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Abstract 

 In a time of high stakes testing, educators of core subjects such as mathematics, need to 

prepare their students to take and pass their local proficiency exams.  This report details a mixed 

methods switching replications design research project on the effectiveness of spacing test 

review questions.  The research focused on a convenience sample of two Algebra II classes in a 

large southwestern urban high school.  Over the course of six weeks, each class spent the first 

15-20 minutes of the period reviewing concepts for the next unit exam.  One of the classes was 

presented test review questions in the same order the test topics were taught.  The other class was 

presented test review questions spaced at intervals of 3-5 days.  While the two classes displayed 

no significant difference in test scores, subjects showed appreciation for the time spent 

reviewing. 
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Introduction 

 With the passing of the “No Child Left Behind Act” in 2001, the United States entered an 

era of high stakes testing (United States Department of Education, 2001).  While the current 

administration of President Obama has relaxed some of the requirements for the act, fewer than 

half the states (24) have applied and been approved for a waiver.  A waiver would allow the 

states to not meet the 2014 goals set by the act as long as they have rigorous goals working 

towards student and teacher achievement (White House Office of Press Secretary, 2012).  This 

leaves testing in core subjects a critical component of the American student’s education.  As an 

educator of a core subject the researcher has long and often pondered what teaching techniques 

would be most effective in preparing students for these tests.   

Several references such as H. P. Bahrick’s work in 1979, W. Thalheimer’s webpage 

published in 2006, and Karpicke and Roediger III’s article published in 2007, support the 

findings that spacing the study of concepts over time improves learning.  These studies were 

done in the areas of language acquisition and workplace learning.  This naturally leads the 

researcher to wonder if the same is true of mathematics.   

In this study, spaced learning refers to the idea of studying and reviewing topics over a 

series of sessions which are spaced days apart.  Consider a fictional example of a teacher trying 

to teach students to identify quadrilaterals.  In the initial introduction the teacher demonstrates 

what is a square, rhombus, rectangle, kite, parallelogram, etc.  In a traditionally structured 

format, students are given a series of homework problems after the introduction.  They may 

review quadrilaterals again the next day and/or the day after, but then they do not study them 
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again until they take the unit test.  This may mean a week or two before students see 

quadrilaterals again - a time which allows them to forget what they have learned.  In contrast, 

with spaced learning, the students review the concept several times at varying intervals.  They 

may review quadrilaterals the next day, then again three days later, then again five days later 

until the unit exam.   

The experiment took place in an urban school in a major southwestern metropolitan area.  

While the school is in an urban area roughly one third of the student body are magnet students.  

Magnet students at the school come from all over the district and have higher academic 

expectations placed on them than the local zone students have.  A convenience sample of two 

Algebra II classes was used with a switching replications experiment design. 

This study was designed to explore if spacing test review problems over the course of a 

unit (for two units) would better prepare subjects for the unit test than review questions which 

were given on consecutive days.  Each concept was taught in depth only once.  The control 

group was presented with test review problems pertaining to the concept for three consecutive 

days after the concept was taught.  They received no further exposure to the concept until the 

unit test.  In contrast, the treatment group was presented test review problems pertaining to the 

concept every 3-5 days afterwards until the unit test.  After the first unit was completed a second 

unit was begun with the control group becoming the treatment group and vice versa.  The 

experiment took a total of 7 weeks.   

Three types of data were collected and analyzed: test scores, surveys, and an open-ended 

questionnaire.  The test scores consisted of the difference between a pretest and a posttest for 

each unit.  The pretests were given before each unit began and the posttests were given after each 
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unit's conclusion.  The surveys were given the day after each posttest and the open-ended 

questionnaire was given at the conclusion of the second unit.  The results of the test score data 

were counterintuitive and showed no difference between the two groups.  However, the results of 

the survey and open-ended questionnaire showed the subjects were appreciative of the extra 

practice and felt the time spent reviewing for the upcoming test was time well spent. 

Literature Review 

 The effects and importance of spacing on learning has been researched and documented 

by psychologists for over one hundred years.  According to an article published by Bruce and 

Bahrick in a 1992 issue of American Psychologist, one of the first studies on the subject was 

done by a German psychologist named Hermann Ebbinghaus and published in 1885.  The article 

was translated to English in 1913 but the line of inquiry did not stop there.  In fact Bruce and 

Bahrick found over 300 articles following the line of inquiry.  Articles and research continue to 

be published and explored to the present day (Bruce and Bahrick, 1992). 

