t i o n  of a l im i t
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Quiz #2

3.1 -  3 .3

NAME ______________________________ _̂________  SEC

DATE _____

For o f f ic e  use only :

T o ta l score______________________ Time: s t a r t __________ stop.

I .  (10) Give 2 n o ta t io n s  fo r  the  f i r s t  d e r iv a t iv e  of f ( x ) .

2. (10) S ta te  the d e f in i t i o n  of the  d e r iv a t iv e .

3. (20) Using the  d e f i n i t i o n  of the  d e r iv a t iv e ,  f in d  f ’ (x)

4 . (20) f(%) = ( \ / T  +1 ) (  xI. 2 3 4 -  9 ) Find f ' ( x )

5. (20) f (x )  = 2 x /(  X2 - I  ) Find f ' ( x )

(20) f (x) = 3x5 -  9x2 + 2x Find f ' ( x )6
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Quiz #3

3 .4  — 3.6

NAME_______________________________________________  SEC #

DATE____________ _______________

For o f f ic e  use on ly :

Total score____;____________ ______ Time: s t a r t __________ stop_____________

I .  (10) S ta te  the  chain  ru le  using 2 d i f f e r e n t  n o ta t io n s .

2. (15) f (x) = + 9x - I  Use d i f f e r e n t i a l s  to  e s t im a te  the
change in  f (x )  as x changes from I  to  1 .0 2

3. (15) f (x) = x ^ /(x I. 2 3 + I ) ?  Find f ' (x) [Don't s im plify ]

4 . .  (20) y* + 3xy = x2 + I  Find y '

(20) Find an equation  fo r  the tangen t to  x2y = 5x a t  (0 ,0 ) .5
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6 . (20) Give 2 examples of im p l i c i t  fu n c t io n s  derived  from

25
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3.7  -  4 .2

NAME ____________________________________________  SEC # ________________

DATE___________ _____________

For o f f ic e  use on ly :

Total score__ :_____________l_______ Time: s t a r t ____________s to p „ ________  I. 2 3 4

I .  (20) Find the  c r i t i c a l  numbers fo r  f (x) = 12x'6 -  6x

• Quiz #4

2. (20) f (x) = x^ -  9x^ + 2x + 5 Use d i f f e r e n t i a l s  to
es tim ate  the  change in  f ' ( x )  as x changes from I  to  1 .0 1  .

3. (20) f (x) = x2 + 6x - I  Does the Mean Value Theorem apply
on the  i n te r v a l  [ -1 ,4 ]  7 Why or why no t.

4 . (20) S ta te  R o l le 1s Theorem.

(20) Find the  t h i r d  d e r iv a t iv e  of f (x ) x3/55.
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Quiz #5

4.3 -  4 .6

NAME_____________________ ;________________________ SEC #

DATE____________________ ____

For o f f ic e  use on ly :

T o ta l score______________________ Time: s t a r t ___________ stop_____ _______ I. 2 3 4

I .  (20) Find Iim _6s 2 -  9% 
X-*. ® x 3 +  I

2. (20) Sketch the graph of f (x) = x2 + 3x2 + 3x + 10

3. (20) f (x )  = 3 / (  x2 - 9  ) Find the  v e r t i c a l  asymptotes.

4. (20) The sum o f  two num bers i s  60. T h e i r  p ro d u c t  i s  to  be
as la rg e  as p o s s ib le .  Find th e  two numbers.
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5. (20) f (x) = ( x -  2 + 3 Show th a t  th e re  i s  a
v e r t i c a l  tangen t a t  ( 2 ,3 ) .
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4.7 -  4 .8

NAME,__________________________________________ _ SEC #________ _

DATE___________________

For o f f ic e  use on ly :

T ota l score________________ j______ Time : s t a r t __________ stop. I.

1 Quiz #6

I .  (25) Find the average v e lo c i ty  over the  in te rv a l  (0 ,5 )  fo r  an 
o b je c t  w ith  a p o s i t io n - t im e  fu n c t io n  P ( t )  = 6 t- -  Pt + I .

Find the  o b j e c t ' s  in s tan tan eo u s  v e lo c i ty  a t  t  = 2.

2. (25) + y^ = 1400 i f  dx = - I
dt

f in d  dy when x = 2 0 . 
dt

3. (25) A lad d e r .  13 f e e t  long  i s  l e a n i n g  a g a i n s t  a b u i l d i n g .  The
f o o t  of th e  l a d d e r  i s  5 f e e t  from  th e  b u i l d i n g  and i s  
s l ip p in g  a t  I f t / s e c  away from the bu ild in g . How f a s t  i s  
the top  of the  ladder s l ip p in g  down the b u ild in g ?

4. (25) Show t h a t  th e  r a t e  of change o f volume o f a c y l i n d e r  of
c o n s t a n t  h e i g h t  b u t  c h a n g in g  r a d i u s  i s  d i r e c t l y  
p ro p o r t io n a l  to  the  circum ference of i t s  base .
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Quiz #7

5.1 -  5 .4

I . (10)

I I p I I h

Writ© in  in te g r a l  form:

Iim ^  (6v7? - 2wi  +D 2Axi 
0

For the i n te r v a l  [ -1 ,4 ] ,

2 - (15> E  1=2 i 2 + 3 =

3. (15) / 1J0 x2 -  7 dx =

4. ( 2 0 ) /J 5 dx =

5. (20) /« x dx =' [ H in t : use a g raph ica l  i n t e r p r e t a t i o n
of f (x )  = x ]

6 . (20) Find a number s a t i s f y in g  the Mean Value Theorem fo r

/ J  3x2 dx = 64
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Quiz #8

NABlE

5.5  -  5.6

SEC #

DATE

For o f f ic e use on ly :

T o ta l score_______________________ Time: s t a r t _____________stop.

Evaluate  the  fo llow ing in t e g r a l s :

I .  ( 1 0 ) /§  x dx =

2 . ( 1 0 ) Z1? x2 + 3  dx
X

3. (10) / -S  dx =

4. (20) / I 2 U l  dx -

5. (20) /  (1 /x  - 3 ) 2 dx =
x2

6 . (15) /  x(5x2 -  l ) ^  dx =

7. (15) /  x(x2 + S)^ dx =
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APPENDIX D

BEtEDIATION MATERIALS
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Remediation M ate ria ls

Each le a rn in g  o b je c t iv e  i s  numbered by in d ic a t in g  the  lo c a t io n  of 

the ta s k  in  the Swokowsk i (1979) t e x t  used a t  Montana S ta te  

U n iv e rs i ty .  The numbers a re  read  as fo l lo w s :  f i r s t  number- chap ter,

second number= chap te r  sec t io n ,  t h i r d  number= used to  count o b je c t iv e s  

w i th in  a g iven  s e c t io n  of a chap ter . For example, 1.2.3 in d ic a te s  the 

le a rn in g  o b je c t iv e  comes from chap te r  I ,  s e c t io n  2 , and th a t  i t  i s  the 

t h i r d  ta s k  in  the  re m e d ia t io n  m a te r i a l s  from th a t  sec tio n .  The lev e l  

of d i f f i c u l t y  ( I  -  4 ) i s  i n d i c a t e d  in  p a r e n t h e s i s :  ( I )  -  d e f i n i t i o n  

or n o ta t io n ,  ( 2 ) = a p p l ic a t io n ,  (3) = sy n th e s is ,  (4) = a b s t r a c t io n .

1 .1 .1  Evaluate  ab so lu te  value e x p re ss io n s .

(2 ) Evaluate  I 2 | + I 4 - 7 1 + I - 9 |

Ans: 14

(2 ) E valuate  I 4 - 6 1 -  I 5+71

Ans: -10

1 . 1 . 2 Solve i n e q u a l i t i e s .

(2) 5x-6 > 4 Find the s o lu t io n  s e t .

Ans: {x:x>2}

(2) 2x-8 < 8x+10 Find the  s o lu t io n  s e t .

Ans: {x:x>-3}

(3) I 2 x -4 I > 4 Find the  s o lu t io n  s e t .

Ans: {x:0>x>4}
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(3) (x+ 1)/(x -4 ) < O Find the s o lu t io n  s e t .

Ans: {x:-i<x<4}

1 .2 .1  Find the d is ta n ce  between p o in ts  in  the p lane .

(2) Find th e  d is ta n ce  between ( -2 ,4 )  and (5, - I )

Ans: 741 /2

(2) Find the  midpoint of the  segment jo in in g  (3 ,5 )  and (1,46)

Ans: (2, 25.5)

1 . 2 . 2 Determine the  eq ua tion  of a c i r c l e  in  s tandard  form.

