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ABSTRACT Spaced learning was applied to solve a very challenging aspect of the traditional approach in learning
scientific formulas. Learning formulas, starting from their memorization to their application and the attitudes toward
them, was asserted to be achieved using the spaced learning approach. A sequential, explanatory, mixed methods
research design was implemented to see the effects of massed and spaced learning on learning formulas in three intact
groups of early childhood teacher candidates. Lessons were designed to resemble the teaching carried out in most
traditional physics classrooms and convince physics teachers that there is an approach to solve the problems they
encounter in formula learning. Although teacher candidates think positively about repetition, and while massed
learning was found to be boring, massed learning is also more efficient in achieving positive attitudes towards formulas
and results in greater retention than spaced learning. Discussions concerning the results were subsequently held.

INTRODUCTION

Arguments concerning the dilemmas about
whether or not to memorize knowledge frequently
take place in educational environments. Science
teachers may find themselves in these discus-
sions more than other teachers, as those study-
ing the sciences have to learn a greater number of
concepts, facts, rules, principles and formulas.

Those teachers in favor of memorizing for-
mulas, and thus the improvement of formula ap-
plication skills, may base their reasons on differ-
ent realities. First of all, they think that the pro-
gram requires them to do so. Secondly, their stu-
dents’ success in national examinations depends
on formula memarization. Without learning and
applying formulas in qualification tests, students
are not accepted as successful. Tsai (2002), study-
ing with Taiwanese science teachers, found that
more than half of the teachers believed that “for
successful science learning, students, first, need
to memorize relevant scientific formulas”. One
other teacher group, although not required to
teach, but to understand when to apply a formula
properly in the right conditions, includes early
childhood teachers. For example, they may be
obliged to explain why people on the moon “fly
in the air” instead of walk, as on earth. Early
childhood teachers also need to motivate their
students to construct rules dependent on (sci-
entific) reasoning, which in turn forms the pre-
liminary steps in understanding what the formu-
las are, and their importance.

The application of formulas by students
mostly does not take place step-by-step, in an

automatic and unconscious manner, and do not
achieve meaningful learning. In this sense the
process may seem easy for stakeholders. At first,
students have trouble with memaorizing and ap-
plying formulas. This obliges traditional science
teachers to spend more class time, and most of
their energy, focusing on teaching formulas,
working on problem examples concerning for-
mulas, and simply giving students exercise ques-
tions to be done with or without the teacher’s
assistance. Nonetheless, much research (for ex-
ample, Bar et al. 1994) has shown how unsuc-
cessful students are in the application of scien-
tific rules and laws. Calculations and numbers
are factors that negatively affect learning sci-
ence (for example, Francis and Greer 1999) by
impeding people’s attitudes towards science.
Lipson (1992) on the other hand showed that
students emphasize the importance of formula
learning so much that they believe laboratory
activities are a facilitator for memorizing formu-
las. Whenever one temporarily memorizes, and
has the skill to apply a formula required in the
next exam, she/he would be successful in that
exam.

Time management in education was ana-
lyzed by the researchers to find the best time for
learning tasks. A one-time management strategy
is distributing teaching time. In distributing learn-
ing tasks over time, spaced learning was found
to improve learning more than massed learning,
known as the spacing effect (Tsao 1948 a,b;
Kornell and Bjork 2008). Spaced repetition en-
hances retention (Karpicke and Bauernschmidt
2011). Grimaldi and Karpicke stated even that
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unsuccessful retrieval attempts could enhance
learning (Grimaldi and Karpicke 2012). The ben-
efits of spaced learning opposed to massed learn-
ing were stated in most of the studies concern-
ing learning and memory (Meixia 2016; Smolen
2016; Swehla et al. 2016). Participants from a wide
range of schooling, including preschool (Toppi-
no 1991), early elementary (Gluckman etal. 2014),
elementary school (Toppino and DiGeorge 1984),
middle school (Carpenter et al. 2009) and college
(Rohrer and Taylor 2006; 2007) benefited from
spaced learning. A great deal of spaced learning
research was conducted in laboratory conditions
(Vlach etal. 2008) (memory and category induc-
tion by 3-year-old children). Laboratory studies
were mostly aimed at the learning of words or
simple facts and pictures (Bahrick et al. 1993;
Childers and Tomasello 2002; Rea and Modigliani
1987; Toppino 1993).

