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Abstract

MOCSIR, MARZOKIE M. University of the Philippines Open University, May, 2017.
Development and Effectiveness of Facilitated Learning Modules in Introductory
Analytical Chemistry.

Adviser: Marlene B. Ferido, Ph. D.

This study involved development and assessment of facilitated learning modules
that emphasized mathematical and statistical tools in introductory analytical chemistry.
These facilitated learning moduies were deemed (o address the need of medical
technology students for supplementary learning materials that address students” difficulty
in solving quantitative problems involved in introductory analytical chemistry.

The first phase of the study covered the development of seven facilitated fearming
modules on selected topics in introductory analytical chemistry which require
mathematical and statistical tools. These topics were considered necessary because they
involve mathematical and statistical treatments which students find difficult because of
their insufficiency in mathematical and statistical background. The development of
facilitated learning modules employed both qualitative and quantitative analyses. The
qualitative aspect involved evaluation of the facilitated fearning moduies’ face content
and form by chemistry education experts. Relevant comments and suggestions
incorporated into the modules’ final forms characterized the essential features of the
facilitated learning modules. The quantitative aspect focused on ihe evaluation of
analytical chemistry instructors on the facilitated learning modules’ objectives in terms of
attainability, clarity, and relevance. It also included their evaluation of the modules’

content in terms of appropriateness, appeal, innovativeness, and conformity to standards
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using a questionnaire developed by Lumaque (201 1). The instructors found the objectives
of the learning modules to be highly attainable, very clear, and very relevant. They rated
the modules™ content to be very appropriate, very innovative, very appealing, and
strongly conforming to standards. Part of the quantitative aspect was the determination of
the facilitated learning modules’ student’s involvement index. grade level, and
communication index. Using Romey’s procedure (1965), student’s involvement index of
the modules was 1.34, which indicated that the modules could keep the interest of users
while reading the modules. Fry’s Readability Graph (1968) indicated Grade 11 as the
grade level of the modules, which matched that of the intended users. Further,
Talisayon’s procedure (1983) indicated that communication index of the learning
modules was acceptable at 0.009.

The second phase assessed the facilitated learning modules” effectiveness on
improving student performance using the quasi-experimental method that utilized pretest-
posttest nonequivalent groups design. In this study, the use of facilitated learning
modules was the independent variable while the student performance was the dependent
variable. The performance was measured using the posttest scores comprising knowledge
of using mathematical and statistical tools in introductory analytical chemistry and the
knowledge of introductory analytical chemistry. Before the treatment, a pretest on basic
algebra and statistics was administered to find out if there was a significant difference
between the mathematical and statistical aptitude and skills of the two intact classes.
Results of the pretest showed that both groups are comparable in terms of mathematical
and statistical aptitude and skills. Moreover, both the experimental and control groups

adopted facilitated learning instructions such as peer mentoring, on-demand tutorial, and

X



online group discussion and file sharing. However, only the experimental group used the
facilitated learning modules to supplement facilitated learning instruction while the
control group only used learning inaterials which were common (o both groups. After the
intervention, both groups were given a posttest. The one-way analysis of covariance
results revealed that the use of facilitated learning modules had a statistically significant
effect (F (1,92) - 6.04, p — .016) on the postiest scores of students with their pretest
scores as the covariate. Results further showed that those who used the facilitated
learning modules as supplementary learning materials had a higher mean score (M=
69.20) than those who did not (M — 62.82) suggesting that it may be beneficial o
supplement facilitated learning instruction in introductory analytical chemistry with
facilitated learning modules as this may improve the performance of students in
introductory analytical chemistry. Further, Pearson's correlation test results showed that
knowledge of the application of mathematical and statistical tools in introductory
analytical chemistry was significantly correlated with the knowledge of introductory
analytical chemistry with r = .669 suggesting that it would be good to strengthen
students’ knowledge in mathematics and statistics as results of this study have shown that
students who did well in mathematics and statistics also did well in introductory
analytical chemistry.

It is recommended that in the development of facilitated learning modules, the
number of chemistry education experts and analytical chemistry instructors be increased
in order to gather more inputs regarding the form and content as well the evaluation of
the objectives and contents of the learning modules. The inputs of these experts are

essential to the development of the facilitated learning modules. Curriculum writers may



develop facilitated learning modules in analytical chemistry that employ varied
instructional strategies such as virtual or face-to-face brainstorming sessions, group
activities like games, and virtual classroom sessions on other topics in analytical
chemistry such as various titrimetric methods of analysis such as acid-base, precipitation,

and complexometric titration; and spectroscopic methods of analysis.
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Chapter 1
INTRODUCTION

Facilitated learning is a teaching strategy where students are encouraged to take
more control of their learning process. The role of the teacher becomes that of a
facilitator and organizer providing resources and support to students (Crocket and Foster,
2005). This strategy offers techniques and approaches that can be incorporated in the
conventional teaching methods. Education experts believe that facilitated learning
instruction can be supplemented by the use of facilitated learning modules which contain
learning activities that students can perfori in order to enhance the learming process.
Lumaque (2011) emphasized that the use of facilitated learning modules is suitable for
subjects that require higher-order thinking skills such as analytical chemistry. Facilitated
learning activities together with the use of facilitated learning modules are deemed
appropriate in analytical chemistry to help students understand difficult mathematical and

statistical manipulations incorporated in the subject.

Background of the Study

The inseparability of mathematics and science cannot be underestimated by
science education experts. Beavis and Baker (2013) reported that a strong background in
mathematics is essential to the successful study of other science disciplines such as
chemistry, physics and biology. Jackson, et al. (2014) also explained that experts
recognize mathematical competence as fundamental for studying a wide range of science
disciplines. In fact, experts consider mathematics the language of science. Urdouso

(2011) particularly argued that proper understanding of chemical principles such as



o

isotopes, formulas, equations, solubility, kinetics, molar ratios, radioactivity, pH and
equilibrium requires a good working knowledge of basic mathematics.

However, different factors affect students’ recognition of how important
mathematics is in their study of chemistry. Loughlin. et al. (2015) reported in their study
that students do not have a high-level of confidence in their mathematical skills although
they recognize the importance of mathematical applications in chemistry lessons. Further,
Loughiim, et al. (20115) also mentioned that there are a number of factors that influence
students’ lack of confidence in their mathematical skills. These are motivation,
experience and a general outlook that mathematics and science are simply very difficult
subjects.

Bardini and Pierce (2015) found in their study that the unfamiliarity and density
of mathematical symbols caused students to lose confidence in mathematics which later
lead them to select a course that requires less use of mathematics. Such perspective is
impractical today. Countries need a high level of scientific literacy which can be
addressed by having a large supply of science, technology, engineering and mathematics
(STEM) professionals within their general population (Prescott 2014). To stimulate
students’ interest in science and engineering, they should be made to understand first the
fundamental mathematical skills so that the abstract scientific ideas, concepts and
principles would not be difficult to comprehend.

With the awareness of the importance of mathematics in understanding science,
practitioners of the subject have made efforts to overcome the negative attitude in
learning mathematics. Yuzi (2003) employed the use of the problem-based Iearning

(PBL) in analytical chemistry, in which students must use their judgment to come to an



acceptable conclusion. Aguilar, et al. (2012) on the hand used computer-based
applications to address challenges in chemistry-related problem solving especially those
involving mathematics. Such efforts helped address the need to make science more
interesting.

The Bachelor of Science in Medical Technology offered in Notre Dame of Marbel
University requires analytical chemistry as a pre-requisite subject for some of the
program’s professional subjects as shown in the prospectus. Students of the program take
analytical chemistry immediately after passing general chemistry when students have
only completed one basic algebra subject. Thus, these students encounter difficulty in
dealing with mathematical and statistical techniques involved in analytical chemistry
because they have not taken any statistics subject and they only have limited background
in algebra. Teachers handling the subject noted poor performance of students in their
various tests on the statistical treatment of data and on problem solving,

Previous records of medical technology students form Notre Dame of Marbel
University who took analytical chemistry showed an average failure rate of 34.55% in the
recent five years. Chemistry instructors of the same university considered this failure rate
higher than the failure rate in general chemistry, which the students took as a prerequisite
of analytical chemistry. They suggested that this high failure rate in analytical chemistry
was due to students’ difficulty in mathematical manipulations and statistical treatment
involved in this area of chemistry. With this observation, there has been a strong clamor
by analytical chemistry teachers of the university to provide supplementary learning

maierials other than textbooks and online reading materials to address these problems,



The development of learning modules is one of the many approaches that teachers
may consider in helping students perform better in chemistry classes. The study
conducted by Lumaque (2002) showed that engineering students using learning modules
performed better in class than those students who were not using these learning modules.
Taylor (2004) also noted that students studying general chemistry with the help of the
learning modules developed positive attitude towards chemistry and performed well in
class. These studies and the difficulty students encountered in analytical chemistry due o
limited background in algebra and statistics prompted the researcher to develop learning
modules on mathematical and statistical tools used in analytical chemistry. The
researcher developed facilitated learning modules that students used while doing
facilitated learning activities such as peer mentoring and tutorial sessions to help address
these issues. These modules are deemed to help students gain deeper understanding of
topics in analytical chemistry particularly the mathematical and statistical manipulations

by performing the learning activities incorporated in the modules.

Statement of the Problem

The study aimed to develop seven facilitated learning modules in introductory
analytical chemistry, which incorporate the required mathematical and statistical tools. It
also aimed to assess ihe effectiveness of these facilitated learning modules in enhancing
student performance.

Specifically, this study sought to answer the following questions:

1. What are the essential features of the facilitated learning modules” face content
and forms as perceived by chemistry education experts?

2. How do analytical chemistry instructors describe the facilitated learning modules’



1.1. objectives in terms of
1.1.1. attainability?
1.1.2. clarity?
1.1.3. relevance?

1.2. content in terms of

1.2.1. appropriateness?

1.2.3. innovativeness?

1.2.4. conformity with standards?

(V3]

What are the student’s involvement index, grade level and communication index
of the facilitated learning modules?

4. Does the use of the facilitated learning modules influence student performance?
5. Does knowledge of using mathematical and statistical tools in introductory
analytical chemistry correlate with the knowledge of introductory analytical

chemistry?
Significance of the Study

The availability of learning modules for classroom instruction does not only
benefit the students. These learning materials also serve the interest of the administrators
and the teachers since they address the prevailing need for supplementary materials such
as learning modules. The use of facilitated learning modules as supplementary learning
materials for facilitated learning activities can be beneficial in enhancing students’
understanding of the topics particularly those that involve mathematical manipulations.

Subjects that incorporate mathematical skills require more effort from teachers to make



students understand the topics better. This burden of teachers can be lessened by
providing additional learning materials where students can perform activities by
themselves with minimal teacher supervision. In addition, teachers can be assured that
there would be more learning engagement because students have performed additional

learning activities included in the facilitated learning modules.

These facilitated learning modules are designed in such a way that they can also
serve as part of the curriculum plan for the subject. The sequence of topics included in
the facilitated learning modules and the time frame allotted for each module are patterned
from the syllabus of the subject. Also. the learning objectives of the facilitated learning
modules are designed based on the learning competencies set by the Commission on
Higher Education (CHED) for the subject. Thus, these learning modules are also
expected to guide administrators in supervision and monitoring of classroom nstruction

in terms of attainment of the curriculum plan.

In developing the learning modules, the needs, characteristics and interests of
students were taken into consideration. In addition, it was expected that these modules
would guide students on the mathematical manipulations involved in solving problems in
analytical chemistry as they read the modules. Thus, the materials would improve their
mathematical skills in problem solving as well as in the statistical treatment of data. Also,
the module writer expected students to involve themselves in facilitated learning
activities. The facilitated learning activities of the modules also engaged students actively

in the learning process.



The results of the study can serve as basis for curriculum writers to develop
facilitated learning modules in other science subjects such as Physics and Mathematics.
They can use facilitated learning instruction supplemented by the use of facilitated
learning modules. Curriculum writers in other disciplines can also utilize other suitable
facilitated learning activities together with the use of appropriate learning modules to

supplement classroom instruction or as alternative teaching strategies.

The use of facilitated learning modules in conjunction with facilitated learning
instruction is anchored on constructivism because it is a student—centered approach. In
facilitated learning instruction, students take control of their leaning process with
minimal supervision of the teacher as the facilitator. The study thereby contributes to
constructivism as a body of knowledge and strengthens its claim as effective educational
philosophy that science educators can consider (o improve the teaching — learning

process.

Scope and Delimitation of the Study

The study focused on the development of facilitated learning modules
incorporating mathematical and statistical tools involved in analytical chemistry. It also
assessed the effectiveness of these facilitated learning modules on student performance.
The learning modules covered topics on statistical testing for treatment of data, ways of
expressing concentrations, chemical equilibrium, acids and bases, other aqueous
equilibria, and gravimetric methods ol analysis. The existing syllabus designed by
chemistry teachers who had handled the subject served as basis for the sequence of

topics. Thus, the topics in the modules were similar to those covered in the syllabus.



Mathematical applications in measurements are also included in a number of modules,

where they are relevant and applicable.

Each of the facilitated learning modules included the following parts: title,
introduction, facilitated learning activity, objectives, time frame, check-up test, feedback
on the check-up test, lesson proper, brief introduction of the involved chemical ideas,
assignments, key answers, summary (what you learned), and references. The module also

has a teacher’s guide.

In developing the learning modules, the needs, characteristics, and interests of
students were considered based only on the grades of all students who took analytical
chemisiry in the previous ten semesters. However, the particular need for the
enhancement of mathematical and statistical skills was based on the chapter objectives
and activities cited in the existing syllabus of Analytical Chemistry available in the
department and on the feedback of instructors who had handled the subject in the
previous semesters.

There were only three facilitated learning activities considered in the study. These
were peer mentoring, on-demand tutonial, and online file sharing and group discussion.
For peer mentoring, only the performances of the mentors and co-mentors in the pretest
and their class standing were considered in selecting the mentors and co-mentors. The
ability of the mentors and co-mentors 1o conduct mentoring was not considered in the
study. Only two on-demand tutorial sessions were conducted for the study because of the
limited tome availability of the instructor-tutor. Further, one Facebook account was
created each for the experimental group and the control group where the students from

each group posted their comments for online discussions on their assigned Facebook



account. The use of the facilitated learning modules was allowed only to the experimental
group during the conduct of these facilitated learning activities while the control groups
only used textbooks and other learning materials used by both groups. The effectiveness

of the conduct of the three facilitated learning activities was not assessed in the study.

The internet literacy of the students in using social media was not considered in
the study. Moreover, the internet connectivity outside the school where students stayed

while pariicipating in the online group discussion was not considered in the study as well.

Development of the facilitated learning modules included the conception of topics
in analytical chemistry that need to be covered in the facilitated learning modules. The
developed moduies were evaluated by chemistry education experts. The experts’
assessment of the modules were limited to form and face content only. Further evaluation

by analytical chemistry instructors were also included in the study.

The module writer assessed the effectiveness of the facilitated learning modules
during the Second Semester of the school year 2015-2016. Students enrolled during this
semester used these learning modules for ten (10) weeks to cover only the topics
requiring difficult mathematical and statistical manipulations. Topics towards the end of
the syllabus, such as instrumental techniques, which do not need complicated
mathematical and statistical (ools, were no longer included. Only two intact classes of
medical technology students enrolled in analytical chemistry during that semester were
used in the study to test the effectiveness of the modules.

Furthermore, in this study, conelation result on the knowledge of using

mathematical and statistical tools in introductory analytical chemistry and knowledge of
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introductory analytical chemistry, only indicates a presence or absence of a relationship
and not causation.

Considering that other instructors handled the laboratory part of the analytical
chemistry subject, the study did not cover the use of the learning modules in laboratory
classes anymore. Thus, the study did not assess the effectiveness of the facilitated

learning modules for the laboratory part of the subject.



Chapter 2

REVIEW OF RELATED LITERATURE AND CONCEPTUAL FRAMEWORK

This chapter begins with a description of constructivism as a learning theory
because use of the facilitated learning modules and the manner of instruction employed in
the study arc based on constructivism. It also describes the cvaluation of the cffectiveness
of the facilitated learning materials. The last part of this chapter presents the conceptual

framework of the study.
The Learning Theory of Constructivism

Most educational philosophies have designed suitable strategies to achieve a
significant teaching-learning experience in the classroom (Murphy, 1997). One of the
most influential educational philosophies in recent years is the view that students build or
construct new knowledge on their previous knowledge. Educational theorists call this
constructivism. So far, there have been a great number of researches published about

constructivism (SSTA Research Centre Report, 1997).

The constructivist’s view of learning recognizes the students' active participation
in problem-solving and the critical thinking used in a learning activity that they find
relevant and engaging. This allows students to "construct” their own knowledge by using
ideas they learned from their previous experiences. Students apply their previous
knowledge gained with preexisting constructs and concepts and integrate this new

knowledge to the new situation.

Constructivism has deeper implications for teaching as it calls for a more active

role of students in different learning scenarios. Thus, emphasis is on students becoming
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active learners. This is the reason theorists describe constructivism as student-centered
(Rosenblatt, 1978; Fosnot, 1989; and Applebee, 1987). Slavin (2002) mentioned that in a
student-centered classroom, the teacher becomes a “guide on the side” instead of “sage

on the stage”. Teachers scaffold students to learn the concepts instead of delivering the

lectures and controlling all classroom activities.
Purposes and Characteristics of Constructivism

According to Cruicksank et al. (2009), as cited by Vega and Prieto (2011), the
purpose of constructivist teaching and learning is to allow students to pick up information
that is most readily understood and usable. Further, Vega and Pricto (2011) mentioned
that constructivists have selected several ideas and brought them together to form a

mosaic to make learning activities easily understood and usable. These ideas include:

e Active learning (when students are directly involved in finding out something
for themselves) is preferable to passive learning (when students are recipients
of information presented by a teacher).

o Learning takes place in communities of learners, that is, in groups or in social
situations.

o Learners engage in “authentic and situated” learning, that is, the tasks the
students face are concrete rather than abstract. Real-life problems are presented
rather than hypothetical ones.

e Leamners relate new information to that which they already know, through
bridging.

e Learners reflect or think about what they learned.
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e Rather than present information to learners, teachers facilitate its acquisition.

e Teachers provide learners with scaffolding needed for them to progress.

e Students make sense of what they thought they knew and incorporate this to

new understandings.

In the classroom, different teaching practices make use of the constructivist view of
learning. In the most general sense, application of constructivism involves the use of
techniques such as experiments and real-world problem solving, This allows students to
understand ideas deeper, reflect on, and talk about what they are doing and how their
understanding is changing. In such classrooms, the teacher should understand the
students’ preexisting conceptions, guide them (hrough activities that address their prior

knowledge, and consequently build on the latter.

Strategies Grounded in Constructivism

Bransford et al. (2000) as cited by Vega and Prieto (2012) suggested specific
strategies for classroom practice. These are examples of learner-centered instructions -
that pay careful attention to the knowledge, skills, attitudes, and beliefs that learners bring
to the educational setting. They are:

1. Guided discovery. In guided discovery, a teacher identifies a content, arranges

information so students can find patierns, and guides students to the goal.

2. Inquiry. This is a strategy in which learners gather facts and observations and

use them to examine real world problems (Kauchak & Eggen, 2003).

.b)

Discussion. This is @ strategy based on the constructivist views of learning,

Educators design this to stimulate thinking, to help learners reconstruct
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understanding by challenging attitudes and beliefs, and to develop interpersonal
skills (Keefer, Zeitz, and Resnick, 2000).

4. Cooperative learning. This strategy has three models which include reciprocal

questioning, scripted cooperation or JIGSAW, and Student Teams Divisions

(STAD).

Facilitated Learning Instruction: Constructivist Approach in Teaching

In a constructivist perspective, the primary responsibility of the teacher is to
create and sustain a collaborative problem-solving environment. This allows students to
consiruct their own knowledge while the teacher acts as a facilitator and a guide. The
constructivist paradigm suggests a set of instructional principles that can guide the
practice of teaching and the design of learning environments. In addition to
accommodating the constructivist perspectives, powerful learning environments should
be provided by teacher.

Nowadays, educational practices involve the use of multimedia such as audiovisual
aids and to use printed and the use of printed materials, like modules to bring about
effective teaching-learning. Lumaque (2011) stressed that the concept of facilitated
learning instruction transcends these educational practices. He argued that in a facilitated
leamning instruction, students do more than simply listen to the lecture of the teacher.

Students do something that includes processing and application of information.

