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ABSTRACT 

I n  contemporary laboratory-oriented science programs, s tudents f  

repor t s  of invest igat ions  a re  a major component of i n s t ruc t i on  and 

evaiuation. A question a r i s e s  regarding the  e f f e c t s  of t he  method of 

grading these repor t s  and the  frequency of the  grading on s tudents '  

achievement. Previous s tud ies  general ly  have s h o p  p a r t i a l  schedules 

of grading t o  pos i t ive ly  influence achievement r e l a t i v e  t o  marking dl 

assignments. The influence of wr i t t en  comments plus  grades versus 

grades alone i s  f a r  from c lear .  Moreover, no research has examined 

both f ac to r s  simultaneously. 

This study examined the  influence of grading procedures on 

laboratory report  marks, length of repor t s ,  and post-unit achievement 

m e r  e igh t  weeks, I n  a 2 x 2 f a c t o r i a l  design, s tudents  wi thin  each 

of two junior-secondary biology c l a s se s  were randomly assigned t o  

receive ( a )  grades alone o r  grades plus  correct ive  comments on (b )  

every laboratory report  (continuous schedule) o r  a sample of 

approximately ha l f  the  repor t s  ( p a r t i a l  schedule). 

Analyses of variance showed no treatment e f f e c t s  on average 

laboratory report  marks o r  average length. Using Gates-McInitie 

vocabulary subtes t  scores t o  represent  general  a b i l i t y ,  ana lys i s  of 

covariance showed continuous schedule grading t o  s i g n i f i c a n t l y  enhance 

achievement r e l a t i v e  t o  the  p a r t i a l  schedule (p  = .04). Grades alone 

on repor t s  produced marginal increases  i n  achievement over grade plus 

wr i t t en  comments (p  = .12). No in t e r ac t i ons  were s t a t i s t i c a l l y  

iii 



signif icant .  

This study, conducted under normal classroom conditions while 

maintaining rigorous experimental controls,  has d i rec t  implications 

f o r  teachers. Specifically,  while a l l  o r  almost all student assignments 

should be marked, extra time spent i n  writing corrective comments f a i l s  

t o  y ie ld  gains i n  overal l  achievement and has no benefit  t o  achievement 

in day-to-day assignments. This extra  time may be more profi tably used 

fo r  other teaching ac t iv i t i e s .  
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CHAPTER I 1 

INTrnDUCTION 

Over t h e  past  decade, junior secondary school science programs have 

emphasized student laboratory a c t i v i t i e s .  A major product of these  

a c t i v i t i e s  a r e  t h e  r epo r t s  wr i t t en  by t h e  s tudents  which descr ibe  

experiments o r  projects .  I n  these  r epo r t s ,  da ta  a r e  recorded and 

described,  observations of what occurred a re  l i s t e d ,  and explanations of 

observed events a r e  offered. The repor t  subsequently becomes one of t h e  

major sources contr ibut ing t o  t he  t eacher ' s  evaluat ion of students.  

Marking laboratory r epo r t s  genera l ly  cons i s t s  of two functions:  

assigning a grade, and commenting on and correct ing t h e  content  of t h e  

repor t .  A s  t he  t eacher ' s  time i s  l imi ted ,  t h e  t eacher ' s  a c t i v i t i e s  must 

he j u s t i f i e d  i n  terms of doing th ings  i n  proportion t o  t h e i r  r e l a t i v e  

contr ibut ion t o  promoting student learning.  It i s  assumed t h a t  s tuden ts t  

a c t i v i t i e s  i n  producing laboratory r epo r t s  a re  benef ic ia l  inf luences  on 

s tudents '  achievement. Given t h i s  assumption, severa l  c r i t i c a l  i s sues  

bearing on teachers '  use and marking of l abora tory  r epo r t s  can be ra ised.  

I S  it b e t t e r  t o  grade, comment and cor rec t  student l abora tory  r epo r t s  o r  

i s  merely grading t h e  r epo r t s  adequate? From t h e  same t h e o r e t i c a l  

perspective,  one can a l s o  ask i f  t h e  schedule of grading s i g n i f i c a n t l y  

inf luences  learning? 

A number of inves t iga t ions  have examined t h e  e f fec t iveness  of 

grades and comments f o r  enhancing student learning.  The schedule of 

marking, whether p a r t i a l  o r  complete, has a l s o  been t h e  subject  of p r i o r  

research. This study examined student achievement i n  a l abora tory  

Science course a s  a function of two fea tures  of marking: method and 
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schedule. More spec i f i ca l l y ,  t h e  condit ions examined i n  a f a c t o r i a l  

design were grades with l im i t ed  comments only, versus grades plus  

de t a i l ed  comments and corrections;  and grading all repor t s ,  versus 

grading only a portion of them. 

A number of f ea tu re s  d i s t inguish  t h i s  study from most others.  

Rather than using un ivers i ty  s tudents ,  t h i s  study used junior secondary 

students. Also, s tudents  within two c lasses  were randomly assigned t o  

t h e  fonr  treatment groups thus  el iminating t h e  problems associated with 

using i n t a c t  classrooms. Moreover, a va r i e ty  of techniques were used t o  

maintain normal classroom condit ions t h a t  were equivalent among t h e  

treatment groups. Moreover, t h e  length of t h e  study was near ly  a f u l l  

term - approximatley two months. Each of several  of t he se  Z.f ems usua l ly  

was absent in preceeding research s tud ies ,  r e su l t i ng  in l imi t a t i ons  on 

t h e i r  f indings ,  tLese l im i t a t i ons  were circimvent ed i n  t h e  present 

research. 



CHAPTER I1 

RELATED RESE;ARCH 

The l i t e r a t u r e  review i s  presented i n  t h r ee  sections.  The f i r s t  

surveys t he  l i t e r a t u r e  on t h e  e f f e c t s  of grading and comments on 

achievement. The second sec t ion  dea l s  with t h e  f a c t o r  of sampling 

s tudent  work f o r  grading - p a r t i a l  o r  complete. A c r i t i c a l  survey of t h e  

research  i n  each of these  a reas  i s  provided. F ina l l y  a summary i s  given 

of t h e  research f o r  each f ac to r  a s  it appl ies  s p e c i f i c a l l y  t o  t h i s  study. 

I n  each sec t ion  an attempt was made t o  f i nd  a f a i r l y  s i gn i f i c an t  study t o  

provide an h i s t o r i c a l  pe rspec t i \ ?  on t h e  problem. This i s  followed up 

by current  research t h a t  app l ies  t o  t h i s  invest igat ion.  

Grades and Comments 

Most s t ud i e s  on grading examined t h e  e f f e c t s  of grades a s  incen t ives  

t o  s tudents  t o  improve t h e i r  performance, although t h e  use of grades 

alone a s  incen t ives  was r a r e  i n  these  studies.  That i s ,  most research 

examined t h e  influence of grades combined with other  fac tors .  While most 

o f  t h e  s t ud i e s  were conducted a t  t h e  un ive r s i t y  l e v e l ,  some s tud i e s  

us ing elementary and secondary s tudents  were located. 

Of t h e  s t ud i e s  r e l a t ed  t o  t he  use of teacher  comments t o  improve 

performance, only a few could be found t h a t  explored t h e  e f f e c t s  of 

w r i t t e n  comments. A l l  of these  employed wr i t t en  comments i n  conjunction 

wi th  o ther  var iab les  such a s  grades, verbal  p r a i s e ,  and monetary reward 

(e.g. Houten, H i l l  & Parsons, 1975). L i t t l e  research has been done on 4 

t h e  e f f icacy  of d i f fe ren t  c h a r a c t e r i s t i c s  of comments Such a s  t h e  type,  

t h e  content ,  o r  t h e  length  of comment made. 



An in teres t ing  contradiction i n  r e s u l t s  regarding the  e f f ec t s  of wri t ten 

teacher comments on achievement seems t o  indicate  t h a t  the effectiveness 

of wri t ten comments on student performance might depend on the length and 

spec i f i c i ty  of the  comments. Hammer (1971) examined the  e f f ec t s  of 

d i f f e r e n t i a l  wri t ten teacher comments on student performance as  measured 

by scores achieved on a teacher-prepared examination. The experimental 

treatment consisted of specif ic  comments i n  addition t o  a grade, whereas 

the  control group received only grades on t h e i r  examination papers. 

Using undergraduate physics students, he found t h a t  wri t ten comments i n  

addition t o  a grade had l i t t l e  e f fec t  i n  improving performance on 

subsequent examinations. 

Hammer's study attempted a p a r t i a l  rep l ica t ion  of e a r l i e r  work by 

Page (1958) which had shown t h a t  wri t ten comments did improve performance. 

These e a r l i e r  r e s u l t s  seem t o  be coincident with the findings of others on 

the  e f fec ts  of vocal praise  ( ~ e t i s h ,  1973, Houten e t  a l ,  1975). 