In contrast to most research, some findings
do not show spacing effects. A different experi-
mental context varies the findings of spaced
versus massed research. For example, Toppino
and DiGeorge (1984) found that preschool stu-
dents benefited from both spaced and massed
repetitions. Toppino et al. (2009) found that rap-
id presentation rates for difficult items resulted
in worse memory for spaced and better memory
for massed nomenclature, as a negative spacing
effect by Metcalfe and Kornell (2003). The spac-
ing gap, the duration between two learning ses-
sions, was also researched to reveal its effect on
learning. Research results showed in favor of
long spacing gaps (Kahana and Howard 2005;
Bahrick and Phelps 1987). But not all research is
in favor of using long spacing gaps (Cepeda et al.
2009; Verkoeijen et al. 2008). Attitudes towards
spaced and massed learning were also researched.
Learner preferences in spaced versus massed
learning are also found to depend on the con-
text. While Son (2004) revealed that students
prefer spaced learning for easy items, the re-
verse is true in another study by Benjamin and
Bird (2006).

Ground for Research

A real and complicated educational prob-
lem is hoped to be solved in the present study.
First of all, the condition of learning a more diffi-
cult and complex subject is chosen, that is, to
learn and retrieve a formula, and to create a pos-
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itive attitude towards the formula. Secondly, in-
stead of doing an experiment in laboratory con-
ditions, real school conditions, as far as possi-
ble, were held. It is noted here that these condi-
tions are not new to the literature. Some studies
have already been conducted in the context of a
real school environment (Sobel et al. 2011: re-
tention of definitions of uncommon English
words by 5" graders; Carpenter et al. 2009: re-
tention of historical facts in eight grade students;
Seabrook et al. 2005: reading skills of 1% grad-
ers). More difficult and complex learning objec-
tives were also investigated (Rohrer and Taylor
2006: retention of mathematics knowledge by
college students; Reynolds and Glaser 1964 re-
tention of academic biology material by junior
high school students; Vlach and Sandhofer 2012:
simple and complex generalization of science
concepts by 5-7-year-old children).

A great number of researchers have aimed
to reveal people’s attitudes toward science. They
asked about numbers and calculations as well,
but included numbers and calculations only as
one aspect of science learning, and found that
utilizing numbers in teaching impedes students’
science learning. However, research focusing on
the formulas alone has not been designed to the
researchers’ knowledge. In addition, no research
has focused on the enhancement in learning for-
mulas and attitudes towards formulas. It does
not seem possible to exclude formulas from the
program for now, or to quickly change teachers’
habits. So, can a teaching approach be recom-
mended, which does not expect teachers to
greatly change their way of teaching, and con-
cluding with an improvement in learning a for-
mula and an improvement in positive attitudes
towards a formula? Thus, a teaching approach
in the present study, explained in the ‘lessons’
section of the present manuscript, is maintained
and followed accordingly. The highlighted fea-
ture of the lessons is that the presentation rate
is rapid, as it is in traditional, (real) school con-
ditions for the context of formula learning.

Such research, showing accomplishment in
spaced learning utilization mentioned above,
motivated the researchers of the present study
to use the spaced learning approach in formula
learning. Thus, one way to memorize and utilize
formulas properly may be to deliberately repeat
related formulas occasionally and apply it. This
approach can be easily practiced in most sci-
ence lessons when teaching formulas.



