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Abstract

This study compares the effect of frontal teaching methods on achievement
levels in math to those of alternative teaching methods in elementary schools
where classroom teaching is reinforced with computer sessions. The study was
conducted in two urban, elementary schools in underprivileged areas and in-
volved 479 students in grades 4, 5 and 6 and 18 teachers 9 who used the fron-
tal method and 9 who used the alternative method. Progress was checked
while accounting for students’ age and level. Significant differences between
the two methods were found: Students in the alternative method progressed
more during the year than those in the frontal method. Furthermore, the lead
of alternative students mostly increased with age and grade level, while most
frontal students remained at their level. District tests conducted two years af-
ter data collection for the study further corroborated the study findings. The
results indicate that the teaching method is a decisive factor in student
achievement in math and that full coordination of classroom teaching with
computer practice is of prime importance. This requires a change from the
traditional teaching methods, incorporating attention to the differing needs
and achievements of students.
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Alternative Teaching, Achievement Mathematics, Computer-Assisted,
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1. Introduction and Theoretical Background

The rationale for this study was the low level of achievement in mathematics

found to be prevalent in the elementary school system in Israel. Less than 50% of
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students achieve a passing mark in math in the lower grades and only approxi-
mately 14% of students graduate as science majors. Only a small percentage of
high school students graduate with an understanding of science and math, de-
spite recent technological developments in education (Harari, 1992). Interna-
tional data show a decline in math and science studies. According to Schon
(1983), teachers should accept responsibility for their students” achievements. A
large proportion of teachers do not have proper training in teaching these sub-
jects (Raloff, 1988; Shamos, 1988), especially in remote and underprivileged
neighborhoods (Harari, 1992; Raloff, 1988).

Most of the participants in this study were underprivileged children who, due
to social constraints, do not attain the achievement levels attainable under nor-
mal conditions, nor even the average achievement levels of the country. They are
normally deprived access to appropriate educational institutions and usually
cannot benefit fully from those institutions they can access. They generally lack
school preparation and are deficient in perception, speech, sorting, abstraction,
reading and conceptual abilities. This lacuna gradually increases with time, often
resulting in failure to graduate, thus perpetuating their inferior status beyond
school into the realms of employment and personal life. The Ministry of Educa-
tion’s inability to provide enrichment and cultivate knowledge for children from
disadvantaged communities widens the gap between excellence and backward-
ness and impairs the ability of weaker populations to advance, develop and cope
with the modern world (Iram & Schmida, 1993).

The equal opportunity gap between the underprivileged and the well-off is
clearly represented by computers. Disadvantaged children are much less likely to
access computer-assisted learning than the well-off. Sutton (1991) reports that
about 32% of students in affluent schools participated in computer-assisted
learning, compared to only 17% of underprivileged students. The computer is
highly regarded for its contribution to improving the learning capacity and
strengthening the confidence of disadvantaged students and preparing them for
integration into the modern world. In addition, researchers have emphasized the
importance of learning for growth—so important to this population (Louden,
Rohl, & Hopkins, 2008).

1.1. Alternative Teaching Methods

Alternative methods of teaching differ from each other in organizational and
pedagogical aspects, but they all stem from the point of view that one must di-
versify teaching methods, activate and engage students in the learning process,
integrate instructional technologies adapted to the different needs and levels of
the heterogeneous classroom, and address the psychological and epistemological
aspect (which examines the question: “What is the knowledge that we want to
instill in school?”) This approach, which serves as a basis for creating models for
teaching mathematics, takes into account the ability and limitations of the child,

but also the specific skills that these models aim to impart.

DOI: 10.4236/ce.2017.814157

2294 Creative Education


https://doi.org/10.4236/ce.2017.814157

D. Hassidov

In many alternative learning environments, computers are employed to help
students progress (Nesher, 1986; Cosgrove & Osborne, 1985). Researchers iden-
tified various components of interaction in alternative learning environments
that encourage discussion and dialogue, fostering learning. For example, asking
questions that provoke productive discussion and presenting complex issues for
discussion (Kreijns, Kirschner, & Jochems, 2003). In addition, researchers iden-
tified a variety of strategies for responding to students’ ideas, including echoing
the ideas, reformulating them, and perfecting and expanding students’ thinking
through discussion (Grossman, Hammerness, & McDonald, 2009). Technol-
ogy-based, alternative learning environments inspire a combination of individ-
ual or group activity with the computer and class discussion about thinking and
learning outcomes. It is important to focus on how to learn, not only what to
learn (Bielaczyc, 2006; Jarvenoja, & Jarveld, 2009).

In alternative teaching, awareness of the unique needs of each student induces
instruction both to the entire class and in small groups (Hertz-Lazarowitz et al.,
1989; Shaftiya, 1989). According to Hertz-Lazarowitz, & Fuchs based on the
methodological attitude supported by renowned thinkers and psychologists, in-
cluding Piaget (1972), these approaches allow more effective learning processes,
flexible instruction with many choices in the hands of the teacher, and the possi-
bility to match the learning processes to the academic and emotional Caspi, M
that teachers play an important role in modeling approaches and ways of think-
ing in the subject, building familiarity between peers and exposing them to each
other’s thinking (Kreijns et al., 2003) and proposing worthy goals and conduct
conducive to achieving the educational goals in different subjects (Reznitskaya &
Gregory, 2013).

1.2. The Computer as a Tool for Improving Math Teaching

Harari (1992) shows that incorporating computers in the teaching contributes
greatly to the learning process and recommends, inter alia, conducting “a com-
prehensive campaign to introduce the use of computers in all educational insti-
tutions at all levels and in all subjects” (p. 7). Osin, Nesher and Ram (1994) note
that “teaching mathematics in elementary schools using computers improves
student achievement compared to conventional teaching methods” (p. 15).
Campbell (1988), Bielaczyc (2001) and Mevarech (1985) treat the subject favora-
bly and believe that the use of computers for teaching math in elementary school
allows visualization of mathematical problems, simplifying them for students.
Campbell and others point out that the software and hardware should be
adapted to the young age of the students and warns against the automatic use of
technology at the expense of understanding (Becta ICT Research, 2003).

