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ABSTRACT

Problems, difficulties and pressures abound everywhere. In Mathematics,
much has been said and heard of students struggling with problem solving. This study
therefore p-imarily aimed to develop models that could address the problem solving
difficulties of students through their coping strategies. Specifically, it aimed to
determine the students’ strategies in coping with their difficulties along the four phases
of problem solving namely: understanding the problem (UP), devising a plan (DP),
carrying out the plan (CP) and looking back (LB) according to a) sex and b) academic
programs namely:

The study employed case-study-design approach. The respondents of the
study involved thirteen classes with 425 college freshmen who were enrolled during
the first semester of Y 2018-2019. Two hundred ninety-seven of them composed the
model development group while 128 respondents composed the validation group.

Results of the problem solving test revealed the following difficulties of the
respondents: a) inability to distinguish the known from the unknown information and
inability to identify the type of problem and recall basic concepts in the UP phase, b)
inability to transform a problem into a mathematical equation and inability to draw
tables/charts out of the information and organize information and connect to a concept
in the DP phase, c) inability to completely perform the working procedure
Systematically and accurately and inability to start with the computational process in
the CP phase, and d) inability to complete the checking procedure and inability to start

the evaluation of the correctness of the obtained solution in the LB phase.



Moreover, the study revealed that the looking back (LB) phase has the most

encounterzad difficulty, followed by the carrying out the plan (CP) phase. There were
more females who encountered the above mentioned difficulties in all phases of
problem solving than males. The respondents were likewise grouped into two: STEM-
related acacemic programs ard the non-STEM-related academic programs. The study
found out that the majority of the male respondents from the STEM-related academic
programs encountered the observed difficulties in all phases of problem solving.

The coping strategy questionnaire on tne other hand elicited responses from
the students on how they deal with their difficulties in each phase of problem solving.
Forty-three strategies emerged and were grouped into two: 32 Problem-focused and
11 emotion-fecused coping strategies. Association of the two variables led to the
development of the two models: Coping strategies by sex by model and coping
strategies by academic program by phase. Validation of the two models revealed that
they can address the mathematics problem solving difficulties of the students through
coping strategies.

The study therefore recommends that teachers should focus on the phases
where students find struggling during a problem solving scenario. They need to
provide the students activities and tasks that are real-life problems that require them
to understand, compute and check their solutions so that they may be able to discover
their own learning. Itis also recommended that an assessment identifying the problem
solving difficulties of students be administered at the beginning of the semester so that
appropriate strategies will be implernented by the mathematics teachers. Lastly,
another study underscoring an added variable like the track/strand which the student

enrolled during his/her senior high school may be conducted.
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CHAPTERII
INTRODUCTION
Background of the Study

Education in the Philippines is strongly viewed as a pillar of national
development and primary avenue for social and economic mobility (Philippine
Education for All, 2015). Reasons for such view include the several stages that our
country has undergone, namely; a) from the pre-Spanish period and the American and
Japanese colonization and occupation to the present, and b) the three government
organizations such as the Departrnent of Education, Culture and Sports (DECS), the
Commission on Higher Education (CHED) and the Technical Education and Skills
Development Autharity (TESDA) that handled our educational system.

The government has allccated a high budget for education because of the
Filipinos’ deep coricern for education. However, there are some concerns that need to
be closely looked at and resolved, most particularly on the declining quality of
education.

In the Philippines, “It started its slow descent during the Marcos era” (Roces,
2006). Results of studies and various educational assessments conducted in the past
decades revealed the deteriorating quality of mathematics education in the
Philippines. This was revealed by the 2003 Trends in International Mathematics and
Science Studies (TIMSS) where the Philippines’ 8" grade (2" year high school)
students’ skills and competencies in Mathematics ranked a pitiful 42" out of 46
participating countries while the 4™ grade pupils placed 23" out of 25 participating
countries (Carballo, 2009). It should be noted that not only in international and national
quesis do the students perform alarmingly. The National AdmissionTest or NAT

Performance showed 54.66 percent and 44.33 percent average scores for 6" graders
A Model Building Study



and senior high school students respectively. The students performed poorly in the
three core disciplines -- Mathematics, Science, English and also in Filipino and Hekasi
(social studies, civics and geography) (Roces, 2006).

In the local setting, in the province of llocos Norte, in particular, a four-year
consecutive-schoo! year analysis (2010 — 2014) showed an average MPS (Mean
Percentage Score) of 61.20 percent in Mathematics. Though this value meant
average mastery, it was still below the 75% national target (Dep-Ed llocos Norte).

The results of the aforementioned studies reveal that one of the many possible
reasons for such decline could be that students find difficulties in their mathematics
particularly in prcblem solving. In fact, the researcher herself sometimes hears
statements such as:

“Mathematics problems are really difficult.
! did not know how to do it.

That's why I did not finish it

I don't like Maths.”

These traditional statements are often the responses of students when they are
asked about their homework and. lessons.in mathematics problem solving.

What is meant by mathematics problem solving? Mathematics problem solving
is not a topic but a process underlying the whole mathematics program which
contextually helped concepts and skills to be learned (lbrahim, 1997; Tambychik &
Meerah, 2010). Itis the most important topic to learn and also one of the most complex
subjects to teach as it involves many skills depending on the four main phases as
described by George Polya in 1945, these are: 1) understanding the problem, 2)
devising a plan, 3) carrying out the plan and 4) looking back. These multiple steps

bring students in a stressing scenario in which they are faced with varied difficulties.
A Model Buiilding Study 2



One of the studies that justifies this claim is the study of Tambychik and Meerah
(2010). In ther research, they showed that students lacked many mathematical skills
such as number-fact, visual-zpatial and information skill. Information skill was
considered as the most critical among them. The insufficient skills mentioned by the
researchers are difficulties in all phases of problem solving stated by Polya in 1945.

In addition, carrying-out the plan and looking back were the problem solving
difficulties revealed by Siniguian (2017) with his BSEd respondents.

While students are continually faced with difficulties and depression in
mathematics problem solving, they also learn how to manage and respond to these
difficulties in different ways either cognitively and emotionally. These ways are known
as coping strategies. Coping refers to the act of minimizing or reducing stressful
events. The acts of coping as described by Frydenberg and Lewis (1993) come in
three forms. These are, solving the problem, reference to others and non-productive
coping. The first two forms are referred to as the adaptive (constructive) coping
strategies because they reduce stress while the third form is referred to as maladaptive
coping strategies because they increase stress.

Coping strategies are generally classified into two: problem-focused and
emotion focused strategies. Problem-focused coping strategies are efforts to do
something active to lessen stressful circumstances while emotion-focused strategies
involve efforts to regulate the emotional consequences of stressful events.
Researches related to these strategies abound in the net, in publications and other
forms of research fora and dissemination. One study showed that problem-focused
strategies are the most preferred strategies of students, that even in the Western
socielies, these are more highly valued because of their action-orientation (Lazarus,

1993; Ader & Erktin, 2012). However, respondents of Rioveros’ (2013) study, a local
A Model Building Study 3



research, revealed that the most prevalent coping strategy was tension reduction
followed by emotional engagement, both of which were emotion-focused coping
strategies. Next in ranks were problem engagement, physical activity (both of which
were problem-focused coping strategies) and avoidance/escapism (emotion-focused
coping strategy). The least utilized coping strategy was seeking social support, a form
of problem-focused coping strategy.

Few studies, however, have found relationship between coping and gender and
course and achievement. As regards sex-typed predispositions, men are expected
to use problem-focused coping strategies while women are expected to utilize more
emction-focused coping strategies (Rapson, 1990). In the medical field, it was laid
out that nursing students utilized problem solving strategies as their coping strategies
(Labrague, et al., 2016). For the education students, engaging in leisure activities, a
non-problem-focused coping strategy was found to be their least significant coping
mechanism while listening attentively to their mathematics teacher was the students’
most significant coping strategy (Bagasol, 201 5). Problem-focused coping strategies
also showed substantial relationship with students’ grades. As a matter of fact, Ader
and Erktin’s (2012) were able to reveal a correlation coefficient of r = 0.56 between
problem-focused coping strategies and high grades in mathematics.

In addition, the variables showing their interrelationships are best illustrated and
understood using diagrams or graphs. A particular model that showed relational data
was first described in a technical paper in 1970 by an IBM researcher named E.F.
Coda. Data segments in this model are explicitly joined by the use of tables (Rouse,
2018).

With the inforrnation presented, it is the main purpose of the study to build a

model showing the relationship between variables with regards how mathematics
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problem solving difficulties and coping strategies relate each other along with the sex

and the academiic program of the students.

Statement of the Problem

This study was conducted to build model/s that helped address students’
mathematics problem solving difficulties through their coping strategies. Specifically,
the study sought to answer the following cuestions:

1. What are the common mathematics problem solving difficulties (classified into
the four phases: understanding the problem, devising a plan, carrying out the
plan and looking hack) encountered by students according to sex? to academic
program?

2. What is/are the most common coping strategy/ies of students in each of the
phases according to sex? to academic program?

3. What model/s (representations) can be developed in overcoming students’
mathernatics problem solving difficulties through coping strategies classified
according to:

-a. the different phases of problem solving?
b. sex?
c. academic program?

4. Will the developed model/s fit or apply to other groups of students?

Significance of the Study

This research was undertaken to come up with a model that will address the
mathematics problem solving difficuities of students through their coping strategies.
Though there is paucity of studies focusing on models describing the difficulties and

Students’ coping strategies in dealing with them, the findings of this study may serve
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as a useful information to teachers and school administrators in building theories and
implementing practices that can help resolve issues related to the matter.
Preservice Teachers. The developed and validated models will inform
preservice teachers that such mathematics problem solving difficulties with
corresponding coping strategies do exist in classrodm settings. In addition, the models
will guide them on how to deal with students having mathematics problem solving

difficulties upon entering the teaching profession.

Yeachers. Having known of the different models developed would serve as
guides in choosing the rniecessary and appropriate methodologies and strategies that
would help alleviate students’ difficulties particularly in problem solving. Likewise,
teachers can utilize the developed models in creating new models that could help
explain and interpret their everyday encounters in the school with their students.

School Administration. The result of the study could support the development
of a specific material that incorporates common coping strategies for mathematical
problem solving difficulties of the students. In short, the administration can conduct in-
service seminar workshops and come up with instructional modules designed for
mathematics problem sclving difficulty reduction through coping strategies.

Mathematics Education Researchers. The result of the study would help the
mathematics education researchers to be mindful and educated of the many possible
situations and processes that may arise in the teaching-learning environment most
particularly in a matheratics classroom sefting. The result would help them to be a
better if not the best analyst and could serve as a guide or a reference for more studies
in the future. Moreover, the model building framework developed in this study may be

used by mathematics education researchers as guide or basis in conducting similar

modeal huilding studies.
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Most of all, this study v/ould contribute to the limited literature associating the

studznts’ mathematics problem solving difficulties and their coping strategies.

Scope and Limitation of the Study

This study was conducted in a university in llocos Norte during the second
semester of the school year 2015-2019. The study involved all first year college
studenis enrolled in the Mathematics for the Modern World subject (MMW) that
consisted of 13 intact classes with varied academic programs. It was conducted
during the last weeks of the first semester which lasted for 6 weeks starting from
November 4, 2018 toc December 14, 2018. During this period, the students were
taught about the four phases of problem solving by Polya (1945).

The study was based ori a researcher developed a test that identified the
problem solving difficulties of the students and a coping strategy questionnaire that
elicited their coping strategies. The researcher-developed test consisted of a total of
20 routine problerns that elicited their sections in the four phases of problem doing.
For the test, a total of 20 routine problems that elicited their solutions in each of the
four phases of problem solving. The test items were problems in arithmetic, algebra
and geometry with topics on operations of algebraic expressions, factors and
factoring, equations and applications to word problems. It is however, not the scope
of the study to determine which type of problem did the student struggle the most. It
was assumed that the sample had enough background on these areas since they had
already taken a course in Basic Mathematics or Algebra-related subject in their Senior
High School. This test enabled the researcher to identify the problem solving
difficulties of the students classified according to the four phases described by Polya

(1945).  While the coping strategy questionnaire, elicited their coping strategies for
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each difficulty they encountered in each phase of problem solving. This questionnaire
likewise enabled the researcher to identify the coping strategies commonly used by
the students.,

During the implementation of the study, different teachers of the 13 intact
classes were tapped. But they were oriented about the study and its procedure. The
researcher requested another mathematics teacher to administer the test and coping
strategy questionnaire.

Quantitative and qualitative assessments of the students’ solutions of the items
in the problem-solvinrg test and coping strategy questionnaire were made. The
analysis utilized the frequency count of the students’ common problem solving
difficulties and coping strategies in each phase of problem solving. No inferential
Statistics was done in analyzing the degree of relatedness of the coping strategies and
difficulties.

Due to time constraint, purposive sampling was performed in determining the
respondents ir: validating the developed models. A similar routine problem solving test

as in the development of models was administered.
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CHAPTER Il

REVIEW OF LITERATURE AND MODEL BUILDING FRAMEWORK

This chapter presents the discussions of the different mathematics problem
solving difficulties and coping strategies utilized by students based from extensive
reading of literatures and studies which had bearing to this present study. The

coniceptual bases of this study are likewise presented and discussed.

Current Status of Mathematics Education

People always say that, Mathematics is a subject where students struggle to
comprehiend and solve rnathematical word problems. According to the State of
Mathematics Achievement, the NAEP'S 1990 Assessment of the Nation and Trial
Assessment of the States claim that about half of the student populations were
graduating from high school with little of the mathematics understanding required by
today’s high-tech occupations. Apparently, Grade 12 students appeared to have an
understanding of mathematics that does not extend much beyond problem solving
with whole numbers (Lopez, 2008).

The performance of Philippine students in the international standardized exams
in mathematics and science is among the lowest in the world (Banilower, et al., 2013).

The reasons for the low performance of students in problem solving as well as
the low-level problem solving ability of students are evident in several researches that
have been conducted locally, nationally and even internationally.

The result of the Trends in International Mathematics and Science Study
(TIMSS) 2003 revealed that out of the 45 participants in the Math Achievement Test,

Our country rarked 41, besting Botswana (42), Saudi Arabia (43), Ghana (44) and
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South Africa (45). According to Tinio, the chairperson of the Alliance of Concerned
Teacters (ACT), the students were prepared by their teachers months before the
actual tests, and their teachers had to go to a seminar in PNU (Philippine Normal
University) in preparation for the review, but still their performance was poor (Federis,
2006). Reports say that the Philippines garnered an average scale score of 378

compared to the top ranking country, Singapore which had an average scale score of

605.

The Examination Board of Malaysia (2009) maintains that the lacking in
problem solving skills might be due to many mathematical concepts and skills that had
to be applied and integrated during the process of problem solving. Federis (2006)
citing Antonio Tinio’s comment, claims that public schools do have poor performance
in both diagnostic and achievement tests.

In national assessments, the Department of Education showed that
achievement rate of fourth year students in Mathematics dropped from 50.70 percent
in SY 2005-2006 to 47.82 percent in SY 2006-2007. Education Secretary Luistro told
the public the downward trend of achievement levels and survival rates of elementary
and high schooi students based on National Achievement Tests (NAT) from 2005 to
2010. Results showed that the mean percentage score (MPS) of students dropped
from SY 2007-208 which posted an MPS of 49.26 to 47.40 in 2008-09 and down to
46.30 in 2009 to 2010 (Ronda, 2011).

The National Achievement Test (NAT), an annual examination given to both
Grade 6 and 4™ year students to measure the knowledge and master over the subjects
like Mathematics, Science, Filipino and Araling Panlipunan also showed a declining

performance. In the school year 2011 to 2012, public high school students performed
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significantly lower (average of 48.9%) than the scores of public elementary students
(average of 66.79%) (Ordinario, 2013).

In a four-consecutive-school year analysis that involved fourth year students in
a certain province of llocos Norte, students showed an average Mean Percentage
Score (or MPS) of 61.20 percent. This percentage simply means that the students

have average mastery, but still below the national target which is at least 75 percent.

NAT 4TH YEAR ANALYSIS

49,00 69.01 68.83

70.00 61.20

55.89

60.00 51.07
50.00
40.00
30.00
20.00
10.00

0.00

2010-2011 2011-2012 2012-2013 2013-2014 Average
Mathematics

Figure 1. Four-Year Analysis of NAT [Graph courtesy of Dep-Ed]

The other literature mentioned difficulties such as: lack of mathematical skills,
deficiency in visual-spatial skill that lead to difficulty in differentiaiing, relating and
organizing information meaningfully, incomplete master of number facts, weakness in
computation and incomplete mastery of mathematical terms. All of these difficulties
can lead to the occurrence of errors and confusion in the process of problem solving

that could result in low achievement in mathematics.
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Students’ Difficulties in Mathematics Problem Solving
Mathematics Problem Solving

Mathematics problem solving is not a topic but a process underlying the whole
maihematics programs which contextually helped concepts and skills to be learned
(Ibrahim, 1697; Tambychik and Meerah, 201 0).

Almost in every level of education, problem solving is at the core of instruction.
This is in accordance with what NCTM (1980) said that “problem solving should be the
focus of school mathematics" (NCTM, 1980 p. 1; Taplin, (n. d.)).

According tc an article cf Lester (1987), though problem solving has been the
most written about, but possibly the least understood, there has been no suggestions
on how to make it the heart of instruction. Instead of programs with coherence and
direction, teachers were given story problems, lists of strategies to be taught, and
suggsstions for classroom activities. If problem solving is to be a prominent goal of
mathematics instructicn, more serious and thoughtful attention must be given to what
it means to make it the center of school mathematics.

Solving mathematics problems is really difficult for students to do and likewise,
difficull for teacher to teach. However, the goal of helping children to be better problem
solvers is not only an important goal but also the most challenging and exciting one
that a t=acher can have. It is the job of a teacher to try to develop the ability of the

students to solve problems and add other problem-solving techniques (Lester, 1987).
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Students’ Difficulties

Students are faced with difficulties in solving mathematics problems due to lack
of many mathematical skills. They are unable to apply and integrate many
mathernatical concept and skills during the process of making decisions and problem-
solving (Tambychik and Meerah, 2010).

These difficulties are generally categorized in accordance with the steps of

Polya (1945).

v

Difficulty in understanding the problem
Students with this difficulty wiil find that the students:

* cannot recall basic facts or concepts;

cannot define the terminologies and notations used:

cannot identify the type of problem;

unable to distinguish the known from the unknown;

* cannot rephrase the problem in own words.

Difficulty in devising a plan/strategy

This is the students’:
* inability to organize information or connect information to a concept;
* cannot draw pictures, tables or charts out of the information;

* inability to determine a formula or transform problems into mathematical

sentences;
* <annot look for paftern/s; and

* cannot perforrn an experiment.
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Difficulty in carrying out the plan/strategy

This is a difficulty which is generally concerned with the systematic
working procedure (computational process) in solving the problem ensuring its
accuracy.
Difficulty in looking back

This is the inability to evaluate the correctness of the obtained solution.
The evaluation should ensure that the solution is consistent with the facts of the

problem.

Generally, literatures often emphasize that students encounter varied
difficulties in solving prcblems in Mathematics.

In Algebra for example, teachers often say that there is lack of grasp of
essential principles, concepts and process concerned under the prescribed syllabus.
Students experience great difficulty in their effective learning of the subject in spite of
the best efforts they put in (Chamundeswari, 2014). The study of Didis & Erbas (2015)
that involved solving word problems also showed the students difficulty in
comprehending the context and hence were unable to form the equation to be solved.