SPACED LEARNING
Objectives of the Study

The present research study aimed to test
the success of massed and spaced learning ap-
proaches in promoting teacher candidates’ atti-
tudes towards the formula and learning, and the
retrieval of formulas. Thus, the present study is
a study of human culture encompassing learn-
ing of knowledge and beliefs. It is asserted that
spaced learning will improve student learning,
the retrieval of formulas and attitudes towards
formulas. For this purpose, four research ques-
tions are to be answered.

1 What effect does massed and spaced learn-
ing have on teacher candidates’ attitudes
to formulas?

2. What effect does massed and spaced learn-
ing have on teacher candidates’ learning of
formulas?

3. What effect does massed and spaced learn-
ing have on teacher candidates’ retrieval of
formulas?

4. What do the teacher candidates think about
the efficacy of repetition in learning formulas?

METHODOLOGY

At first, quantitative methods were pro-
posed for the present study, however, a sequen-
tial, explanatory, mixed methods research design
(Creswell 2008) was eventually chosen for the
present study. The second and third interven-
tion lessons held for the third group also led the
researchers of the present study to use qualita-
tive research methods. This was because, unex-
pectedly, contradicting the research assertion,
teacher candidates were found not to be inter-
ested in the intervention lessons, showing sim-
ilar behavioral attitudes with those found in tra-
ditional classes. During intervention lessons,
teacher candidates talk to each other, they day-
dream, and checked messages on their mobile
phones. A mixed methods procedure enables a
greater understanding, obtains more detailed and
specific information, and confirms findings from
different data sources, like triangulation (Cre-
swell 2008). Thus, multiple forms of data, both
text and numeric, were gathered and analyzed.
Data was gathered in two phases (quantitative
followed by qualit-ative). The data gathered was
mixed in the data analysis and interpretation sec-
tion. A greater priority was given to the quanti-
tative approach. Qualitative data (themes) gath-
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ered via observations and interviews was used
to assist in explaining and interpreting the data
gathered from the quantitative procedures.

Measures were taken to increase the credi-
bility of the findings (Creswell 2008). An attempt
was made to eliminate the diffusion effect. The
instructor (the researcher of the present study)
told the teacher candidates not to discuss or
share the relevant lessons carried out in their
classes with those in different classes, but this
is still a weakness of the study. The study was
arranged to simultaneously finish at the end of
the semester, allowing the researcher to become
acquainted with potential participants. Thus, the
researcher has known the teacher candidates
for three months. A colleague of the researcher,
who has experience in science teaching, con-
tributed to the research as an observer and in-
terviewer. The colleague was introduced to the
class and she occasionally participated in the
lessons for other reasons. On those occasions
she sat silently in front of the class with her
notebook listening to the lesson. She participat-
ed in the research related lessons in the same
way. It is thought that her presence in the class
did not affect the behavior of the teacher candi-
dates much, and hence showing the teacher can-
didates’ natural behavior. Three different sets of
data from three different information sources of
tests, observations and interviews were incor-
porated for data analysis. Member checking was
realized by probing questions, repeating and
summarizing the notes taken during the inter-
views for each student and the group.

Participants

Early childhood teacher candidates (N=101)
in their third year took part in the research.
Groups were intact, available for the researcher.
The researcher explained that the test results
would not affect their grades and only those
who offered to volunteer would take part in the
research. Although all teacher candidates vol-
unteered to participate in the research, there were
absentees. Absentees not attending the full re-
quirements were excluded, but this did not af-
fect the sample size needed for inferential statis-
tics. There were three groups of teacher candi-
dates attending the research. Group | included
twenty-five teacher candidates. Group Il and
Group I1 included thirty-nine and thirty-seven
teacher candidates, respectively. Each group of
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teacher candidates was taking the Early Child-
hood Science Education lesson during the re-
search, and the research was carried out during
these class times. Group | was assigned as the
control group, while Group Il and Group 111 were
assigned as experimental groups.

Measurement

The behavior of the teacher candidates con-
cerning the present study was measured utiliz-
ing different methods and approaches, both
quantitative and qualitative, to build a coherent
justification for the themes. Three different types
of data sources were included, that is, survey
instruments, observation and interview. Survey
instruments included data obtained from apply-
ing the Formula Attitude Scale (FAS) and New-
ton’s Second Law Test (NSLT). The teacher can-
didates did not write their names on either the
FAS or the NSLT.