The math curriculum used by students is a computerized program of study de-
signed to evaluate and drill students in grades 2 through 8. The program presents
the student with exercises and word problems suited to the level of knowledge of

the material, checks performance and progresses according to the results. It also
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provides the teacher with reports on the progress and achievements of each stu-
dent using the computer (Osin, 1984).

A computer system is intended, among other things, to reveal to the teacher
significant heterogeneity among students—even within one class (the levels of
students in one class often span two to three years of study)—and encourage
teachers to implement math teaching methods tailored to the varying needs of
students, not only in the computer room but also in the classroom. Computer
drills take place 40 minutes per week. Integrating computers into the teaching is
a very important subject to which some of the teachers were introduced during
their training (Vrasidas & Mclsaac, 2001; Perkins, 1992).

Mevarech and Rich (1985) examined student achievement in math in schools
in disadvantaged areas using the Ministry of Education test from 1977. They re-
vealed that the achievements of students in grades 3 to 5 who studied with com-
puter assistance were greater than the achievements of students with similar so-
cioeconomic backgrounds who studied without a computer. Improvements were
particularly high among fourth graders who studied with computer assistance:
Their achievements were higher than those who were not aided by a computer
by a standard deviation of almost 1. Echeverria (1985) found that the rate of
progress of groups learning math with a computer was significantly higher than
the rate of progress in the control group that did not incorporate computers in
the study. Swan, Guerrero & Mitrani (1989) Integration of computers into math
study among weak students who are considered underprivileged contributes to
improving student achievement at all grade levels, especially those of primary
school (Swan, Guerrero, Mitrani, & Schoener, 1990).

Hativa (1988a, 1988b) and Davis, Wiener, Finkelstein and Regev (1986) argue
that computer assessment is not reliable since the computer supplies hints that
assist the student in solving the problems and enable higher achievement than
written tests. Conversely, Osin and Nesher (1989) showed that solving exercises
in front of a computer terminal, rather than using paper and pencil, creates dif-
ficulty for both advanced and weaker students, alike.

A key aspect of computer-assisted teaching concerns the consequences of it
has on classroom teaching methods. One of these studies (Hativa, Shapira, &
Navon, 1990) examined a group of teachers who taught computer-assisted math.
Teachers reported that computer-assisted teaching exposed them to the diversity
among students and encouraged them to find alternatives to the traditional

frontal teaching method.

2. Method

The research presented in this paper compares achievement in mathematics in
computer-assisted classes, utilizing two teaching methods: alternative or frontal.
The study examined student achievement as reported by a computer system, in
order to determine to what extent classroom methods for teaching mathematics

affect student achievement.
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The central variable in the study is the teaching method used in math classes,
when computers are integrated in teaching. The main assumption of the study is
that teachers who implement alternative teaching methods in the classroom de-
velop their students more than teachers who ignore the diversity among them

and continue to teach in the traditional, frontal method.

2.1. Hypotheses

1) Differences will be observed in math achievement between students being
taught through frontal teaching and students being taught through alternative
methods. Students who learn math through alternative teaching methods will
have higher achievement.

2) The math achievement gap will increase with age. The higher the grade, the
greater will be the achievement gap.

3) Weak and average students studying in the alternative teaching method will
progress more than those studying the frontal method, while high achievers will

progress equally in both teaching methods.

2.2, Participants

The participants in the study were 479 students in two urban schools in which
students are considered underprivileged by the Board of Education. The stu-
dents were enrolled in 3 classes each of grades 4, 5 and 6 in each of the schools -
18 classes in all. Also participating were 18 teachers: 9 teachers who teach math
using the frontal method of teaching and nine who use the alternative method.
Most of the teachers had at least 8 years teaching experience and were graduates

of a teachers’ seminary or degree programs.

2.3. Instruments

The classes were observed and data concerning time organization, physical en-
vironment, educational activity and teaching aids were documented in an ob-
servation sheet in order to identify classes with alternative teaching methods.
Alternative teaching combines personal instruction, group instruction and
classroom teaching while frontal teaching involves presentation and explanation
of the material without integrating individual or group work. Observers checked
how much of teaching is individual or group, to what extent students have op-
portunities to work independently, gaining personal experience in the learning
process, and to what extent the learning materials are graded and varied. They
also evaluated the atmosphere in the classroom, the teacher's work with students
and teacher’s work with school staff. Observation identified nine classes in
which alternative teaching methods are practiced and nine classes in which the
teaching method is frontal.

The observation was reinforced with teacher questionnaires containing 59
statements to be ranked from 1—not at all to 5—very much so. The statements

referred to openness to change and variety in teaching methods, and the use of
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computers in teaching and evaluation. They were critiqued by experts in these
fields before completion by the 18 teachers. An analysis of the questionnaire
responses confirmed the division into frontal and alternative teaching groups
established by the observations and showed the differences in the methods be-
tween the two groups to be meaningful and significant. It is important to note
that both groups used the computer as an aide for teaching math, but the alter-
native teachers used it more extensively.

Two years after collection of the research data, we received the average scores
of the Ministry of Education’s district mathematical achievement tests for the
students who were in the 4th grade at the time of collection—three classes from
each school. These results may serve as the basis for a longitudinal study, al-

though the tests were done with paper and pencil, not on the computer.