Problem solving involves multiple processes that include problem
comprehension, choosing the required information among the data, converting this
information into mathematical symbols and reaching a solution through required
Operaticns. Although these processes do not necessarily follow a linear path, it is
thought that the first and key step of problem solving is reading comprehension

problem (Olkun & Toluk, 2004; Ulu 2017).

A Model Building Study 14



While in a calculus class, Ferguson (1980) believed that the lone greatest
protlem in learning pre-calculus mathematics in college is with “reading” deficiencies,
where symbols and abstractions are concerned. This deficiency falls under
“understanding the problem” of Polya's (1945) phases of problem solving. He added
that reading does not simply refer to the ability to pronounce the words or attach
names to the symbols, but also the ability to comprehend the material.

The belief of Ferguson was further strengthened by Pearce, et al. (2013), when
they proved that reading and understanding the problem had the greatest percentage
(45%). This was also supported by second-fifth grade teachers of the United States
when they were interviewed. Other difficulties cited by the teachers' responses
involved students’ ability to devise a plan in solving the problem (35%) and a lack of
vocabulary knowledge (13%). Only one though cited the problem on computation.

In 2014, Dela Cruz and Lapinid found thet students are hard up in translating
worded problems into mathematical symbols, which as described by Polya, is a form
of the “devising a plan” phase. Among the 204 Grade 5 students who were subjected
to problem solving test that involved the four fundamental operations, 40 percent of
them are below the satisfactory level in translating worded .problems. Carelessness,
lack of comprehension, interchanging values, and unfamiliar words are some of the
common difficulties encountered by the respondents in translating worded problems.

In other fields such as Physics, Reddy and Panacheroensawad'’s (2017) study
with 303 Participants revealed that the most difficult area in physics problem solving is
the students’ inability to remember related equations, which is a part of Polya’s (1945)
“devising a plan” phase. It was also apparent in their study the lack of

practice/exercises during classes, lack of understanding the fundamental basics, poor
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mathematical skills on necessary understanding of the problem, lack of motivation and
inexperience of the teacher. inadequate exercises on specific unit wise physics
problems, poor comprehensive skills on definitions, laws and basic principles of
physics, and lack of books of materials on problem-solving. In short, the study
indicatad and revealed that poor mathematical skills and lacking of understanding the
problem are: the major obstacles in the domain of problem solving skills.

While, in the field of Chemistry, Finney's (n. d.) review of research in problem
solving citing the results of Nurrenberg and Pickering (1987) and Sawrey (1990) found
that some students could correcily solve problems pertaining to the ideal gas law
without being able to represent the behavior of gases at the molecular level. In
addition, some students could solve stoichiometry problems without being able to
represent the reaction with an illustration. The “abilities” illustrated by the students all
fall under the “carrying out the plan” (computational) strategy. They were good at
these stage, however, they had difficulties that involved the “devising a plan"” stage.

Difficulty in translating word problems in mathematical phrases was also the
findings of Suitan (2014), under the devising a plan phase. Her study generally
investigated how students solved word problems in algebra. With his, she was able
to identify difficulties/challenges encountered by students in solving algebraic word

problems.

In Mathematics, after tabulation and classification of occurrence of difficulties
as encountered by the third year BSEd (Bachelor of Science in Education)
respor.dents majoring in Mathematics, Siniguian (2017) revealed that carrying-out the

Plan and looking back were the major phase difficulties in solving mathematical
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problems. These were due to the inability to translate problems into mathematical

equations and inability to apply correctly mathematical concepts and principles.

In a mathematics class involving non-Mathematics majors in a certain
university, Apostol (2017) wanted to detemine the level of problem solving skills and
prablem solving heuristics of the college students on non-routine problems. Of the
five self-structured non-routine problems, it was revealed that the students most
commonly used heuristics are making a model or diagram, using a formula, eliminating
and considering a simpler case. The first two heuristics are the strategies in the
devising a plan (DP) phase, which means that the said students did not struggle much
in the said phase.

Between the two sexes, Ganley (2018) was able to observe that there are more
female respondents who encountered the difficulties in each phase of problem solving
than thz male respondents. This implies that the female respondents experienced
more difficulties than the male counterparts which could be attributed to their low levels

of confidence in their mathematics skills when compared with males.

Student’s Coping Strategies

Coping refers to the thoughts and actions that one usually does to deal with a
stressful situation (Cliche, 201 7). Some coping strategies however, are not as helpful
as others. Positive coping strategies give chances to actively work toward solving the
problems while negative coping strategies make anyone wear down overtime that
often make the stress worse. Some of these positive coping strategies include
listening to music, going out with a friend, discussing situations with a friend, making

an &ction plan to solve a problem, or seeking counseling to struggle with stress. A few
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of the negative copirg strategies likewise involve criticizing oneself, yelling at friends,

taking a recreational drug, becorning aggressive or avoiding friends and family.
Anybody can become stressed for various reasons in different fields and situations
and hence we rieed to choose different coping strategies. Lazarus and Folkman's
(1980; 1985) developed and revised a measure called the Ways of Coping which
consists of a series of predicates, each portraying a coping action that people
sometimes engage in when under stress. They categorized coping strategies into two:
problem-focused and emotion-focused coping.

a) Problem-focused coping is generally viewed as an adaptive mode of coping
that invclves actively planning or engaging in a specific behavior to overcome
the problem causing distress (Folkman & Lazarus, 1985). The examples of
problem-focused coping include planful problem-solving, confrontive/active
coping and seeking sociallinstrumental support such as friends, families,
supervisors and mentors.

h) Emotion-focused coping involves attempts to regulate the emotions evoked by
the occurrence of a stressful event and can be considered active or avoidant
(Holzhan &.Moos, 1987; Ryan, 2013). Also, emotion focused coping may
involve the use of behavioral and/or cognitive strategies such as receiving
emotional suppoit from friends and family and positive reframing (Ogden, 2004;

Ryan, 2013).

How do the students cope with their stressors? There are a variety of these
Coping strategies, some are better and more effective to student learning than others.
The following literature illustrate strategies used by the subject participants in

confronting their stresses.

A Model Building Study 18



Kahraman and Sungur ((n. d.), as cited in Rioveros, 2013) stated that students
cope with learning difficulty in three several stages. The first stage involves students
defining the event as an obstacle to their goals. Then, the students think of the possible
strategies to handle the negative event, and choose one among them. The last stage
involves students applying the decided solution. These stages are manifestations of
the theory with the acroriym I-D-E-A-S.

Moreover, an examination of the experiences of stress and coping strategies of
high school students in a university (Baluyou 1999; Rioveros 2013) revealed that when
students experienced situations with affective peers, school and parents, they found it
helpful using self-control coping skills. For the cognitive processes, they preferred
botk self-control and distancing coping skills. For the biological stress factor, students
liked it better to deal with the stressful situations like planful-solving coping strategies.
Through the study, it was learned that self-control, distancing and planful problem

solving were found usefyl and effective coping strategies by the students.

Although most stressors elicit both types of coping, problem-focused coping
tends to predominate when people feel that something constructive can be done
whereas emotior-focused coping tends to predominate when people feel that the
stressor is something that must be endured (Folkman and Lazarus, 1980; Carver, et
al., 199¢; Ghana, 2011). Due to their action-orientation, problem-focused coping

strategies are more highly valued in Western societies (Lazarus, 1993; Ader & Erktin

2012).
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Gender and Coping

Based on sex-typed predispositions, men and women will choose different
types of coping strategies, a theory that has been frequently explored. In terms of
coping, men would be expected to utilize problem-focused coping more than women
whereas women are expected to use more emotion-focused coping than men
(Hammermeister and Burton, 2004; Kaiseler, et al., 201 2).

The idea that men and women use different kinds of coping strategies was
supported by Rapson (1990; Stone and Neale (1984)). Men was reported to use
significantly more of direct action, whereas women used more distraction, catharsis,
seeking social support, relaxation and other types of coping. In the study of Billings
and Moos (1984, as cited in Rapson, 1990), it was found out that women made
sighificantly greater use of information seeking and emotional discharge than men.
They also found that men reported less frequent use of active-behavioral, avoidance
and emotion-focused coping than did women.

Meanwhile, in a study entitled Gender and Age Differences in How Children
Cope with Daily Stress conducted by Rodriguez, et al. (2012), it was presented that
girls aged 9 -12 years .old scored higher on the problem-focused coping (active
solution, telling the problem to soreone else, information and guide seeking and
Positive attitude) whereas boys scored higher on unproductive coping (aggressive
behavior).

The findings of Rodriquez were supported by Tamres, et al. (2002) by applying
meta-analysis in examining the sex-differences in coping. Women's tendencies to
appraise stressors as more severe accounted for sex differences in coping. The study

likewise revealed that women were more likely to use strategies that involved verbal
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expressions to others or the self ~ to seek emotional support, ruminate about
problems, and use positive self-talk.

The study of Brougham, et al. (2009) which studied the relationship between
sex, specific sources of stress, and coping strategies reported that college women had
a higher overall level of stress and greater use of emotion-focused coping
strategiesthan college men, though overall, the use of emotion-focused coping
strategies dominated over problem-focused coping strategies for both men and
women.

In another study coniducted by Eschenbeck, et al. (2007), it was revealed that

* with the five subscales identified in their coping questionnaire namely: seeking social

support, problem solving, avoidant coping, palliative emotion regulation, and anger-
related emotion regutation, girls scored higher in seeking social support and problem

solvirg, whereas boys scored higher in avoidant coping.

Caurse and Coping

A few studies reveal that students of different courses encounter varied
mathematical difficulties, hence, with varied coping strategies.

The study of Bagasol, et al. (2015) which focused on difficulties and coping
mechanisms of BEED and the BSEd students disclosed that listening attentively to the
teacher was the most significant coping mechanism if one had no focus on math task
and easily distracted by the things around him. The use of diagrams and pictures out
of the problem and engaging self in leisure activities on the other hand were found to
be the least significant coping mechanism for the BEED and BSEd courses,

respectively.
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In the field of health and medicine, nursing students likewise experience
different levels of stress that include caring of patients, assignments and workloads,
and negJative interactions with staff and faculty. Common coping strategies utilized by
nursing students included problem-solving strategies such as developing objectives to
resolve problems, adopting various strategies to solve problems, and finding the
meaning of stressful events (Labrague, et al. 2016).

rnalyson's (2014, as cited by Quan, 2015) paper studied on mathematics
anxicty (stress/difficulties) and strategies that could prevent them among mathematics
stucents. Through survey aguestionnaire, the participants were able to expressed their
personal strategies among which are: relaxing, building self-confidence, practice,
studying and doing one's homework and getting help. These strategies are by nature
problem-focused coping strategies.

While, amongst general education students, stress-reducing coping strategies
were collected through frequency analysis which revealed that the most common
coping strategy by the study sample was active coping, a form of problem-focused

coping strategy (Okoro, 2018).

Achievement and Coping

While some studies show that few strategies are effective ways of overcoming
stresses of difficulties, others illustrate a positive influence on the achievement of the
students.

Ader and Erktin's (2012) study, for example, pointed to a strong link between
the use of problem-focused coping strategies and achievement in mathematics, but

the findings reed to be substantiated by further studies. Through Pearson product
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moment correlation, the relationship between students’ use of coping strategies and

their mathematics grades in school were calculated. It was found out that students
adopting the use of problem focused coping strategies more frequently can be
expectea lo cope with difficulties which can contribute to the students’ achievement in
mathematics. In fact, a substantial relationship between the students’ use of problem
focused coping strategies and their grades (r = 0.56, p < 0.01) with higher frequencies
of use of such strategies relating to higher grades in mathematics in school was
revealed.

Problem-focused coping strategies consist of problem engagement or
active/approaches which may include trainings on how to go about a particular
problem. The study of Chinaveh (2012) which made use of an experimental design
involved an experimental group consisting of a 'researcher-designed intervention
which was an integrated set of instructional conditions operationalized in a series of
sessions, practice, while the control group was exposed to the usual instruction. The
study showed that students with originally low levels of approach coping responses
and psychological adjustment increased significantly when they were randomly
allocated to & problem-solving training group (experimental group) compared with the
non-training control group. This result indicates that the use of problem solving
training in the form of practice had a positive effect on coping responses of a group of
undergraduate students.

In their study, Perera, et al. (2014) tried to determine the role of optimism and
engagement coping in college adaptation. A part of the research hypotheses was that
the greater use of engagement coping strategies is directly associated with better

acadernic adaptation. The research sample of incoming college undergraduates,
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where they were asked to recall their experiences of stressors related to college life

like preparing for and taking examinations, preparing for assessment tasks, tutorials
and lectures, making friends, interacting with faculty, delivering oral presentations, and
class participa‘ior.. Later on, this study revealed that the result was consistent with the
hypothesis.

it should be noted, however, that the study of Adejumo and Brysiewicz (1998,
as cited by Carnwell & Harrington, 2001) suggests that while the respondents
appearéd to use and adopt the mixture of problem-focﬁsed and at other times emotion-
focused coping strategies, the targeted respondents may still have needed guidance
to understand how some of the less adaptive strategies could impede the achievement
of their goals.

Furthermore, coping strategies come in many forms, either one faces the
difficuliies he is facing with, or make ways to avoid the stress or the situation, or others
just ignore and just move on. The literature presented illustrate the positive result of
strategy on engaging with the problem. This engagement either brings an increase in

achievement or turns a passive learner into an active one.

Modeling Students’ Coping Strategies

The Need for Modeling

Models, as described by Turchin, et al. (n.d.) are compact descriptions of the
system structure and can provide derivation of specific predictions from theory that
can be tested with data. Depending on the purpose, one can develop different models

for the same empirical system.
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In addition, according to an article (Mehta, 2019), model building or
mathematical modelling uses mathematics to represent, analyze and make
predictions or otherwise insight into real-world phenomena. It is an iterative process
that involves open-ended problems that require students to make genuine choices
about what assumptions to make. Because of its iterations, modelling has been
gaining more attention because of the benefits it offers because of its ability to

demonstrate understanding through different representations.

Existing Madels

Following are reviews of models that have been developed to describe system
structures and how thev provided predictions from theory coupled with tested data.

The study of Kirikkanat and Sover (20187) was a path analysis model of
academic success in a group of university students, which included the variables of
academic corffidence and psychological capital with a mediator variable — academic
coping. The results revealed that academic confidence and psychological capital had
pivotal direct and indirect effects on academic success via the mediator variable -
academic coping. Also. academic coping had also a direct influence on academic
success.

Moreover, predicting the students’ mathematical academic underachievement
in an Islamic Azad University and the appropriate strategies in mathematical academic
achievement to be applied using the Data Envelopment Analysis (DEA) model was
the focus of the study of Moradi and Amiripour (2017). The study uncovered the varied
reasons of acadernic underachieverent in mathematics through a survey. Among

these include the intangibility of mathematical concepts and the abstract nature of
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mathematics, inefficiency and traditional teaching methods, unfriendly class

atmosphere, high vo'ume of prescribed books and the large number of students in a
classrcom, inappropriate methodology and the like. It is recommended that factors
such as those mentioned should be presented in the form of a conceptual model and
the effects of these factors on the academic underachievement of the students in
mathematic courses be inviastigated and compared to the students from the different

faculiies.

Meanwhile, some time in 2009, a study of Ernst, on one hand, wanted to
analyze cornponents, sequencing and challenges associated with technology
educa’ion students. it focused on the identification and development of problem
solving models that factor societal, cultural and economic considerations. It further
investigated individual problem sclving strategies concerning methods, solutions and
abilitiss through a question survey instrument. The results revealed that there is no
apparent effect on initial component selection of problem solving modeling whether
challenged with environmental or manufacturing issues. But overall, participants
challenged with the manufacturing issue developed problem solving models that
necessitate the design of tangible artifacts which are considered to be important
components for manufacturing students in the teacher preparation program (Ernst,
2009),

On the other hand, Houghton, et al. (2012) presented another model of the
relationship among emotional intelligence, self-leadership, and stress coping among
Management students. The model suggested that effective motion regulation and self-

leadership, as mediated through positive affect and self-efficacy, has the potential to
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facilitate stress coping among students. This implied that basic emotion regulation

and se/f-leadership strategies could be included in introductory management courses
to potentially increase management students’ abilities to cope with stress. Moreover,
having the p.otential to generalize the workplace, emotion regulation and self-
leadership strategies may be better taught to management students so as to
effectively manage stress in future careers.

Meanwhile, a music professor observed that problem solving is seldom
addressed directly within much the music teacher education curricula, and research
in music education has not examined problem solving systematically. In a 49 video-
recorded lessons taught by six renowned artist teachers, the researcher was able to
observe problem solving that has occurred. When a solution to a problem came about
as the result of both teacher and student involvement, the researcher identified the
Problem-solving hehaviors that were differentiable as performed by teacher or student.
Five components, synonymous with problem-solving behaviors observed in other
fields, emerged as identifiable behaviors that contributed to problem solution: establish
goals, evaluate, conceive and consiger options, apply principles, and decide and act.
To confirm this model, she coded every observable behavior within 18 full-length
lessons. Almost every on-task behavior was describable in terms of the proposed

Problem-solving framework (Roesier, 2016).

In the field of combinatorics, topics are becoming common due to the K-12
curriculum (L.ockwood, 2013). However, studies on combinatorics education show
that students face difficulties when solving counting problems; the students’ ways of
thinking at a level that facilitates deeper understanding of how students conceptualize

counting problems has not yet been addressed. Thus, in 2013, a theoretically and
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ermpirically model was developed. This was a model of student’s combinatorial

thirking rslated to counting and has been refined through analyzing students’ counting
activity. The study presented the relationships between formulas/expressions,
counting processes and sets of outcomes were elaborated. The usefulness and
Potential explanatory power of the model were demonstrated through examining data
both from a study which the author (that is. Lockwood) conducted, and from existing
literature on combinatorics education. The model was meant to be an initial attempt
of providing ideas and common language that researchers can utilize in evaluating
their own students’ combinatorial thinking and activity (Lockwood, 2013).

The control-based model of coping of Coiro, et al. (2017) examined
associations between interpersonal stress, coping strategies and symptoms. The
Study was conducted because they claimed that the ways that college students cope
with stress may be a critical factor in determining which students are at risk for
impairing rmental health disorders. The results of the study revealed that students who
experience more stress reported more depression. In addition, there was less use of
€ngagement coping strategies and greater use of disengagement coping strategies.
The engagement coping strategies accounted for a significant portion of the

association between stress and merntal health symptoms.

Coping Strategies of Students in the STEM/non-STEM related programs

In the field of medicine, a STEM-related academic program poses a variety of
stress to students that may affect their well-being and may hamper of academic
performance of the students. Thus, Madhyastha (n. d.) wanted to determine the stress

and coping mechanisms of these students. Results show that female medical
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students used problem-focused coping strategy of seeking instrumental support more

than male students. Males on the other hand were found to use self-blame, a
maladaptive coping strategy more than female students. Among the avoidant coping
strategies, male students used denial significantly more than female students.

The students of nursing, alsv a pre-medical course usually are faced with
various types of stress. In order to assess the methods of coping with stress among
nursing students, Inanloo, et al. (2012) conducted this study. Through a Coping
Inventory for Stressful Situation and demographic questionnaire, they were able to
show that the problem-ariented, emotion-oriented and avoidance-oriented styles were

the most frequent styles used by the nursing students.