(2) Find the cen te r  and r a d iu s  of the  c i r c l e  given by

x^+y2—I Ox+2y+22=0

Ans: center=  (5 ,-1 )  rad ius=  2

(2 ) Find the equation  of the c i r c l e  w ith  cen te r  (2 , 4 ) and ra d iu s  

x = 5 .

Ans: (x -2 )2+ (y -4 ) 2 = 25

1 .2 .3  Sketch a curve by p lo t t i n g  a t a b le  of p o in ts .

(2) Sketch f (x )=  x
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1 . 3 . 1 Determine the slope of a l i n e .

(1) The slope of a l in e  i s  found by tak ing  the  co o rd in a te s  of

two p o in ts  oh the  l in e  and d iv id in g  the change in  the  ____

co o rd in a tes  by the  change in  th e  _____  co o rd in a te s .

Ans: y ,x

(2) Find the  slope of the  l in e  jo in in g  (9 ,6) and (4, - 3 ) .

Ans: 9/5

(2) F in d  th e  s lo p e  o f  a l i n e  p e r p e n d i c u l a r  to  th e  segm ent 

jo in in g  (1 ,1 )  and ( 5 ,9 ) .

Ans: -1 /2

(2) Find the  slope of a l in e  p a r a l l e l  to  the  l in e  

2y-3x=4.

Ans: 2/3

(3) Show t h a t  (2 ,3 ) ,  ( 5 , - 1 ) ,  ( 0 , - 6 ) ,  and ( -6 ,2 )  a r e  v e r t i c e s  of 

a t ra p e z o id .

Ans: Compute a l l  the  s lopes . Two w i l l  be the  same.

1 .3 .2  Determine the equation  of a l i n e .

(I) Give the  general form fo r  the  s lo p e - in te r c e p t  eq ua tion  of a 

l i n e .

Ans: y=mx+b

(I )  Give th e  g e n e r a l  form f o r  th e  p o i n t - s l o p e  e q u a t i o n  of a 

l i n e .

Ans: J - J 1  = In(X-X1 )
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(2) Find an eq ua tion  fo r  the  l in e  pass ing  through (1 ,1 )&  (3 ,7)

Ans: y=3x- 2  or y - l= 3 ( x - l )  or y-3x+2=0

(3) Find an eq u a tio n  of the  l in e  p e rp en d icu la r  to  2y-4x+8+0 th a t  

p asses  through the p o in t  (1 , 1 ) .

Ans: y=2x - l

1 .4 .1  Determine the domain and range of a fu n c t io n .

(2) Find the  domain of f (x )=  % /sx -l

Ans: x > 1/5

(2) Find the  domain o f  f(x )=  x-1 / ( 1 - x ^ ) ^ ^

Ans: - I  i  x < I

(2) Find the  range of f (x )=  1/x^

Ans: a l l  p o s i t iv e  r e a l  numbers

1 .4 .2  S ta te  fu n c t io n a l  n o ta t io n  and term inology.

( I )  The x - in t e r c e p t s  of a f u n c t io n .a r e  c a l l e d _____ •

a) asymptotes

b) zeros

c ) range

d) maps 

Ans: b
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(1) The symbol [x] means______

a) ab so lu te  value

b) minimum value

c) g r e a t e s t  in te g e r

d) none of the above 

Ans: c

(2) T or F f (x )=  x^ i s  one-to -one .

Ans: F

(2) T or F f(x)=2x^ i s  even.

Ans: F

I . 4 . 3 Graph l i n e a r  eq u a tio n s .

(2) Graph y= (2 /3 )x  + I

(2) Graph y= |x + l |  + I

(2) Graph y= x

(2) Graph y=4
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Evaluate  combinations and composites of fu n c t io n s .  

( I )  (f+g)(x ) eq u a ls__;____

a) f (x )  + g(x)

b) f (x )g (x )

c) f [ g (x ) ]

d) f+ g + x 

Ans: a

( I )  ( fg ) (x )  equa ls_____

a) f (x) + g(x)

b) f [ g (x ) ]

c ) f  + g +. x

d) none of the  above

Ans: d

2f (x )=  x

Find (f+g)(x) 
oAns: x +x-1 

Find (f  g)(2)  

Ans: I

Find ( f - g ) (3)

Ans: 7

F i n d j t j (-1)

Ans: —1/2

g (x)= x-1
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2 .1 .1  Find l im i t s  by a lg e b ra ic  m an ipu la tion  and s u b s t i t u t i o n .

(2) Find Iim x2-49 
x -> 7 x-7

Ans: 14

(2) Find Iim x2+l
x - I  x+1

Ans: 3

(3) Find Iim (x+h)2-x^
h-> 0 h

Find the  slope of a tangen t to  a curve using l i m i t s .

F in d  th e  s lo p e  o f  th e  t a n g e n t  t o  th e  cu rv e  f(x )= 5 x 2 a t  th e  

p o in t  ( 1 ,5 ) .

Ans: 10

2 .2 .1  S ta te  the  d e f i n i t i o n  of a l i m i t .

(1) Write the d e f i n i t i o n  of a l i m i t .

2.2 .2  Use th e  d e f i n i t i o n  o f  a l i m i t  t o  v e r i f y  t h a t  a l i m i t  has  a

given value  of does not e x i s t .

(2) Show th a t  Iim 5x-9 = 6
x ->- 3

(3) Show th a t  the  l im i t  does no t e x i s t :  Iim I x-5 I
x -»• 5 x-5

2 ^ 2

( 2 )

Show th a t  the  l im i t  does not e x i s t : Iim 1 /x2
x-> 0

(3)
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2 . 3 . 1 Apply theorems on l im i t s  to  ev a lu a te  e x p re ss io n s .

Find the  l im i t s  i f  they  e x i s t .
( 2 )  Iim x 2- 2 x+1

x-M

Ans: 9

(2) Iim (x+4) 1 /3  
x + 3

Ans: T1^3

(2 ) Iim x -4 ..
X -> 4 y—

Vx - 2

Ans: 4

2 . 3 . 2 Use the  Sandwich theorem to  ev a lu a te  an ex p ress ion .

( I )  I f  f (x )  < h(x) K g(x) f o r  a l l  x in  an open  i n t e r v a l  

co n ta in in g  a, except p o s s ib ly  a t  a i t s e l f ,  and i f

Iim f (x) = L =  Iim g(x) , then  '
x-> a x-). a

Ans: Iim h(x) = L
x-> a

(2) Use the  Sandwich theorem to  prove th a t  Iim xn = 0.
x .̂ 0
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( I )  lim_ - 2x2 + l i s a  
x  -> I

a) r i g h t  hand l im i t

b) l e f t  hand l im i t

c) l im i t

d) v i r t u a l  p o in t

Ans: b

( I )  A f u n c t i o n  i s  d e f i n e d  on [ - 3 , - 2 ] .  The l i m i t  a s  x 

approaches - 2  would be w r i t t e n

a) Iim f (x)
%-» 2"

b) Iim f (x )  
x-T2+

c) Iim f (x )  
x -T 2“

d) Iim - f (x) 
x ^ 2

Ans: c

2,4 .1  Use one-sided lim its  no tation .

2 . 4 . 2 Evaluate  one-s ided  l im i t s .

(2) Find the l im i t  i f  i t  e x i s t s .  Iim
x-T6+

Ans: 6

(2) Find the  l im i t  i f  i t  e x i s t s .  Iim I / (x -8 )
x-> 8~

Ans: DNE
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2 .4 .3  Use l im i t s  in  curve sketch ing .

(2) Sketch the  graph of f (x)= (  - I  i f  x<0

2x i f  0<x<3 

x2 i f  3<x

Then f in d  Iim f(x )  , Iim f (x )  , and Iim f ( x ) .  
x -> 3+ x -> 3~ x-> 3

2 .5 .1  S ta te  the d e f i n i t i o n  of c o n t in u i ty  and r e c a l l  im portant fa c ts  

(I) A fu n c t io n  i s  continuous a t  a p o in t  a i f  th re e  co n d itio n s  

a re  s a t i s f i e d .  What are  they? (I)

Ans: I . f  i s  de fined  on an open, in te r v a l  con ta in ing  a

2 . Iim f (x) e x i s t s
x -> a

3, Iim f (x)

/uIl

x -> a

( I )  A f u n c t i o n  i s  c o n t in u o u s  on an open i n t e r v a l  i f  f  i s  

continuous ■ in  the i n t e r v a l .

Ans: a t every point
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( I )  T o r  F I f  f (x )  and g(x) a r e  c o n t in u o u s  on ( a ,b ) ,  th e n  th e  

product f (x)g(x) i s  continuous on ( a , b ) .

