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ABSTRACT 

The Effect of Short, Frequent Review Tests on the Retention 

of Previously Learned Chemistry Calculc'.ltions 

Th is study was undertaken to determine the effect of 

short, frequent review quizzes on the retention of previously 

learned mathematical skills in chemistry calculations among 

Chemistry I students at Harrison High School . 

The design· of this study was a nonequivalent pretest ­

posttest control group. The experiment was repeated twice 

with the experimental group becoming part of the control group 

during the second test. The students in the experimental group 

received short review quizzes approximately twice a week. The 

review quizzes were administered to the students during the 

first five minutes of the class period as a "sponge activity ." 

The review quizzes consisted of chemistry calculations 

requiring mathematical skills that were presented in previous 

lessons. 

All of the students (total = 101) received the same 

diagnostic pretest and the same quarter examinations 

(posttests). A Pearson product- moment correlation indicated 

that the tests were highly related. The pretest versus 

quarter examination I corre lation was r "" O. 7655; the 

pretest · versus quarter examination II correlation was 

r "" 0 . 6 7 03; and the quarter exam I versus quarter exam II 
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correlation was r = O. 8234 . 

An analysis of variance o'f the final test scores 

indicated a statistically significant difference (F ( 1, 99) 

10. 528, p < • 002) due to the review quizzes first quarter. 

Second quarter test scores were not significantly different. 

A 2 x 2 factorial analysis indicated that females 

scored significantly better than males in both the experimental 

and the control groups second quarter {F ( 1, 97) = 5. 602, p < 

. 05) . A 2 x 3 factorial analysis (having review quizzes or 

not having review quizzes versus grade level - tenth, eleventh 

or twelfth) determined that grade level did not affect the test 

scores either first quarter ( F (2,95) 2. 192, p > . OS) or 

second quarter (F (1,97) = 3.993, p ) .05). 

Nonminority students were found to score significantly 

higher than minority students first quarter (F (1,97) = 3.993, p < 

. 05) in a 2 x 2 factorial analysis. The same analysis of variance 

second quarter did not indicate a significant difference for 

nonminority students ( F (1,97) 1.37, p >.OS). 
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CHAPTER 1 

Introduction 

Science teachers today have a common goal of 

preparing students to be successful in a highly 

technological world. Today's educators .also share many 

conce rns. A review of educational literature indicates 

the problems being add ressed by the majority of 

researchers involved the learning process. Much less 

attention is being given to the problem of retention. 

This is a seriously overlooked factor. From the day a 

chi l d enters school, he / she is screened I classified, 

grouped , promoted I and labeled according to his/h~r 

performance on tests . Test results affect decisions 

about the student throughout his/her school career. 

The student is expected to learn new material and store 

this information; evaluation occurs at a later date. A 

typical high school course will require exams that 

include subject material covered up to eighteen weeks 

prior to the test. Additionally, the student is 

expected to take important standardized tests over 

content he/she may have learned years ago. If the 

student does poorly on the exam, it is assumed that 

he/she did not learn the material initially. This may 



be an inaccurate assumption ; the l ow test scores may ':le 

due to problems :.n retention. ?or this reason it is 

important that, in addit ion to the development o~ 

instructional methods to assist learning, effort is 

made to develop techniques ~acil i ta ting the retenti on 

of learned material . 

. t:.. l though not cu rrently stressed , lack of re-:en"tion 

is by no means a new issue in the field of educat!on. 

~he earliest r esearch on retention occurred in 1885 by 

Ebbinghaus. Ee iden ti fied two basic principles of 

forgetting and suggested that the abili -cy to recall 

previously learned ma"terial diminished with time in a 

predictable pattern ( Smith, 1979 ) . In more recent 

years, other researchers have supported ~bbinghaus' 

findings on forgetting (F.ov land, 1959 and Hirsc:1 , 

1977) . 

Ebbinghaus also reported in 1885 that rev iewing 

p rev iously learned material improved the ability to 

recall it {Smith , 1979) . Since then a number of 

retention studies have stressed review as an aid to 

retention ( Bausell and Moody, 1972 and Gay, 1973) . 

The application of this research to the classroom 

setting is widespread. Most teachers will provide 

thei r students with some means of reviewing material 

before a major test occu rs . However, the re is not an 

abundance of research that indicates which method is 

most effective for most students. Two studies have 



shown that testing can be used to i ncrease r eten t ion 

(Landauer and Ainslie 1 1975 and Gay and Gallagher , 

1976) . Spaced pr actice has been shown to be i:::.ore 

productive than massed practice ( Ingle, 1969 ) . There 

is a need to combine some of these research results 

into a specific effective r eview activity that •,;ill 

improve retention . 

Puruose of the Study 

The author has r ec e ntly completed the "Training 

and Application of Cl i n i cal Teaching and Supervision " 

wo r kshop provided to all t eachers in the Earrison 

Schoo l District. All Ha r rison teachers are expected to 

implement the clinical teaching methods designed by 

Madeline Hunter (Hunte r , 1987 ) . One of these 

techniques is the use of "sponge activities" in order 

to make maximum educational use of class tice . Sponge 

activities are supposed to be used at the beginning of 

the class pe r iod so t hat students will be on task while 

the teacher is involved with attendance and 

o r gan izat ional cho re s. The i mpo r tance of i mpl eme nting 

sponge a c tivi t ies couple d wi t h t he s t u de nts' need f o r 

r eview of pre vious l y pr esent ed material r esulted i n th e 

developme nt of t his re s e a r ch project . 

Pe r sonal teaching exper i e nc e has indicated that a 

significant factor affecting student success in h i gh 

school chemist r y is ret e nt ion of mathematical 

knowledge . Chemi st r y inst r uction is ve ry sequential , 



and the student is required to recall and build upon 

mathematical skills introduced earlier in the sc!10ol 

year . Retention is vital. To assist in this retention , 

the author presented review quizzes for Chemistry I 

students at Harrison High School. The review quizzes 

were presented during the first five minutes of class 

approximately twice a week. Each quiz consisted of a 

chemistry problem requiring previously presented 

mathematical skills . 