 Another important, more contemporary work, was a study by E. Tulving in 1967, a 

portion of which was designed to explore the effects of repeated studying and repeated testing on 

testing.  In the Tulving study the subjects, graduate students, met with the experimenter a total of 

six times and were tasked with memorizing as many words as possible from a list of 36.  They 

were randomly divided into three groups - one control group and two experimental groups.  At 

each meeting the control group followed the standard teaching pattern of study, test, study, test.  

One treatment group followed the pattern of study, study, study, test.  The other treatment group 

followed the pattern study, test, test, test.  Each study session consisted of being exposed to the 

list of words to be memorized for 36 seconds. Each test session consisted of repeating as many of 
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the words as possible back to the experimenter in 36 seconds.  Thus, for the control group, each 

cycle consisted of 36 seconds of study, 36 seconds of test, 36 seconds of study, and finally 36 

seconds of test, with each group doing 6 cycles during the course of the experiment. 

The results of the final test session for all three groups showed the test, study, test, study 

and the study, study, study, test groups recalled around 20 words while the study, test, test, test 

group recalled around 18 words.  Even though the lower score was statistically significant, 

indicating study, test, test, test is the least effective way to prepare for a final exam, the results of 

the study were roughly the same for all three groups.  In short, learning occurred as a result of 

repeated exposure to the material over a series of six exposures; it didn’t matter if it was a “study 

session” or a “testing session” the retention of the list of words was roughly the same.  This gave 

rise to what is now referred to as the internal testing threat to validity.  The internal testing threat 

to validity in research is the threat that a pretest can influence the results of a posttest (Babbie, 

2013).   Although there is little information in the published article referring to the timing or 

spacing of the cycles, there are two aspects which are relevant here, first, that learning takes 

place over time, and second, that learning takes place through repeated exposure to the material.   

 Another important study was done by H. Bahrick published in 1979.  There were two 

parts to the exploratory study: one was the learning of Spanish/English word pairs and the other 

was the recall of modified Chinese characters on a multiple choice test.  The more relevant part 

of the study here was the Spanish/English word pairs.  Subjects were divided into three groups 

and attended six learning sessions spaced at intervals of 0 days, 1 day, and 30 days.  That is to 

say, the group that had sessions spaced at intervals of 0 days showed up, studied the content as 

directed by the experimenter, and as soon as that was done began studying again as directed by 

the experimenter for a total of six study sessions one right after the other.  For the 1 day group, 
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subjects showed up, studied as directed by the experimenter, left, returned the next day to again 

study as directed by the experimenter, left,  returned the next day to study, etc., repeating this 

process for six consecutive days.  For the 30 day group, subjects showed up, studied as directed 

by the experimenter, left, returned after 30 days to study as directed by the experimenter, left, 

again returned after 30 days, etc. for about six consecutive months.  For all groups a final testing 

session was given 30 days after the sixth training session.  The results of the study clearly 

showed that the worst amount of time to wait between study sessions was 0 days.  The best 

amount of time between sessions was 1 day.  The 30 days sessions fell in between, though 

significantly closer to the 1 day scores than the 0 day scores.  It is clear from these results that 

long term learning is enhanced by spacing learning sessions apart rather than massing them 

together in chunks. 

In more recent research, focus has been on the effects of retrieval of information when 

spaced by time.  A study done by Karpicke and Roediger III published in 2007 closely mimicked 

the study done by E. Tulving but added in a “final test” one week later.  Their intention was to 

explore the three different configurations of studying and testing from the E. Tulving experiment 

as the “learning phase,” and from the final exam determine which of the configurations leads to 

the best long term retention as evidenced by the “final test” one week later.  Results of the study 

clearly showed that the study, test, study, test subjects had the best recall.  The authors theorized 

that this was because retrieval of the information was spaced out while the other two groups 

(study, study, study, test and study, test, test, test) had information massed together as either 

study sessions or testing sessions.   

Another recent article published in 2007 by Doug Rohrer and Kelli Taylor gives the 

results of two studies on learning mathematics.  The first study from the article examined two 
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things, the effects of temporal spacing on learning and the effects of "overlearning" (extra 

practice).  The second study from the article examined the effects of mixing multiple concepts 

together on learning. The first study, on the effects of temporal spacing, is the one relevant to this 

project.  In that first Rorher study, subjects consisted of college students at a university in Florida 

who were taught how to compute the number of permutations of a sequence of letters when some 

of the letters were repeated.  Subjects were randomly assigned to one of three groups, a spaced 

group, a massed group, and a light massed group.  While all three groups attended three sessions 

spaced one week apart, each group had different tasks during the sessions.   

The spaced group was introduced to the concept at the first session, shown two examples, 

given two problems to work out on their own, and finally shown the answers to the problems.  At 

the second session they were again given two example problems, two problems to work out on 

their own and finally shown the answers to the two problems.  At the third and final session, 

subjects were tested on their understanding of the concept. 