ADDIE’S MODEL

This is a S-phase systematic instructional design model with the acronym
ADDIE meaning; a) Analysis, b) Design, c) Development, d) Implementation, and e)
Evaluation. The outcome of each phase is fed into the next as this model illustrates a
Sequence of phases.

4nalysis. In this phase, the learning problem, goals and objectives, student's
needs, existing knowledge and other relevant characteristics are identified and
Presented.

Design. This includes a systematic and specific process of specifying learning
objectives, assessment instruments and lesson planning are determined in here.

Development. This phase is where the content/plan is developed.

Implementation. The plan is put into action, after which, its effectiveness is

evaluated,
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Evaluation.  This phase includes formative and summative evaluation.

Forrnative evaluation is present in each stage of the ADDIE process. Summative
evaluation provides opportunities for feedback from the users. Revisions are made as

necessary {Castagnolo, 2008).

Models of Coping Strategies by Sex

The Coping Complexity Model of Hudson (2016) depicts the stressors, coping
processes and the various responses that are possible. The coping process is
initiated by a stressor. The stress experience can present at an individual, group,
community or cultural level. It is also influenced by the timing, number and nature of
the stressors and the specific personality traits involved. Generally, the study aimed
to describe the complex phenomena of coping involving the stressors, influencing
factors and responses of coping.

The Model of Coping Modes originated from the monitoring-blunting construct,
and is related to the repression-sensitization conception and expands concepts of
vigilance and cognitive avoidance with an underpinning of cognitive motivational
approach. It emphasizes that a person is stimulated to avert the situation and perceive
the siressorin an ambiguous manner in the presence of the stressor (Sincero, 2012)

A regression model which was multilevel-mediated was fit to Programme for
International Student Assessment achievement, strategy use, gender, and family-and
school-level socioeconomic status (SES). Strategies such as understanding,
Summarizing and control were found to relate significantly and positively to
achievement. These strategies were used more by females and students attending

higher SES schools. In contrast, males and students attending lower SES schools
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tended to use a greater number of learning strategies that did not relate to
achievement, including memorization and elaboration (Callan et al., 2017).

In addition, Duran’s (2016) study through an academic survey revealed
differences between attitudes and approaches of students from different types of high
school and the first grade of university towards problam solving in chemistry. No
significant differences were found among high schools, but there was between high
school and university students. There was also a significant difference between
female and male students in terms of their attitudes and approaches towards problem
solving in chemistry.

Ahother study which aimed to analyze the role played by age and gender on
the coping strategies of Andalusian students to cope with situations of daily stress was
conducted. Situations included the family, health, school and peer interaction. Using
the Chiidhood Coping Scale, results showed that girls scored higher on the coping
strategies: active solution, telling the problem to someone else, information and guide
seeking and positive attitude whereas boys scored higher on aggressive behavior
(unproductive coping). The stucy wanted to prove the importance of age and gender
in the study of children’s coping in daily situations. Such usually happens because
they have direct implications on the assessment and psycho-educational intervention
on the area of stress and coping (Morales, et al., 2012),

Our society nowadays demands our time and resources that results in stress
that promotes a decline in psychological adjustment. With an alarming number
reporting high levels of stress and other stress-related problems, a study which
addressed the need for a comprehensive model of emerging adult adjustment in the

context of stress and coping variables was conducted. It highlighted the importance of
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accounting for differences between males and females. The results of the structural

eguation modeling suggested that stress, social support, coping and adjustment
showed unique patterns of relationships for males versus females. For both sexes,
stress and social support showed similar relationship to adjustment. For females
howaver, social support was related only to coping behaviors. Overall, social support
seerned to be a more important variable for female adjustment while coping behaviors

appear to be more pertinent to male adjustment (Asberg, et al., 2008).

Models of Coping Strategies by Academic Program

Examining the relationship between coping strategies and psychological well-
being among a sample of 98 undergraduate teacner education students was the study
of Gustems-Carnicer and Calderon (2012). The results showed that a relationship

Xists between coping style and psychological well-being. The study also pointed out
that approach coping strategies as problem solving in teacher education students had
a beneficial effect on symptoms of depression, phobic anxiety and overall level of
Psychalogicai stress. On the one hand, cognitive avoidance coping were associated
with greater presence of psychological symptoms indicating distress while behavioral
avoidance strategies were associated with negative psychological well-being. Coping
Strategiss thus may help reduce psychological distress in university students.

In the medical fieid, it is said that students of clinical psychology and medicine
experience high level of mental distress and low levels of life satisfaction. The
résearchers then, Halland, et al. (2013) thought of investigating the effect of
mindfulness training on the use of engagement and disengagement coping strategies,

particularly on the rmeasures of problem-focused coping, avoidance-focused coping
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and the seeking social support. After a 7-week mindfulness-based stress reduction

program, students who underwent the training increased their use of problem-focused
coping compared to the control group. The study concluded that mindfulness training
may help to improve adaptive coping in students, though there may be some
limitations to students with high emotional reactivity.

For nori-clinical population, Holen et al. (2012) explored the structure of coping
with everyday stressors and exarnined the relationship between coping and mental
health. Latent-variable ragression analysis indicated that coping categories including
both active and emotional strategies were associated with fewer mental health
problems, while withdrawal ard appositional coping strategies were associated with
greater mental health problems. The need for new, more comprehensive
assessments was thus highlighted since the results replicated previous studies.

For social work students, a first of its kind study was conducted to explore siress
and coping strategies of students in graduate social work education. Through concept
mapping, five major clusters of stressors were presented: academic problems,
financial difficulties, cultural barriers, psychological problems, and family concerns.
Five major coping strategies also emerged as well: psychological coping, physical
coping, problem solving, social support and entertainment. From the results, it was
Suggested that social work schocls and departments should demonstrate cultural
Competence with the population by providing support services to help these students
Ccope successfully (Chun and Poole, 2009).

All of these literature reviews talked about models, as interventions that can
enhaice the leaming of students and as pictures or representations that exist in a

structure or system. To arrive at a picture is known as model building and this requires
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a rigcrous process with utmost effort io arrive at a theory or concept. From the theory
established comes the development of interventions called models which will be tested
for its applicability in the locale where it was formulated.

The present study looks familiar in that the variables are presented showing
how they are associated or reoresented with one another that may exist in a given
system structure. What deviates this study from other researches is the stage on
validation of the established associations or relationships, whether, they are present
in another system structure or not.

Hence, this study aims to present different pictures or models showing how a
diversified group of college freshmen with difficulties in mathematics problem solving
cope with them. The developed models will serve as guides in the development of

models used as interventions inside the classroom setting.

Process of Modeling

First Phase (Preliminary Investigation). This phase dealt with the review of related
studies and literature that provided the researcher enlightenment on contributions of
theorists and researchers to knowledge on difficulties in mathematics problem solving,
coping strategies and the different models of learning. This phase included the
identification of the common problem solving difficulties and the students’ ways of
overcoming them. These were done through a problem solving test that required
solutions illustrating the four phases of problem solving and a coping strategy
questionnaire that detailed the strategies of the students in addressing their problem

solving difficulties.
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Development Phase. This phase included the analysis using quantitative and

qualitative method. Persornal profile of the respondents such as sex and courses were
describad alcng with their mathematics problem solving difficulties as classified by
Polya (1945) and the varied coping strategies the students utilized in coping with these
difficulties. A student may experience difficulties in one or more of the phases of
problem solving and may utilize several coping strategies. With such a scenario,
several associations thereby a number of representations/models can be formed
giving accounts ‘o the different factors such as the problem solving difficulty phase,
sex and academic program of the students.

Implementation/Validation Phase. This phase involved putting the plan into action
where the model/s developed were tested to other groups of sudents. In short, this
Phase tested whether the developed models fit other groups of students and were
able to address the problem solving difficulties of the studients through their coping
Strategies. Students involved in this implementation/validation phase having the same
atrributes like coping strategies, sex and academic program as those students in the
preliminary investigation were compared whether they applied the same coping
strategies or not. The elicited coping strategies of students in this phase through a
qus3stionnaire were validated through observation and interview with the concerned
students and with their respective teachers by the researcher.

Evaluation Phase. This phase confirmed the applicability of developed models with

other group of students which provided conclusions regarding the study.
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Model Building Framework

This research rests on three frameworks namely: the ADDIE Model, Lazarus
and Folkman's Theory of Cogriitive Appraisal, and Plomps’ 3-stages of a design-based
research that led to the development of the Model Building Framework used in this
study (please see Figure 2).

People encounter as much difficulties and pressures in their everyday routines
such as swdents struggling with mathematics problern solving. As problem solving
involves the four phases namely: understanding the problem (UP), devising a plan
(DP), carrying cut the plan (CP) arid looking back (LB), the life of a student becomes
complicated since in each phase are possible difficulties that can be encountered.
These difficulties coupled with anxiety inside the mathematics classroom are the
stressors of the students which consequently, may lead to low achievement in
mathematics (Tambychick and Meerah, 2010; Siniguian 2017). These difficulties as
well as the probable causes of why the students encounter them were presented
threugh a need and context analysis. The analysis included a review of the extant
literature, which consequently had facilitated the development of a model building
framework: for the study.

While students struggled with their difficulties, they also tried their best to cope
with such difficulties. This is one of the assumptions of the study. On the other hand,
the student, while in a state of struggle, tried his best to cope with his difficulties. Ways
of coping with their difficulties varied from each student. Some dealt with their difficulty
in an objective manner while others by avoiding negative emotions related to stress.
These types of strategies are generally classified into two namely: the problem-

focused coping strategies and emotion-focused coping strategies (Lazarus and
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Folkman, 1985; Carver, 1989). Seeking assistance from friends or teachers or tutors
to be enlightened on the processes of problem solving is an example of a problem-
focused coping strategy. This was highly utilized in the computational process of the
problem solving. Ignoring the situation and talking and praying are examples of
emotion-focused coping strategies which were utilized by a few of the respondents.

Associating these coping strategies and the problem solving difficulties was a
gap which the researcher considered in conducting the study. Development of models
was the study’s primary aim which were eventually validated to determine whether
they werz able to address the problem solving difﬁculoties of the students through their
coping strategies.

The model building framework (please see Fig. 2) patterned after Plomp's 3-
stages of a design-based research study, ADDIE Model and Lazarus and Folkman'’s
Theory of Cognitive Appraisal served as the guide of the researcher in the
development of the models.

Taken as a whole, the framework followed the 5-steps of ADDIE’s model though
itis interded for instructional materials development. Its 5-steps have a corresponding
counterpart step in Flomp' 3-stages of a.design-based research. Within the process
flow is the interaction or association of stressors (mathematics problem solving
difficulties) commonly encountered by the students and the stress alleviators (coping
strategies) which is the idea behind Lazarus and Folkman's Theory of Cognitive
Appraisal. The components of the model building framework developed in this study
based on the aforementioned frameworks and theories are described in the

Succeeding sections.
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Analysis Stage. This stage dealt with the analysis of the mathematics problem
solving diffizulties of the students through a problem solving test. Likewise, coping
strategies were elicited through a Coping Strategy Questionnaire.

Mcdel Development Stage. From the results of the problem solving test and
coping strategy survey, two models associaling the mathematics problem solving
difficulties and coping strategies of the students were generated and developed
namely: the coping strategies by sex by phase model and the coping strategies by
academic program by phase model.

Model Implementation. This stage validated the models developed by
engaging the students (validation group) through the administration of a similar
problem solving test.

Model Evaluation Stage. This stage concluded the validation of the models.

In particular, it assessed and determined whether the problem solving difficulties of

the students were addressed or not through the coping strategies as modelied.

Analysis Stage

D'FFICULTIES IN POLYA'S 4
PHASES OF PROBLEM SOLVING
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Figure 2. The Model Building Framework of the Study
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Hypothesis:

Guiced by the review of literature and model building framework (Figure 2), a
hypothesis was formulated: All of the developed models fit or were applicable to other
sets or groups of students.

Definition of terms

For clarity and better understanding of the study, the following terms are
operationally defined.

Academic Program. It is referred to as the degree which a student wants to
pursue. for example, the degree of BS in Mathematics, etc.

Mathematics Problem Solving. This refers to the process when students
solve routine protiems that require solutions illustrating the 4 phases of problem
solving described by Polya (1945) in their solutions.

Mathematics Problem Solving Difficulty. This refers to the situation when a
student feels stressed or challenged while solving a word problem. This is brought
about by his difficulty in one of the following phases: understanding the problem,
devising a plan/strategy, carrying out the plan, and looking back. This is determined
using a problem solving test.

Coping strategy. It refers to a solution or mechanism used by the student in
overcoming his/her identified mathematics problem solving difficulty/ies. This is
determined using a Coping Strategy questionnaire.

Problem-focused coping strategy. It is a type of a coping strategy that is
usually of the positive outlock as it involves actively planning or engaging in a specific
behavior to overcome the problem causing distress (Folkman and Lazarus, 1985). In

this type of coping, the student engages with the problems, involves himself or
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participates in the classroom discussion through recitations and at other times, seeks
guidance or assistance from his friends, families, supervisors and mentors to

overcome his/her difficulties.

Emotion-focused coping strategy. This is a coping strategy that attempts to
regulate the emotions evoked by the occurrence of a stressful event and can be
considered active or avoidant (Holahan & Moos, 1987). The student makes ways to
alleviate his/her feelings caused by his mathematics problem solving difficulty/ies by
hanging out with friends, relaxing or watching movies.

Model. It is a representation showing the relation/association of mathematics
problem solving difficulties and coping strategies of the students. This model will in
turn allow for investigation of such association/relation to other systems (group of
students).

Model Building. It refers to the process of coming up with a
representation/picture showing the association/relation of mathematics problem
solving difficulties and coping strategies of the students. It involves phases which
commences with a preliminary investigation that identifies the mathematics problem
sclving difficulties and how students deal with them. Sex and course of students are
likewise taken into account, from which different models were developed
(development phase). The second phase includes implementation/validation where
the different modeis will be tested for its applicability to other group of students. The
last phase is evaluation where conclusion or confirmations regarding the applicability

of the different models will be formulated.
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MMW (Mathematics in the Modern World). This is a new General Education

Core Course/subject prescribed by CHED under the K-12 curriculum taken by all
college freshmen for the school year 2018-2019. It is not a traditional mathematics
course ncr is it a purely mathernatics appreciation course. It is not a repetition
of topics and concepts learned in high school algebra, but rather an exploration of the
nature of matnematics and hovs the world can be viewed and understood using a

mathematical lens.

Non-STEM-related academic programs. These are programs not belonging
to any of the science, technology, engineering or mathematics which include BA in
Cornmunication, BS in Economiics, BS in nursing and BS in Sociology,

Sex. It is an attribute that distinguishes the respondents from one another on
the basis of their reproductive organs. The two general classifications of sex are Males
(M) and Females (F).

STEM-related academic programs. These are programs that belong to any
of the science, technology, engineering or mathernatics which include BS in
Agricultural and Biosystems Engineering, BS in Civil Engineering, BS in Chemical
Engineering, BS in Mathematics and BS in Meteorology.

Instances. These refer to the number of times (frequency) or occurrences a

particular problem solving difficulty was encountered by the respondents.

For example: Given that the problem solving test consisted of 20 problems,
Student A can experience a certain difficulty 20 instances in each of the four phases,
hence, Student A has a total of 80 possible instances. Since there were 297 students

in all, then approximately 24,000 instances can be recorded for the whole study.
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CHAPTER IlI

METHODOLOGY

This chapter presents a comprehensive discussion of the method by which this
research was conducted The research design, instruments used, data gathering

procedure and statistical treatment of data are herein discussed.

RESEARCH DESIGN

The study adopted the design research approach, which had three components
nam.ely; development, implementation and validation. Development of models has for
its purpose to address the mathematics problem solving difficulties of students. This
was achieved by looking at the coping strategies of students in dealing with these
difficulties. Models/representations were then developed from the
relations/association of variables coming from the freshmen respondents. These
model/s were tasted or implemerted and later on validated, in another set of students,
in a case stugy mode.

The. case study was done to test whether students with problem solving
difficulties in “understanding the problem” phase applied the same coping strategies
as those students in the development phase. In general, given that the students in
the implementation/validation experienced the same problem solving phase difficulty
as those in the development phase, the case study tested or confirmed whether both

groups of students utilized the same coping strategies or not.

A Model Building Study



Sample

Participants of the study involved 425 students trom 13 intact classes of college

freshmen students enrolled in Mathematics in the Modern World (c oded as Math 01)

offered in a university in llocos Norte during the first semester of SY 2018-2019 (please

see Table 1).

The participants belonged to the same year level, belonging to 18-19 age

bracket and were the first graduates of the K-12 curriculum.

Table 1
Distribution of Respondents By Sex and Academic Program
| Course Number | Number | Number [ Total
of of Males | of
Classes Females
STEM-related academic programs
| BS-Agricultural and Biosystems 2 28 43 71
_Engineering
BS3-Chemical Engineering 1 10 12 22
ES-Civil Engineering 3 67 46 113
BS-Mathematics 1 5 21 26
BS-Meteorology 1 9 8 17
Subtotals 119 130 249
 Non-STEM-Related academic programs
BA-Communication 1 8 24 32
BS-Economics 1 11 25 36
BS-Nursing 2 15 62 77
BS-Sociology 1 8 23 31
Subtotais 42 134 176
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Thirte2n intact classes were classified into two: STEM-related and non-STEM-related
acadernic programs. For the STEM-related academic programs, the two classes of
the BS in Agricultural and Biosystems Engineering had distributions of 34 and 37
students, respectively. The BS in Civil Engineering which consisted of three classes,
had student distributions of 38, 3¢ and 36, respectively.

For the non-STEM related courses, there were 42 and 35 students, respectively
in the two classes of the BS in Nursing. The other classes had the student distributions
as shown atove.

As the study needed two independent groups; one group for the development
of the model, and the other group for the implementation/ validation stage, the
researcher applied the 70 — 30 scheme of partitioning the students. The scheme
according to Pete (201 7) is arbitrary. However, the more respondents that are included
in the development stage (70%), the better the developed model/s is/are. There were
425 students in totality. Two hundred ninety-seven (297) respondents represented
the 70 percent and were included in the model development with the distribution found
in Table 2. This suin was identified through random sampling particularly done
through a table of random numbers generated by stattrek.com. The selected samples
however, had their final say in their participation in the study.

Meanwhile, the developed models were validated by the remaining 30 percent
of the total respondents which involved 128 respondents as distributed in Table 3.
Their Participation was primarily to test whether the models developed fit them and
eventually can address the problem solving difficulties of the students in a case
samples . Factors such as having the same coping strategies by sex and by academic
Programs of students as those in the development phase were taken into

consideration in selecting the case samples.
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Table 2

Distribution of Respondents By Sex and Academic Program in the Model

Development Stage
Course Male Female Total
| STEM-Related academic programs
BS-Agricultural arc Biosystems Engineering 22 28 50
_BS-Chemical Engineering 8 7 15
BS-C_‘.ivi' Engineering 48 31 79
BS-Mathematics 3 15 18
BS-Meteorology 8 4 12
Subtotals 89 85 174
Non-STEM-related academic programs
BA-Communication S 17 22
ES-Econornics 9 16 25
BS-Nursing 11 43 54
BS-Sociology 4 18 22
Subtotals 29 94 123
[ TOTALS 118 179 297
Table 3
g;'stribution of Respondents By Sex and Academic Program in the Model Validation
age
Course Male | Female Total
STEM-Related academic programs
| BS-Agriculiural and Biosystems Engineering 8 13 21
BS-Chemical Engineering 3 4 7
BS-Civil Engineering 20 14 34
| BS-Mathematics 2 6 8
BS-Meteorology 3 2 5
Subtotals 36 39 75
Non-STEM-related academic programs
| BA-Communication 3 7 10
BS-Economics 3 8 11
BS-Nursing 4 19 23
| BS-Sociology 2 7 9
Subtotals 12 41 53
| TOTALS 48 80 128
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Instruments

The study made use of two instruments: a Problem Solving Test and a
Coping Strategy Questionnaire. These instruments were subjected to face and

content validation.