FAS

The FAS was developed and implemented
by the researcher for the present study. First,
twenty early childhood teacher candidates in
their third year took part in the scale construc-
tion process. The teacher candidates (who later
attended the experimental study) were asked a
single open-ended question, “What do you think
about the formulas you encountered during the
science lessons?”” The answers gathered were
analyzed to generate attitude test items. The
continuous scale, including sixteen Likert-type
items (strongly agree to strongly disagree), were
prepared and pilot-tested. Items included cog-
nitive, affective and behavioral aspects. Three
experts in science education verified content
validity. The scale was filled by 278 teacher can-
didates not attending the present experimental
study, chosen from the same department, Early
Childhood Teaching, in their first, second and
fourth class. Principal component analysis and
Varimax rotation were used to reveal a factor
analysis. Applying item-test analysis, the re-
searcher decided to remove two items. The anal-
ysis indicated that the items accumulated under
four factors. These factors were named after-
wards. The first factor is the need for formulas in
the lessons (7 items, o, = 0. 62). The second, third
and fourth were, understanding problem-formu-
lainterconnection (3 items, o= 0.68), understand-
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ing formula symbols and proportions (2 items,
o= 0.54), and formula indispensability for life (2
items, o= 0.57), respectively. On the other hand,
overall, the Cronbach’s alpha coefficient was
found to be 0.75, accepted as sufficient reliabil-
ity for the attitude test.

NSLT

The teacher candidates were presented with
a test including a set of four question types that
required knowledge of Newton’s second law. In
three questions, the teacher candidates were
required to use one of the expressions (F=m x a;
m=F/a; a=F/m) derived from Newton’s second
law. The fourth question in a set, that requires
summing the two forces acting in different direc-
tions before solving it. SI units were used in the
test and in lessons. Examples given in the les-
sons were essentially those asked at the pre-test
(0" week), post-test (4" week) and delayed post-
test (16" week), but difference was created by
changing the numbers assigned for the variables.

Observation

Both researcher and colleague took the role
of participant observation. While the researcher
was an active participant observer, the colleague
took the role of a passive observer by sitting in
front of the class. The observation aimed to find
how do teacher candidates feel about the les-
sons, their likes and dislikes, what they did, how
did they listen, how did they behave in different
phases of the lessons, and what do they feel
and do while answering the attitude and New-
ton tests. The observation notes included both
what the researchers heard and saw, including
body language signals and reflection informa-
tion based on their experiences.

Interview

The colleague of the researcher carried out
face-to-face group interviews with the teacher
candidates. The teacher candidates were cho-
sen by the researcher from among those who
volunteered to attend the interviews and those
who attended class discussions frequently. A
total of twenty-eight teacher candidates attend-
ed the interviews in different sessions (Table 1).
The teacher candidates were told why they were
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Table 1: Interview schedule
Session Group | Group Il Group Il
Girl Boy Total Total Girl Boy Total Total Girl Boy Total Total

time time time
(min.) (min.) (min.)

1 3 1 4 12 2 1 3 10 2 1 3 10

2 4 2 6 17 3 - 3 10 3 1 4 12

3 - - - 3 2 5 13 - - -

Total 7 3 10 29 8 3 11 33 5 2 7 22

chosen and the aim of the interviews. A speci-
fied set of questions, planned beforehand, were
asked (what differences, if there were any, did
you notice about this/these lessons compared
to the lessons you attended before concerning
physics lessons, what did you feel during the
lesson/s, how was/were the lesson/s (good-bad,
meaningful-nonsense, useful-useless). Only a
few clarifying questions were needed. No audio
or videotaping was used but, so as not to inter-
rupt the interviews, the researcher took very short
notes as keywords and expanded these notes
after each interview.