The massed group was introduced to the concept at the first session, shown two 

examples, given two problems to work on their own, shown the answers, given two more 

examples, given two more problems to work on their own, and shown the answers.  At the 

second session they were tested on their understanding of the concept.  The third session 

consisted of a "filler activity" and was there to ensure all three groups attended the same number 

of sessions but only had one week between the final session and the test. 

The light massed group was introduced to the concept at the first session, shown two 

examples, given two problems to work on their own, and shown the answers.  At the second 

session they were tested on their understanding of the concept.  As with the massed group, the 
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third session consisted of a "filler activity" to ensure all three groups attended the same number 

of sessions.   

The results of the study showed the spaced group performed significantly better than 

either of the massed groups.  Additionally, the two massed groups had no significant difference 

between their test scores.  To clarify, the massed group and light massed group scored the same, 

even though the light massed group did half the work.  Furthermore, the spaced group scored 

significantly better than the massed group, even though they both did the same amount of work.  

From this, the authors concluded that one of the critical factors to learning mathematics is: 

spacing the review of concepts some distance apart is better than doing a bunch of work all at 

once.  However, it is important to note that the subjects of this study were college students who 

may have different learning abilities from high school students. 

The Current Research 

 Tests are one of the most commonly used assessment tools in the United States, however, 

they differ widely from school to school.  The United States government made an effort to 

standardize testing in this country in 2001 with the passing of the No Child Left Behind Act.  As 

clearly stated in section 1111.b.3.A,  

Each State plan shall demonstrate that the State educational agency, in consultation 
with local educational agencies, has implemented a set of high-quality, yearly 
student academic assessments that include, at a minimum, academic assessments 
in mathematics, reading or language arts, and science that will be used as the 
primary means of determining the yearly performance of the State and of each local 
educational agency and school in the State in enabling all children to meet the 
State's challenging student academic achievement standards, except that no State 
shall be required to meet the requirements of this part relating to science 
assessments until the beginning of the 2007-2008 school year.  (United States 
Department of Education, 2001) 
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This piece of legislation has made standardized tests the gold standard for measuring student 

achievement, school achievement, and state achievement.  For a teacher of Mathematics, a core 

subject area named above, it follows that it is incumbent to do the best job possible preparing 

students for the statewide tests administered each year.   

 The author’s personal studies and experiences, which have lead him to conduct the 

following formal study, have made it very clear that students need to space practice of the 

material being taught at different intervals of some prescribed length.  The H. P. Bahrick study 

from 1979, for example, used intervals of 0 days, 1 day, and 30 days to learn Spanish/English 

word pairs and Chinese characters.  Bahrick's spacing approach can be related to everyday 

teaching concepts and strategies.  For instance, the least effective spacing from the Bahrick study 

was the 0 day interval; as soon as one teaching session ended the next teaching session began.  In 

modern vernacular this would be a “cram session.”  It is clear from his research that a cram 

session is the least effective means for enhancing long term learning.  The most effective spacing 

was 1 day apart.  This would be like doing homework every day, in which the homework either 

includes review problems of previous material, or the problems themselves are built on previous 

concepts, forcing the concepts to be relearned each day.  The 30 day interval was somewhere in 

between, though closer to the 1 day interval than the 0 day interval.  This would be like giving a 

cumulative test every month.  This would naturally give rise to speculation about which intervals 

are more conducive to learning, with the ultimate goal being to find which interval is the best.   

 While this project is similar to the H. P. Bahrick study of 1979 there are a couple of very 

important differences.  Firstly, is the spacing.  The H. P. Bahrick study spaced the learning 

sessions at 0 days, 1 day, and 30 day intervals.  In this study the learning was spaced at 1-3 day 

intervals, 3-5 day intervals, and 6-10 day intervals.  Secondly, language acquisition was the focus 
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of the H. P. Bahrick study, instead of math.  In one part of his study, subjects were visually 

presented with an English word and its Spanish translation, while the presenter pronounced the 

word.  Subjects were then shown the English words and asked to verbally give the correct 

Spanish translation.  In our study the focus was on solving a series of math problems covering 

two units of Algebra II: Matrices and Quadratic Functions. 

 The primary goal addressed by our study was to improve test scores on a local “district 

created” Algebra II exam by spacing exam review questions throughout the unit as opposed to 

bundling the review questions together.  The study took place at Rancho High School in the 

Clark County School District in Las Vegas, Nevada.  The specific topics addressed, according to 

this district's standards were:  

 to solve linear systems of two and three equations using Algebraic methods 

 to formulate, organize numerical data, and solve real-life problems using matrices 

 to develop different methods for solving quadratic equations and inequalities using the 

real and complex number system  

 to perform operations on, solve, and graph polynomial functions” (Clark County School 

District, 2013).   