Hammer's rep l ica t ion  study used short wri t ten comments and the  subjects 

were of universi ty  level.  I n  Page's i n i t i a l  research the  treatment 

employed longer comments, but was conducted with secondary school students 

a fac tor  which hampers d i r ec t  comparison with Hammer's study. Stewart and 

White (1976) a f t e r  analysing the  lack of success of t h i r t e e n  s tudies  which 

attempted to  repl ica te  Page's work, concluded t h a t  wr i t ten  comments were 

l e s s  effect ive a t  the  elementary and secondary l eve l s  than a t  universi ty  
4 

levels.  Where comments were effect ive,  they tended t o  be longer i n  

length,  specif ic  t o  each student, and encouraging i n  nature. 

Although the  use of grades i s  common i n  education, only recent ly 



have t h e i r  e f f e c t s  on s tudents  been t h e  subject  of se r ious  study. 

Cullen, Cullen Jr., Hahow and Plouffe (1974), using high school 

s tudents ,  found t h a t  when grades were used a s  rewards, they  had a 

s t rong pos i t ive  e f f ec t  on t h e  completion of assignments. The use of 

grades a s  negative incent ives ,  i.e. marks subtracted from f i n a l  grade,  

a l s o  resu l ted  i n  a high r a t e  of assignment completion. 

Kositsky and Franken (1970) found t h a t  grades had a s t rong pos i t i ve  

e f f e c t  on student performance a t  t h e  un ivers i ty  undergraduate l eve l .  

Their  r e s u l t s  showed t h a t  s tudents  whose assignments were graded 

performed a t  a higher l e v e l  on a wr i t t en  assignment than s tudents  who 

d i d  not receive grades, The performance of s tudents  a t  t h e  graduate 

l e v e l  has a l s o  been shown t o  5mprove when s tudents  competed f o r  grades 

 lark, 1969). Clark 's  work demonstrated t h a t  competition f o r  grades on a 

research assignment produced s i g n i f i c a n t l y  higher performances. 

The e f f ec t s  of grades upon a t t i t u d e s  were addressed i n  a study 

using un ive r s i t y  s tudents  by Bostrom, Vlandis and Rosenbaum ( 1960). 

Students were required t o  wr i te  an essay defending a pos i t i on  contrary  

t o  t h e i r  own. Grades of A and D were assigned randomly t o  t he  treatment 

groups. Students who received high grades showed a g rea t e r  s h i f t  i n  

a t t i t u d e  towards t he  pos i t ion  taken i n  t h e  essay than  d id  those  who 

received no grade. A t t i t ud ina l  e f f e c t s  of poor grades and no grades were 

indist inguishable.  Another ind ica t ion  of t he  e f f ec t s  of grades on 

a t t i t u d e s  i s  t he  work of Bridgham (1972). He found t h a t  t h e  opportunity ' 

f o r  higher grades was g r ea t e r  i n  some courses than i n  o thers  and t h a t  t h i s  

factor influenced s tudents1 course se lect ion.  H i s  work was done on 
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enrollment and grading i n  science courses where he found a se r i e s  of 

s igni f icant  posi t ive correlat ions (p 4 .05) between the  s i ze  of the  

par t icu lar  science course enrollments and ease of grading i n  the course. 

It i s  unclear from the study whether the  higher means f o r  the  d i s t r ibu t ion  

of grades necessarily implies tha t  higher grades were eas i e r  t o  obtain. 

Perhaps select ion by the student himself put br ighter  students i n  the  

c l ssses  G r  the  grading system was ~ i n i l a r  but the  course content was 

different .  Another author ( ~ i e t r i c h ,  1973) has discounted the  negative 

e f f c s t s  of lower grades upon enrollment i n  his study of physics courses i n  

a la rge  number of high schools. Dietr ich 's  r e s u l t s  did not support the  

previous contention, t h a t  lower grading pract ices  discourage enrollment. 

He found t h a t  physics teachers i n  schools with high physics enrollment 

tended t o  be more severe graders than those i n  schools with lower physics 

enrollments. While the e f f ec t s  of grades on a t t i t udes  do not r e l a t e  

d i r e c t l y  t o  the fac tors  being examined i n  t h i s  study, they do demonstrate 

the  potent effect of grades on other aspects of the learning s i tuat ion.  

Schedules of Grading 

The l a s t  group of s tudies  r e l a t e s  t o  methods of sampling student 

assignments fo r  The main focus here was on the r e l a t ive  

effectiveness of grading a l l  assignments ( a  complete schedule) versus 

grading only some of the assignments ( a  p a r t i a l  schedule). Jenkins and 

Stanley (1950) extensively reviewed the  e f f ec t s  of p a r t i a l  and complete 

Schedules of reinforcement on the acquisi t ion and resis tance t o  ext inct ion 

of learning. They found t h a t  while learning appears t o  be grea ter  i n  the 

i n i t i a l  stages when a continuous schedule i s  used, over a longer period a 



p a r t i a l  schedule i s  more ef fec t ive  i n  promoting retention. For the  

purposes of t h i s  study the preceding research provides a framework f o r  

observation t h a t  may indicate  tha t  when grades a re  assigned on a p a r t i a l  

schedule, the i n i t i a l  learning may not be greater  than on a continuous 

schedule, but re tent ion might be grea ter  a f t e r  an in t e rva l  of time. 

Chansky (1960), found t h a t  learning occurred more rapidly when grades 

were given continuously than when they were given on a p a r t i a l  schedule. 

The study explored the a b i l i t y  of universi ty  l e v e l  students t o  r e c a l l  

information when the number of correct responses acted as  the  dependent 

variable. Ph i l l i p s  (1965), i n  a study using general psychology students,  

examined the e f fec ts  of p a r t i a l  grading on 'essay-type' achievement t e s t s .  

While h i s  experiment lacked controls and random assignment, he found t h a t  

a p a r t i a l  grading schedule tended t o  increase the  motivation f o r  more 

thorough study. Thus, this method of grading seems t o  provide a means f o r  

a teacher t o  reduce marking load while maintaining learning, or  an 

atmosphere which promotes learning. 

Research tha t  bears more d i r e c t l y  on the present study i s  provided by 

Cohen (1971). He studied the e f f ec t s  of evaluating student laboratory 

reports  on d i f fe rent  grading schedules i n  grade nine. The r e s u l t s  showed 

t h a t  the  number of acceptable laboratory reports  submitted was unrelated 

t o  the  grading schedule, i.e. continuous or p a r t i a l ,  Since the  students 

i n  the  study were not randomly assigned t o  the  treatments and were of 

above average in te l l igence ,  a generalization about the time-saving value 

of p a r t i a l  grading i s  tenuous. Further, since Cohen col lected one 

laboratory report  per week from each student, the  question might be raised 
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a s  t o  whether the lack of s ignif icant  difference i n  achievement a t  the  end 

of the  study between the p a r t i a l  and continuous groups was due t o  the 

ra ther  long in t e rva l  of over one week between submitting the report  and 

receiving the grade. Perhaps a shorter  in t e rva l  would have improved the 

e f f ec t  of the grades. The study does, however, r a i se  some important 

questions about the practice of grading each student 's  report  i n  science 

classes. 

Other research ( ~ o s e n f e l d ,  1972) indicated t h a t  students' l e v e l  of 

intel l igence i s  closely re la ted  t o  the effectiveness of regular classroom 

reinforcement and a lso  t o  the degree of improvement noted. High 1.Q. 

students improved t h e i r  performance on arithmetic t e s t s  s igni f icant ly  

more (.01,L 15.05) than oth?r 1.Q. groups when classroom reinforcement 

included grades and teacher praise. Specif ical ly ,  more i n t e l l i g e n t  

students showed the  greatest  increases i n  performance, under most types of 

incentive s . 

Summary 

I n  summary the evidence suggests t h a t  grades have a consis tent ,  

powerful and posi t ive effect on student achievement. There i s  pome 

suggestion, however, t h a t  the a b i l i t y  of the  student and the  type of grade 

received, i.e. mark versus mark plus comments, f o r  an assignment or  t e s t  

bears on the  effectiveness of grades i n  improving achievement or h. 

performance. The precise e f f ec t  of the length and spec i f i c i ty  of wr i t ten  

teacher comments on student achievement has not been properly c la r i f ied .  

Studies on schedules of grading, i.e. p a r t i a l  or  complete, suggest t h a t  
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properly applied p a r t i a l  grading schedules can benefit  student 

achievement a s  much as  continuous grading practices. I n  t h i s  study, we 

have attempted t o  c l a r i f y  the  e f f ec t s  of the two variables  discussed i n  

t h i s  review, namely, marking schedules and wri t ten comments. The wri t ten 

comments have a high spec i f i c i ty  t o  overcome the l imi ta t ions  found i n  

other studies. The data gathered i n  t h i s  study on the e f f ec t s  of types 

of scheduling w i l l  hopefully resolve some of the confl ic t ing r e s u l t s  i n  

t h i s  area. 



CHAPTER I11 

r n 0 D  

Subjects 

The t a rge t  population f o r  t h i s  study consisted of students enrolled 

i n  laboratory-oriented junior secondary science programs where the  marking 

of wr i t ten  repods by the  teacher served the functions of reinforcing 

student behaviour and providing information f o r  evaluation. 

