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Facilitating Mathematics Problem-Solving Skills via Computer

Doehee Ahn
Dong-Eui University, Korea

This study, utilizing two types of computer-based instruction (CBI) programs
developed by the researcher, was to examine the effects of explicit strategies
instruction on 105 sixth-grade students’ mathematics problem-solving skills.
Students drawn {rom five public elementary schools were divided into three groups
(experimental, CBI control, and traditional control) and assessed on their mathematics
problem-solving achievement levels (high and low) using a mathematics problem-
solving sub-test from the Canadian Test of Basic Skills (CTBS-MPS) (multi-level
edition. r =97). The students were given the Mathematics Problem-Solving Test
which was developed for this research as well as the CTBS-MPS to measure their
mathematics problem-solving performance. In order to measure their estimation of
performance on the MPST, Self-Prediction of Performance, Self-Evaluation of
Performance, Accuracy of Self-Prediction of Performance, and Accuracy of Self-
Evaluation of Performance were measured. The findings indicated that students in
the experimental group who were exposed to explicit strategies instruction via
computer showed a significantly greater improvement on the CTBS than those in
the CBI control or traditional control groups. However, there were no significant
ditferences observed on the MPST, SPP, SEP, ASPP, and ASEP across the three
groups.

“How does problem-solving ability develop? ... How can students be helped to
become better problem solvers and, hence, better doers of mathematics?” (Lester,
1994, p. 672) These questions have been a major concern in mathematics education
over the past twenty vears; however, they could be addressed by mathematics problem-
solving strategies instruction. In the National Council of Teachers of Mathematics
(NCTM) (1989) report, mathematics education reformers called for educators to
embrace problem-solving as the basis for mathematics instruction. The more recently
published A Perspective on Reform in Mathematics and Science Education
recommended that through strategy use, students would be able to (a) investigate and
understand mathematical content, (b) recognize and formulate problems, (c) solve a
wide variety of problems, (d) generalize solutions and strategies, applying them to
new problems, and (e) acquire confidence in their ability to use mathematics
meaningfully (NCTM, 1996). In short, strategies instruction empowers students to
become actively engaged in the learning process, to control their thinking, to make
decisions, to take actions, and to become successful and independent learners (Day &
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Elsknin, 1994; Van Reusen & Head, 1994). Moreover, by incorporating strategies
instruction into the curriculum, passive and resistant learners become motivated and
self-reliant learners (Lock & Abbey, 1989). Some research has reported that teaching
both cognitive and metacognitive strategies has a powerful effect on students’
performance in mathematics problem-solving (Montague & Bos, 1986; Montague,
1992). Accordingly, many researchers have investigated the combination of teaching
cognitive and metacognitive strategies as they relate to successful mathematics
problem-solving. Nevertheless, it is not clear which strategies are most influential to
students” performance on mathematics problem-solving.

For example, Slife et al., (1985) found that knowing how to solve problems is a
different skill or ability from knowing that one knows how to solve problems. They
investigated cognitive and metacognitive factors with 24 learning-disabled (LD) and
24 regular students at the elementary school level. It was found that the LD students
were significantly less accurate both in predicting how many problems they could
solve (i.e., knowledge of cognition) and in identifying correct and incorrect problems
after their performance than were the regular students (i.e., regulation of cognition).
Additionally, LD students were less sensitive in knowing about knowing (i.c.,
regulation of cognition). The results indicated that the two groups (LD and regular
groups) differed on both components of metacognition: knowledge about cognition and
regulation of cognition. It was concluded that cognitive factors could be separated from
metacognitive factors. Resulls from Slife et al. seem to indicate that metacognitive
factors may be more crucial for students’ problem-solving skills than cognitive factors
The question then arises: Does teaching only metacognitive factors lead to improve
students” performance in mathematics problem-solving? The answer, based on the
research literature on cognitive and metacognitive strategies instruction, is “no”. As
will be described below, several studies indicated that combining cognitive and
metacognitive instruction improved students” mathematics problem-solving skills
(Cardelle-Ellawar, 1992, 1995; Coltharp, 1990, Montague, 1992; Montague & Bos,
1986).

Cardelle-Elawar (1995) reported significant positive effects of metacognitive
strategies instruction on students’ mathematics problem-solving ability. However, it is
interesting to note that the metacognitive instruction in this study was embedded in
cognitive instruction. Montague (1992) found that either cognitive or metacognitive
strategy instruction alone was insufficient for middle school LD students to improve
on the criterion level, whereas adding the complementary component of the cognitive
and metacognitive strategy instruction package was, in general, successful. Similar
findings were reported with adult subjects. In Coltharp’s (1990) study, 39 university
students were exposed to metacognitive strategies (i.e., planning, monitoring, and
assessing) for 16 weeks. It was found that exposure to metacognition alone did not
improve students’ mathematical problem-solving ability. With regard to this
insignificant effect, Simons (1994) asserted that teaching metacognitive skills to
students who may already possess those skills is not likely to improve their
mathematical skills. Moreover, for students who lack some basic cognitive skills,
the positive effect of metacognitive instruction may not thereby occur (Simons, 1994)
These results were corroborated by Montague and Bos (1986) who reported that
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teaching metacognitive processes alone to LD adolescents was not effective in
successful mathematics problem-solving performance. They taught cognitive and
metacognitive processes to 6 LD adolescents using two-step word problems and evaluated
the results using a multiple-baseline design. Cognitive processes consisted of many
components such as reading the problem, paraphrasing, visualizing, hypothesizing,
estimating, computing, and checking. Metacognitive processes incorporated components
such as self-questioning, self-instruction, and self-monitoring. Montague and Bos found
that training which included both cognitive and metacognitive strategies had more
beneficial effects on students’ performance than training which only included either
cognitive or metacognitive strategies.

As reviewed above, cognitive and metacognitive strategies instruction (Montague,
1992: Montague & Bos, 1986, Cardelle-Elawar, 1995) seems to be pivotal to enhance
students’ mathematics problem-solving skills since cognition and metacognition are
related to each other (Butterfield, 1994). Montague (1988) and Lester (19835) pointed
out that there is an interaction between the cognitive and metacognitive processes in
mathematical problem-solving. Artzt and Armour-Thomas (1992) also mentioned that
appropriate interactton between these two components is necessary for successful
problem-solving to occur. Therefore, as noted by Kilpatrick (1985), mathematics
problem-solving is better understood as recursive and reflective activities requiring
cognitive and metacognitive strategies.

