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ABSTRACT

This descriptive-correlational study aimed to determine the levels of mathematical habits of mind (MHoM) and its components in solving non-routine
problems that predict academic performance. It also aimed to determine the strength of relationship among the components of MHoM. The respondents
of this study are the 120 grade 9 students who came from randomly selected secondary schools in lloilo City. The Mathematical Habits of Mind
Instrument, a researcher-made instrument was used in this study. Descriptive data analyses made use of the mean and standard deviation while One-
Way ANOVA, Pearson’s r and multiple regression analysis were used for inferential data analyses. Significance level is set at 0.05. Findings reveal that
respondents have satisfactorily-developed MHoM as a whole and in terms of searching for patterns, linking ideas and representation and reasoning
deductively and through experiments. They have slightly-developed MHOM in solving problems in many ways and strongly-developed habit of
reflecting and self-checking of learning. Coed students have significantly higher ability to solve problems in many ways than private all-boys schools
students. Each of the five components of MHoM is significantly related to one another. Habits of searching for patterns and reflecting and self-checking
of learning are significant predictors of academic performance. Teachers are recommended to incorporate cooperative learning strategies for students to
present their own solution and processes. Students are highly encouraged to be given opportunities to solve problems in more than one way.
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1. INTRODUCTION

Problem solving is regarded as one of the primary skills that students must take with them when they leave the classrooms and enter the real
world (Krulik and Rudnick,1996). Limjap (1996) reported that as students are given the opportunity to reflect on their experiences when they are
confronted with problematic situations, they learn to construct their own ways of reasoning and this aids them in dealing future problematic situations.
For one to appreciate and see the connection of mathematics to real life, students need to be exposed to non-routine problems. Moreover, the inclusion
of non-routine problems in class positively impacts academic performance (Arslan and Altun, 2007) and that exposing students to non-routine problems
in the school curricula had certain benefits.

The reality, however, is that the Philippines is far behind from other countries when it comes to non-routine problem-solving in particular and
mathematics achievement and standards in general. Despite long years of instruction, some research studies (Asman and Markowitz, 2001; Higgins,
1997) show that children are insufficient and not confident in having the aptitudes required for approaching non-routine problems in a successful way.
One of the factors seen is that the teaching of Mathematics has been dedicated to the learning of cognitive concepts and mastery (Encio, 2013) by
exposing them to routine problems but not for life (Cuoco, Matsuura, Piecham, Stevens, & Sword, 2013). This kills the imaginative and inventive
problem-solving abilities of students of associating these skills into other similar problems that require higher order thinking skills.

One of the ways to address this concern is to help students develop necessary mathematical habits of mind (MHoM). MHOM refers to the “the web of
specialized ways of approaching mathematical problems and thinking about mathematical concepts that resemble the ways employed by
mathematicians” (Cuoco, Goldenberg, & Mark, 1996, 2010; Mark, Cuoco, Goldenberg, & Sword, 2010). It is imperative that students be exposed to
problem solving activities that require critical thinking for them to develop desirable habits of mind necessary towards successful and fulfilling
problem-solving (Libutaque, 2011).

Some studies were conducted on habits of mind on young children (Goldenberg, Shteingold & Feurzig, 2002), on junior high school students
(Andriani, Yulianti, Ferdias, & Fatonah, 2017), and on postgraduate students (Alhamlan, Aljasser, Almajed, Almansour, & Alahmad, 2017) while
studies on non-routine problem solving was done on elementary students (Yazgan, 2015) and high school students (Maulana & Yuniawati, 2018),
among others. However, literature review suggests that MHoM in solving non-routine problems in the Philippine setting remains understudied and
there is a need to ascertain certain habits of mind that predict academic performance in relation to the five (5) components suggested by UPNISMED
(in Arellano, 2013). The results of this study may help policy makers, curriculum developers, teachers and other stakeholders determine the present
status of the MHoM of students in solving non-routine problems. Programs and measures necessary to address these concerns can be made as well.
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Moreover, the results of this study partially addressed the research gap and contribute to the growing body of literature. Due to the above contentions,
this study was conducted.