Ans: T

( I )  T o r  F A l l  p o ly n o m ia ls  a r e  c o n t in u o u s  o v e r  th e  e n t i r e  

se t  of r e a l  numbers.

Ans: T

(I) T or F A r a t i o n a l  fu n c t io n  i s  continuous a t  every  p o in t
*

of i t s  domain.

Ans: T

2 . 5 . 2 V erify  the  In te rm ed ia te  Value Theorem fo r  a fu n c t io n .

(1) T or F I f  a fu n c t io n  i s  continuous on [a ,b ]  and i f

f (a) ^ f (b )  , then  f  must take on every value between 

f (a) and f (b )  in  the in t e r v a l  [ a , b ] .

Ans: T

(2) V erify  the  in te rm ed ia te  value theorem i f  f (x)= x^-1 

on the in t e r v a l  [ 0 ,4 ] .

2 . 5 . 3 Evaluate  the c o n t in u i ty  of a fu n c t io n .

(2) Find a l l  numbers f o r  which f(x )=  5 / (x^-x^) 

i s  continuous.

Ans. As a r a t i o n a l  express ion , f  i s  continuous on i t s  

domain. Thus i t  i s  continuous everywhere except

a t  x=0 and x=l.



3 . 1 . 1

( I )

( I )

( 2 )

( 2 )

( I )

C l )

\
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Use d e r iv a t iv e s  in  r e c t i l i n e a r  motion problems.

S t a t e  th e  d e f i n i t i o n  o f  th e  s lo p e  of a t a n g e n t  l i n e  to  a 

graph.

Ans: m= Iim f (a+ h )- f (a )
h ->0 h

S t a t e  th e  d e f i n i t i o n  o f  i n s t a n t a n e o u s  v e l o c i t y  of an

o b je c t  in  r e c t i l i n e a r  motion.

Ans: v (a )=  Iim f ( a + h ) - f ( a )
h-> 0 h

Find the  slope of the  tangen t to  the  graph f (x)=x-z^ 

a t  the p o in t  (1 , 0 ) .

Ans: - I

A stone i s  dropped from an a l t i t u d e  of 400 f t .  The s to n e 's  

p o s i t i o n  above th e  ground i s  g iv e n  by p ( t ) = 4 0 0 -1 6 t^ .  How 

long does i t  f a l l  be fo re  s t r i k in g  the  ground and how f a s t  i s  

i t  f a l l i n g  on impact?

Ans: t=5 sec v= 1 6 0 f t / s e c

Recall the d e f i n i t i o n  of the d e r iv a t iv e  and r e l a t e d  f a c t s .

. S ta te  the d e f i n i t i o n  of the  d e r iv a t iv e .

Ans: f ' (a)= Iim f (a+ h )- f (a )
h-i- 0  h

,

S t a t e  th e  c o n d i t i o n ( s )  n e c e s s a r y  f o r  a f u n c t i o n  to  be 

d i f f e r e n t i a b l e  on an open in t e r v a l .

i n t e r v a l .

Ans: must be d iffe ren tiab le  a t every point in  the open
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( I )  T or F I f  Iim f j U + h l r f l a l  = Iim f ( a + h ) - f ( a )  
h^-0+ h h ^ O "

Then the d e r iv a t iv e  a t  a does not e x i s t .

Ans: T

( I )  T o r  F I f  a f u n c t i o n  f  i s  d i f f e r e n t i a b l e  a t  a,  t h e n  f  i s  

continuous  a t  a.  ..

Ans: . T

( I )  T or F D x  = dy
. dx .

Ans: F

(1) T or F Iim f ( a + h ) - f ( a ) = Iim f (x+a) - f ( x )
h -> 0 h x -> a x—a

Ans: F

3 .2 .2  Evaluate d e r i v a t i v e s  by the d e f i n i t i o n .

(2) f (x )=  Find f ' ( x )  us ing the d e f i n i t i o n .

Ans: I /  ( 2 )

3 . 3 . 1 S ta t e  r u l e s  f o r  f in d in g  d e r i v a t i v e s .

( I )  S ta te  the  power r u l e  fo r  f in d in g  t h e - d e r iv a t iv e  of f(x)=xn 

Ans: f ' ( x ) =  nx11-̂ "

( I )  S t a t e  t h e  p r o d u c t  r u l e  f o r  a f u n c t i o n  w i t h  two f a c t o r s ,  f  

and g.

Ans: ( fg ) ' = f 'g  + fg '
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(1) S ta te  the q u o t i e n t  r u l e  fo r  ( f / g ) ( x ) .

Ans: ( f /g ) 'X x )  = Rf'  -  f a '

S2

3 .3 .2  Evaluate  d e r i v a t i v e s .

(2) f (x )=  2 - x Find f ' ( x )

Ans: 2

(2) f (x )  = 3x1 / 2  Find f ' ( x )

Ans: 3 / ( 2  ^ x  )

(2) f (x )=  6x^-3x^+x-1 Find f ' (x)

Ans: 24x^-9x2+l

(2) f (x )— 2x-1 Find f ' ( x )
5x+2

Ans: 9 /(5x+2 ) 2

( 2 ) f (x)— (3x 2- l ) (2 x + 4 )  Find f '

Ans: 18x2+24x-2

( 2 ) f (x )=  2 - 1 + 3

X x2 x3

Ans: -2x™2 + 2x"3 -  9x- 4

(3) f (x ) = (x + l ) (2x2- 1 ) ( x +2) Find f ' ( x )  [ d o n ' t  s implify]

Ans: (2x2- 1 ) (  x  +2)+(x+l)(4x)( x +2)+(x+l)(2x2- l ) (1/2 x )
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3 .4 .1  Use d i f f e r e n t i a l  n o t a t i o n .

( I )  T or  F The d i f f e r e n t i a l  dx o f  an in d e p e n d e n t  v a r i a b l e  x 

i s  given by dx = Ax.

Ans: T

(I) T or F The d i f f e r e n t i a l  dy of the  dependent v a r i a b l e  y i s  

given by dy= f ' ' (x) dx 

Ans: F

( I )  T or F I f  y=f(x) then  y= dy= f ' ( x ) d x

Ans: F

(1) T or F average e r r o r  = measured value
e r r o r  on measurement

Ans: F ( reversed)

3 .4 .2  Use d i f f e r e n t i a l s  to  es t im ate  changes in  fu n c t io n a l  va lues .

(2) f (x)= 3x^ +2x +1 Use d i f f e r e n t i a l s  fo e s t im a te  the change 

in  f (x) as x changes from I  to  1 .0 1  .

Ans: .08

(2) The s i d e s  of  a squa re  a r e  m e asu re d  as  8 cm +.05 cm. Use 

d i f f e r e n t i a l s  to  es t imate  the a rea  of the square.

Ans: A= 64 + .8  cm

3 .5 .1  S ta te  v a r ious  forms of the cha in  r u l e .

( I )  T or F Dxy = Dxy • D^u

Ans: F



1 5 3

(I )  S ta te  the chain  ru l e  us ing 2 d i f f e r e n t  n o t a t i o n s .

Ans: Dxy = Duy • D^u

dy = dy . du 
dx du dx

3 .5 .2  S ta te  the  form of the power r u l e .

(1) S ta te  the power r u l e  us ing app rop r ia te  n o ta t io n .

Ans: I f  f (x )  = axn , then f ' ( x ) =  nax11-*

(2) T or F I f  f (x )=  6x^, then f ' ( x ) =  9x^

Ans: F

3 . 5 . 3 When using the  chain  r u l e ,  s e l e c t  app rop r ia te  choices

f o r  u (x ) .

( I )  S e l e c t  one an sw e r  as  t h e  most a p p r o p r i a t e  e x p r e s s i o n  f o r  

u(x) in  d i f f e r e n t i a t i n g  f (x )=  4x+9

(x2- 3 ) 4

a) 4x+9

b) x2-3

c ) 2x

d) x2 

Ans: b
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( I )  [Same i n s t r u c t i o n s ]  f (x)= (2 x - l )^

a ) 2x

b) (2x - l ) 5

c) 2

d) 2x - l  

Ans: d

I d e n t i f y  app rop r ia te  uses  of the  product r u l e  in  problems 

r e q u i r in g  the chain  r u l e .

(1) T or F I f f ( x ) =  ( x - l ) ^ x ^ ^ ,  the  product r u l e

( f g ) '  = f ' g  + f g '  would se t  f=x- l  and g= x.