In order to examine the interaction between cognitive and metacognitive processes,
Arzt and Armour-Thomas (1992) examined problem-solving behaviors of 27
mathematically average-ability students who worked in small groups. These
researchers built a framework based on heuristics and cognitive and metacognitive
levels of problem-solving. Students in grade seven were videotaped while working in
small groups to solve a mathematical problem. Based on the videotapes, the students’
behavior was categorized in two ways: by the episodes which were derived from
Schoenfeld’s (1985) model (e.g., reading, analysis, exploration, planning/ implementation,
and verification), and by cognitive level which was categorized by Lester (1985) and
Flavell (1981). More specifically, reading was categorized as predominantly cognitive,
while wunderstanding, analyzing, and planning were categorized as metacognitive.
FExploring, implementing, and verifying were categorized as both cognitive and
metacognitive. “Cognition is implicit in any metacognitive activity, and metacognition
may be present during a cognitive act, although perhaps not apparent” (Arzt and
Armour-Thomas, 1992, p. 141). They found that, of 442 behaviors coded, 38.7% were
metacognitive, 36.0% were cognitive, and 25.3% were in the “watch and listen”
category, that is, an undetermined cognitive level. Of 171 behaviors coded as
metacognitive, the majority were in the exploring (36.3%) and understanding (32.2%)
categories. Of 151 behaviors coded cognitive, 60.4% were in the exploring category,
and 23.9% were in the reading category. Exploring (cognitive and metacognitive) was
the behavior that was categorized the greatest percentage of times. They also found
that of all the groups, the group which did not solve the problem appeared to have the
lowest percentage of metacognitive behaviors of all the groups.

In contrast to Slife et al. (1985), Arzt and Armour-Thomas (1992) failed to show a
clear distinction between cognition and metacognition in problem-solving. In the area
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of mathematics word problem-solving, several researchers, along with Arzt and
Armour-Thomas, have categorized two of the steps (i.c., checking and verification) as
cognitive processes; however, they also found that these steps resemble metacognitive
processes in some aspects (Garofalo & Lester, 1985; Lester, 1985; Montague, 1991;
Montague & Bos, 1986). These researchers confirmed that cognitive measures require
metacognitive skills to some degree. This seems to be by virtue of the interaction
between the cognitive and metacognitive processes in mathematics problem-solving
(Arzt & Armour-Thomas, 1992; Lester, 1985; Montague, 1988). This was also
supported by Nandi’s (1993) study on intellectually gifted and average children
showing that cognitive and metacognitive functioning (r = .42 - .55) partially overlap
each other.

In Hembree’s (1992) meta-analysis using 487 studies of mathematics problem-
solving, he found most research done for the last seventy-five years is mainly in three
areas: “(1) instruction in using a method, that is, a set of boundary procedures; (2)
instruction in subskills of problem-solving (e.g., drawing figures or writing
equations), and (3) instruction in related fields (e.g., computer programming)” (p.
261). As might be expected, it seems that there is still a relative lack of research on
the combination of specific and general strategies to enhance cognitive and
metacognitive processes in mathematics problem-solving skills.

With respect to problem-solving instruction, some research has supported the use
of the computer as a tool to teach explicit problem-solving skills (Cardelle-Elawar &
Wetzel, 1995; Dudley-Marling & Owston, 1988; Silver, 1985). This is because
“Computer tools can afford the activation of higher order mental operations by
relieving learners of low-level, tedious operations and heavy reliance on memory
capacity” (Salomon, Globerson, & Guterman, 1989, p. 621). The computer can
provide well-structured, individualized, and user-friendly instructional presentations
which facilitate learning. In addition, considerable findings in the past have indicated
that the computer can serve as a highly effective mode of delivery for instruction in a
wide variety of instructional settings (Kulik, 1994). Some researchers have suggested
that computers can help to improve the learning process (Cardelle-Elawar & Wetzel,
1995; Tringa & Lipitakis, 1995) and can be used to teach strategies explicitly in order
to improve students’ problem-solving skills (Cardelle-Elawar & Wetzel, 1995;
Hofmeister, 1990; Jussel, 1993; Woodward, Carnine, & Gersten. 1988). Moreoever,
computers can be used to promote automaticity of mathematical skills, especially for
students with mild mental handicaps (Lin, Podell, & Tournaki-Rein, 1994).

However, in spite of the availability of this technology. most research on
mathematics problem-solving has been conducted through teacher-directed instruction
in the classroom setting rather than through computer-based instruction in the schools.
Moreover, there is a paucity of literature on the effect of strategies instruction in
mathematics problem-solving using a computer-based instruction (CBI) program.
This may be because strategies instruction via computer requires more effort and
consideration in CBI design as well as being immensely time-consuming.

Subsequently, little research has been done related to computer use for teaching
mathematics problem-solving, even though the National Council of Teachers of
Mathematics (NCTM) has strongly suggested technology use at all levels since 1980.
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It is surprising to find that for the last fifteen years, less than 40 studies on computer
use for teaching mathematics problem-solving have appeared in major journals
dealing exclusively with mathematics education such as Journal for Research in
Mathematics Education and Journal of Computers in Mathematics and Science
Teaching. This is reflected in Ralston’s (1993) comments: “Mathematicians.... have
been very, very slow to adopt the use of technology as part of their teaching arsenal.
Chalk and chalkboard are still the technology of choice for most mathematicians, with
the more adventurous ones opting for overhead projector and screen™ (p. 81). It
should be pointed out that a lack of technology-related research in mathematics
reflects the mathematics community’s lack of technological engagement in education
rescarch. This is because technology-related research has been influenced heavily by
practical complications such as getting subjects and computers in the same location at
the same time, and providing teachers and students with appropriate computer and
curricular materials (Kaput & Thomson, 1994). As well, computer materials are very
expensive, require a considerable amount of time to produce, and are seldom
available in the needed form.

In order to improve the quality of the computer-aided instructional materials, they
should be user-friendly and designed in concert with the curriculum. Adapting
computers to classroom instruction with focus being placed on developing higher-
order thinking skills (i.e., mathematics problem-solving skills) is a key challenge for
teaching and learning in the 21st century (Cardelle-Elawar & Wetzel, 1995). Even
though the development of programs of this type is enormously time consuming, good
instructional design is urgently needed since a good computer-aided environment in the
classroom will enable teachers to use computers as their assistants in teaching
mathematics as an attractive and dynamic subject (Ralston, 1993). Moreover, this may
enable students to become more efficient, thoughtful, independent, and reflective
learners.