Procedure

According to the early childhood teaching
program held in the university, the research was
carried out on successive weekdays, that is,
Group | on Monday, Group Il on Tuesdays, and
Group I11 on Wednesdays. Early Childhood Sci-
ence Education lessons normally last three
hours. The lessons concerning the present study
started with theoretical discussions and teach-
ing applications according to the aims of the
Early Childhood Science Education lesson for
half an hour. Then, the time allocated for the
present research, depending on the group num-
ber, began after a five-minute break. The les-
sons continued normally just after the applica-
tion of the research sessions. The timings fol-

Table 2: Measurement and intervention timing

lowed for measurement and intervention are
summarized in Table 2.

Test Applications

FAS was administered twice to the groups
as pre-test and post-test. NSLT on the other
hand, was administered three times to the groups
as pre-test, post-test and delayed post-test.
Teacher candidates were given as much time to
answer, but they finished in 3-8 minutes and 10-
20 minutes for the FAS and NSLT, respectively.
During these periods, the researcher stayed in
the class to respond to any questions asked.

Lessons

Lessons began with an explanatory speech
for each group, only once for each group in their
first lesson. The explanatory speech informed
the teacher candidates about the research study,
lesson content and the way the lessons would
continue. For the validity of the study the teach-
er candidates were not informed at all about
spaced or massed learning. The content and the
objectives of the lessons were decided not be-
fore, but only after the first lesson. The research-
er roughly decided the objectives of the lessons
beforehand, but found it reasonable to finalize
the objective’s decisions just after analysis of

Week Group | (Control) Group Il (Experiment) Group Il (Experiment)
0 Newton’s Second Law Test & Attitude Test (pre-test)

1. Intervention

2. Intervention Intervention

3 Intervention

4 Intervention Intervention Intervention

Five minutes to study before test application
Newton’s Second Law Test & Attitude Test (post-test)
16. Newton’s Second Law Test (delayed post-test)




82

the first intervention lesson, which was an au-
dio video recording targeting the researcher.
The lessons included two general episodes.
In the first episode a short introduction to New-
ton’s laws in general, then the second law was
stated and identified by its formula in its differ-
ent expressions (F=ma; m=F/a; a=F/m), and how
these expressions are related. The first episode
continued to analyze the formula, its symboliza-
tion, how to assign the values to the right sym-
bols given in the question asked, how to under-
stand what is asked, how to choose the particu-
lar expression needed in that particular ques-
tion’s solution, how to place the right numbers
at the formula, how to make the calculation, and
how to assign the unit at the end of the calcula-
tion. The researcher wrote the required formulas
on one side of the white board and did not clean
the board until the end of the lessons. The sec-
ond episode included solutions to questions
concerning the second law. The questions them-
selves were not written on the board. The re-
searcher read each question slowly while stat-
ing and writing what was given in that particular
question. The researcher asked the teacher can-
didates to choose one of the formulas best suit-
ed for a particular question from among those
already written on the board. Additional ques-
tions such as, “what shall we do now?” and
“what is the answer?” were also used, but stu-
dents were not given enough time or the oppor-
tunity to voice their answers, as in a traditional
class (Rowe 1986), where there is a rapid presen-
tation rate, and which is congruent with the re-
search aim. The time spent and the number of
examples solved in total for the three groups
were equal at forty minutes and sixteen exam-
ples, respectively. The time allocated was ad-
justed by rehearsing the lesson to an empty class
several times. The researcher decided to allo-
cate ten minutes for the first episode and the
solution of four questions. The researcher and
his colleague agreed that this arrangement could
be considered as a rapid presentation rate but
totally traditional, which is again congruent with
the research aim. The lessons were thus de-
signed to resemble lessons carried out in a tradi-
tional physics class. The researcher and col-
league did not find this difficult to do, as both
have taught science and physics for more than
ten years. To ensure the timing, one student from
another class was present in the class and acted
as a prompter, signaling to the researcher the
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time remaining, half of the time allocated for each
presentation starting from the allocated time. For
example in the massed group, the prompter sig-
naled the time remaining as 20-10-5-2 minutes.
The researcher successfully allocated the time
and content for each lesson.