Five sections of Chemi~try I students participated 

in the project . All of the students took the same 

diagnostic test at the beginning of the experiment . 

During the first quarter of the study two sections of 

students received the review quizzes. All of the 

students took the same comprehensive quarter final 

examination. The following quarter two different 

sections of students received review quizzes, and once 

again all students took the same final examination . 

One section of students did not receive review quizzes 

either quarter . The purpose of this research project 

was to determine if the frequent (spaced practice) 

review quizzes improved the retention of the learned 

mathematical skills as determined by the students' 

scores on the comprehensive final examinations. 

Statement of the Hypothesis 

The null hypothesis for this study proposes that 

there is no significant difference among the average 



test scores for Harrison High School students scheduled 

by a computer into five periods of Chemistry r. This 

study was designed to test the null hypothesis by the 

administration of frequent review quizzes. The study 

will further test the null hypothesis by comparing test 

scores of students who differ by gender, grade level, 

and minori tv status. 

Terms 

retention - the aspect of memory that involves the 

possession of information. 

sponge activities - activitieG designed for use at 

the beginning of the class period to maximize the time 

that students are on task. 

Limitations 

1 . The time period of the study may not have been 

sufficient to significantly affect the students' 

retention of chemistry mathematical skills. 

2 . The author did not have control over 

student- initiated review outsidt of the classroom. 

3. Assignment of students to classes may not have 

been entirely random due to scheduling conflicts. 

4. Uncontrollable differences among classes may 

have influenced the results. 

5 . The instrument used to measure retention was a 

teacher - prepared comprehensive quarter examination 

rather than a standarized test. 



CHAPTER 2 

Review of the Literature 

The process of remembering begins with the short 

term memory system which holds incoming sensory 

information briefly . Important information is retained 

. longer by the µse of two interrelated memory systems 

that are educationally significant : the declarative 

system and the procedural system. The declarative 

system processes explicit facts and symbols that are 

easy to learn and to forget . The procedural system 

processes problem- solving skills that are difficult to 

learn and to forget (Sywlester, 1985 }. 

The three measures that are frequently used in 

retention e x periments a r e recall, recognition, and 

relea r ning (A r zi, Ben- zvi, and Ganiel, 1986 ) . Recall 

is dete r mined by the student providing the materials he 

has learned . Reco gnition is indicated by the student 

selecting one statement as correct from a set of 

statements. Multiple- choice tests yield combined 

measures of recall and recognition. Relearning, or 

savings , is demonstrated through the savings in time 

required for relearning previously learned materials 

when compared to the time required to learn the 

materials for the first time . 



Impo_rtance of Retention 

Aeschlimann ( 1980) entitled his article in School 

and Community, "Retention: the Forgotten Skill. 11 In 

this article he conveys his belief that schools have 

been overl.ooking the importance of retention ::.n the 

search for better instructional methods to upgrade 

skills . He points out that the improvements made to 

help s_tudents learn material will be o:" little use 

unless someone discovers how to help them :-em.ember ! t. 

He states, " ... it seems a te rr ible waste of time and an 

empty gesture to spend the students I and the teacher's 

time and effort on material that no one is e~pected to 

retain ... " (Aeschlimann , 1980, p. 42). 

Other educators and researchers echo Aeschlimann' s 

regard for the importance of retention. 

"A good memory is essential for 
intelligence and creativity. " 

(Horris , 1979 ) 

'' ... designers of instruction should concern 
themselves not only with providing materials 
that facilitate original learning, but also 
with providing t e chniques for enhancing 
reten tion of maste r ed mate r ial. . . 11 

(Smith , 1979, p.195) 

"It is hard to think of any educational goal 
for which the ability to retain infor mation 
is unimportant; human memory is crucial fo r 
acquiring the knowledge and skill we learn 
at school . " 

(Rowe and Ceci, 1979 ) 

;~~~ {~E~r:;g;~h 0 ~r ri!;~~!~~e*~ {~0 ;~itls th9 
knowledge, and attitudes is dependent upo~ 
the learner's retention of the effects of 

previous exf;~i~~~~: "1 939 ' p. 641 ) 



"Clearly the goal of educational efforts is 
the long-term retention of concepts and 
skills. 11 

(Gay, 1980, p. 45) 

11 ••• retention is essential in a variety of 
the skills and achievements that cont ribute 
to the process of education . . . n 

( Howe and Ceci , 1979) 

"The long term retention of information is 
important for a variety of reasons ... 
retrievable information forms a basis for 
many cognitive processes, such as compre­
hension, implementation of intellectual 
skills , creative thinking, and attitude 
change. 11 

(E. Gagne , 1978, p. 629) 

Actually, retention would not be a problem if it 

were not for its companion - for ,zetting . Studies in 

forgetting reach back over a period of years . The 

earliest records on studies in forgetting credit 

Ebbinghaus as the pioneer. His studies with nonsense 

syllables in 1885 led him to propose the well- known 

forgetting curve, a negatively accelerated exponential 

cur ve. This curve shows that most forgetting occurs 

rapidly in the first few hours and thereafter the 

amount recalled remains fairly constant (Smi th , 1 979 ) . 

Hovland ( 1 951 ) determined t hat meaningful material is 

retained better than nonsense syllables, but also 

clea r ly showed that retention. is likely to decrease 

with time. 

Thes e findings a r e supported and recounted in many 

literature reviews of studies dealing with retention. 

The research of Underwood ( 1957 · and 1983) indicated 

that after twenty- fou r hours the retention of the last 

information learned by heavily practiced subjects was 



twenty- five percent or less , whereas with new subjects 

seventy - five percent was remembered. The loss of 

twenty- five percent over twenty- four hours is 

startling. The research of Arzi, Ben- zvi, and Ganiel 

( 1986) showed that approximately half of the initially 

required knowledge was forgotten from the completion of 

the instruction in the eighth grade until the beginning 

of the tenth grade. Even more disturbing is Gay's 

report ( 1973) which states that about sixty- six percent 

of the concepts learned in high school and college 

courses are forgotten within two years! 