Combining computer-based instruction (CBI) with structured teaching can be
successfully used to help students develop their thinking skills, and therefore can be a
powerful supplement to classroom instruction (Bennett, 1992; Hofmeister, 1990;
Woodward, Carnine, & Gersten, 1988).

PURPOSE OF THE STUDY

This study was to explore the potential of explicit strategies instruction via computer
on sixth-grade students’ mathematics problem-solving skills.  Specifically, the study
examined whether explicit strategies instruction via computer affects students on five
variables: mathematics problem-solving achievement, self-prediction of performance
(SPP), self-evaluation of performance (SEP), accuracy of self-prediction of
performance (ASPP), and accuracy of self-evaluation of performance (ASEP).

Thus, this study compared the effects of using two types of CBI programs (with
and without explicit mathematics problem-solving strategics). The experimental
group received explicit strategies embedded within the CBI program and the
corresponding CBI control group received the identical program, but did not receive
explicit strategies instruction. For the traditional control group, students were not
given any type of CBI program.
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The following questions were examined in this study:

1. Are there significant mean score differences on mathematics problem-solving
performance for achievement groups (high and low) among three groups
(experimental, CBI control, and traditional control)?

2. Are there significant mean score differences on SPP for achievement groups
(high and low) among the three groups (experimental, CBI control, and
traditional control)?

3. Are there significant mean score differences on SEP for achievement groups
(high and low) among the three groups (experimental, CBI control, and
traditional control)?

4. Are there significant mean score differences on knowledge about cognition (i.e.,
ASPP) for achievement groups (high and low) among the three groups
(experimental, CBI control, and traditional control)?

5. Are there significant mean score differences on regulation of cognition (i.c.,
ASEP) for achievement groups (high and low) among the three groups
(experimental, CBI control, and traditional control)?

METHOD

Research Design A pre-test -- post-test quasi-experimental control group design was
implemented to conduct this study. This type of design was chosen because the
experimental, computer-based instruction (CBI) control, and traditional control
groups were such naturally assembled groups as intact classes. Random assignment of
participating schools to three groups was impossible,

The overall time involved in collecting data was eight weeks, with three weeks as
the pre-test phase, three weeks as the CBI program intervention phase, and two weeks
as the post-test phase.

There was one experimental group and two control groups (CBI control, and
traditional control). The experimental group was selected from three intact classes of
sixth-grade students at a suburban elementary school. The Problem-Solving Strategies
(PSS) - CBI Program was installed on the hard drives of twenty-two workstations in
the lab at the clementary school. Each workstation consisted of a Macintosh LC575
and a 14 inch color RGB display. Approximately 90 minutes per week were allocated
for the explicit strategy instruction via computer for three weeks. The CBI control
group was selected from two intact classes of the sixth-grade students in another
elementary school in the same school district. Each workstation for the CBI control
group consisted of a Macintosh 5400 series and a !4 mch color RGB display. Since
the explicit strategies were not embedded in the program for the CBI control group,
they only spent approximately one 60 minute session per week for the mathematics
problem-solving instruction via computer (Control-CBI program) for the three weeks.
Except for the strategy instruction for the experimental group, all the contents mn the
computer programs for both groups were identical. All the students in the experimental
and CBI control groups worked under the supervision of the researcher and the
classroom teacher. The traditional control group was selected from three intact classes
of the sixth-grade students in other elementary schools in the city and suburban area.
These students did not receive any type of CBI program during this study.
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A three way of analysis of variance with repeated measures on the last factor was
used to test for main effects and interactions among group (experimental, CBI control,
and traditional control), mathematics problem-solving achieving group (high and low)
and time of testing (pre- and post-tests).

The independent variables for this study were the mathematics problem-solving
achievement level (high and low) and the instructional type (experimental, CBI
control, and traditional control). The dependent variables were the mathematics
problem-solving sub-test from the Canadian Test of Basic Skills (CTBS-MPS), and
the Mathematics Problem-solving Test (MPST). The dependent variables were
measured during the pre-test and post-test periods to ascertain if performance
improvement was directly related to the explicit strategy instruction via computer.

The test items were limited to whole numbers, in order to be consistent with the
sixth-grade mathematics curriculum. The content validity of the items used in the CBI
lessons and pre- and post-tests were determined by content experts such as mathematics
teachers in schools.

Furthermore, since the experiment was limited to sixth-grade students following a
general mathematics curriculum, the results can be generalized only to sixth-grade
students.

Participants The subjects were 186 sixth-grade students, aged 11 and 12 years,
who were drawn from six sixth-grade and three mixed-grade classrooms in five
public clementary schools. The schools varied in classroom size and computer
laboratory facilities. Two schools did not have a sufficient number of Macintosh
computers to administer the CBI program. Therefore, teachers at these schools were
asked to be involved in the traditional control group. School teachers at each of three
schools with Macintosh computer laboratories were asked to choose one of the
treatment conditions (experimental, CBI control, or traditional control). The control
group schools were provided with the CBI program after they completed the post-test
phase. All subjects were assigned by schools to three groups (experimental, CBI
control, and traditional control). These groups included three intact classrooms for the
experimental group, two intact classrooms for the CBI control group, and four intact
classrooms for the traditional control group. Of the 186 sixth-grade students, the
parental or legal guardian and student consent forms were obtained from 182,
resulting in a 98% consent rate. Of these students, 94 students (52%) were male and
88 students (48%) were female at the beginning of the study. However, due to a
variety of factors such as excessive absences, moving out of the area, and incomplete
tests, only 115 students (60 males and 55 females) were assessed on their
mathematics problem-solving achievement levels (high and low). For this measure,
students’ raw scores from a pre-test which consisted of a mathematics problem-
solving sub-test from the CTBS (CTBS-MPS) were used to ensure there was equal
distribution of students’ mathematics problem-solving achievement to the greatest
extent possible within the limitations of an experimentally accessible population.

It was found that the CTBS-MPS scores ranged from 5 (the 5th national percentile)
to 29 (the 99th national percentile) with a mean of 16.64 and standard deviation of
6.23. The median score for the CTBS-MPS was 16. Students whose median scores
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were above 16 (the 71st national percentile) were identified as belonging to the high

achieving group. Students whose median scores fell below 16 (the 63rd national
percentile) were identified as belonging to the low achieving group. Ten students
whose median scores were at 16 were excluded from data analyses. As shown in
Table 1, this resulted in the experimental group consisting of 39 students and the CBI
control group consisting of 29 students, while the traditional control group had 37
students. It was observed that there were no significant differences among the three
groups on the pre-CTBS-MPS, F (2, 102) = 91, p = .41. This indicated that students
were homogeneous for mathematics problem-solving achievement. The mean scores
of the national percentile rank on the mathematics problem-solving achievement for
the experimental, CBI control, and traditional control groups were the 67th, 71st, and
71st percentiles, respectively. Equal samples for the three groups were not possible.