Massed Learning-Traditional
Lesson-Control Group (Group I)

The massed learning group was taught the
first episode, repeated four times consecutively.
Next, they were given a set of question types,
repeated four times, as follows, 1% type ques-
tion, 2" type question, 3" type question and 4"
type question, 1% type question, 2™ type ques-
tion, and so on. During the interviews, Group |
students clearly stated and approved that the
lesson was “traditional” and teacher centered.

Spaced Learning-Intervention Lessons-
Experiment Groups (Group Il and Group 111)

The time used in the intervention lessons
for Groups Il and 111 differed from the traditional
lesson only by allocating forty minutes of tradi-
tional lesson content into two (2x20 minutes)
and four (4x10 minutes), respectively. Spaced
learning Group Il was taught the first episode
two times consecutively, and the set of ques-
tion types was repeated two times in each les-
son. Spaced learning Group |11 was taught the
first episode once and a set of questions (four
questions) in each lesson. During the interviews,
the spaced group students clearly stated and
approved that the lesson was “traditional” and
teacher centered. The only difference was that
the same lesson was repeated two or four times.

Data Analysis
Quantitative Data Analysis

Quantitative data analyses, both descrip-
tive and inferential, were carried out using scores
calculated for both FAS and NSLT. For compar-
isons, mean scores, paired sample t-test and
ANOVA were utilized. The scoring for FAS de-
pended on each item, a total of 14 items. Items in
favor of formulas were scored 5 for strongly agree
responses, 1 for strongly disagree, and the in-
verse scoring for those not in favor of the for-
mulas. Thus, a student scored between 14 and
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70. A paired, sample t-test analysis was carried
out to reveal if there was a difference in the group
in-between scores concerning pre-test and post-
test. ANOVAwas utilized to reveal if there was a
difference among the three group scores.

Scoring for NSLT was based upon the les-
sons’ objectives. As each step mentioned above
is seen as important, the researcher and his col-
league decided to give a value for each step.
The researcher chose ten papers randomly and
scored separately, to calculate the inter-rater re-
liability coefficient. The inter-rater reliability co-
efficient was seventy percent, and after discus-
sions, the scoring technique was finalized and
the second researcher continued the scoring
alone. Ablank scoring table for each participant
was prepared, filled accordingly, and the total
score was calculated for each student. Teacher
candidates scored between 0 and 18. Paired sam-
ple t-test analysis was carried out to reveal if
there was a difference in the group between
scores concerning pre-test, post-test and de-
layed post-tests.

Qualitative Data Analysis

Qualitative data analysis was based on ob-
servations and group interviews. Data from each
source was independently analyzed to obtain
meanings, and the data interpreted from these

Table 3: Observational data analyses example
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sources was analyzed together to finalize the
analysis.

Observations

Observation notes from what the research-
er and his colleague saw and heard during the
lessons were taken separately by them, and were
analyzed by the researcher and his colleague
together. In the procedure of the lessons, the
agreed phases were timing of each lesson (be-
ginning, course of time and last period), repeti-
tion, reification, questioning and answering, and
silent periods. Then, codes were assigned or
the behaviors were interpreted for each phase
and tabulated to enhance comprehensive anal-
ysis for group comparison (Table 3).