2. METHODS

This descriptive-correlational study endeavored to ascertain the levels of mathematical habits of mind (MHoM) and its components that best
predict academic performance of Grade 9 high school students. This study also ascertained the levels of the academic performance of students with
respect to their MHoM level and the degree of relationship of its components.

Descriptive research (Estabrook & Findley, 1991) is a non-experimental research dealing with relationship of variables and developing generalizations,
principles or theories. This study is descriptive since it made use of mean and standard deviation to describe the level of MHoM and its specific
components when respondents were taken as a whole and when grouped according to school type and academic performance.

On the other hand, correlational research studies the relationships among two or more variables studied without any attempt to influence them (Fraenkel
and Wallen, 2009). This study is also correlational in nature since it seeks to establish the relationships existing between the specific components of
MHoM that could best describe the larger population from which the sample was drawn.

The respondents of this study were the Grade 9 high school students of randomly selected high schools within lloilo City, Philippines. The distribution
of the respondents is reflected in Table 1.

Table 1

Demographic Profile of the Respondents

Category n %

A. Entire Group 120 100
B. School Type

Private All-boys School 43 36

Public CoEd School 41 34

Private CoEd School 36 30

This study made use of the Mathematical Habits of Mind (MHoM) Instrument which consisted of two parts: (1) Non-Routine Problem Solving
Instrument and (2) The Habit of Reflecting and Self-checking of Learning Instrument. The scale from the study of Libutaque (2011) as shown in Table
2 was used to determine the respondents’ levels of MHoM.

Table 2

A Five-point scale in determining the Over-all and Specific Levels of Mathematical Habits of Mind (MHoM) of Students

Scale Description
3.50-4.00 Very Strongly-developed
2.50 - 3.49 Strongly-developed
1.50-2.49 Satisfactorily-developed
0.50 - 1.49 Slightly-developed
0.00 - 0.49 Not developed

Note: Source: Libutaque (2011)

To determine the levels of the academic performance (based on 1st quarter numerical and/or literal Mathematics grades) of students with varying
MHoM levels, the following scale in Table 3 was used:
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Table 3

A Guide in Categorizing Students’ Academic Performance

Letter Grade Equivalent Numerical Value (%) Qualitative Description
A 90 and above High
P and AP 80 -89 Average
Dand B 79 and below Low

Validity and reliability issues were addressed. Research protocol was strictly followed. The researcher then administered the data-gathering
instrument to the respondents. The first quarter/grading period grades of the respondents were retrieved from their respective mathematics teachers.

The researcher then subjected the grades and scores to appropriate statistical analyses. Mean and standard deviation were used for descriptive
data analyses. For inferential data analyses, ANOVA, multiple regression analysis, and Pearson’s r were used. All data were processed using the
Statistical Package for Social Sciences (SPSS) version 21 set at 0.05 significance level. To interpret the results of Pearson’s r, the following scale in

Table 4 was used.

Table 4

A Guide in Interpreting the Results of Pearson’s r

Strength of Association Coefficient, r
Weak +1t0.3
Moderate +3t0.5
High/Strong +5t01.0

Note: Source: Cohen (1992)

3. RESULTS
Respondents’ level of mathematical habits of mind reached the “Satisfactorily-developed” level as a whole and when grouped according to school type.
Table 5

Level of Mathematical Habits of Mind (MHoM) of Grade 9 Respondents When Taken as an Entire Group and When Grouped According to

School Type
Grouping Variable Mathematical Habits of Mind (MHoM)
SD M Description

A. Entire Group 0.40 1.95 Satisfactorily-developed
B. School Type

All-Boys School 0.52 1.85 Satisfactorily-developed

Public Coed School 0.33 1.98 Satisfactorily-developed

Private Coed School 0.26 2.03 Satisfactorily-developed

Legend: Very Strongly-developed (VSD) (3.50 - 4.00), Strongly-developed (StD) (2.50 - 3.49), Satisfactorily-developed (SaD) (1.50 - 2.49), Slightly-
developed (SID) (0.50 - 1.49), Not developed (ND) (0.00 - 0.49)