According to Mckinney (2002) from the Center for Teaching, Learning and
Technology of Illinois State University, there should be less emphasis on passing on

information such that students simply listen to the teacher. The students must perform
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activities that require higher order thinking skills and the teacher must focus on
developing targeted student’s skills. Among the classroom activities which the Center
highlights includes listening and talking, writing, reading and reflecting. These are

classroom activities promoted by constructivists so more significant learning transpires.

Lumaque (2011) suggested that teacher can adopt faci litated learning instruction,
as a teaching approach complementing the use of learning modules. Module writers must
design facilitated learning modules that meet the needs, interests, and abilities of the
students. Lumagque (2011) further asserted that facilitated learning modules, as designed,
intend to facilitate the teaching-learning inside the classroom. However, limited number
of learning modules are available for use. Since development of learning modules is time-
consuming, this discourages teachers from preparing them. However, when learning

modules are available, the activities inside the classroom could ran efficiently.

Boiser (2000) mentioned that teachers who are adopting facilitated learning
instruction using learning modules must also provide the needed instructional inputs in
the class. Aside from guiding students, teachers could elaborate or discuss in detail
lessons which students consider difficult to understand. To achieve effective teaching-
learning in the classroom, it is advantageous for students to read the learning modules in
advance and to perform the accompanying activities. Thus, students come to class
prepared for the day’s lesson. When they come prepared, classroom activities go on
smoothly and efficiently. There will be sufficient time for the teacher to explain certain

parts of the module that students do not understand well.
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There is a way teachers can verify the extent to which students understand the
lessons presented in the modules. There are self-learning activities in each module that

students can perform to assess students’ understanding.

The study of Sarraga (1998) showed that teaching-learning becomes more
encouraging when teachers use constructivist teaching approaches coupled with
cooperative learning methods. Some activities conducted as part of the study include
class demonstration, group discussion, film viewing and processing, and group reporting,
Such teaching approaches improves sharing and cooperation among the students, as well
as encourage team learning, peer tutoring, and group discussion. Further, she reported

that students performed better with this approach compared to the lecture method.

Richards and Roe as cited by Lumaque (2002) forewarned that teachers adopting
this method might encounter some difficulties in supervising the students. One difficulty
is being truthful in providing feedback about the extent to which students understand the
modules. Although teachers encourage students to work, independently or with their
peers on the activities in each module, there is still a need to check closely the progress of
their work. Therefore, Lumaque (2002) suggested that teachers who will adopt this
method have to undergo training. The guide prepared for teachers on how to use the
modules for facilitated learning instruction may not be sufficient in helping them.
Training should help these teachers define clearly their roles when they adopt this

instructional method.

Facilitated learning instruction. Facilitated learning enables students to explore,

discuss and understand ideas as well as problems and issues. This encourages students to
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take more control of their learning. Crockett and Foster (2005) emphasized that the
teacher's role in facilitated learning instruction is that of a trainer and organizer providing
materials and support to learners. In turn, participants learn with and from one another as
they identify and find solutions to challenges, problems or other developmental issues.
They could set objectives and be responsible their own learning assessment.

Crockett and Foster (2005) further stressed that facilitated learning works well
when the student takes more responsibility for his or her own learning. Crockett and
Foster (2005) listed the following advantages of this strategy:

(a) Learners use skills like synthesis and analysis.

(b) Strategy involves the learner actively.

(c) Learners interact and learn from each other.

(d) There is no need for large amounts of learning materials.

(€) Learners work in an environment similar to that of the real world.

f) This strategy uses variety of learning methods.

However, this learning strategy has also the following disadvantages. Crockett
and Foster (2005) listed the following disadvantages.

(a) Facilitated learning can be - or be seen to be - more expensive.

(b) The pace of instruction is based on the group rather than the individual
learner.

(c) The strategy does not define teacher’s role clearly.

(d) There is a need for extra facilities 1o allow for group work.

(e) The learning is time-consuming in proportion to material covered.

(f) Facilitated learning is not fitting in some cultural contexts.
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As noted earlier, the teacher’s role in facilitated learning is to create and manage
collaborative learning experiences or group learning in which exchanges between
instructors and learners and among learners occur over time.

Facilitated courses and learning experiences usually take place over a series of
weeks (Crockett and Foster, 2005). These include:

(a) On-demand tutorials, presentations, and keynote addresses

(b) Online or face-to-face group discussions and exchanges

(d) Handouts, readings, and links to relevant websites

(e) File and link sharing

(I) Surveys and polls

(g) Virtual real-time or physical classroom sessions, lectures, seminars

(h) Brainstorming sessions (virtual or face-to-face)

(i) Group activities such as role play and games

(3) Field trips

(k) Projects and case studies.

Crockett and Foster (2005) asserted further that facilitated learning is likely to
occur in a well-resourced environment with motivated and active participants. They said
that most training environments are unlikely to offer the necessary conditions. However.
teachers can combine facilitated learning effectively with other training styles to provide

many of the benefits inherent in these methods.

Among the approaches mentioned, only three are considered for the study,
namely: peer mentoring, on-demand tutorial, and online discussion and file sharing,

These three approaches are chosen because of their applicability as facilitated leamning
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activities supplemented by the use of facilitated learning modules. The following

subsection presents the benefits of the three chosen facilitated learning activities.

Benefits of peer mentoring, on-demand tutorial, and online group discussion
and file sharing. There had been studies citing the benefits of peer mentoring, on-
demand tutorial, and online group discussion and sharing. These studies have cited that
these facilitated learning activities contribute to the improvement of student performance.
Leidenfrost, et al. (2014) found in their study that peer mentoring can produce a number
of positive outcomes because this activity can provide growth and learning opportunities
for both mentors and mentees, resulting in a “double impact” that is appealing to schools
and districts attempting to support students with limited financial and community
resources. Moreover, when Rodger and Tremblay (2003) examined the effect of
participation of first-year university students in a mentoring program, they found that
mentored students had significantly higher final grades than those who did not participate
in the mentoring program. Tutorial, on the other hand, has been found also to be an
instructional strategy that improves students’ performance. Veggel and Amory (2014)
found in their study that tutorial sessions enhance students’ confidence in mathematics
and improve students’ performance. They also mentioned that student feedback on the
tutorial program provides a deeper insight into student experiences and the value students
assign to the tutorials. Furthermore, faculty-led tutorial is as effective as student-led
tutorial (Kassah et al., 2005). Online discussion and file sharing is another facilitated
learning activity that is considered in this study. Prior researches suggest that the online
provision of course materials can have a positive impact on students’ performance. The

study of Bawaneh (2011) revealed that there is a positive association between the number
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of online files viewed by students, the number of online discussion messages posted by

them, and their performance. His findings support the benefits to be gained by providing
course materials online and encouraging both faculty members to use online in providing
course materials and students to access the materials posted and to actively participate in

online discussion.

Developing Learning Modules for Facilitated Learning Instruction

Lumaque (2011) mentioned that curriculum writers need to follow the necessary
procedures in developing the learning materials to ensure that learning materials’
objectives are met. Curriculum writers have different views on how to develop these
learning materials. However, all their views lead to the development of an effective
curriculum material. Hass and Pasky (1993) listed important steps writers must follow in
curriculum planning and curriculum writing, These include (a) identification of the
content (b) determining objectives (c) selecting, preparing, and carrying out strategies

and alternatives, and (d) evaluation.

Identification of the content refers to gathering of data about the intended learners
and the human, social, and environmental variables with which the learners interact.
Some authors simply describe this step as needs assessment. The data gathered from this

step shall serve as input in determining objectives.

In the second step, the curriculum writer uses the gathered data in drafting the
objectives of the curriculum material. However, this does not mean deviating from the
objectives of pre-planned curriculum materials. Hass and Pasky (1993) pointed out that

objectives of pre-planned curriculum materials guide the curriculum writer in drafting
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specific objectives. The curriculum writer should draft the objectives in such a way that
these are achievable by the intended users through the use of the activities in the learning

matenals.

The third step involves selecting, preparing, and implementing strategies and
alternatives. Curriculum writers must know how to identify and select available strategies

which are most suitable for the learners.

The fourth step involves evaluation undertaken to identify which of the intended
objectives learners have achieved. This step shall provide information about the results of
adopting the curriculum material. strategies. alternatives. and content. This shall also
provide information about changes teachers have made on the curriculum material. The
evaluation also gives information about the learners’ achievement and performance with
respect to the objectives set thus, helping curriculum writers to develop a more

responsive curriculum material.

The University of the Philippines Open University (1999) suggested that
curriculum writers may employ the following steps in developing learning modules.
These include (a) conducting a baseline study (b) formulation of objectives (c) writing
the learning modules (d) conducting formative evaluation, and () revision and

finalization.

Conducting a baseline study. A baseline study is a form of needs assessment.
Needs assessment involves identification of the needs of the target users of the material,
the teachers and the students. UPOU (1999) asserts that needs of the students refer to

their learning needs about concepts, skills, and interests. On the other hand. the needs of
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the teachers refer to (a) enriching available learning modules, and (b) developing learning

modules.

In undertaking the baseline study, Talisayon (1998) suggested that the curriculum
writer must conduct consultation dialogues between and among the teachers handling the
course. However, Ornstein and Hunkins (2004) believed that writers should not only
include teachers but also participants in this effort like the subject area coordinator, and
interested administrators. The group could discuss the different factors to consider in

developing the learning modules.

According to Doll (2002), curriculum writers need to provide enough attention on
these factors since they are important in developing effective curriculum materials.
Among those factors include the students’ psychological, social, and cultural background.
Students who are the intended users of the learning modules significantly differ from one
another. One person is different from another because each person has a set of unique and

distinct characteristics.

The environment and the learning experiences of an individual may influence the
kind of behavior and attitude one exhibits. Since each student grows and develops in a
different environment with varied learning experiences. one can expect that each of them

has a unique set of characteristics (Oliva, 2001).

Thus, the end users of curriculum materials differ from one another because they
have varied experiences in life. Further, a student’s psychological conditions are entirely
different from his/her peers. Therefore, it is important to consider various learning styles

of students. gender differences. their attitudes and interests. and their behavioral patterns.
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The curriculum writer must seriously consider these factors. The group who works on
needs assessment must discuss carefully these factors to give more particular attention to

the psychological background of the intended users.

To address the need to consider a student’s psychological background, Doll
(1989) listed practices that show promise of making wiser use of our knowledge of how
students learn. These include:

(1) using varied methods of teaching

(2) using multiple teaching materials

(3) organizing instructional groups appropriate to given learning situations

(4) treating students humanely

(5) helping learners accept objectives and invent some of their own

(6) providing adequate opportunity for practicing skills

(7) prizing pupil’s ability to develop ideas

(8) emphasizing interrelationships, or “ecological balance” of subjects and subject

fields and (9) making the school a workshop for accomplishing concrete learning.

Module writers must consider the socio-cultural background of the students as
well. It is important that curriculum materials should be consistent with the socio-cultural
background of the intended leamers. According to McNeil (2003). society influences the
curriculum that educators would like to realize. The family and the community somehow
dictate the curriculum which schools must develop. Curriculum writers must be keen in

this because it affects the acceptability of the curriculum materials.
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Another factor that needs consideration during the needs assessment is the proper
selection of the subject matter. Teachers must be mindful of the quality of activities
inside the classroom. The subject matter and instructional materials selected should
enrich classroom activities. Two common considerations that usually guide teachers in
deciding what subject content they should consider in their classes include (1) the nature
of the learner and the learning process, and (2) the impact of society at large and the local
community on the school. While there are other considerations for teachers and
curriculum writers, these two factors have remained important whenever teachers select
the subject matter they need to include in the curriculum. Ellis et al. (1995) pointed out

some of the reasons teachers must properly select subject matter. These are.

1. Knowledge has already exploded that it is necessary to select subject matter
that seems most significant and to remove the inconsequential.

2. The conviction has grown that teachers is teaching inadequate subject matter
within allotted learning time.

3. Experiments have shown that subject matter, old and new, can be practical
and relatable to the lives of the learners.

4. When curriculum consists of a little knowledge and a little of that, teachers
must supplement it, organize it, and integrate it to make it coherent.

Ellis et al. (1995) identified some criteria that teachers may use in choosing the

subject matter content:

1. The validity and significance of the content. Some items of content available

to learners are likely to be little worth because they are inconsequential or

trivial. Teachers should rule out these items.
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2. The balance that teachers maintain between the content for survey and the

content for in depth study. Students need to see the broad sweep of subject

matter.

3. The appropriateness of the content to students and their interests. Casual

interest is not difficult to identify. Lasting interest and real need are much
more difficult to find out. Curriculum writers may still find out students’

enduring interests after a period of time.

4. The durability or lasting quality of content that teacher is stressing.
Determining how long an item of content will last as a needed and desirable
clement is difficult. In general, however, the closer an item of content is (o the
main ideas or concept, the greater its chance of being retained by students.

5. The learnability of the content. Teachers should not attempt to teach students

what they cannot learn. Trying to teach the same content to nearly all types of
students has been ineffective in many educational programs. Teachers should
be mindful of the individual differences of the students and should consider
content which are within the intellectual capability of majority, if not all, of

the students.

Ornstein and Hunkins (2004) have also identified several criteria, which module
writers should consider in selecting the content of learning materials. The two authors
stressed that curriculum writers should consider these suggested criteria in selecting the

contents of the learning materials regardless of their philosophical orientations. These
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include (a) self-sufficiency (b) significance (c) validity (d) interest (e) utility (f)

learnability, and (g) feasibility.

Apart from what the two authors have presented, curriculum developers may add
other criteria, which they believe, may help students grow and learn better. John Dewey
as cited by Ornstein and Hunkins (2004) said that educators are to consider the current
experience of learners and then seek to extend these experiences. What the learner knows
becomes the means of opening the way to new knowledge. Educators thus serve as agents

to help learners achieve connectedness in their development.

Formulation of objectives. In choosing the content of the curriculum material,
Talisayon (1998) suggested that a curriculum writer must clearly define first the
objectives of the material. This will provide the curriculum writer a clear guide of what

direction the material follows.

In clarifying the objectives and the content of the learning material, Ibe (1998)
suggested that objectives considered for the learning material must be within the bounds
of the country’s goals for science education. Goals are broad statements that give a
general direction to science programs. The goals of science education as identified by Ibe

(1998) include:

1. Science education should develop a fundamental understanding of natural

systems;

2. Science education should develop a fundamental understanding of, and ability

to use the methods of scientific investigation;



3. Science education should prepare citizens to decide responsibly concerning
science-related issues;

4. Science education should contribute to an understanding and fulfilment of
personal needs, thus contributing to personal development; and

5. Science education should inform students about science careers.

The Commission on Higher Education (CHED) reiterated in its CMO no. 20
series 2013 that the goal of the general education curriculum is to produce thoughtful
graduates imbued with:

I. values reflective of 4 humanist orientation (e.g., fundamental respect for

others as human beings with intrinsic rights, cultural rootedness, and a
vocation to serve),

2. analytical and problem solving skills;

3. the ability to think through the ethical and social implications of a given

course of action; and

4. the competency to learn continuously throughout life that will enable them to

live meaningfully in a complex, rapidly changing and globalized world while
engaging [in] their community and the nation's development issues and

concerns.

These goals provide the necessary direction for various colleges and universities
in the Philippines in formulating their respective objectives for science education. These

may also serve as guide for curriculum writers in developing learning materials. Private
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schools need to integrate the country’s goals of science education into its school
curriculum.

According to Lumagque (2011), curriculum writers must frame the objectives of
the instructional material in agreement with the country’s goal in science education as
well as with the school’s goals and objectives. Therefore, the need for a consultation
dialogue among teachers is important in developing learning modules. The module writer
must seek support of other teachers. These teachers have substantial information on
important goals to pursue because of their experiences in teaching the subject.
Curriculum writers should highly consider consultation with other teachers in developing

learning matenals.

Writing the curriculum material. According to Johnson (1997), there are no
specific guidelines on how curriculum writers prepare learning materials. However, he
pointed out that it must contain essential parts which aim to develop the student’s process
skill and their critical thinking skills. Further, he said that this is essentially true for
curriculum materials in the sciences. The UP Open University (1999) suggested that a
curriculum material must contain the following parts: (a) readiness test and key (b) lesson
proper (c) study guide (d) mastery test and key, and (e) teacher’s guide. This suggestion
is somewhat similar to the recommendation of Hidalgo as cited by Lumaque (2002). An

instructional material or a module is complete when it contains the following parts.

1. Title. It should be briefly, comprehensively, and interestingly stated.
2. Target population. This specifies level and characteristics of students to which

the writer directs the module.
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Overview. It gives the students a bird’s eye view of the topic covered in the
module. This background prepares the students of what is in store for them
and at the same time motivate them.

Objectives. The students should know exactly what the teacher expects from
them in going through the module’s learning objectives. To make objectives
clear and comprehensible to students, module writers should frame these
objectives based on specific and measurable critena,

Instruction to the learners. Since the module is self-learning material, the

writer should expect students to carry out suggested activities, answer specific
questions, and perform assignments and other related activities. To enable
them to do these, students need instructions which are clear, short, simple, and
specific.

Entry behavior and prerequisite skills. The module also specifies what entry

behavior and prerequisite skills the learner should have to enable them to use
the module successfully. This will provide student the preliminary assessment
whether the module is within his ability. If he feels he does not have the
necessary behavior and skills, he may skip the module and instead concentrate
on development of prerequisite knowledge and skills before he works on the
module.

Pre-test. This determines what the learner already knows about the topic. If
the results show that he has mastered it, he may continue to the next module.

Pre-test feedback and evaluation, This part indicates whether student’s

answers to the pre-test are correct. The writer should provide the key to
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correction within the module. Such key to correction is referred to as pre-test
feedback.

9. Learning activities. This part is the heart of the module. This specifies the
different activities that student must undertake to achieve the specific learning
objectives. Such activities include the various lessons, study sheet,
assignments, tests, and even suggested projects.

10. Post-test. When students had performed all the learning activities in the
module, he will take a post-test aimed at finding how far he has learned from
the module.

11. Post-test feedback and evaluation. The post-test feedback, just like the pre-test
feedback, serves as the key to correction. Also, the post-test evaluation,
provides the grade equivalents of the different scores students obtained in the
test.

12. Teacher’s guide. This is a manual which will provide teachers with the

pointers, helpful alternatives, and background information to strengthen the
teacher’s mastery of the topics. The guide clarifies what the teacher needs to
know, provides tips on the use of the module, calls the attention of teacher to

highlight striking points, and suggests enrichment activities to increase

learmng.

On the other hand, Parker (2007) said that a.self-instructional module is a self-
contained, independent unit of prepared instruction targeted for specific instructional
objectives. The module is self-directing in nature since it includes instructions on how

students will follow various investigations. The writer should also include a listing of the
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materials and other references that should accompany the text of the module. For this,
Parker (2007) suggested that curriculum developers must include (a) overview (b) pretest
(c) objectives (d) learning resources (e) learning activities (f) enrichment activities (g)

self-evaluation exercises, and (h) posttest.

The UP Open University (1999) suggested that whatever format the writer
follows, he or she must follow a set of criteria in developing a well-written curriculum

material. These criteria include:

1. The concepts and skills reflected in the learning material must be accurate.
The curriculum writer must evaluate the accuracy of ideas and skills of
science curriculum materials from the viewpoint of scientists. It is therefore
necessary for a scientist to review the learning material for accuracy of
concepts and skills.

2. The reader must understand clearly the concepts and skills the writer wants to
convey. In writing curriculum materials, the writer should explain concepts
and describe skills in short paragraphs of short and simple sentences. The goal
is to communicate effectively with the readers.

3. The material must have appeal to intended users such that learners continue
reading the material until the end. This will happen if the curriculum material
contains statements, explanations, and strategies that catch and sustain the
interest of its intended users.

4. The curriculum writer must employ creative ways of presenting concepts and
skills. He should have a sense of originality in presenting the material.,

However, the writer must be accurate in the explanation of established
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scientific theories and concepts. This criterion is considered a mark of

excellence, provided the writer has satisfied the other criteria too.

Conducting a formative evaluation. Although curriculum writers are experts in
their respective fields, other experts should evaluate the learning materials they have
developed. Davis (1995) described curriculum evaluation as an effort that focuses on
determining whether the curriculum material as designed, developed, and organized
produces the needed results. Further, he said that this activity identifies the strengths and
weaknesses of the curriculum material before its implementation and the effectiveness of
its delivery after implementation. One of the approaches in evaluating curriculum
materials according to Ornstein and Hunkins (2004) is by conducting formative
evaluation. This is an evaluation undertaken before implementing the curriculum
material, and deemed to improve the existing curriculum material. Ellis et al. (1995)
defined formative evaluation as one used by curriculum developers in gathering data to

revise learning material to make it more efficient and effective.