It is perhaps important to note that quadratic functions are introductory to the concepts of 

polynomial functions, thus relevant to two of the foregoing specific topics.   

Hypothesis and Methodology 

 The purpose of the study was to determine if spacing test review questions at intervals 

other than one day improves test scores.  It was expected that a mixed methods approach would 

yield better and more significant results for the research.  To triangulate the results three methods 
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of data collection were employed: test analysis, a survey using a Likert Scale, and an open ended 

questionnaire.  Triangulation in this case simply means using multiple types of data to reinforce 

the conclusions of the experiment (Trochim, 2008).   Additionally, a Likert scale is a survey 

where respondents rate their level of agreement (or disagreement) to statements on a scale.  

These agreements are then converted to numerical values and added together (Trochim, 2008). 

Participants 

 Subjects of the experiment were a convenience sample of two sections of an Algebra II 

course, each containing approximately thirty-five subjects from Rancho High School, an inner 

city zone/magnet school located in Las Vegas, Nevada.  Approximately two-thirds of the student 

body are zone students who come from the local inner city community, and one-third are 

enrolled as magnet students from elsewhere in the district.  Magnet students are required to apply 

for acceptance, the process for which includes letters of recommendation, GPA standards, and an 

essay.  To maintain their enrollment magnet students must maintain GPA standards, passing 

grades in core subject classes, and good behavior.  Zone students must live within a two mile 

radius of the school and maintain appropriate behavior.  There is some gray area between the 

good behavior required of magnet students and the appropriate behavior required of zone 

students.  For example, a magnet student can be expelled from the program (and thus the school) 

for having excessive absences.  A zone student can be unenrolled if he/she has ten consecutive 

absences; thus, a zone student could stay enrolled at school by attending class every ninth day 

whereas a magnet student would be removed for such behavior.  The ethnic breakdown of the 

student body is approximately 72% Hispanic, 12% African American, 10% Caucasian, and 5% 

Asian/Pacific Islander.  Information on economic status was largely unavailable although it is 

known that almost 50% of the student body is on free or reduced lunch—a proxy indicator of a 
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lower socioeconomic student body.  The participants were assumed to be representative of the 

school population as a whole. 

Materials 

 Subjects used the McDougal Littell Algebra II textbook by Larson, Boswell, Kanold, and 

Stiff (2004).  The initial introduction of each topic consisted of the lesson, taught by the 

experimenter, which included definitions of terms, explanations of concepts, examples of 

problems, etc.  Subjects were then given an assignment, generally around 15-20 problems, taken 

from the appropriate chapter and section of the text book.  The assignment was collected from 

the subjects the following class period.  For example, consider the topic of scalar multiplication.  

After defining key terms, the experimenter would then explain scalar multiplication as "a single 

number, called a scalar, which is multiplied by a matrix."  After this brief explanation, the 

experimenter would demonstrate the procedure, using a concrete example, similar to the one 

below. 

3 ∙ 2 4
1 5

3 ∙ 2 3 ∙ 4
3 ∙ 1 3 ∙ 5

6 12
3 15

 

Subjects were then given several similar problems to practice on their own, under the 

observation and guidance of the experimenter.  The lesson would conclude with subjects being 

given a homework assignment from the Matrix Operations section of the textbook consisting of 

14 problems which was collected the next day. 

To measure the growth of student understanding over each unit, a multiple choice pretest 

and posttest were created by the experimenter, with one correct answer and three distracter 

answers were administered to both groups.  The posttests were modeled after the final exams 
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created by the district from previous years.  Problems on the pretests were almost identical to 

problems on the posttests, with the wording and organization of the problems the same, but the 

numbers carefully altered to maintain the complexity and procedure of their corresponding 

posttest problem.  For example, on the pretest, subjects were asked on problem #10 to add two 

matrices containing positive and negative numbers.  On the posttest, problem #10 similarly asked 

subjects to add two matrices containing positive and negative numbers.  While the numbers used 

on the two tests were different, the matrices had the same dimensions and all entries were 

integers. 

The treatment review problems were also based on questions from the posttests.  As with 

the pretests, treatment problems were taken from the posttests and the numbers carefully 

modified so that the problems retained the same complexity and required calculation procedures 

but with resulting different “correct” answers from the problems presented on the posttest.  

Treatment problems were presented in digital format and projected for the class on the board.  

Treatment problems were not multiple choice but were free response and checked by the 

experimenter.  For example, to help prepare subjects for problem #10 on the posttest on matrix 

addition, subjects were presented with two matrices to be added together.  Again, the matrices 

had the same dimensions and all entries were integers. 