Respondents’ level of “solving problems in many ways” and “reflecting and self-checking of learning” have reached the lowest and highest levels,
respectively while their other 3 habits of mind reached the “satisfactorily-developed” level.
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Table 6

Level of the Components of Mathematical Habits of Mind When Respondents are taken as an Entire Group

Habit Mathematical Habits of Mind (MHoM)
SD M Description
1. Searching for Patterns 0.58 2.06 Satisfactorily-developed
2. Linking Ideas and Representation 0.55 1.86 Satisfactorily-developed
3. Reasoning Deductively and through Experiments 0.59 1.87 Satisfactorily-developed
4. Solving Problems in Many Ways 0.31 121 Slightly-developed
5. Reflecting and Self-Checking of Learning 0.41 2.74 Strongly-developed

Legend: Very Strongly-developed (VSD) (3.50 - 4.00), Strongly-developed (StD) (2.50 - 3.49), Satisfactorily-developed (SaD) (1.50 - 2.49), Slightly-
developed (SID) (0.50 - 1.49), Not developed (ND) (0.00 - 0.49)

The respondents’ level of the components of MHoM vary when they are grouped according to school type.

Table 7
Level of Components of Mathematical Habits of Mind (MHoM) When the Respondents are Grouped According to School Type

Habit All-Boys Schools Public CoEd School Private CoEd School
SD M Desc. SD M Desc. SD M Desc.
1. Searching for Patterns
2. Linking Ideas and 0.74 1.96 SaD 0.54 211 SaD 0.41 212 SaD
Representation
3. Reasoning Deductively 0.74 1.80 SaD 0.46 1.85 Sab 0.36 1.93 Sab

and through Experiments
4. Solving Problems in

Many Ways 0.73 1.75 SaD 0.55 1.93 Sab 0.43 1.95 Sab

5. Reflecting and Self-
Checking of Learning 0.32 1.08 SID 0.30 127 SID 0.24 1.32 SID
0.52 2.67 StD 0.38 2.75 StD 0.32 2.82 StD

Legend: Very Strongly-developed (VSD) (3.50 - 4.00), Strongly-developed (StD) (2.50 - 3.49), Satisfactorily-developed (SaD) (1.50 - 2.49), Slightly-
developed (SID) (0.50 - 1.49), Not developed (ND) (0.00 - 0.49)

Respondents have at least “Slightly-developed” level of mathematical habits of mind. Those with “Slightly-developed” and “Satisfactorily-
developed” habits of mind generally have “Average” academic performance. With the exception for “Reflecting and Self-checking of Learning”, those
with “Strongly-developed” or “Very Strongly-developed” habits of mind have “High” academic performance, particularly in Mathematics. It could be
observed that very few reached the “Very Strongly-developed” habits of mind.
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Table 8
Levels of the Academic Performance of the Respondents with Varying Levels of the Components of Mathematical Habits of Mind (MHoM)

Habits Very Strongly-Developed Strongly-developed Satisfactorily-developed Slightly-developed
n SD M Desc. n SD M Desc. n SD M Desc. N SD M Desc.
Entire Group - - - - 8 374 93.63 H 95 4.62 85.60 A 17 522 8212 A
Components
1. Searching 1 - 97.00 H 28 4.69 89.61 H 74 425 84.89 A 17 541 8165 A
for Patterns
2. Linking 2 566 93.00 H 14 541 9121 H 78 424 8562 A 26 490 8212 A
Ideas and
Representation
3. Reasoning - - - - 17 571 89.82 H 67 4.87 8591 A 36 432 8314 A
Deductively
and through
Experiments
4. Solving - - - - - - - - 21 454 8881 A 99 515 84.96 A
Problems in
Many Ways
5. Reflecting 2 071 9750 H 84 451 86.36 A 34 560 8315 A - - - -
and Self-
Checking of
Learning
Note: Letter Grade Equivalent Numerical Value (%) Qualitative Description
A 90 and above High (H)
P and AP 80-89 Average (A)
Dand B 79 and below Low (L)

When grouped according to school type, Grade 9 students significantly differ in their habit of “Solving Problems in many Ways”. However, they
have similar mathematical habits of mind in the other 4 habits.