Formative evaluation involves gathering pieces of evidence to decide on how to
revise a curriculum material while the writer is still in the process of development. David
(1995) suggested that if formative evaluation needs evaluating a simple curriculum
material. involvement of teachers handling the subject might be enough. The author also
said that teachers should not only limit their focus on the intended effects of the

curriculum material when conducting formative evaluation. They should record and

: ' H o
examine the presence of unintended effects.



On the other hand, the UP Open University (1999) suggested that curriculum
writers must evaluate instructional materials based on criteria. These include: (a)

accuracy (b) clarity (c) appeal, and (d) originality.

The accuracy of science curriculum materials refers to the accuracy of the
scientific ideas and skills from the perspective of a scientist or a science educator. Thus,
science teachers must review the curriculum material for accuracy of ideas and skills. On
the other hand, clarity refers to the comprehensiveness of the learning material. When
curriculum developers prepare learning materials, their primary aim is to communicate
their ideas with readers in a clearer fashion. Talisayon (1998) stressed that writing is a
forin of communication that needs clarity of ideas from the viewpoint of the reader for it

to become effective.

A curriculum material which catches and keeps the interest of the students has an
appeal to them. The curriculum writer must be creative and innovative to increase the
appeal of the learning materials. Talisayon (1998) suggested that learning materials must
consider titles that catch the attention more easily. For example, instead of
“Concentration of Solutions,” as a title, the writer can consider “How much acid is in
your vinegar?” Similarly, the writer can use a story or an anecdote to motivate the reader.
The use of diagrams, figures, tables, or graphs may also improve the material’s appeal to
the reader.

Aside from areas that need evaluation, Talisayon (1998) also highlighted the need

to evaluate the learning material based on its student involvement index, readability, and

communication index.



The curriculum developer could measure the student’s involvement index of a
curriculum material using the procedure of Romey (1965). The value of student’s
involvement index serves as basis to find out the extent to which the learning material
involved students in other activities apart from reading. While using the instructional
material, students perform other activities apart from reading the material. Students may
solve problems, prepare diagrams and illustrations, perform simple laboratory activities,
and other relevant exercises intended to help students understand the concepts and
principles. To some extent, the student involvement index measures the appeal of the
curriculum material. If students perform the activities included in the learning material,
this becomes meaningful to them. Therelore, one can say that the learning material has an

appeal to students.

Curriculum developers may also determine the readability or reading ease of the
learning material by following the procedure of Fry (1968). This procedure is explained
in detail in the chapter on Methodology. The readability of the material shows whether
the material matches the grade level of the intended user. This is important because this

assures the curriculum writer that the written material falls within the understanding level

of the intended users.

Communication index refers to the readability of the learning modules as seen by
the students. It indicates whether students can readily understand the concepts and
whether they can follow the instructions of the leaming modules without difficulty. The
curriculum developer could measure the communication index using the guidelines

developed by Talisayon (1983), which are discussed in Chapter 3.



Revision and finalization of the instructional material. The results of the
formative evaluation serve as the basis for revision of the learning material. Before
printing the learning material for distribution, the curriculum writer must review and
include the comments and the suggestions of experts who evaluated the learning material.
Talisayon (1998) pointed out that this activity is an opportunity for the curriculum writer
to prove the scientific value of openness to ideas. However, curriculum writers may
disagree with the comments or suggestions of the evaluator. Disagreement between
curriculum writer and evaluator only applies to the manner of presenting the ideas
because matters related to the accuracy of the content are not arguable. According to
Talisayon (1998), if the writer strongly believes in his conviction, the writer being the

author has the last say.
Evaluating the Effectiveness of the Facilitated Learning Material

According to Ellis et al. (1995), a curriculum developer conducts summative
evaluation to get the total picture of quality of the developed learning material. The
curriculum writer carries out summative evaluation after development and
implementation of the learning material. This evaluation focuses on the effectiveness of
the curriculum material, in which the basis is students’ performance. The result of
summative evaluation can help teachers and other parties involved in developing the
learning material to draw conclusion about how well the learning material has worked. It
will also provide them information on how they can possibly improve the learning
material. Reyes (2000) as cited by Lumaque (2011) listed several curriculum evaluation
models which can serve as a guide. Some of these include Metffessel-Michael Evaluation

Model, Provus’ Discrepancy Evaluation Model, Stake’s Congruence Contingency Model,



and Stufflebeam’s Context, Input, Process and Product Model. However, she stressed that

in evaluating the learning material, the quasi-experimental design is most suitable.

Corollary to the above-mentioned models of evaluation, Best and Kahn (1998)
suggested that a writer should adopt Pretest-Posttest Nonequivalent Group design if an
experiment in classroom settings will be conducted. They highlighted that this design is
applicable in classroom experiments where the experimental and control groups are intact
classes. Further, they said that this design is also appropriate for evaluating the learning

materials used.

As discussed in the earlier part of this chapter, Lumaque (201 1) argued that the
use of learning modules complement learning instruction. Thus, this study delves into
how thoroughly developed and evaluated facilitated learning modules affect student

performance.

Advantages of Using Modules in Teaching

There had been many researches citing the advantages and benefits of using
modules in teaching. First is the students” preference to self-paced nature of learning. In a
survey conducted by Mak and Georges (1997), thirty-eight (38) students showed high
levels of satisfaction with using the modules because of the self-paced nature of
workbooks in particular. These students also indicated a clear preference for learning
from self-paced workbooks compared to learning from textbooks. Modular teaching can
be linked to the idea of a flexible method of instruction similar to the method used in
Alternative Learning System (ALS). Morilla mentioned that using modules is the most

appropriate teaching techniques in Alternative Learning System (ALS) Programs to help



the learner grow and develop at his/her own pace. She further emphasized that through
modular teaching, learning can take place anytime and anyplace depending on the
convenience and availability of the learners. Morilla enumerated the following

advantages of using modular approach of instruction, namely:

1. It establishes a system of assessment other than marks or grade.

2. Learners study the modules in their own working environment.

3. Learners can study without disturbing the normal activities and responsibilities.
4. Modules can be administered to individual use, small group or large group.

5. It enables the learner to have control over his/her learning.

In addition to the advantages enumerated above, Sejpal (2013) added the

following advantages of using modules in teaching, namely:

1. Learning became more effective.
2. Modules are flexible so that implementation can be made by a variety of patterns.
3 Ttis more appropriate to mature students.

4. Accept greater responsibility for learning,

5. It already got wider accessibility in the present educational scenario.

Chemistry, in general require, high level of mathematical skills in order to
understand and apply the concepts. Thus, learning chemistry is easier when the students
have better skills in mathematical manipulations. Bodner (1983), as cited by Espinosa
(2009) said that chemistry achievement is directly related to student’s mathematical and
perception skills. That is, students who possess better mathematical skills performed

better than in class. Seiler (2004) supported this statement in his study. He found out that
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as the mathematical ability level increases, the ease of getting high score in chemistry and

physics exams also increases.

Mathematics is an essential skill for chemistry students to master (Grove & Pugh,
2012). This is the reason why mathematical chemistry emerged as an important field of
chemistry. Mezey (2016) pointed out that mathematical chemistry is a truly
interdisciplinary subject, a field of rapidly growing importance. He also pointed out that
as chemistry becomes more and more amenable to mathematically rigorous study, it is
likely that chemistry will also become an alert and demanding consumer of new

mathematical results.

Furthermore, relevant studies showed that the students’ conceptual understanding
is affected by mathematical skills. One notable study that investigated this relationship is
the one conducted by Adigwe (2013). He found in his study that there was significant
improvement in achievement in stoichiometry as result of mathematics instruction. He
also found that there mathematics skills correlated significantly with achievement in
chemical stoichiometry.

Because the subject requires mathematics, the use of supplemental learning
materials such as learning modules is necessary. In a study conducted by Lumaque
(2004), he observed a better performance of a class using learning modules in chemistry
than the class that did not use learning modules. Moreover, another study conducted by
Lumaque (2011) revealed that performance of nursing students using facilitated learning
modules was better than those who did not use facilitated learning modules.

In addition, remediation process such as the use of supplemental learning modules

in subjects that require mathematical skills was also found useful in learning the subject.



In the same study conducted by Adigwe (2013), he found that there was significant

improvement in achievement in chemical stoichiometry after remediation.

The relationships of the constructs are discussed in the following section of this

chapter.
Conceptual Framework

Figure 1 shows the conceptual framework of the study. It depicts a causal
relationship indicating that the use of facilitated learning modules in introductory
analytical chemistry affects students” knowledge of analytical chemistry concepts and
application of mathematical and statistical tools in analytical chemistry. The lcarning
modules developed for this study contained activities anchored on the constructivist-
based facilitated learning instruction. The figure shows that the dependent variable is
student performance that includes knowledge of introductory analytical chemistry and
knowledge of using mathematical and statistical tools in introductory analytical
chemistry. The independent variable is the use of facilitated learning modules in
analytical chemistry. These modules were anchored on constructivist-based facilitated
learning instruction and served to guide and supplement student learning of introductory
analytical chemistry. Facilitated learning instruction is employed to both groups. It
included strategies like peer mentoring, on demand tutorial, and online discussion and file
sharing used in both groups. However, only the experimental group made use of the
facilitated learning modules to supplement instruction and in performing the peer
inentoring, on demand tutorials, and online discussion and file sharing. The conirol group

only had the common reference materials such as textbook while doing the facilitated
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learning activities. The facilitated learning modules also contained self-learning
activities. Self-learning activities refer to the examples in the modules in which the
students in the experimental group have to learn and understand by themselves. These
learning activities also include assignments in which these students have to perform by
themselves without the supervision of the teacher. The framework further shows that
knowledge of introductory analytical chemistry correlates with application of essential

mathematical and statistical tools in introductory analytical chemistry.

Constructivist-based facilitated learning instruction Knowledge of
in Introductory Chemistry —>! introductory analytical
e With Facx!ltated Learning Modules chemistry concepts
o guided peer mentoring
o guided on demand tutorial; and
o guided online discussion and file sharing
o Self-learning activities

N ‘ Knowledge of using
e Without the Facilitated Learning Modulcs mathematical and
O peer mentornng —>| statistical tools in
o on demand tutorial; and introductory analytical
o online discussion and file sharing chemistry

Figure i. Conceptual framework of the study.

In the development and evaluation of the learning modules, appropriate steps
were taken to ensure that these learning materials respond to the needs and interests of
the end users. Talisayon (1998) highlighted that students read learning materials that
catch their interest and such interest provides them motivation that can help them perform
better in class.

Eggen and Kauchak (2001) stressed that teachers could use the learning modules
regardless of the teaching strategy that they may adopt. In this study, the researcher used

the learning modules with facilitated learning instruction. The facilitated learning
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instruction is another form of a teaching approach grounded on the principles of
constructivism. Facilitated learning instruction provides opportunities to involve students
actively in classroom dynamics. With this approach, students are not simply listeners and
followers of instructions but active participants in activities that strengthen the generation
of ideas. The following are approaches that provide opportunities for students to
participate actively: group discussions, peer mentoring, tutorials and coaching,
presentation of solved problems, performing seat works together in a group, and
answering questions from classmates.

Among the facilitated learning approaches mentioned, only three are considered
for the study, namely: peer mentoring, on-demand tutorial, and online discussion and file
sharing. These three approaches are chosen because of their applicability as facilitated
learning activities supplemented by the use of facilitated learning modules. The benefits
of the three facilitated learning activities are discussed in the previous sections of this
chapter.

Furthermore, the emphasis of facilitated learning instruction is on students
becoming active learners since facilitated learning instruction is student-centered. With
this approach, the teacher becomes the guide, helping students discover the concepts

instead of giving lectures and controlling classroom activities (Fink, 2001).

Hypotheses

The null hypotheses of the study are:

1. The use of the facilitated learning modules does not significantly influence

student performance.
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2. Knowledge of using mathematical and statistical tools in introductory
analytical chemistry does not significantly correlate with knowledge of

introductory analytical chemistry.

The alternate hypotheses of the study are:

1. The use of the facilitated learning modules significantly influences student
performance.

3. Knowledge of using mathematical and statistical tools in introductory
analytical chemistry significantly correlates with knowledge of introductory

analytical chemistry.

Definition of Terms

The following terms are defined as follows as they were used in this study.

Appeal of the content refers to the extent to which the facilitated learning modules

can catch and sustain interests of the end-users.

Appropriateness of the content refers to the extent on how the researcher selected

and presented concepts, theories, drills, exercises and other learning activities in the
modules. It also includes ways of ensuring that these activities fall within the learning

principles in chemistry education and match the students’ learning abilities.

Attainability of the objectives refers to the extent to which the teaching and

learning tasks assisted in realizing objectives of the facilitated learning modules as

planned without neglecting the students’ learning capacities.
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Clarity of the objectives refers to how clear and unambiguous the curriculum

writer drafted the objectives of the facilitated learning modules from the view of the end-

users.

Conformity with standards refers to the extent to which the developed facilitated

learning modules are consistent with the school’s syllabus and the CHED’s Minimum

Learning Competencies.

Face content refers to organization and representation of topics included in the

facilitated learning modules’ content.

Facilitated learning instruction is an active teaching-learning approach adopted by

the teacher in handling the introductory analytical chemistry classes in this study.

Facilitated learning module refers to the supplementary learning material

developed by the curriculum writer for teaching-learning that adopts facilitated learning

instruction.

Form refers to the method, appearance, and characteristics of the facilitated

learning modules making them distinct for the intended purpose.

Innovativeness of the content refers to the originality and creativity of the

curriculum writer in presenting the concepts and mathematical and statistical

manipulations included in the modules.

Knowledge of introductory analytical chemistry in this study refers to the

understanding level of the introductory concepts of analytical chemistry such expressions

of concentrations, chemical equilibrium, acid-base equilibrium, other aspects aqueous
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equilibria, and gravimetric analyses. This was measured using the scores obtained by the

students in the objective-type component of the posttest.

Knowledge of using mathematical and statistical tools in introductory analytical

chemistry in the study refers to the skill level of students in applying mathematical and
statistical tools necessary to solve problems about expressions of concentrations,
chemical equilibrium, acid-base equilibrium, other aspects aqueous equilibria, and
gravimetric analyses. This was measured using the scores obtained by the students in the
problem-solving component of the posttest.

Relevance of the objectives refers to the extent to which the objectives of the

facilitated learning modules can guide analytical chemistry instructors in developing
instructional plans for effective teaching-learning.

Student performance refers to competencies, skills, and attitudes learned through

the experiences of the students that oceur during the teaching-learning process in the
specific chemistry concept. This is the dependent variable in this study that is measured
in terms of knowledge of introductory analytical chemistry and application of

mathematical and statistical tools in introductory analytical chemistry.



Chapter 3
METHODOLOGY

This chapter describes the rescarch design of the study. It includes the
descriptions of respondents and instruments used in the study. It also describes the
features of facilitated learning modules and how it supported facilitated learning
instruction. The chapter further elaborates the procedures in data gathering and the use of

suitable statistical tools in analyzing the data of the study and in interpreting the results.

Research Design

The study involved two phases. The first phase covered the development of
facilitated learning modules in analytical chemistry on topics that require mathematical
and statistical tools. The second phase of the study tackled the assessment of the
effectiveness of facilitated learning modules’ effectiveness through evaluation of the
students’ performance in analytical chemistry.

The first phase of the study was a research and development endeavor. This phase
of the study employed both qualitative and quantitative analyses to develop the facilitated
learning modules. The qualitative aspect of this phase focused on the evaluation of the
facilitated learning modules’ face content and forn by chemistry education experts. The
relevant comments and suggestions of these experts were incorporated into the final
forms of the facilitated learning modules. The quantitative aspects of this phase focused
on the evaluation of the facilitated learning modules’™ objectives and content by analytical
chemistry instructors and the determination of the facilitated learning modules’ student’s
involvement index, grade level and communication index. Figure 2 shows the research

framework of the first phase of the study.
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Analytical chemistry instructors evaluated the learning modules’ objectives in
terms of attainability, clarity, and relevance. They used an evaluation tool developed by
Lumaque (2011) (refer to appendix B) whose permission was personally sought for use in
this study. Attainability of the objectives refers to the extent to which the teaching and
learning tasks assisted in realizing objectives of the facilitated learning modules as
planned without neglecting the students’ learning capacities. Talisayon and Yu (1997)
said objective is attainable if the users of the module are able to answer an appropriate
test item as indicated by a class mean score on a test addressing the objectives of the
module. In addition, Lumaque (2011) mentioned that attainability of the objectives refers
to the extent to which objectives are stated in a measurable, realistic, and time-bounded
manner. Clarity of the objectives refers to how clear and unambiguous the curriculum
writer drafted the objectives of the facilitated learning modules from the view of the end-
users. Talisayon and Yu (1997) emphasize that writers write curriculum materials not to
impress but to communicate with the reader. According to Lumaque (2011), if objectives
are stated clearly, students would have an idea about the coverage of the module after
reading the objectives.

The contents of the learning modules were also evaluated in terms of
appropriateness, appeal, innovativeness, and conformity to standards by the analytical
chemistry instructors using the same evaluation tool. Appropriateness refers to the extent
on how the writer selected and presented concepts, theories, drills, exercises and other
learning activities in the modules. It also includes ways of ensuring that these activities
fall within the learning principles in chemistry education and match the students’ icarning

abilities. Lumaque (2011) mentioned that content of the module is appropriate if this is
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suitable to the reading and comprehension level of the students. Appeal of the content
refers to the extent to which the facilitated learning modules can catch and sustain
interests of the end-users. Talisayon and Yu (1997) considered curriculum material most-
appealing if the user does not stop reading until he/ she gets to the end. Lumaque (2011)
on the other hand considered curriculum material appealing if presented in a technically
appropriate manner and the material is attractively packaged. This means that the layout
IS appropriate in a manner that can attract the attention of the reader. Innovativeness
refers to the originality and creativity of the curriculum writer in presenting the concepts
and mathematical and statistical manipulations included in the modules. Talisayon and
Yu (1997) said that a curriculum writer can create new ways of presenting concepts and
skills. In this study, analytical chemistry instructors evaluated this aspect to assess the
extent to which the writer has developed a unique way of presenting the discussions of
the mathematical manipulations in the module. Lastly, conformity to standards refers to
the extent to which the developed facilitated learning modules are consistent with the
school’s syllabus and the CHED’s Minimum Learning Competencies. Lumagque (2011)
emphasized that a curriculum material conforms to the standards if the modules cover the
important concepts and skills for chemistry instruction. The instructors looked into this
aspect and rated the modules based on how the content conform to the standards set by
the CHED.

The next step of the first phase is the determination of the student’s involvement
index, grade level and the communication index. Second-year medical technology
students from the research locale were requested to carry out the stipulated procedures.

The data obtained by these students were used by the researcher to compute the
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mentioned indices. Student’s involvement index refers to the measure of the student’s
level of participation in the learning modules. This index was calculated using Romey’s

(1965) procedures. This value was calculated using the following formula:

Total Number of Sentences in Calegory B

volvement In =
Student Involve dex Total Number of Sentences in Category A

Category A includes sentences citing facts, stated conclusion, definitions and
questions answered immediately. Category B includes questions requiring students to
analyze data, statements requiring student to formulate conclusion, and directions to
students to perform and analyze some activity and solve problems. Appendix C presents
the table showing how the counting of sentences was carried out in each category.
According to Romey (1965), if the student’s involvement index is greater than 1.00, the
reader shows involvement in what he or she reads. In addition, apart from reading, the
students could also perform other activities and could still understand the mathematical
manipulations presented in the modules. Some of the activities which students can
perform while reading the modules include solving problems in analytical chemistry such
as statistical treatment of data and solution concentrations, calculator drills, plotting
calibration curves, and reading other analytical chemistry books.

The grade level of the modules refers to the reading age of the users. This was
determined using the graph readability of Fry (1968). The grade level was determined by
locating the point on the readability graph. The point was defined by the average number
of syllables per 100 words (abscissa) and the average number of sentences per 100 words
(ordinate), in the first, middle and last pages of the learning modules. Specific regions in

the graph correspond to grade levels. The point whose coordinates are defined falls on a
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specific region which represents a grade level. Further details of the procedures are
presented in Appendix D. According to Talisayon (1998), if the grade level of a learning
material matches the grade level of intended users, the writer has developed and

presented the material in a manner easily understood by the intended users.