2.4. Process

The teachers in both schools were coached in the same way by the same super-
visor, concerning subjects to work on in the computer room and the continua-
tion in the class room. Material regarding teaching attitudes and methods were
presented fully to the teaching staff of both schools. The teachers of both schools
participated in teacher training conducted by staff of the Ministry of Education
in pedagogic centers. One inspector of the Board of Education supervised the ac-
tivity in both schools. The level required for each class is defined by the teaching
plan of the Board of Education.

In both schools, math was taught for 5 hours per week using the same text
book, out of which two twenty minute sessions per week (20%) were computer
assisted. During the computer sessions, data regarding student achievement was
documented by the computer. At the end of each month throughout the school
year, the computer reports for all the participants were collected. In addition,
observation of one entire lesson was conducted once in each class during the
school year, with the authorization of the inspector and coordination with the
principal and teacher. The supervisor, who was very familiar with the partici-
pating classes and the teachers, supplied supporting information. At the end of
the observation, the teacher completed a questionnaire concerning the teaching
method used in the class and in the school in general.

We examined three dependent variables of progress: on the computer, solving
verbal problems and the number of numerical exercises solved. Progress on the
computer and in solving verbal problems is expressed for each by a number ar-
rived at by deducting the student’s level at the beginning of the year from the
level at the end of the year, with the optimal progress being 10. Progress in the
number of numerical exercises solved is expressed as a percentage of the number
of exercises solved correctly out of the total number of exercises. The progress is
arrived at by deducting the percentage at the beginning of the year from the
percentage at the end of the year.

The hypotheses were tested using an analysis of covariance (ANCOVA), with
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statistic control of the independent variable, the number of lessons in which the
student participated during the school year. We chose this method due to the
differences in the number of computer sessions in the classes with different
teaching methods. After collecting the data and before analysis, we compared the
number of computer sessions held in the alternative method classes and the
number in the frontal method classes. The difference was so significant that we
classed the data as a controlled variable. In each of the three grades, a great many
more computer sessions were held in the alternative method than in the frontal
method, as displayed in Table 1.

For the study, the students were grouped into three level groups: weak, medi-
ocre and strong. It was found that the higher the grade, the fewer the students
that are up to grade level or above. Notwithstanding, all the classes displayed a
strengthening of the level throughout the year. In all of them, the number of
weak or mediocre students at the beginning of the year was greater than the
number in these levels at the end of the year. Chi-square tests were conducted to
examine the differences in annual progress between the three levels of students
according to two independent variables: teaching method and age. Differential
analyses were not carried out on student levels, due to this variable’s dependence
on computer scores.

Differential analyses tested the effect of the independent variables—method,
age and sex—on the three dependent variables. These analyses were conducted
in the groupings: method (2), sex (2) and age (3). Because of the complexity of
the analysis, we separated the analysis by method and age from the analysis by

method and sex.

3. Results and Discussion

The study examined the average annual progress of the students in math on the
computer. The study demonstrates that before installation of computer systems

in schools, the average annual progression was 3.5 computer levels per year. This

Table 1. Average participation in computer classes.

Teaching Method
Grade t p
Alternative Frontal

94.7 M 56.4

4 17.1) sD (9.40) 17.7 0.000
85 N 100
106.7 M 57.6

> (12.4) sD ©.1) 28.1 0.000
82 N 70
99.4 M 332

6 (26.7) sD (137) 18.2 0.000
67 N 75
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index is calculated from the difference between the initial level of evaluation on
the computer and the level of achievement as assessed in accordance with the
curriculum of the Ministry of Education. It was found that, after installing
computers in schools, the weak students progressed at a rate of 5.3 computer le-
vels per year, average students progressed at a rate of 9.5 computer levels per
year and high-achievers progressed at a rate of 13.7 computer levels per year.
This follow-up study shows that students who studied the math curriculum
aided by the computer progressed during the year and high achievers progressed
the most.

The level of achievement in math before and after evaluation by computer was
also tested among underprivileged populations. The study shows that, before in-
stallation of computers in schools, the percentage of success reflected by the
computer was 55% but after installation of computers the success rate almost
doubled to 93%.

The research indicates satisfaction among teachers, who see great potential in
integrating computers in teaching. The reasons for satisfaction include computer
management of learning, the detailed reports provided by the computer and its
advantages as a means of advancing students. The teachers pointed out the
computer reports as a key tool for the individual handling of students and
adapting teaching methods to their unique needs.

Teachers also noted the feedback provided by the computer program for each
individual student, the diagnostics of student performance and the possibility to
identify learning problems, the opportunity for oral practice and the increase in
student motivation and expansion of their knowledge. One of the major short-
comings of the system that teachers indicated is that the program does not ex-
plain what the student’s mistake is.

Most teachers are sure that the computer contributes to the work of teachers
and students alike, and express satisfaction from the integration of computers in
teaching. The study shows that teachers who integrate computers are usually
aware that one must allow students to learn and progress at their own rhythm
and challenge them with learning, behavioral and social objectives that are ap-
propriate to their individual ability.

Further evaluation of student achievement in math in that same population
after three years of working on the computer, confirms the findings of previous
studies (Osin, 1984). It is clear that as far as progress in math in underprivileged
populations is concerned, the effectiveness of the computer system is retained

even after the novelty wears off and the system is no longer foreign to students.

3.1. Hypothesis 1

Comparison of the observed averages with the corrected averages if all the stu-
dents had participated in the same number of computer sessions showed signif-
icant differences in progress in solving exercises between the two methods
(f(1,459) = 5.33, p = 0.02). Students who were taught in the frontal method ex-
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perienced a decrease in the number of exercises solved correctly (m = -5.17),
while students who were taught in the alternative method achieved an increase
in the number of exercises solved correctly (m = 3.15). The differences in the
computer were not significant at a level of 0.05, but were significant at p = 0.08
in favor of the alternative method (f(1,459) = 2.94, p = 0.08). No difference was
found in solving verbal problems.