Problem Sclving Test

The test was a researcher-made where applications on linear equations were
evenly distributed according to the type of problem as provided below in the table of
specifications (Table 4). This test was administered to the identified respondents in
order for the researcher to provide answers to the first objective of the study, that is;
to identify the common difficulties of students in solving mathematical problems
classified according to the different phases of Polya's (1945) problem solving.

The prelirninary draft of the problem solving test consisted of 24 problems, which
were a combination of different types of problems, each requiring answers illustrating
the four phases of Polya’s (1945) problem solving. These types were discussed and
lllustrated on the topic of devising a plan, with the strategy of simplifying an equation.
The discussion of the different types of problems was allotted a total of three hours
(180 minutes) which is equivalent to one week (please see Table 4). Several materials
were referred to in the construction of the problem solving test namely; Feliciano and
Uy f19€1), Ymas, et. al (2005), Petilos (2002), online resources and other

mathernatics test items compiled in the Mathematics Department of the university.
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Table 4

Table of Specifications on Probiem Type (Initial Draft)

Type of Problem No. of No. of Item No.

Minutes Items
o Age 20 3 1, 16, 20
Money/Coin 20 3 2,15, 23
| ___Geometry/Dimensions 20 3 3, 9,18
Motion/Distance 25 3 4,13, 21
| Work l 25 3 5, 10, 17
Investment/interest 25 3 6,12, 19
Mixture 25 3 7,11, 24
Number Relations 20 3 8, 14, 22

Total 180 24

Questions included in the test can be found in Appendix H.

After the presentation of the initial draft of the problem solving test to the three
members of the comrnittee whose area of specialization is mathematics education,
the researcher revised the instrument based on their suggestions. Upon their
unanimous approval, the test was validated by three professors in the locale of the
study. They were asked to evaluate the problem solving test as a whole using a
researcher-made validation instrument. The panel of experts validated the instrument
according to test specification, test format, and directions and test items. The test
obtained a unanimous rating of 4.0 (4 - highest, 1 - lowest) which signified a high inter-
rater reliability.

Meanwhile, scoring rubric was also presented which was utilized in scoring the
solutions of the students. A copy of the rubric is presented in Appendix N.

The 24-item problem test was pilot tested to college sophomore students of the
following degree programs: BS in Tourism Management, BS in Computer
Engineering, and AB in English Language, with 87 students in total, since they had

“Xposure to the topics and concepts measured by the test. The try-out was conducted
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in three different schedules that matched the available time of the identified students

which commenced last October 4, 2018.

The test questions were distributed first together with the answer sheets. The
teacher explained the directions well before the students started to answer the items.
Students were given time to ask questions or make some clarifications about the
directions. Furthermore, the students were given at most two hours to finish the test.

To test the relizbility of the problern solving instrument, Cronbach's alpha
reliability was used with a coefficient of 0.79 which according to Nunnaly (1978, as
cited in Santos, 1999) was acceptable. This coefficient facilitated the revision of some
items cf the initial draft of the problem solving test. This is because some of the test
items were out of the range of the difficulty index (20% to 80%) and range of the
discrimination index (30% to 80%), hence coming up with a new table of specification
preserited below. The final form of the Problem Solving Test was composed of 20

items (please see Table 5).

Table &
Table of Specifications on Problem Type (Final Draft)
Type of Problem No. of | No. of | Item No.
_ S Minutes Items
 Age 20 2 1, 14
Money/Coin 20 3 2,13, 16
Geometry/Dimensions 20 2 3,20
Work 25 1 4
| Mixture 25 3 5,12, 15
Investrnent/interest 25 2 6, 18
_Motion/Distance 25 3 7,11,17
| Number Relations ! 20 4 8,9, 10, 19
| TOTAL 180 20

The revised or the final form of the problem solving test was then presented once

more to the panel and everyone favored and advised the researcher to proceed with
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the administration of the final form of the problem solving test and start the preliminary

investigation.

Coping Strategy Questionnaire

The questionnaire was a form of an indirect interview where students were
asked to share their past experiences particularly in problem solving situations. They
were asked how they managed their difficulties known as coping strategies in the
problem solving test. Data collected provided answers to the second objective of the
study; that is, to identify the common coping strategies of the students in solving
mathematical problems. Students may have their own coping strategies, thus, the

questionnaire was open to any forrn of strategy.

Data Collection Procedure
Prior to the Development of the Model

Firstly, the researcher requested permission from the university president and
the resrective deans of all the participants for the conduct of the study from the try-
out of the problem solving test up to the validation/implementation of the developed
model’s. Informed consent forms were also given to the participants as prescribed
by the University Reseach Ethics Review Board (URERB). When permission was

granted, the final draft of the problem solving test was administered personally by the

researcher,
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Development of the Model

The administration of the final form of the problem solving test with an
appended coping stretegy questionnaire initiated the development of the models. The
test was administered to all freshmen (425) after the topic on Problem Solving and
Reasoriing of the Mathematics in the Modern World (Math 01) had been discussed by
the respective teachers of the identified students. It Was first administered to the BS
in Nursing students last November 5, 2018 until December 14, 2018. After all the
respondents had taken the test, 70 percent of them (297) were randomly selected by
the researcher and helped in the development of the models.

The test gave emphasis on the identification of student's mathematics problem
solving difficuliies on the four phases of Polya’s problem solving (1945). Coping
strategies were likewise elicited in each of the phases of problem solving, thereby
coming up with varied models. These models showed how students coped with their
problem solving difficulties through varied strategies. Solutions/responses to the
prcblem solving test and questionnaire were then checked/tabulated by the
researcher. To triangulate the responses of these students, informal conversation
with unstructured interview questions was done to a selected number of students and
to a few teachers who handled the identified respondents.

The results were presented to the three experts who earlier validated the problem
solving test and signified their approval with how the solutions/responses were

handled.
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Model Implementation and Validation

Afier the models were developed, the researcher explained and discussed the
different coping strategies that car be utilized in dealing with problem solving
difficulties to the validation group which represented the 30 percent of the total
respondents. The researcher did purposive sampling from the 30 percent
respondents and interviewed a few if their coping strategies matched those in the
models. The samples whose coping strategies matched those in the developed
models were given a similar problem solving test as in the preliminary investigation
phase. Tre administration of the test took place after the final examinations of the
second semester of SY 2018-2019.

Validating the models involved comparing the difficulties of the case samples
before the models were developed and after utilizing the coping strategies found in
the models. The aim of this stage of the study as a whole was to determine whether
the developed models were applicable to other group of students which is the last
objective of the study, and consequently, was able to conclude that the models were
able to address the problem solving difficulties of the students through their coping

Strategies.

Data Analysis Procedure

Descriptive statistical measures such as frequency and percentages were used
to describe dzta trends. Frequency count for both problem solving difficulties and
Coping strategies per sex and academic programas was computed. On the other
hand, the student’s identified coping strategies were listed hand and counted per sex

and academic program.
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In the development phase, associations of the students' problem solving phase

difficulties and coping strategies were presented through models like tables and
graphs using MS-Excel. The interviews done to verify the students’ performance in
their matthematics subject were used to enrich the discussion of the results on coping
strategy.

Applicability of the developed models was determined through a checklist,
where the phase difficulties of the students were compared with the phase difficulties
before the development, that is, if there was a decrease in the occurence of the

difficulty or it has persisted after the coping strategies in the models have been utilized

lnclusionll;:xclusionIWithdrawal Criteria

Al first year college students enrolled during the first semester of S.Y. 2018-
2019 were eligible for the study. However, only those available during the
administration of the problem solving test and coping strategy questionnaire were
included and served as the respondents of the study. Those who were not around

were no longer incliided.

Ethical Consideration

Approval to conduct this study was obtained from the members of the
Dissertation Advisory committee of the UP-Open University, concerned colleges of the
research locale and the University Research Ethics and Review Board (URERB) which
€nsured that the research study satisfactorily complied with the key ethical

considszrations in conducting a research.
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This study had no conflict of interest with the UP-Open University and the result

of the study was treated only for the purposes of the study. Prior to the handling of
problem solving test and coping strategy questionnaires to the respondents, the
researcher discussed with them the purpose of the study and explained some
confidentiality issues. Once they agreed to participate, an informed consent was
obtained from them. The informed consent form stated the voluntary participation of
the respondents to become informants of the study, including their awareness of the
purposes of the study, data collection method, duration, and utilization of participation.

The respondents were informed of the voluntary nature of their participation
and were advised to stop answering the test and questionnaire at any point they
deemed necessary for them. Data were captured from the respondents without any
identification details, and all personal details were processed in an anonymous
manner to ensure confidentiality.

The problem solving test was done during the free time of the selected
Participants. All materials needed for the test were provided. The problem solving test
and coping strategy questionnaire required at most two hours.

After the analysis of the data gathered, the solutions to the problem solving test
and accomplished questionnaires were deposited in a sealed envelope at the Faculty

room of the Department of Mathematics in the College of Arts and Sciences of the

University.
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CHAPTER IV

RESUL.TS AND DISCUSSIONS

Discussion in this chapter focuses on the identification of both the students’
problem solving difficulties in the different phases of Polya's (1945) problem solving
and the strategies they apply in dealing with their difficulties as gleaned from their

solutions to the test.

Students’ Difficulties in Mathamatics Problem So!virng

After the administration of the problem solving test was the checking of the
Papers. A summary of the difficulties met by the students is presented in Table 6.
There were two difficulties observed in each phase.

In understanding the prcblem (UP) phase, the difficulties observed were the
inability to distinguish the known from the unknown information and the inability to
identify the type of problem and recall basic facts. The former had two forms: either
the student was only able to write the given or only what is required of the problem.
The inability to.identify the type of problem and recall basic facts has led the student
to leave the space provided blank. There were 344 (5.51%) instances whereby this
difficulty was experienced by the respondents, slightly lower than the instances of
€Xperiencing the inability to distinguish the known or unknown information (385 or
6.17 %).

In devising a plan (DP) phase, the inability to transform a problem into a
mathematicai equation and the inability to draw table/charts out of the information and

organize information and connectto @ concept were the difficulties observed. The
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fcrmer difficulty had two forms: either the mathematical equation was incomplete or it

was incorrect. While, the other difficulty, because of the student's difficulty to organize
information, nas led him/her to leave the space provided blank. There were more
instances (10C1 or 1€.03%) where the respondents experienced the inability to
transform a oroblem into a mathematical equation than the inabiility to draw
table/chart and organize information and connect to a concept (817 or 13.09%).

In the carrying out the plan, two difficulties were observed: inability to
completely perform the working procedure systematically and accurately.and the
inability to start with the computational process. The first difficulty came in two forms:
either the working procedure was incomplete or non-systematic. The second
difficulty, because of the student’s inablility to start/initiate the computation, s/he was
not able to write anthing on the space provided, hence it was left blank. There were
more instances (960 or 15.37 %) where the students had incomplete or non-
Systematic working procedure than the inability to start/initiate the computational
process (774 or 12.40 %).

In the locking back phase, the inability to complete the checking procedure and
the inability to start the evaluation of the correctness of the obtained solution were
observed. The former difficulty had two forms: inability to complete the checking
Procedure and the inability to start the evaluation of the correctness of the obtained
solution.There were more instances (1421 or 22.76%) where the students were
unable te start the evaluation of the correctness of the obtained solution leaving the

SPace provided blank than the inability to complete the checking procedure.

A Model Building Study 55



Table 6

Frequency o Obsened Problem Solving Difficulties of the Students

| Phases Observed Responses/Difficulties | Instances/Frequencies
Inability to distinguish the kriown from 385 (6.17)
Understanding | the unknown information )
the Problem Inability to identify the type of problem 344 (5.51)
(UP) Phase and recall basic facts :
Subtotal 729 (11.68)
Inability to transform a problem into a
Devising a mathemaitical equation 1001 (16.03)
Plan (Dg) Inability to draw table/charts out of the
Phase information and organize information | 817 (13.09)
and connect to a concept
_ Subtotal 1818 (29.12)
Inability to completely perform the
- . working procedure systematically and | 960 15.37
;;arrglmg (%lg) accuragt;e‘l)y ’ ’ ( )
he Plan - - .
Phase Inability to start with the computational | .-, 4 (12.40)
process
Subtotal . 1734 (27.78)
Lr:gzgg)l/] :g complete the checking 541 (8.67)
Looki -
(fg',k 'Lt;,ga: : ck Inability to start the evaluation of the | 4,54 (22.76)
: correctness of the oblained solution :
Subtotal 1962 (31.43)
OVERALL TOTAL 6243

Note: Figures in parenthesis are percentage values

A few of the respondents’ solutions are presented below as exhibits with their

encountered difficulties.

Understanding the Problem

Solutions showing the inability to distinguish the known from the unknown

information

In Exhibit #1, the solution shows that the student was unable to distinguish the

known from the unknown information. He merely lifted the words/phrases as stated

in the problem.
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Exhibit #1(BS-ABE-B5)

1. Deewys is twice as old as Joan. Three years ago, the sum of their ages is 39.
How old are thoy?

Undpctalitg M. pavitm Fuging o plen
Pyt v Wi g nd a dean Lt % o o

. a s4
Tian yoae ayd, W qom of i o Er Bt ayt s oy ol

Exhibit #2 shows the student’s inability to distinguish the unknown information in the
problem and just lifted the exact words used in the problem.

Such difficulty was experienced by 144 (48.48 %)respondents ( (please see
Tabte 7).

Exhibit #2 (BSCE-B1)

. 2 In consecitive tums of @ Monopoly game, Stacy first paid P8.00~0-.’0Fo for a hotel,
She then lost half her maney when she landed on Boardwalk. Next, she collacted
£2,000.00 for passing GO. She then lost half her remaining money when she
landed on Illinois Avenue. Stacy now has P25,000.00. How much did she have
just beforo she purchased the hotel? {Aufmann, 2013)

roen 17,000 et gaid
- %% ey ﬁ%b‘ e
in bearkonte,
- She colitcied 2000 for sy «
- logy th g & b reminy vavy
- 15 §od "ft\"l m‘j

& ) o &0
\(;Q‘O‘E? 3 )68 '.fcmf%]
L
- ¢a00
~—— ¥ 2000 _ 25(®
! : 9.
L —_—

A Mcdel Building Study 57



Solution showing the inability to identify the type of problem and recall basic

concepts

Looking at Exhibit #3, one can observe that the student immediately proceeded

in manipulating his working equation without trying to distinguish the given/known and

unknown information of the problern. S/he was not able to identify the type of problem

and recall basic concepts, thus, left the space provided blank.

Exhibit #3 (BA-COMM-1)

12. Ellah has exactly P200 in P5 coins and P10 bills. He has twice as many P10 as

F5. How meny of each does he have? (Petilos, 2002)

- Zﬁb. X ¥ = 250

o +.'lu-o

- ————— o e

6#&4)«@

N

U

x = @90
Y =40

5x 410y = 200

E %29 +(io%1) > 200

= 20D
—

coms &
[ 4

Looking at the solution of Exhibit #4, the respondent totally left the space

proviced for understanding the problem phase. The student did not write anything

about the probiem’s given and unknown information because s/he was not familiar

with the: type of probtermn and cannot recalt basic facts. One hundred thirteen {(38.05%)

respondents experienced this type of difficulty (please see Table 7).
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Exhibit #4 (BSN-A2)
19. Soven limes a 2-5igit number is equal 1o 4 times the number obtained by
rovarsing the digits. The difference between the digits is 1. Find the number.

15
7 (1) = g ()
3 Y '\

2y A ¢

&=

]

Understanding the problem is really a difficuity to the students.

This

observation supported the result of Ferguson (1980), which believed that reading,

which is a part of understandirig the probltem phase, where symbols and abstractions

are concarned, is cne of the greatest problems in learning mathematics. This difficulty

of urderstanding the problem was further strengthened by the study of Pearce, et. al

(2013). This is also supported by the study of Didis & Erbas (2015) where they found

out that students struggle in comprehending the text.

Devising a Plan/Strategy

Solutions showing Inability to transform problems into mathematical equations

One can easily check that the mathematical equation formed is incorrect in

Exhibit #5.
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Exhibit #5 (BS-ECON-A16)

3. A 12 em by 16 om recienguler piece of cardboard has a 2Gm by 2 cm square cut
out of each curmer. Then tho sides are folded up to make an open box. What is

the volume cf the box?

i ~

UndtrSUny nG W ’f?-DWM o Devisi

Uroeh™ gl cm by b o Let M o pln:
reciangulor  piece ¢ la"fb"'“'tx s rca’rm‘q.inr .
o @rd baaed 47; = squorc. cuk
square cul ol o uafs e
edds oyt {1* ""'1& *-\(231 = {x

irkoown: —» yolume tg e o 0?7 #

Exhibit #6 shows a solution of the student who incompletely formed the
m ati i
athematical equation for the stated problem. Incomplete in a way that s/he missed
an expressior to make the mathematicat equation feasible.

Exhibit #6
. STARY HERE. Solve each problem neT

illustrate each of the four phases of pro

1. Deewye is twice as old as Jean. 1
How old are they? |
-Umkﬁhm&@ #mf%umn
- Deeuye “is fwite aSold asJean
-3 yrs 0.90.,:“16 Sun ol Yheir age.
1 dU , ,
Densing Baplon
- x=Jeon
. Ax = Deewye

Qx+x”3:8q

From the solution of the student (Exhibit #7), s/fhe was able to distinguish the

unknown from the known informati
n informaticn, however, s/h
, , e was unlucky to for
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working equation. These types of difficulties were experienced by 270 respondents
(90.91 %) (please see Table 7).

Exhibit #7 (BS-CHEM E14)

9. Jeninz owns a pet shop that speciaiizes in tropical fishes. In Apnril, Jenina
doutled the number cf fish she had on hand and then sold 30 of them. In May,
she iripled the number of fish she had on hand, and then so/d 54 of them, In
June, she quadrupled the number of iish she had, and then sold 72 of them. Sho
now had 48 fish left. How many fist: did she start with? (Petilos, 2002)

h
4)1- aen © {0 Apdl, Jning MWJWM of fish ten ol ap
0y, she pied e nam, of fish fnen sl 34

ln%&gfn, feft Aadnpled e . oF 1 im0 ool 72

b0 * 105 iy £ did e tart with?