Ans: F

(2) I n  w h ich  p ro b le m ( s )  c o u ld  you use th e  p r o d u c t  r u l e  i n

f in d in g  f ' ( x )  ?

a) f (x )=  (x2+l)

b) f (x )=  x (x - l )

c) f (x )=  X-I
x+2

d) f (x)= 3

Ans: b & c

(3) f (x )=  (x ? [x + l ]^ /^ )3 .  Set up an express ion  fo r

f ' ( x ) .  [ Don' t  s im p l i fy ]

Ans: 3 (x2 [x+1] lZ 2 ) 2 ( 2x[x+1] 1Z 2+x2
2 [x+l ] 1 /2
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(4) f (x)= (x2- 9 ) 2 (3x)4 Set up an express ion  fo r  

f ' ( x ) .  [ Don't  s impl i fy  ]

Ans: 2 ( x2- 9 ) ( 2 ) ( 3 x)4 + 4(3x)3 ( 3 ) (x2- 9 ) 2

3.5.6 Apply the chain  r u l e  in  the  s o lu t io n  of problems involving

products  and q u o t i e n t s  of polynomials .

(2) h(x)= (4 x - l ) 3 ( 2x2+1) 2 . Find h ' (x) [Don't  s impl i fy]

Ans: 3(4 x- 1 ) 2 ( 4 ) (2 x2+ 1)2 + ( 4 x - l ) 3 [2(2x2+ D ( 4 x ) ]

(3) g(x)= (3x2- l ) 2 (2x+4). Find g ' ( x )  [ Simplify I

Ans: 90x4-144 x3-3 6 x2-4 8 x+2

(2) h(x)= .(4 x - l ) / ( 2x2+1 ) 2 . Find h ' (x) [ Don' t  s impli fy]

Ans: 4(2 x2+1)-2  + (4x - l )  [-:2(2x2+l)~ 3 (4x)]

(3) m(x)= ( x - l ) 2 /.(3x2+ l ) . Find m '(x)  [ Simplify ]

Ans: (12x2- 8 x- 4 ) / ( 3 x2+ 1)2

3 .5 .7  Apply the chain  r u l e  to  problems involv ing d i f f e r e n t i a l s .

(I) f (x)= x4~ l Ox2+x+2 . Using d i f f e r e n t i a l s  to  approximate the 

change in  f (x) as x changes from 2 to  2 .005,  you would use 

dx= . df=

and you would s e t  x=

Ans :  dx= .005, df= 4x3-20x+l,  and X =  2
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(2) Use d i f f e r e n t i a l s  t o  a p p r o x im a te  th e  change i n  f (x )  a s  x 

changes from 3 to  2.95 i f  f (x)=  2x^-x+l

Ans: df= -2 .65

(3) F in d  t h e  change i n  vo lume of  a c y l i n d e r  of r a d i u s  4cm and 

h e ig h t  5cm i f  the  r a d iu s  i n c re a se s  t o  4.01cm and the he igh t  

remains cons tan t .

Ans: dV= 1.256

3 . 6 . 1 S ta te  the  d e f i n i t i o n  of im p l i c i t  fu n c t io n s .

( I )  A f u n c t i o n  f (x )  i s  d e f i n e d  i m p l i c i t l y  by an  e q u a t i o n  in  x

and y i f  and o n ly  i f  s u b s t i t u t i o n  o f  f (x )  f o r  _____ _ l e a d s

, to  a(n)

Ans: y ,  i d e n t i t y

3 . 6 .3  I d e n t i f y  i m p l i c i t  fu n c t io n s .

2 2(1) T or  F y + x = I  d e t e r m i n e s  e x a c t l y  one i m p l i c i t

fu n c t io n .

Ans: F

(2) C i rc le  any equa t ions  determining im p l i c i t  f u n c t io n s .

a) -4y^+3x^= 12

b) 4x^-y= 6

c ) X ^ y 2 = I

Ans: a , b , c
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(2) F in d  a t  l e a s t  one i m p l i c i t  f u n c t i o n  d e t e r m i n e d  by the  

equation 3x-2y+4=2x^+3y-7x 

Ans: y = (-2x^+1Ox+4)/5

3 .6 .4  Use i m p l i c i t  d i f f e r e n t i a t i o n .

(2) y^+3y-4x^=5x+l. Find y '

Ans: y '= (12x^+5) My^

(2) (y2- 9 ) 4=(4x2+ 3 x - l )2 . Find y '

Ans: y '= 2(4x2+ 3 x - l ) ( 8x+3)/ [8y(y2- 9 ) ]

(2) ( l / x ) + ( 3 / y ) = l  Find y '

Ans: y '=y2 / - 3 x 2

Use i m p l i c i t  d i f f e r e n t i a t i o n  to  determine the  equa t ion  of 

the tangent to  a graph.
2

xy =5y Find an equa t ion  fo r  the  tangent to  the  graph a t  

the po in t  (0 , 0 ) .

Ans: y=0

3.6.6 Use i m p l i c i t  d i f f e r e n t i a t i o n  and d i f f e r e n t i a l s  t o  determine 

approximat ions to  fu n c t io n a l  va lues .

(1) T or F d f = f ' ( x ) d x

Ans: T

(2) x^+ xy+ y4 = 1 9  Use d i f f e r r e n t i a l s  t o  e s t i m a t e  th e

change in  y as x changes from I  t o  1 .0 1  a t  the po in t  (1 , 2 ) .  

Ans: dy= -5/3300

3.6.5

(3)
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3 . 6 . 7 Use i m p l i c i t  d i f f e r e n t i a t i o n  to  f i n d  n*" order  d e r i v a t i v e s

(3) y^+3y—4x^=5x+l Find y ' '

Ans: y ' '= 24x-12y^(y'

4y3+3

where y '= ( 12x^+5) / (4y3+3)

3 .8 .1  N ota t ions  fo r  the n ^  order  d e r i v a t i v e s .

( I )  Give 3 n o t a t i o n s  fo r  the  second d e r iv a t iv e  of y = f ( x ) . 

Ans: f ' ' (x) 

d2f

3 . 8 . 2  Finding  n1" order  d e r i v a t i v e s .

(2) f (x)= 6x3+2x-1  Find the  second d e r i v a t i v e .  

Ans: f ' ' (x)= 36x

(2) f (x )=  (x2- l ) 2 (3x+2) Find the  second d e r i v a t i v e .

[ Don' t  s impli fy]

Ans: (12x2- 4 ) ( 3 x+2)+(4x3- 4 x ) (3 )+ 6 ( x2- 1 ) ( 2 x)

(2) f (x)=2x/(x2- l )  Find the second d e r iv a t iv e .

[Don't  s impl i fy]

Ans: [ ( X 2 - I ) 2 ( -4 x ) - ( - 2 x2- 2 ) ( 2 ) (x2- l ) ( 2 x ) ] / ( x 2- ! ) 4



159

(2) f ( x ) = x ^ ^  Find the second d e r i v a t i v e .

Ans: f ' ' (% )=  - 2z~4 / 3 / g

3.8.3 Use h i g h e r  o r d e r  d e r i v a t i v e s  t o  a p p r o x im a te  changes  i n

fu n c t io n a l  va lues .

(3) f (x )=  x^-10x^+x+2 Use d i f f e r e n t i a l s  t o  a p p r o x im a te  t h e

change in  f ' (x) as x changes from 2 t o  2.005.

Ans: .140

3.8.4 I n t e r p r e t a t i o n  o f  t h e  2n<* and 3r<* d e r i v a t i v e s  o f  a p o s i t i o n -

time graph.

( I )  T or F The slope of a p o s i t io n - t im e  graph i s  a c c e l e r a t i o n .  

Ans: F

( I )  P ( t )=  t ^  i s  a p o s i t i o n - t i m e  g raph  of an o b j e c t .  P ' ( t )  i s

i n t e r p r t e t e d  as the  ___________ of the p r o j e c t i l e .  P" ( t )

i s  i n t e r p r e t e d  as the  p r o j e c t i l e ' s  j__________ . .

Ans: v e l o c i t y ,  a c c e l e r a t i o n

4 . 1 . 1 S ta te  d e f i n i t i o n s  and use n o ta t i o n  fo r  loca l  extrema.

( I )  T or F A fu n c t io n  can take on a maximum value  e x ac t ly  once. 

Ans: F

(I) T or F Another name fo r  abso lu te  maxima and minima i s  

l o c a l  extrema.

Ans: F
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( I )  T o r  F A l o c a l  e x t r e m a  i s  t h e  l a r g e s t  o r  s m a l l e s t  

f u n c t io n a l  value on a given i n t e r v a l .

Ans: F .

(I )  T or F I f  a fu n c t io n  has a lo c a l  extremum a t  a po in t  c, 

t h e n  e i t h e r  f ' ( c ) =  0 o r  f ' ( c )  does  n o t  e x i s t .