3.2. Hypothesis I1

The differential analysis compared the three dependent variables under the ef-
fects of the independent variables—class level and teaching method—with the
number of computer sessions as a controlled variable. This analysis showed a
significant interactive effect in progress on the computer only (£(2,459) = 16.7,
p = 0.000) and not in the other two variables. A post-hoc test to check the inter-
active effect showed a significant effect in all class combinations. F values for the
differences between grades 5 and 6 were extremely high, and even more so be-
tween grades 4 and 6, indicating that the gap widens with age, favoring students
of the alternative method. This corroborates the second hypothesis: the older the
student, the greater his improvement. Figure 1 illustrates how the difference in
achievement in math between students who were taught with the different me-
thods widens from 4" grade to 6™ grade.

A comparison of the observed averages with the corrected averages—those we
would have expected if all the students had participated in the same number of
computer sessions—shows that in the frontal method the progress was expected
to be higher than it actually was, while in the alternative method the progress
was expected to be lower than it actually was. Figure 1 illustrates the significant
progress—beyond that expected—of students who were taught with the alterna-
tive teaching method and the slower than expected progress of students who

were taught with the frontal teaching method (Stevens, 1986).

12
10
8
M Frontal - Observed Average
B Frontal - Corrected Average 6
1 Alternative - Observed Average 4
M Alternative - Corrected Average
2
0 .

Grade 4 Grade 5 Grade 6

Figure 1. Average progress according to method and grade.
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3.3. Hypothesis III

To test this hypothesis, students in each class were categorized in three groups,

according to their computer level compared to the rest of the class. Their

progress is classified into five groups:

e Weak students at the beginning of the year who remained weak at the end of
the year (W-W).

e Weak students at the beginning of the year who progressed to mediocre at
the end of the year (W-M).

e Mediocre students at the beginning of the year who remained mediocre at
the end of the year (M-M).

e Mediocre students at the beginning of the year who progressed to strong at
the end of the year (M-S).

e Students who remained strong from beginning to end (S-S).

Only one student who began the year in the strong group regressed to medio-
cre at the end of the year. For the study, this student was included in the S-S
group. Similarly, only two students who began the year in the weak group pro-
gressed to the strong group at the end of the year. These students were included
in the W-M group. Not a single student who began the year in the mediocre
group regressed to weak at the end of the year. Most of the students maintained
their level or progressed to a higher level.

The third hypothesis was checked with a chi-square test, using as variables the
five categories described above in frontal teaching and in alternative teaching.
The analysis showed that 29% of students in the frontal teaching method began
weak and remained weak. By contrast, not one of the students in the alternative
method who began the year weak (approximately 5%) remained weak at the end
of the year. Similarly, a large number of mediocre students in the alternative
method progressed to strong at the end of the year (35.2%), while in the frontal
method only 18% progressed similarly. Especially striking is the large percentage
of strong students in the alternative method who maintained their strong stand-
ing (49.3%), compared to the relatively low number in frontal teaching who
performed similarly (20.4%).

Analysis of the distribution within the groups showed that in the alternative
method most of the students who began the year as mediocre progressed to
strong standing (76.9%), while in the frontal method most mediocre students
remained mediocre (53.7%). Note that strong students at the beginning of the
year maintained their strong standing, regardless of the method of teaching.

In conclusion, the most striking finding is that most of the students in the
frontal method remained in their original level, while most students in the alter-

native method progressed to a higher level. This corroborates the third hypothesis.

4. Ministry of Education Test Scores

The average test scores for the two types of classes show that even in the district
test conducted two years later, the students in the alternative method retained

their lead on those from the frontal method. The average scores of 6™ graders

DOI: 10.4236/ce.2017.814157

2302 Creative Education


https://doi.org/10.4236/ce.2017.814157

D. Hassidov

who had been in 4™ grade frontal method classes (61.7, 61.8, 62.5) were substan-
tially lower than the scores of those who had studied in the alternative method
(68, 77.4, 84.3).

In addition, the percentage of failures in the district test was compared with
the percentage of failures collated from the computer results two years earlier,
for each of the teaching methods. Of the students of the frontal method, 32%
failed in the computer and 39% failed the district test, while only 14% of alterna-
tive students failed in the computer and 16% failed the district test. These results
of the district test echo the computer results of two years earlier, even though

different instruments were used.

5. Summary of Results

The findings indicate that the teaching method that combines computer-assisted
learning and alternative classroom teaching methods has a significant effect on
student achievement in mathematics. These students display higher achievement
than their peers who learn in the frontal method. This effect on achievement was
preserved even when the number of computer classes in which the student par-
ticipated during the school year served as a controlled variable. Significant dif-
ferences were found between the two teaching methods regarding progress in
the computer and progress in solving exercises.

Furthermore, interaction between teaching method and age was found: We
found that the older the students, the greater the gap in achievement on the
computer, in favor students of the alternative teaching method. The gap in
achievement between students who studied in the method that combines com-
puter-assisted learning and alternative classroom teaching methods and their
peers who did not was sustained for two years, as shown by the results of the
written district test of the Ministry of Education. The percentage of success in
the district test was significantly higher among students who studied in the me-
thod that combines computer-assisted learning and alternative classroom teach-
ing methods (84%) than among those who did not (61%).

6. Discussion

The hypothesis that there is a connection between the teaching method used in
the classes and student performance in mathematics is based on the findings and
conclusions of Salomon, Almog and Ben Zakan (1993), Solomon, G. (1994), So-
lomon & Gardner (1986), Safir, Hertz-Lazarowitz, Ben Tsvi-Mayer & Kuper-
mintz (1992), who all claim that one must diversify the teaching methods, un-
dermine the domination of the traditional frontal teaching method, activate and
involve students in their learning and introduce teaching technologies tailored to
the needs and different levels of students in the heterogeneous class. According
to Goodlad (1974), all learning is individual learning and there may be no other
kind (Lazarowitz, Hertz-Lazarowitz & Baird, 1994).