 Additionally, after each posttest, subjects were given a survey to measure self-perceived 

helpfulness.  The survey consisted of five statements  

1. the review questions are easy to understand 

2. the review questions help me prepare for the next test 

3. the review questions are relevant to the tests 
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4. the review questions improve my understanding of Algebra II 

5. the review questions are helpful   

Responses were recorded on a Likert scale where students were asked to fill in whether they: 

strongly agree, agree, neutral, disagree, or strongly disagree with each statement.  At the end of 

the second survey students were given space to fill in their own feelings and opinions about the 

test review questions. 

Study Design 

 The study was a quasi-experiment using a mixed methods switching replications design 

covering two units of material for two sections of Algebra II.  The first class received the 

treatment for the first unit but not the second unit.  The second class did not receive the treatment 

for the first unit but did receive the treatment for the second unit.  Thus, each class partakes in 

the study twice, one time as the control group and one time as the treatment group, though at 

alternating times. 

:	 		 		 							
: 							 		 		

 

This choice of the switching replications design was made to limit the impact of several potential 

nuisance variables and threats to validity.   

Firstly, as one of the classes convened just before lunch and one of the classes convened 

just after lunch, there was some concern that appetite (hungry/sated) may have some impact on 

the results of the study.  This design allowed each class to act as a test group and as a control 

group, thus limiting that potential nuisance variable.   
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Secondly, a threat to generalizability of the sample is present because seniors who are 

“well on track to graduate” and thus need fewer classes often have a shortened schedule and may 

arrive later in the day.  Therefore, the proportions of the different classes 

(freshmen::sophomores::juniors::seniors) in earlier and later classes may not be comparable.  The 

switching replications design helps control this by allowing the earlier and later classes to be 

both control and experiment groups.   

Thirdly, a lack of random assignment of the subjects is also present.  Students are 

assigned to classes with a computer program and the aid of their counselors.  There is very 

limited information available on how the computer program assigns students to their classes and 

what adjustments the counselors then make of their own volition.  In the absence of this 

information the switching replications design causes each subject to be a member of both the 

treatment group and the control group.  Again, if there is some bias in one group or another, 

having every participant be a member of each (in turn) would minimize that bias. 

Procedure 

 As stated, the course covered two units of material; students spent the first 10-15 minutes 

of each period working on test review questions focused on the key concepts for the pertinent 

unit.  The key concepts for the two units were determined using district created syllabi and 

previously used district exams.  In the first unit eight concepts were identified and targeted for 

instruction.  In the second unit seven concepts were identified and targeted for instruction.  For 

each unit, subjects received a pretest on the first day, with lessons on the concepts beginning the 

next day.  As the complexity of the concepts varied, the duration of the lessons varied as well. 

The early, easier, lessons covered multiple concepts with later, complex concepts needing 
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multiple lessons.  For the first unit it took nine days of lessons to cover the eight identified 

concepts.  For the second unit it took seven days of instruction to cover the seven concepts.   

Test preparation problems for each concept were presented beginning two days after the 

first lesson.  Test preparation problems were organized in groups of either two or three - 

whichever was expedient to the situation and lessons taught.  For the control group the test 

preparation problems were presented in the same order as that in which the pertaining concepts 

were taught.  That is to say, if the lessons were taught in the order ABCD the test preparation 

problems were presented in the order AAABBBCCCDDD.  The treatment group underwent test 

preparation with more spacing between concept review problems.  Thus if the lessons were 

taught in the order ABCD, the review problems were presented more along the lines of: 

ABCDABCDABCD (for more detailed information see “calendar of events” appendix A).  At 

the end of each unit the appropriate posttest was given followed by the anonymous survey, and 

finally, subjects were given the open ended questionnaire in which to write their own comments 

and observations regarding the concept review problems. 

Results 

 To preface, the results of the study were not entirely as the researcher expected.  The 

researcher anticipated that the improvement in the test scores of the treatment group would be 

greater than the improvement in the test scores of the control group.  However, analysis of the 

test score difference between the control group and the treatment group was statistically 

nonsignificant at the 95% level.  Analysis of the survey data led the author to believe that 

members of the control group found their style of organization more useful than members of the 

treatment group.  However, both groups seemed to approve of spending the first 10-15 minutes 
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of class preparing for the next test.  Finally, while responses were sparse, analysis of the open 

ended questionnaire also indicated support for the concept of spending the first 10-15 minutes of 

class preparing for the next test. 