Ans: T

(1) T or  F A c r i t i c a l  number must be i n  t h e  domain  o f  th e

fu n c t io n .

Ans: T

4 .1 .2  Finding c r i t i c a l  numbers of fu n c t io n s .

(2) Find the c r i t i c a l  numbers f o r  f (x )=  6x^+4

Ans: x=0

(2) Find the  c r i t i c a l  numbers fo r  f (x )  = x^-36x

Ans: x= 18

4.2.1 S t a t e  R o l l e ' s  Theorem and t h e  Mean Value Theorem.

( I )  S ta te  R o l l e ' s  Theorem.

Ans: . I f  a f u n c t i o n  f  i s  c o n t i n u o u s  on a c l o s e d

i n t e r v a l  [ a ,b ]  and d i f f e r e n t i a b l e  on (a ,b )  and 

f ( a )  = f ( b ) ,  t h e n  f ' ( c )=0  f o r  a t  l e a s t  one number 

in  the  i n t e r v a l  ( a , b ) .
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(2) T o r  F R o l l e ' s  Theorem means t h a t  i f  t h e  e n d p o i n t s  o f  

some p o r t i o n  of a continuous curve have the same 

fu n c t io n a l  va lue ,  then a t  some po in t  in  the  i n t e r v a l  the 

curve has  a c r i t i c a l  po in t .

Ans: T

(1) S ta te  the  Mean Value Theorem,

Ans: I f  a fu n c t io n  i s  continuous on a c losed  in t e r v a l

[ a , b ]  and d i f f e r e n t i a b l e  on (a ,b )  t h e n  t h e r e  i s  a 

c in  ( a ,b )  such t h a t  f ( b ) - f ( a ) = f ' ( c ) ( b - a ) .

(2) f (x )  = l x - 3 l  i s  d e f i n e d  on t h e  i n t e r v a l  [ 2 , 4 ] .  Does

the mean value theorem apply?

Ans: no, i t ' s  not d i f f e r e n t i a b l e  a t  x=3

I  S ta te  the f i r s t  d e r iv a t iv e  t e s t

( I )  What does  t h e  f i r s t  d e r i v a t i v e  r e v e a l  abou t  t h e  t r e n d  in

fu n c t io n a l  v a lu es  over an i n t e r v a l ?

Ans: I f  f ' ( x )>0 then  f (x )  i s  inc reas ing
I f  f ' ( x ) < 0  then f (x )  i s  decreasing
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(1) S ta te  the f i r s t  d e r iv a t iv e  t e s t .

Ans: I f  c i s  a c r i t i c a l  number of a f u n c t i o n  f  and i f

f  i s  c o n t i n u o u s  and d i f f e r e n t i a b l e  on the  

i n t e r v a l  con ta in ing  c,  then f ( c )  i s  a loca l  

maximum i f  f  i s  in c reas in g  on the l e f t  of c and 

d e c r e a s i n g  on t h e  r i g h t ,  a l o c a l  minimum o f  f  i s  

decreasing  on the l e f t  of c and inc reas ing  on the 

r i g h t ,  and c i s  n e i t h e r  a lo c a l  maximum or minimum 

i f  the  fu n c t io n  i s  e i t h e r  inc reas ing  or decreasing 

on both  s ides  of c.

4 .3 .2  Use the f i r s t  d e r iv a t iv e  t e s t .

(2) f (x )=  6x^ -9x+5 Sketch the  graph.

(2) f (x )=  x ^ - 8x^+1 Sketch the graph.

4 .4 .1  . S ta te  d e f i n i t i o n s  of concavity  and i n f l e c t i o n  p o in t s .

( I )  T or F A fu n c t io n  i s  concave-up a t  po in t  c i f  f ' ' (c)<0.

Ans: F
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T or F At a p o in t  of i n f l e c t i o n ,  the  second d e r iv a t iv e  on 

e i t h e r  side  of the p o in t  has the same s ign.

Ans: F

T or F At a lo c a l  maximum, f ' ' ( x ) >0.

Ans: F

4 .4 .2  Dse the second d e r i v a t i v e  t e s t .

(2) f (x )=  x3+10x2+25x-50

Ans: f ' ' (x)= 6x + 20

Sketch the graph.

: f ' ' (x) > 0 when x > -3 .33

f ' ' (x) < 0 when x < -3 .33

(2) Sketch a graph s a t i s f y i n g  a l l  the following c r i t e r i a :  

f ( l ) = 4 :  f ' ( x ) > 0  i f  x<l: f ' ( x ) < 0  i f  x>l: f ' ' ( x ) >0 fo r  a l l  x^l
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4 . 5 . 1 I d e n t i f y  h o r i z o n ta l  asymptotes.

(1) Horizonta l  asymptotes  may be found by examining a graph's

c h a r a c t e r i s t i c s  a t

a) p o i n t s  of i n f l e c t i o n

b) r e l a t i v e  maxima or minima

c) p o i n t s  not i n  the  domain of the  fu n c t io n

d) i n f i n i t y  

Ans: d

(2) Does f (x )=  ( x ^ - 2 x ) / (4x^+9) have any h o r izo n ta l  asymptotes? 

I f  so, f i n d  them.

Ans: f (x )=  1 /4
(3) Determine the  h o r i z o n ta l  asymptotes and sketch  the  graph of 

y= 2x / ( l + x 2 )

Ans: h o r i z o n ta l  asymptote y = 0

4 .5 .2  I d e n t i f y  v e r t i c a l  asymptotes.

( I )  V e r t i c a l  a s y m p t o t e s  may be found by e x am in in g  a g r a p h ' s  

c h a r a c t e r i s t i c s  a t

a) p o i n t s  of i n f l e c t i o n

b) r e l a t i v e  maxima or minima

c ) p o i n t s  not  in  the  domain of the  fu n c t io n

d) i n f i n i t y

Ans: c



(2) Does f (x)= 5 / (x^-4x+4) have any v e r t i c a l  asymptotes?

I f  so, f in d  them.

Ans: x=2

(3) Determine the v e r t i c a l  asymptotes and sketch  the  graph of 

f (x)= 2x ^ / ( x ^ - x - 2 )

Ans: x=-l  , x=2
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4 .5 .3  Determine the l i m i t  of an exp ress ion .

(1) The s ta tements  Iim f (x )=  and Iim g(x)= c imply th a t
x-> a x-> a

,

Iim g ( x ) / f ( x )  = ?

Ans: 0

(2) Find Iim (3x3- x 2 3+ l ) / ( 6 x 3+x-7)
X -H o  —

Ans: 1/2

(3) Find Iim (x2- l ) 1 /2 -x

Ans: O
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4 .5 .4  I d e n t i f y  v e r t i c a l  tangent l i n e s .

(1) At a p o in t  ' a '  in  the  domain of  f (x ) ,  Iim f ' (x) = ®
X - ) -  a

At p o in t  a the re  i s  a (n)

a) r e l a t i v e  maximum

b) zero of the fu n c t io n

c) asymptote

d) v e r t i c a l  tangent l i n e  

Ans: d

(2) Find the  v e r t i c a l  tangent p o in t s ,  i f  any e x i s t ,  fo r  

f (x)= (x -5 ) 2 / 3-4

Ans: x=5 or (5, -4)

4.5.5 Curve sketching involv ing  botji v e r t i c a l  and h o r i z o n ta l

asymptotes.

(2) f (x)= [ I / (x+3)^ ] +3 Sketch the  graph.

Ans:

(3) f(x)= l /x (x -2 )2 Sketch the graph.



167

4 . 6 . 1 A pp l ica t io n s  of the d e r iv a t iv e  t o  word problems.

(3) A farmerhasPOO f e e t  o f  f e n c e  t o e n c l o s e  a r e c t a n g u l a r

pas tu re  bounded on one side  by a stream and on the o th e r  3 

s i d e s  by f e n c i n g .  What d i m e n s i o n s  f o r  t h e  p a s t u r e  w i l l  

enclose  the most area?

Ans: dimensions a re  x by 900-2x

Area?= x(900-x)

A'= 900~4x=0 so x=225 and length= 450

(3.) The sum o f  two numbers  i s  40. T h e i r  p r o d u c t  of  t o  be

maximized. How w i l l  you r e p re se n t  the  two f a c to r s ?  What 

exp re ss ion  w i l l  you maximize? Find the two numbers.

Ans: x, 40-x

P= x(40-x)

x= 20 40-x= 20

(3) The product of two p o s i t i v e  numbers i s  81. Their  sum i s  to

be minimized. Find the  two numbers.