Table 1
Sample Size for Each Group
Experimental CBI Control Traditional Control Total
High 19 18 20 57
Low 20 11 17 48
Total 39 29 37 105

Instructional Design and Development The computer-based instructional design
was based on ideas in SPELT -- 4 Strategies Program for Effective Learning and
Thinking (Mulcahy, Marfo, Peat, & Andrews, 1987). For the experimental and CBI
control groups, two different versions of the CBI program were developed using an
authoring software, Authorware Professional Version 3.5. These versions were used
on the Macintosh computer equipped with a color monitor. Graphics and animation to
illustrate content in the program were developed using ClipArt Library, Microsoft
ClipArt Gallery, Aldus SuperPaint 3.5, and Authorware Professional Version 3.5.
The total time for developing the two versions of the CBI program for this study took
an extensive amount of time (i.c., one and a half years). The first stage of CBI
program development was Planning and Design which took over four months. The
second stage was Lesson Programming which took six months. The third stage was
Evaluation with Content Experts which lasted approximately two months. The fourth
stage was Refinement of Program which was two and a half months in length. The
fifth stage was Evaluation with Students which took one and a half months. The sixth
stage was Final Evaluation with Experts and Final Refinement of Program which
took about two months. The last stage was Implementation of Program which took
approximately five weeks.

Problem-Solving Strategies Embedded CBI Program (PSS-CBI). The PSS-CBI
program consisted of three lessons. Each lesson itself consisted of five sections: (1)
introduction (2) demonstration of strategies (general strategy and specific strategies),
(3) practice of strategies (Practice), (4) assessment of skills and strategies (Quiz), and
(5) results.
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Control-CBI Program (Control-CBI). Students in the CBI control group received
the Control-CBI program which also consisted of three lessons as with the
experimental group. However, unlike the PSS-CBI program, each lesson in the
Control-CBI program consisted of only three sections: (1) practice, (2) assessing
skills and strategies, and (3) results.

During the practice session, the CBI control group was given the same mathematics
word problem as the experimental group. However, the Control-CBI program did not
include any type of explicit strategy instruction. In order to ensure that the CBI
control and traditional control groups would not have access to the explicit strategies
instruction which was given to the experimental group, separate school locations were
chosen for all three groups.

Instrumentation Two instruments were used in this study; Mathematics problem-
solving sub-test from the Canadian Test of Basic Skills (CTBS-MPS), and the
Mathematics Problem-Solving Test (MPST).

Canadian Test of Basic Skills -- Problem-Solving (CTBS-MPS). The mathematics
sub-test (mathematics problem-solving) from the Canadian Test of Basic Skills
(multi-level edition, r = .97) consisted of 29 multiple choice questions -- 16 single-
step and 13 multiple-step problems -- which might be encountered in daily living.
This test was administered at the beginning of the study to measure students’ general
mathematics problem-solving skills, and also at the end of the study to examine
whether the treatment effect had occurred. This test was given on a group basis and
took approximatelv 30 minutes to administer.

Mathematics Problem-Solving Test (MPST). Pre- and post-MPSTs were developed
by the researcher in consultation with experts familiar with teaching and assessing
problem-solving skills. During the pre- and post-test phases, all participating students
were given three mathematics word problems which were covered in the three
lessons: (1) Make a Table, (2) Work backwards, (3) Use Logical Reasoning. Unlike
the problems in the CTBS-MPS, these were more complex, process problems which
were open-ended in nature with several possible solutions. The purpose of the pre- and
post-MPSTs was to measure the effect of explicit strategies instruction. Alternate
forms of the MPST were used before and after the treatment.

Each question in the pre- and post- MPSTs consisted of six sub-questions as
follows: (1) predict whether you can get the answer correct, (2) point out what the
question is, (3) write down all the information you think you need to solve the
problem. (4) decide a type of strategy you plan to use, (5) solve the problem showing
all of your work, and (6) evaluate how reasonable your answer was. The first and last
questions were derived from Flavell (1985) and Slife et al. (1985) to measure
knowledge about cognition and regulation of cognition. The remaining questions
were mainly based on the notions of Polya (1957) on mathematics problem-solving
processes.

To measure how much progress students made in solution procedures, their
responses on pre- and post-MPSTs were scored according to the criteria shown in
Table 2. The maximum score for the MPST was 6.
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Table 2
Scoring Scales for Pre- and Post- MPSTs

Number of points Characteristics of students’ solution procedures

0 * no answer or absolutely wrong answer based on inappropriate
approach
- showed no understanding of the problem

5 * 1 answer correct for a problem with multiple answers

1 * 2 answers correct for a problem with multiple answers
» partially correct answer based on appropriate strategy but
showed some mistakes
1.5 + 3 answers correct for a problem with multiple answers
+ almost correct answer based on appropriate strategy but showed
a minor mistake (e.g., copying error, or computational error)
2 * 4 or 5 answers correct for a problem with multiple answers
correct answer based on appropriate strategy

Measures As cognitive measures, students’ achievement scores of CTBS-MPS and
MPST were examined. As metacognitive measures, students’ accuracy of self-
prediction of performance (ASPP) (i.e., knowledge about cognition) and accuracy of
self-evaluation of performance (ASEP) (i.e., regulation of cognition) were examined
in each of three problems during the pre- and post-MPSTs.

For the self-prediction of performance measure (SPP), students were asked to read
the problem and respond to the item “How sure are you that you will get the answer
correct?” Responses were rated on a 4-point Likert-type scale ranging from 1 being
“not sure” to 4 being “very sure.” With respect to the self-evaluation of performance
measure (SEP), students were asked to respond to the item “How reasonable do you
think yvour solution was?” Responses were made after their solution and also scored
on a 4-point Likert-type scale, ranging from 1 being “not reasonable™ to 4 being
“highly reasonable.” Each measure consisted of three items for pre- and post-tests
respectively.

In order to define ASPP and ASEP, students’” mathematics problem scores (i.e., 0,
0.5, 1.0, 1.5, or 2.0) on each major problem in the MPST were compared with their
responses of SPP and SEP. A measure of consistency for these sets of ordered states
was developed and the decimal conversion of the consistency matrix was used as
below (See Table 3).