The sample f o r  the study consisted of a t o t a l  of 53 heterogeneously 

grouped grade eight science students each of whom part ic ipated i n  one of 

two separate science classes.  The students came from a wide range of 

socio-economic backgrounds, with a f a i r l y  high percentage (approximately 

f+@) coming from single-parent and recent immigrant homes. The school 

operated on a ro ta t ing  eight block cycle with f ive periods sach day. I n  

this way, students received f ive  1-hour science classes  over every eight 

School days. The two c lasses  were scheduled i n  consecutive blocks. 

Students had been assigned t o  t h e i r  c lasses 'by  a computer prepared 

timetable. Pr ior  t o  t h i s  study they had spent approximately f ive  months 

i n  the  science course within which t h i s  study was conducted. I n  the  

laboratory, the students worked i n  pa i r s  a t  1 of 6 s ta t ions.  Each 

s t a t i o n  contained the  working area f o r  two p a i r s  of students. Whenever a 

c l a s s  s i ze  exceeded 24 members, provision was made fo r  some students t o  

work as  a group of three.  

The exis t ing pa i r s  of students i n  both classes  were randomly 

assigned t o  1 of the 4 treatment groups i n  the study, so tha t  all four 

treatment groups were represented i n  each class.  Thirteen students 

Part ic ipated i n  3 of the  4 groups. The fourth group contained 14 



student s. 

Background 

The general format f o r  each c lass  period involved three  aspects. 

First, it began with a short  discussion of t h e  previous l abora to r j  

experiment. This was followed by preparation f o r  t h e  next laboratory 

exercise,  including any special  ins t ruc t ion  about the  procedure and t h e  

write-up of t h e  report. There were usual ly about 35-40 minutes remain- 

ing i n  t h e  period f o r  t h e  students t o  complete t h e  experiment and t h e  

report  associated with it. A n  example of t h e  general out l ine  f b r  

laboratory reports  i s  presented i n  Table I. 

TABLE I 

General Outlin? f o r  Laboratory Reports 

Student ' s Name 

Partner' s Name 

Problem: Copy t h e  t i t l e  from t h e  tex t .  

Procedure: Answer t h e  questions i n  heavy p r in t  
i n  t h e  procedure. 

Include data t ab le s  and graphs 
if' required. 

Use f u l l  sentences. 

Conclusions: Answer t h e  assigned questions a t  
a t  t h e  end of t h e  exercise. 

Pr ior  t o  the  study i t s e l f ,  laboratory reports  were col lected from 

each student on the  average of one per week. A l l  s tudents handed i n  a 

report on t h e  same laboratory when requested. The students were not 

Ware t h a t  a report  would be col lected u n t i l  t h e  l a s t  f i f t e e n  minutes of 



the  laboratory period, a t  which time the teacher announced t h a t  the 

reports  were t o  be handed in.  The reports  were graded on a scale of 

zero t o  f ive with zero assigned only t o  those students whose reports  were 

not handed in. The reports a l so  received comments indicat ing whether 

students recorded par t icu lar ly  good observa t iox  or reached as tu te  

conclusions. Careless work habi ts ,  such as  incomplete work or i l l e g i b l e  

writ ing, were a l so  noted. Errors i n  arithmetic,  spel l ing and sentence 

s t ructure were corrected. Encouraging comments of a more general nature 

such as "A very well wri t ten labt'  and "This i s  a good example of careful  

workm were used frequently when appropriate. 

Materials 

The students spent a t o t a l  of 20 hours i n  the laboratory during the 

study. Ins t ruc t ion  for  all students was delivered by the  same teacher,  

who was a l so  the researcher. The laboratory exercises were taken from 

the text :  Introducing Science Concepts i n  the Laboratory (M. Schmid, 

ed i to r ,  1973), spec i f ica l ly  Unit Two: "Living Things Detect and Respond 

t o  Stimuli" (pp. 51-100). While some of the experiments outlined i n  the 

t ex t  were followed exactly,  others were modified considerably by the 

experimenter-teacher. The uni t  cons is t s  of invest igat ions of plant and 

animal responses t o  s t imul i .  Plants  were examined f o r  t h e i r  responses t o  

l i g h t  and gravi ty  while earthworms and a select ion of arthropods were 

studied fo r  t h e i r  responses t o  l i g h t ,  moisture, and other stimuli. The 
L 

uni t  consisted, i n  pa r t ,  of experiments where various types of seeds were 

germinated and allowed t o  develop i n t o  seedlings. 
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Treatments and Procedure 

Students were randomly assigned within each class  t o  one of the  four 

treatment groups. A l l  groups were required t o  hand i n  a l l  laboratory 

reports  in order t o  control t h e  possible reinforcing ef fec t  t h a t  handing 

in reports  might have on students. The llcomplete sampling but grades 

onlyt' group (c,G) received only a grade f o r  every report handed in. The 

"compiet e s a p l i n g  with grades and comment sw group ( c , G+c ) received 

written comments and corrections on a l l  reports  i n  addition t o  grades. 

The "pa r t i a l  sampling but grades only" group (P,G) was given gr: des only 

f o r  a sampling of t h e  reports  handed in whereas t h e  "pa r t i a l  sampling with 

grades and comments" group (P,G+c) received t h e  written commsnts along 

with grades. For t h i s  study, p a r t i a l  sampling consisted of marking every 

other  one of t h e  12 reports. With only minor exceptions, these were 

a l te rna te  reports. The following f a c t o r i a l  matrix (Figure 1) depicts  t h e  

four treatment groups: 

FIGURE 1 

Method of Marking 

Grades only Grades plus 
Comments 

Complete 
Method of 
Sampling P a r t i a l  

A s  some laboratory exercises required several periods t o  complete, 
* 

students were often recording and data  on several experiments 

during a s ingle  period. men an experiment was f inished t h e  e n t i r e  c lass  



handed i n  t h e i r  reports. 

All reports ,  marked and unmarked, were returned t o  the  students 

a t  the beginning of the following science period. While a l l  reports  

were graded f o r  the purposes of analysis,  students i n  the groups on the  

p a r t i a l  schedule were informed of t h e i r  grades on only half  of the  

report  s . 
Grading Procedure 

Standardization of the grades given t o  students was obtained by 

Specifying the exact content reqclred i n  each laboratory report  t o  

receive a grade of f ive,  four ,  three,  two or  one. Zero was reserved 

.only f o r  those students who fa i l ed  t o  hand i n  a report. Before comments 

were made on students' reports  i n  the  G+C groups, a l i s t  of student 

e r rors  was constructed based upon the  past experience of the teacher. 

Each e r ro r  was then matched with a s ingle  wri t ten comment t o  ensure 

t h a t  the same comment would be used fo r  the same e r r o r  on a l l  reports  

with tha t  e r r o r  which received comments. Errors i n  spel l ing and 

arithmetic were corrected on a l l  reports  from a l l  groups. The only 

addi t ional  notation used on a l l  reports  of the C ,G  and P,G groups was 

a "?ll fo r  missing material. An example of how the  grading and comments 

were standardized 'is given i n  Table 11 f o r  the f i r s t  laboratory i n  the  

unit. The comments applied only t o  the C,&C and the  P,G+C groups. 

These comments were spec i f ic  t o  the  f i r s t  laboratory and a r e  included 

a3 an example of t h e  type of comment made. Each laboratory exercise 

had a separate se t  of comments, though there  were ,comments common t o  a 

number of laboratories.  



TABU I1 

Errors, Standardized Comments, and Grading Scheme f o r  Exercise 2-1: 

((Planting an Experimental Garden" (~chmid ,  p. 55-58) 

Errors comment s / ~ o r r e c t i o n s  

1. Prablem not given "See t i t l e  in the  t e x t  ." 
2. Incomplete sentences "Use f u l l  sentences please!" 

30 Sketches required i n  
s t ep  9: ( a )  wrong s i ze  "1s t h i s  r ea l ly  4.X t he  actual  size?" 

(b) unlabelled List t h e  missing par t s  with a question 
mark beside t h e  l is t .  

(c )  mislabelled Use arrows t o  indicate  t h e  correct part .  

(d) without sketch "Sketch magnification?" 
magnification 

4. Incorrect prediction of nWhich part  looks l i k e  ( leaves)? 
mature names of plumule, 
rad ic le  and hypocotyl 

-- - 

Grading Scheme 

'5 - All observations included and correct. Drawings correct s i z e  with 
a l l  l abe l s  cor rec t ly  placed. 

4 - One o r  two minor e r rors  in observations and/or drawings (such a s  
2,  3 (c ) (e ) ,  and 4 above). 

3 - One major e r ro r  such a s  3(a), (d )  above) o r  up t o  three  minor e r rors  
in observations and/or drawings. 

2 - More than one major e r ro r  o r  th ree  minor e r rors  in observations 
and/or drawings. 

1 - Report incomplete. 

0 - Report not handed in. 

A Copy of a marked report complete with comments i s  included i n  Appendix D- 
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Test Instruments 

Before the  study began a l l  students completed the  vocabulary section 

Of the  Gates McInitie Reading Test, Survey E, Form 2. This measure was 

used a s  an indicator  of general mental ab i l i ty .  The t e s t  has a spli t-half  

r e l i a b i l i t y  coeff ic ient  corrected by the  Spearman-Brown formula of +. 89, 

a tes t-retest  r e l i a b i l i t y  (pearson coeff ic ient  ) of +. 80 and a correlat ion 

with the Lorge-Thorndike Verbal I.Q. of +.74 f o r  the grade eight students 

par t ic ipat ing i n  t h i s  study. 