The communication index of the learning modules refers to the readability of the
learning modules as perceived by the students. This was measured to determine whether
students can understand and follow the instructions in the learning modules without
difficulty using Talisayon’s (1983) guidelines (refer to Appendix E). Ten students were
requested to read the learning modules and list those words that they found unclear as
they went through the modules. Using the 100-word sample considered in the graph
readability formula in determining student’s involvement index, these students listed
unclear words they found in the sample. The number of students who found a word in the
sample unclear was counted. The frequency of occurrence of all unclear words found by
each student was also counted. The total number of unclear word and the total number of
words used in the samples were determined. The communication index, Cl, for words of

the module was calculated using the following formula:

_ Sum of (fX)
CI (ND(Nx)
where: X = number of readers indicating a given unclear word
£ = number of times unclear word appears in the
samples of words
Nr = total number of unclear words
Nx = total number of words in the samples
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Using the data obtained from the students’ evaluation and the Talisayon’s guide,
the communication index (CI) of the facilitated earning modules was computed and
checked if this value falls within the range of acceptable values for communication index
which is 0 < CI < 0.01. If the computed value falls within the indicated range, the
students find words in the learning modules simple and easy to understand. Thus,

students can easily follow mathematical procedures presented in the modules.

The second phase of the study employed quasi-experimental method that utilized
pretest-posttest nonequivalent groups design. This design involved the use of two groups
which had not been constituted by randomization. Figure 3 presents the research design
of the second phase of the study. It can be seen in Figure 3 that the independent variable
is the use of facilitated learning modules, which is the treatment used in the study. The
dependent variable is the student perfornnance measured using the postiest scores
comprising knowledge of using mathematical and statistical tools in introductory

analytical chemistry and the knowledge of introductory analytical chemistry.

1% Year Medical Technology Classes
Experimental Group O X 0,0;

Control Group O, 0:0;

Figure 3. Quasi-experimental pretest-posttest nonequivalent groups design of the second
phase of the study.

In Figure 3, O, refers the pretest scores of students in Mathematics and Statistical
Tools in Introductory Analytical Chemistry; Oz and Os refer to the posttest scores of
students in Mathematics and Statistical Tools in Introductory Analytical Chemistry and

Introductory Analytical Chemistry, respectively; and X refers to the treatment given {o
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the experimental group which was the use of facilitated learning modules. Although both
the experimental and the control used facilitated learning instruction as learning strategy,
only the experimental group used the facilitated learning modules as supplementary
materials during the conduct of facilitated learning activities. The control group used only
the conventional learning materials such as textbooks without access to the facilitated

learning modules while performing the facilitated learning activities.

This phase of the study aimed to assess the effectiveness of the facilitated learning
modules on student performance and to correlate the knowledge of using mathematical
and statistical tools in introductory analytical chemistry with the knowledge of
introductory analytical chemistry concepts. This phase began with identifying two intact
classes in analytical chemistry classes during the second semester of 2015-2016. One of
the two classes was randomly assigned as the experimental group and the other as the
control group. Before treatment, a pretest was administered to both the experimental and
control groups. The purpose of the pretest was to measure the knowledge of students in
using basic mathematics in introductory and statistics before the treatment. The treatment
given to the experimental group was the use of the facilitated learning modules.

After the treatment, a posttest was administered to both groups. Knowledge of
using mathematical and statistical tools in introductory analytical chemustry was then
correlated with the knowledge in introductory analytical chemistry using the scores in the

two components of the posttest.

Instruments

The instruments used in the study are grouped by phase in which they were used.



53

First phase of the study. One of the instruments used in the study is the Content
and FForm Evaluation Tool shown in Appendix A. This was used by the chemistry
education experts during the early stage of development of the facilitated learning
modules. This tool asked chemistry education experts to evaluate the facilitated learning
modules in terms of face content and form. There is a portion in the instrument where
these experts were asked to cite their comments and suggestions. All relevant comments
and suggestions were addressed one by one and corresponding revisions were made on
the learning modules to improve their face content and form. Two chemistry education
experts evaluated the face content and form of the facilitated learning modules. Both
experts have doctorate degree in chemistry education and are faculty members from two
different universities in the research locale.

Another instrument used in this phase was the tool for evaluating the Objectives
und Content Evaluation Tool shown in Appendix B. This was the evaluation tool used by
analytical chemistry instructors in assessing the facilitated learning modules’ objectives
and content. Ten analytical chemistry instructors evaluated the learning modules’
objectives and content using this form. Some of these instructors have doctorate degrees
in chemistry and chemistry education while some have master’s degree in chemistry.
This instrument was developed by Lumaque (2011) whose permission was sought
personally. Some statements in this tool were revised to suit the study particularly the fact
that the subject considered in the study is analytical chemistry while the subject in the
original draft was general chemistry. The objectives of the facilitated learning modules
were assessed in terms of attainability, clarity, and relevance. On the other hand, the

content of the facilitated learning modules was evaluated in terms of appropriateness,
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innovativeness, appeal, and conformity to standards. This tool asked the respondents to
indicate the extent to which they agree or disagree on a statement in the evaluation tool.
The scores were then analyzed and interpreted using a rubric. Lumague (2011) pilot-
tested the tool together with the rubric among chemistry teachers in the research locale.
Second-year medical technology students of Notre Dame of Marbel University
served as the group of respondents for the development phase. These students were asked
to carry out the procedures included in the respective tools to delermine the student’s
involvement index, grade level and communication index. The data obtained by the
students were utilized to measure the student’s involvement index, grade level and
communication index of the facilitated learning modules. These students took analytical
chemistry during their first year in the program. Thus, they are familiar with the topics
covered in analytical chemistry. Standardized instruments and procedures to measure the
student’s involvement index, grade level, and communication index of the facilitated
learning modules were adopted from existing standardized instruments. Specifically, a
standard instrument developed by Romey (1965, refer to Appendix C) measured the
student involvement index of the learning modules. The result would show the extent to
which students could undertook other activities while reading the facilitated learning
modules. This means the ratings given by these students could indicate if readers could
also perform solving problems, balancing chemical equations, writing and drawing
formulas, and browsing other reference materials apart from reading the modules. The
researcher determined the grade level of the facilitated learning modules using the data
obtained by the students from the procedures indicated in Edward Fry's (1968)

readability graph (refer to Appendix D). The procedure involves plotting the calculated
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value in the graph to determine which grade level this value falls. The communication
index was calculated using the guidelines developed by Talisayon (1983, refer to
Appendix E). The resulting value of this index indicates whether the readability of each
of the facilitated learning modules falls within the acceptable limit.

Second phase of the study. In this phase of the study, three instruments were
used to determine if the facilitated learning modules were effective in improving the
performance of the students in introductory analytical chemistry. The first instrument
used was the pretest. This was administered (refer to Appendix F) before the treatment
was given. This pretest measured the knowledge of the medical technology students in
using mathematical and statistical tools in introductory analytical chemistry. The pretest
contains questions either copied word for word or adapted from questions existing in
algebra and statistics books. Existing standardized tests on algebra and statistics were
used in this study. This was (o ensure that the questions included in the pretest were
actually covered in their algebra and basic statistics. This consisted of 45 multiple-choice
questions which the students took for 1.5 hours. Three mathematics instructors of Notre
Dame of Marbel University examined the content validity of the test. The reliability of
the test questionnaires was also determined using the test-retest method. When the pretest
was administered to a different group of students twice, a high positive association value
of 0.694 was obtained. This indicated that a good association between the scores obtained
in the first and second administrations of the pretest existed. Another instrument used in
this phase was the posttest (refer to Appendix G). The posttest was administered to both
groups after the treatment period of ten weeks. Sixty (60) percent of the postiest iiems

were problem-solving questions while forty (40) percent of the items were of knowledge-
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type. These questions assessed the students” skills in applying mathematical and
statistical tools in introductory analytical chemistry and their understanding of
introductory analytical chemistry. The validity and reliability of the posttest were also
assessed using suitable methods. The validity of the posttest was determined by logical
analysis of the content which was done by the researcher and other analytical chemistry
instructors in the research locale. The reliability of the posttest on the other hand was
determined by tesi-retest method utilizing the same group of students who were used in
the determination of the reliability of pretest. A high positive correlation value of 0.685
was obtained which indicated that a good correlation existed between the scores of
students in the first and second administrations of the posttest.

The posttest included two types of questions — problem-solving and objective
types. Scores in the problem-solving type represented scores in the knowledge of using
mathenatical and statistical tools in introductory analytical chemistry while scores in
objective type represented scores in the knowledge of introductory analytical chemistry.

The third instrument was a journal (refer to Appendix H) where student mentors
and mentees from both the experimental and control groups wrote their feedback after the
intervention was given. Particularly, they wrote what they thought were the advantages
and disadvantages of using facilitated learing activities like peer mentoring, on-demand
tutorial, and online file sharing and group discussion as learning strategies. Student
mentors and mentees in the experimental group were also asked to include in their
feedback on the advantages of using the facilitated learning modules as supplementary
learning materials in doing peer mentoring, on-demand tutorial, and online file sharing

and group discussion.



57

Facilitated Learning Modules

In the course of the study, introductory analytical chemistry was taught using
facilitated learning instruction in both the experimental and control groups. Various
teaching strategies that fall within the context and methods of facilitated learning
instruction were utilized. In particular, peer mentoring, on-demand tutorial, and online
file sharing and group discussions were used in the facilitated learning instruction other
than the constructivist-approach lecture. The experimental group however, was provided
with facilitated learning modules as supplementary materials in learning introductory
analytical chemistry through facilitated learning instruction.

These facilitated learning modules focused on the use of statistical and
mathematical tools in introductory analytical chemistry. Being constructivist in nature,
the modules focused on activities that develop skills and involve higher-order thinking.
These added learning materials served as aids in simplifying the applications of
mathematical and statistical tools in introductory analytical chemistry. The facilitated
learning modules served as lesson guides for the teacher and the students of the
experimental group in dealing with the topics that need mathematical and statistical tools.
Thus, lessons in the facilitated learning modules served as basis of the teaching-learning
experiences happening inside the classroom of the experimental group.

All the facilitated learning modules contain the following: (a) Title, (b)
Introduction, (c) Facilitated Learning Activity, (d) Objectives, (¢) Time Frame, (f)
Check-up Test and Feedback, (g) Lesson Proper, (h) Assignment, (i) Key Answers, (j)
Summary, and (k) References. The Title presents the main topic that is to be covered in

the module while the introduction discusses the importance of the topic in understanding
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other topics in analytical chemistry and its applications to their everyday life. The
Objectives are formulated based on what students can do after learning the topics in the
modules while time frame indicates the length of time allocated for each module. Check-
up Test is designed to determine the prior knowledge of the students before learning the
module while feedback shows and explain the answers. Lesson Proper discusses the
content of the module while assignment is provided to let students practice the
mathematical and statistical procedures they learned from the module. The section on
Key Answers gives all the answers to the assignment while Summary wraps up what has

been covered in the module. Finally, the References list the books and other material.

These learning modules also employed strategies that fall in the context and
application of facilitated learning instruction and guided students in experimental group
when they participated in the facilitated learning activities, specifically in peer mentoring,

on demand tutorial, and online file sharing and group discussions.

Table 1

Matrix of Facilitated Learning Activity per Module

Module Facilitated Learning Activity
(Topic)
1(Statistical Testing and Treatment of Data I) Peer Mentoring
2(Statistical Testing and Treatment of Data II) Peer Mentoring
3 (Expressions of Concentration) Peer Mentoring
4 (Chemical Equilibrium) On-demand Tutorial
5 (Acids and Bases) Peer Mentoring
6 (Other Aspects of Aqueous Equilibria) Online File Sharing and Group
Discussion

7 (Gravimetric Methods of Analysis) Peer Mentoring
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Each facilitated learning module was complemented by a specific facilitated learning

activity. Table 1 shows the matrix of the facilitated learning activity utilized per module.

The succeeding sections describe these facilitated learning activities and how
these were carried out in the experimental group using the facilitated learning modules
and in the control group without the facilitated learning modules.

Peer mentoring. One of the strategies adopted in this study was peer mentoring.
Students from both experimental and control classes were divided to form groups with at
least five members each. The experimental had nine groups while the control had eight.
Each group selected a mentor and co-mentor. Other members of the group served as
mentees. Mentors and co-mentors were identified based on their scores in the pretest and
their grades in the previous chemistry subject. Nine top performing students in the
experimental group and eight top performing students in the control; groups were
identified as group mentors. The next top nine performers in the experimental group and
the next eight performers in the control group were identified as co-mentors to assist the
group mentors in the mentoring activities. Pairing of the mentor and the co-mentor was
also based on their ranks in the pretest and class performance. In the experimental group,
top 1 performer was designated as mentor and was paired with top 18 performer as co-
mentor while top 2 performer was designated as mentor and was paired with top 17
performer as co-mentor, and so on. In the control group, top 1 performer was designated
as mentor and was paired with top 16 performer as co-mentor of top 1 mentor while top 2
performer was designated as mentor and was paired with top 15 performer as co-mentor,

and so on. This process of identifying and assigning mentors and co-mentors was
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followed to achieve intellectual balance among the groups and to ensure that the quality
of peer mentoring was uniform in all the groups in the experimental and control groups.

Each peer-mentoring session took place for at least 1.5 hours depending on
availability of time among the group mentors and the mentees. The experimental group
held sessions inside the classroom at 4:00 — 5:30 PM, TTh. The control group held their
sessions at 3:30 — 5:00, MW. Sometimes, groups held their sessions either in the
university library or in their houses when they need time longer than 1.5 hours. Also,
groups held peer mentoring at least once a week depending on availability of time and the
demand for such activity especially when a long test was approaching.

Before each peer-mentoring session, a problem set was assigned for the groups to
work on. The teacher provided instructions on how groups should carry out the session.
Only students in the experimental group used facilitated learning modules as
supplementary learning materials. The teacher also provided possible references for all
groups in both the experimental and control groups. The teacher gave experimental and
control groups different schedules to prevent the latter from seeing the facilitated learning
modules used by the experimental group. The teacher assigned experimental group
Tuesdays and Thursdays while Mondays and Wednesdays for the control group. If a
group decided to extend a session held outside the campus, the researcher specifically
stressed that only the students belonging to the experimental group can use the facilitated
learning modules. Further, the teacher-researcher emphasized that students belonging to
the control group were not allowed to join the experimental group during sessions
conducted outside the campus, and vice versa. The teacher asked the group leader how

the group conducted the mentoring session outside the campus the following day, or
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during the next class session. With this, the teacher would know if there were students
belonging to other groups that had joined them during mentoring session.

After treatment, the teacher required each group to submit a report on how the
group carried out the peer mentoring. The teacher also directed the group leaders to
include in their reports effects of peer mentoring on the group’s understanding of
analytical chemistry and the mathematical tools involved in solving analytical chemistry
probiems.

On-demand tutorial. Another facilitated learning instruction approach used was
the on-demand tutorial sessions. The teacher designed this to offer students the
opportunity to clarify discussions on the mathematical manipulations with the instructor
as the tutor, to lessen confusions about mathematical procedures. This was designed to
help students gain confidence in dealing with problem solving in analytical chemistry
which they found more difficult than the problem solving they encountered in general
chemistry. There were two tutorial sessions conducted for each group because of limited
availability of the teacher. The teacher-tutor conducted each tutorial session on a
Saturday afiernoon that ran for two hours each session.

In the tutorial session the teacher-tutor discussed important problem solving
techniques to highlight the advantage and disadvantage of such technique for the first
hour. The teacher-tutor earmarked the remaining hour for students 10 raise questions on
topics that confuse them. The tutor ensured that he entertained as many questions as
possible during session. Again, the tutor allowed use of facilitated learning modules only
for the experimental group. The futorial sessions in the control group were conducted

without the use of the facilitated learning modules. Instead, they made use of other
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materials such as their notebooks and books, which were also used in the experimental
group.

Online file sharing and group discussion. The third facilitated learning
approach used in the study was the online file sharing and group discussion. This
approach provided students with opportunities to interact and exchange insights and
thoughts with the other students and with the teacher. This also allowed them to access
some learning malterials uploaded online by the teacher. The teacher created for each
class a Facebook account for this activity. This is where the teacher uploaded useful
materials to allow access to the students. Uploaded materials included scanned solutions
of quizzes the instructor failed to discuss because of time constraints and lectures
students asked for inclusion. In each material posted, the researcher allowed the students
to react and comment on the solution to clarify points they might not have understood.
The teacher allowed other students to comment by providing explanation to the student
who raised clarification or reaction. The teacher also allowed students to post their own
solutions. Again, only the experimental group was allowed to use learning modules for
this strategy. Furthermore, the researcher aliowed students in the experimental group to
comment on the solutions presented in the learning modules for further online
discussions. The online file sharing and group discussions in the control group were
conducted without the use of the facilitated learning modules. Instead, they posted
solutions of problems for group discussion either from textbooks or from lectures that
they did not understand clearly during the regular class sessions.

According (o Lumaque (2011), facilitated learning modules allow students (o fee]

as if they are listening to the presentation of the teacher while reading the modules. He
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also reiterated this statement in his suggestion being one of the chemistry education
experts in this study. All these would make the facilitated learning modules different
from other learning modules and other learning materials.

The parts of learning modules suggested by UPOU (1999) and Lumaque (2011)
as discussed in Chapter 2 are similar to the parts considered in this study. There were also
parts added that were considered essential and some parts were omitted because they
were not necessary. The procedure on the conduct of the facilitated learning activity and
the assignment were the parts added while target population, entry behavior and
prerequisite skills and feedback on the assignment were the parts not included. The
facilitated Iearning modules have the following parts to fit their purpose:

(a) Title

(b) Introduction

(¢) Facilitated learning activity

(d) Learning objectives

(e) Time frame

() Check-up test and feedback on the check-up test

(g) Lesson proper

(h) Assignment

(i) Answer key to check-up test and assignment

(j) Summary
(k) References.

These learning modules were given one or two days before the lecture on the

topic or the conduct of the facilitated learning activity. As a guideline, students in
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experimental group read the learning modules in advance. Thus, both facilitated learning
instruction and use of facilitated learning modules were utilized in the experimental
group. The classroom activities of the control group did not use the facilitated learning

modules.

Data Collection Procedures

The study gathered data in each of the two phases of the study — during the
development of the facilitated learning modules (first phase) and during the assessment of
these facilitated learning modules’ effectiveness on improving student performance
(second phase).

First phase data collection. In particular, data gathered in the [irst phase are
listed below:

(a) comments and suggestions made by chemistry education experts on the face
contentand form of the facilitated learning modules;

(b) evaluation of the learning modules’ objectives and content by the analytical

chemistry instructors; and
{¢) evaluation of the grade level, student’s involvement index, and

communication index of the learning modules.

All comments and suggestions gathered from the evaluations of the chemistry
education experts and chemistry instructors relevant to the improvement of the facilitated
learning modules served as bases for the revision of the learning modules. The comments
and suggestions characterized the essential features of the facilitated learning modules,
face content and form as perceived by these experts. After the comments and suggestions

were already incorporated, analytical chemistry instructors then evaluated the facilitated
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learning modules based on objectives and content using a questionnaire (refer to
Appendix B). Using a researcher-developed rubric, the corresponding scores showing the
extent of respondents’ agreement and disagreement on statements included in the
questionnaire were recorded. The means of the recorded scores given by the instructor-
respondents were computed and interpreted using a rubric presented as Table 2 in
Chapter 4. The results of this evaluation served as basis to further improve the objectives
and contents of the learning modules.

Furthermore, using the specific validated instruments, the student’s involvement
index, grade level, and the communication index of the learning modules were assessed.
Each instrument contains the procedures in carrying out these determinations. Second-
year medical technology students carried out the recommended procedures in each
instrument, since they are familiar with analytical chemistry, having already finished the
subject.

Second phase data collection. The data gathered in the second phase consisted of
scores earned by the experimental and control groups in the pretest and posttest. In
undertaking assessment of the learning modules” effectiveness, the pretest-postiest
nonequivalent design was utilized. Both the experimental and control groups took the
pretest before the start of the treatment. Students were given 1.5 hours to answer forty-
five (45) multiple-choice questions. Only the experunental group used the facilitated
learning modules as supplementary learning materials. These modules complemented the

existing materials used during facilitated learning instruction and the learning activities

held inside or outside the classroom.
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The treatment ran for only 10 weeks of the semester. The treatment did not cover
the entire semester because the last part of the course does not need mathematical and
statistical tools as pointed out in the course syllabus.