Ans: x=9 81/x = 9

(3). On the  sa le  of a s ing le  rad io ,  a company makes a p r o f i t  of 

25 d o l l a r s .  I f  m ore  t h a n  one  r a d i o  i s  b o u g h t  by a 

customer,  the  cost  per r ad io  i s  reduced by an amount equal 

t o  25 cents  fo r  each r a d io  purchased up to  60 rad ios .  What 

s ize  sa le  r e s u l t s  in  the  g r e a t e s t  p r o f i t  f o r  the  company.

Ans: 50 r a d io s

V
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4 . 7 . 1 Determine average and ins tan taneous  r a t e s  of change.

(1) Let g ( t )  be the p o s i t i o n  fu n c t io n  fo r  a time in t e r v a l  

[ t , t + h ] .  Then g l t ± h l - g l t l  i s  an express ion  f o r
h

a) ins tan taneous  r a t e  of change of p o s i t i o n

b) average r a t e  of change of p o s i t i o n

c) a c c e l e r a t i o n

d) none of the  above

Ans: b

(2) The temperature  in  degrees cen tegrade,C, i s  given by

C ( t )= 1 2 0 t - 6 t ^ .  F in d  th e  a v e r ag e  r a t e  of change of  C(t)  

d u r i n g  t h e  i n t e r v a l  (2 ,3) and th e  i n s t a n t a n e o u s  r a t e  of 

change a t  t=3.

Ans: 90, 84

4 . 7 . 2 Finding a c c e l e r a t i o n  and v e l o c i t y  as d e r iv a t iv e s .

(1) f ( t )= I 6 t ^ + 4 t - l  i s  a p o s i t i o n - t i m e  f u n c t i o n .  F ind  

exp ress ions  fo r  v e l o c i t y  and a c c e l e r a t i o n .

Ans: V= 32t+4 A= 32

(2) A p r o j e c t i l e  f i r e d  s t r a i g h t  up w i th  v e l o c i t y  200 f t / s e c  has 

a p o s i t i o n  g iv e n  by s ( t ) = - 1 6 t ^  + 200 t .  F ind  th e  o b j e c t ' s  

v e l o c i t y  and a c c e l e r a t i o n  a t  t=4 sec.

Ans: V=72 A= -32
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4.7.3 Use the d e r i v a t i v e  as a r a t e  of change in  the s o lu t io n  of word 

problems.

(4) Show t h a t  t h e  r a t e  of  change of  a sphe re  w i t h  r e s p e c t  t o  

i t s  r a d i u s  i s  n u m e r i c a l l y  equa l  t o  the  s u r f a c e  a r e a  o f  a 

sphere.

Ans: t a k e  t h e  d e r i v a t i v e  q f  th e  volume f o r m u la  w i t h

re s p e c t  to  r .

4 . 8 . 1 Using r e l a t e d  r a t e s .

(2) A metal  p l a t e  has a square c ro s s  s ec t io n  and i s  50 t im es  as 

long  on a s i d e  a s  i t  i s  t h i c k .  I t  expands  a s  i t  i s  h e a t e d ,

lengthening  in  each d i r e c t i o n  1% per min. You wish to  f ind  

the r a t e  of change of volume when the side of the square i s  

10 cm in l eng th .  What i s  dV/dt?

Ans: d s /d t= .0 1 (1 0 )= . l  V=s^/50

dV/dt= ( 3 /5 0 ) s^ds/dt=.6cm^/min

(3) A l a d d e r  13 f e e t  long  i s  r e s t i n g  a g a i n s t  a b u i l d i n g .  The

f o o t  o f  th e  l a d d e r  i s  5 f e e t  from th e  b u i l d i n g  and i s  

s l i p p i n g  a t  I  f t / s e c  away from th e  b u i l d i n g .  How f a s t  i s  

the  top of the  ladder  s l ip p in g  down the  bu i ld in g ?

Ans: -5 /24  f t / s e c
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S . 1 »1 Use summation n o ta t i o n  c o r r e c t l y .

< i )  %
n _ 
i= l  an The l e t t e r  i  i s  c a l l e d  the

a) index of summation

b) summation v a r i a b l e

c ) n o t a t i o n  i n d i c a to r

d) sigma 

Ans: a

E U  1

Ans: 2 + 5 + 1 0 + 1 7

5 . 1 . 2 Recall  a lg eb r a ic  f a c t s  fo r  summations

Z i= l

Ans: nc

Z i = I  ( a i  + b i  )

V 1 n
Z ^ i= I  # iaj  + i= l  ° iAns:
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(1) S l = I  ca I

Ans: c S i = I a I

( D  S  1=1 (a l  " b I > =

Ans: Si=IaI- Si=IbI

(1) S U i = . .

Ans: n( .n + l  ) / 2

a )  - E U  i 2 =

Ans: n( n+1 ) (  2 n + i  ) /  6

E i 3 -

Ans: ( n( n + I  ) /  2

Using a l i m i t  of r e c t a n g u la r  polygons,  f in d  the  area  under 

a curve.

. ( I )  T F  A = Iim V  * f(u .)Ax 
Ax-v 0

Ans: T
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(3) Find the  a rea  under the  curve f (x )  = 4 -  on the 

i n t e r v a l  [0 , 2 ] by tak ing  the l i m i t  of a sum of 

r e c t a n g le s .

Ans: 16/3

5 . 2 . 1 Use in t e g r a l  n o t a t i o n  c o r r e c t l y .

( I )  The l a r g e s t  subd iv is ion  of a p a r t i t i o n  of a closed 

i n t e r v a l  i s  c a l l e d  the .

Ans: norm

(I) T F  In  a Riemann Sum, the r e c ta n g le s  used to

e s t im ate  the  area  under the curve must a l l  be the same 

width.

Ahs: F

(I )  T F f  (x)dx = Iim V ' f  (w, )Ax.
I I p I U o  ^  1 1

Ans: T

( I )  For f (x)dx , the  symbol b i s  c a l l e d  the  ___

—  ■ e

Ans: upper l i m i t  of i n t e g r a t i o n

5 .2 .2  Recall  f a c t s  about i n t e g r a l  forms.

( I )  T F I f  c >. d , then  /jf f (x )dx  = / £  f (x )d x

Ans: F
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( I )  / “ f (x)dx =

Ans: O

(1) T F  I f  f  i s  continuous on [a ,b ]  then  f  i s  

in t e g ra b le  on [ a , b ] .

Ans: T

5 . 2 . 3 Given an area  expressed in  l i m i t  form, w r i te  an equ iva len t

i n t e g r a l  form.

( 2 ) Iim <2w? -  Sw1M xi  , [0.41
I I p I I -> o

Ans: / q 2x^ -  Sx dx

(2) Iim V  (w^ -  D 2Ax. , [ -1 ,1 ]
I l P l U  o  1 1

Ans: / I 1 (x3 -  l ) 2dx

5 .2 .4  Compute i n t e g r a l s  by g raph ica l  i n t e r p r e t a t i o n .

( 2 ) / q xdx =

Ans: 8
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( 2 )

( 2 )

5^3.1 Recall  

( I )

(I )

( I )

( I )

( I )

s 3 -  I  dx =

Ans: O

f  f T Z  d x  =

Ans: 3 .14/2

p r o p e r t i e s  of the  d e f i n i t e  i n t e g r a l ,

/ ^ k d x =

Ans: k(b -  a)

/g  k f (x)dx =

Ans: k f (x)dx

f ( x )  + g(x) dx =

. Ans: f (x)dx + g(x)dx

/® f (x )d x  + f (x)dx =

Ans: f (x)dx

I f  f (x) > g(x) fo r  a l l  x in  [ a ,b ] ,  then 

Ans: /jj g(x)dx

a f (x)dx 2



175

Use these  p r o p e r t i e s  to  eva lua te  i n t e g r a l s .

(2)  Ji1 7dz =

Ans: 28

( 2 ) i f  dx 14/3 and J1 xdx = 15/2

then + 3x dx

Ans: 14 y T  /3 + 45/2

(2) I f  / |  f (x )dx  = 7,  then  / fg  2f(x)dx  + / " I  2f(x)dx

Recall  the  Mean Value Theorem fo r  d e f i n i t e  i n t e g r a l s .

(1) I f  f  i s  continuous on [a ,b ]  then the re  i s  a number

in  ( a , b ) . such t h a t  f (x)dx =

Ans: f ( z ) (b -  a)

Demonstrate the  Mean Value Theorem.

(2) Zq x^ dx = 64/3 .  Find a number which s a t i s f i e s

the Mean Value Theorem f o r  t h i s  i n t e g r a l .

Ans: 14



176

Recall  the Fundamental Theorem pf Calculus .