Pretest/Posttest Data 

 The first data type to be analyzed was the difference between the student’s posttest and 

pretest scores.  Comparing the differences between the scores allowed for the measurement of 

learning over the units as opposed to simply success on the unit exams.  Control group data from 

both units were merged into a single data group labeled control group.  Similarly, treatment 

group data from both units were merged into a single data group labeled treatment group.  Being 

a field experiment at an inner city high school with a highly transient population provided certain 

predictable problems with test subjects: absences due to illness, absences due to athletic events, 

students enrolling in the middle of the unit, students leaving in the middle of the unit, etc.  This 

in turn caused some data to be incomplete, namely, subjects with a pretest but no posttest or vice 

versa.  As these incomplete data points were relatively few in number, removing them from their 

respective groups left enough data points to work with, with a control group of n = 55 and a 

treatment group of n = 60 (Babbie 2013).   

 The two sets of data were then entered into a TI-84 Plus graphing calculator and a normal 

probability plot was created for each.  Both plots appeared linear and so both data sets were 

deemed normal.  Next, these data sets were entered into a Microsoft Excel spreadsheet and 

analyzed using the “Data Analysis” add-in.  The treatment group had a mean improvement of 

26.533%, standard deviation of 19.034%, and variance of 362.287.  The difference in the scores 

ranged from -28 (subject’s posttest score was worse than their pretest score) to 68 giving a range 
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of 96.  The control group had a mean improvement of 25.527%, with standard deviation of 

16.009%, and variance of 256.291.  The difference in the scores ranged from -12 to 72 giving a 

range of 84.  A two-tailed F-Test was then used to determine whether or not the two samples had 

the same variance.  Using “H0: the difference of the variance is zero” and “Ha: the difference of 

the variance is not zero” with =.05, a p-value of .199 was calculated.  Since .199 > .05 we 

failed to reject the null hypothesis of equal variances. 

Next a two-sample t-test (assuming equal variance), was conducted to determine if the 

higher average of the treatment group relative to that of the control group, was statistically 

significant.  A two-tail test was used with “H0: the difference between the means is zero” and 

“Ha: the difference of the means is not zero.”  With =.05, a p-value of .761 was calculated; 

since .761>.05 we again fail to reject the null hypothesis.  The averages of the treatment group 

and the test group were thus not statistically different, which in turn means the different spacing 

of the review questions had no significant impact on test score averages. 

Survey Data 

 The second data analysis for this study was of that obtained from the survey.  The 

purpose of the survey was to determine student’s assessment of the relative helpfulness of the 

different arrangements of the review questions.  The responses from the survey were converted 

into a scale from 0 – 4, with strongly disagree = 0 and strongly agree = 4.  The resulting numbers 

were entered into a Microsoft Excel spreadsheet and a series of correlation matrices was created 

using the correlation tool from the “Data Analysis” add-in.   The data were analyzed in three 

batches: control group data, treatment group data, and total data.   
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For the control group there was a high correlation, .792, between item 4, “The review 

questions improve my understanding of Algebra II” and item 5, “The review questions are 

helpful."  This seems fairly reasonable: when students come to realize the review questions are 

meant to prepare them for the tests, they decide the review questions are helpful.  The test group 

also showed fairly high correlation, .675, between these two items.  While the researcher is 

hesitant to claim a causal relationship from correlation data, in this case it is possible that the 

feelings of improvement in the understanding of Algebra II, causes subjects to feel they were 

helped.   

For the treatment group there was a low correlation, .168, between item 1, “The review 

questions are easy to understand” and item 3, “The review questions are relevant to the tests.” 

There was also a relatively low correlation, .287 between item 1, “The review questions are easy 

to understand,” and item 2, “The review questions prepare me for the next test."  Again, this 

seems fairly reasonable, as students may not find the questions easy, but may still find them 

relevant for the next test and useful preparation for the next test.  Interestingly, the control group 

showed moderate correlation between item 1 and item 3 and between item 1 and item 2.  It is 

conceivable that students in the control group had an easier time finding similar examples, since 

the topics were bundled.  As review problems for the control group were spaced one day apart, 

they were not required to hunt through several days of notes to find a previous example; it was 

usually on the notes from the very day before. 

All other items on the survey had correlations between .25 and .75.  Given the 

questionable correlations of item 1 and item 5, they were removed from the total data analysis, 

and a Likert Scale of general perceived usefulness, per participant, ranging from 0-12 was 

created by summing the responses from the remaining three items.  Microsoft Excel was again 
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used to analyze the data yielding the following results: n=111, mean=7.315, standard deviation = 

2.276, and standard error = .216.  A one sample one tailed t-test was used to analyze the results 

against a hypothesized mean of 6.  The hypothesized mean of 6 was selected as the likely result 

of subjects being completely neutral to the test review questions.  The hypotheses used were H0: 

the total mean is less than or equal to 6 and Ha: the total mean is greater than 6.  The obtained 

probability was 8.54 10  which is smaller than .05.  As a result we fail to reject the null 

hypothesis and accept the alternative hypothesis that the mean was greater than 6—i.e., the 

subjects were generally in favor of spending the first 10-15 minutes of class working on test 

review problems.  