After the treatment, both the control and experimental groups took the posttest on
February 20, 2016. The researcher used pretest and post-test scores of students in both
groups to assess the effectiveness of the learning modules on student performance.

Both groups look the same set of tests containing objective and problem-solving
types as posttests for three hours. The scores in objective-type items served as their
scores in knowledge of introductory analytical chemistry. Their scores in the problem-
solving iiems served as their scores in knowledge of using mathematical and statistical
tools in introductory analytical chemistry. In addition, the posttest scores of both groups
in the objective-type and problem-solving questions were used to correlate the knowledge
of using mathematical and statistical tools with the knowledge of introductory analytical
chemistry.

After the treatment, the researcher also gathered feedback from the student
mentors and mentees from both the experimental and control groups regarding the
utilization of the peer mentoring, on-demand tutorial, and online file sharing and group
discussion as the facilitated learning activities. A journal form was used where these
student mentors and mentees from both the experimental and control groups were
allowed to write their feedback particularly the advantages of using facilitated learning
activities as learning strategies. Student mentors and mentees in the experimental group
were also asked o include in their feedback the advantages of using the facilitated

learning modules as supplementary learning materials. In particular, these students from
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the experimental group were asked about how the facilitated learning modules helped
enhance the conduct of facilitated learning activities. Finally, the feedback of students
from both the experimental and the control groups were compared in order to see how the
facilitated learning modules helped enhanced the conduct of the facilitated learning

activities.

Data Analyses

Data gathered during the development of the learning modules and during the
assessment of the learning modules™ effects on student performance were analyzed and
interpreted. The Statistical Packages for Social Sciences. SPSS Version 20 software was
used in analysing the data. Analyses of the data were done by phase. The succeeding
sections describe how data in each phase were analyzed.

First phase data analysis. The data gathered in the early stage of first phase
(development) did not require statistical tool for analysis as these were comments and
suggestions of chemistry education experts. This only involved incorporation of
comments and suggestions into the drafls of facilitated learning modules. With regards to
the following aspects, (a) objectives of the learning modules based on attainability,
clarity, and relevance; and (b) content based on its appropriateness, innovativeness,
appeal, and conformity to standards, teacher respondents rated the module by indicating
the extent to which they agree or disagree with each of the statements under each
criterion using the Objectives and Content Evaluation Tool shown in Appendix B. Mean
scores in each statement were calculated based on the teacher respondent’s evaluation,

Moreover, these scores were interpreted with the help of a rubric or a guide developed by

Lumaque (2011).
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The modules’ student’s involvement index, grade level, and the communication
index were also computed following the procedures stipulated in each instrument
mentioned (refer to Appendix C, Appendix D, and Appendix E). The resulting values
served as basis to decide whether the learning modules matched the characteristics of the
end users.

Second phase data analysis. For the data in the second phase, independent
sampies
t-test and analysis of covariance were employed. Specifically, the independent samples t-
test was used to establish that the two groups were comparable in terms of their aptitude
and skills in mathematics and statistics as applied to introductory analytical chemistry.
On the other hand, analysis of covariance (ANCOVA) was used to determine if a
significant difference existed between the posttest scores of students using the facilitated
learning modules and those who did not. The pretest scores of both groups served as the
covariate to eliminate the effects of the prior knowledge of mathematics and statistics of
students in both groups before the treatment. Thus, the improvement in the posttest scores
of the experimental group could be solely attributed to the use of the facilitated learning
modules. Significant difference existed if the significance value is less than 0.05.

Moreover, Pearson’s r was used to determine if knowledge in using mathematical
and statistical tools correlates with knowledge in introductory analytical chemistry.
Pearson’s correlation was considered because the data were raw scores which are
continuous. This study made use of a rubric cited by Sevilla, et al. (1996) to determine
the degree of correlation. Table 2 below shows the rubric which lists interval values with

matching degree of correlation. The degree of correlation was marked by the interval to
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which the calculated value fell. The values ranged from 0 to 1, ranging from negligible

correlation to high correlation as the matching degrees of correlation.

Table 2

Interpretations of Correlation Values by Sevilla, et al. (1996)

Correlation Value Interpretation

0.80-1.00 High Correlation

0.60 -0.79 Moderately High Correlation
0.40 -0.59 Moderate Correlation
0.20-0.30 Low Correlation

0.01 -0.19 Negligible Correlation

‘The feedback written on the journais by the student mentors and mentees
regarding the utilization of the peer mentoring, on-demand tutorials, and online file
sharing and group discussions were gathered. These feedback provided by the students
from both groups were read twice and the common answers pertaining to particular
advantages of utilizing the facilitated leamning activities were listed and categorized. Each
category represented a common advantage mentioned by the students. Specific feedback
pertaining to how the use of facilitated learning modules helped students in the
experimental group enhance the conduct of facilitated learning activities were also listed
and categorized. Each category represented a specific and common manner as to how the
use of facilitated learning modules enhanced the conduct of facilitated learning activities,
Further, feedback raised by the mentors and mentees served as proofs to support the

hypotheses of the study that the use of facilitated learning modules as supplementary
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learning materials during the conduct of facilitated learning activities improved student

performance in the experimental group.



Chapter 4
RESULTS AND DISCUSSION

This chapter presents the results of the study based on the sequence of questions

in the statements of the problem presented in the first chapter.

Essential Features of the Facilitated Learning Modules

The use of facilitated learning modules was intended to help students develop
their mathematical and statistical skills necessary in solving problems in introductory
analytical chemistry. This strategy involved students performing facilitated learning
activities alongside reading the modules’ content to further process the information in
order to deepen their understanding of the mathematical and statistical tools. Included in
the learning modules were guidelines and mechanics of the facilitated learning activities.
The facilitated learning modules included discussion of the mathematics and statistics
part of the lesson where mathematical procedures were dealt with in detail. Reviews of
basic chemistry concepts were also included. These chemistry concepts were discussed
alongside mathematical and statistical procedures.

There were seven facilitated learning modules developed. Each module contained
the following parts: title, introduction, objectives, time frame, check-up test, facilitated
learning activity, lesson proper, assignment, answer key, summary, and references. The
modules also included a teacher’s guide and preface as introductory parts to provide
guidelines in using the modules. Modules 1 and 2 covered statistical testing for treatment
of data. These modules tackled statistical tools and techniques as applied to analytical

chemistry. These two modules highlighted basic statistical tools, reporting and computing

data, tests of significance, and other applicable statistical tests. Finding mean, median,
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mode, range, standard deviation, pooled standard deviation, relative standard deviation,
relative error, percent relative error, part per thousand error, and dimensional analysis
were also discussed tn Module 1. These basic statistical tools were reviewed as these
were necessary tools utilized in dealing more complex statistical treatment of data.
Module 2, on the other hand, covered complex statistical tools such as confidence
interval, t-test test, z-test, F-test, and Q-test. These are the statistical tests used in the

Ll Wil dpplicativiis. (i) deiliiliig d nuilictical et val atounid tie nicdi ol @ sct ol
replicate analytical results within which the population mean can be expected to lie with a
certain probability, which is called the confidence interval (CI); (2) determining the
iutiber of eplicaic icasuiciiciits icquiiod w Cisuid that ai CApCIHICilG Hicdl [aiis
within a certain range with a given level of probability; (3) estimating the probability that
(a) an experimental mean and a true value or (b) two experimental means are different;
aiid (+) deciding wiill a ceiiaiti pioLaLIlity wilcdici dn appaicii OuLiict iia st ol icpiicate
measurements is the result of a gross error and can be rejected or retained.

Moreover, Module 3 dealt with a review of the different expressions of
CoilCCiiigiivils wiiile ivivduic + fucused ot tie basics of chiciical equilibiiwn suci as
writing equilibrium-constant expressions until discussions regarding Le Chatelier’s
principle. It also introduced techniques in solving problems involving equilibrium.
Niodule 3 discussed aidic aiid Udasic suiuiions fucusitlg vin loniaiion aid caiCulaon of
pH of these solutions. Module 6 covered other aspects of chemical equilibna. It discussed

common-ion effect, buffers, and the solubility-product constant. Lastly, Module 7 was

P . T L [ | 1 ~o .
abuut tic weoiiigues and calvulaiions involved i graviieuic inetiiods ol aiiysis.
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Various teaching strategies that could be classified as facilitated learning
instruction were used to complement the use of facilitated learning modules. Other than
the lecture method, peer mentoring, file and link sharing, online group discussions, and
on-demand tutorial sessions were also used. The following sections discuss how the use

of facilitated learning modules helped students in performing the facilitated learning

activities.

Peer mentoring. The usefulness of the facilitated learning modules in peer
mentoring was assessed through the reports presented by both the student mentors and
the student mentees Emerging points regarding the usefulness of the learning moduiles on
the conduct of peer mentoring based from the student journals were identified. First
emerging point raised by student mentors was that the facilitated learning modules served
ds Guich teiiciice i guide (Ul DICHOIS wilchievar dicy iiceded 0 answei yuviics of dicin
mentees having difficulty with the lessons. Here are the statements directly quoted from

the student mentors:

Studeit diciior 1, Eaperuhichtdd Group.,

“As a mentor, I had encountered several inquiries regarding the topics so
it was really hard to answer the questions of my group mates and finding the
answers directly from a bulky book. But the modules have summarized
information regarding those inquiries that I could easily understand and share

vieith rasre 23092t e
Yidddd $hip o priviiieesd.

It can be said that the modules helped the mentors in addressing specific

difficulties of the mentees without browsing the very bulky textbook because

* - * . 11 ~ . - v
Caplanativiis Of tie Wpics COVEILU il Lie icciuic could be found readily i dic modules,

Another point raised by student mentors was that the facilitated leamning modules were

simplified and easy to understand as expressed by the following student mentors in thejr

icpuiio.
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Student Mentor 2, Experimental Group:

“The modules are simplified and easier to understand. The concents and
the solutions of the problems are explained in a manner where every word is
easily understood. The modules are also in summarized form. Therefore, I can
discuss the topics to my group mates with confidence during my mentoring
because [ understood the discussions in the modules.

Student Mentor 3, I-xperimental Group:
“Comparing with the texthook, we understood the topics particularly the

mathematical procedures better. Also, our confusion in understanding the
procedures in solving problems is not as high as when we are using textbook.

It can also be noted that the modules helped the mentors impart the lessons to the

mentees with ease and confidence because they understood the discussions on the

understand the mathematical procedures included in the modules.

Although peer mentoring helped the students belonging to the control group, the
student mentors and mentees in this group encountered difficulty in understanding the
discussions in the textbook. Aside from difficulty in finding the specific topics in the
texthank tn be disencsed dorine mentorine the disenssions in the texthooks are lenothy
and the mathematical procedures are not discussed in detail. The mathematical
procedures in the textbooks are difficult to understand especially for students who have
ieos Dachgiound i nigiiciaiics. Heic is vtic of e siatenicnis 1aised by Swident vichos
4 in the control group.

Student Mentor 4, Control Group:
“Overall, the peer mentoring activity has helped us because we had the

ChCE (0 Share witdi W RuY uDOUL e [EASUNS PUrticuiurly iie probiem solving
in analytical chemistry. However, I have difficulty as a mentor because I also
have difficulty in understanding the discussions in the textbook since these are

more complex for me lo understand.




The use of facilitated learning modules also helped the mentees do the peer

mentoring as reported in their journals. One of these was that the modules served as guide

in what they had to focus on. In other words, the modules served as a ready reference that

thev used as a substitute to the bulky textbook. Moreover. they found the modules more

useful because the discussions were in summarized form that most of the techniques in

solving problems were there. Below are the statements quoted from the mentees in the

Capeiiiticiiial group.

Student Mentee 1, lixperimental Group:

“We used the modules as guides for our peer mentoring activities. They
were appropriate for the activities because they are simplified in form that we can
browse as qwclc reference whenever we wanted to clarify mathematical
lu,lllllq Uues.

Student Mentee 2, Fxperimental Group:

“The modules helped me understand topics in analytical chemistry
because we have a guide regarding the lesson. The modules presented clear and
underv{andab/e examples in order for us to cope up with the lessons. Examples

! Y R R B RN I RS 3 ase ~fail toy 45 505 oy
v.usl.tJL llll‘b”t’ 7‘\1./;»114955;\/1 R A LY R A R ¥ thgJ r:\ls u:'../u: t\J LAY A '6“

understanding mathematical 100ls used in analytical chemistry.

Student Mentee 3, Experimental Group:

“The modules act as our guide in doing the peer mentoring activity. With
the help nf the mochiles it was easior for ae o umderstand leorn and solve
problems regarding our lessons in analvtical chemistry.

Moreover, the mentees understood the discussions in the modules because they

were simple and easy to understand. 'Ihe mentees thought that the modules were helptul

for the mentors in understanding the discussions, which made their mentoring a lot easier

because the mentees easily understood the mentors.

Siudent ience 4, bapeiinenidl Group.

“For the peer menloring activity, meniors cannot really memorize the
mathematical procedures and concepts behind particular topics. But with the
modules, our mentor was able to make us understand betterbecause the mentor

underqm(;d the dzscussmns clearly In some instances, we even had meaningful

s AN ,1/‘"0 f’qw 717, Wr‘f\ - 11‘1"797’!1‘7"""( rr1r, 4 vhlr\ ]
el 'L"l,“"”"“} ~F ru’:_"‘ ’:,’. P FLie $hin ifbw Ve Szl biC e LESEVER I L 4 ' fee tr k "’“ <
- “O' - 'J § 1 .
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Student Mentee 5, Experimental Group:

“The examples in the modules are discussed thoroushlv that we were ahle
to understand the examples more easily. The peer mentoring was more effective in
study groups with the modules because the mentors and mentees alike were
guided in the study.

Further, the mentees considered the examples in the facilitated learning modules
as homework that the mentees could do themselves without the presence of the teacher in
order to enhance their understanding of analytical chemistry.

Student Mentee 6, Experimental Group:

“The modules included assignments we that we answered afier the peer

mentoring activity. With the modules, we strived hard to study the modules by
having group study with my classmates to help one another.”

Peer mentoring also helped the mentees in the control group since they had extra
sessions to discuss within the group lessons which were difficult to understand. Through
peet et ing, bl ihie ientor and nictices weie abic 0 share what dicy know about
the lessons particularly the mathematical procedures involved in analytical chemistry.
However, the peer mentoring in the control group was not done as effectively as that in
tiv eaperiiienial group. This midy be because swudeni mieniors in the conioi gloup
experienced difficulty in understanding the discussion in the textbook as reported by

Student Mentor 4 and they do not have an additional resource material to refer to.

Student henior 4, Control Group.

“Overall, the peer mentoring activity has helped us because we had the
chance to share what we know aboul the lessons particularly the problem solving
in analytical chemistry. However, I have difficulty as a mentor because I also
have difficulty in understanding the discussions in the textbook since these are

133} "Jnr;l ver S
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The difficulty of students in understanding the complex mathematical procedures

in the textbook was also raised by the students in the experimental group. However, this
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particular problem was addressed in the experimental group because this group used the
facilitated learning modules that contained mathematical solutions which are explained in
a manner that the students in the experimental group could easily understand. This
advantage of the students in the experimental group may have contributed to enhance
their performance in the posttest.

The mentees in the control group also encountered similar problems encountered
Dy their mieitors. The mentees aiso had difficuity in undersianding compiicated
mathematical procedures which were not discussed in detail in the textbook as reported

by Student Mentee 7 of the control group.

Student Mentee 7, Control Group
“4s a mentee, I have encountered problems. First is regarding the lessons
that 1 had encountered is I cannot understand what my mentor is teaching to me
because he can't explain the said lesson properly. He also has difficulty in
ions in the toxthool. Socond is the schodulo. Not a!! of

. cerrdipany f/’-‘l f‘/" < / -'{‘- { i N
2;}}‘10,"5"“‘}“;‘}; > e SG utions in the textbool. SCCORT IS LI STRICaild. VUl Oy US
:

were available for a specific scheduled session.”

In general, peer mentoring was found useful as a facilitated learning instruction
for hoth the experimental and control gronps Both the experimental and control groups
benefited from the peer mentoring activity. Here are statements quoted from the reports

of student mentors and mentees on how the peer mentoring affected the learning of the

. L1 1, Lo .
siudenis fivin botli experimeiiial and Conioi groups.

Student Mentor 5, Experimental Group:
«This mentoring really helped us a lot as reflected on the last assignments

and quizzes that we have. Qur scores have improved from the previous class
es. Also, the techniques and steps that were being taught during the

works or quizz 4 s an I re ught ¢
”l(f'u()rl’lg were a})])l’led UH Ll Udciuui sl Vl’lg Uj tile P’U[)‘el’lo il Cldsd. OV l;llﬁ

means a job well done forall of us.”

Student Mentor 6, Control Group:
“The peer menloring was very beneficial to both the mentor und the

mentees. Both parties were motivated to studv and understand the lessons. |
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would recommend tohave the mentoring for a longer period of time in order to
avoid conflicts on the schedule of the whole class and have a longer time to cover
all the chapters necessary for the final exam.”

It is apparent from the comments above that peer mentoring helped students
addicss ihe difTiculties they faced 10t oily in solving probicins in analytical chiciiusiry
but also in understanding analytical chemistry ideas. A mentor also learned while
mentoring because he/she needed to review what was intended for discussion during a
speciiic session. These findings aie consisiciil with studics conducied iegatding peet
mentoring. As cited in Chapter 2, Leidenfrost, et al. (2014) found in their study that peer
mentoring can produce a number of positive outcomes because this activity can provide
giowlh and fcarning opportunities for boih mentors and mentees, resulting in a “doubic
impact” that is appealing to schools and districts attempting to support students with
limited financial and community resources. Moreover, when Rodger and Tremblay
{2603 ) cxaiinied the effect of paiticipation of fiest-ycar universily students i d
mentoring program, they found that mentored students had significantly higher final

grades than those who did not participate in the mentoring program.

The peer mentoring also helped students gain confidence in dealing with solving
problems in analytical chemistry. This manifested in the improvement of students’ scores

in quizzes after mentoring In fwo short quizzes. one on expressions of concentration and

the other one on gravimetric methods of analysis, both groups obtained significantly
higher scores. The expen'mental group got mean scores of 6.96 out 10 total points and

S 13 oui of 10 total poiiiis 11 eapiessions of conceniration and gravimeisic method of
O.

analysis, respectively. Meanwhile, the control group got mean scores of 5.34 out of 10

total points and 6.21 out of 10 total points in expressions of concentration and




79

gravimetric methods of analysis, respectively. These mean scores of both the
experimental and control groups were relatively higher than the scores of both groups in
other quizzes when no facilitated learning activity was conducted prior to the
administration of these quizzes. Further. it can be said that better performance of both
groups in quizzes after peer mentoring was not because the degree of difficulty of the two
quizzes on concentration expressions and gravimetric analysis are different from the
qUIZZCS VI OLIET LOPICS WILTOUL LI pect emoning, This can be SUpPPOIEd DY stdwecnis

raised by students in both groups regarding the advantages of peer mentoring activity.

Although both groups obtained higher mean scores in these quizzes, it can be
noted that the experimental group had higher mean scores in both quizzes. This can be
attributed to the use of facilitated learning modules by the experimental group. Students

claimed that mentoring motivated them to studv since thev understood the lessons more

clearly as reflected in the feedback below:

Student Mentor 7, ixperimental GGroup:

“I con say that peer mentoring hoe roally helped cach one nfue to fully
understand those complicated lessons, for we are able 1o learn techniques, and
how to understand certain problems from each of the members.”

In effect, students understood the lesson on mathematical manipulations because
they learned various techniques in dealing with this aspect of mathematical problem
solving.

Moreover, the reports revealed that some students lacked understanding of the

basic chemistry concepts such as identifying weak acids and weak bases. One of the

student mentors raised the comment as follows:
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Student Mentor 8, Experimental Group:

“de¢ a whole the mentoring session was more (1/'(! review sessinn. 411 nf
the members got the gist of most of the chapters but what they lack was the ba.;ic
Sfundamentals in approaching and handling the questions. For example in the
chapter of titration, their common questions were: “How do you know a buffer
solution is formed?”, “How do you know if it is a weak base or acid?”, “How do
vou write the chemical equations for buffer solutions? " To rectify this problem,
we did clarifications of the chapter as well as solve the example questions in a
step-by-step format using the learning modules. When [ feel they have grasped the
concept, 1 allowed them (o try the questions from the quizzes and exercises from
the modules and textbook. In the end they could solve the questions but it took
them a hit of time and also a litile reminders got them back into track when the
gel stuck solving the questions. Among all the chapters, their biggest problems
were the chapter on acid-base titrations and buffer solutions. The rest of the
chapters required their own personal revision and practice. In conclusion as the
leader [ felt that we met the needs of the group but I am still unsure if the
members are able to tackle the exam as the environment in which we practiced
Clearly difjered Jrom an CXUmnaiion environment.