( I )  T E  I f  F i s  any a n t i d e r i v a t i v e  of f  

f (x)dx = F(a) -  F(b)

Ans: F

( I )  T F kxr  dx = k [ br+1 -  ar+1 ]
8 T T i

Ans: T

Evaluate i n t e g r a l s  using the  power r u l e .  

( 2 ) / q x^ dx =

Ans: 1/3

( 2 ) /5  x + I  d x .=V
Ans: 28/3 

( 2 ) Zf1 dx =

Ans: 5

( 2 ) /£ 2  Ix + 11 dx =

, then

Ans: 17/2
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Use n o ta t i o n  f o r  i n d e f i n i t e  i n t e g r a l s  c o r r e c t l y .  

( I )  T F  /  2x3 dx = x4 / 2

Ans: F

( I )  In  /  f (x )d x  = F(x) + C, C i s  c a l l ed  the

Ans: cons tan t  of i n t e g r a t i o n

Evaluate  i n t e g r a l s  using a change of v a r i a b l e .  

( 2 ) / ( Z x - I ) ^ d x =

Ans: ( 1 / 6) (2x -  I  ) 3 + C

(2) /  z dz =

Ans: ( - 1 /3 ) ( 4  -  z2 ) 3 /2  + C
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APPENDIX E

REMEDIATION STRATEGIES
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CS: Concre te -Sequent ia l  l e a r n e r s  a re  l o g i c a l ,  i n d u c t i v e ,  s t r u c t u r e d ,  

p a t i e n t ,  and they l i k e  l o t s  of examples. Lead t h i s  l e a r n e r  through a 

s e r i e s  of examples which w i l l  i l l u s t r a t e  the  p r i n c i p l e  or  process  in  

q u e s t i o n .  You t a l k .  Le t  t h e  s t u d e n t  do t h e  w r i t i n g  and d ra w in g ,  

i t ' s  an im por tan t  f e a t u r e  of h i s  l e a r n in g  process .

AS: Abst r a c t - S e q u e n t i a l  l e a r n e r s  a r e  a n a l y t i c a l  and l i k e  b road  

p r i n c i p l e s , p r e f e r  d e d u c t i v e  p r o c e s s e s  t o  i n d u c t i v e  p r o c e s s e s ,  and 

w i l l  a c c e p t  y o u r  " e x p e r t "  a d v i c e  w i t h o u t  much q u e s t i o n .  R e l a t e  t h e  

problem in  qu es t io n  to  genera l  p r i n c i p l e s .  Ask lead ing  ques t ions  t h a t  

po in t  in  the  d i r e c t i o n  of the  so lu t io n .  You do the  w r i t i n g .  Get the  

s t u d e n t  t o  an sw e r  q u e s t i o n s .  The o b j e c t  i s  t o  u se  d e d u c t i v e  

reason ing ,  which these  s tuden t s  p r e f e r  over induc t ive  p rocesses .

AR: A b s t ra c t -R a n d o m  l e a r n e r s  a r e  e m o t i o n a l ,  r e f l e c t i v e  ( n o t  a p t  t o  

a c c e p t  y o u r  a d v i c e  w i t h o u t  t h i n k i n g  abou t  i t  f o r  a w h i l e  ) ,  and 

a c t i v i t y - o r i e n t e d  ( they work b e t t e r  in  groups than a lone  ). Ask t h i s  

p e r s o n  a few l e a d i n g  q u e s t i o n s  t h a t  p o i n t  t h e  way to  t h e  s o l u t i o n .  

Then send h im /her  o f f  to  th ink  about i t  and d iscuss  the  problem w i th  

o th e r  s tuden ts . .  Have h im/her  r e p o r t  back to  you f o r  r e - e v a lu a t io n .
i

CR: Concre te -Random l e a r n e r s  a r e  i n d e p e n d e n t ,  i n t u i t i v e  ( check f o r  

u n s u p p o r t e d  c o n c l u s i o n s  ) ,  and l i k e  t o  work  a l o n e .  Do s e v e r a l  

examples and ask lead ing  q u e s t io n s ,  then  send the s tuden t  o f f  to  work 

f o r  a w h i le  on h i s  own. Recheck h i s  th ink ing  when he re tu rn s .
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APPENDIX F 

EXAMINATIONS
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MTH 121

Exam I  Name............................................

P a r t  I .  Mul tip le  Choice. C irc le  the  app rop r ia te  answer.

1.  All r e a l  numbers t h a t  s a t i s f y  I 2-3x|  < 8 are

( - 2 ,  1 0 )  f - 2 ,  1 0  )
3 L 3

( -2 ,  1 0 1 None of these
3 J

2. A l i n e  w i th  equa t ion  4x -  6y +2 = 0

a) has slope

4 , 6 , 2 .  > ~JL » None of these  
3 2

b) has y - i n t e r c e p t

, 3 , 4 . _1_ , None of the  se 
3 4

3. Suppose p o in t s  A and B have co o rd ina tes  A ( - 5 , l )  and B (0 , -8 ) .  

Then

a) the  midpoint  of the  l i n e  segment AB has coo rd ina tes

(1 ,3 ) , (Ie l i S) , ( 2 , 2 )  » ( 3 , 1 )  , None of these 
2 2 3 2 2

b) the l eng th  of the l i n e  segment AB i s

15 , \ ^ 7 5  , 13.5 , \ / l7 8 , None of these
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c) the l i n e  through the p o in t s  A and B has slope

9 , 7_ • ZL  '  l i  » None of these 
5 5 5 5

4. The e q u a t i o n  o f  th e  l i n e  p a s s i n g  th r o u g h  P (6 , -5 )  and 

pe rpend icu la r  to  the  l i n e  with  equa t ion  4x - 6 y  +2 = 0 i s

3x + 2y —8 = 0 : 2x + 3y - 8  = 0 :. -3x + 2y +8 =0 :

3x -2y  +8 =0 : None of these

P a r t  II .  Short answer ques t ions  and problems. Simpli fy  each answer 

as much as p o s s ib l e .

5.  I f  f (x )  = I  and g(x) = 3x +5, f ind
I  +  x%

a) ( f  + g ) (x) =

b) ( f  * g ) (x) =

c) ( f / g ) ( x )  =

d) . the  domain of f  i s

e) the range of g i s

6 . F in d  t h e  l a r g e s t  s u b s e t  of R t h a t  can s e r v e  a s  t h e  domain of  

the  fu n c t io n  f (x) = \ / x  -  4

-  x
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7. Suppose f (x )  = S - I  i f

I 2x + I  i f

j -3 i f

3 i f

a) Graph t h i s  func t ion

b) Find Iim f (x) i f  i t  e x i s t s .  I f  no t ,  t e l l  why not.
■ x -  I+

c) Find Iim f (x) i f  i t  e x i s t s .  I f  not,  t e l l  why not.
x -> - I

d) I s  f  continuous  a t  x = - I ?  Why or why not?

e) I s  f  continuous  a t  x = I ?  Why or why not?

8 . By d e f i n i t i o n ,  a f u n c t i o n  f  i s  s a i d  t o  be c o n t i n u o u s  a t  th e

p o in t  a i f  .................. ( complete the d e f i n i t i o n  )

9. Using an i n t u i t i v e  approach, f in d  the  l i m i t ,  i f  i t  e x i s t s ,  of

a) Iim ( 1 / t  ) - I  = 
t  -> I  t  -  I

x < - I  

- I  < x < I 

x = l  

I  < x

Iim 
h-> 0

V x  + h -

I x s in  { l / ( 3 ^ x "  )} I =c) Iim 
x -»0
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1 0 . Using the e p s i l o n - d e l t a  d e f i n i t i o n  of a l i m i t ,  prove th a t

Iim ( 2 -  3x ) = -7 
x-> 3
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In problems 1-4 ,  do not s im pl i fy  your answers.

1.  I f  g(x) -  3 +  _1  + 4Jt2 , f i n d  g' (x)
Sx2f

2.  Find f ' ( t )  when f ( t ) = ( t  + 3 ) (  t  -  4 ) 2

3. For y = x2 + I  , what i s  y '  ?
2x - I

4.  Let f (x) = [ (x + 1)^ + x2 ] 2 . Find f ' ( x ) .

5. Given the fo llowing equa t ion  5x2 + 2x2y + y2 = 8 , f i n d

a) y '  in  terms of  the  v a r i a b l e s  x and y.

b) an equa t ion  of the tangent  l i n e  to  the graph a t  P d , I ) ,

6 . Find a l l  of the  c r i t i c a l  numbers fo r  the  fu n c t io n  f (x) given by

f (x) = x4 /3  + 4x1/3

7. The r a d i u s  of  a s p h e r i c a l  b a l l o o n  i s  e s t i m a t e d  t o  be 10 in c h e s  

w i th  a maximum e r r o r  in  measurement of 0.1 inches. Use d i f f e r e n t i a l s  

to  e s t im ate  the  maximum e r r o r  in  the  c a l c u l a t e d  volume of the  sphere.