Group Interviews

Expanded notes taken soon after the inter-
views were tabulated and then analyzed. This
process was carried out by the researcher and
his colleague studying together. Atypical exam-
ple is presented in Table 4, including statement,
coding, categorization and interpretation strate-
gies, and decisions for a boy attending session
2 in Group | (Massed Learning), and a girl at-
tending session 1 in Group I11, (Spaced Learn-
ing). To see the effect of the intervention, themes

Observation Phase Behaviour/ Interpreted as
Method Signal
Motivated Bored Convince Lack Anxiety Happy Relax
Interest
See Repeating the
formulas Check others N
First solution
process Listen carefully v
Reification Nodding N N
Silent period Talk to others \
In the course
of time Sulk \ \
Lasting the course Smile \
First encounter
with the formulas Talk to others N
Hear Researcher
explained
that same solution
approaches will Say: “haa... N
be held
what will we do next?” Answer the v
Questioning: which questions”
formula do we need Answer the v v

for this question?” questions
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Table 4: Coding and categorisation procedure examples for group interviews

Massed learning (Group I; Session 2; a boy)

Statements Theme Code Category Interpreted as
Comparing with the high school learned Learning Outcome  Successful
the course was good. The course was
classic, we were passive, as in
the high school, only more The present course  classic Learning Process Traditional
questions are solved. | learn if
plenty of examples are solved and repeated Learning Process Useful
explained. But | felt bored in time, questions
as there were a lot of questions and bored Learning Outcome  Boring
they look very alike. The subject
should be changed during one lesson. High school physics classic Learning Process Traditional
courses not learn Learning Outcome  Unsuccessful
Spaced Learning (Group IlIl; Session 1; a girl)

Statements Theme Code Category Interpreted as
The subject was easy. But | have easy Learning Outcome  Successful
friends still not successful in solving teacher
the problems, although the same subject centred Learning Process Traditional
was repeated for four weeks. | think The present course
the lessons should be student centred not repeated
teacher centred as in the present study questions Learning Process Useful
and in high school. I think the lesson High school physics changed belief
was successful. Before this lesson | physics courses /attitude Learning Outcome  Successful
had prejudice about physics but I can teacher Learning Process Traditional
manage solving the problems now. centred

not manage Learning Outcome Unsuccessful

were chosen for both the present courses and
high school physics courses, to define the teach-
er candidates’ experiences before the present
course. Codes were revealed from the students’
statements, categorized, and interpreted accord-
ingly. The last process was to compare the inter-
pretations obtained from the three approaches.

Following the quantitative and qualitative
analysis, the data was separated and grouped
as belonging to knowledge (learning and retriev-
al) and attitude. Thus, the results regarding atti-
tudes to formulas were organized and interpret-
ed using the Formula Attitude Test and inter-
view data. Observations and interview data were
used for attitude to repetition. Finally, for knowl-
edge, data was obtained from NSLT, observa-
tions and interviews.

RESULTS
Attitude to Formula
The results showed that there was a change

in the mean of each group. An increase in Group
| (41.41048.2), aslight decrease in Group Il (46.4

to 45.0), and an increase in Group 111 (46.6 to
51.0) concerning the differences between post-
tests and pre-tests. Statistical analysis showed
that while attitudes toward Newton’s formula
for Group Il and Group 111 did not change signif-
icantly (p> 0.05 for each group), there was a sig-
nificant change within Group I (p=0.042) in fa-
vor of post-test. On the other hand, the ANOVA
results showed that no one group showed a sta-
tistically significant improvement over the other
two groups concerning attitudes towards the
formula, which was one of the main topics of the
research. The students showed anxiety at the
beginning of the present study whenever they
were told that the subject would be formulas.
Thus, it is interpreted that learning formulas at
the beginning of the present study is perceived
to be difficult for the participants. In particular,
in the interviews, some of the teacher candidates
in Group 111 confessed that they had prejudices
concerning the formulas and physics lessons
before the present study. However, afterwards,
they had changed their minds and began to think
that lessons in physics were not as difficult as
they had previously thought.
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Attitude to Repetition