The main dependent variable,  student achievement, was measured by a 

teacher-prepared t e s t  containing 52 multiple choice and matching items. 

The t e s t  i s  reproduced i n  Appendix A. The select ion of the t e s t  items 

and t h e i r  revision had been aq ongoing process over a four year period. 

The t e s t  requires approximately 45 minutes t o  complete and can be eas i ly  

administered within a regular c l a s s  period, Measures of cent ra l  tendency 

and variat ion,  calculated from the scores of 47 grade eight students who 

Completed the t e s t  i n  a previous year appear i n  Table 1 of Appendix B. 

The in t e rna l  consistency coeff ic ient  of the  t e s t  f o r  t h i s  e a r l i e r  

administration was +.72 using the Kuder-Richardson Formula 21. The 

standard e r ro r  of measurement was 2.9. A l og ica l  analysis of the 

percentage of items a t  each l eve l  of Bloom' S ( 1970 ) cognitive taxonomy 

is  given i n  Table 111. 



TABLE I11 

Taxonomic Levels of Achievement Test Items 

Level Percentage of 
Items a t  Level 

Knowledge 42 

Comprehension 12 

Application 25 

Analysis 4 

Evaluation 17 

Test-retest r e l i a b i l i t y  (pearson coeff ic ient  ) calculated from the 

scores of s ix  grade eight students a t  two s i t t i n g s  48 hours apart  was 

+.92. The scores are  given i n  Table 2 of Appendix B. The split-halves 

r e l i a b i l i t y  coeff ic ient ,  corrected by the Spearman-Brown prophecy 

formula and calculated from the  scores from another sample of 16 grade 

eight  students was +.7l. The scores a re  given i n  Table 3 of Appendix 

Be Concurrent va l id i ty  was estimated using the  t e s t  scores and an 

independent ranking of the same students by t h e i r  regular teacher. The 

Spearman rank-order cor re la t ion  was +.61 (P  4 .001). The scores and 

ranks a re  found i n  Table 4 of Appendix B. 

The marking time f o r  each report  was recorded using a stopwatch. 

This recording included the  time t o  assign the grade and, f o r  t h e  group 

a l s o  receiving comments, t o  grade and write comments. The length of 

each report  t o  the  nearest t en th  of a page was a l so  recorded. 

When the  reports  were returned t o  the  students a t  the  beginning of 
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the  next period, approximately 10-15 minutes were spent i n  a general 

discussion of the experiment. Specific e r ro r s  were not discussed t o  

avoid contamination of the comments versus the no comments treatment. 

The teacher encouraged the  students t o  of fer  t h e i r  observations and 

ascer ta in  whether some general conclusions about the experiment could 

be made. This discussion was often a "lead-off" i n t o  the next piece of 

laboratory work. A record was kept of any special  events or  content i n  

the  discussion t h a t  occurred. A record of student absences and missing 

laboratory reports  were kept p r io r  t o  and throughout the study. 

I n  order t o  provide data  on charac ter i s t ics  of the marking scheme 

i n  use before the study began, the following procedure was used. An 

unmarked report  was collected from the  students fo r  a laboratory done 

previous t o  the study. A random sampling of 8 reports  was teken and 

photocopied. The or ig inz ls  were then marked. Approximately two weeks 

l a t e r  the  unmarked copy was marked and the  grade, types of comments, 

marking time, and length of report  were compared between the  f i r s t  and 

second markings. This same procedure was adopted during the  experiment 

i t s e l f .  Approximately mid-way through the  un i t ,  another sampling of 8 

reports  f o r  a s ingle  laboratory was copied before marking and then 

following marking. These copies were put away u n t i l  the end of the  

study when the  previously unmarked copies were marked. These were 

compared t o  the report  which had been marked e a r l i e r  t o  check marking 

consistency during the study. 

A t  the  end of the  u n i t ,  the achievement t e s t  was given a s  a 

pos t tes t  t o  a l l  students i n  the  study. They were given f ive  days 



notice f o r  the  t e s t  and t o l d  t h a t  t h e  r e s u l t s  would be used a s  par t  of 

t h e  evaluation on the  upcoming report cards. 

A breakdown by laboratory assignment was made of t h e  questions on 

the achievement t e s t .  This was t o  check whether t h e  outcomes of 

pa r t i cu la r  laborator ies  o r  t h e  reports  marked only f o r  t h e  continuous 

treatment groups received grea ter  emphasis on t h e  t e s t .  The r e s u l t s  

given in Appendix C show t h a t  4 labora tor ies  out of the  8 accounted 

f o r  55% of t h e  questions and t h e  labora tor ies  marked only f o r  t h e  

continuous group accounted f o r  45% of t h e  questions. The balan,;e of 

t h e  questions, then, was not reasonable. 

The achievement t e s t  was administered t o  a l l  students in the  two 

classes immediately p r io r  t o  t h i s  study a s  an indica tor  of extant 

howledge about the  curriculum. The t e s t  and t h e  r e s u l t s  were not 

discussed with th.2 students except t o  indica te  t h a t  t he  r e s u l t s  would be 

helpful  t o  t h e  teacher in judging how mcn studer'ts knew before t h e  study 

began. The t e s t  was not returned. 

The second dependent var iable  was t h e  grade received by t h e  students 

on t h e i r  laboratory reports. The procedure f o r  grading these reports  i s  

described in a l a t e r  section. 



CHAPTER IV X) 

RESULTS 

Itissing data  i n  t h i s  study were t h e  r e su l t  of student absence o r  

reports  not handed in. A s  noted e a r l i e r ,  a report  not handed i n  

received a grade of zero. I f  a student was absent no grade was assigned. 

Obvioulsy f o r  both of these s i tua t ions  marking time o r  report length 

data  were not recorded. 

A s  mentioned previously, in order t o  check t h e  general consistency 

of marking, a random sample of 8 reports  was selected,  marked and 

remarked two weeks l a t e r  without reference t o  t h e  f i r s t  marked report. 

This procedure was repeated before and during t h e  study. The r e s u l t s  

a r e  presented in Table IV. The Pearson correlat ion coeff ic ient  between 

t h e  grades f o r t h e  two time blocks was -92 on t h e  reports  ccl lected 

preceeding t h e  study and -89 on t h e  reports  col lected during t h e  study. 

Similarly t h e  correlat ion coef f ic ien ts  f o r  t h e  marking times were .59 

before and .63 during t h e  study. These r e s u l t s  indicate  t h a t  t he  grades 

received were very consistent. This r e l i a b i l i t y  of t h e  teacher ' s  

marking consistency over time, combined with t h e  grading scheme of the  

type given in Table I1 helped t o  minimize possible extraneous var ia t ion  in 

t h e  laboratory grade scores. 



TABU I V  

Consistency of Grading and Marking Time 

Preceding and During Study 

Preceding Study I During Study 

First Marking 

Grade Mark 
Time 

Mean 3.0 82.9 

I 

Second Marking I First Marking 

Note: M a x i m  grade = 5. Mark time in seconds 

Grade Nark 
Time 

Second Marking 

Grade Mark 
Time 

Grade Mark 
Time 

To examine t h e  poss ib i l i t y  t h a t  t h e  treatment groups d i f fe red  i n  

general a b i l i t y  o r  on p r io r  knowledge of t h e  curriculum taught during t h e  

study, separate one-way analyses of variance were performed on t h e  

Gates-McInitie Reading Test scores and t h e  pre tes t  achievement scores. 

The r e s u l t s  of the'se analyses a re  given in Tables V and V I .  In addition 

t h e  means and standard deviation f o r  t h e  scores on t h e  Gates-McInitie 

Reading Test and t h e  Pretest  f o r  each treatment c e l l  a r e  given in Tables 

VII and VIII. No s t a t i s t i c a l l y  s igni f icant  differences were found f o r  

e i t h e r  variable. The four  treatment groups were judged t o  be equivalent 

f o r  these measures, a s  would be expected due t o  the  semi-random 

assignment procedures by which pa i r s  of students were randomly assigned 
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t o  treatments within each class. Each pai r  of students received the  

same treatment which was designed t o  reduce the  chance of b ias  due t o  

communication between partners during the  laboratory ac t iv i t ies .  

TABU V 

One-way Analysis of Variance 

of Gates-McInitie Reading Test Results 

by Treatment Groups 
- 

Source 

Between Groups 134.28 

Within Groups 1642.04 

Tot a1 1776.32 

TABLE VI 

One-way Analysis of Variance 

of Pretest Results 

by Treatment Groups 

Source SS df MS - F E 

Between Groups 99 65 3 33.22 1-39 .lo 

Within Groups 1173.68 49 23.95 

Total 1273.33 52 



Breakdown by Treatment Groups fo r  

Gates-McInitie Reading Test 

Method of Marking 

Schedule 21.15 
of P 

Marking 4.63 

Note: Means are upper numbers, standard deviations 

a re  low numbers. Maximum score i s  32. 