The findings show that students learning with alternative teaching methods
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attain higher achievement than students learning with the frontal teaching me-
thod, both on the computer in all the categories and solving exercises.

It should be noted that in all cases, the number of computer classes attended
by each student was taken into account. This variable was statistically controlled
in the covariance analysis. Advance comparisons showed that, on the average,
students in the frontal teaching method attended about half the number of
computer classes attended by those in the alternative method. In any case, the
findings show a gap in achievement favoring the students who studied with the
alternative teaching method, regardless of the number of computer classes in
which the students participated.

The study also investigated whether the teaching method has a different effect
on different age groups from grades 4 to 6, i.e., if the gap in achievement in-
creases with age. The findings show that the gap between students in the alterna-
tive method and students in the frontal method increases as the students get
older. It appears that students studying in the alternative method improve their
level over the years, while students studying in the frontal method weaken over
the years.

The study also examined the progress of students according to their level
within the class (weak, advanced) and the method of teaching in which they
learn. It was found that a significant percentage of students who studied in the
alternative teaching method progressed to a higher level within their class (from
the weakest group to average, and from average to advanced) or retained their
high achievement level. In contrast, most of the students who studied in the
frontal method remained at the level in which they began the academic year:
weak students remained weak, average students remained average and advanced
students remained most advanced. In other words, weak and average students in
the alternative teaching method are able to reduce the initial gap between them
and their classmates, while students in the frontal method fail to close the
achievement gap and are left behind.

The findings of the district tests of the Ministry of Education support these
findings. A comparison of three classes that studied in the alternative method of
instruction with three classes in the frontal method shows that the gap in
achievement which the computer reported to teachers is also reflected in the re-

sults of the district tests held two years later.

6.1. Teachers’ Work in the Different Methods

The basic conditions for teaching mathematics were similar in the two schools,
yet the basic approach concerning the teaching method in the classroom dif-
fered. In spite of the similar conditions, the achievement level in the alternative
method was higher. This raises the question: What takes place in the classroom,
and how does it affects the differences in achievement between the classes that
follow different teaching methods.

One may discuss this phenomenon on two levels:
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1) Classroom teaching.

2) The connection between classroom teaching and learning in the computer
room.

In classes which practice the alternative method of teaching, teachers relate to
differences between the students and match the teaching method and study ma-
terial to the unique needs and personal capabilities of each student. In this me-
thod, the teacher does not settle for the role of instructor, but passes responsibil-
ity to the student. In this way, each student is given a chance to learn and
progress at their own pace and make the most of the learning process. Con-
versely, when the frontal teaching method is used, the teacher addresses the
whole class and teaches according to the curriculum, without any regard to the
variation among them. This teaching method is not suitable for students with
unique needs: Advanced students do not find interest in the material and waste
their time in the classroom, while the weak are not able to follow the subject
matter and do not, in fact, participate in the learning process.

We may conclude that students in the alternative teaching method benefit
from the learning process and each one advances according to his ability. Frontal
teaching method, however, is effective only for average students and does not
contribute to the advancement of the weakest and most advanced students in the
class. As a result, there is a widening of the achievement gaps between those in
frontal teaching and those in the alternative method.

The different teaching methods in the classrooms also affect students in the
computer room. Computer-assisted learning is individual learning, in which each
student advances according to his personal ability and level. The alternative me-
thod of teaching suits the work in the computer room, continues and completes
it. Similarly the learning process in the computer room affects the classroom
learning. Difficulties that arise in the computer room are resolved by the teacher
in the classroom and vice versa, difficulties that arise in a classroom are resolved
in the computer room. This ensures the continuity of the learning process be-
tween the classroom and the computer room and its effectiveness increases.

By contrast, frontal teaching is disconnected from the learning process in the
computer room. Difficulties that arise during the work in the computer room
are not resolved in the classroom where the teacher teaches the entire class a
central subject corresponding to the average level of the students there. A stu-
dent experiencing difficulties with the material is unable neither to keep up in
the classroom nor to progress in the computer room, so his loss is double. The
teacher that sticks to the frontal teaching method ignores the diversity among
students that is revealed in the computer room and continues to teach class ac-
cording to the average level, which does not necessarily reflect the actual level of
different students in the classroom. For example, an advanced student exhibiting
a high level of achievement in the computer room will be forced to revise already
familiar material in the classroom.

Teachers working with the alternative teaching method consider computer
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learning an integral part of their work. By contrast, teachers of the frontal me-
thod do not attach importance to the computer’s impact on the learning process
in the classroom and its potential as a tool to promote student achievement.
Moreover, this method of work is foreign to them, so they do not succeed in
creating continuity with the differential process started in the computer room.

In conclusion, though the work in the computer room exposes the teacher to
student diversity and encourages differentiated work, teachers in the frontal
method do not exploit the possibilities offered by the computer. In contrast,
teachers using the alternative method create an amalgamation of instruction that
combines classroom teaching and the learning process in the computer room,
thus allowing students to progress and achieve higher results in math. In this
context, it is worth noting that, over time, a school develops a teaching and
learning culture that draws on its prevailing educational approaches and be-
comes integrated into its ethos. This can explain the difference between the
schools that occurs despite the equal conditions in the learning environment.

The school with the alternative teaching method was prepared to exploit the
variety of available options and tools—guidance, training, appropriate textbooks
and various teaching aids—and used these tools to develop teaching methods
tailored to the needs and ability of the student that allow him to improve in
math. Conversely, the school where the frontal teaching method was practiced
was not yet ready to accept the assistance offered and failed to use the available

tools to improve teaching methods and advance the students.