Observations showed that the approach of
repeating the same formulas and solutions to
each question made the teacher candidates feel
relaxed and reassured. The teacher candidates
were focused on the lesson when the researcher
said, “We are going to repeat the same [empha-
sized in the lessons as well] solution approach-
es in further questions, there will be no more
new information to come, and we are going to
use only these formulas the same way each
time”. This explanation even made some of the
teacher candidates look around, checking oth-
ers’ behaviors, feeling convinced that they knew
the rest of the solution, and that there was no
need to watch the researcher for the rest of the
solution. The data gathered by observation
showed that there was no significant difference
among the three groups concerning attitudes to
repetition. The teacher candidates did not be-
lieve in traditional teaching methods. All of the
teacher candidates attending the interviews crit-
icized traditional teaching methods, but they
praised the use of repeated exercises. Some of
them even stated that “repeating the subject is
the key to learning, although utilizing the tradi-
tional teaching methods the addition of repeti-
tion would cause success”. Only one difference
was revealed between the groups stated by six
of the teacher candidates in Group I. They praised
the use of repeated exercises, and stated that
the lesson was successful. However, while they
learned the subject at first, they eventually be-
came bored and stopped focusing on the course.
This kind of answer did not arise from the Group
I1 and Group Il teacher candidates. From this
result it can be interpreted that teacher candi-
dates in spaced learning conditions are not
bored, which shows one very important and
advantageous feature of the spaced learning
approach. On the contrary, it can be interpreted
that massing causes boredom.

Knowledge

Teacher candidates improved in the New-
ton test. Three post-test sores were significant-
ly greater than the pre-test scores of each group
(p<0.001). This was not the case between the
three groups, as the ANOVA results showed that
no one group showed a statistically significant
improvement over the other two (p>0.05). All of
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the teacher candidates attending the interviews
consistently stated that they had learned the
subject.

Differences between the post-test and de-
layed post-tests scores of each group showed
that the mean for each group decreased in the
final test, that is, the delayed post-test. Howev-
er, the only significant decrease was found in
Group 111 (p<0.001), not the other two groups.
The mean of Group 111 was found to be signifi-
cantly less than the Group | mean (p<0.05) con-
cerning the delayed post-test results. Thus, the
effect of negative spacing is revealed for memo-
ry. No significant difference was found concern-
ing the means between Group Il and Group I,
and between Group Il and Group I11.

DISCUSSION

Findings of the present study contradict a
huge number of researches (for example, Zulki-
ply etal. 2012; Zhao 2015; Swehla et al. 2016).
On the other hand, this finding, contradicting
spacing effect in general, but covering presen-
tation in a real school context with arapid rate, is
consistent with Toppino et al. (2009). The spaced
learning group lacked the opportunity to recov-
er the wanting parts of the course as the spac-
ing gap was too long, and they started to learn
the subject from a beginner’s level each time.
This is consistent with Cepeda et al. (2009). The
spaced group students learn the course for the
post-test (the exam) only, and not for the de-
layed post-test (3 months after the last lesson),
to which they are accustomed. Massed learn-
ing, on the other hand, significantly improved
attitudes towards the formulas, and it showed
better memory than spaced learning for Group
I1l. Thus, a negative effect of spacing was re-
vealed because the massed group of students
had the opportunity to listen to the first episode
and each of the question types four times con-
secutively in a course, decreasing the effect of a
rapid rate. Thus, they had the time to relate what
they already knew/learned, and the formula’s
contents and questions, with each other. Kapler
et al. (2015) stated some other distractors of
space effect, concerning student behavior and
class management issues. However, the research-
er of the present study is still cautious regard-
ing the use of massed learning as it annoyed the
students, contradicting findings of Zulkiply et
al. (2012). Further research of spaced learning in
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a real school context, with consecutive task rep-
etition to decrease the rapid rate effect and a
shorter spacing gap, is recommended.

CONCLUSION

The effect of spacing was not revealed in
learning formulas, presented in a real school
context with a rapid presentation rate, contra-
dicting the assertion of the present study. Dur-
ing the present study, the traditional group re-
peated the same task four times consecutively.
All three groups showed significant achieve-
ment in learning the formula. Spaced learning
did not achieve significant differences in atti-
tudes towards formulas, but has the capacity to
overcome prejudice concerning formulas. Asig-
nificant decrease in recall was found concern-
ing spaced learning for Group 111 only.
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