B 10ty - bt bl mm. 0F Fish
2% ~3p + in Aol oo
3x 54 « InYOU :
dx<33 =in June 230
\)C\’hrq BJ:HQHOW'- 3(2x-30) ~5¢
X = 30 +3x 59 19~ 60 -5) - 22
24 - 240 Ul TF2 = ¢p
I WX = bt 2:40+20G 432
Ax =39 +3x~5d f -F2= 48 X = S
Xt 3y +4x = dB430+SY+3Q X =
q*&’_ =
q 9q
X =43

Solution showing the inability to draw tables/charts out of the information and

Organize information and connect to a concept

This student (Exhibit #8) proceeded with a strategy that worked well for the

given situation, however, sfhe was not able to form the mathematical equation that
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applied to distance/mction problem. Two-hundred forty-three (81.81 %) respondents
experienced this type of difficulty (please see Table 7).

Exhibit #8 (BS-METEO-1)

. Two cars Ieeve a town end travel in opposite directions. Ono cartravels at the rate
of 45 &ph, and the other at §5 kph. In how many hours will the two cars be 350
kilometors apart?

amfon oport @ v

D Type- Mu-b¥ pulohons be
“w-.c r houts Ha k”w wil Lotms &""' 7 o

- Lph ""-- ——
prE (e

/-(m B ﬁ-k;,m,- @

@ f,' A
______,_._.
127 I

A e 2 hour > /Aouf;, ard 3/,»,«;,’(0[%

The above exhibits show that devising a plan to solve a mathematical problem
is likewise difficult to the students. This result supported the findings of Reddy and
Panacheroensawad's (2017), where their respondents aiso showed their inability to
remember related equations. The inability to translate problems into mathematics
€quations as revealed in Siniguian’s (2017) was also apparent in this study.
Moreover, the present study confirmed the findings of Nurreberg and Pickering (1987)
and Sawrey (1990) where the respondents of the latter studies showed their ability to

solve stoichiometry problems but were unable to represent the required reaction in
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the stoichiometry problem with an illustration, which is one of Polya's (1945)

charateristics of the difficulty of devising a pian.

Carvying out the plan/strategy

Solution with an inability to completely perform the working procedure

systematically and accurately

In Exhibit #9, one can observe that the mathematical equation formed is correct,

however, the respondent had an error in applying the distributive property, which

resulted to an incorrect computation. Two-hundred sixty-five (89.23 %) respondents

encounterec this type of difficulty (please see Table 7).

Exhibit #9 BSCE-A2
d 5. How much pure acid shou!d be mixed with 2 gallons of 8 40% acid solution in order
to get a 70% acid solution?
S s . -
romcniig Af |
Rugus ° {lave wa £ Qeid sdviions G"‘"(i“"l 'l'*'?‘.d'\ -

4’ o~ §o¥’h

K By 10"To ued si-lioh
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DRP w 0.3 . 03
4@7 @ /“E tj/ . X~ 4/7
L*%I PP "2 mvf Bk :
x=4 S“R’\G
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Solution showing inability to start with the computational process

It can be observed that the student (Exhibit #10) was unable to start with the
computaiional process because s/hie was not able to form the mathematical equation.
There were 237 (79.80 %) respondents who experienced this type of difficulty.

The difficulty of performing the computational process coincides with the
findings of the study of Siniguian (2017) and Dela Cruz and Lapinid (2014) where he
investigated the difficulties experienced by the third year college students in solving
Mathematics problerr.. The study revealed that the difficulties are on the inability to
translate into mathematical formula (DP) which consequently affected the student’s

computational process (CP) and the inabiility to use correct mathematics (CP).

Exhibit #10 { BS-A.BE-B2&)

P—

4. Jonathan cen finish an eccounting work in 8 hiours. Carl can finish the same work
In 6 hours. Afler 2 hours of working together, Jonathan left Carl for lunch and Cart
finished the job. How long does it take Cad 1o finish the job?
[,m[mr'amﬂng 2y Froblem
“Jorcfhar mw‘f'ﬂ?( U
Acronating work i 8 hrs.
= 0ar] Oum firdeh ¥ g
FJOk;f ian G her.
- Afer 2 kn , Jeratlan
(64 Cort tor Jush
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Wnknrown ~ foary JFut
- o] Krgeled
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C“":',’f"ﬁ out Aeflan
)‘.df X
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Locking back

Solution showing the student’s inability to complete the checking procedure
In Exhibit #11, one can observe that the student has the knowledge of checking

his/her work but his/her working procedure was wrong.

Exhibit #11 (BSCE-C25)

2. In consecutive tumns of @ Monopoly game, Stacy first paid P8.000.00 for a hoel.
She then lost half her monoy wher she landed on Boardwalk. Next, she colfected
P2.000.00 for passing GO. She thon lost half her remairing monecy when she
landod cr: lllinois Averwe. Stacy now has P25,000.00. How much did she have

just before she purckhased the hotel? (Auimann, 2013) N

2 ey Inder shavdivg e ik ,3
J LTS S“aaj pa.ﬂ‘ﬁa‘?,m.w for o hered 5
— Yot & b Moy ou Puvelualk
+ oollecito f’z,m poahy &
- Jost "Ll lavdted an Uinots Ava.
Gany ww -~ BFt,om.00
P Il 0 fes any bepae ste Puvw.edﬁ,m_w J Ty
TP a) - Y ¥ g
’ ) Plar let » Stacy's macy bepoe e pwchared Fhe boled
“ﬁ'ﬂﬂ‘f Wﬁm: . w \ . .
Stoy 2 tmq eq X+ ( ":}.':"('*”é‘ ) 1 A0 = 23,0, 0
Y."“ = (%) = Zs,m.érv - 20V, 00 .
w4 amv T 20w

~-

Xt 2w = 2% 0.0V

X = 2%0mw.0v - 2.000.00
P 4 Cimes (3 nm )
(zi,ab.00 + o) () (F) + 2000 = 25,0000 i

Exhibit #12 was able to recheck/re-evaluate the derived value but was not
consisterit with the the facts of the problem. Two hundred eighteen (73.40 %) of the
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respondents showed these types cf difficulties as experienced by Exhibits #11 and
#12.
Exhibit #12 (BS-ABE-A6)

6. Xander invasted P35,000.00 in a savings account that pays 4% simple interest.
How much will he eain after 3 years? What will the new balance be?

© 1 ,5ode wadd Ty o P P
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; How rash ol by eam 3’ :?1-4'1“5

= Q?aﬂ‘lw
‘ o r @.04) ffasmm = ‘ :
it ? S, P 30,400 (',:7) W_@—;—

3-.0«;6:&«’«,
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Solutions Showing an inability completely perform the working procedure
systematically accurately

Both exhibits #13 and #14 showed that their procedures went well as seen
from the solutions however, they were not able to check whether they satisfied the
conditions given in the problern or not. One hundred thirty respondents ( experienced

this type of difficulty {please see Table 7).
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Exhibit #13 (BSN-A1)
8. V4u first of thrgs numbers excecds twice the second number by 4, while the third

numbei s twice the first. If the sum of the three number is 54, find the numbers.
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Exhisit #14 (BS-ECON-15)
h -
5. Xanaer invested P35.000.00 in a savings account that pays 4% simple interest,
How' much will he eam after 3 years? What will the new balance be?
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The scenario of the inability to start the evaluation of the correctness of the
obtained soluticn represented the instance when the space intended for checking the
studants’ solutions was left blank. Two hundred eighty four (95.62 %) respondents
encountered this difficuity (please see Table 7).

Above all, these findings are usually the common encountered difficulties in the
looking back phase (Polya, 1945), namely, the inability to complete the checking
procedure. Such phase difficulty was also revealed by Siniguian (2017), where he
characterized the difficulty of looking back as the inability to use correct mathematics.

The study, after scrutinizing the respondents’ solutions revealed that the most

encountered difficulty was in the phase of looking back with 1,962 (31.43 %) instances.
This quaniity represented two possible scenarios namely; the number of times that
the respondents were unable to complete the checking procedure (541 or 8.67 %) and
the number of times that the respondents were unable to start the evaluation of the
correctness of the obtained solution (1421 or 22.76 %). The checking of procedure
was incornplete when the respondents were not able to ensure the accuracy and facts
of the oroblem (the given conditions were not completely checked) while incorrect
checking/evaluation happened when the respondents proceeded with incorrect
mathernatical equation in checking/evaluating the accuracy and facts of the problem.
Inability to start\the evaluation of the correctness of the obtained solution led them to
leave: the space for the checking of solution’s part. The higher number of this difficulty
might be due to students’ forgetting to re-check their answers, though the study
assumes that when the space is left blank, it indicates students’ inability to re-check

his/her derived answer.
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While;, the least encountered difficulty was in the phase of understanding the
problem with 729 (11.68 %) instarices as seen in Table 6. These data imply that the
students can get clues/hints from the stated problem alone, hence, they are able to
distinguish at least some information about the known information (given) and the
unknown information (what the problem asks for) in the understanding the problem
\UP) phase.

In summary, in understanding the problem phase, two types of difficulties were
onserved; inability to distinguish the known from the unknown information, and the
inability tc identify the type of problemn and recall basic facts. There were 385 (6.17%)
instances where the inability to distinguish the known information were encountered
by the respondents and 344 (5.51 %) instances where the respondents were unable
to identify the type of problem and recall basic concepts that led them to leave the
space provided for them blank (please see Table 6).

Planning to soive @ plan consists of varied strategies. Drawing pictures,
tables/charts, pattern searching, guess and check and transforming a situation into
mathematical sentences are some of them. The inability to perform any of these
strategies was considered a difficulty of the student in this study (Polya, 1945). A
special attention, however, was given at the difficulty of the students ir transforming a
problem into & mathematical equation. This was encountered by the respondents for
1001 (16.C3 %) times. Two pcssible forms of this difficulty included those equations
that were incompletely formed and those equations that were incorrectly formed.
The other difficulty was the inability to draw tables/charts out of the information and
organize informatiori and connact to a concept which was encountered by the

respondents for 817 (13.09 %) times. This difficulty represented those students who
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left the space provided for them blank.

There is a difficulty in carrving out the plan phase when there is an inability to
completely perform the working procedure systematically and accurately. This came
into two forms: a) having incomplete computation or incorrect computation, and b) the
inability to start with the computational process which led them to leave the space
blank. There was a total of 960 (15.37 %) instances where the students’ inability to
completely perform the working procedure systematically and accurately and a total
of 774 (12.40 %) instances of encountering the difficulty of starting with the
computational process (please see Table 6).

Two difficulties in the looking back phase were observed: a) inability to
complete the checking procedure and 2) inability to start the evaluation of the
correctness cf the obtained sclution. There were 541 (8.67 %) instances where the
difficully of completing the checking procedures were experienced by the students and
1421 (22.76 %) instances for the inability to start the evaluation of the correctness of
the obtained solution.

In Table 6, one can observe that the difficulties in the looking back phase had
the greatest number of instances as experienced by the students when compared with
the rest of the phases of the problem solving. In this phase, are possibilities that a
student experienced the inability to start the evaluation of the correctness of the
obtained solution because s/he really had no idea on how to check a derived value or
s/he had the confidence that her or his derived value was correct and satisfied the
facts given in the problem or due to time constraint, s/he did not check the derived
value anymore. As a consequence, the researcher, in her desire to know what caused

the concerned respondents of leaving the space provided to them tried to
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communicate with them through their mathematics teachers during their vacant time.

Foilowing are sample responses of the respondents who encountered difficulties in
the locking back phase particularly those who were not able to check his/her derived
but had the first three steps correctly performed. A full list of the sample responses

can be found in Appendix O.

From personal interviews:

Teacher: In solving problems, the last step is to check whether you derived the correct
value, right? Do you usually do this? If not, why?

Studert 1: | usually don't do it coz i find it time consuming during the exams but | am
sure of my solution and i guess this part is useful.)

Analysis: The response of Student 1 gave an assurance that s/he’s correct
in her/his derived value arid does not really need to check her/his work.
The researcher finds that Student 1does not have a difficulty in this phase.

Student 2: This would be easy but because | have a wrong working equation,
therefore | cannot check my answer (Inability to check/evaluate derived
value ensuring the accuracy and facts of the problem).

Analysis: Student 2 had the inability to start the evaluation of the
correctness of the obtained solution because at first, s/he had a wrong
working equation The researcher finds that Student 2 has a difficulty in
starting the evaluation.

Student 3: How can | check it if | can’t even evaluate the equations? (had no idea how
to evaluate the derived value that ensured the accuracy and facts of the
problem)

Analysis: Since Student 3 cannot evaluate the equations, then s/he cannot
start the evaluation.

Student 4: Kung minsan po, ay hindi na, kasi alam ko naman na tama ang sagot ko
Ma'am. (not a difficulty)

Analys's: Such a response ensured the researcher that the student knew

how and what s/he needed to check. So that Student 4 finds no difficulty
in this phase.
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Student 5: Can't evaluate the correctness of the obtained solution. (had no idea how
to evaluate the derived value that ensured the accuracy and facts of the
probiem)

Analysis: Student 5 cannot start the evaluation of the correctness of the
obtained solution. This is a difficulty.

Student 6: it's so complicated and very confusing.

Analysis: Student 6 cannot start the evaluation because he is total
confused because of the complexity. This is a difficulty.

After summarizing all the responses in the informal interview with the students,
a sumrnary on the distribution of respondents in their encounter with the difficutlies in

ea<h phase of problem solving is giver: in Table 7.

As a whole, there were 6,243 instances from where the difficulties were

observed, from the understanding the problem phase up to the looking back phase

(please see Table 6).

Students’ Difficulties by Sex by Phase

Table 7 likewise shows the distribution of the respondents by sex as they
encounter the above mentioned difficulties in the different phases of problem solving.
As scen from Table 7, from the female respondents, 175 (97.76 %) were unable to
start the evaluation of the correctness of the obtained solution while 164 (91.62%)
were unable to transform problems into mathernatical equations.  In addition, 160
(89.39 %) were unable to completely perform the working procedure systematically
and accurately. Such numbers show that the inability to start the evaluation of the
correctness of the obtained solution in the looking back (LB) phase is the most
encountered difficulty among the female respondents, followed by the inability to

transform a problem into a mathematical equation in the devising a plan (DP) phase
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and then the inability to completely perform the working procedure systematically and

accurarely in the carrying out the plan (CP) phase.

Table 7.

Frequency Distribution of the Students by Sex in their Encounter in the Different

Phasaes of Problem Solvina

Females

. Phases Difficulties Males TOTALS
Understanding | Inability to 65
the Problern distinguish the: (55.08)° 4 479 c 144
(UP) Phase known from the ) )b ( '13)d (48.48)°
urknown information (21.89) (26.60)
Iniabiiity to identify 51 62
the type of problem (49.00)? (34.64)° 113 o
and recall basic facts |  (16.50)° (20.88)° (38.04)
Devising a Inability to transform 106 164
Plan (DP) a prcblem into a (89.83)° (91.62)° 270
Phase ;al:gﬁg:]atlcal (35:69)" (55:21)d (90.91)°
Inability to draw
table/charts out of (769(2)7 a (8;54?:/ c 243
the information and ' )b ' )d (81.81)°
connect to a concept (30.30) (51.51) '
Carrying cut | Inability to
the Plan (CP) | completely perform
Phase the working 105 160 265
procedure (88.98)b (89.39)d (89.23)
systematically and (35.35) (53.87)
accurately
Inability to start with 92 145
the computaticnal (77.96)? (81.00)° 237 o
B process (30.98)° | (48.82)° (79.80)
Looking back [ Inability to complete 81 137 218
(LB) Phase the checking (68.64)? (76.54)° 73.40)°
procedure (27.27)° (46.13)" (73.40)
Inability to start the
evaluation of the (9;0294)3 (9;7756 c 284
correctness of the (36'7O)b (58.92;(1 (95.62)°
obtained solution ) ’
OVERALL TOTAL 118 179 297

Note: Figures in parentheses are percentages values

Legend:

a — percentage of maies encountering the difficulty to the total number of males

b — percentage of males encouriering the difficulty to the total number of respondents
¢ - percentage of females encountering the difficully to the total number of females

d - percentage of females encountering the difficulty to the total number of respondents
e - percentage of both males and females encountering the difficulty to the total number

of respondents
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While, among the male respondents, 106 (89.83%) were unable to transform
problems into mathematical equations, 105 (88.98%) were unable to completely
perform the working procedure systematically and accurately and 109 (92.24 %) had
the inability to start the evaluation of the correctness of the obtained solution. These
numbers reveal that the inability to start the evaluation of the correctness of the
obtained solution (109 or 92.24 %) in the looking back (LB) phase is the most
encountered difficulty among the male respondents, followed by the inability to
transform a problem into a mathematical equation (106 or 89.83 %) in the devising a
plan (DP) phase and then the inability to completely perform the working procedure
systematically and accurately(105 or 88.98 %) in the carrying out the plan (CP) phase.

Between the two sexes, the percentages of students by their encounter with
the difficulties of the students in the different phases of problem solving can be
compared and better visualized in Figure 3. One can observe that there are more
female respondents who encountered the difficulties in each phase of problem solving
than the male respondents. This implies that the female respondents experienced
more difficulties than the male counterparts which could be attributed to their low levels
of confidence in their mathematics skills when compared with males. (Ganley, 2018).

In understanding the problem (UP) phase, both males and females had the
smallest percentage who encountered the difficulties of distinguishing the known from
the unknown information (Males = 21.89%, Females = 26.60%) and identifying the
type of problem and recalling basic facts (Males = 16.50%, Females = 20.88%) (Table
7). Such observation, however, conflicts the belief of Ferguson (1980) and Pearce,
et al. (2013) in their respective researches that reading and understanding the

problem, which inciuded the lack of vocabulary knowledge had the greatest
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perceritags, followed by devising a plan in solving the problem, and only a few had
difficulties on computation. The same observation disagrees with the observation of
Reddy and Panacheroensawad’s (2017).They revealed that lack of understanding the
proble: which is a difficulty in the first phase (UP) and poor mathematical skills are
the mejor obstacles in the domain of problem solving skills in Physics.

In carrying out the plan (CP) phase, Figure 3 and Table 7 presents the female
students to be less sysiematic in working procedures. This further implies that females
are less careful when it comes to computational procedures than the males which is
in conflict with the finding of (Ganley & Lubienski, 2016). They found out that females
are more likely to follow school-taught procedures as taught by the teachers.