Methods for Improving a Student's Abi 1 i ty to Reta; n 
Information 

It has been noted that research attention has 

traditionally focused on the instructional methods that 

facilitate re t ention, the logic being that retention 

will improve if the learning of material is improved 

(Gay, 1980) . Many books on learning and instructional 

design provide guidelines that can help ensure learner 

mastery of instructional materials, thus increasing 

retention to some degree (Gagne, 1970). There are 

further guidelines found in other sources. A study 

guide produced by Graham and Robinson ( 1984) lists four 

p r ocesses which aid retention: categori"zation, 

association of new information within its context; 

personalization , association of new information with 

personal experiences; application, making use of 



learned material; and sel:'- recitat ion, repetition and 

mneumonics. 

Made line Hunter ( 1967 ) provides a list of five 

factors which she believes assist in retaining 

information: meaning, feeling tone I degree of original 

learning, practice , and trans:'er. Some of these same 

:'actors are found in P. E. Mo rris' (1977 ) suggestions 

for improving recall of information. Morris also 

suggests learning organized, meaningful material, 

active learning , and self- testing . The use of 

organizational strategies is also emphasized as a 

method for enhancing memory by Rohwer and Dempster 

( 1977). 

In Sywlester I s ( 1985 ) review of research on 

memory, a number of techniq_ues for increasing memory 

have been proven effective through research. 

These techniques include novelty and multiple storage, 

as used in mnemonics; visualization and imagery, 

mentally locating objects in space; and observation of 

experts. Research also shows that students who have 

prior knowledge of learning outcomes before instruction 

achieve and retain significantly more than students 

without the prior knowledge (Raghubir , 1979 ) . Some 

studies indicate that instruction about text 

organization immediately prior to reading can 

facilitate recall of textual information. Barnett 

( 1984) determined that the instruction on text 
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structure helped the student to establish coherence 

among the ideas contained in the text. 

However, research also shows that students need 

help in learning to retain what they comprehend (Graham 

and Robinson, 1984 ) . Hirsh ( 1977 ) studied the effect 

of three instructional math formats on the retention of 

high school students. He found that the six-week 

retention test scores were one-half of the original 

scores on the original lesson test regardless of the 

instructional format used. This . may indicate that 

simply improving instructional methods will not improve 

retention. 

What can educators do to improve retention a:f'ter 

the original learning has been mastered? In her review 

of research, Elene Gagne (1978 ) identifies review as a 

facilitating condition between the initial learning and 

testing . She acknowledges that review can take a 

number of forms: a quiz, questions asked by the 

teacher, or practice of the to- be- retained information. 

The review can improve long-term retention by 

strenthening links in memory ( practice makes perfect), 

or by encouraging the formation of new links which 

reinforce memory by establishing relationships between 

learned information. 

Review classes are typically described as 

fact-or tented , teacher-centered, and poorly planned 

(Moynihan and Carroll, 1974). However, the variety of 
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methods for review found in the literature include: 

repetition of the original learning (Rohwer and Hagen, 

1977; Petros and Hoving, 1980); general practice 

(Hunter, 1967 ) ; review of notes (Graham and Robinson, 

1 984 ) ; aud i otutor ial (Smith, 1979); oral review ( Ross 

and DiVesta, 1976 ) ; games ( Suydam, 1985; Cheek, 1980; 

Ludwig, 1979); outlines ( Suydam, 1985; Windsor, 1979 ) ; 

categorization and ranking of key terms and names 

(Moynihan and Carroll, 1974); summary study sheet 

(Godfrey, 1979); and student- conducted reviews (Huska, 

1980) . It is evident that effort has been directed by 

some educators toward planning interesting reviews. 

Studies have also shown that review is effective. Ingle 

et al. ( 1969) found that repeated review and practice 

can be a positive motivating factor by becoming a new 

task each· day and varying the classroom procedure . 

Peterson et al. ( 1935 ) proved that groups having review 

performed significantly better than groups having no 

review , and two review sessions work better than only 

one session. After eighteen weeks the one-review group 

showed a superiority of eighteen per cent over the 

no- review control group, and the two review group 

improved fifty - seven per cent over the control group. 

Baus ell and Moody ( 1972) studied the effect of 

review on the retention of an arithmetic .lesson by 

fourth and fifth grade pupils. Although the two groups 

( control and review) had similar scores on the original 
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lesson test, the review group scored much higher than 

the control group on the eight- week retention test. 

Ross and Di Vesta ( 1976 ) found that there was a 

twenty- fl ve percent advantage in recall of con cepts a nd 

facts when a n oral review of textual material was 

required compared to no oral r eview requirement . Thus, 

their data indicated that oral review of materia l 

studied i s an effective strategy for improving recall . 

Oral review activity requires processing which not only 

helps the student store info r mation in memory, but it 

also makes the information more retrievable. Gay's 

study using computer instruction and review for eighth 

grade students also showed that groups havi ng review 

retained s i gnificantly more than the group which 

received no review ( 1973 ) . 

The Effects of Timing and the Use of Test i ng as a Means 
of Review 

Research does provide some insight into timing and 

the use of testing as a review. Timing can be v i ewed 

from different angles. For example, information about 

timing can be studied by comparing spaced or 

distributed review with blocked or massed review. 

Reynolds and Glaser (1964) r esearched the effects of 

spaced review upon the r etention of science topics 

using p r ogrammed inst r uction. The spacing of the 

review sequenc.es had a definite facilitating effect on 

retention. Ausubel and Youssef ( 1965 ) showed that 

practice in the form of spaced reviews rather than 

13 



massed repetitions was effective in promoting 

retenti on . Scanlon and Tom (1967) also recoc:imended 

that teachers employ spaced :eview instead of block 

review. Hunte r (1967) recommended !!any short practices 

rather than a few long periods. 

The timing element can also be viewe d from the 

position of how soon after the original lesson should 

the review occur . In their review of literature , 

Peterson et al. (1935) indicat ed that Thorndike 

contended that review should occur soon after learning 

and be relatively long , and future reviews should occur 

at increasingly longer inte r vals and require less time. 