The mentees had difficuity in the following topics: finding out if a certain titration of acid
and base produced a buffer, balancing chemical equations involved in acid-base
LuaLions, cotparing siengtiis 0l acids and bases and caiculating the pH of soiution
resulting from titration. As supplementary learning materials, students used the learning
modules in understanding these difficult topics in analytical chemistry.

According o ihe student menivis, avaiiabiiity of a cominon iime fo1 gioup
members became a drawback. Despite the 1.5-hour allotted for mentoring during break
time, some students hesitated to join because of other reasons. This problem explained
wily groups tieeded 10 HOVe thie sciieduic of menioring. Aiso, is drawbach niwed i
frequency of mentoring in a week. Thus, these groups conducted one session only per

week. This particular concern was raised by one of the student mentors in his statements

~ o1
ds> 1VIOWS.
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Student Mentor 9, Control Group:

“We had trouble managing our time so we onlv had § sessions On the
first week of our mentoring, we hadn't had our sessions because of our PI.
Practicum. And during the remaining weeks, some of my mentee couldn 't attend
in some of the sessions due (o some other appointments.”

Only students in the experimental group used facilitated learning modules during
the conduct of every mentoring. The study did not compare the effectiveness of peer
mentoring on performance of students in the two groups because both groups used peer
mentoring. Besides, peer mentoring is not a variable considered in the study. Peer

mentoring was used as one of the facilitated learning activities because it is deemed more

. o~ 1 ~LT ]
appropriaie for e conduct of s swudy.

On-demand tutorial. The researcher adopted on-demand tutorial as the second
facilitated learning activity used in the study. This offered students the opportunity to
addtess difficuiiies ey encounicied duiing pect menwting and during ciassroom iccuure.
This study only had two tutorial sessions each for the control and the experimental groups
because of limited time the instructor was available for tutorial session.

Again, only e expetitenidi group used e faciiiaicd icatning moduics. During
the tutorial session, the instructor-tutor discussed examples and problems given as

quizzes or assignments. In addition, the tutor also tackled the examples and problems

preschted in die Lacilitaied feaining moduies witi the expes inenial group.
The on-demand tutorial helped the students gain confidence in dealing with

problem solving in analytical chemistry which they found more difficult than problem

soiving tiicy cncounieted i genetal chentisuy. Anoiiiet obvious efiect of wiosiai way

improvement of scores of both groups in one of the quizzes. In a quiz on acids and bases,

the experimental group got an average score of 17.4 out of 30 total points while the
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control group got 15.6. The statement below is a feedback from student regarding the

conduct of tutorial sessions.

Student 9, Experimental Group

“We have improved and enhanced our skills in analyzing and answering
problems since we were able to clarify our doublts (o the instructor about
executing mathematical solutions during the tutorial sessions. Also, the learning
modules served as our guide during the tutorial which made the session easier for
both the tutor and us because we were able to focus on important topics included
in the modules.”

Although on-demand tutorial helped both experimental and control groups improve their
performance, the researcher did not compare the effect of tutorial on the performance of

tWO groups decause on-demand uiorial is not variabie in the study.

Online file sharing and group discussion. The research also adopted online file
sharing and group discussion as the third facilitated learning strategy used in the study.
This approach provided opportunity for students to exchange insights and thoughes with
other students or with the instructor. This also allowed them to access some learning
materials uploaded online by the instructor in a Facebook page created for each class.

This strategy did not resuit t more productive interactions among the students.
This study noted minimal interactions despite the volume of scanned solutions of quizzes
and assignments for online discussions. The students from both groups simply liked the
brief instruciions with ihe upivaded fiie poswed Dy insiructor. They just downivaded the
file and read on their own. Students seem to lack interest in interacting online when they
were asked to read and respond to questions related to the materials for discussion.

However, the sovial media account served as medium for students w inieracy wih

the instructor. They simply sent the instructor messages to ask questions about topics in
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textbook or in learning modules. Some sent messages to inquire about concerns such as
schedules of activities in the class.

Only the experimental group used learning modules for this activity. The study
did not compare the effects of this strategy on performance of students in both the
experimental and control groups because this strategy is not one of the variables under
investigation in this study.

One essenuial feature of the faciiitaied lcaming moduies is the inciusion of many
examples in which the mathematical and statistical tools used in introductory analytical
chemistry are presented in a step-by-step process that students could easily understand.
These exampies are presenied in such a way that the initial probiems are simpie ones and
additional examples are given which gradually become more complex. The examples are

presented logically to ensure that students understand simple problems before they deal
with compiicated ones.

Another feature of the modules is the manner with which the discussions are
presented. These discussions are written in a conversational manner, as if the students are
listening w the reacher in the ciassroom.

In addition, the guidelines on how to use the facilitated learning activity in each

module are explained thoroughly to ensure that students in the experimental group are

properiy guided wiien they impiement the factiltared icarming activity.

Development of the Facilitated Learning Modules

The facilitated learning modules used in this study anchored on the constructivist

appruach since eduvationai iheoi ists believe that fucilitaied ivarning instruciion adheres i
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constructivism. Presentation of content started with reiteration of preexisting ideas which
the students were already familiar with or at least had prior knowledge about. In other
words, facilitated teaching-learning triggered the thinking of students into a stage where
thev processed or applied their prior knowledge. ideas. and understanding.

The modules were written in such a way that students would do more than simply
reading the discussion of mathematical procedures. Students did more than just reading
becausce they processed and appiied information drawn from the iearning moduies.
Facilitated learning activities such as peer mentoring, on-demand tutorial, and online file
sharing and group discussion were also incorporated in the learning modules for the
students to further deal with and apply informauon. The guideiines and mechanics of

these activities are discussed in Chapter 3.

Face content and form of the facilitated learning modules. Two chemistry
education experts evaluated the learning modules’ face content and form before

evaluation of the objectives and contents. The following are verbatim comments and

suggestions raised by the first expert

1. ”If you are working with a facilitated module, the students upon reading it
feels that he/she is listening to presentation of the teacher. I only have
observed this at the end of the chapter. If this is your approach, then your
nodule is most likely similar to other reading materials.”

2. “Do you intend to use other text aside from this module for your class?
Would it be better if you cite also the main text if there is? It seems you
only have listed references 1 do not find any citation in your module.”

i

o

Ay 1)
1aieve yu

students?

144

The modules were revised to incorporate comments and suggestions of the first

expert. Comment number 1 was consistent with the nature of facilitated learning
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instruction as carried out. Therefore, the presentation of lessons was changed in such a
way that students felt like they were listening to lectures of the teacher while reading the
modules. This manner of presentation was sustained from the introductory part until the
end of each module.

Another point considered by the researcher was citation of references from which
the researcher adopted a certain chemistry idea and mathematical procedure. The
rescarcher ciied reference EeXiooks as part of the introduciion of each module. Each
module only included final answers to the assignments provided as part of the answer
key. The researcher did not include complete solutions of problems purposely to allow
students © appiy their probicm-soiving skiils without being 1o much dependent on the
modules. Further, the writer believed examples given in each module were enough for the
students to understand mathematical procedures.

The second experi gave the foliowing verbaiim cominents and suggestons.

1. “The modules are well-designed, language used is simple and easily
understood. The layout is attractive and instructions are easy to follow.”

2. “The learning modules are firee from conceptual errors.”

3. “Suggestion: Acknowledge the sources of the pictures, graphs, and tables
that are not your own should be acknowledged by citing them below. ”

“Add references al the end of each module, if applicable.”

AN

5. “Check minor corrections in the text.”

The second expert perceived that the researcher wrote the modules in a manner
that could easily be understood by students. This suggests that students could perform the
activities with ease since the students could understand the instructions clearly. She also

noted that the lavout of the modules was appealing. Modules that are engaging to the
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readers maintain interest in reading (Lumaque, 2011). She also found the modules free
from conceptual errors suggesting that chemistry ideas and mathematical procedures
were accurate. This means that learning modules presented chemistry concepts and
mathematical procedures consistent with other reference materials in analvtical chemistry
and mathematics.

The learning modules also contained properly labeled pictures, figures or tables
and recognized sources of matcrials adapied irom othier exibooks. The icarning moduies
also had a References section found in the last part of each module. This listed the
resources used in developing the learning modules. Finally, the entire script of the

jcarning moduics was revised 10 ICMOVE ININOT Writing €ITors.

Objectives and contents of the facilitated learning modules. Analytical
chemistry instructors from three different universities near the research locale, who had
taught anaiytical chemistry evaiuaied the objeciives and contem of the seven faciiitated
learning modules based on a specific set of criteria. Attainability, clarity, and relevance
served as basis for evaluating the objectives of the learning modules. Appropriateness,
innovativeness, appeal, and conformity 10 standards were the basis for evaiuating the

content of the learning modules.

The instructors rated the modules using a scale of 1 to 4 to show the extent of

their agreement or disagreement to statements related to each of the criteria given for

objectives and for content. Mean scores of the ratings given by the instructors on each
<tatement were calculated These mean scores then served as the basis for computing

grand mean scores of the sub-areas under objectives and content. The mean score of the

main area was based on the mean score of each sub-area.
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Table 3 serves as the guide in interpreting the mean scores obtained from the
evaluation of the instructors on the learning modules. The table contains rating scales
that indicates interval values wherein the mean score falls. Each rating scale has matching
interpretation to show the extent of agreement or disagreement of instructors. The

researcher used this table to interpret the results of evaluation made by the instructors.

Table 3

Interpreting Teachers' Fvaluation on the Objectives of the Seven Facilitated 1.earning
Modules

Response Rating Scale Objectives of the Lecarning Modules
Attainability Relevance Clarity
Strongly Agree 3.28-4.00 Highly Very Relevant  Very Clear
Attainable
Agree 2.52-3.27 Attainable Relevant Clear
Disagree 1.76 — 2.51 Unattainable Irrelevant Unclear

Strongly Disagree 1.00 - 1.75 Definitely Definitely Definitely
Unattainable  Irrelevant Unclear

Since the researcher used the same rubric as in Lumaque’s study (2011), the

minimum value set as passing mark is a rating equal to at least 2.52 in all areas and sub-

areas in order to make the evaluation acceptable. This minimum value suggests

agreement of instructors on the area or sub-area considered, as reflected in Table 3.

Objectives of the facilitated learning modules. The following sub-sections

present the discussion of the results of the evaluation of the three instructors.

Internretations of the results are hased on Table 3



Attainability of the Objectives

The instructors evaluated attainability of the modules’ objectives based on
the specified indicators in Table 3. A sample of the instructor’s ratings is shown
i Appoidia L. Table 3 is used o intcipict thic ivsulis of cvaluation of the

instructors. Table 4 presents the mean scores in each indicator and the

corresponding interpretation in terms of attainability of the objectives.

Table 4

Teachers' Ratings on the Attainability of the Learning Objectives of the Seven Learning
Mocdules

Indicators Mean Interpretation
The objectives are formulated within the learning capabilities 3.90 Highly
of the intended end-users. attainable
i e topics 1 each moduie can be covered witiin the aiioued 3.4U iighiy
time indicated in the module. attainable
The objectives of the learning modules are formulated based 3.90 Highly
on the general objectives of the course syllabus. attainable
The time element for realizing the objectives of the learning 3.50 Highly
modules is based on the course syllabus time frame. attainable
The objectives are stated in a measurable, realistic, and time 3.70 Highly
bounded manner. attainable

3.68 Highly

Average ‘
attainable

On the average, the modules got a score of 3.68 in terms of attainability of
objectives. This indicates that the objectives of the learning modules were highly
attainable based on Table 3. The evaluators strongly agreed that objectives as

written. were within the learning capacities of the intended users. This means that

students could perform the objectives of the learning modules as perceived by the



89

teacher evaluators. One of the objectives included in Module 2 was formulated as

follows:

After the end of the module, students would be able to locate the
confidence interval of a set of data using different methods based on
whether or not the stundard deviation s is a good measure of population

standard deviation o.

As shown in Table 4, the teachers strongly agreed that the stated

objectives in a measurable, realistic, and time-bound as written.

Clarity of the Objectives

Table 5 shows the results of evaluation regarding the clarity of the

learning modules” objectives Results showed that the modules got an averape

rating of 3.80 in terms of clarity of objectives. This suggests that in general, the

Table 5

Teachers'
Modules

Ratings on the Clarity of the learning Objectives of the Seven l.earning

Indicators

Gcilitaied learining moduies

The vbjectives of he :
students must achieve.

clearly state what the

re formulated using simple words

The objectives a
: derstood by the intended

which can easily be un
Hsers

The objectives are stated in terms of student

learning outcomes.

Upon reading the objective
ait idea about the coverage

The objectives of the learnin
instructions which are cle

easy to follow.

Mean Interpretation

+.00 Very clear

3.80 Very clear

3.60 Very clear

s, the students will have 3.80 Very clear
of the leariing inodule.

g modules serve as 3.80 Very clear

ar, unambiguous, and

nveiagso
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objectives of the learning modules were clearly stated. Specifically, the teacher
evaluators strongly agreed that the objectives stated what the students must
achieve. In addition, they perceived that students could easily perform activities
since the language used is easily understood. Figure 4 indicates such
characteristics of the modules™ objectives.

9/

After the end of the module, the students should be able to:

. . 1 . - - ~ .
1 ajeulate the varicus expressions of € trati pile e sk
Vark ipressions of concentration such as molanty, percent

concentration, mole fraction, molality, ppm, ppb, and normality;

differentiate between density and specific gravity;

N

pse density or specific gravity to convert a concentration expression into

Lad

another expressions;
calculate equivaient weight based on the different types of substance; and

b

Figure 4. Objectives of Module 3 showing clarity of objectives.

Relevance of the Ohjectives

Table 6 shows the results of the evaluation of the two instructors on the
relevance of the modules’ objectives. Based on the results, it was found that the

modules got a mean SCOTe of 3.76 in terms of the relevance of its objectives.

Based on Table 3, this indicates that the objectives of the modules are very

relevant.

The UPOU (1999) as cited by Lumaque (2011) pointed out that relevant

objectives become the instructional guide of teachers in identifying classroom

B T T T B, S e A ey i
autiviticb Ais0, {lic OUJECUIVES TICIP [Cavhicts ety portions of uie 1CSS0ITS {Hiat
4 {
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Teachers' Ratings on the Relevance of the Learning Objectives of the Seven Learning

Modules

indicarors iviean Interpretanon

The objectives serve as guide for the formation of 3.90 Very relevant
instructional activities.

The ohiectives serve ac an information dissceminator 3 60 Verv relevant
about the expectations of the teachers on student

performance.

The objectives will guide the teachers on what they 3.80 Very relevant

ought to

cover 1n the class.

The objectives will guide the students on what they ~ 3.80 Very relevant
ought to learn in this course.
The objectives serve as target statements that will 3.70 Very relevant

: 1 il IR T O R I (SR e 1
Buiuc {hie ciid-uscis aviit Uic statidaids

Frp |
[48QLES

expectations of the course.

Average

3.76 Very relevant

1 Tohasis. © -_t!_ =T ‘-Li b,‘ i i g [ LR e e g NI | | @ .
ficcd Muic cnipnasis. Furtiter, Uic vojeliives Proviue imeliivnes 1o UIc iCauiicrs,

thus facilitating the modules guided students on what they ought to learn in the

subject. Figure 5 demonstrates these characteristics of the module’s objectives,

o

Y
(@)

e After the end of the module, the students should be able to:

e

1. write equilibrivm constant expression of a grven reaction in equilibrium;

7. calculate the equilibnum constant expresston based on the given equilibrium
concentrations of reactant/s and product’s;

3. calculate the concentration of the products of iomization and the percent
\onization of the solution from the given intial concentration and the
equulibmnum constant, and

4. determing qualitatively the effects of stresses in systems at equilibrum based

T e Le Chmeisg 3 Pamepic.

Figure 3. Objectives of Module 4 showing relevance of objectives,



The students are also aware of the competencies the teacher expects from them.
Therefore. objectives directed both learner and teacher toward meeting the
standards and expectations of the subject.

Table 7 shows the summary of evaluation regarding the seven learning
modules’ objectives. In summary, the ratings indicate that instructors found the
objectives of the modules highly attainable, very clear, and very relevant. They
perceived that the 0bjectives Were written in a specific manner and identificd

clearly what students need to achieve.

Table 7

Teachers' Fvaluation Rating on the Objectives of the Seven Facilitated Learning
Modules

Area Mean Rating Qualitative Description
Attainability 3.68 Highly attainable
Clarity 3.80 Very clear

L)
=~
(@)

Y Lowg,y
Relevance very relevant

Content of the facilitated learning modules. In terms of content, the instructors

evaluated the content of the facilitated learing modules in four specific areas,

namely: appropriateness, appeal, innovativeness, and conformity to standards.
Appropriateness of the Contents of the Facilitated Learning Modules
Tabie 8 presents e resuits of evaluation in terms of appropriateness of the

learning modules. On average, the modules got a score of 3.78 for

appropriateness of its contents. This indicates that the content of the seven



learning modules are very appropriate. The instructors strongly agreed that the
learning modules contained activities which are appropriate to the age of the

intended users. They found that content conforms to accepted principles in
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analytical chemistry. The instructors signified that the activities in the modules

were appropriately designed to help students improve their mathematical and

statistical skills used in analytical chemistry. Further, they found that the content

of icarning moduies saasficed the indicated objectves because students couid

perform the recommended activities. Instructors also perceived that the modules

were developed within the reading ability of the users.

Table 8

Teachers' Ratings on the Appropriateness of the of the Seven Facilitated Learning

Modules' Content

Indicators Mean Interpretation
The concepts presented in these leaming modules 3.60 Very appropriate
conform to the accepted principles in chemistry
education.
The activities in the learning modules are 3.70 Very appropriate
appropriate in helping students understand the
concepts and principles.
The comtenls are appropriate to mect te objeclives 3.80  Very appiopriatc
of the facilitated learning modules.
The learning activities arc Qesigned to guide the 4.00 Very appropriate
students in realizing the objectives of the
facilitated learning modules.
The contents of the learning modules are suitable 3.80 Very appropriate
to the understanding level of the students.

3.78 Very appropriate

Average
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The instructors’ evaluation suggested that the researcher had incorporated
the suggestions of Ellis, et al. (1995), who stressed that a writer must consider
properly the learners’ interest in selecting content of the modules. In addition,
activities included in the learning modules reflected two of the criteria suggested
by Ornstein and Hunkins (2004). These authors suggested that the writer must
consider learnability and utility of learning materials regardless of philosophical
oricntation of the curricuium writer. The latter impiies that students should be
able to learn the topics covered in the modules. This further suggests that students

could use what they learned from the modules as frequently as necessary.

Appeal of the Contents of the Learning Modules

Table 9 shows the results of the evaluation about the appeal of the
modules’ content With a mean score of 3 S3_ the instructors stronglv agreed that
the modules’ content is appealing in general. They observed that the learning
modules (Appendix O) contain important features such as tables, graphs and
figures, which are necessary for understanding the subject matter casily. They
also recognized that the learning modules (Appendix O) were packaged

attractively because the latter included graphics that enhanced the presentation

of content and sustain the interest of the readers.

Aside from attractive layout and design, the modules also contained

engaging activities where students do the detailed mathematical procedures in

solving probiems. The moduics also contain exercises for the students to work

on after they understood the mathematical procedures.
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Table 9

Teachers’ Ratings on the Appeal of the of the Seven Learning Modules’ Content

Indicators Mean Interpretation
The learning modules are expected to capture the interest 3.50 Very appealing
of the reader
The approaches adopted by the writer in presenting the 3.40 Very appealing

concepts and examples sustain the reader’s interest.

Graphics included in the learning modules are balanced 3.40 Very appealing
and help in sustaining the interest of the reader.

In general, the facilitated learning modules are 3.50 Very appealing
attractively packaged.

The learning modules have been presented in a 3.80 Very appealing
technicallv appropriate manner.

The layout of the learning modules combines 3.60 Very appealing
attractiveness with utility.