6.2. Differences in Student Achievement in the Different Methods

The processes that students are exposed to in each of the teaching methods are
what underlie the disparity in achievements. In the alternative method, the stu-
dent is the heart of the learning process, takes responsibility for it and is actively
involved in it. Students of the alternative method receive assistance and appro-
priate response to the difficulties they encounter in the computer room, and
continue to deal with the issues that present problems for them in the home-
room, at a level consistent with their personal ability. When these students re-
turn to the computer room, they are in control of the material and can continue
to move forward on the basis of the knowledge gained. Students in the frontal
method do not receive adequate assistance and or response to the problems they
encounter. The learning process that occurs in the computer room has no con-
tinuation in the classroom. In the absence of support and reinforcement, the
process stops and the progress of these students are halted.

The findings corroborate the findings of Hativa (1986, 1988), according to
which computer-assisted learning contributes to an increase in the gap between
weak and advanced students and promotes good students in disadvantaged
schools. It seems that good students do not need much help from the teacher;
their natural curiosity and knowledge gained contribute to their progress, re-

gardless of the method in which they learn. Weak students, however, need per-
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sonalized, focused assistance from the teacher. They do not receive this assis-
tance in the frontal teaching method, so their progress is halted. In the alterna-
tive method, students receive personalized assistance and progress according to
their own pace and ability.

The study found gaps in the achievement of students studying in the various
teaching methods in all the progress indices, except the index of verbal ques-
tions. The findings indicate that in all other variables, students studying in the
alternative method attain higher achievement than students studying in the
frontal method, while in the verbal questions there is no difference in the
achievements of the two groups. A possible explanation lies in the structure of
the computer-assisted math curriculum. The computer presents a fixed number
of verbal problems with a defined hierarchy. Questions in a particular topic are
based on a fixed text with numbers that change from question to question.
Progress is contingent on correctly solving the earlier questions in the sequence.
The questions are ranked sequentially from second grade to eighth grade.

During the computer practice, students are introduced to ten problems. The
student must correctly solve at least six questions on the first try in order to
move to a higher level. If the student does not succeed, the computer displays
questions of similar structure with different numbers. In the second round, the
requirements diminish and the threshold for success is lower, but in any case,
the student must cope with ten verbal problems with the required level of suc-
cess in order to advance to a higher practice level. In the other areas, the com-
puter presents no more than five to ten exercises, although here, also, the stu-
dent must achieve the required level of success in order to advance to a higher
level. In other words, to advance in level in verbal problems, students must par-
ticipate in a greater number of classes than required in order to advance in other
areas. Thus, the effect of the number of computer classes in which the student
participated on the progress in verbal problems is clear.

In this connection, one should note that the method for verbal problems in
the computer-assisted math curriculum has not yet been finalized because of the
complexity involved in ranking verbal problems according to levels of difficulty,
which requires evaluation of the content regarding incorporated semantic, lin-

guistic, logical, mathematical and other elements.

7. Conclusion

The study examined the achievement of students in grades 4 to 6 in mathematics
as displayed by a computer system, in classrooms where alternative teaching
methods are used and classes with frontal teaching methods.

The achievement was measured in terms of progress in the computer,
progress in solving problems, and progress in solving exercises.

The findings indicate higher achievement among students who studied in the
alternative teaching method at any age. In addition, the gap was found to widen

as students grew older, as the extent of mathematical knowledge required by the
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student expands and gaps in knowledge grow from year to year, in the absence
of an appropriate response to the difficulties the student the part of the teacher.
The study shows that the alternative method promotes improvement in weaker
and mediocre students, while the frontal method does not. Weak students stud-
ying this method remain weak and average students remain average. Only the
strong students maintain their high results in both types of teaching (Salomon,
Almog, & Ben Zakan, 1993). This is explained by the fact that alternative teach-
ing maintains continuity between the classroom learning process and learning
activity in the computer room. In frontal teaching, conversely, there is a lack of
connection between the classroom learning and the computer classroom.

Students who learn in a method adapted to their needs and ability gradually
acquire the level of knowledge required for their age, and progress linearly over
time. Students who learn in the frontal method not only do not maintain their
level, but drop in level over the years compared to students in the alternative
teaching method.

The results of the Ministry of Education district tests also display gaps in stu-
dent achievement between the different teaching methods—gaps retained over
the years. Students in alternative teaching attained relatively high achievement in
the Ministry of Education district tests held two years after the study data collec-
tion, compared to students learning in the frontal method. This finding supports
the hypothesis and sheds new light on the earlier findings of Mevarech and Rich
(1985) that showed a gap in achievement between students in computer-assisted
study and students studying without computer assistance. It turns out that such
a gap also exists when students are all taught with the assistance of a computer
but are exposed to different teaching methods in their classrooms.

Both our study and other studies show that the teaching method used has
far-reaching impact on student achievement. It was found that the alternative
teaching method is the effective method that advances the student when utilized

wisely in the learning process.

8. Recommendations

It should be noted that the computer that served us for the purpose of collecting
and analyzing data, is only a model.

The findings indicate the necessity and importance of integrating classroom
teaching process and the learning process in the computer room. This requires
flexible orientation and coordination between that taught in the classroom and
computer room activities. Integration of computers in teaching is not much value
in the absence of qualitative changes in teaching and learning processes. Tech-
nical adaptation alone will not justify the effort spent on installing a computer
system in the school without the necessary qualitative changes, i.e., adaptation of
teaching methods and the underlying educational approach to the new reality in

schools.

DOI: 10.4236/ce.2017.814157

2308 Creative Education


https://doi.org/10.4236/ce.2017.814157

D. Hassidov

References

Becta ICT Research (2003). What the Research Says about Using ICT in Maths. British
Educational Communications and Technology Agency.
http://webarchive.nationalarchives.gov.uk/20130401151715/https://www.education.gov
.uk/publications/eOrderingDownload/15014MI1G2799.pdf

Bielaczyc, K. (2001). Designing Social Infrastructure: The Challenge of Building Comput-
er-Supported Learning Communities. European Perspectives on Computer-Supported
Collaborative Learning: Proceedings of the 1st European Conference on Comput-

er-Supported Collaborative Learning, 106-114.