In order to measure pre- and post-ASPPs, the ASPPs from each of the three
mathematics problems on the MPST were added and then divided by 3 (i.c., the
number of questions in the pre- and post- MPSTs). For pre- and post-ASEPs, the
same procedure was also carried out using the ASEPs from each of three mathematics
problems on the MPST.
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Data Analysis To measure the effectiveness of explicit mathematics problem-
solving strategy instruction using the CBI program, data were analyzed using 3 x 2 x
2 (Group [experimental, CBI control, and traditional control] x Mathematics
Problem-Solving Achievement Group [high and low] x Time of Testing [pre- and
post-tests]) Analysis of Variance with repeated measures on the last factor (time of
testing).

Table 3

Conversion of the Consistency Matrix into Decimals

Column 1 Column 2 Column 3 Column 4
Row 1 1 .67 33 0
Row 2 73 .92 .50 .08
Row 3 47 73 73 47
Row 4 .08 .50 .92 .73
Row 5 0 33 .67 1

To examine students’ improvement in their mathematics problem-solving performance,
the pre- and post- CTBS-MPSs and MPSTs were used. To investigate students’
improvement of their metacognitive skills in mathematics problem-solving, accuracy
of self-prediction of performance (ASPP) as knowledge about cognition, and
accuracy of self-evaluation of performance (ASEP) as regulation of cognition
components were examined. Self-prediction of performance (SPP) and self-evaluation
of performance (SEP) were inferred by totaling the results from each question in pre-
and post- Mathematics Problem-Solving Tests (MPSTs) and dividing by 3 (i.e., the
number of questions in the pre- and post- MPSTs). With regard to the ASPP and
ASEP measures, the decimal conversion of the consistency matrix was used, as
shown in Table 2, based on the results of pre- and post- measures of SEP, SPP, and
MPST.

RESULTS

Comparison of Student Performance by Mathematics Problem-Solving Achievement
Groups (High and Low)

To examine whether there was a significant difference on initial participant
characteristics between high and low achieving students, t-tests were conducted on
each of the five pre-test measures. Table 4 contains a summary of the findings which
compared students’ results in the high achieving group with those in the low achieving
group on the MPST, self-prediction of performance, self-evaluation of performance,
accuracy of self-prediction of performance, and accuracy of self-evaluation of
performance. The findings indicated that students in the high achieving group
outperformed those in the low achieving group on the MPST, t (103) = 4.99, p < .001,
on self-prediction of performance, t (79) = 3.94, p < .001, and on self-evaluation of
performance, t (93) = 3.58, p < .0L. That is, students in the high achieving group
obtained a higher mean score on the mathematics problem-solving test than those in
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the low achieving group. As well, high achieving students were more optimistic about
their solutions. However, there were no significant differences observed between high
and low achieving groups on the metacognitive measures as shown in the results of
accuracy of self-prediction of performance, t (74) = .73, p > .05, and accuracy of self-
evaluation of performance, t (90) = .08, p >.05.

Performance by Group by Achievement Group

Reliability Measures on Scoring Procedures of Pre- and Post-MPSTs. As pre- and
post- MPSTs were in the format of open-ended questions, they were scored by the
researcher (Rater 2) based on the scoring system developed by the researcher (see
Table 3). In determining the reliability of scoring procedures, approximately 30
percent of the students’ responses on the pre- and post-MPSTs were randomly
selected using SPSS and scored individually by a research assistant (Rater 1). Rater 1
was instructed by the researcher how to score students’ responses according to the
scoring system. As students’ identification numbers were recoded during the scoring
procedures, the rater did not know which one belonged to the experimental, the CBI
control, or the traditional control groups, nor which belonged to the pre- or post-
MPST. Table 5 shows the means and standard deviations of the pre- and post-MPST
scores for randomly selected students (n = 30) from the combined three groups.

As shown in Table 5, there was some discrepancy between the two raters on the
pre- and post-MPST measures. However, the results of paired t-tests showed that
there were no significant differences between the raters’ judgments on the pre-MPST,
t (29) =-1.72, p> .05, and post-MPST, t (30) = -1.56, p > .05.

Table 4

Performance Differences of Five Pre-test Measures

High Low

n m SD n m SD t
MPST 57 3.25 1.11 48 2.17 1.10 4.99%**
Self-Prediction of

5 . k%

Performance (SPP) 43 2.95 .51 38 2.47 .59 3.94
Self-Evaluation of .
Performance (SEP) 52 3.24 61 43 2.83 .50 3.58
Accuracy of
Self-Prediction of 41 .66 13 35 .64 15 73
Performance(ASPP)
Accuracy of
Self-Evaluation of 50 .63 .20 42 63 .16 .08
Performance(ASEP)

Note. *p <.05. **p<.01. ***p< .00l
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Table 5
Means and Standard Deviations of Pre- and Post- MPST Scores
Pre-MPST Post-MPST
n m* SD n m* SD
Rater 1 30 3.12 1.38 30 393 1.36
Rater 2 30 3.20 1.34 30 4.05 1.27

Note. * Maximum score was 6.

With regard to the interrater reliability, the correlation coefficients between the raters
were computed, resulting in alpha coefficient .99, that is, 99 for the pre-MPST
measure; .98 for the post-MPST measure. These coefficients indicated that there was very
high interrater agreement between the two raters on these measures. Therefore, it was
considered that the researcher’'s (Rater 2) judgment was fairly reliable on the MPST
measure.

Performance by Group by Achievement Group

Research Question 1: Are there significant mean score differences on mathematics
problem-solving performance for achievement groups (high and low) among three
groups (experimental, CBI control. and traditional control}? In order to examine
research question 1, the CTBS-MPS and MPST measures were administered. The
results of these measures are described below.

Performance on CTBS-MPS. Table 6 shows the means and standard deviations
for the mathematics problem-solving achievement groups (high and low) within the
experimental, CBI control, and traditional control groups. The results of the 3 x2 x 2
(Group x Mathematics Problem-Solving Achievement x Time of Testing) univariate
factorial ANOVA with repeated measures on the last factor showed that there was an
interaction effect for Group x Time, F (99, 2) = 3.61, p < .05. The results suggested
that the pre-test - post-test difference on CTBS-MPS was greater for the experimental
group (2.44) than for the CBI control (.62) and the traditional control (.32) groups.
As shown in Figure 1, a significant interaction effect indicated that the pre-test - post-
test difference for the experimental group was reliably greater than for the other two
groups. The interaction between the Math Achievement Group and Time factors was
also found to be significant, F (99, 1) = 6.52, p < .05, indicating that the pre- post-test
difference for the low achieving students (2.29) was reliably greater than for the high
achieving students (.26) on this measure (see Table 7). No significant interaction
effect for Group x Mathematics Achievement Group x Time of testing was observed.