However, Thorndike's conclusions do not take into 

account the nearness to the !' inal test. Peterson's 

study showed that the value of any given review session 

depends upon its nearness to learning 2.nd to the time 

of the test. Students maintain that a review 

immediately before a test is very beneficial. The 

basic idea is that review immediately following 

instruction consolidates and c l a r ifies the material , 

while delayed review aids in relearning forgotten 

material (Gay, 1973 ) . 

Review questions wer e found to facilitate the 

learning and retention of co mputational skills better 

than review statements ( Lee, 1980). Review questions 

involve learning strategies for ret r ieving information 

and problem- solving proc e sses. By working review 
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problems, students develop lateral trans:'er skills and 

may develop vertical transfer skills more ef:'iciently. 

The use of testing as an effective method of review ,.,as 

studied by Spitzer (1939) who concluded that tests are 

learning devices, not just tools for measuring 

achievement . Tests should be employed more frequently 

to aid in retention and all tests should be corrected 

after being graded , with the corrections being made 

either by the teacher or by the student. 

Landauer and Ainslie {1975) also proved tests to 

be effective review activities in reducing the rate of 

forgetting of material over a long period of time . In 

their investigation a: the r e tention of knowledge 

acquired from advanced technical courses, they 

determined that an int erim test at six months helped 

students retain information over a period of a year. 

Gay and Gallagher ( 1 976) compared the effect of tests 

versus written work on retention by students; students 

who were required to reach c r iterion on each of a 

series of tests scored significantly better in 

retention of tested concepts and procedures than did 

students '"ho were required to complete written 

exercises on the same conc e pts. 

Nungester and Duchastel (1982) recognized the 

consolidating effect tests can have in helping students 

remember what was learned. Their data revealed that 

review is valuable ( resulting in a ten per cent 
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increase in retention over the control g roup 

per:'ormance ) , but testing is even more beneficial 

( resulting in a twenty- five per cent increase in 

retention over the control group per:'ormance ) . 

The study of Halpin and Halpin ( 1982 ) clearly 

showed that the students who took tests achieved more 

and retained their learning longer than students who 

did not take tests. Testing causes an improvement of 

study behaviors which results in higher achievement . 

Rothkopf and Billington r.eferred to the practice o:' 

presenting the students questions similar to those they 

will receive on a later examination as "priming" ( 1974, 

p. 669 ) . The priming question activates topically 

related domains in memory and therefore makes ~orrect 

responses to other topically related questions more 

likely. 

Mc Daris' study ( 1984 ) showed that shorter, more 

frequent tests were preferred over a single, longer 

.test . In his review of r esearch , he mentioned the 

following studies that suppor-ted his findings: Kulik 

and Kulik in 1979; Dustin in 1971; Keys in 193d; and 

Turney in 1931. Scanlon {1967) determined that the:-e 

is a di r ect relationship between frequency of 

r epetition of a learning activity and the amount of the 

resultant learning. 
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Grade Level Differences in Retention 

Significant grade level differences were noted by 

Gagne ( 1969) in his study of effects of content, 

isolation and interference on retent ion . The older 

students in the study performed be tter than the younger 

students. Two possible reasons g!. ven by Gagne !'or the 

superio r ity in recall of the older students were 

g reater 111aturi ty in intellectual development and better 

memory strategies. 

Gender difference in mathematics- related science 
per!Ormance 

In their review of the pr~:fessional literature 

concerning factors influencing the entry of females 

into science ori ented careers, Jones and Wheatley 

( 1 988) found that mathematics directly influences 

science course selection and performance. Se lls ( 1 978 ) 

described the lack of preparation in mathematics as the 

"critical filter" that denies women entry into science 

fields . 

Research has indicated sex differences in 

quantitative ability that show up at the time of 

puberty. Males exhibit better spatial skills and 

mathematical ability. Ebbeck (1984) has noted that 

"male-female differences in educational achievement 

cannot be explained by current understanding of 

research into basic s~x differences in ability." The 

differences in achievement may be due to a variety of 

sociological factors that affect the development of 
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interests and goals of males and females. Some of the 

environmental i nfluences that have been identified as 

affecting gender performance in science and mathematics 

include the presence of the fa t her in the home and 

birth order ( Hayenga and Hayenga, 1979 ) , pr i or 

experiences in science- oriented activities (Kahle and 

Lakes, 1983 ) , sex stereotypes that promote or inhibit 

self- reliance ( Barry, Bacon and Child, 1957 ) , and sex 

bias by teachers (Hodgson , 1979} . Stake and Granger 

{1976 } concluded that a same- sex role model is very 

effective in promoting interest in sci.ence. '!.'hus, 

since there are more male science teachers, male 

students exhibit a greater interest in science than do 

female students. 

Minari ty student versus Nonminori ty Student 
Perfo rmances in ttathematics and Science Skills 

Minari ty students are underrepresented in the 

sciences, mathematics and engineering fields (Doigan, 

1982). The high school preparation of minority 

students is often inadequate fo r college science 

programs, and mathematics , not science, is the primary 

obstacle (Sells, 1978) . When minority students do not 

take advanced coursework in mathematics , poor 

achievement on standardized tests will result (Atwater, 

1986 ) . The average national scores on the ACT Natural 

Science subtest for 1984 showed nonminority students 

scoring 22.4 (out of 36 possible ) while Blacks scored 

only 1 5 . 3 , Mexicans scored 17. 1 , and Indians sco r ed 
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18 . 3. Some of the factors that Atwater (1986 ) stated 

as affecting the minority student's interest and 

achievement in science are career counseling, teachers' 

expectations, student persistence, role models, and 

early exposure to science . 

The goal of this literature search was to examine 

the value of review through short, frequent tests as a 

method of inc reasing the amount of material reta ined. 