In the looking back (I.B) phase, the male respondents check/evaluate their
derived value more often than the females as revealed in Figure 3 and Table 7. This
implies that males wanf. to make sure of their answers. As a consequence, males seem
less worried about being wrong and more inclined to try new methods (Gould, 1996;
Fennema & Carpenter, 1898; Gallagher et al., 2000; Bell & Norwood, 2007). Thus,
mathematics teachers should emphasize giving activities and tasks pertaining to
formulation of working equations. In addition, the findings support Siniguian’s (2017)
observation where he revealed that the students’ inability to use correct mathematics,
a difficulty of the looking back phase is one of the major difficulties in solving

mathematical problems.
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Students’ Difficulties by Academic Program by Phase

Table 8 likewise shows the distribution of the respondents by academic
prograrn as they encounter the above mentioned difficulties in the different phases of
problem solving. As seen frcm the table, among the STEM-related academic
programs, the BS in Meteorology got the highest percentage of respondents who
expenenced four of the eight mentioned difficulties. Among these diffculties include
the inability to distinguish the known from the unknowr; information (58.33 %), inability
to identify the type of problem and recall basic facts (66.67 %), inability to transform a
problern into a mathematical equation (100.00 %), and inability to start the evaluation
of the correctness of the obtained solution (100.00 %). The BS in Agricultural and
Biosystems Engineering on the other hand had its highest percentage of respondents
who are unable to draw tables/charts out of the information and organize information
and connect to a cancept (92.00 %) in the devising a plan (DP) phase, who are unable
to start the computational process (92.00 %) in the carrying out plan (CP) phase, and
who are unable to complete the checking procedure (86.00 %) in the looking back (LB)
phase. While, the BS in Mathematics had its greatest percentage of respondents who
are unable to start the computational process (94.44 %) in the carrying out the plan
(CP) phase, and who are unable to start the evaluation of the correctness of the
obtainea solution (100.00 %) in the looking back (LB) phase. The respondents of the
BS in Civil Engineering had the second highest percentage in the inability to transform
problems into mathematical equations (94.94 %) and the inability to draw tables/charts
out of the information and organize information and connect to a concept (81.01 %) in

the devising a plan (DP) phase.
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In contrast, the BS in Agricultural and Biosystems Engineering got the least
percer:tage of respondents who are unable to identify the type of problem and recall
basic facts (22.00 %) in the understanding the problem (UP) phase. The BS in
Chemical Engineering also got the least percentage of respondents who are unable
to draw tables/charts out of the information and organize information and connect to a
concept (46.67 %) in the devising a plan (DP) phase, who are unable to start the
computational process (46.67 %) in the carrying out the plan (CP) phase, and who are
unable to start the evaluation of the correctness of te obtained solution (80.00 %) in
the locking back (1.B8) phase. While, the BS in Mathematics had the least percentage
of respondents who experienced the inability to distinguish the known from the
unknown infcrmation (27.78 %) in the understanding the plan (UP) phase, the inability
to transform problems into mathernatical equaticns (55.56 %) in the devising a plan
(DP) phase, the inability to completely perform the working procedure systematically
and accurately (61.11 %) in the carrying out the plan (CP) phase and the inability to
complete the checking procedure (50.00 %) in the looking back (LB) phase.

A comparison on the percentages of respondents in the STEM-related

academic programs who encountered the different difficulties in each of the phases of

problem solving can be tetter visualized in Figure 4.
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For the STEM-related academic programs, one can check that the inability to

identify the type of problem and recall basic facts (66.67 %) was encountered mostly
by the respondents of the BS in Meteorology program, followed by the BS in
Mathematics program (44.44 %) in understanding the problem (UP) phase (Table 8).
While, the BS in Mathematics got the least percentage of respondents who were
unable to c'istihguish the known from the unknown information (27.78 %) , followed by
the respondents of the BS in Chemical Engineering program (33.33%). In the devising
a plan (DP) phase, it is visible in the table that the BS in Meteorology got the highest
percentage of respondents who were unable to transform problems into mathematical
equations (1€0.00 %), followed by the BS in Civil Engineering program (94.94 %).
While, the BS in Mathematics had the highest peréentage of respondents who were
unable to start the computational process (94.44 %) followed by the BS in Agricultural
and Biosysterns Engineering program (92.00 %) in carrying out the plan (CP) phase.
The BS in Agricultural and Biosystems Engineering program got the highest
percentage of respondents who were unable to completely perform the the working
procedure systematically and accurately (96.00 %), followed by the BS in Meteorology
program (91.67 %).

In the last phasz2 (LB), both the BS in Meteorology and BS in Mathematics
programs got the highest percentage of respondents who were unable to start the
evaluation oi the correctness of the obtained solution (100.00%) which was followed
by the BS in Agriculiural and Biosystems Engineering program (98.00 %). The inability
to complete the checking procedure was seen to have its greatest encounter by the

respondents of the BS in Agricultura! and Biosystems Engineering program followed

by the BS in Meteorology program.
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Under the K-to12 curriculum, the mentioned academic programs all belong to
the Science,Technology, Engineering, and Mathematics strand. Founded on the
belief that a STEM student can help solve real-life problems and advance national

development (hittos://www.edukasyon.ph, 2019) s/he must at least know the four basic

phases of problem solving but results show otherwise. The respondents of the BS in
Mathematics in particular, believed to be knowledgeable of the “hows” of problem
solving were seen to be unable to draw tables/charts out of the information and
organize information and connect to a concept which eventually led them to leave the
space provided blank as compared to the other STEM-related academic programs.
Fourteen out of the 18 respondents (77.78 %) experienced this difficulty. On the
contrary, the BS in Mathematics respondents had the least percentage of respondents
(55.56 %) who had difficulty in transforming a problem into a mathematical equation
in com.parison to the others. This however, contradicts the result of Sultan (2014)
where translating word problems in mathematical phrases were revealed through
solving word probiems in Algebra.

“These observations imply that mathematics teachers need to provide the
students with activities and tasks that are real-life problems that require them to
understand, compute and check their solutions. Through these activities, the students
will be able to discover their own learning. As what Dewey (1915) says, learning
becomes mcre permanent when the student performs by himself or herself. The
observations likewise imply that implementation on the gualification for admission for
enroliment was not strictly implemented for some of the academic programs. Looking
at the profile of the BS in Mathemaitics respondents revealed that only a few of them

enrolled in the STEM strand during their Senior High School (SHS).
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On the other hand, among the non-STEM-related academic programs (please
Table 9), the BS in Sociology got the highest percentage of respondents who
experienced five out of the eight mentioned difficulties. Among these difficulties
include the inability to distinguish the known from the unknown information (59.09 %)
in uncerstanding the problem (UP) phase, inability to transform problems into
mathernatical equations (100.00 %) and inability to draw tables/charts out of the
information and organize information and connect to a concept (86.36 %) in the
devising a plan (DP) phase, inability to completely perform the working procedure
systematically and accurately (95.45 %) and inability to start the computational
process in the carrying out the plan (CP) phase and inability to start the evaluation of
the correctness of the obtained sclution (100.00 %) in the looking back (LB) phase.
The BS in Nursing, likewise, had the highest percentage of respondents who were
unable to identify the type of problem and recall basic facts (55.56 %) in the
understanding the problem (UP) phase and the inability to completely perform the
working procedure systematically and accurately (96.30 %) in the carrying out plan
(CP) phase. While, the BA in Communication had the greatest percentage of
respondents who were unable to draw tables/charts out of the information and
organize information and connect to a concept (86.36 %) in the devising a plan (DP)
phase and the inability to complete the checking procedure (95.45 %) and who wre

unable to start the evaluation of the correctness of the obtained solution (100.00 %) in

the looking back (LB) phase.
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Anaiogously, the BS in Economics got the least percentage in four out of the
eight difficulties mentioned. These include the inability to transform problems into
mathematical equations (80.00 %) and the inability to draw tables/charts out of the
information and organize information and connect to a concept (80.00 %) in the
devising a plan (DP) phase, inability to completely perform the working procedure

systematically and accurately (76.00 %) in the carrying out the plan (CP) phase and

the inability to start the evaluation of the correctness of the obtained solution (84.00
%) in the looking back (LB) phase. The BA in Communication also got the least
percentage of respondents who were unable to identify the type of problem and recall
basic facts (13.64 %) in the understandirg the problem (UP). Lastly, the BS in Nursing
got the least percentage of respondents who experienced the inability to distinguish
the known from the unknown information (46.30 %) in the understanding the plan (UP)
phase and the inability to start the computational process (66.67 %) in the carrying out
the plan (CP) phase.

A comparison on the percentages of respondents in the non- STEM-related

academic programs who encountered the different difficulties in each of the phases of

problem solving can be better visualized in Figure 5.
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For the non-STEM-related academic programs, the inability to distinguish the
kvown from the unknown information (59.09 %) was encountered mostly by the
respondents of the BS in Sociology programs which was followed by the BS in
Economics program in understanding the problem (UP) phase. While, more than 50
percert of the BS in Nursing respondents encountered the difficulty of identifying the
type of problem and recalling bzsic facts (55.56 %), followed by the BS in Economics
programs (32.00 %). In the devising a plan (DP) phase, it is visible in the table that all
the respondents of the BS in Sociology program experienced the inability to transform
problerns into mathematical equations, followed by the respondents of the BA in
Communication program (95.45 %) . While, the respondents of both the BA in
Communication and BS in Sociology respondents encountered the difficulty of drawing
tables/charts out of the information and organize information and connecting to a
concept (86.36 %) foliowed by the respondents of the BS in Nursing program
(81.48%). In carrying out the plan (CF) phase, 96.30 percent of the respondents of the
BS in Mursing prograrm encountered the inability to completely perform the working
procedure systematically and accurately, followed by the BS in Sociology program
(95.45 %). Conversely, 66.57 percent of the respondents of the BS in Nursing
encountered the inability to start the computational process followed by the
respondents of the BS in Economics program (72.00 %). In the last phase (LB), the
inability to complete the checking procedure was encountered by the 95.45 percent of
the respondents of the BS in Communication program which was followed by the
respordents of the BS in Sociology program (72.73 %). While, the inability to start the

evaluation of the correctness of the obtained solution was greatest in percentage for

the respondents of both the BA in Communication (100.00 %) and BS in Sociology
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(100.00 %) followed by the respondents of BS in Nursing (96.00 %).

The above observations imply that a non-STEM-student may have the skill of
understanding what is/are given and required in a problem, but not on the skills of
forraulating the working equation, cornputations and checking the solutions. The
finding howaver, is in conflict with the result of Apostol (2014), where she found out
that majority of the students under her investigation made use of the heuristics on
making a model or diagram, or using a formula in solving word problems. This implies
tha* the students had lass struggle in the devising a plan phase.

Thus, there is also a need for the mathematics teachers to give more exercises
and other enrichment activities to these students giving emphasis on the last three
phases of problem solving. Most particularly are the respondents of the BS in
Sociology, all of them showed the difficulty of completely forming the working equation
and in carrrying out the correct computation, though a few managed to have a correct
manipulation but were unsuccessful in checking his/her solution. This observation is
a bit acceptable in the actual system since Sociology students study the society

including patterns of sociel relationships, social interaction and culture (Dictionary of

the Social Sciences, 2002). An interesting observation however goes to the BS in

Nursing students. Of the 54 respondents, nearly half of them were able to understand

the problem, a few managed to form and manipulate the working equation, though

they were not able to check their solution whether they satisfied the given conditions

or not stated in the original problem. This scenario may be brought about by time

constraint. that is, they were in @ hurry to finish the test, or that they really had limited

knOwledge on the basic skills of problem solving. These reasons are listed in

Appendix O. where they werée informally interviewed by the researcher during their
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vacant time.

In summary, the observations imply that teachers need to address the
difficulties of the students in problem solving which is in response to the twin goals of
mathematics of the K-12 curriculum ~namely: problem solving and critical thinking.
One way of addressing these difficuliies is by giving more real-life problems to the
students in the form of hands-on &ctivities and tasks and guidance in solving the
problems. Teachers can also prasent the strategy of trial and improvement as a mean

of deriving the solutions to facilitate the learning of the students. This is in response to

Dewey's (191E) learning by doing.

Students’ Coping Strategies

Coping strategies or sometimes called mechanisms are ways that people
particularly the students use in facing their stressful or difficult situations. The difficult
situation which this study describes is when the students are faced with solving varied
types of problems.

After the administration of the problem solving test, the researcher distributed
a simple coping stralegy questionnaire where the students’ responses were elicited.
A few of the students’ responses are presented below. ltis to be noted that students
were free to write their most utilized coping strategies in dealing with their difficulties

in each of the different phases of problem solving.
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Students’ Elicited Responses

Coping strategies stated by the student included: “ get familiarize with the deep
words (UP)", “try looking for problems that will strengthen the critical thinking skills
(DP)", “ask for help especially from the teacher (CP),” and “carefully carry or create a
plan (LB)' (Exhibit #15).

Exhibit #15 (BSCE-C1)

3. How did ywmmmwhwdoywumhmmmdarmhﬁ&ﬂ
Ploase enumertile stratogles of overcoming them sucording to the 4 phases.

UNDERSTANDING THE PROGLEM

DEVISING A PLAN/STRATEGY
EX. Lookfed for textbooks I Ex. Search/cd for related problems
famillarize onescil In o anprape ongd the strategy/iey appkad in
terminologies. atiacking the problema.

T e e Thy, Eomdt on
PAL T 7 N7 et s - P ,....:H; Frmf  wntd
shavy s Ha  oyoppe L
W — Al ity k-
CARRYING GUT THE PLAN LOOXING BACK
2 Yalked to somecne who asukd Ex. Promise/d that things would be
axplain the procesxes in the solutiarn. ditter ot next ine
f&'}r_ mpe  ledp —_ | sod ry et L
i i flr: . § et s ol
:{ Aagrad s .

Other responses were (Exhibit #16): “look for similar problems like these and
will try to understand tre problem properly (UP)", “search for different techniques of
solving (DP)", “will look for more possibilities of solving the problem (CP)’, and

“prornise to solve more equations like these (LB)".
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Exhibit #16 (BS-Chem Eng-16)

3. How did you onorcoina o how da you plan to ovorcome thisthese difficultyies?
Pleaso enumeraia sirategies af overcoming them acconding 10 the 4 phases.

UNDERSTANDING THE PROBLEM DEVISING A PLAN/STRATCGY
1%, Lock/pC 107 Texrhaoks (¢ tX. Scurck/or far reloted problems
fannlizrive enecadf in the Ianguage anc the strategy/iex applicd ir
asrmerologios. attacking the prabicms.
Lt jopr gae premidar —ochh _ene ofder.
_mmL_lil‘.'_ﬁm_.___ﬂ"‘ fchmizucs v oI
il ‘qﬁ dny 4 unde I"J‘br,g —_—
ne- el
e pnb- pneelly
\ e WARCEE B
Y CAMRYNG OUT THE PLAN [ NOOKING BaCK

ex reih/ed W SOMEor & wiii Cove il
wnplein Lic sraccuLes in the aolutscear.

kx sromne’c that tiungs would be
UItlcl writl liual Lithe.

ol ot for  sesie Powusz h ls woe
_ I 1 U_Htl [ ih!.’g __toualnhns s YR
B ( ?ngl PIEN

Coping strategies included in this questionnaire are: “ by re-reading the given
problem and understanding the clues (UP)", “by creating a lot of formula until | come
up with the right one (DP)", “having a trial and error in the gathered/created formula

(CP)”, and “going back to the problem and checking it step by step (LB)" (Exhibit #17).
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Exhibit #17 (BS-Comm-14)

3. How did you ovescome or how do you plan 1o overcome thishthese difficultyfies?
lease enumerate strategies of overcoming them according to the 4 phases.

UNDIKSTANDING THE: PROBLEM

Ex. Look/ed for texrbooks to
familiarize: ancself it the langvap:
tereninolngies.

-Ba_sxovciling abe o pooais
8ol saedoqennd by gty glues

DEVISING A PLAN/STRATEGY

Ex. Search/ed for rolated peablems
and the strategy/ics applied in
INacking the problems.

CARRYING OUT THE PLAN

Ex Tulk/ed to someonr who coulkd
cxplzin the processes in the sokstion.

LOOKING BACK

Ex. Promise/d that things wauld be
Giffcrent nost ime.

I PN U S Y
kgl B it by kg

oo, o Mo onf govpr

v~ Ceended
__2___9m&:.~i~ Y V.,

After a thorough analysis of the students’ papers on the Coping Strategy
Questionnaire. the following coping strategies were recorded according to the problem

solving phase difficulties as seen in Tabie 9. It was found out that of the 297

respondents in the model development stage, 43 strategies emerged as seen in
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Tables 9 to 12 from where, as described by Carver, et al. (1998) two major
classifications in each of the four phases of problem solving arose namely: the
Problem-Focused Strategies and the Emotion-Focused Strategies. The themes for
each phases were formed based on the items listed by a priori scale assignment of
Carver's, et al. (1989) multidimensional coping inventory in assessing the different
ways by which people respond to (please find Appendix P). The coping inventory was
divided into two: the problem-focused coping and the emotion-focused coping. From
the tables below, it is apparent that generally, the respondents applied the Problem-
Focused Coping Strategies which is in conflict with the conclusion of Brougham, et.
al. (2009) where they found out that emotion-focused coping strategies dominate the
problem-focused coping strategies both for men and women. These are the strategies
that deal with the problem in order to reduce the stress. The coping strategies were
grouped according to the degree of relatedness just like what Carver, et al. (1989) did
in their study. Groupings were as follows: active coping, planning, and seeking social
support for the problem-focused coping strategies. Codes were then introduced by
the researcher indicative of the problem solving phase. On the other hand, emotion-
focused strategies are those that handie the feeling of distress resulting from the
problem situation.

To get alleviated with difficulties in understanding the problem (UP) phase that
include the inability to distinguish the known from the unknown information and
Inability to identify the type of problem and recall basic concepts, the students were
able to list 10 strategies, one of which was classified as emotion-focused strategy
(please see Table 10), that is, the strategy of ignoring the situation on hand, a form

of avoidance coping (Billings and Moos, 1984; Rapson, 1990).
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Table 10

Students’ Strategies in Coping with Difficulties in Understanding the Problem (UP)
Phase

[ PHASES OF
PROBLEM DIFFICULTIES COPING STRATEGIES

SOLVING

Problem-Focused Coping Strategies

UP1 recalled and/or applied Dbasic
facts/principles/stock knowledge

understood fully, analyzed and

listed/enumerated all the given

UP2 | information and/or thought
Inability to critically/logically giving focus on the
distinguish the problem/needed focus
known from familiarization of terminologies using
the unknown UP3 | online references and/or non-online
information references
UPS fe-regd/re-write the problem and
Understanding Inability to identified clues .
the Problem identify the upg | rephrase/translated  the sentence in
(UP) Phase s of owrn words/grammar construction
type o asked seatmates/friends/teacher/tutor

problem and UpP7
recall basic

concepts UP8

to help explain/solve (assistance)
looked for more exercises in books
and read books related to the problem
at hand/more exposure
UPY reviewed old notes/lectures taught by
the teacher

UP10 | listened attentively to the teacher
Emotion- Focused Coping Strategies

UP4 Ignored

In the phase of devising a plan, inability to transform problems into
mathematical equations and Inability to draw tables/charts out of the information and
organize information and connect to a concept were the common difficulties. These
were coped by 10 strategies that included one emotion focused strategy, that is, the

student’s belief that s’he did his/her best to advance the study. (please see Table 11).
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This strategy is one of the findings that Tamres, et al. (2002) were able to reveal in
their study in examining the sex-difference in coping, that is, reflecting about the

problem and the use of positive self-talk.

Table 11
Students’ Strategies in Coping with Difficulties in the Devising the Plan (DP) Phase
l s e
PHASES OF n COPING STRATEGGIES
';%?_s,:'ﬁg‘ DIFFICULTIES Problem-Focused Coping Strategies
recalled and/or applied related
DP1 strategies/concepts previously
! Inability to studied/stock knowledge to real-life
transforim a situations
problem into a understood fully, analyzed/thought
mathematical DP2 | critically and pondered on what the
equation formula would be
DP3 searched online for some
strategies/related problems
DP4 proceeded in  creating own
Devising i strategy/plan/formulas
2 Plan DP5 | performed trial and error with plans
(DP) organized information expressing the
DP6 [variables and the other numbers
Phase " :
Inability to connecting them to a concept
draw DP7 asked friends/teacher/tutor to help
tables/charts explain/solve (assistance)
out of the looked for more exercises in books and
information oP8 read books related to the problem at
and organize hand/more exposure/needed more
information problem solving exercises
and connect 1o "Rpg™ | heeded computing gadgets
a concept Emotion-Focused Coping Strategies
DP10_| did best to advance study

As what students fondly say that mathematics is full of computation, this study
also reveals a wide list of coping strategies consisting of 12 coping strategies as seen
in Table 11. All of them were utilized to help one get alleviated with the inability to

perform the systematic working procedure and Inability to start with the computational
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process. Seven strategies were problem-focused, while, five strategies were emotion-

focused (please see Table 12).