Table 9

One-Way Analysis of Variance showing the Significant Differences in the Components of Mathematical Habits of Mind (MHoM) when
Respondents are Grouped According to School Type

Habits Sum of df Mean F p-value
Squares Square
Mathematical Habits of Mind Between Groups 0.69 2 0.34 2.22 0.113
(MHoM) Within Groups 18.04 117 0.15
Total 18.73 119
Components of MHoM
Searching for Patterns Between Groups 0.67 2 0.34 0.97 0.381
Within Groups 40.54 117 0.35
Total 41.21 119
Linking ldeas and Representation Between Groups 0.36 2 0.18 0.59 0.557
Within Groups 36.04 117 0.31
Total 36.40 119
Reasoning Deductively and Between Groups 1.02 2 0.51 1.47 0.233
through experiments Within Groups 40.56 117 0.35
Total 41.58 119
Solving Problems in Many Ways Between Groups 1.33 2 0.66 7.83* 0.001
Within Groups 9.91 117 0.09
Total 11.24 119
Reflecting and Self-Checking of Between Groups 0.40 2 0.20 1.16 0.318
Learning Within Groups 20.40 117 0.17
Total 20.80 119

Note: *p<0.001
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Coed schools, public and private, have significantly better/higher habit of “Solving Problems in many Ways” than their Private All-boys School
counterparts.

Table 10

Post Hoc Test (Scheffe) Showing the Differences in the Habit of Solving Problems in Many Ways when Respondents are Grouped According to

School Type
School Type School Type Mean Difference p-value
Private All-boys School Public CoEd school 0.19* 0.011
Private All-boys School Private CoEd school 0.24** 0.002
Public CoEd school Private CoEd school 0.05 0.793

Note: *p<0.05, **p<0.01

All components of Mathematical Habits of Mind are positively and significantly-related with one another.

Table 11

Pearson’s r showing the Strength of Relationship among the Components of Mathematical Habits of Mind (MHoM)

Habits Searching for Linking Ideas and Reasoning Solving Reflecting and Self-
Patterns Representation Deductively and Problems in Checking of Learning
through Many Ways

experiments

Searching for Patterns

Linking Ideas and 0.82***
Representation

Reasoning Deductively 0.73%** 0.79%**
and through
experiments

Solving Problems in 0.66*** 0.61*** 0.62***
Many Ways
Reflecting and Self- 0.29** 0.29** 0.22* 0.23*

Checking of Learning

Note: *p<0.05, **p<0.01, ***p=0.001

The habits of Searching for Patterns and Reflecting and Self-checking of learning are components of Mathematical Habits of Mind that are
significant predictors of academic performance.
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Table 12

Multiple Linear Regression Analysis using Stepwise Method Showing the Components of Mathematical Habits of Mind (MHoM) that Predict
Academic Performance

Habit r r? r>Change F Change p-value
Searching for Patterns 0.52 0.27 0.27 43.91%** .000
Searching for Patterns 0.57 0.32 05 8.37** .005

and Reflecting and Self-checking of learning

Note: **p<0.01, ***p<0.001

Model p t p-value
Constant 69.39 25.39*** .000
Habit of Searching for -4.05 5.72%** .000
Patterns
Habit of Reflecting and Self- 2.88 2.89** .005

checking of Learning

Note: **p<0.01, ***p<0.001

4. DISCUSSION
Descriptive Data Analyses:

It can be seen in Table 5 that the Grade 9 respondents have MHoM that is “Satisfactorily-developed” when taken as a whole and when grouped
according to school type. Table 6 reflects that the respondents have strongly-developed habit of reflecting and self-checking of learning while their
habit of solving problems in many ways is slightly-developed.The other three components (searching for patterns, linking ideas/representation, and
reasoning deductively and through experiments) reached the “Satisfactorily-developed” level. The same is true when they are categorized according to
school type as reflected in Table 7. In all the five components, it is clear that respondents from Private CoEd School consistently have the highest mean
while respondents from all-boys schools have the lowest mean. The levels of the academic performance of students vary alongside the MHoM as
reflected in Table 8.