Mathematics Problem-Solving Tests (MPST). Table 6 displays the means and
standard deviations for the pre- and post-MPST measures among the three groups.
Total mathematics problem-solving scores were subjected to the 3 x 2 x 2 (Group x
Mathematics Problem-Solving Achievement Group x Time of Testing) Analysis of
Variance with the repeated measures on the last factor. It was found that there was a
main effect for the mathematics problem-solving achievement group, F (98,1) = 75.43,
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Table 6
A Summary of Means and Standard Deviations
for the Pre- and Post-tests on Dependent Variables

Experimental CBI Control Traditional Control

Variables
High  Low Total High  low Total High  Low  Total
@19 @200 @39 @18 @El1) @29 @20 @l17) @3)
CTBS Pre- 2089 1055 1559 2172 1045 1745 2295 1065  17.30
MPS (3.02)  (327) (609 (337) (284 (638) (362) (3.08) (7.06)

Post- 2153 1470 18.03 2206  1L35 18.07 2280 1153 17.62
429  (3.99) (5.35) (389) (461 (6.61) (3.83)  (3.08) (6.66)

MPST Pre- 3.24 233 2.77 3.14 1.68 2.57 3.35 2.29 2.86
(1.02)  (L10)  (1.15)  (1.26) (.90) (1.33) (109 (L17) (1.2

. 3.88

Post- 4.82 333 4.05 4.36 341 4.00 430 3.38 (L16

(95 (115)  (127) (89) (1200 (L10) (78) (134 16)

SPP Pre- 2.96 2.63 2.78 2.92 2.58 2.79 2.98 2.24 2.62

(.36) (.63) (.61) (.45) (.56) (.51) (.53) (5D (.63)

Post- 3.48 296 322 337 3.09 3.26 3.15 2.90 3.04
(.37 (.86) 77) (.60) (.68) (.64) (.44) (.45) (.46)

SEP Pre- 311 287 299 340 2.9 3.24 325 271 3.00
(82)  (S1)  (68)  (42) (56)  (52)  (49) (49 (59

Post- 316 3.4 3.29 356 318 341 327 298 314
(64)  (80) (T (4T (38) (54 (50)  (.56)  (.54)

Accuracy Pre- .65 .67 .66 .66 .59 63 .68 .65 67
of SPP (14 (12 (.13) (1 (22) (.16 (13)  (12)  (12)
Post- 78 57 .67 .70 .66 .69 .73 66 .70

a2 a5 an o an o ay o a5 (1% 4y (19

Accuracy Pre- .62 .62 .62 .60 .60 .60 .67 .65 .66
of SEP (.22) (.16) (.19) (19 (20 (.19) 19 (.13) (.16)
Post- .76 .60 .67 73 .61 .69 .78 70 74

(.16) (.16) (.17) (.18) (.10) (.16} (.13) (:15) (.14)
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Table 7
Means and Standard Deviations of the Pre- and Post- CTBS-MPS Scores
- Pre-CTBS-MPS Post-CTBS-MPS
- m* SD m* SD
High® 21.88 3.40 22.14 3.97
Low® 10.56 3.05 12.85 4.08
Total 16.70 6.52 17.90 6.13

Note. * Maximum score =29. °n=57 °n=48
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Figure 1. Pre-and Post- CTBS-MPS Performance for
Experimental, CBI Control, and Traditional Control Groups.
Table 8
Means and Standard Deviations of the Pre- and Post- MPST Scores
Pre-MPST Post-MPST
m* SD m* SD

High® 3.25 1.11 4.49 .89
Low® 2.17 1.10 3.36 1.21
Total 2.75 1.22 3.98 1.18

Note. *Maximum score=6. ‘n=57 °n=48
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p < .001, indicating the high achieving students outperformed the low achieving
students on this measure (see Table 8). However, there were no significant interaction
effects observed.

Research Question 2: Are there significant mean score differences on SPP for
achievement groups (high and low) among the three groups (experimental, CBI
control, and traditional control)? The results of the 3 x 2 x 2 (Group x Mathematics
Problem-Solving Achievement Group x Time of Testing) Analysis of Variance with
repeated measures on the Time factor showed that there was a main effect for
mathematics problem-solving achievement group, F (73,1) = 1332, p < .001,
indicating that the high achieving students provided higher self-prediction of
performance than the low achieving students (see Table 9). However, there were no
significant interaction effects observed.

Table 9
Means and Standard Deviations of the Pre- and Post- Self-Prediction of Performance (SPP) Scores
Pre-SPP Post-SPP
m* SD m* SD
High® 2.95 51 3.33 55
Low® 2.47 59 2.97 68
~ Total 273 59 3.17 64
Note. *Maximum score =4. n=57 °n=48
Table 10
Means and Standard Deviations of the Pre- and Post- Self-Evaluation of Performance (SEP) Scores
Pre-SEP Post-SEP
m* SD m* SD
High?® 3.24 61 3.42 54
Low® 2.83 50 3.10 67
Total 3.06 59 327 62

Note. *Maximum score =4. n=57 ‘n=48

Research Question 3: Are there significant mean score differences on SEP for
achievement_groups (high and low) among the three groups (experimental, CBI
control, and traditional control)? The results of the three-way ANOVA with repeated
measures on the Time factor show that there was a main effect for mathematics
problem-solving achievement group, F (83,1) = 11.54, p < .01, indicating that the
high achieving students rated their performance as higher than did the low achieving
students (see Table 10). However, significant interaction effects were not observed.

Research Question 4: Are there significant mean score differences on knowledge
about cognition (i.e., ASPP) for achievement groups (high and low) among the three
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groups (experimental, CBI control, and traditional control)? The results of the 3 x 2
x 2 (Group x Mathematics Problem-Solving Achievement Group x Time of Testing)
Analysis of Variance with repeated measures on the Time factor show that there was
a main effect for mathematics problem-solving achievement group, F (68,1) = 7.27, p
< .01, indicating that the high achieving students were more accurate in their self-
prediction of performance than were the low achieving students (see Table 11).
However, significant interaction effects were not observed.