Average 3.53  Very appealing

According to Talisayon (1998), a learning material is appealing to users
if they could read the material continuously until they get to the end. This
happens if the icarning matcrial contains sentences and approaches that catch
and sustain the interest of the readers. The beginning paragraphs in Module 1
(Statistical Testing for Treatment of Data I) on page 1 highlighted the

application of statistics in trcating experimental data. This motivated users to

keep reading the succeeding paragraphs. This claim can be supported by the

comment raised by one of the instructors:

“The module writer emphasized the usefulness of statistics in the
beginning paragraphs of Module 1. [ think citing the application of the
topics in the daily activities of the students is important to motivate them

10 keep reading the modules.”
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Innovativeness of the Facilitated Learning Modules

Table 10 shows the results of evaluation for innovativeness of the seven
learning modules. On average, the modules got a score of 3.53 for
innovativeness. This indicates that the raters considered the learning modules as
very innovative in general. They believed that the writer has developed a unique
way of presenting mathematical and statistical tools in introductory analytical
chemistry. The usc of a simpiified technique in presenting the mathematical
tools used in analytical chemistry and the writing style that sustains the students
in reading, just as if they were listening to an instructor, made the modules
unique. Thus, the cvaluators affirmed that students couid easily understand and

follow the manner of presentation.

Table 10

Teachers' Ratings on the Innovativeness of the Seven Learning Modules' Content
* b & S O 40

Indicators Mean Interpretation
The writer has developed a unique way of 3.60 Very innovati
presciiting the concepts and piinciples. ve
The solutions to learning exercises are presented in 3.80 Very innovative
a distinct manner that students can easily
understand.
The learning modules ar¢ carcfully designed thus, 340 Very innovative

showing novelty.

The facilitated learning modules exhibit originality. 3.30  Very innovative

Average 3.53  Vervinnovative

Figure 6 demonstrates this characteristic of the modules.
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We can now substitute these equilibrium concentrations to the Ky equation.
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Pearranging the equation to selve for x,
1.10x107 (0.100-x) = x*
0001-001x = x?
x+001x-0000 =0

Thus 15 a quadratic equation. To solve for x. we can have two options. Furst
is to use the quadratic and the second 15 to use a scientific caleulator capable of

1Y

solving equations on the second degree.

(a) Using the quadratic formula
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At this point, vou have two possible roots of values of x because of the +
sign. The first root can be obtaned by using the (~) sign while the second root can
be obtawned by using the (-) a1gn.

- 0.01 4 0.06403 - 0.01 - 0.06403

x, = oAt O06403 g Zi- 2%

-~ -

. = 00270 and x: = -0.037%0

The negative value of x which x: = - 0.0370 has to be rejected because
concentration of a species camnot be negative. Therefore, only the x with a
positive value, x = 0.0270 15 accepted as the amount of HClOsreacted. Thus,

H7 = 002°0M and [CIO) = 00270M

So the equilibrium concentration of HC10s 15
(HCIOs] = 0J0QM - C02700M = 0073ML

(b) Using a scientific calculator, the value of X in a quadratic equation can also be
obtained. The following procedures can be followed for this technique. However,
he sequence may vary dependmg on the brand of the calculator for they differ m
the language. Before following this procedure, it is suggested to read and
understand the calculator manual particularly in sokwng the value of x in
quadratic equation. Note that the calculator that 15 demonstrated here 15 CASIO
£x-991ES.

Step 1.With the calculator ON, Press the key SET UP to display the functions

vou want vour calculator to perform. For this particular detenmination,

select 3 to set it up to EQN mode.
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Step 2. Look for the equation in the second degree because there are four (4)
options displaved. To choose quadratic equation, select 5. You wall see the
letters a, b, and c are being displaved

Step 3. With a lughlighted, enter 1 then press the “equals™ key (=). At thus point, b
1shighlighted. You now enter the value (.01 or 01 and then press the
“equals” kev (=) agan to fimsh entering the b value and to highlight c.
Enter now0.001 as the value of ¢ by pressing first the key (-) followed by
enterng 0.001 or 001, then press the “equals™ key (=). At thus poum, ail
the values of a_ b. and ¢ are being entered The calculator is now ready to
give the values or roots of x.

Step + To obtain the vaues of k. press the “equals” key (=) and wait for the X; to
be displaved. After a short while, the calculator now displayvs X, =
0.027015...which can be rounded off based on the number of sigmificant
Sgures required as how the answer should be reperted. In this case. X =
0.0270 having three (3) sigmficant figures. To obtain the value of Xe,
press agamn the “equais” key to dispiay the value of X: In this case, the
calculator displavs X:=-0.0370136.  When vou press again the “equals™
kev (=) again, the calculator will go back to a, b, and ¢ display to
determne values of x for another quadratic equation. You do not have to
proceed any further because vou already have the values or roots for vour
quadratic equation.

Step 3. Decide which of the two reots of x should be accepted and which should
be rejected. Agam. concentration cannot be negative, hence only the X
should be accepted and that X should be rejected. Therefore the
equilibsium concentraticns ase as follows:

Bl ~ 0.0270M
[ClO¢] = Q.0270M

HCI0:) =.0.100M - 0.0270M = 0073 M.

Step 6. Press MODE and select COMP by pressing 1 to return to normal
computation mode.

A screen capture of a step-by-step mathematical procedure in

Figure 6.
s hemical equilibrium problem.

solvingac

This uniqueness of presentation was obvious when the step-by-step
procedure to obtain the numerical value of variables in higher-order equations

using a calculator was thoroughly explained in Module 4 (Chemical

Equilibrium). The most appropriate solutions to the problems in the examples
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given were carefully selected to help students improve their mathematical skills
in problem solving in analytical chemistry.

The rating suggested that the principles set forth by UPOU (1999) guided
the module writer. According to UPOU. a writer must create ways of presenting
ideas and skills with a sense of originality in developing curriculum materials,
Further, according to UPOU (1999) guidelines, a module writer does not have to
come up with new theorics, principles, or laws since the latter is the work of a

scientist.

Conformity to Standards
This uniqueness of presentation was obvious when the step-by-step
procedure to obtain the numerical value of variables in higher-order equations
using a calculator was thoroughly explained in Module 4 (Chemical
Equilibrium). The most appropriate solutions to the problems in the examples
given were carefully selected to help students improve their mathematical skills
in probiem solving in analytical chemistry.

The rating suggested that the principles set forth by UPOU (1999) guided
the module writer. According to UPOU, a writer must create ways of presenting
ideas and skills with a sense of originality in developing curriculum materials.
ing to UPOU (1999) guidelines, a module writer does not have to

Further, accord

come up with new theories, principles, or laws since the latter is the work of a

scientist.

The instructors noted that learning modules cover the minimum learning

competencies prescribed by CHED. Each module contains important concepts
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and appropriate procedures in carrying out mathematical manipulations to

deepen understanding of analytical chemistry.

Table 11
Teachers’ Ratings on the Conformity to Standards of the Seven Learning Modules
Content
Indicators Mean Interpretation
The Minimum Learning Competencies for 3.80 Strongly
analytical chemistry as prescribed by the
Commission on Higher Education are included in conforming
the facilitated learning modules.
The contents of the facilitated learning modules 3.80 Strongly
cover the important concepts and principles for
chemistry instruction. conforming
The tables and figures in these learning modules are 3.40 Strongly
appropriately presented for chemistry instruction.
conforming
The solutions to learning exercises in the facilitated 3.80 Strongly
learning modules are presented following the steps
acceptable for chemistry instruction. conforming
A\/erage 3.70 Strongly
conforming
Table 11 shows the evaluation results of the modules in terms of
conformity to standard. Instructors gave a mean score of 3.40 for presentation of

instructions. This suggests that presentation of topics is suitable for chemistry

instruction for tertia

ry level. This implies that the chemical principles and
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problem-solving techniques are presented in a way that they are in agreement with
the standards of chemistry education. In addition, the instructors gave an average
score of 3.80 on presentation of learning exercises. This suggests that the module
followed the necessary steps in presenting learning exercises acceptable for
chemistry education. The latter indicates that the module writer presented

methods or techniques used by textbook writers that are suitable and adequate for

intended users to follow and understand.

Table 12 shows the summary of the evaluation results regarding the
content of the learning modules. The high ratings suggest that content of the seven
learning modules are suitable for analytical chemistry and for students. The
instructor-raters believed that topics included in the modules were appropriate,
especially the application of mathematical and statistical tools in analytical

chemistry. The examples were presented in a manner easily understood by

Table 12
Summary of Teachers' Evaluation Rating on the Content of the Seven Facilitated
Learning Modules

Area Mean Rating Qualitative Description

Appropriateness 3.78 Very appropriate

Appeal 3.53 Very appealing

Innovativeness 353 Very innovative

3.70 Strongly conforming

Conformity to standards
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intended users. The instructor-raters confirmed that learning competencies set by
CHED for analytical chemistry were applied in the learning modules. A verbatim
feedback raised by one of the instructors, as follows, validated this finding.

“The topics included arc appropriate for the age of the intended users. The
discussions are clearly presented that can easily be understood by the
students. Also, the minimum learning competencies set by the CHED were

met."”

They are appealing cnough to sustain the interest of the recaders. This
means that the modules were developed such that students’ interest in the choice
of the modulcs’ content is given duc importance. This is consistent with what
Ellis et al. (1995) pointed out that in choosing the subject matter, writers must
consider the interest of students since this is important in order to keep them read

the modules. The step-by-step procedurcs in carrying out mathematicai

manipulations as shown in Figure 6 kept readers’ interest. Also, motivations in the

beginning paragraphs of the modules as mentioned by one of the instructor-raters

in the quoted statement shown before kept the interest of the readers. Figure 7

shows this characteristic of the modules. The learning modules were also highly

rated in terms of innovativeness and conformity to standards. The presentation of

the essential parts of the learning modules agrees with acceptable norms and

standards in chemistry education such as formulation of the learning objectiveg

and time frame of each module.



Introduction

Let me begin my lecture by recalling some essential information you already knew' about
this topic. Let me ask vou few questions befose I start my discussions.

Why 15 experiment necessary to subjects hike chenistry? What activities were camried out
when you performed your experiment” What did you obtain when you performed vour
expeniment? How did you manspulate the results of vour expenment? What did vou do then with
these manipulated results?

You are alt made aware that being an expaimental science, chemistry involves labotatory
activities designed to explain scientific theories. In your general chemistry laboratory, you did not
only measure the value of the scientific property but you also gathered data as part of the
experimentation. Perhaps the bigger challenge that you encountered was how you were going to
manipulate or treat the data systematically in order to find the value of the property that was being
measured.

Interestingly, statistics will teach you how to manipulate or treat expenmental data
systemancally As2 screntific stedy, statistics 15 not only used in treating experimentat data as it
is also urilized extensively in almost all fields of disciplines. One common situation that every one
of you might have already encouatesed is finding the simple mean or the average of the values.
This 1s 2 situation that we usually experience not only in the laboratory particularly in treatment
of data but also 1n every day activry.

Figure 7. Screen capture of the Module 1 introductory part.
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Figure 8 shows a screen-capture of the objectives of one of the modules to

demonstrate these characteristics. Further, the instructor-raters were certain that

presenting solutions to pro

follows:

modules were innovative in the sense that new approaches were used in

blems. One of the instructor-raters said the statement as

“The writer hud presented the solutions in a very detailed fushion. This is

som
present mathematical procedur

the solutions.”

ewhat different from how conventional authors of analytical chemistry
es, which do not have so much details of
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After the end of the module, the students should be able to

1. differentate acids and bases as Arrhenius, B;{:g:,i_cg!-Lo\\'r}'. or Lew1s based
on the definitions;

2. identify the conjugate acid-base paurs in the 10nizaton reactions;

3. wrte equlibnum constant expression for the vanous ronization reacuons
iovolving acid-base equilibrium;

4. calculate the pH of strong acids and bases;

5. amange the strengtha of strong acid’base and weak acid'base based on the
dissociation constants and tha degree of diszociation;

6. calculate the concemtration of the preducts of ionization, the percent
ionization, and the pH of the rolution from the given initial concentration and
the equulibrium constant; and

7. calsulate the eqmlibnium constant from the given pH and’or percent 1onization
of the reaction at equihbrnum

@ TIME FRAME 3 session hours |
Mo

I"igure 8. Screen-capture of the objectives and time frame showing conformity to
standards.

These approaches could help students deepen understanding of suitable
mathematical manipulations in working on analytical chemistry problems and
applying chemical principles in general. The latter was shown when a step-by-
step procedure was used in the mathematical and statistical manipulations related

to analytical chemistry problems, as shown in Figure 6.

Student’s involvement index of the facilitated learning modules. Following the
procedures recommended by Romey (1965), the calculated value of the student

involvement index was 1.34. This value was calculated using the following formula:

Total Number of Sentences in Category B

ent Index =
Student Involvem Total Number of Sentences in Category A

Category A includes sentences citing facts, stated conclusion, definitions and

estions answered immediately. Category B includes questions requiring students to
qu

lvze data, statements requiring student to formulate conclusion, and directions to
analyz .
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students to perform and analyze some activity and solve problems. Appendix C presents

the table showing how the counting of sentences was carried out in each category

According to Romey, if the student’s involvement index is greater than 1.00, the

reader shows involvement in what he or she reads. In addition, apart from reading, the

students could also perform other activities and could still understand the mathematical

manipulations presented in the modules. Some of the activities that students can perform

while reading the modules included solving problems in analytical chemistry such as
statistical treatment of data and solution concentrations, calculator drills, plotting
calibration curves, and reading other analytical chemistry books. Figure 9 presents an

example in Module 2 wherein students performed calculator drills to check how the

values in the table were obtained.

Example 2.8

3.00-mL aliquots of a solution contaimng phenol barbstal were carefullv measured
into five separate 30.00-mL volumetric flasks and made basic with KOH. The
following volumes of a standard solution of phenobarbital (2.000 pg'mL) were
added 1nto each flask. 0000, 0.300, 1.00, 1.30 and 2.00-mL. The fluorescence of
each of these solutions was measured with fluorometer, which gave values of
3.26, 4.80, 6.41, 8.02, and 9.56, respectively. Determine the equation of the best
fit curve. From the best fit curve, determine the x-intercept.
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Soiution
This 15 a typical external standard additon problem. The relanonship of the

fluorescence signal and the volume of the standard solution 12 expressed mn the

form of an equaticn of the straight line as follows:

Volume of the Signal (33) ' I =
standard (x).
ml.
0 020 126 0000 106274 000
0500 4 80 0.250 23.04 240
1.00 641 100 41 0881 641
1.30 §02 225 64 3204 12.05
2.00 936 4.00 913936 19.12
Zax=1.00 Jare= 6.41
T x, =500 Tyw=23205 Vxi*=T.50 Tvi? =230.6497 T x,v, =39.96
y=mx—b. whera v = ugnal m = slope
x = volume of the standard solution b = v.mtercept

A Jeast square analyas can be used 0 detemune the values of m and b. Lang the denived

equations of m and b are given as follows

Sxy
o and b= Yoo - Bles
whers
b b2 2
= ¥ a BESLSE et - Bn ¥
q.‘«‘ 2 X v, N J;-d S\‘ }__,.\l = ‘i =
The variables i the equations are @valuated using the table below.
Substituting these values nlo the equations above, we get %
5 (5003208 i 500)° '
AR IEY LR 7.91 and S =750--—,— - 250 :
: :
: Also. :
g ok w264 and b= 641-3164100) = 3.246
239

Therefore the equation of the signal- volume of standard should be '

v = 31164 x + 3.246

Jigure 9. Screen capture of Example 2.8 involving multiple activities while reading the

module.
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The latter were observed when students performed activities or answered assignments
while reading the pages of the modules. Getting involved in all the activities in the
modules helps students gain deeper understanding of ideas and mathematical skills in

analytical chemistry. The statement raised by a student supports this finding.

“I learn a lot of mathematical techniques. I was able to perform calculator drilis
while reading the solution of the examples.”

Grade level of the facilitated learning modules. The researcher determined the
grade level of the modules using the graph readability formula of Fry (1968). This
readability graph is utilized for estimating reading age or grade level of a learning
material. The grade level is determined by locating the point on the readability graph. The
point is defined by the average number of syllables per 100 words (abscissa) and the

average number of sentences per 100 words (ordinate), in the first, middle and last pages

of the learning modules. Specific regions in the graph correspond to grade levels. The

point whose coordinates are defined falls on a specific region which represents a grade

level. Further details of the procedures are presented in Appendix D.

The second-year students taking up medical technology evaluated the grade level
of the facilitated learning modules. The calculated average value of the number of
syllables per 100 words and the number of sentences per 100 words revealed a point that

fell on the region of Grade 11. This computed grade level matched that of the intended

users who are first-year medical technology students. According to Talisayon (1998), if

the grade level of a learning material matches the grade level of intended users, the writer

has developed and presented the material in a manner easily understood by the intended
as de

uscrs.
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Communication index of the facilitated learning modules. The communication
index measures the learning material’s clarity and/ or difficulty from the point of view of
students. UPOU (1999) stressed that an instructional material becomes less difficult to
understand if presented clearly. The researcher used the data obtained from the evaluation
of second-year medical technology students using Talisayon’s (1983) Communication
Index presented in Appendix E.

Ten students were requested to read the learning modules and list words that they
found unclear as they went through the modules. Using the 100-word sample considered
in the graph readability formula in determining student’s involvement index, these
students listed unclear words they found in the sample. The number of students who
found a word in the sample unclear was counted. The frequency of occurrence of all
unclear words found by each student was also counted. The total number of unclear

words and the total number of words used in the samples were determined. The

Talisayon’s (1983) communication index, CI, for words of the module was calculated

using the following formula:

_ Sum of (fX)
cl (ND(ND)
where: X = number of readers indicating a given unclear word
f = number of times unclear word appears in the
samples of words
Nr = total number of unclear words
Nx = total number of words in the samples
Using the data obtained from the students’ evaluation and Talisayon’s guide, the

communication index (C) of the facilitated earning modules was computed at 0.009.
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This value falls within the range of acceptable values for communication index which is 0
<CI <0.01. This indicates that students found the words in the learning modules simple
and easy to understand. Thus, students can easily follow the mathematical procedures
presented in the modules. This is consistent with the comment of a chemistry education

expert, presented earlier in this chapter, who said that the learning modules in the stu dy

used simple and understandable language.
Influence of the Facilitated Learning Modules on Student Performance

In order to determine if the facilitated leaming moduies influence the performance
of the students in introductory analytical chemistry, it is important to establish that the
knowledge and skills of the students from both the experimental and the groups were
comparable. Thus, their pretest scores prior to the intervention were compared using the

independent samples t-test. Moreover, performances of students in terms of the

application of mathematical and statistical tools were also compared.

Performance of students in the posttest. Before the intervention, the researcher

compared the pretest sCores of the experimental group with that of the control groups to

establish that the two groups are comparable in terms of their mathematical and statistical

knowledge and skills. A total of 95 students took the pretest on basic mathematics and

statistics simultaneously. Forty-nine (49) of them belonged to control group while 46

belonged to the experimental group. Table 13 summarizes the results of the descriptive

statistics of the scores of the two groups in the pretest.
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Table 13

Descriptive Statistics of the Pretest Scores of the Two Groups

Respondents N Mean  Std. Deviation Std. Error
Mean
Control Group 49 21.57 5.16 74
Pretest
Experimental Group 46 20.30 4.61 .68

As reflected in Table 13, the mean score of the experimental group is 20.30 (SD =
4.61) while the control group has 21.57 (SD = 5.16). Out of 45 maximum points, 31 was

the highest score in the experimental group while the control group had the highest score

of 38. Results of the independent samples t-test comparing the performance of the control

and the experimental groups in the pretest are shown in Table 14. Based on the results,
the mean scores of the two groups prior to the intervention were not significantly

different with t (93) =1 26 and p=.21. This means that prior to the intervention, the
i )

imental and the control groups were comparable in terms of their mathematical and
experim

statistical knowledge and skills.

Table 14

Independent Samples T-Tes! for Pretest Scores Comparison
nde, :

— T io (2-tai Mean Std. E
Df Sig. (2-tailed) . . Error
T £ Difference  Difference
_-———T-z-g“"'"—_Q_B; 21 1.27 1.01

Pretest
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After the intervention, where students in the experimental group used the
facilitated learning modules and the control group did not, the students from both groups
took the posttest. Note that the same instructional strategies and materials were used in
both groups. The study was conducted for 10 weeks. The posttest was administered to
both experimental and control groups to find out whether the use of the learning modules
improved the performance of the experimental group in introductory analytical

chemistry. The total score of the posttest was 130 points.