N = 13 f o r  all groups except C,G (N = 14). 



TABLE VIII 

Breakdown by Treatment Groups 

on the  Pretest  

Method of Marking 

Note: Means are upper numbers. Standard deviations a re  lower 

numbers. Maximum score i s  52. Highest score obtained 

i s  29. N = 13 f o r  a l l  groups except C,G (N = 14). 

The mean pretest  and post test  scores f o r  each treatment group 

a r e  compared in Figure 2. The graph shows t h a t  a l l  treatment groups 

markedly improved t h e i r  howledge of t h e  curriculum taught during the  

study. Accompanying the  means a re  the  standard er rors  of measurement 

f o r  both the  pretest  and the  post test  scores. Table I X  shows the  

t - tes t  r e su l t s  and level  of significance contrasting the  pre-and post- 

t e s t  scores f o r  each treatment group. These verify tha t  learning 

did occur during the  study. 

Tot a1 

15.74 

4.93 

14.00 

4.90 

, 14-89 

4-95 

C 

Schedule 
of P 

Marking 
. 

Total 

G 
- 

14.36 

4. 55 

14.38 

3.82 

U* 37 

4.12 

G t C  

17.23 

5-06 

13.61 

5.92 

15-42 

5.70 



FIGURE 2 

Mean Treatment 
Group Test 
Scores 28 

A Comparison of Mean Pretest  
and I os t t e s t  Scores by Treatment 

Groups 

I 
I 

Pretest  Post test  



TABLE I X  

Summary of t - tes t  Results Between the  

Pretest  and Post test  Means 

Method of Marking 

Schedule I p C . 0 0 1  I P c .001 I 

A s  s ta ted  previously the purpose of this study was t o  examine the  

e f f ec t s  of type and schedule of marking laboratory reports  on student 

achievement on laboratory reports a s  well as  end-of-unit achievement. 

Figure 3 shows the mean laboratory grade received by each treatment 

group f o r  each laboratory. It i s  important t o  note again t h a t  students 

i n  the  P groups had a l l  reports marked but grades were returned t o  them 

on about one-half of the reports  (i.e. laborator ies  3, 4 ,  7, 8, 11, 13). 

L i t t l e  difference between the  groups i s  indicated, with the  possible 

exception of the P, GtC group which had the  lowest mean grade on about 

6@ of the laboratories.  The mean laboratory grades f o r  each treatment 

group are  given i n  Table X. A two-way analysis  of variance  a able M) 

shows t h a t  the difference among group laboratory mean scores was not 

0 f 
Marking 

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

- - 
I 



FIGURE 3 
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TABLE X 

Breakdown by Treatment Group 

of Laboratory Grades 

Method of Marking 

Schedule 
of P 

Marking 

G+C Total  

2.8 

1.0 
--- - 

Total 

Note: Means are  upper numbers, standard deviations 

are lower numbers. Maximum score i s  5. 

2 . 8 

1.1 



TABLE X I  

Two-way Analysis of Variance 

of Average Laboratory Report Grade 

by Treatment Groups 

Sources 

Main Effects: 23 2 -11 -10 -99 
Schedule of Marking 14 1 *a 13 -99 
Method of Marking -09 1 -09 -08 -99 

%Way Interact ions .02 1 -02 -02 -99 

Explained 23 3 -08 -07 -99 

Residual 54-20 49 1.11 

Total 54.43 52 1.05 

The comparison of t h e  mean report  lengths in Figure 4 shows wide 

variat ion between laborator ies  but l i t t l e  var iat ion between t h e  

treatment groups within each report. The length of a s tudent 's  report 

does not seem t o  have been affected, however, in any s ignif icant  way 

according t o  the  type of marking schedule (see Table =I). A two-way 

analysis  of variance (see Table XTII) on average r rpor t  length f o r  t h e  

four  treatment groups confirmed t h i s  observation. 



FIGURE 4 

Mean Report 
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(pages) 
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TABLE XI1 

Breakdown by Treatment Group 

of Average Report Length 

Method of Marking 

G G+C Tot a 1  
I I I 

Note: Means are upper numbers, standard deviations 

are lower numbers. 

Schedule 
of P 

Marking 

Total 

1.3 

037 

1.2 

.33 

1.1 

032 

1.2 

034 

1.2 

034 

1.2 

034 



TABLE XI11 

Two-way Analysis of Variance 

of Average Laboratory Report Length 

by Treatment Groups 

Sources 

Main Effects: 6-99 2 3- 49 1.84 17 
Schedule of Marking 2.70 1 2.70 1.42 -24 
Method of Marking 4. 41 1 4.41 2.32 13 

2-Way Interact ions 1.12 1 1.12 59 99 

Residual 93.20 49 1-90 

Total l0l.31 52 1.95 

Two of the  measures kept during the  study were pupil attendance 

and reports not handed in. Table XtT summarizes the  r e su l t s  by 

treatment group. An examination of the  t ab le  would indicate  t h a t  

attendance did not vary s ignif icant ly across the  groups. In  t h e  C,G 

and C,G+C treatment groups, the  large number of reports not handed in 

was t h e  r e su l t  of two students in the  C,G group and three in the  C,G+C 

group who f a i l e d  t o  hand in more than two reports. These seem t o  be 

individual differences among students rather  than ef fec ts  a t t r ibutable  

t o  the  treatment conditions per se. 



Treatment 
Group 

TABLE XIV 

A Summary of Student Attendance 

and Reports not Handed I n  

by Treatment Groups 

Students 
Present 

Student 
Absence 

Reports Not 
Handed I n  

Note: Lower numbers are means. llStudents Present1' i s  the 

product of the number of students i n  the  treatment 

group and the number of periods. 

Figure 5 i s  a breakdown by laboratory of the mean marking time f o r  

the  four groups. T a b l e m  i s  a breakdown by treatment group of average 

marking time over the unit. The marking time consisted of three  factors:  

(1)  reading the  report ,  (2 )  placing a grade on the  paper and f o r  the G+C 

groups, (3 )  placing wri t ten comments on the paper. A s  the  P groups had 

only ce r t a in  reports  marked it was necessary t o  extrapolate t h e i r  l i n e s  
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through t h e  laborator ies  where they ac tua l ly  received grades and/or 

comments on t h e i r  reports. It is  in t e res t ing  t o  note t h a t  t h e  continuous 

groups received somewhat more teacher marking time than did t h e  p a r t i a l  

t3="0UP- 

TABLE XV 

Breakdown by Treatment Group 

of Average Marking Time i n  Seconds 

Method of Marking 

G G+C Total 

I I I 

Schedule I I I 
of P 

Marking 

For t h e  analysis of covariance used t o  t e s t  f o r  differences among 

group means on t h e  achievement pos t t e s t ,  t h e  s t a t i s t i c a l  assumptions 

f o r  using t h e  Gates-McInitie Reading Test scores alone, t h e  pre tes t  

alone, o r  both, as. covariates f o r  adjusting the  post test  means were 

examined. The procedure used was t o  s t a t i s t i c a l l y  t e s t  t h e  increase in 

t h e  variance of t h e  dei~endent var iable  accounted f o r  by 'forcing 

d i f fe rent  sequences of entry of t h e  predictor var iables  in a multiple 

regression equation predicting the  achievement pos t tes t  scores. The 

examination of those r e su l t s  (see Table X V I )  suggested t h a t  t h e  most 

accurate analysis  would be achieved by using the  Gates-McInitie Reading 

Total 35.92 

35.63 

54.71 

49.44 

45.32 

42.54 
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scores only a s  covariate. This was because using t h e  pre tes t  alone 

was unsatisfactory r e l a t ive  t o  using t h e  Gates-McInitie alone and when 

t h e  pre tes t  was used i n  conjunction with t h e  Gates-McInitie, t h e  

adjustment was not s t a t i s t i c a l l y  improved a s  judged by t h e  F-s ta t i s t ic  

t e s t i n g  the  standardized p a r t i a l  regression coefficient f o r  t h e  pre tes t  

following ad justment by the  Gat es-McInitie. The examination indicated, 

a l so ,  t ha t  t h e  in te rac t ion  e f fec t s  between t h e  covariate and t h e  

treatment e f f ec t s  were not s t a t i s t i c a l l y  s ignif icant  and therefore t h e  

t h e  wmnptions of homogeneity of regression had been sa t i s f ied .  I n  

t h e  analysis  of covariance (Table XVII) t h e  difference a t t r ibu tab le  t o  

the  main ef fec ts  demonstrated a s ignif icant  difference f o r  t h e  method 

of marking. The adjusted multiple c lass i f ica t ion  analysis of means 

demonstrated t h e  continuous schedule (c)  t o  be superior t o  the  p a r t i a l  

schedule (P). m i l e  differences in the  method of marking f a i l e d  t o  

reach t r ad i t iona l  l eve l s  of s t a t i s t i c a l  significance, grades only (G) 

appeared t o  be b e t t e r  than grades plus comments (G-tc). Table XVIII 

shows t h e  group means adjusted f o r  t h e  covariate. Interact ion ef fec ts  

of t h e  two treatment conditiond were not observed. 