Research showed strong suppo r t of review as a 

facilitato r of retention. It was also shown that 

spaced frequent reviews may be of more bene ::"i t than 

massed review . The temporal position of singular 

reviews was found to be insignificant. Also noted was 

the benefit of early review as a consolidato r of 

material and the benefit of delayed review as a time to 

relearn material. Tests were shown to be effective 2.s 

a method of review . The achievement of males in the 

mathematics and science fields was shown to •be supe r ior 

to fema les. Minari ty students are underrepresented in 

scie nce careers, and achievement in mathemati cs is a 

contributing factor. 
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CHAPTER 3 

Methods 

The phrase "time-on-task 1' has become popular 

recently in light of the increasing scrutiny of schools 

by the American public. There is a need for 

utilization of every minute in the classroom . One 

technique suggested by some educators to effectively 

use the first few minutes of class is the use of sponge 

activities (Hunter , 1987). The researcher has also 

noted the students' need for review of previously 

presented materials, especially in mathematical 

calculations in chemistry. The joining of these two 

activities, sponge and review, may prove very 

beneficial. This researc h was designed to determine if 

this technique actually does improve the retention of 

previously learned mathematical skills by Chemistry I 

students at Harrison High School in Colorado Springs , 

Colorado. 



Description of Setting 

The setting of this study was Harrison High 

School, District Two. Harrison High School is located 

near the southeastern boundary of Colorado Springs, 

Colorado. Colorado Springs is a large city with over a 

third of a million people. It is widely known f o r the 

large number of electronics industries and military 

installations located in and around the city . 

Until recently District Two was comprised mainly 

of residential areas. Growth has led to an influx of 

industry and commercial buildings as well as more 

residences. The communities within the school district 

are di verse , ranging from lower middle class to upper 

middle class. The dist r ict serves over 8000 students 

in ten elementary schools , three middle schools, and 

two high schools. 

Harrison High School has a staff of 105, including 

administrators (4), teache r s and cla.ssified staff ( 72), 

and support personnel (29) . Student population is 

approximately 1150. The r e is about a thirty- three 

percent turnover rate, primarily due to the military 

influence. The drop- out rate is currently about five 

·percent. There is a lar ge population of minorities 

living in the school dist r ict, and that is reflected in 

a student body which is approximately eighteen percent 

Hispan ic, seventeen percent Black, and six percent 

Asian . Less that one thi r d of the students who 
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graduate from Harrison High School obtain any form of 

additional education beyond the high school level. 

This includes not only four year colleges, but also 

comm.unity colleges, junior colleges, technical trades 

schools and business colleges. 

Procedures 

Identification of Subjects 

The subjects of this research study were students 

enrolled in Chemistry I at Harrison High School. There 

were 101 students included in the experiment. The 

majority of the students (64.4 ,:) were in the eleventh 

grade, 15. 8 :' were in the tenth grade, and 1 9. 8 ,: were 

in the twelfth grade. Two years of science are 

required for graduation from Harrison High School, one 

year of physical science and one year of life science. 

Most students take Earth Science in the ninth grade and 

Biology in the tenth grade, thus completing their 

graduation requirements . Therefore, Chemistry I is 

usually ·taken as an elective by students who are 

fulfilling college admission requirements. 

The ethnic compost tion of the Chemistry I classes 

studied was 0.99 ~ American Indian, 16,8 ~ Asian, 

11.9 ~ Black, 16,8 ~ Hispanic, and 53.5 ~ Caucasian. 

Females comprised 45. 5 ~ of the group; 54 . 5 ~ were 

males . 
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Group Design 

This project was designed to measure the effect of 

the use of frequent review quizzes on the retention of 

mathematical skills for chemistry calculations. Five 

Chemistry I sections were used in the experiment . The 

students were scheduled into the sections by the 

district computer i therefore, the composition and size 

of the classes was approximately equal with the 

exception of period two. The first experimental group, 

pe r iods three and five, consisted of 41 students . The 

second experimental group, periods one and four, 

contained 46 students . Period two was smallest in 

number ( 14 students) and was a constituent of the 

control group fo r both quarters of the study . The 

numbers of students in these groups does not actually 

renresent the sizes of the five classes because 

students who moved into or out of Chemistry I during 

the two quarters of the study were eliminated f r om the 

data collected. 

Experimental Design 

The r esear cher used the nonequivalent pretest­

posttest control gr oup design . This is a quasi­

experimental design , due to the inability of the 

researcher to r andomize the subjects . The design is 

represented on the next page with Gr oup A - class 

pe r iods three and five - being the fi r st experime ntal 

group , and Group B - class per iods one , two a nd fou r -
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being the control group. During the second quarter of 

the study Group A ( experimental ) consisted of periods 

one and four, and Group B (control ) was periods two, 

three and fi ve. The pretest ( diagnostic test ) 

represented by 01 was administered to all f i ve sections 

on the same day. A copy of the diagnostic or pretest 

is included in Appendix A. 

Nonequivalent Pretest- Posttest 

Control Group Design 

group pretest treatment posttest 

01 -------- X ----------- 02 

B 01 -------- --- ----------- 0 2 

( McMillan And Schumacher, 1984 ) 

X represents the treatment. During the first 

quarter of the study, the experimental group ( periods 

three and five) received short review quizzes during 

the first five minutes of class time a minimum of twice 

a week. The final examination (the posttest, 

rep r esented by 02) for the quarter was administered to 

all five sections. The experiment was repeated during 

the following quarter, but the experimental gr oup was 

changed to periods one and fou r . Period two students 

did not receive the review quizzes either quarter. 

Once again all five sections of students receive d the 

same quarter final examination . 
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All five sections of Chemistry I received the same 

instruction, assignments, laboratory work, major 

reviews, and tests during the two quarters of the 

study. The only variable was the review quizzes. 

Experimental· Treatment 

The review quizzes were administered to students 

in the experimental group durin .. the first five minutes 

of the class period. While the researcher was involved 

in checking attendance and other classroom 

management chores , the students were given a chemistry 

problem to solve. The review quizzes consisted of 

chemistry calculations requiring mathematical skills 

that were presented in previous lessons. A copy of the 

review quiz questions is included in Appendix A. 

The students had five minutes to complete the 

review quiz. As soon as the quiz papers were 

collected, the correct solution to the problem was 

discussed . The corrected papers were returned the 

following day. Many students saved these papers and 

used them for review before major tests . 