Table 12
Students’ Strategies in Coping with Difficulties in Carrying out the Plan (CP) Phase
PHA?ES COPING STRATEGIES
Of
DIFFICULTIES
PROBLEM Problem-Focused Coping Strategies
SOLVING

understood fully, analyzed/thought
critically and solved the problem
carefully/self-study ; applied plan to
answer the problem by oneself

With the formulas as guides, was able
. CP2 ([to make substitutions/computations:
Inability to needed computing gadgets P

CP1

Cg;f?)?ﬁtzlé watched YouTube/online applications
pworking CP3 |/tutorials on the process of
procedure computations

i learned/reviewed the
systematically | CP4 | 0o s/computations

and accurately
CP6 | performed trial and errors

Carrying out

[
the Plan f asked friends/teacher/tutor to help
(CP) Phase | CP7 explain further the
process/computation/copied from
seatmate
Inability to start needed to read more books/references
with the CP8 and lots of problem solving
computational exercises/more practice/ more
process exposure

Emotion-Focused Coping Strategies
CP5 | questioned oneself how to solve it
CP9 | just overcame through positivity
CP10 | shared feelings with someone

CP11 | Ignored
CP12 | Talk and pray

In the last phase of problem solving, the two common problem solving
difficulties namely: 1) Inability to complete the checking procedure, and 2) Inability to

start the evaluation of the correctness of the obtained solution were coped with any of
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the 11 strategies above, with seven problem-focused strategies and four emotion-

focused related strategies (please see Table 13).

Table 13
Students’ Strategies in Coping With Difficulties in the Looking Back (LB) Phase
PHASES | COPING STRATEGIES
OF
PROBILEM DIFFICULTIES Problem-Focused Coping Strategies
SOLVING

LB1 rechecked/re-evaluated whether
the answer was correct
understood/analyzed the problem

Inability to LB2 more/self-study
compiete  the looked for more exercises in books
checking LB8 |and read books related to the
procedure problem at hand/more exposure
Looking LB4 be objective in formulating the
back (LB) equations
Phase I.B5 | performed trial and error

Inability to start |{ B | heeded English language skills
the evaluation of 7™ 5cy e friendsiteacherftutor to help

the correctness explain the whole

. process/sought
of the obtained | assistance from others
solution Emotion-Focused Coping Strategies

LB3 | thought that things will get better;
thought that one will get matured
enough to handle problems next
time and not get confused with
questions that have easy solutions
LB9 | believing in one's self/confidence
LB10 | concluded briefly

LB11 | Ignored

Students’ Coping Strategies by Sex by Phase
Both sexes utilized almast all of the coping strategies listed in Table 14.
In understandirg the problem (UP) phase, the males utilized nine coping
strategies; eight problem-focused and one emotion-focused while the females utilized
eight coping strategies, all of which were problem-focused coping strategies. This
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result supported the finding of Stone and Neale (1984, as cited by Rapson, 1990).
This meant that the male respondents, in their quest for distinguishing the known and
unknown information, had to utilize the mentioned coping strategies, which in general
were all direct-action in nature. One male utilized the strategy of ignoring the problem
at hand (UP4), an emotion-fccused coping strategy which can be considered as an
avoidarice coping. Two males utilized the strategy of reviewing old notes/lectures
taught by the teacher (UP9) while the females did not utilize any of these. The
aviidance coping revealed in this study, however, is in conflict with fhe findings of
Billings and Moos (1984, as cited in Rapson (1990)). One female utilized the strategy
of listening to the teacher attentively (UP10) while not one of the males did. Coping
strategies that were commonly used by both sexes included recalling and/or applying
basic facts/principles/stock knowledge (UP1), understanding fully, analyzed and
listed/enumerated ali the given information and/or thought critically/logically giving
focus on the problern (UP2), familiarization of terminologies using online references
ana/or non-online references (UP3), re-reading/re-writing the problem and identified
clues (UP5), rephrasing/translating the sentence in own words/grammar construction
(UPE), asking seatmates/friends/teacher/tutor to help explain/solve the problem (UP7)
and looking for more exercises in books and read books related to the problem at hand
(UP8). Majority of the respondents utilized the strategy of understanding fully,
analyzing and listing/enumerating all the given information and/or thinking
criticallv/iogically giving focus on the problem at hand (UP2) followed by the strategy
of familiarizing with terminologies using online references and/or non-online
references (UP3). The coping strategies that were elicited through the Coping

Strategy Questionnaire were validated through informal interviews by the researcher.
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In the devising a plan (DP) phase, both sexes applied the same set of coping
strategies (please see Table 15). Majority of the respondents utilized the strategy of
looking for mcre exercises in books and read books related to the problem at
hand/more exposure/needed more problem solving exercises (DP8) followed by the
strategy of searching online for some strategies/related problems (DP3). In addition,
two respondents, a male and a female utilized the strategy of telling themselves that
they did their best to advance their studies (DP10). The strategy of using positive self-

talk by telling onieseli that he did his best to reflect about a particular problem was

revealed in the study of Tamres, et al. (2002).
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In carrying out the plan (CP) phase, it can be observed that both sexes utilized
the sarne number of coping strategies. The males did not utilize the strategy of
questioning himself how to manipulate/compute the working equation (CP5) while a
lone fernale respondent did (please see Table 16). Meanwhile, two male respondents
applied the strategy of ignoring the problem at hand (CP11) while no one from the
females did. Coping sfrategies that were commonly used by both sexes included CP1,
CP2, CP3, CP4, CP6, CP7, CP8, CP9, CP10 and CP12. Majority of the respondents
utilized the strategy of asking friends/teacher/tutor to help explain further the
process/computation/copied from seatmate (CP7) followed by the strategy of
understanding fully, analyzing/thinking critically and solved the problem carefully/self-

study and applied plan to answer the problem by oneself (CP1).
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In the looking back (I.B) phase, the females utilized all the listed 11 coping
strategies, four of which were emotion-focused and seven were problem-focused
while the males utilized only nine of them, two of which were emotion-focused and
seven prehlem-focused coping strategies (please see Table 17). The strategies of
concluding briefly (L.B10) and iginoring the problem at hand (LB11) were utilized by a
few of the female respondents. Strategies that were commonly used by both sexes
included LB1, LB2, LB3, LB4, LB5, LB6, LB7, LB8, and LB9. Majority of the
respondents utilized the strategy of rechecking/re-evaluating whether the answer was
correct (LB1) followed by the strategy of thinking that things will get better/thinking that

one will get matured enough to handle probiems next time (LB3).
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In the four phases of problem solving, it can be observed that problem-focused
coping strategies were the most utilized strategies of both males and females. This
finding supports the study of Stone and Neale (1984, as cited by Rapson (1990)) and
partly that of the study cf Rapson (1990). With this, it is hoped that students will have
higher scores in their school activities’ assessments, not only for females as the study
of Rodriguez, et al. (2012) revealed, but also for the males. The observations imply
that activities &nd tasks given by the mathematics teachers should be performed
incorporating the coping strategies mostly utilized by the students in each phase of
problem solving. Doing so may help improve the achievement of the students in

mathernatics (Ader and Erktin, 2012; Chinaveh, 2012)

Students’ Coping Strategies by Academic Progfam by Phase

It is apparent from the results that every academic program utilized almost the
same coping strategies in each of the phases of problem solving.

A total of 97 respondents utilized the strategy of understanding fully, analyzing
and listing all the information or thinking logically giving focus on the problem (UP2) to
overcome their difficuity in understanding the problem phase (UP) (please see Table
18). Other coping strategies utilized by the majority of the respondents were UP3,
UP8, UP5 and UP7 which were: familiarization of terminologies using online
references and/or non-online references, looking for more exercises in books and
reading books related to the problem at hand/more exposure, re-reading/re-writing the
problem and identified clues and asking seatmates/friends/teacher/tutor to help
explain/solve (assistance) respectively. The least utilized coping strategies which
were evident in the BS in Sociology, a NON-STEM related academic program and BS

in Mathematics, @ STEM-related academic program were UP4 and UP10 namely:
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ignoring the problem at hand wkich is an emotion-focused coping strategy and

listening attentively to the teacher which is a problem-focused coping strategy
respectively. Meanwhile, seeking assistance and support  from
seatmates/friends/teacher/tutor {o help explain/solve the problem at hand (UP7) was
utilized by a few number of respondenis of the BS in Nursing. This number of
respondents of the BS in Nursing, however, was the greatest as compared with the
other courses like BA in Communication, BS in Agricultural and Biosystems
Engineering, 3S in Civil Engineering and BS in Mathematics.

The STEM-related academic programs namely, the BS in Civil Engineering and
BS in Mathematics, had few respondents who utilized the strategy of familiarizing
terminologies using online references and/or non-online references (UP3) while the
majority of the total respondents predominantly applied the strategy of understanding
fully, analyzing and listing all the information or thinking logically giving focus on the
problem (UF2).

The Information presented imply that students enrolled in the STEM programs
do not rely so much from online resources, instead they give full attention to the

problem they are into and give their best to understanda and analyze the situation.
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Seventy respondents utilized the strategy of looking for more exercises in
books and read books related to the problem at hand (DP8) to overcome their difficulty
in devising a plan phase (DP) (please see Table 19). Cther coping strategies utilized
by the majority of the respondents were searching online for some strategies/related
problem (DP3), proceeding in creating own strategy/plan/formula (DP4), asking
friencs/teacher/tutor to help explain/solve (DP7), and understanding fully,
analyzing/thinking critically and pordered on what the formula would be (DP2). The
least tltilized coping strategy, that is, believing that the respondent did his/her best to
advance the study (DP10) was evident in the respondents of the BS in Chemical
Engineering and BS in Meteorology courses, both STEM-related academic programs.
This strategy was emotion-focused in nature. It was followed by having computing
gadgets (DP9) as utilized by two respondents of BS in Agricultural and Biosystems
Engineering, one from BS in Meteorology, both STEM-related academic programs and

another one from the BS in Sociology, a non-STEM related academic program.
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Tablz 20 shows that the majority of the respondents (109) utilized the strategy
of acking friends/teacher/tutor to help explain further the process/computation (CP7).
This was followed by the strategy of understanding fully, analyzing/thinking critically
and solved the problem alone carefully (UP1). Other strategies which the respondents
utilized in most frequencies were on the use of guides and formulas and even
computing gadgets necessary in the computational process (CP2), the need to read
more books/references and lots of problem solving exercises (CP8), and the need to
learn/review the process/computations (CP4). A lone respondent from the BA in
Communication, a NMON-STEM related academic program questioned himself how to
solve the problem given him (CPS5) as his coping strategy. This in fact, is the least
utilized coping strategy. Two respondents, each coming from the BA in
Communication and BS in Sociology, both NON-STEM related academic programs
ignored the problem at hand. In addition, two respondents from the BS in Civil
Engineering, a STEM-related academic program and one respondent from the BS in
Nursing, a NON-STEM related academic program utilized the strategy of talking and
praying (CP12) while two respondents from the BS in Civil Engineering and another
one respondent frorn the BS in Nursing utilized the strategy of sharing their feelings
with someone (CF10).

Except for the BS in Mathematics which is a STEM-related academic program
and BS in Economics and BS in Sociology which are both NON-STEM related

academic programs, the respondents in the other courses utilized a combination of

problem-focused and emotion-focused coping strategies.
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In Table 21, one can observe that to help resolve the difficulty with looking back
phase, the majority of the BS in Civil Engineering respondents resorted to the strategy
of re-checking/re-evaluating the correctness of their answer (LB1). Other strategies
that were commonly tised by the respondents were as follows: thinking that things will
get better next time (LB3), believing in one's selficonfidence (LB9),
understanding/analyzing the problem or having self-study (LB2), and asking
friends/teacher/tutor to help explzin the whole process (LB7). Though believing in
one's self and asking friends are a bit conflicting, the former coping strategy
emphasizes that students in the STEM program are really confident with their work in
problem solving. However, there maybe times when they feel the need to ask for
confirmation from their mates, thus, they seek assistance from their mates and
teacher. The least ufilized coping strategy was LB10 which involved concluding
briefly. This was encountered by a lone respondent of the BS in Civil Engineering, a
STEM-related academic program and another lone respondent of BA in
Communication, a NON-STEM related academic program. This was followed by the
strategy of ignoring the problem at hand. Two respondents, each coming from the BS
in Nursing and BS in Sociology, both NON-STEM related academic program and a
lone respondent from the BS in Civil Engineering, a STEM-related academic program
just ignored the problem at hand (LB11). Another less utilized coping strategy was
concerned about the need for English language skills (LB6). This implies that English
proficiency is a necessity in any problem solving endeavor. Understanding the
prcblem requires one 1o have the English language skill. Two respondents, one from
the BS in Agricultural Biosystems Engineering and another one from the BS in Civil

Engineering, both STEM-related academic programs and a lone respondent from the
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BA in Communication, a NON-STEM-related academic program needed English

language skills (1.B6).
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With limited literature relating to the coping strategies in each of the different

phases of problem solving for the STEM-related and NON-STEM-related academic
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programs, this study claims such observation and hopes that it will be used for future

researches.

In summary, the respondents utilized 43 coping strategies, 11 of which were
emction-focused, while, the majority (32) were problem-focused. From the tables
presented, the problem-focused coping strategies dominated the emotion-focused
copirig strategies. This is supported by the s‘udy of Ader and Erktin (2012) and
Lazarus (1993) where they concluded that problem-focused coping strategies are
more highly-valued than the emotion-focused coping strategies in Western societies.
In addition, one of the observations noted was the strategy of listening attentively to
the teacher, which was the most significant coping mechanism of the Education
students of Bagasol, et. al. (2015).

The results irnply that whether a student is a STEM or a non-STEM SHS
graduate, there is a need to look into the strategies that go hand in hand with the
activities and tasks that are given to students in any problem solving encounter. The
teachers must make sure that the students are able to understand fully what they are
doing. If still. students don't get it, then they may be given additional tasks of reading
related problems. Giving tasks to students by working with friends or seatmates
through cooperative learning and checking whether their solutions fit the given
conditions rnay also help one get alieviated with his problem solving difficulties apart

from the fact that success comes to people who cooperate and work together in in

attaining shared goals.
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Models of Coping Strategies
Having identified the problem solving difficulties of the students in each of the
phases of problem solving and their relationship with each other, the following

models/represeniations were developed.

Developed Models
Moclel of Coping Strategies by Sex by Phase

The model in Figure 6 reveals the coping strategies of a male student in each
of the phases of problem solving. For the first phase, he gives focus in analyzing the

problem. Also, he thinks critically and enumerates all the given information as much

as possible.

In forming the working equation or formula, he searches/looks for more
exercises in books and notes the strategies/plans utilized in solving a particular
problem. He needs much exposure in looking at problem solving exercises.

In the computational phase (third phase), he usually asks support or assistance
from his friends/teachers or tutors to help explain further the process or computation,
but this was limited cnly during seatwork and assignments, and not during
examinations.

The last phase is usually more of the emotions. What he has done in the first
three phases will serve as his lesson to get better in future problem solving encounters.
He promises that he will be more matured enough to handle situations and makes
sure to check every now and then time his solutions.

Likewise, the females also give focus in analyzing the problem. They too think

critically and enumerate all the given information, too, as much as they could.
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They also search/look for more exercises in books and take note of the
strategias/olans that were utilized in solving different types of problems. They need
lots of problems solving exercises for them to form the working equation or formula.

They ask assistance or supporl from their friends/teachers or tutors in
explaining further the process or computation for the third phase.

The last phase (LB) is more of the problem focused type of coping. The females
usually re-check or re-evaluate whether their derived answers are correct or not. This
phase is what differentiates the iemales from the males.

Looking at the model in Figure 6, it can be seen that the problem-focused
coping strategies dominated over the emotion-focused coping strategies for both
males and females. This observation supports the finding of Okoro (2018), where the
general education students utilized the strategy of active coping, which is a form of
problern-focused coping strategy. It is only in the last phase (LB) where there is a
point of comparison.

The said comparison contradicts the findings of Brougham's, et. al. (2009)

where college women had a greater use of emotion-focused coping strategies than

the college rnen.
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Model of Coping Strategies by Academic Program by Phase
STEM-related academic programs

In Figure 7, a ES Agricultural and Biosystems Engineering student applies the
same coping strategies in the first and third phése of problem solving as a BS
Communication student.

For tne devising a plan phase (DP), a BS-ABE student exerts efforts in
looking/searching for mcre exercises in books and notes down the plans/strategies
used in solving the different types of problems. He needs more problem solving
exercises to cope with computational difficulties.

The looking back (LB) phase shows that a BS-ABE student usually re-checks
or re-evaluates his derived answer whether it fits the given conditions in the problem
(please see Figure 7).

Meanwhile, a BS in Civil Engineering and a BS in Chemical Engineering student
utilizes tne same coping strategy in dealing with the first phase of problem solving. An
additional strategy however is utilized by a BS Chemical Engineering student, that is,
looking for more exercises in books that are related to the problem to have more
exposure that can help him better understand the situation.

The above mentioned courses utilize the strategy of looking/reading for more
exercises in books related to the problem at hand taking note of the strategies/plan
that were used in attacking different types of problems.

For the third phase, (CP), a BS Civil Engineering student cope with his
difficulties by seeking assistance from friends, teachers of tutors to explain further the

process or computation while a ES Chemical engineering student proceeds with the

computational process all by himself applying his strategy/plan in answering the
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problera.

Rechecking or re-evaluating is the strategy of BS Civil Engineering and BS
Chemical Engineering students in dealing with their difficulty in the last phase (LB).

The BS-Mathematics students utilize two possible strategies in managing their
difficulties in understanding the problern (UP). Giving focus in a problem is
understanding it fully, thinking critically what information is helpful in tackling the
problern. This facilitates him to search online for the not so familiar terminologies or
even in books or in other references (please see Figure 7).

To make sure that he is on the right track of solving the problem, he again looks
for some exercises noting down the strategies that were applied in the solution
process.

Then in the computation process, maybe to non-confidence, he asks
zssistance from his friends, teachers or tutors.

In the last phase, the BS Mathematics student usually applies three coping
strategies which are a combination of problem-focused and emotion-focused coping
strategies namely: rechecking or re-evaluating whether the answer is correct,
analyzing the problem more by having self-study which are both problem-focused
while thinking that things will be better next time is emotion-focused coping strategy.
A closer look at these strategies together with the findings of Finalyson (2014) have

something in common. These are, doing one’s task (self-study) and having a positive

outiook.
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Meanwhile, the BS-Meteorology students also utilize two coping strategies for
the first phase namely: understanding fully and listing all the given information and
locking or reading for more exercises in books that are related to the problem at hand.

To relieve him from his difficulty of devising a plan, he asks support or
assistance from his friends, teachers or tutors.

In the computational process, he applies two possible strategies such as:
understanding fully and solving the problem by himself. He needs computing gadgets
though in the computation.

The last phase involves coping with it by asking support support from friends,
teachers or tutors. Through this, the student may be enlightened on what went wrong

and what went well with his solutions.