The final survey analysis was a comparison of the general usefulness scales of the control 

group and the treatment group.  The control group had n=54, mean = 7.981, and standard 

deviation of 2.303.  The test group had n=57, mean 6.684, and standard deviation 2.08.  A two 

tailed, two sample F-Test was done with H0: “the difference of the variance is zero” and Ha: “the 

difference of the variance is not zero.”  With =.05 a p-value of .454 was calculated.  Since p> 

we fail to reject the null hypothesis and thus assume equal variance.  Next, a two sample one 

tailed t-test was used to compare the two means.  The hypotheses used were H0: the control 

group’s mean is equal to the treatment group’s mean and Ha: the control group’s mean is greater 

than the treatment group’s mean.  Again on a 95% confidence interval a p-value of .002 was 

calculated.  Since p< we reject the null hypothesis and conclude the control group mean is 

greater than the treatment group mean.  Thus, the control group felt the review questions were 

more useful than the test group.  Since the difference between the control group and the test 

group was in the organization of the review questions it would appear that students prefer to 

review test questions at one day intervals rather than spaced several days apart. 
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Open Ended Questionnaire Data 

Responses to the open ended questionnaire were quite sparse with a total of six 

responses, three of which were of questionable relevance.  The three which were clearly relevant 

to the test review questions all were positive and indicated approval of spending the first 10-15 

minutes of class doing test preparation questions.  The three responses were: 

 “I think the review questions are helpful.  I think they are a good idea because 

when we do notes sometimes the problems don’t make sense but then we go and 

do the review questions and they help in understanding better.” 

 “These review questions are good but I still have trouble learning Algebra II.” 

 “All the teachers should have these.” 

The three responses that were of questionable relevance were: 

 “It helps that [researcher] assists us when we are having problems.” 

  “You [researcher] need to explain better.” 

 “Question #3 is not clear enough.” 

The first two are questionable because it is not clear if the respondent is referring to the test 

review problems or to the class in general.  The final one is questionable as it clearly refers to a 

review question which was not part of the study.  The questionnaire was the final part of the 

study and was filled out as the class moved on to the next unit in the curriculum so #3 does not 

refer to a review question from the study but to a review question on the next unit for the course.   

 There are three interesting and significant things to take away from the questionnaire.  

First is the sparseness of the replies.  This could indicate a certain level of ambivalence for the 
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review questions among the respondents.  On the other hand it might be that high school students 

don’t care to write if they don’t have to.  Second is the second clear response from above, “These 

review questions are good but I still have trouble learning Algebra II.”  This appears to support 

the removal of item 1 from the survey when calculating the general usefulness scale.  The 

subjects may not have found the work easy, but they did find it useful!  Thirdly, is the approval 

for the review questions which correlates well with the results of the general usefulness scale 

from the survey data.  It would appear that, in general, the subjects approve of the test review 

questions and find them useful.   

Summary 

 To summarize the results, there appears to be no difference in test scores between 

reviewing concepts one day apart and reviewing concepts several days apart.  We know from the 

H. P. Bahrick study of 1979 that there is a difference between reviewing concepts 0 days apart, 1 

day apart, and 30 days apart with 1 day apart being the most effective.  From this study, it does 

not seem that spacing review concepts 3-5 days apart is significantly better than 1 day apart.  It is 

possible that the short length of each unit is the reason for this lack of difference.  In the Bahrick 

experiment, the "final exam" was given thirty days after the final learning session.  Since each 

unit in THIS experiment only lasted two to three weeks, there was never a significant time for 

"forgetting" to take place.  It may be that on such a short unit, reviewing each concept two or 

three times at any spacing (other than zero days) is sufficient for the short-term learning 

necessary for the unit test. 

This does not mean the research is without merit.  The survey results indicate that while 

subjects may not find the review problems to be easy, they do find them helpful and appreciate 
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the test practice.  At the same time, comparison of the treatment group’s results to the control 

group’s results show subjects preferred spacing review questions 1 day apart more than spacing 

review questions 3-5 days apart.  The questionnaire supported these findings with subject’s 

statements being supportive and appreciative of the review questions. 