The review quizzes were administe r ed a minimum of 

twice a week during the quarter . The entire 

experimental treatment cove r ed nine weeks for each of 

the two experimental groups. The control group did not 

receive the review quizzes. Any review that they 

received in class was the same as the traditional 

review given in the experimental group. The 
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independent variable then was not review in general, 

but specifically the short frequent review quizzes . 

Evaluation 

The effect of short frequent review quizzes on the 

retenti o n of previously presented chemistry 

problem- solving mathematic skills was evaluated with a 

teacher-constructed test . The test was a final 

examination for the quarter and consisted of questions 

covering material presented during the quarter . A copy 

of the quarter examinations is included in Appendix A. 
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CHAPTER 4 

Analysis of the Data 

The objective of this study was to determine if 

short frequent review quizzes improved the retention of 

previously learned mathematical skills in chemistry 

calculations among Chemist ry I students at Harrison 

High School and to further determine if student 

pe r formance on a comprehensive exam would differ by 

gender, grade level, or minority status. 

The r aw pretest and posttest scores for each 

student by period are reported in Tables 8, 9, and 10 

in . Appendix B. Upon completion of the collection and 

organization of the data, the pretest and posttest 

results were compared for each of the three groups of 

students: Experimental Group I ( periods three and five 

which had the review quizzes the first quarter) ; 

Exp---imental Group II ( periods one and four which had 

the review quizzes the second q1,arter) i and Control 

Group (period two, which did not receive any review 

quizzes). The means and standard deviations of these 

group scores are reported in Table 1 on the next page. 

The pr.etest and posttest scores for each student by 
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gender, ethnicity, and grade level are reported in Tables 

11, 12, 13, and 14 in Appendix B. 

Table 1 

Student Performance Scores for 
Pretest , First Quarter and 

Second Quarter Exams 

Mean Standard Standard 
Err·or of 

( count) (% Scores) Deviation the Mean 

Pretest 
Periods 1 & 4 46 41.0 18. 47 2.12 
Period 3 & 5 41 47-3 17.88 2. 79 
Period 2 14 34. 3 11. 49 3.07 

Quarter Exam 
Periods 1 & 4 46 58. 2 17-17 2. 53 

*Periods 3 & 5 41 69.1 20.05 3.13 
Period 2 14 49.1 15. 52 4.15 

Quarter Exam II 
*Periods 1 & 4 46 6.5. 4 17 .05 2 . 51 
Periods 3 . & 5 41 72 . 8 19-90 3 . 11 
Pe ri od 2 . 14 55. 9 21.83 5 -84 

review quizzes 

Visual comparison shows a difference in the mean 

scores of the three groups on the pretest . The students 

in pe r iods three and five had a better foundation in 

mathematics and chemistry problem- solving at the 

beginning of the study. The students in period two had 

the lowest mean scores on the pretest. This pattern 

continued throughout the study. Although the scores on 

the first and second quarter examinations were better 
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than the pretest scores for all groups , the students in 

periods three and five had consistently higher test scores 

than periods one and four, and period two had the lowest 

scores on both examinations. 

A Pearson product-moment correlation ( r ) was computed 

to determine the relationship of the tests to each other. 

High pos'i ti ve values of r were determined for all 

combinations, indicating that there was a strong correlation 

between the tests . 

Table 2 

Pearson Product- moment Correlation Coefficients 
Between the Pretest and Quarter Exams 

Pretest with Quarter Exam 

Pretest with Quarter Exam II 

Quarter Exam I with Quar ter Exam II 

o. 7655 

o. 6703 

o. 8234 

An analysis of variance was performed to determine 

the significance of differences on the first and second 

quarter examination raw scores due to the use o! the review 

quizzes. No significant difference was found for second 

quarter final examination scores due to review quizzes (F 

(1 , 99) = .633, p > . 05). However, there was a significant 

difference for the effect of r eview quizzes for first 

quarter (F (1,99) = 10.528 , p < .002). The results of the 

A.NOV A are shown in Table 3. 



Source 

Total 

Table 3 

Analysis of Variance of Quarter Exam I Scores 
for Review- quizzed Students versus 

Non- reviewed Students 

ss df ms p 

Between groups 
Within groups 

9019, 0 
866. 9 

8152, 1 

100 
1 

99 

90. 19 
866. 9 

82 . 3 
1 o. 53 

To investigate the effect of the review quizzes 

and gender on first quarter final examination scores a 

2 X 2 factorial analysis of variance was performed. 

While gender had no significant effect on performance 

(F (1,97) = 3.08, p> . 05), and the interaction of 

gender and review quizzes was also not significant 

(F (1 ,97) = . 246, p > .05), the positive ef'"fect of the 

review quizzes on the first quar t er final test scores 

was significant (F (1,97) 9 - 765, p < .01 ). 

Source 

Total 
Review 
Gender 

Table 4 

Analysis of Variance of Quarter Exam I Scores 
for Review- quizzed .versus Non- reviewed 

St udents by Gender 

ss df ms F 

9019 . 01 100 90.19 
Quiz 793. 83 1 793. 83 9. 765 

246. 29 1 246. 29 3 . 030 
Review X Gender 19. 9 1 19. 99 . 246 

Error 7885. 80 97 81, 29 

When this same method of analysis of variance 

was performed on second quarter final sco r es , the 

review qui z zes did not significantly affect examination 
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scores ( F ( 1 , 97 ) = 1.015, p > . 01 ) , but gender did 

have a signi:!'icant effect ( F {1,97 ) = 5 . 602, p < . 05 ) . 

Females scored better than cales in both the 

experimental group ( female X = 26.91, male X: = 25.39 ) 

and the control group w-i thout review quizzes ( feC1ale X 

= 30-57 , male X = 25.13 ) . The results of the ANOVA are 

shown in Table 5 below . 