Bielaczyc, K. (2006). Designing Social Infrastructure: Critical Issues in Creating Learning
Environments with Technology. Journal of the Learning Sciences, 15, 301-329.
https://doi.org/10.1207/s15327809j1s1503_1

Campbell, P. F. (1988). Microcomputers in the Primary Mathematics Classroom. Arith-
metic Teacher, 35,22-29.

Cosgrove, M., & Osborne, R. (1985). Lesson Frameworks for Changing Children’s Ideas.
In: R. Osborne, & P. Freyberg (Eds.), Learning in Science—The Implications of Child-
ren’s Science (pp. 101-111). Portsmouth, NH: Heinemann Educational Books.

Davis, D., Vinner, S., Finkelstein, T., & Regev, H. (1986). Observations at Computer
Rooms in Schools. Computers in Education (An Israeli Journal in Hebrew), 2, 9-17.

Echeverria, B. (1985). Evaluation of Arithmetic Performance. Educational Research
Journal, 3,183-210. Proyecto E.A.O.-TOAM. (In Spanish)

Goodlad, J. I. (1974). Looking behind the Classroom Door. Worthington, OH: Chareles
A. Jones.

Grossman, P., Hammerness, K., & McDonald, M. (2009). Redefining Teaching,

Re-Imagining Teacher Education. Teachers and Teaching, Theory and Practice, 15,
273-289. https://doi.org/10.1080/13540600902875340

Harari, H., & The Supreme Committee for Education in Technology and Sciences (1992).

Discussion on the Harari Committee. Tel Aviv: Ort. (In Hebrew)

Hativa, N. (1988a). CAI versus Paper and Pencil—Discrepancies in Students’ Perfor-
mance. Instructional Science, 17, 77-96. https://doi.org/10.1007/BF00121235

Hativa, N. (1988b). Computer-Based Drill and Practice in Arithmetic: Widening the Gap
Between High- and Low-Achieving Students. American Educational Research Journal.
25, 366. https://doi.org/10.3102/00028312025003366

Hativa, N., Shapira, R., & Navon, D. (1990). Computer-Managed Practice Effects on In-
structional Methods and on Teacher Adoption. Teaching and Teacher Education, 6,
55-68. https://doi.org/10.1016/0742-051X(90)90007-R

Hertz-Lazarowitz, R., Fuchs, L., Sharabany, R., & Eisenberg, N. (1989). Students’ Interac-
tive and Noninteractive Behaviors in the Classroom: A Comparison between Two
Types of Classroom in the City and the Kibbutz in Israel. Contemporary Educational
Psychology, 14, 22-32. https://doi.org/10.1016/0361-476X(89)90003-9

Iram, Y., & Schmida, M. (1993). Recurring Reforms and Changes in the Israeli Educa-
tional System: An Analytic Approach. International Journal of Educational Develop-
ment, 13,217-226. https://doi.org/10.1016/0738-0593(93)90030-4

Jarvenoja, H., & Jdrveld, S. (2009). Emotion Control in Collaborative Learning Situa-
tions—Do Students Regulate Emotions Evoked by Social Challenges? British Journal of
Educational Psychology, 79, 463-481. https://doi.org/10.1348/000709909X402811

DOI: 10.4236/ce.2017.814157

2309 Creative Education


https://doi.org/10.4236/ce.2017.814157
http://webarchive.nationalarchives.gov.uk/20130401151715/https:/www.education.gov.uk/publications/eOrderingDownload/15014MIG2799.pdf
http://webarchive.nationalarchives.gov.uk/20130401151715/https:/www.education.gov.uk/publications/eOrderingDownload/15014MIG2799.pdf
https://doi.org/10.1207/s15327809jls1503_1
https://doi.org/10.1080/13540600902875340
https://doi.org/10.1007/BF00121235
https://doi.org/10.3102/00028312025003366
https://doi.org/10.1016/0742-051X(90)90007-R
https://doi.org/10.1016/0361-476X(89)90003-9
https://doi.org/10.1016/0738-0593(93)90030-4
https://doi.org/10.1348/000709909X402811

D. Hassidov

Kreijns, K., Kirschner, P. A., & Jochems, W. (2003). Identifying the Pitfalls for Social In-
teraction in Computer-Supported Collaborative Learning Environments: A Review of
Research. Computers in Human Behaviour, 19, 335-353.
https://doi.org/10.1016/S0747-5632(02)00057-2

Lazarowitz, R., Hertz-Lazarowitz, R., & Baird, H. (1994). Learning Science in a Coopera-
tive Setting: Academic Achievement and Affective Outcomes. Journal of Research in
Science Teaching, 31, 1121-1131. https://doi.org/10.1002/tea.3660311006

Louden, W., Rohl, M., & Hopkins, S. (2008). Teaching for Growth: Effective Teaching of
Literacy and Numeracy. Graduate School of Education, University of Western Australia.
http://www.web.uwa.edu.au/__data/assets/pdf_file/0005/615686/TFG_Final_Report.pdf

Mevarech, Z. R. (1985). Computer-Assisted Instructional Methods: A Factorial Study
within Mathematics Disadvantaged Classrooms. The Journal of Experimental Educa-
tion, 54, 22-27. https://doi.org/10.1080/00220973.1985.10806393

Mevarech, Z. R., & Rich, Y. (1985). Effects of Computer Assisted Instruction on Disad-
vantaged Pupils’ Cognitive and Affective Outcomes. Journal of Educational Research,
79, 5-11. https://doi.org/10.1080/00220671.1985.10885638

Nesher, P. (1986). Learning Mathematics: A Cognitive Perspective. American Psycholo-
gist, 41, 1114-1122. https://doi.org/10.1037/0003-066X.41.10.1114

Osin, L. (1984). TOAM: C.A.L on a National Scale. In Proceedings of the 4th Jerusalem
Conference on Information Technology (pp. 418-424). Silver Spring, MD: IEEE Com-

puter Society.