Table 11

Means and Standard Deviations of the Pre- and Post- Accuracy
of Self-Prediction of Performance (ASPP) Scores

Pre-ASPP Post-ASPP
M SD M SD
High® .66 13 .74 .15
Low" 64 15 63 14
Total .65 14 .69 .16
Note. 'n=57 °n=48
Table 12

Means and Standard Deviations of Pre- and Post- Accuracy
of Self-Evaluation of Performance (ASEP) Scores

Pre-ASEP Post-ASEP B
M SD M SD
High® 63 20 76 15
Low® 63 .16 64 15
Total 63 18 70 16

Note. n=37 ‘n=48

Research Question 5: Are there significant mean score differences on regulation of
cognition (i.e., ASEP) for achievement groups (high and low) among the three groups
(experimental, CBI control, and traditional control)? The results of the three-way
ANOVA with repeated measures on the Time factor show that there was a main
effect for mathematics problem-solving achievement group, F (79,1) = 5.75, p < .03,
indicating that the high achieving students were more accurate in their self-evaluation
of performance than were the low achieving students (see Table 12). However,
significant interaction effects were not observed.

DISCUSSION

In this study, a component of instructional design was compared by administering two
versions of a CBI program (i.e., Problem-Solving Strategies-CBI [PSS-CBI] and
Control-CBI programs) to sixth-grade students at the beginning of the school year.
Along with the experimental and CBI control groups, a traditional control group of
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sixth-grade students was also included in order to control for the effect of computer use.
To examine the effects of explicit strategies instruction via computer, mathematics
problem-solving performance (CTBS-MPS and MPST), self-prediction of performance
(SPP), self-evaluation of performance (SEP), accuracy of self-prediction of performance
(ASPP), and accuracy of self-evaluation of performance (ASEP) were measured.

One of the pitfalls of implementing new instruction (i.c., problem-solving strategies
mstruction via computer) into classroom settings 1s that there is the possibility of the
results being contaminated by what is known as the novelty effect. In spite of this, it
was believed that the Iength of the investigation and the fact that it was structured into
the regular classroom should have minimized the novelty effect. For this reason, the
CBI control group was also exposed to a CBI setting.

With respect to characteristics of high and low achieving students, there was
evidence from pre- and post-test measures which leads to the conclusion that high
achieving students showed higher mathematics problem-solving skills, self-prediction
of performance (SPP), and self-evaluation of performance (SEP) than low achieving
students.

With respect to ASSP and ASEP, high achieving students did not surpass low
achieving students in the pre-test measure; however, high achieving students showed
more accurate estimates on their performance than low achieving students across the
pre- and post-test periods. That is, with respect to change over time, high achieving
students appeared to be more accurate in predicting and evaluating their performance
than were low achieving students. Therefore, it is believed that high achieving
students, in spitc of the absence of feedback, became better able to monitor their own
cognitive ability than did low achieving students.

These findings are consistent with previous research which has shown that high
achieving students are more aware of their knowledge and problem-solving strategies
and also were more successful in the task (Montague & Applegate, 1993; Montague,
1991; Montague, & Bos, 1990); high achieving students arc more optimistic and
accurate in their prediction and evaluation of performance (i.c., knowledge about
cognition and regulation of cognition) (Slife et al., 1983).

With respect to the mathematics problem-solving measures, the experimental group
achieved significantly higher mean gain scores on the CTBS-MPS measure than the
CBI control and traditional control groups. However, a significant mean gain scores
difference was not observed on the MPST, a researcher-designed measure. There are
four plausible explanations for these results.

First, the CTBS-MPS, which was in multiple-choice form, covered single-step and
multiple-step problems and focused simply on students’ solutions, whereas the MPST
which was in open-ended form, covered exclusively process problems and focused
more on students’ procedural performance than on their solutions. Single-step and
multiple-step problems can be solved by simply choosing the right operation or
operations, whereas more complex, process problems can not be solved by simply
adding, subtracting, multiplying, or dividing (Charles, Lester, & O’Daffer, 1987).
The solutions of process problems involve more than computation. That is, process
problems are solved using strategies such as Make a Table, Work Backwards, Draw a
Chart or Picture, and Use Logical Reasoning. Therefore, it was felt that the MPST
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might have added a greater degree of difficulty than the CTBS-MPS due to the
question complexity and the focus on the students’ higher-level problem-solving
processes, causing no significant effect of the explicit strategies instruction via
computer on MPST scores. For this reason, it is possible that slight gain mean scores
(pre-MPST to post-MPST) in the experimental group may have been significantly
enhanced by a longer period of exposure to the explicit strategies instruction via
computer (PSS-CBI program) because most of the contents of the CBI program
required higher-level thinking skills.

Second, the PSS-CBI program for the experimental group took longer than the
Control-CBI program due to the components of explicit strategies instruction embedded
in the CBI program. It is possible, accordingly, that the extended length of each lesson
in the PSS-CBI program may have had an adverse effect on the outcome of the MPST
measure. Perhaps, breaking each lesson into smaller sessions when working on each
lesson in the PSS-CBI program might have improved students’ achievement
significantly.

Third, it appeared that a majority of the participating students and teachers in the
experimental and CBI control groups were enthusiastic about using the CBI program.
Therefore, it is possible that the Hawthorne effect may have influenced the results of
this study. In addition, the researcher was not able to be present during their regular
classroom instruction. Thus, it was not certain whether the students might have had
mathematics problem-solving strategies instruction during that time.

Finally, due to conflicts in class scheduling, students in the experimental group
were given the MPST after they had spent more than an hour taking the PSS-CBI
program, whereas those in the CBI control group were given the tests on separate
days. Therefore, there could be a fatigue factor involved for some students in the
experimental group. It is possible that some students in this group might have had a
lack of engagement in the test-taking activity due to the elongated length of the PSS-
CBI program. The extended testing length without a long enough break for the
experimental group may have actually had a detrimental influence on the post-MPST
measure. ,

With respect to SPP, SEP, ASPP, and ASEP measures, it was expected that there
would be significant mean score differences on these measures for achievement
groups (high and low) among three groups (experimental, CBI control, and traditional
control. Before trving to solve each problem on the MPST, students were asked to
make predictions regarding their performance on the problem. The results showed
that high achieving students were predominantly more optimistic about how well they
would perform than low achieving students. With respect to SEP, high achieving
students also rated their performance as higher after solving each mathematics word
problem on the MPST, indicating that they were generally more confident about their
performance than low achieving students. With respect to ASPP and ASEP, high
achieving students were more accurate in SPP and SEP than were low achieving
students. Since students’ prediction and evaluation of performance “are probably
due in part to task-related experience” (Pressley & Ghatala, 1989, p. 432), it was
expected that these measures would be affected by their experience with explicit
strategies instruction. However, students who were exposed to the explicit strategies
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instruction via computer (experimental group) failed to show significantly greater
improvement on these measures than those who were exposed to the control-CBI
program (CBI control group) or no computer environment (traditional control group).
Perhaps. it takes a longer period of time than expected to enhance such metacognitive
functions, as supported by Flavell, Miller, and Miller (1993). Since metacognitive
skills are late in developing, trainable (Brown, 1980), and acquired gradually (Flavell
et al., 1993), longer programs are more likely to be effective with young children than
shorter ones (Simons, 1994). Therefore, it is understandable that the explicit strategies
instruction via computer failed to show a significant improvement on these measures
over a short period of time. It is suggested that explicit strategies instruction be used
throughout the schooling years in order to foster metacognitive functions.