8 . The domain o f  t h e  f u n c t i o n  f (x )  = ( x -  I  ) 3 i s  th e  s e t  of  a l l

r e a l  numbers. For t h i s  func t ion ,  f ' (x) = 3( x -  I  ) 2 .

a) Determine on which i n t e r v a l s  f (x) i s  inc reas ing  and on which 

i n t e r v a l s  f (x) i s  decreas ing .

b) I d e n t i f y  a l l  lo c a l  maxima and a l l  loca l  minima of f ( x ) .

MATH 121

Ezam 2 Name........ ...............................
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9. Find both  the abso lu te  minimum and the abso lu te  maximum value of 

the  fu n c t io n  f (x )  = - 2^ + 3x -  4 on the  i n t e r v a l  |*-3, 4 j

10. In  a) and b) b e low ,  use  th e  d e f i n i t i o n  o f  th e  d e r i v a t i v e  of  

f (x )  t o  show t h a t  the  given f ' ( x )  i s  the  d e r iv a t iv e  of f ( x ) .

a) f (x )  = x^ - I  f ' ( x )  = 2x

b) f (x ) f ' (x) = 2x + assume x > 0

11. S ta te  the Mean Value Theorem.
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SHOW ALL WORK

1. Le t  f ( x )  = 2x^ + 9x^ — 24x + I .  F in d  t h e  c o o r d i n a t e s  of  th e  

l o c a l  maximum and minimum p o i n t s  o f  f . D e sc r ib e  t h e  i n t e r v a l s  i n  

which f  i s  in c re a s in g  or decreas ing .

2. Given f " ( x )  = 6x + 2, f ' ( 0 )  = I ,  and f(0)  = 2, f i n d  f ( x ) .

3. . A b a l l  i s  t h r o w n  upward, from ground l e v e l  and ha s  p o s i t i o n

equat ion  s ( t )  = -1 6 t^  + 144t ( i n  f e e t  ).

Find a) the  a c c e l l e r a t i o n  when t  = 3.

b) the maximum h e igh t  of the b a l l .

4. Given t h e  f o l l o w i n g  i n f o r m a t i o n ,  s k e t c h  an a c c u r a t e  graph  and 

la b e l  a l l  extrema and p o in t s  of i n f l e c t i o n .

f ( - 2 ) = f ( 2 ) = O f ( - l )  = f ( l )  = I  f ( 0 ) = 2

Iim f  (x) = <*> Iim f (x )  =
x -> -3 x -> 3

f ' ( - 2 )  = f ' (O) = f ' ( 2 )  = 0 only a t  these p o in t s

MATH 121

Exam 3 Name............................ ...........

liffl f  (x) = -=O Iim f (x) = Iim f  (x) =. 0
x->3+ X "*■ CO ?M

f ' ' (x) > O o n ( —3) U ( - 3 , - 1 )  D (1,3)

f ' ' (x) < O o n ( - 1 ,1 )  U ( 3, «0 )
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' 5. F ind  th e  a r e a  unde r  th e  g rap h  o f  f ( z )  

in s c r ib ed  r e c t a n g l e s .  Recall  t h a t  i

f rom  0 t o  I  u s in g

n( n+1 )
2

and th a t  ^ i = I  “  n( n+ 1  ) ( 2n + I  )
6

6.  I f  a box w i t h  a sq u a re  b a se  and an  open to p  i s  t o  have  4 cu b ic  

f e e t  of volume, f ind  the  dimensions t h a t  r e q u i r e  the l e a s t  m a t e r i a l .

7. P o i n t  P ( x ,y) moves on the  g ra p h  of  t h e  e q u a t i o n  y = + x^ + I ,  

t h e  x - c o o r d i n a t e  chan g in g  a t  a r a t e  of 2 u n i t s  p e r  second.  F ind  t h e  

r a t e  a t  which y i s  changing when x = 10  u n i t s .

8 . At 1 :00  p.m. , s h ip  A i s  25 m i l e s  due n o r t h  of s h ip  B. I f  sh ip  A 

i s  s a i l i n g  e a s t  a t  a r a t e  o f  16 mi / h r  and sh ip  B i s  s a i l i n g  n o r t h  a t  

a r a t e  o f  20  m i / h r  , f i n d  t h e  r a t e  a t  w h ic h  th e  d i s t a n c e  b e tw e e n  t h e  

ships  i s  changing a t  1:30 p.m.
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MATH 121

Final Exam'' Name

SHOW ALL WORK

1, Line L c o n t a i n s  p o i n t s  (1 ,1) and ( 2 ,4 ) .  W r i te  an e q u a t i o n  of  t h e  

l i n e  M which i s  pe rpend icu la r  t o  l i n e  L a t  the po in t  ( 0 , - 2 ) .

2.  Write an equa t ion  of the  l i n e  which i s  tangent to  the  curve

a) The l a r g e s t  subset of the  r e a l  numbers t h a t  can serve as the  

domain of F.

b) F ( F (0 ) )

c ) F(3)

Complete the  fo l lowing  l i m i t s  i f  they e x i s t .  I f  not,  w r i t e  ndoes 

not e x i s t n .

x2 + xy + 4y2 = 6  a t  the po in t  (1 ,1)

3. Given F(x) = , f ind :

4.  Iim 
x -* 2

5. Iim x( x -  I  ) 2^2 
x -> I

6.  Iim
4+

x + h + I x + I7. Iim 
h ->0 x + h

h
x
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8. A p i e c e  o f  w i r e  80 i n c h e s  lo n g  i s  t o  be b e n t  i n t o  a r e c t a n g u l a r

f ram e .  What d i m e n s i o n s  shou ld  be c hosen  so t h a t  t h e  a r e a  of the  

r e c ta n g le  enclosed i s  a maximum ? ( Show a l l  work i. )

9. Use the  fo l lowing  graph to  answer these  ques t ions .  In ques t ions  

a—d, f i n d  each l i m i t  i f  i t  e x i s t s .

a )  . Iim f (x) =
x-> - 2

b) Iim f ( x )  =
x + - l +

c ) Iim f  (x ) .=
x-*- - 1“

d) Iim f (x )  = 
x ^  2+

e) I s  f  continuous  a t  x = - I  ?

f )  I s  f  continuous  a t  x = 2 ?

g) I s  f  d i f f e r e n t i a b l e  a t  x = 2 ?

h) I s  f  d i f f e r e n t i a b l e  a t  x = -2  ?

10. f (x ) = ( x2 -  8 ) “1 /3  Find f ' ( l )

11. Given F(x) = x3 + 8^/x" f i n d  F ' " ( I )
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2 212. Suppose x + 4xy — = 4 i m p l i c i t l y  d e f i n e s  y a s  a f u n c t i o n  of

x.

a) Find y ' a t  the  po in t  (1,1)

b) Find y ' ' a t  the po in t  (1 ,1)

13. , Given G(x) = ax^ + bx + I  , d e t e r m i n e  v a l u e s  f o r  a and b such 

t h a t  G has  a l o c a l  maximum of 7 a t  x -  - I .

14. Two boa ts ,  A and B, s t a r t  from the same po in t  and move away from 

each o th e r  along pa th s  t h a t  are  pe rpend icu la r .  I f  boat A t r a v e l s  a t  6 

m i l e s  p e r  hour  and b o a t  B t r a v e l s  a t  8 m i l e s  p e r  h o u r ,  a t  what r a t e  

are they sepa ra t ing  two hours l a t e r ?

Evaluate  the  fo llowing i n t e g r a l s .

15. /  <x2 + I ) 2 dx

16 /  (I  -  xlZ4 + x™3/4  ) dx

17. /§  x3 jl/x4 + 9 . dx

18 Z2 ( s3 + 2s2 + I  ) ds
"p.

19. /  2w + I  dw

+ w
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20. Using the formula A = Iim 2 i = i  f (U^)Ax
n->- »

w i t h  u^ b e in g  th e  l e f t  end p o i n t  o f  t h e  i t h  i n t e r v a l ,  show t h a t  the  

a r e a  u nde r  t h e  cu rve  f,(x) = I  -  x from x = 0 t o  x = I  i s

e x a c t l y  1/2.  You may need these  fo rm ulas :

E ? = i  i n( n + I  ) 
2

E i = I  i2 = a + I  )(2n  + I )
6
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