NON-STEM-related academic programs

In Figure 8, a BA Communication student prefers the coping strategies as
st.own in each of the phases of problem solving. For the first phase, he gives focus
in analyzing the problem, thinks critically and enumerates all the given information as
much as possible.

iHe proceeds with his solution by creating his own plans/formulas and comes

up with his working equation or formula (not so sure though of whether he is correct

or not witn his formula).

In the computational phase (third phase), he usually resorts to two possible
coping strategies: 1) he applies his plan to answer the problem by himself or 2) he

asks support of assistance from his friends/teachers or tutors to. help explain further

the process or computation.

iiding Stud
A Model Building Study 122



cikewise, in the last phase, he utilizes either a problem-focused coping
strategy, that is, rechecking or re-evaluating whether the derived answer is correct of
not or an emotion-focused coping strategy that tells him to think that things will be
better next time, and also, being more matured to handle problems.

Meanwhile, a BS Economics student utilizes the same coping strategy as a BS
in Civil Engineering or BS in Chemical Engineering student in dealing with the first
phase (UP) of problem solving.

Economics students utilize the strategy of looking/reading for more exercises
in books related to the problem at hand taking note of the strategies/plan that were
used in the attacking different types of problems (DP).

For the third phase, (CP), a BS Economics student copes with his difficulties by
seeking assistance from friends, teachers of tutors to explain further the process or
cornputation.

Asking assistance or support from friends, teachers or tutors to help explain the
whole process is the strategy of a BS Economics student for the last phase.

The BS Nursing students on the other hand, apply the strategy of focusing on
the problem, listing and enumerating all the given information in dealing with
understanding the problem phase (UP).

To devise a plan or formula (DP), the student has to look/read for more
exercises in books related to such problems giving attention to the strategies/plans
that were applied in the solution.

In the computational process (CP), the student asks for support from his friends

or teachers, that he may be clarified on the process.

ilding Study
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In the last phase (LB), he utilizes an emotion-focused coping strategy that tells

him to think that things will be better next time, and so, being more matured to handle

problems.

Meanwhile, a BS Sociology student applies the same coping strategies in the

first, second and third phases of problem solving as a BS Nursing student as revealed

in Figure 7.

In the looking back (LB) phase, he utilizes a strategy, often an emotion-focused ,

that lets him think thal things will be better next time, and being more matured to

handle problems.
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As a summary (please see Figure 9), one can observe that both groups of
academic programs utilize the same set of coping strategies namely; understanding
fully, analyzing and listing all the given information and/or logically giving focus on the
problem in the understanding the problem (UP) phase, looking for more exercises in
books and read books related to the problem at hand/more exposure/needed more
problem solving exercises in the devising a plan (DP) phase, and asking
friends/teachers/tutors to help explain further the process/computation for the carrying
out the plan (CP) phase. For the last phase, one can check that the STEM-related
and non-STEM-related respondents have the same common coping strategy which
1Is rechecking/reevaluating whether the answer was correct or not. However,
additional coping strategies were utilized by the respondents of the non-STEM
academic programs which are: thinking that things will get better, and get matured

enough to handle problems next time and asking friends/teacher/tutors to help explain

the whole process/sough assistance from others.
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Resuits of the Validation
After the models have been developed, the next task was of demonstrating its
reasonability by determining if it was a good representation of the actual system or if

it was applicable to other groups of students and really helped address the difficulties

of the students in their problem solving encounters.

Validation of the Coping Strategies by Sex by Phase Model

Eight males and 10 female respondents were purposively chosen by the
researcher in the validation of the models. The selected samples came from the
validation group which consisted of the 30 percent of the total respondents. They were
the respondents who were then avazilable during the time of the validation stage. Also,
the students’ coping strategies in the different phases of problem solving that matched
at least one of the strategies in the developed models were considered in choosing
the case samples. The highlighted coping strategies in the succeeding tables indicate
a match to the model (please see Table 22). Exhibits showing the students’ solutions
before the models were developed and after applying their coping strategies as lifted

from the respondent’s papers are aiso shown.
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Coping Strategies of Male Students by Phase Model Validation

Table 22. Model Validation of Coping Strategies of Male Students by Phase

M/;LE Coping Strategies Difficulty
Understan | Devising | Carrying | Looking Before After
ding the a Plan out the Back
Problem (DP) Plan (CP) (LB)
(UP)

1 UP2 DP7 CP8 LB1 DP, CP, LB LB
2 UP8 DP8 CP4 LB2 LB .
3 UP3 DP8 CP7 LB10 LB -
4 UP5 DP8 CP7 LB4 CcP c
5 DP8 LB -
6 UP8 DP8 CP1 LB3 DP, CP, LB CP, LB
7 UP1 DP1 CP7 LB1 LB "
8 uP2 DP8 CP2 LB1 CP, LB LB

As shown from the solutions (Exhibit #18), before, the student was not able to

transform the problem into a mathematical equation (DP), hence was not able to

proceed with the rest of the phases of problem solving, meanwhile, after analyzing

and enumerating all the given information and giving focus on the problem (UP2), in

the validation phase, it can be seen that he was able to form the mathematical

equation (DP) and performed correct computation. He was not successful in checking

his solution but he had a concluding statement. With this, his difficulties were lessened

and therefore, were addressed.
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EXHIBIT #18: Male #1;

Difficulty: DP, CP, LB

Coping Strategy/ies: UP2

BEFORE

AFTER

1, Deewye is twice as old as Jean. Three years ago, the sum of their ages is 39,

How old are they?

Ltl, "‘/\; -
ny N "= ’)Ja

|;‘nw yca

wzy Hye Yoy ‘izli-
MYzt b ‘r ‘1-‘._1\‘
wets 10T 135

oy s 50 s ld
JE""\ st ‘1';“ dld

Focusing on the solution of the student before, it can be seen that he was

successful in deriving the answers to the requirements of the problem (Exhibit #19).

But after he utilized the strategy of looking for more exercises and reading more books

with related problems (DP8),
whether they fit the con
student’s di

stage.

EXHIBIT #19: Male #2;

BEFORE

savings sccount that pays 4% simple Intercct
m.ﬂﬂmmh?

. Pet
P: a5 =R ooy

r= 4% or o.0% . '-},EDD |
£=13 £ _%}M}"h’w:‘%’m

8. Xandor invested P35,000.00 in .
How.much will he eam after 3 years?

h—_‘_‘_‘_-_!—
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Difficulty/ies: LB

the student was able to check his derived values
ditions given and concluded consequently. Hence, the

fficulty which is looking back before was finally eliminated in the validation

Coping Strategy: DP8

AFTER

6. invested P35,000.00 in a savings eccount that pays 4% simple interest

will he eamn aftor 3 yoars? What will the new balance bo?

Ko
@—anw'nf&udu ohin iz Pthog
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EXHIBIT #18: Male #1;

Difficulty: DP, CP, LB

Coping Strategy/ies: UP2

BEFORE

How old are they?
eh VY =

ny 4 =

AFTER

1. Deewye is twice as old 8s Jean. Three years ago, the sum of their ages is 39,

{ ~“m -‘ o

[ Ye

uzy Hye Yr-j_ 15,%
Myzith \4 Y=
s T Ve

P‘“‘jc s 50 g dld
Jo 15 s Yerrs ld

Focusing on the solutio

n of the student before, it can be seen that he was

successful in deriving the answers to the requirements of the problem (Exhibit #19).

But after he utilized the strategy of looking for more exercises and reading more books

with related problems (DP8),

whether they fit the conditions given and concluded consequently. Hen

student’s difficulty which is looking back befor

stage.

EXHIBIT #19: Male #2;

BEFORE

. "mﬂwmwmwommmmﬂw"*w"“"
How mucn wﬁlhemumrayauu? wrdulmwmb-?

I- Pr+

P: 85,00 (s 000000 &
= '-(7, or o.0% . l{-,iOO |
-{:‘ ?J 3{5 %}M'}’ ‘hm—_ﬁqjm

—
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Difficulty/ies: LB

the student was able to check his derived values

ce, the

e was finally eliminated in the validation

Coping Strategy: DP8

AFTER

Mmmmhammmmmmm

6.
will he eam after 3 yoars? What will tho now balanco be?

i whan is P3000 ) P
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In the studenf’s solution, before, the student merely concluded the ages of
Deewye and Jean without checking the given conditions (Exhibit #20). But after he
utilized the strategies of looking for more exercises and reading more books with
related problems (DP8) and asking assistance from friends/teacher/tutor, the student
was able to check his derived values whether they fit the conditions given and

conciuded consequanily. Hence, the student’s difficulty which is looking back before

was finally eliminated in the validation stage.
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Male #4 has a pre-identified difficulty in carrying out the plan phase (Exhibit
#21). Before, he was able to complete all the phases of problem solving though,
nowever, looking at this computation, he failed. Then, after he applied the strategies
ot looking for more exercises and reading more books with related problems (DP8)
and asking assistance from friends/teacher/tutor (CP7), he came up with the correct
value that the problem required him of. Thus, the student's difficulty which is carrying

| out the plan (CP) before was eliminated after the validation stage.
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The student struggled in the looking back (LB) phase (Exhibit #22).

Now,

looking closely at the student’s solution, before, he was able to check his solution but

had incorrect computation. After utilizing the strategy of looking for more exercises

and reading more books with related problems (DP8), the student was able to check

with correct computation and with concluding statement. Generally, the student’s

difficulty which is looking back before was eliminated after the validation stage.

EXHIBIT #22: Male #5;

Difficulty: LB

Coping Strategy:

DP8

1.
povey o are oy ?

0'?-\') aq,

U Mevem ~Ouaee s hia T 0N,
= Dyan ey, Metn of Heie

Uidnrmaen | Yoo od ore¥y

BEFORE

w.u—a—-cﬂua—u n——,—o*nu—-d-—'*.n

s T, oCaeas

C K=y 7:.{“ PO

Thengire, Dieoye & 20 Jo, ond

.. yat® "'4.1;:"\"\\:3-}:0'\‘.\3-34‘ 2
/‘ -k:v"':f".“ﬂ")“‘ @ eje e =
dpY)L W T = r A
v
Y 2 e Veedg 3"
AFTER
Krown: %Vﬁo b Foice, o R ey Teon
Unknewn: aae of <0
Le¥ x = G5t of Teon Ao By
Lx = koe ¢f Dmae Ax— 3
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9 WTLaAsS Sae
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mm s B> Do -2 . =2
-4 |

Jeon v [Syb
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Before, the student only knew how tc write the given information in the problem
(Exhibit #23). He knew how to represent the variables involved. However, he didn't
know how to form the working equation and the rest of the phases of problem solving.
After utilizing the coping strategies of looking for more exercises and reading more
boois with related problems (DP8) coupled with thinking that things will get better next

time (LB3), h2 was able to form the working equation but did not arrive at the correct

value and hence, was not able to check and make conclusion of his solution

Therefore, his difficulties of carrying out the plan and looking back were not addressed

but at least, were lessened.
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EXHIBIT #23: Male #6;

Difficulty/ies: DP,CP,LB Coping Strategy/ies: DP8, LB3

#7

How cid are they?

et mge @ DeLeep ¥ Ttes

s Qg O Orage A TS

BEFORE

1. Doewye i3 (wice 83 vi g3 Jean. Throe years ago, u-muourmua.

o

‘ay *W‘
AFTER
¢ ,w.’"‘" . L)
B v« M hin s i ‘5, 2 e 2D )
*0'1’" l('-')‘vl $:
15 s 90 av-p¥Y ° ’q
2v°ba -5 aytn * 8
ay * 8o J M" '6“'
LL"% Qe 15
PRALS
--‘"""'/ C.V" Y'
/,—-""""# }ﬂﬁ 4 k .

o“-

ﬂ}mc

This student was able to perform the first three phases in his very simple way

(Exhibit #24). He was not able to check his solution if it fits the given conditions. Then,

after utilizing the

was able to check his solutio

A Model Building Study

strategy of seeking assistance from friend/teacher/tutors (CP7), he

jon in his own way. Hence, his difficulty was addressed.




EXHIBIT #24: Male #7; Difficulty: 1.B Coping Strategy: CP7

Y L anind Tor 10 0088 any cons owr Sipana O 3 sorecnter iy, ¢ sy
12 atme. wih @ loaw o X2 wivseia .mmmwhmmm
o Twm! Ay P Sheiing RO,
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et = e a¥ Sa s
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F 3 24 J '
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"V R Y/ $old ﬁ;c‘
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[»ggcfd = P 6:@ et

At first, the student only knew how to write the given information and formed
irst,
i King equation with trial and error strategy (Exhibit #25). He was not able to
the working €

rform the carrying out the plan and looking back phases of problem solving. After
perform ’
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| utilizing the coping strategies of analyzing and enumerating all the given information
and giving focus on the problem (UP2) and looking for more exercises and reading
more books with related problems (DP8), he was able to form the correct mathematical
equation (not by trial and error) and arrive at the correct value but was not able to

check if the value fit the given conditions. Hence, only his difficulty of carrying out the

plan was sornehow addressed.

A Model BUﬂdlng StUdy 140



EXHIBIT #25

Male #8;  Difficulty: CP,LB  Coping Strategy/ies: UP2, DP8

> Mgoir | By

BEFORE

w—
Jes .,g ey

e $FP L gd M ?
- - Re *bw*ﬂwm”&'bwa w‘:
o ¢ e+ U mT gV, At e Rv pihive
"M t v ™ of Rusir qyr How o o

T W angen 3R i RS-
et Ay o Wdc
W r

/ »r 3 Iﬂﬂ
L— a3k 2 =135 !

—_—

AFTER

13 mhamaonum liﬂdeWupha
How Ok &3 Dey? ]
os &9 "".4)'* o
Je ¥ob t'.l-;; i o .
ol :
v u b fr-b i
“‘v’?' v » 3%
¥y AN . o
et T
ay vds .

. "'; }u;l\ FIsn
s wla) = Dewpe

Copmg strategies of Female Students by Phase Model Validation

Table 23 summarizes the coping strategles utilized by 10 female students in

| dealing with their phase difficulties.
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Table 23. Model Validation of Coping Strategies of Female Students by Phase

Coping Strategies Difficulty
Understa Carrying
nding the | Devisin | outthe | Lookin
Problem | g a Plan Plan g Back
FEMALE # (UP) (DP) (CP) (LB) Before After
1 uP2 CP7 DP, LB LB
2 UP3 DP3 CP7 LB9 DP
3 UpPS DP8 CP7 LB9 DP -
4 upP8 DP8 CP7 LB3 DP, CP, -
LB
5 uP2 DP4 CP2 LB1 DP, CP, "
LB
UP3 DP8 CP7 LB9 DP
7 UP3 DP8 CP7 LB2 DP,CP, | CP,LB
LB
8 UP5 DP6 CE7 LB3 CP .
9 UP3 DP3 CP7 LB1 CP, LB CP
— 10 | UP1 DPS8 CP7 LB3 LB -

Looking closely at the student’s solution, her computation (CP) were valid

(Exhibit #26). However, her mathematical equation (DP) was incorrect and she had

no checking of solution. After utilizing her strategies of analyzing and enumerating all

the given information and giving focus on the problem (UP2) and seeking assistance

from friend/teacher/tutor (CP7), one can observe that she was able to form the

mathetmatical equation and arrived at the correct solution. However, still, she was not

able to check whether her solution fit the given conditions. With this, her pre-identified

difficulties were lessened and hence were addressed
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EXHIBIT #26: Fernale #1; Difficulty: DP, LB Coping Strategy/ies: UP2, CP7

BEFORE
6. Howrmuch pure acid ahousf Lo ied it 2 gans of # 40X a0k okt ir o
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Looking at the solution, the student failed in forming the mathematical equation
ooking

(DP) (Exhibit #27) Shie knew how to operate the equation she formed that she even
= «hibit #2/1)

: fter assistance from friends/teacher/tut
, . statement. However, 8 errtor,
7ad a concluding statem
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she was able to forrn the correct mathematical equation. With this, her difficulties of

devising a plan was addressed.

EXHIBIT #27: Female #2;

Difficulty: DP

R R T R T T e L B P AR I S PO T T S e s 3Ty

Coring Strategy: CP7

R ¢ L
N ——

R — —

T ———
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Before, focusing on the devising a plan (DP) phase, one can observe that she

proceeded immediately with her computation (Exhibit #28). But in the validation stage
where she utilized the strategy of looking for more exercises and reading more books

with related problems (DP8) and seeking assistance from friends/teacher/tutor, one

sees that she introduced a variable that represented the unknown, and from here on

she was able to form the mathematical equation and arrived at the correct value

Hence, her difficulty of devising a plan (DP) was addressed.

EXHIBIT #28: Female #3; Difficulty: DP

Coping Strategy/ies: DP8, CP7

—
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This student was able tc perform only the first phase of problem solving. Then, after

utilizing the strategies of looking for more exercises and reading more books with

( related problems (DP8) and seeking assistance from friends/teacher/tutor (CP7), she

was able to perform all the phases of problem solving. Hence, her difficulties were

address

ed (Exhibit #29).

EXHIBIT #29: Femals #4; Difficuity/ies: DP, CP, LB Coping Strategy/ies: DP8,

CP7
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The student struggled in the last three phases of problem solving. She was
able to construct a tablz illustrating the given information. After utilizing the strategy/ies
of analyzing and enumerating all the given information giving focus on the problem
(UP2) and rechecking/re-evaluating whether {the answer was correct (LB1), she was

able to form the mathematical equation hut without the table anymore (Exhibit #30).

She was not able to check her sciution though she had a'correct computation but had

a concluding statement. Therefore, the student's pre-identified difficulties were

reduced and hence, were addressed through the utilized coping strategies.

147
A Model Building Study



L I o e\.o.m s mraﬂen I
of wUdes o™ Tt ) sl 7 o4
«} #nD, nd 3o sofol 7 R 4 P gen A
1 ot
a.o ’Kﬁ-o
.O.OB hlh= Pﬁ..O
het

—...—.u %04 K..B.O -%R

: sok *U°0

wioyp Wit B3O

. - ﬁr.dd Fﬂ&ﬂq . F'.Uv 213
&0 = 3%y, .
P Yo

1-0 3 ot #®
. VYR ,

o Sorof L sn o PR 39 o
poo nd 1o o.ong 9 e N g K a

%314V

£

" ¢uonnjos

340434

. . .
) uiwumf.%ﬁ_

_~—
Fio8 %0, 8165 %

19pI0 U} UC;NIOS BIOB %0k B G SuciieB Z yum pexiu eq pinous £198 61 LONW MOH S

|

,
,
,
\

|

148

A Model Building Study



The student before struggled (Exhibit #31) with the second phase (DP) since
she did not have the correct mathematical equation. But after utilizing the strategies
of looking for more exercises and reading more books with related problems (DP8)
and seeking assistance from friends/teacher/tutor (CP7), she was able to show
correctly the four phases of problem, but without a concluding statement. With this,

her difficulty in the second phase was eliminated, hence, was addressed.
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From the student's solution, before she only wrote what is given in the problem

(Exhibit #32). She struggled with the second phase (DP) up to the last phase (LB).

Then, after utilizing the strategies of looking for more exercises and reading more

books with related problems (DP8) and seeking assistance from friends/teacher/tutor

(CP7), she was able to form the mathematical equation and proceeded with the

computation, but she arrived an incorrect answer. Likewise, she was able to check

but with incorrect computation. With this, her pr