Inferential Data Analyses:

Table 9 shows that there is a significant difference in a component of MHoM when respondents are grouped according to school type. Post hoc analysis
(Scheffe) showed that coed students (public and private) have significantly higher habit of solving problems in many ways than private all-boys school
respondents. The significant difference may be attributed to the presence of female respondents in private coed school and public coed school. Guarian,
Stevens and Daniels (2009) noted that brain-based differences play a significant role in the academic set-up since girls mature faster than boys and this
could significantly affect the habit of solving problems in many ways of the respondents. Girls, in general, are better in multi-tasking and channeling
their responses into speaking or writing while boys need more time to process information and express themselves freely. No significant differences
exist in the MHoM of the respondents as a whole and in terms of the other four components.

Table 11 shows that though each of the components of MHoM have varying strengths of relationships, still they are significantly-related with one
another. This suggests the inter-relatedness or relationship of one component to the other in such a way that one component relates to all the other
components of MHoM.

Table 12 shows that two variables entered in the regression equation as predictors of academic performance. It appears that 27% and 7% in the
variation in the academic performance is accountable to the students’ habit of searching for patterns and reflecting and self-checking of learning,
respectively. This means that the combination of these two components could account for 32% of the variation of academic performance of students.

The p-value associated with the t for the habit of searching for patterns and habit of reflecting and self-checking of learning is significant at 0.01. This
means that both the habit of searching for patterns and habit of reflecting and self-checking of learning can significantly predict academic performance.
The prediction equation of the line using the coefficient  is

Predicted (AP) = 4.05(SP) + 2.88 (RSL) + 69.39
where AP = Academic Performance, HSP = Habit of Searching for Patterns , and RSL = Habit of Reflecting and Self-checking of Learning.

It is important to note that the study posed certain limitations in terms of generalizability. The results of the study may apply only to Grade 9 high
school students within the research locale. Moreover, since only the first grading period grades (numerical and letter) were used as basis of
respondents’ academic performance, then there is a need to acknowledge the limitation of the query to such and further studies are needed for
validation and comparison purposes. With respect to the findings of this study, the it could be concluded that the development of the MHoM is
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independent of the type of school one is affiliated with. Students are exposed in a way to opportunities to develop the habits of searching for patterns,
linking ideas and representation and reflecting and self-checking of learning but not so exposed to solving problems in many ways and thus, they were
not able to develop this habit.

Coed school students have more developed MHoM than private all-boys schools. Students have developed MHoM in varying degrees regardless of
academic performance and type of school he/she is affiliated with. Grade 9 students have similar experiences in terms of searching for patterns, linking
ideas and representation, reasoning deductively and through experiments, solving problems in many ways, and reflecting and self-checking of learning
regardless of type of school they are affiliated with but coed school students are better at solving problems in many ways than private all-boys schools
students. Each of the components of MHoM is related to the other components of MHoM. The habit of searching for patterns and reflecting and self-
checking of learning can help students get higher grades.

It is recommended that students try to accustom themselves to and persist in solving non-routine problems to further improve their habits of mind and
specific components. Students should likewise try exploring other possible ways to solve a problem and not be contented with solving it with only one
strategy. Teachers may try to incorporate the use of non-routine problems as part or enrichment to lessons. Teachers should likewise provide
opportunities for students to be exposed to problems that may be solved in many ways. They should encourage a community of learners who help hand-
in-hand to develop all the five components of the MHoM of students. DepEd and CHED may monitor the progress of the development of the MHoM of
students especially in solving non-routine problems. Curriculum developers and managers can explicitly include non-routine problem-solving as one of
the courses in the Mathematics degree program with emphasis on the development of the mathematical habits of mind (MHoM) so that pre-service and
in-service teachers could be equipped with the knowledge and disposition to help their students develop necessary MHoM. Pre-service teachers and
students taking BSEd major in mathematics could also be encouraged to attend seminars and training-workshops regarding problem solving and how
they can use their knowledge to further facilitate the learning process. Other researchers may conduct similar studies to determine the level of MHoM
and its components to elementary schools and to schools outside of lloilo City. Qualitative and/or mixed method studies may also be conducted. They
may also do a similar study that includes other variables such as sex, socio-economic status, and school location, among others.
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