TABLE XVI 

Percent age of Postt e s t  Variation 

Predicted by Independent Variables 

Combinat ion 

Pretest  + Treatment Groups 

Gates-McInitie + Treatment 
Groups 

Gat es-McInitie + Pretest  
+ Treatment Groups 

Predicted Posttest  Variation 1 



TABLE XVII 

Analysis of Covariance of the Posttest  Results 

by Schedule and Method of Marking 

With the Gates-McInitie Reading Scores as  Covariates 

Sources SS d f MS F P 

Covariates: 828.03 
Gates-McInitie 

Mair. Effects: 235.29 
Schedule of Marking 147.18 
Method of Marking 83-71 

2-Way Interaction: 38. 91 
Schedule and Method 

Residual 1526.27 

Total 2628.50 

Post test  Group Means Adjusted fo r  Covariate 

ScheduIe of Grading Method of Marking 

c 26.63 

P 23 023 

G 26.19 

G+C 23.56 
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To b r i e f ly  review, the  r e su l t s  of t h i s  study were that :  (1) t h e  

variat ion i n  average report length was a r e su l t  of the  pattern of 

individual laborator ies  and exposure t o  the  uni t  a s  a whole ra ther  than 

any one of t h e  t r e a t m a t  groups, ( 2 )  var iat ion in average report 

grades seems t o  be due in part  t o  t h e  treatment received, even a f t e r  

students general a b i l i t y  had beencontrolled s t a t i s t i c a l l y .  The 

question a s  t o  how g r e ~ t  an inf luc lce  t h e  treatments had a s t u d a t  ' s  

learning over t h e  un i t  a re  found in the  analysis of cavariance. The 

r e s u l t s  showed t h a t  a great deal sf t h e  difference in pos t tes t  scores 

a r e  a t t r ibu tab le  t o  reading a b i l i t y  and general knowledge. However, 

s t a t i s t i c a l l y  s ignif icant  differences were observed as  a function of 

whether t h e  student received grades on a p a r t i a l  o r  continuous schedule. 

The differences f o r  t h e  method of grading were not a s  s t a t i s t i c a l l y  

rel iable .  There were no s ignif icant  interact ion ef fec ts  between the  

treatment groups. 
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DISCUSSION 

The r e su l t s  of t h i s  study indicate tha t  students i n  a laboratory- 

oriented program learned more i n  an eight-week ins t ruc t ional  uni t  when 

the  schedule of marking t h e i r  laboratory reports was continuous ra ther  

than intermittent.  These findings, while supported by some research 

(e.g. Chansky, 1960)~ contradicted a number of previous s tudies  which 

founa t h a t  a p a r t i a l  schedule of merking had a greater  posi t ive influence 

on student achievement (e.g. Phi l l ips ,  1965; Cohen, 1971). Table XIX 

cornlares the important charac ter i s t ics  of the  present study with those of 

the  p a r a l l e l  studies by Phi l l ips ,  Cohen and Chansky. 

TABLE - X I X  

Characteristics of Research 

Examining Scheduling 

Treatment and Dependent Treatment Subject 

Phi l l ips  
( 1965 ) 

Cohen 
( 1971) 

Chansky 
( 1960) 

Marble 
( 1977 

Scheduling Frequency 

p - 5% 
C - 10% 

P - 25% 
.C - lo@ 

P - 50% 
C - 10% 

p - 5% 
C - lo@ 

Character is t ics  

University 
Students 

Above avg. 
a b i l i t y  grade 
9 students 

University 
students 

Average grade 
8 students 

Variable 

Objective 
Midterm & 
Final  &am 

Quality of 
Reports 

Objective 
f i n a l  t e s t  

Objective 
f i n a l  t e s t  

Length 

12 weeks 

18 weeks 

3 weeks 

8 weeks 
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While the  number of pertinent s tudies  on marking schedules a re  few, 

treatment length appears t o  have an influence upon t h e  effectiveness of 

marking schedules in improving achievement. Specifically,  t he  research 

s tudies  which found a continuous schedule t o  have a more posi t ive e f fec t  

had a somewhat shorter  treatment period ( 3  - 8 week.s), whereas a p a r t i a l  

schedule proved t o  be more effect ive when the  treatment extended over a 

longer period (12 - 18 weeks). While t h e  Chansky study (1960) concurred 

with the  r e su l t s  of t h i s  study, l i t t l e  other evidence i s  ava i l ib le  t o  

indicate  what may have caused t h e  differences in achievement compared t o  

t h e  Phi l l ips  and Cohen studies. Future s tudies  which examine d i f fe rent  

l eve l s  of scheduling frequency and treatment length are  c lear ly  needed. 

brould t h e  grea ter  r e l a t ive  improvement shown by the  continuous group in 

the  present study continue over a longer treatment period, o r  a re  such 

differences between p a r t i a l  and continuous marking schedules a d i rec t  

f'unction of brevi ty of treatment? 

A final consideration i s  the  a b i l i t y  l eve l  of the  student subjects. 

In t h i s  study t h e  mental a b i l i t y  of the  student subjects was kept 

s t a t i s t i c a l l y  constant i n  each treatment ce l l .  Perhaps performance 

under a continuous o r  a p a r t i a l  schedule might be a function of t h e  

a b i l i t i e s  of the  student, although t h e  acceptance of t h e  assumption of 

homogeneity of regression slopes in t h e  analysis  of covariance indicated 

t h a t  t h i s  was not the  case i n  the  present study. Future research may 

shed l i g h t  on the  poss ib i l i ty  of t h i s  and other apt i tude-tre~tment  

interactions.  

For t h e  second main independent var iable  in t h i s  study, grades only 

resul ted i n  greater  improvement in learning than grades plus writ ten 
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comments. However t h i s  difference was not a s  s t a t i s t i c a l l y  r e l i ab le  as  

the  one a t t r ibu tab le  t o  var iat ion i n  the  marking schedule. The l i t e r a t u r e  

reviewed i s  again, inconclusive on t h i s  question. Some studies  concur 

with h t i s  l a s t  one t h a t  writ ten comments do not s ignif icant ly improve 

student achievement (Hammer, 1971). Other s tudies ,  however. found 

written comrnentsto be somewhat more effective than grades alone (stewart 

& hhite ,  1976). Table XX provides a comparison of the  charac ter i s t ics  

of s tudies  of method of marking. 

TABLE XX 

Characteristics of Research 

Fxamining Method of Marking 

The s tudies  reviewed e a r l i e r  (Hammer, 1971; Stewart & White, 1976) 

and t h e  present one used basical ly  two treatments; ( a )  grades alone and 

(b) grades plus some form of writ ten comments. In  all cases t h e  dependent 

var iable  was a f i n a l  achievement t e s t ,  (generally objective). The length 

Subject 
Characteristics 

University 
student s 

Mixed a b i l i t y  
grades 5 - 7 

Mixed a b i l i t y  
grade 8 

Treatment Dependent Treatment 
Length 

very 
short 

6 weeks 

8 weeks 

Hammer 
( 1971) 

Stewart & 
White 
( 1976) 

Marble 
( 1977 ) 

Groups 

G 

G+C 

G 

G+C 

C 

G s  

G+C 

Variable 

Final 
examinat ion 

Objective 
final 
achievement 
t e s t  

Objective 
final t e s t  



of the  treatments , however, varied considerably frim very br ie f  (~ammer , 
1971) t o  6 - 8 weeks (Stewart & White, 1976). Again t h e  a b i l i t y  range 

and age l eve l  of subjects was wide; ranging from university l eve l  in 

Hammer's study (1971), normal grades 5 - 7 i n  Stewart and White1 s (1976) 

work, t o  randomly assigned grade 8 students in the  present study. 

Some evidence has been presented (Stewart & White, 1976; Hammer, 

1971) which seems t o  indicate  t h a t  where comments were more ef fec t ive  

they tended t o  be longer, more specif ic ,  generally encouraging, and used 

with students in post secondary ins t i tu t ions .  In t h i s  study an attempt 

was made t o  provide specif ic ,  corrective types of comments as  well a s  

comments of a constructive encouraging nature,  but the  previously 

mentioned features  of spec i f i c i ty  and length of comment were held 

constant f o r  those students in t h e  grades-plus-comments treatment group. 

Ekperiments which manipulate t h e  a t t r i b u t e s  of length and spec i f ic i ty  in 

a f a c t o r i a l  design with several l eve l s  of such a fac tor  would provide 

more complete information as  t o  the  e f f ec t s  of the  var iables  on 

student achievement. 

Nevertheless, t he  e f f ec t s  of writ ten comments on the  qual i ty  of 

day-to-day assignments was ra ther  disappointing. One might question 

whether the  effectiveness of a writ ten comment depends upon t h e  grade 

l e v e l  a t  which it i s  used (i.e. elementary, secondary o r  post-secondary), 

o r  t h e  abili ty-level o i  par t icu lar  students. Though the  question was not 

addressed by t h i s  study, perhaps h i g h e ~ o r d e r  comments might prove more 

ef fec t ive  than those of a l o w e ~ o r d e r .  A s  mentioned elsewhere ( ~ o s e n f e l d ,  

1972), the  effectiveness of regular classroom reinforcement i s  closely 

re la ted  t o  the  studentsf l eve l  of in t e l l ec tua l  ab i l i ty .  Perhaps 

method of marking i s  s imilar ly related. One might a lso examine 
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whether student perception of the  comment plays a ro le  in determining 

its effect. Perhaps students with lower self-concept respond b e t t e r  t o  

encouraging comments than do those with higher perceptions of themselves. 