Observations To Be Considered. Two additional observations were made regarding
school climate and previous experience in problem-solving strategies instruction.
First, with respect to the school climate factor involved in this study, the school
environment for the experimental group was found to be adequate. However, the CBI
control group school was observed to be exceptional. That is, students in the CBI
control group were more well-behaved, listened more attentively, and were more
focused on the task at hand. As well, school climate in the CBI control group was
remarkably warm and supportive. This type of school environment could “encourage
students to participate and become academically involved; this increased academic
involvement would in turn be accompanied by higher achievement” (Voelkl, 1995).
Therefore, it is assumed that this is the reason students in the CBI control group were
more focused during the study, whereas those in the experimental group were
somewhat distracted. Had the experimental group been exposed to a similar
environment as the CBI control group, experimental effects may have emerged.

No quantitative data are available to corroborate this claim since school climate
was not systematically measured; however, through. observations made during the
study, it was felt that school climate may have affected students’ learning behaviors.
Some students in the experimental group appeared to have a lack of engagement in the
learning activity due to their less cohesive classroom environment and consequently
their attitudes toward learning and their behavior. Even though classroom environment
does not affect students’ achievement directly, it may affect students’ learning attitude
and behavior before it affects their academic achievement (Cheng, 1994).

Second, in order to minimize participating students’ knowledge gap within the
subject area, this study was conducted at the beginning of the school year. However,
it was found, after talking to one of the teachers in the CBI control group, that 50% of
the students in this group had intensive instruction in mathematics problem-solving
strategies in the previous school year. In contrast, students in the experimental group
were not very familiar with mathematics problem-solving strategies instruction.
Therefore, it is possible that students’ past experience in learning mathematics
problem-solving strategies might have affected the results.

CONCLUSION

This study found that explicit strategies instruction via computer has a beneficial
effect on the CTBS-MPS scores. Students who received the PSS-CBI program

QfCHtd | IP:165.***.103.13 | Accessed 2019/06/27 14:31(KST)

of



MATHEMATICS PROBLEM-SOLVING SKILLS 101

(experimental group) significantly outperformed those who received the Control-CBI
program (CBI control group) and those who did not receive any type of CBI program
(traditional control group). However, with regard to a researcher-designed measure,
the MPST, there were no significant differences observed among the three groups
(experimental, CBI control, and traditional control). Process problems in the MPST
were in open-ended form requiring the use of strategies such as Make a Table, Work
Backwards, or Use Logical Reasoning, as well as computation skills to reach the
solutions. In contrast, single-step and multiple-step problems in the CTBS-MPS were
in multiple-choice form and required merely selecting the operation or operations
necessary to choose the right answers. A possible explanation for this disparity in the
results of the CTBS-MPS and MPST measures is that it may take a longer period of
exposure to explicit strategies instruction via computer (PSS-CBI program) to obtain
a significant improvement in students’ performance on process problems. Therefore,
future research should be conducted over a longer period of time in order to verify the
effectiveness of explicit strategies instruction via computer.

This study also found that there were no significant positive changes across the
three groups in SPP, SEP, ASPP, and ASEP. Perhaps, it takes a much longer period
of exposure to explicit strategies instruction to obtain positive changes in students’
metacognitive functions. Therefore, it calls for future resecarch to ascertain whether
there will be a beneficial effect of the PSS-CBI program on these metacognitive
functions when this study is replicated using a longer period of time. Further
recommendations for future research on explicit strategies instruction via computer
are given below.

Recommendations for Future Research

+ The findings from this study suggest that explicit strategies instruction via
computer (PSS-CBI program) was successful in improving sixth-grade students’
performance on single-step and multiple-step problems. Students who were
exposed to the PSS-CBI program significantly improved their scores on the CTBS-
MPS. However, the PSS-CBI program failed to show a significant effect on
students’ performance on process problems in the MPST, which seemed to be more
complex than single-step or multiple-step problems. One of the drawbacks of this
study was the short period of exposure to the explicit strategies instruction via
computer which corresponds to the first phase of the SPELT approach: Direct
Teaching of Strategies. ~ Since metacognitive skills develop gradually, a
longitudinal study should be conducted through the systematic transfer and
generalization of strategies instruction which ultimately leads to self-generated
learning and thinking which corresponds to the second and third phases of SPELT:
Maintenance and Generalization of Strategies and Strategy Generation by Students
(Marfo, Mulcahy, Peat, Andrews, & Cho, 1991; Mulcahy, 1991; Mulcahy, Marfo,
Peat. & Andrews, 1987).

* This could be done, for example, using a larger sample of students to ascertain
whether their learning experience in explicit strategies instruction via computer has
a beneficial impact on their performance in more complex mathematics word
problems as well as metacognitive skills (e.g., self-prediction of performance and
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self-evaluation of performance).

* This study did not include a maintenance phase to examine if a long-term effect
of explicit strategies instruction via computer would occur. Therefore, it is
uncertain whether a positive effect of explicit strategies instruction via computer
would be sustained over a longer period of time.  Further study needs to include a
follow-up session.

* The purpose of this study was to explore the potential of explicit strategies
instruction via computer. However, in order to examine whether the combination
of the PSS-CBI program and classroom instruction is even more beneficial for
enhancing students” mathematics problem-solving skills than the PSS-CBI program
alone, implementing a combination of the PSS-CBI program and classroom
instruction is recommended for future research.

* School climate may not directly affect the learning outcome; however, it affects
students” attitudes and behavior, which have an enormous impact on maintaining
motivation for learning, and subsequently affects their learning outcome.
Therefore, a systematic measure of school climate should be included for future
study in order to clarify any anomalous results
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