Osin, L., & Nesher, P. (1989). Comparison of Student Performance in Arithmetic Exer-
cises: TOAM vs. Paper and Pencil Testing, International Journal of Man-Machine Stu-
dies, 31,293-313. https://doi.org/10.1016/0020-7373(89)90009-6

Osin, 1., Nesher, P., & Ram, J. (1994). Do the Rich Become Richer and the Poor Poorer? A
Longitudinal Analysis of Pupil Achievement and Progress in elementary Schools Using
Computer Assisted Instruction. International Journal of Educational Research, 21,
53-64.

Perkins, D. N. (1992). Smart Schools. New York: Free Press.

Piaget, J. (1972). The Principles of Genetic Epistemology. New York: Basic Books.

Raloff, J. (1988). U.S. Education: Failing in Science? Science News, 133, 165-166.
https://doi.org/10.2307/3972482

Reznitskaya, A., & Gregory, M. (2013). Student Thought and Classroom Language: Ex-
amining the Mechanisms of Change in Dialogic Teaching. Educational Psychologist,
48, 114-133. https://doi.org/10.1080/00461520.2013.775898

Safir, P. M., Hertz-Lazarowitz, R., Ben Tsvi-Mayer, S., & Kupermintz, H. (1992). Promi-
nence of Girls and Boys in the Classroom: Schoolchildren Perceptions. Sex Roles, 27,
439-453, https://doi.org/10.1007/BF00290002

Salomon, G., Almog, T., & Ben Zakan, E. (1993). Towards a Pedagogical Approach for
Learning in Technology Enriched Classrooms. Platform for Discussion. Haifa: Haifa

University, School of Education.
Schon, D. A. (1983). The Reflective Practitioner. New York, NY: Basil Books.

Shaftiya, L. (1989). Alternative Teaching Methods: Towards Improving the Education
Method in the School. Jerusalem: Mechon Henrietta Szold. (In Hebrew)

Shamos, M. (1988). The “Crisis” in Science Education. The Education Digest, 54, 19-22.

Solomon, G. (1994). Integrating of Media, Cognition, and Learning: An Exploration of
How Symbolic Forms Cultivate Mental Skills and Affect Knowledge Acquisition.
Hillsdale, NJ: Lawrence Erlbaum.

DOI: 10.4236/ce.2017.814157

2310 Creative Education


https://doi.org/10.4236/ce.2017.814157
https://doi.org/10.1016/S0747-5632(02)00057-2
https://doi.org/10.1002/tea.3660311006
http://www.web.uwa.edu.au/__data/assets/pdf_file/0005/615686/TFG_Final_Report.pdf
https://doi.org/10.1080/00220973.1985.10806393
https://doi.org/10.1080/00220671.1985.10885638
https://doi.org/10.1037/0003-066X.41.10.1114
https://doi.org/10.1016/0020-7373(89)90009-6
https://doi.org/10.2307/3972482
https://doi.org/10.1080/00461520.2013.775898
https://doi.org/10.1007/BF00290002

D. Hassidov

Solomon, G., & Gardner, H. (1986). The Computer as Educator: Lessons from Television
Research. Educational Research, 16, 13-19.
https://doi.org/10.3102/0013189X015001013

Stevens, J. (1986) Applied Multivariate Statistics for the Social Sciences. Hillsdale, NJ: L.
Erlbaum Associates.

Sutton, R. E. (1991). Equity and Computers in the School: A Decade of Research. Review
of Educational Research, 61, 475-503. https://doi.org/10.3102/00346543061004475

Swan, K., Guerrero, F., & Mitrani, M. (1989). Comprehensive Computer-Based Instruc-
tional Programs: What Works for Educationally Disadvantaged Students? Paper Pre-
sented at the Annual Meeting of the American Educational Research Association,
March, 1989, San Francisco, CA, NYC Board of Education.

Swan, K., Guerrero, F., Mitrani, M., & Schoener, J. (1990). Honing in on the Target: Who
among the Educationally Disadvantaged Benefits Most from What CBI? Journal of Re-
search on Computing in Education, 22, 381-403.
https://doi.org/10.1080/08886504.1990.10781929

Vrasidas, C., & Mclsaac, M. S. (2001). Integrating Technology in Teaching and Teacher
Education: Implications for Policy and Curriculum Reform. Educational Media Inter-
national, 38, 127-132. https://doi.org/10.1080/09523980110041944

DOI: 10.4236/ce.2017.814157

2311 Creative Education


https://doi.org/10.4236/ce.2017.814157
https://doi.org/10.3102/0013189X015001013
https://doi.org/10.3102/00346543061004475
https://doi.org/10.1080/08886504.1990.10781929
https://doi.org/10.1080/09523980110041944

	The Link between Teaching Methods and Achievement in Math in Computer-Assisted Elementary Schools
	Abstract
	Keywords
	1. Introduction and Theoretical Background
	1.1. Alternative Teaching Methods
	1.2. The Computer as a Tool for Improving Math Teaching

	2. Method
	2.1. Hypotheses
	2.2. Participants
	2.3. Instruments
	2.4. Process

	3. Results and Discussion
	3.1. Hypothesis I
	3.2. Hypothesis II
	3.3. Hypothesis III

	4. Ministry of Education Test Scores
	5. Summary of Results
	6. Discussion
	6.1. Teachers’ Work in the Different Methods
	6.2. Differences in Student Achievement in the Different Methods

	7. Conclusion
	8. Recommendations
	References