Having considered t h e  e f f ec t s  of method of marking and sampling of 

reports  t o  be marked on student learning outcomes a s  measured by a 

teacher made t e s t ,  t h i s  study has a l so  shown ' tha t  ne i ther  treatment, 

method of marking o r  sampling, s igni f icant ly  improved t h e  grades received 

on laboratory reports   a able X I )  o r  increased t h e  lengths of t h e  reports  

 a able XIII). One of t h e  m a r n  reasons a teacher uses wri t ten cr.mments i s  

t o  provide r e l a t ive ly  immediate feedback t o  a student. about t h e  strengths 

and weaknesses of h i s  work and t o  encourage him t o  s t r i v e  t o  improve t h e  

qual i ty  of t h a t  work i n  the  future. The ineffectiveness of t h e  grades- 

plus-comments treatment in t h i s  study suggests t h a t  other  means should 

be explored t o  f u l f i l l  t h i s  objective. It might f o r  example, be 

in t e res t ing  t o  manipulate t h e  importance of t h e  laboratory grade component 

in t h e  overal l  evaluation of t h e  student 's  achievement. 

By way of a summary, in t h e  l i g h t  of these data a teacher wishing t o  

maximize student learning and minimize the  amount of time spent marking 

student assignments would seem t o  p r o f i t  more by col lect ing every report  

and grading it without writ ten comments, providing t h a t  t h e  ins t ruc t ional  

period was r e l a t ive ly  short. I f  a teacher did decide t o  use wri t ten 

comments, posi t ive e f f ec t s  might be colsely re la ted  t o  the  care taken t o  

use comments spec i f ic  t o  a par t icu lar  content s i tua t ion  ra ther  than using 

comments which a re  general in nature (stewart & White, 1976). The 

effectiveness of t h i s  treatment might be greater  i f  used with students of 

higher a b i l i t y  over a r e l a t ive ly  short treatment period. 
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APFENDIX A 

Achievement Test Used a s  Pre and Post test  

SCIENCE 8 BIOLOGY 

A hototropi'sm i s  a response to: (1) food (2)  gravi ty (3)  l i g h t  
(47 touch (5) water 

A thigmotropism i s  a response to: (1) food (2)  gravi ty (3) l i g h t  
(4) touch (5)  water 

t4k 
eotropism i s  a response to: (1) food (2)  gravi ty (3) l i g h t  
touch (5)  water 

The presence of l i g h t  a f f ec t s  seedlings by: (1) increasing r a t e  of 
3rowth. (2)  decreasing r a t e  of growth. (3)  changing d i rec t ion  of 
growth but not affect ing the r a t e  of growth. 

When a growing plant i s  illuminated from one side only, c e l l s  are: 
la rger  on the  side nearest the l ight .  (2)  l a rge r  i n  the middle. 
la rger  on the  side fa r thes t  from the l ight .  (4)  a l l  the same s ize  

Which of the following tropisms i s  posit ive f o r  the roots of a plant 
and negative f o r  the stems? (1) Geotropism (2)  Hydrotropism 
(3) Phototropism (4) Thermotropism 

To which of the following s t imuli  does a worm respond posit ively? 
(1) gravi ty (2)  l i g h t  (3) touch (4 )  water 

An earthworm's eye spots are located on its: (1) anter ior  dorsal  
surface. (2 ) anter ior  ventral  surface. (3 ) l a t e r a l  surface 
(4)  poster ior  dorsal surface. (5) poster ior  ventral  surface 

An earthworm1 s mouth i s  located on its: (1) an ter ior  end (2)  dorsal  
surface (3) poster ior  end (4) ventral  surface 

10. A man wanted t o  t e s t  some new f e r t i l i z e r .  He used ordinary f e r t i l i z e r  
on one f i e l d  Of corn and the new f e r t i l i z e r  on a second f i e l d  of corn. 
The control i s  the: (1)  corn (2)  f i e l d  with the new f e r t i l i z e r  
(3)  f i e l d  with the old f e r t i l i z e r  (4)  new f e r t i l i z e r  (5 )  old 
f e r t i l i z e r  

11. If a person was t o  guess whether a coin would come up heads o r  t a i l s ,  
i n  12 f l i p s  he would most l i k e l y  be right:  (1) 2 times (2)  4 times 
(3)  6 times (4) 8 times ( 5 )  10 times 



Some s c i e n t i s t s  decide t o  f ind out whether grade 8 g i r l s  have be t t e r  
vision than grade 8 boys or  vice versa. The t e s t  consis ts  of reading 
4 l i n e s  of l e t t e r s  each containing 4 l e t t e r s .  The l e t t e r s  i n  each row - 
a r e  made a l i t t l e  smaller than the row above. fl R 0 T A t  the  r ight  i s  a sample of how these 
l e t t e r s  might appear. The following 6 K L d  
4 questions r e fe r  t o  the experiments A P S E  
they use t o  solve the  problem. V f J  X 

12. I n  choosin a sample of students t o  give the t e s t  t o ,  they should 
choose (17 an 'average ' grade 8 g i r l  and an 'average grade 8 boy. 
(2) 5 t o  10 grade 8 g i r l s  and 5 t o  10 grade 8 boys. (3) 30 t o  40 
grade 8 g i r l s  and 30 t o  40 grade 8 boys. (4) grade 10 g i r l s  and 
boys because they can see better.  

13. When giving the t e s t  it would be be t t e r  t o  have one: (1)  person 

f ive a l l  the tes t s .  (2)  f o r  che g i r l s  and one f o r  the boys. 
3) f o r  each 3 o r  4 students. (4 )  person f o r  each student. 

14. Which one of the following things i s  important fac tor  t o  
l i g h t  i n  the room of eyes used 
outside noise from chart 
s ize  of l e t t e r s  it i s  a boy or  

a g i r l  being t e s t ed  
(1)  a (2)  b (3)  c (4)  d (5) e ( 6 )  f 

15. I f  a person was just  guessing a t  the l e t t e r s  i n  any row of 4, he 
would most l i k e l y  get: (1) none r igh t  (2) one r ight  (3) two 
r ight  (4)  three r ight  ( 5 )  four r ight  

A s c i e n t i s t  had found a small organism which he was unable t o  iden t i fy  
as e i t h e r  plant or  animal. The organism l ived i n  pond water. He placed 
some i n  a dish which was half i n  darkness and half i n  l igh t .  After an 
hour he noticed most of the organisms had moved towards the  l ight .  He 
repeated the  experiment 3 or  4 more times, with the  same resul ts .  

16. The organism's reaction t o  l i g h t  was: (1) posi t ive (2)  negative 
(3)  uncertain . (4) phototaxis 

17. The organism's reaction t o  water was probably: (1) posi t ive 
(2 ) negative (3 ) uncertain (4 )  hydrot axis  

18. He repeated the  experiment a number of times because: (1) the 
r e s u l t s  of the f i r s t  t r i a l  were not too clear. (2 )  He wished t o  be 
ce r t a in  of the accuracy of h i s  resul ts .  (3)  h i s  control group did 
not respond the  f i r s t  time. (4)  his experimental group did not 
respond the  f i r s t  time. 
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A Hypothetical (imaginary) Experiment 

Number of correct  responses a f t e r  a c e r t a i n  number of lessons 

Percent 100 
of 
cor rec t  90 
responses 
(average 80 
f o r  100 
P lanar ia )  70 

1 2 3 f + 5 6 7 8 9 1 0 1 1 1 2  

Lesson number 

No. of Learning Sessions 

An experiment was done t o  f ind  out whether Planaria ( a  small animal t h a t  
l i v e s  on p lan ts  i n  ponds) were capable of learning t o  follow a simple 
maze. The maze was p a r t i a l l y  f i l l e d  with s t a l e  water and looked l i k e  t h i s :  

The Planaria was put i n  the  middle and was directed 
t o  go t o  a c e r t a i n  chamber ( A ,  B o r  C) .  For 
ha l f  the  Planaria, '  the  correct  chamber was 
indicated by having a green l i g h t  i n  it while 
t h e  other  two chambers were lit by red l igh t .  
The l i g h t s  were reversed f o r  the  other 
Planaria so t h a t  red l i g h t  indicated the  
cor rec t  chamber. During the  lessons each 
time the  Planaria went i n t o  the  wrong 
chamber it was picked up and put back i n  
t h e  middle. Every time it went i n t o  t he  



correct chamber it was rewarded by a flow of nice,  f resh  water. After 
each lesson it was given a t e s t  with no rewards f o r  the correct responses 
(going i n t o  the  r ight  chamber). The graph shows the average percentage 
of correct responses a f t e r  each lesson. A s  a var iat ion during the l l t h  - 
lesson, the Planaria were punished by giving them an e l e c t r i c  shock each 
time they made the wrong choice. 