Source 

Total 
Review 

Table 5 

Analysis of Variance of Quart er Exam II Scores 
for Rev i ew- au i zzed versus ~Ton - reviewed 

Students by Gender 

ss df ms F 

61 36. 14 100 61.36 
qu i z 59. 38 1 59 . 38 I. 01 5 
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p 

. 316 
Gender 327 . 71 1 ;27 . 71 5 -602 <.020 
Rev X Gend 94- 96 1 94 -96 1 . 623 

Error 5674 - 46 97 58- 50 

A 2 X 3 facto r ial analysis ,...as pe r formed to test 

the effects of the rev iew quizzes a nd grade levels of 

the students ( 1 0, 11 , 12) on the final exam scores . 

Once agai n in the analysis of data from fi r st quarter , 

r eview quizzes were signif ican tly beneficial (F (I, 95 ) 

= 11 . 764, p < • 001 ) . Grade level and the interact .ion 

of review quizzes wi th grad e level were not 

significant . The results of the ANOVA are given in 

Table 6 . 
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Table 6 

Analysis of Variance of Quarter Exam I Scores 
for Review-quizzed versus Non- reviewed 

Students by Grade Level 

Source ss df ms F 

Total 9019. 01 100 90 .19 
Review quiz 953. 04 1 953.04 11. 764 
Grade level 355. 13 2 177-56 . 2. 192 
Rev X g rade 1 01. 00 2 50. 50 . 623 

Error 7695- 95 95 81 .01 

Results of the 2 X 3 factorial analysis of second 

quarter data indicated that neither grade level 

(F (2, 95) 2.83, p > . 05) or review quizzes (F (1 ,95 ) 

.625, p > .05) were significant. 

Nearly half (46 , 5 ,.:) of the students in this 

exper·iment were minorities (Asian = 16.8 %, Black 

11.8 %, Hispanic = 16.8 ~. and America·n Indian = 1 %) . 

A 2 X 2 (nonminority versus minority) factorial 

analysis of variance was performed for final test 

scores both quarters. Significance was determined for 

both review quizzes (F (1 ,97) = 7,559 , p < .01) and 

minority ( F (1 ,97) = 3,993, p < .05) for first quarter 

test scores. Nonminori ty students scored higher than 

minority students both with review quizzes (X 

nonminority = 35, -x minority = 30.7) and without review 

quizzes (X. nonminority = 29-5, X minority= 26 . 1 ). The 

results of the AN0VA are given in Table 7 . 
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Table 7 

Analysis of Variance of Quarte r Exam I Scores 
for Review- quizzed versus Non- rev iewed 

Students by Ethnic Minari ty Background 

Source ss df ms F 

Total 9019.0 100 90 . 19 
Review quiz 609 . 7 1 609-7 7 . 559 
Minari ty 322 . 1 1 322.1 3 . 993 
Rev X Min 5- 7 1 5- 7 .071 

Error 7824. 2 97 so. 6 

No significant diffe r ences were found for review 

quizzes ( F ( 1 ,97) . 322, p > . 05), minority groups 

( F (1 , 97) = 1.37, p > .05 ) , and for the interaction 

< 
< 

of r eview and minority (F (1,97 ) = -59 , p > .05 ) for 

second quarter final examination scores. 
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CHAPTER 5 

Discussion 

The design of this study was a nonequivalent 

pretest-posttest control group. The experiment was 

repeated twice. During the first quarter of the study 

the first experimental group (pe ri ods three and five) 

received the review quizzes and the control group 

consisted of periods one, four, and two. During the 

second quarter of the study the second experimental 

group to receive the review quizzes was composed of 

students in periods one and four, and students in 

periods two, three and five made up the control group. 

The control group did not receive the review quizzes . 

All of the students took the same pretests and the same 

quarter final examinations (the posttests). 

The data from the study was collected and 

organized. It appears in table form in Appendix B. 

The data was analysed using a variety of statistical 

tests. 

The PearSon product-moment correlation coefficient 

indicated a high correlation between the pretest and 

quarter exam I, between the pretest and quarter exam 

II, and between the two quarter exams . An analysis of 



variance determined a significant difference on first 

quarter exam scores after the review quizzes. There 

was no significance in the final test scores after 

review quizzes second quarter. 

There were unavoidable differences among the 

classes that might have affected the results. For 

example, during the first quarter of the study the 

classes.were on fifty - five minute class periods. The 

length of the class periods was shortened to 

forty - seven minutes for the second quarter of the 

study. The loss of eight minutes per day for the 

students in the . experimental group during the second 

quarter must certainly have affected their perfo r mance 

and contributed to the nonsignificance of the review 

quizzes. It was much mo re difficult to take the time 

to discuss the correct solutiona for the review 

quizzes. Also, time that was used on the quizzes was 

taken away 1:rom other classwork, such as guided 

practice , that might have benefited the students more. 

Thie data seems to contradict the findings of Nungeste r 

and Duchastel (1982) who studied a practical issue 

concerning the testing effect: Is learning time better 

spent on testing or on re view and study? Their data 

revealed that testing is •a profitable use of class time 

even when it replaces study time. 

The prob l em was certainly not one of maximizing 

"time- on- task 11 , but was rather ha ving enough time to 
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complete all the tasks that were required. Therefore , 

although the null hypothesis is accepted acco rding to 

the results from second quarter I extenuating 

circumstances and lack of sufficient time could have 

affected the data. 

There was a statistically significant difference 

in the first quarter examination scores between 

students who took the review quizzes and those who did 

not . The ANOVA indicated that the review quizzes had a 

positive effect on the retention of mathematic skills 

in problem- solving for chemistry. The nnll hypothesis 

is reje?ted according to first quarter results . This 

data supports previous research that indicated that 

testing is a superior way to enhance retention . Formal 

written testing does promote greater student retention 

of learned concepts (Gay and Gallagher, 1976). Tests 

are practically effective although they are often 

distasteful to students and educators alike. 

Halpin and Halpin (1982) determined that when 

s t udents expect a test they will put forth their best 

effort . Testing elicits and sustains study behavio r s 

that result in higher achievement . Students 11 work 

harde r , learn more , and remember longe r what was 

learned " (p. 37) . Testing facilitates what Rothkopf 

( 1974 ) called mathemagenic behavior - attending 

behaviors that give birth to learning. 
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This study also supports the previous study by 

Peterson et al. ( 1935 ) which showed that repeated 

reviews are more effective than s i ngle reviews. 