Reflection 

 The author is quite grateful to and wishes to thank the University of Wisconsin, River 

Falls for the opportunity to do this project.  The coursework taken as a graduate student was very 

helpful in preparing to plan and carry out a project of this type.  There were three courses that 

were particularly useful: Algebra, Statistics, and Research Methods.  The Algebra course was 

obviously useful for helping to prepare the Algebra component of the study.  The Statistics 

course was very helpful for analyzing and interpreting the results of the study.  Finally, the 

Research Methods course was perhaps the most useful for organizing, setting up, and carrying 

out a study of this type.  The case studies examined in the Research Methods course were 

especially instrumental in helping to understand different kinds of research, and what constitutes 

quality research.   

  There are several recommendations for replication or extension of this study.  First, give 

the open ended questionnaire twice (once after each unit test) rather than just once at the end of 

the study.  There may have been more information gleaned from subject responses if a 

comparison could have been made between the control group and the test group, additionally 

responses were so sparse perhaps two opportunities to respond will yield more responses.  

Secondly, a study of a more longitudinal design is in order.  Rather than just looking at two units 

taking roughly six weeks, research should be done to look at six units taking an entire semester.  
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The ultimate goal of the study was to identify practices that improve student performance on 

standardized tests which tend to be cumulative and only offered several times per year.  It is 

quite possible that spacing review questions even further apart, several weeks perhaps, might 

have a positive effect on these less frequent standardized tests.  Thirdly, there should be more 

research that focuses specifically on the effectiveness of spending the first 10 - 15 minutes of 

class reviewing for the next test.  Judging by the open-ended questionnaire responses, that was 

the aspect of the study subjects were most appreciative of, and found the most useful.  If that is 

something which is both effective and appreciated by students it should become a part of every 

class. 

 Professionally, doing this project has given the author a new found respect for research 

and researchers.  Over the years education has had many theories passed along, many untested 

ideas presented as if they were facts, and many policies created based on poorly designed 

concepts.  Doing this project has helped the author develop a more discerning eye and be a 

savvier consumer of educational theory.  The author hopes and believes that this will in turn 

make him a better teacher as he is able to better choose practices for his classroom which are 

evidence based and, therefore, more likely to succeed.  On the whole the author is quite pleased 

with this project, even though the results were unexpected.  The author did expect positive results 

from the test and survey analysis.  While counterintuitive, however, it must be recognized that 

negative results may be as helpful as positive ones in that they constitute a remedy to Type I 

error—i.e., teaching based upon the assumption that a practice/approach is effective when, in 

fact, it is not!  Moreover, it is good to know that students prefer to review the concepts 

consecutively and that doing test review problems consecutively doesn’t appear to have any 

adverse effects on test scores.  In application to the author’s teaching practice, he plans to 
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continue including test review questions at the beginning of class, but will keep them organized 

sequentially. 
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Appendix A: Calendar of Events 

Matrix Topics to be covered: 

Topic A – Matrix Addition 

Topic B – Matrix Subtraction 

Topic C – Matrix Scalar Multiplication 

Topic D – Matrix Multiplication 

Topic E – Determinants of a 2x2 Matrix 

Topic F – Determinants of a 3x3 Matrix 

Topic G – Solving Systems of Equations using Cramer’s Rule 

Topic H – Solving Matrix Equations with Inverses 

Matrix Unit Calendar of Events 

Topics Covered             Topics Reviewed 

Day 1  Pretest            control  topics    test topics 

Day 2  A, B, C 

Day 3  D            A, B, C      A, B, C 

Day 4  E, F            A, B, C      C, D 

Day 5  E, F            A, B, C      A, D, E 

Day 6  G            D, E, F      B, C, E  

Day 7  G            D, E, F      B, F 

Day 8  H            D, E, F      G, F, D 

Day 9  H            G, H       A, H, E 

Day 10  H            G, H      F, G, H 

Day 11  Hamming codes         G, H      G, H 

Day 12  Chapter Review 

Day 13  Post Test/Survey 
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Quadratic Topics to be Covered 

Topic A ‐ Graph Quadratic Equations 

Topic B ‐ Factor Quadratic Polynomials 

Topic C ‐ Solve Quadratic Equations 

Topic D ‐ Add/Subtract Complex Numbers 

Topic E ‐ Multiply Complex Numbers 

Topic F ‐ Divide Complex Numbers 

Topic G ‐ Graph Quadratic Inequalities 

Quadratic Unit Calendar of Events 

Topics Covered             Topics Reviewed 

Day 1    Pretest          Control Topics    Test Topics 

Day 2    A     

Day 3     B, C              

Day 4    C          A, B, C      A, B, C 

Day 5    D, E, F          A, B, C      B, C 

Day 6    C          D, E, F      D, E, A 

Day 7    G          D, E, F      C, F, D 

Day 8    G          G      G, E, F 

Day 9    Test Review Day     

Day 10    Post Test/Survey/Open Ended Questionnaire 

 

 