The following 7 questions r e f e r  t o  t h i s  experiment: 

I n  order for  t h i s  experiment t o  prove anything it must be assumed 
tha t :  (1) planaria have no preference f o r  one color over another. 

planaria respond t o  red. (3)  planaria respond t o  green. 
someone e l se  has been teaching these planaria. 

The planaria were learning f a s t e s t  a t  about the: (1) 2nd lesson 
(2) 5th lesson (3)  7th lesson (4)  10th lesson (5)  l l t h  lesson 

The planaria were learning l e a s t  a t  about the: (1) 3rd lesson 
(2) 4th lesson (3) 6th lesson (4)  9th lesson 

Punishment makes planaria: (1) forget (2 )  l ea rn  f a s t e r  (3)  l earn  
slower (4)  mad 

If one were t o  catch a planaria i n  a stream and give it the  maze 
t e s t ,  one would expect it t o  get: (1) 0 - 1% right  (2 )  1C$e-2% 
r ight  (3) 2% - 3% r ight  (4)  3% - 4% r ight  ( 5 )  4% - 5% 
r igh t  

t rue?  

same time. 

From the  data  from t h i s  experiment, which of the following i s  

of punishment l a s t s  longer than tha t  of reward. 
of reward l a s t s  longer than t h a t  of punishment. 
punishment have the same effect.  
punishment have opposite e f f ec t s  but they l a s t  the  

Which one of the  following i s  the  most important thing proved by 
t h i s  experiment? (1) it i s  possible t o  teach planaria. 
(2)  planaria 'are not color-blind. (3) planaria do not l i k e  
punishment. (4)  planaria l i k e  fresh water. 

Suppose we se t  up an evperiment t o  see i f  water i s  necessary f o r  
germination. Four dishes of 10 corn seeds each a re  used. 

Dish 1 - soaked seeds were placed on wet towelling 
Dish 2 - soaked seeds were placed on dry towelling 
Dish 3 - dry seeds were placed on dry towelling 
Dish 4 - seeds were placed i n  $" of water 



The seeds were s e t  as ide  i n  t h e  same place f o r  severa l  days and dishes  
1 and 4 were kept from drying out. A l l  were kept i n  t h e  dark. Use t h i s  
information t o  answer t h e  next 4 questions. 

The seeds which probably germinated f i r s t  were i n  dish: ( 1 )  1 
( 2 1 2  (3 )  3 (4 )  4 

The seeds which would probably not germinate were i n  dish: 
(1) 1 (2 )  2 (3 )  3 (4 )  4 

Which of t he  following was not a control led fac tor :  (1 )  using corn 
seeds. (2)  experiment performed i n  t he  dark. (3) temperature 
(4) soaking corn seeds. 

Dish 4 i s  used t o  show tha t :  ( 1 )  t h e  amount of moisture i s  important 
f o r  germination. ( 2 )  seeds ro t .  (3)  seeds need moisture t o  
germinate. (4)  a con t ro l  i s  necessary. 

What i s  t h e  name of t h e  t a x i s  which i s  involved i n  t h e  f a c t  t h a t  
Pac i f i c  Coast t e rmi tes  l i v e  only i n  damp wood: (1 )  phototaxis 
(2 )  hydrotaxis ( 3 )  thigmotaxis (4)  geotaxis 

What i s  t he  name of t h e  t a x i s  which i s  involved i n  t h e  f a c t  t h a t  
f r u i t  f l y  l a rvae  (worm s tage)  move upwards i n  a t r e e  from t h e  place 
where t h e  eggs a re  l a id :  (1) phototaxis (2 )  hydrotaxis 
(3) thigmotaxis (4 )  geotaxis  

Which of t he  following i s  not a l a rvae  of an arthropod: 
(1) grub (2 )  maggots (3) c a t e r p i l l a r  (4 )  per ipatus  ( 5 )  meal worm 

A sow bug belongs t o  t h e  c l a s s  of: ( 1 )  per ipatus  (2 )  arachnids 
(3)  i n s e c t s  (4)  crustaceans 

An in sec t  has body sections:  (1)  1 (2)  2 (3 )  3 (4)  4 

Which of t h e  following i s  - not an i n sec t ?  (1 )  spider  (2 )  dragonfly 
(3 )  t e rmi te  (4)  meal worm 



Using t h e  sketch of the  eye shown below - place the  l e t t e r  of t h e  
part opposite t h e  namcs below. 

36. aqueous humour 41. cornea 

37. s c l e r o t i c  coat  42. v i t reous  humour 

38, r e t i n a  43. l e n s  

39. choroid coat 44. op t ic  nerve 

40. i r is  - L5. suspensory ligament 



hi- - - 

The following maze was used t o  experiment on lea rn ing  i n  mice. 

Use t h e  information given t o  answer t h e  following 5 questions. 

Data f o r  one mouse 

T r i a l  Day Time Taken 

46, How many 'dead-ends' a r e  
(1) 1 (2) 2 (3) 3 (4) 

2 min. 5 sec. 

'2 o 3 " 
1 "  2 0 "  

2 'I 10 " 

7 1 "  35 " 

6 8 1 ~l 2 ~l 

7 9 0 " 40 " 
8 11 1 "  2 0 "  

9 12 0 '  55 " 

10 13 o '? 40 " 

there i n  t h e  maze f o r  t he  mouse t o  take? 
!+ 

47, How many a l t e r n a t e  routes  (not  including dead-ends) a r e  t he r e  f o r  
t h e  mouse t o  take from s t a r t  t o  end? (1) 1 (2) 2 (3) 3 (4) 4 

48, On which t r i a l  did t he  mouse l e a r n  f a s t e s t ?  (1) 3 (2) 4 (3) 8 
(4)  9 (5) 10 

49, The g rea t e s t  amount o f ' fo rge t t ing '  took place between: 
( I )  t r i a l  1 &. 2 (2)  t r i a l  2 & 3 (3) t r i a l  3 & 4 (4) trial 7 & 8 

50, If a t r i a l  11 was held  on day 13 t he  most probable improvement 
i n  'time taken' f o r  t he  mouse would be about: (1) 5 sec. 
(2)  20 sec. (3) 70 sec. (4) no improvement 

Suppose we place some f r e sh ,  moist bread i n  some dishes  and put a very 
l i t t l e  b i t  of mould i n t o  t h e  cen t re  of each dish. We then divide  t h e  
d i shes  i n t o  2 groups (A & B). We place Group A i n  a dark warm cupboard 
and Group B i n  a re f r igera to r .  The d i shes  were covered ~o t h a t  t h e  
bread would not d ry  out. A week l a t e r  t h e  dishes  were examined and Group 
A had much more mould than Group B. 
Use t h i s  information t o  answer t h e  next 2 questions: 



51. Which of t he  following l i s t  was not a con t ro l  i n  t h i s  experiment? 
temperature (2 ) amount of l i g h t  (3)  food f o r  mould 
amount of moisture 

52. I f  we a r e  ca r e fu l  with t h e  experiment, which one of t h e  po in t s  
below would be t he  - most important conclusion t o  t he  mould 
experiment? (1) mould needs moisture t o  grow ( 2 )  mould grows 
on bread (3) new colonies of mould formed during t h e  experiment 
(4) mould needs warm temperatures t o  grow wel l  



A P r n D I X  B 

ACHIEVENiT TEST 

DESCRIPTIVE STATISTICS AND RELIABILITY D-Y!A 



APPENDIX B 

Table 1 

Achievement Test 
Descr ip t ive  S t a t i s t i c s  

range = 33 mean = 26.3 

medim = 26 variance = 46.7 

mode = 20 standard dev. = 6.8 

Table 2 

~ e s t / ~ e t e s t  Results  
Over a Two Day In te r~ la l -  

Student Test Retest  
Score Score 

Table 3 

Split-Half Scores 

Tota l  Scores Odd-I t em Score s Even-Item Scores 



Table 4 

A Comparison of Tes t  Score  Rank 
a r ~ d  Teacher  Ilank of Achievement 

Siud e n t  Tes t  Iiotlk 'reacher Rank 



APPENDIX C 

BIZEAKLK)W OF QUESTIONS ON ACHIKmmT 

BY LABORATORY 



Breakdown of Questions on Achievement Test  
by Laboratory 

-- 
Laboratory Ques t ior~s  Rel3ted 

t o  Laboratory 

1 
2 

*3 
*4 

( 1 )  6 
*7 

(2 )  Earthworm Beh. 
* 8  
9 

*I1 
13_ 

* 13 

* I n d i c a t e s  repo::k t h a t  w2.s marked f o r  a l l  groups, 

( 1 )  Laboratory 5 wss not  performed by t h e  s tuden t s  a s  
t h e  l i v e  specimens were not  ava i l ab le .  

( 2 )  This  1abor~eLory was from t h e  source o t h e r  t h a n  t h e  
t e x t .  

The l abora t ,o r i e s  marked ( * )  account f o r  655 of t h e  
quest i o n s  on t h e  achievement t e s t .  



A P r n D I X  D 

SAMPLE MARKED LABORATORY FXPORT 
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Sample Marked Laboratory Report 
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