Additionally I the present study indicates that the 

review qti:iz can be valuable to the teacher because it 

provides systematic feedback of what topics need 

further development, as previously determined by 

Godfrey ( 1979 ) . The review: quizzes were very useful to 

the researcher by identifying the mathematic concepts 

that were causing the most problems to t he students. 

A 2 X 2 factorial analysis indicated no 

stat"istically significant effect on performance by 

gender first quarter, but 2ender did produce a 

significant difference on test scores during second 

quarter. Females scored better than males in both the 

experimental (with review quizzes) and control ( no 

quizzes ) groups. Second quarter I females with the 

review quizzes did not score as high as females in the 

control group. Hales with and without review quizzes 

had approximately the same average scores. 

The significance of sex differences on test scores 

was surprising. The results of this study indicate that 

girls are succeeding in achieving equal or better test 

scores requiring mathematical skills. 

In Lynn Fox's report to the Ford Foundation~ 

Problem of Women and Mathematics (1981) she cited 

research indicating that boys have frequently performed 
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better than girls in mathematics. However, she did 

suggest that girls could be encouraged to develop their 

mathematic potential through early support at home and 

reinforcement from educators and society at large. The 

results of this study contradict previous research 

studies on sex differences and science achievement 

which indicate that males perform better than females 

in scienCe examinations requiring mathematical skills 

(Ebbeck, 1984, and Jones and Wheatley, 1988) . It 

appears that females may be receiving the encouragement 

to succeed in science fields. 

Nonminori ty students were found to score 

significantly higher than minority students first 

quarter in a 2 X 2 factorial analysis. The same 

analysis of variance second quarter did not indicate a 

significant difference for nonminority students. 

Achievement of minority students is a concern of all 

educators, and it is a major concern of educators in 

districts with a high percentage of minorities. High 

schools are not adequately preparing minority students 

for co llege science curricula (Sells, 1978). This 

study ,:1upports pr evi ous research that indicated that 

minority students score lower on important tests than 

do nonminority students (Atwater, 1986). 

Harrison High School is attempti!1,g to prepare more 

minority students for careers in science and mathematic 

related fields through a program called rrasA 

38 



(Mathematics, Engineering , Science Achievement ) . MESA 

identifies high potential minority students who are 

interested in mathematics and science. These students 

are then given the opportunity to learn more about 

career opportunities through field trips, guest 

speake r s and summer programs. MFSA students are also 

provided counseling and instruction in college 

applications and admission requirements, interview 

skills, and financial aid. Hopefully, . programs such as 

MESA will result in the improvement of test scores of 

the minority students. 

A 2 X 3 factorial analysis for the effect of grade 

level on test scores determined that grade level did 

not affect the test scores either first quarter or 

second quarter. The nons ignificance of grade level on 

performance in chemistry calculations is arl important 

factor to consider. Students traditionally take 

Chemistry I in the eleventh grade; the high number of 

eleventh grade students in this experiment supported 

this. However, tenth grade students who are highly 

motivated and have an adequate background in science 

and in algebra are permitted to enroll in Chemi stry I 

at Harrison High School. Some chemistry teachers "do 

not support the policy of allowing tenth grade students 

to take chemistry, but this study indicates that tenth 

graders can perform as well as older students, at least 

in the comprehension of mathematic applications. This 
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study contradicts the data of Gagne ( 1969 ) which 

indicated that older students have superiority in 

recall abilities. 

There were a number of factors that may have 

influenced the results of this study. These included: 

1 ) the inability of the researcher to randomize the 

subjects, 2 ) differences in length of class periods 

between the two quarters of the study due to unexpected 

changes in scheduling , 3 ) inevitable variations among 

the classes such as class size, time of day, or 

composition by gender or minority groups, 

4) differences in motivation of the students in the 

classes, or 5) a possible inaccurate assumption that 

the students had actually learned the previously 

presented chemistry calculations. 

The inability to randomize the subjects was noted 

before the experiment began. Because this is a threat 

to internal validity, the researcher attempted to 

minimize this effect by performing the experiment twice 

and collecting data from two experimental groups that 

also alternated as control groups. 

Recommendations 

Retention is a vital part of a student I s success 

in all areas of education. Additional research should 

be conducted to clarify the effectiveness of the 

various methods of improving retention . Although the 

null hypothesis is rejected from the results of the 
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experiment performed during first quarter, it is 

rejected due to the data from the repeat of the 

experiment second quarter. This indicates that the 

experiment should be performed again. Should further 

studies be conducted, it is recommended that: 

1 • The researcher should randomize subject 

selection. 

2. Any gross differences between the experimental 

and the control groups should be minimized or 

eliminated. This would include such considerations as 

length of class periods, grade levels of students, 

racial mix, and gender . 

3 . Increase the sample size for both the 

experimental and control groups . At the same time, be 

certain the groups are equivalent in size. Not only 

does this improve the validity of the study, but it 

also st r engthens the statistical analysis. 

4. Select a setting for the study that would 

minimize attrition and student absenteeism. 

5. Use a standardized test for the pretest and 

posttest if one is available. 

6. Explo re the variations possible in the 

parameters such as the frequency of the review quizzes , 

the format of the quizzes , or the use of the mastery 

concept, where students would be required to solve the 

problem corr ectly before pr ogressing to the next level 

of competency . 
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7. Develop some type of motivation or rewards for 

students to ensure that they are giving maximum effort 

to the review process. Alesandrini and Rigney ( 1981) 

employed an interestinng , but impractical, motivational 

technique. As an incentive for college students to do 

their best on a posttest, the students were promised 

they would be paid $3. 00 if they scored 70 per cent or 

better . The researcher has used stickers, food, and 

special privileges as rewards for good performance . 

8 . Enlist the cooperat ion of several teachers in 

different schools in the same school district to 

perfo rm the study. The results would indicate if a 

revision was needed in the curriculum to allow more 

class time for r'eview and testing. 
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