The analysis of covariance (ANCOVA) was used to find out if the experimental
group performed better than the control group. The pretest scores of the two groups

served as the covariate. Table 15 shows the descriptive statistics comparing the posttest

mean scores of the two groups.

Table 15

Descriptive Statistics of the Posttest Scores of the two Groups

Group Mean Std. Deviation N
Control Group 62.82 24.78 49
69.20 20.74 46

Experimental Group

From Table 15, it is notable that the posttest mean score of the experimental

group is higher at 69.20 (SD = 20.74) than that of the control group at 62.82 (SD =
24.78). On the other hand, Table 16 shows the results of the ANCOVA comparing the
posttest scores of the tWO groups with the pretest score as the covariate. Results showeq
that students’ performance in the pretest is linearly related to their performance in the



113

posttest with F (1, 92) = 42.24 and p < .001. This implies that the data of this study

satisfy the assumption of ANCOVA for the covariate (performance in the pretest), that is.

Table 16

Analysis of Covariance Results of the Postiest Performance of Students with their Pretest

Scores as the Covariate

Source Type Ml Sum df Mean Square F Sig. (p-
of Squares value)

Pretest 15364.77 1 15364.77 4224 000*

Groups of 2196.10 [ 2196.10 604  016*

Respondents

Error 33463.81 92 363.74

R2 = 328 (Adjusted R?=.313);*p<.05

the covariate must be linearly related to the dependent variable (performance in the

posttest). Results of the ANCOVA further show that grouping of the students had a

significant effect on their performance in the posttest with F (1,92)=6.038 and p= 016,

This indicates that there is 8 significant difference between the adjusted posttest mean
scores of the experimental and control groups after controlling for the influence that their

pretest scores may have 0fl their posttest scores. Looking at the mean scores of the
students in both groups, it can be noted that those exposed to the use of facilitated

learning modules performed significantly better than those who were not exposed to the
facilitated learning modules. This result corroborates with what students in the

ournals.

experimental group said in their )
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Student 10, Ixperimental Group

“The facilitated learning modules helped me perform better in class because |
was able to solve problems using the mathematical techniques in dealing with

analytical chemistry problems.”

Student 11, Ixperimental Group

“I found the modules very helpful in analytical chemistry. They served us quick
reference where I can easily find the mathematical procedures involved in solving
analytical chemistry problems. The modules are also easy to understand because

the author used simple language.”

It can be noted from the statement of the student that the facilitated learning
modules helped them enhance their mathematical skills in solving analytical chemistry
problems. The fact that students gained better mathematical skills in solving analytical

chemistry resulted to deeper understanding of the analytical chemistry concepts, just as

what one of the students said in her journal as follows:

Student 12, Experimemal Group

rstood the mathematical procedures as explained in the

“Not only that I unde »
analvtical chemistry concepls as shown in

modules. I also understood better some
the mathematical equalions.

The above statement means that the students were able to understand better the

relationships of various chemical properties as these are represented as variables in

mathematical equations that they encountered in the facilitated learning modules.

Further. the findings of this study are consistent with the findings of Lumaque
(2011) when he conducted a similar study on the effectiveness of facilitated learning
modules in classroom instruction. He found out that the use of facilitated learning

of students in general chemistry.

modules improved the performance
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In addition, with the learning modules’ self-paced nature, students may have high
levels of satisfaction in using the modules because they could always go back to the
exercises and examples in the modules any time they would want to. This is consistent
with the findings of the study of Mak and Georges (1997) which reported that students
preferred workbooks like learning modules compared to learning from textbooks. This
finding can be affirmed by one of the students who preferred the facilitated learning
modules used in this study over the bulky textbook in analytical chemistry. The verbatim

statement of the student regarding this observation was discussed earlier in this chapter

The next sections discuss the performance of the students in both the experimental

and control groups, in terms of knowledge of the application of mathematical and

statistical tools and knowledge of introductory analytical chemistry.

Performance of students in application of mathematical and statistical tools
This study also examined the posttest scores by module of both groups to find out in

which module the experimental students showed higher scores than the control group.

Table 16 shows the average scores of both the control and experimental groups in the

seven modules.
Topics included in each of the modules and course syllabus served as basis for the

coverage of the posttest. The posttest contained both objective-type and problem-solving

questions. This study assigned total points for each module in the posttest based on the

degree of complexity of the problem and the coverage of introductory analytical

chemistry content.
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Table 17 shows the total points and mean scores obtained by both groups in the

application of mathematical and statistical tools in each of the seven modules.

Table 17

Summary of Posttest Mean Scores and Independent Samples T-Test Results of Knowledge
of the Application of Mathematical and Statistical Tools in Introductory Analytical

Chemistry

Module thal Posttest Mean Scorcs Independent Samples T-test
(Topic) Points Results
Control Experimental t value Sig. (2-
tailed)
1(Statistical Testing and Trcatment of Data 8 5.22 6.13 243 017
)
2(Statistical Testing and Treatment of Data 12 5.70 7.59 4.08 .000
I
3 (Expressions of Concentration) 12 6.31 7.02 1.32 191
4 (Chemical Equilibrium) 12 4.73 4.83 0.16 874
5 (Acids and Bases) 12 3.73 3.76 0.06 956
6 (Other Aspects of Aqueous Equilibria) 12 4.53 4.67 0.25 804
7 (Gravimetric Methods of Analysis) 8 5.63 6.98 2.41 018
Total 78 36.05 41.32

There is one problem-solving question in each module. However, total points

assigned are not uniform as this is based on the degree of complexity of the problem.

Modules 2 (Statistical Testing and Treatment of Data II), 3 (Expressions of

Concentration), 4 (Chemical Equilibrium), 5 (Acids and Bases) and 6 (Other Aspects of

Aqueous Equilibria) are assigned twelve points each while eight and ten points were
assigned for problem-solving question in Modules 1 (Statistical Testing and Treatment of
Data I), and 7 (Gravimetric Methods of Analysis), respectively. The questions in the

posttest are found in Appendix G. A scoring rubric was used in assigning points to the

solutions provided by the students.
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Posttest scores revealed that the experimental group had a higher mean score (M
= 6.13) in the problem-solving question related to Module 1 (Statistical Testing for
Treatment of Data I) than the control group (M = 5.22). This suggests that the
experimental group performed better in introductory statistical analysis and basic algebra
in this module. To validate this finding, the independent samples t-test comparing the
performance of the control and the experimental groups in Module 1 (Statistical Testing

for Treatment of Data I) was used. The result of this test is shown in Table 18

Table 18

Independent Samples T-Test Comparing Scores of both G j cati
Mathematical and Statistical Tools in Module | / roups in Application of

T df Sig. (2-tailed) Mean Std. Error
e Difference  Difference
(Statistical Testing
2.43 81.46 .017 0.91 0.37

and I'reatment of’

Data 1) Math and
Stat Score

Based on the results, after the intervention, the mean scores of the two groups in

Module 1 were signiﬁcanﬂy different with t(81.46) = 2.43 and p = .017. This means that

the experimental group performed significantly better than the control group in the

application of mathematical and statistical tools in Module 1. This module covered

central value, precision and accuracy, and dimensional analysis.

Similarly, the experimental group had a higher mean score (M= 7.59) in the

problem-solvin g question related to Module 2 (Statistical Testing for Treatment of Data
1) than the control group (M= 5.70). This implies that the experimental group performed

better in solving problems on finding confidence intervals, tests for significance, and
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comparing two precisions. The independent samples t-test results shown in Table 19
further indicate that the mean scores of the two groups are significantly different with t
(93) =4.08 and p <.001. This means that the experimental group performed better than
the control group in the application of mathematical and statistical knowledge in Module
2 (Statistical Testing and Treatment of Data II). This module covered complex statistical
analysis such as the use of confidence interval, z-test, t-test, F-test, and Q-test. These tests

are applied in the statistical treatment of data in chemical analysis.

Table 19

Independent Samples T-Test Comparing the Scores of both Groups in Application of
Mathematical and Statistical Tools in Module 2

T df Sig. (2-tailed) Mean Std. Error
Difference  Difference
Module 2
(Statistical Testing 4.08 93 1000 204 0.50

and Treatment of
Data 1) Math and
Stat Score

Further, students in the experimental group got a high mean score (M = 6.98) in
the problem-solving question related to Module 7 (Gravimetric Methods of Analysis)
than the control group (M= 5.63). This suggests that students gained better mathematical
skills and technigues in calculating the purity and composition of the sample in chemical
analysis. The independent samples t-test results shown in Table 20 further indicates that
the mean scores of the two groups in Module 7 are significantly different with t (93) =
2.41 and p = .018. This means that the experimental group performed better than the

control group in terms of their mathematical and statistical knowledge of the topics

included in Module 7.
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Table 20

Independent Samples T-Test Comparing the Scores of both Groups in Application of
Mathematical and Statistical Tools in Module 7 ‘

T df Sig. (2-tailed) Mean Std. Error
Difference  Difference
Module 7
(GGravimetric 2 41 93 018 1.35 0.56

Methods of Analysis)
Math and Stat Score

Students in the experimental group also had a higher mean score (M = 7.02) in
problem-solving question related to Module 3 (Expressions of Concentration) than the

control group (M= 6.31). However, the independent samples t-test results revealed no

significant difference between the mean scores of both groups in Module 3 with t (81.37)
= 1.32 and p = .191. Table 21 shows the results of independent samples t-test for Module
3. This suggests that students in both groups have comparable mathematical skills in

calculating expressions of solution concentrations such as molarity, mole fraction, and

parts per million of solute.

Table 21
Test Comparing the Scores of both Groups in Application of

Independent Samples 7- _
Malljz)emalica/ and Statistical Tools in Module 3
ig. (2-tailed Mean Std. Error
T df Sig. ( ) Difference  Difference
Module 3 86.34 191 0.72 0.54
(Expressions of 1 32

Concentration)
Math and Stat 500“3/
hough students in th
ontrol group (M= 4.73) in the problem-solving question

e experimental group obtained a slightly higher
However, alt

M = 4.83) than the ¢

mean score ( o o
Module 4 (Chemical Equilibrium), this difference is not

regarding topics covered N
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statistically significant with 1(93) = 0.16 and p = .874. Table 22 shows these results. This
suggests that students in both groups have comparable mathematical skills in calculating

equilibrium constants and equilibrium concentrations.

Table 22

Independent Sumples T-Test Comparing the Scores of both Groups in Application of
Mathematical and Statistical Tools in Module 4

T df Sig. (2-tailed) Mean Std. Error
Difference  Difference
Module 4
(Chemical 0.16 93 .874 0.09 0.58
Equilibrium)

Math and Stat Score

With regard to the problem solving question in Module 5 (Acids and Bases),

students in both the experimental (M = 3.76) and control groups (M = 3.73) have almost

the same mean scores. The independent samples t-test presented in Table 23 resulted to a

non-significant t (93) = .06 at p = .956. This suggests that students in both groups have

comparable mathematical skills in solving problems involving acids and bases. They also

have comparable skills in solving pH values, acid-base ionization constants, and percent

10nization.

Table 23
Test Comparing the Scores of both Groups in Application of

Independent Samples T- .
Matgeznatical and Statistical Tools in Module 5

af Sig. (2-tailed) Mean Std. Error
Difference  Difference

93 .956 0.03 0.48

T

Module 5 0.0 6

(Acids and Bases)
Math and Stat Score e
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Finally, students in the experimental group obtained low mean score (M = 4.67)
but slightly higher than the control group (M= 4.53) in problem-solving question
regarding topics covered in Module 6 (Other Aspects of Aqueous Equilibria). The
independent samples t-test results show that the mean scores of the two groups are not

significantly different. Table 24 shows the independent samples t-test results for the mean

scores for Module 6.

Table 24
Independent Samples T-Test Comparing the Scores of both Groups in Application of
Mathematical and Statistical Tools in Module 6

df Sig. (2-tailed) Mean Std. Error

T
Difference Difference

Module 6
(Other Aspects of 025 93 804 0.14 0.58

Aqueous Equilibria)

Math and Stat Score

Based on the results, the mean scores of the two groups after the intervention

were not significantly different with t (93) = 0.25 and p = .804. This suggests that
students in both groups have comparable mathematical skills in solving problems
involvi ther aspects of aqueous equilibria such as buffers and solubility products,
nvolving o
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concentrations, chemical equilibrium, acid-base equilibria particularly acid-base
titrations, and solubility equilibria. This finding affirms concerns raised by some of the

student mentors regarding the difficulty of most of their members on these topics.

Performance of students in introductory analytical chemistry. This study also
examined the posttest results of both groups in introductory analytical chemistry. Table
25 shows the mean scores of both control and experimental groups in the seven modules
in introductory analytical chemistry. Table 25 shows the total points and the mean scores
obtained by both groups in introductory analytical chemistry in each of the seven
modules. There are eight (8) questions assigned for each module except Module 1 which
had only 4 questions. The first part of the questions in the posttest was about introductory

analytical chemistry. Each correct answer for each item was given one point.

Table 25

Summary of Posttest Mean Scores and Independent Samples T-Test Resiults of Knowladga
of Introductory Analytical Chemistry

Total Posticst Mcan Scores Independent Samples T-test
%Zdl::): Points Results
P Control Experimental t value Sig. (2-
tailed)
I(Statistical Testing and Trcatment of Data 4 3.12 3.70 3.62 001
)
2(Statistical Testing and Treatment of Data 8 5.08 5.85 217 033
in
- 441 5.17 225 ,
3 (Expressions of Concentration) 8 027
. 8 324 2.89 -1.28 203
4 (Chemical Equilibrium)
8 2.86 2.43 -1.77 080
5 (Acids and Bascs)
ilibria) .02 2.70 125
6 (Other Aspects of Aqueous Equilibria) 8 3 125 214
i 441 5.46 3
7 (Gravimetric Methods of Analysis) 8 20 002
52 26.14 28.20

Total
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Analogous to the posttest scores in the application of mathematical and statistical
tools. the experimental group earned higher mean scores than the control group in
objective-type questions related to Modules 1, 2, 3, and 7. The mean score (M = 3.70) of
the experimental group was higher than the control group (M = 3.12) in objective-type
questions related to Module 1 (Statistical Testing for Treatment of Data I). This suggests
that the experimental group gained more knowledge in terms of introductory statistical
analysis and basic algebra. The results of the independent samples t-test comparing the

performance of the control and the experimental groups in Module 1 are shown in Table
26.

Table 26

Independent Samples 7-Test Comparing Scores of both Groups in Knowledge of
Iytical Chemisiry in Module 1

Introductory Ana
T df Sig. (2-tailed) Mean Std. Error
Difference  Difference
Sl Testingand 3,62 78.05 001 0.57 0.16
Treatment of Data I)
Knowledge Score e —
h in Table 26, the mean scores of the two groups in Module 1 were
As shown ’

rimental group had st
alue, precision and accuracy, and dimensional analysis.

gnificantly gained more knowledge than the control
that the expe

group in terms of central v
up had a higher mean score (M = 5.85) than the

Similarly, the experimental gro

(M =5.08)100
Data I1). Further, the independent samples t-test results shown

bjective-type questions related to Module 2 (Statistical

control group

Testing for Treatment Of
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in Table 27 indicates that the mean scores of the two groups are significantly different
with t (93) = 2.17 and p =.033. This means that the experimental group performed
significantly better than the control group in complex statistical analysis such as the use

of confidence interval, z-test, t-test, F-test, and Q-test, and in comparing two precisions

Table 27

Independent Samples 7-Test Comparing Scores of both Groups in Knowledge of
Introductory Analytical Chemistry in Module 2

T df Sig. (2-tailed) Mean Std. Error
Difference  Difference
Modplg 2 )
(Statistical Testing 2.1 7 93 033 0.77 0.35

and Treatment of Data
11) Knowledge Score

Furthermore, students in the experimental group obtained a higher mean score

(M= 5.17) than the control group (M = 4.41) in the objective-type questions related to

Module 3 (Ways of Expressing Concentrations). Table 28 shows the results of

independent samples t-test comparing the mean scores of the two groups in terms of their

knowledge in ways of expressing concentrations. Based on the results, the mean scores of

the two group are significantly different with t (93) = 2.25 and p = .027. This suggests

that the posttest mean score of the experimental group is statistically higher that of the

control group in terms of their knowledge of topics included in Module 3. This means

that students in the experimental group had a better understanding of solution

concentrations such as molarity, mole fraction, and parts per million of solute than the

control group.



Table 28

Independent Samples 1-Test Comparing Scores of both Groups in Knowledge of
Introductory Analytical Chemistry in Module 3 ;

_ 1 df Sig. (2-tailed) Mean Std. Error
Difference  Difference

Module 3

(Expressions of 9 9% 93 027 0.77 0.34

Concentration)
Knowledge Score

Furthermore, students in the experimental group got a higher mean score (M =
5.46) than the control group (M = 4.41) in objective-type questions related to Module 7

(Gravimetric Methods of Analysis). The independent samples t-test results of posttest

scores on the knowledge of introductory analytical chemistry for Module 7 are shown in

Table 29 Based on the results, the mean scores of the two groups in Module 7 are
significantly different with t(93) = 3.20 and p = .002. This means that the experimental

formed significantly petter than the control group in terms of knowledge of
group performe

gravimetric methods of analysis.

Table 29

1" o y ; \'. \ ) 3 . ~
wet (Comparing Scores of both Groups in K nowledge  of

. o5 T-T
Indepenuerl Samp. 2 / é'hemis{ry in Module 7

Introductory Analyticd

df Sig. (2-tailed) Mean Std. Error
N T Difference  Difference

Module 7 93 002 1.05 033

(Gravimetric 3.20
Methods ol'A.nﬂl_VSiS)
Knowledge Score
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students

ever, : 1 '
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2.89) than the control gr oup
ule 4 ( Chemi

| Equilibrium). Although this was so, the independent
cal B

covered in Mod



samples t-test results for Module 4 shown in Table 30 revealed that this difference is
statistically significant with t (93) = -1.28 and p = .203. This means that the posttest mean
score of the experimental group is statistically comparable to that of the control aroup in
terms of knowledge of the topics included in Module 4. This suggests that students in

both groups have comparable understanding of the concepts regarding equilibrium

constants and equilibrium concentrations.

Table 30

Independent Samples 1-Test Comparing Scores of both Groups in Knowledge oF
Introductory Analytical Chemistry in Module 4

s e T df Sig. (2-tailed) Mean Std. Error
Difference  Difference

Module 4 A

(Chemical -1 28 93 203 -.35 0.28

Equilibrium) -

Knowledge Score e ———

erimental group obtained a mean score (M = 2.43) while the

Students in the exp
=7.86) in objective-type questions regarding
ai n score (M = 2.
control group obtained a med

sids ¢ ases). Table 31 shows the independent sampies
' ' - 5 (Acids and Base
topics covered In Module

h an scores for knowledge of the topics included in Module 5.
t-test results for the me

Table 31 | ‘ -
T-Test (‘omparing Scores of both Groups in Knowledge of
e o L j)’2(31'721'.8'4’!‘}’ in Module 5

Introductory Analyticd

Sig. (2-tailed) Mean Std. Error
o T o ¢ Difference  Difference
/7——_‘—4—){—; 5
Maodule 5 93 080 42 024
(Chemical =]. 77
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As shown in Table 31, the mean scores of the two groups after the intervention
were not significantly different with t (93) =-1.77 and p = .080. This means that students

in both groups have comparable level of understanding of acids and bases pH values,

acid-base ionization constants, and percent ionization.

Lastly, the experimental and control groups got lower mean score (M = 2.70) than

the control group (M = 3.02) In objective-type questions related to topics covered in

Module 6 (Other Aspects of Aqueous Equilibria). The independent samples t-test results
shown in Tablie 32 revealed that the mean scores of the two groups are not significantly

different with t (93) =-1.25 and p = .214. This suggests that students in both groups have

comparable knowledge of other aspects of aqueous equilibria such as buffers and

solubility products.

The latter findings suggest that the knowledge of the experimental group on topics

related to chemical equilibrium, acid-base equilibria particularly acid-base titrations, and

solubility equilibria are comparable with that of the control group.

Table 32

7 Tact C ing Scores of both Groups in Knowledge
2ne Sumples T-Test Comparing ge of
indeperient DE% mistry in Module 6

Iniroductory Analytical (he

T df Sig. (2-tailed) Mean Std. Error
Difference  Difference

_—

Module 6
(Other Aspects of =1 25 03 214 =32 0.26

Aqueous Fquilibria)
Knowledge Score
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: ' d in Modules 4, 5 and 6. Thi
: arding the topIcs covere . . This can be
the experimental group Feg



128

explained by the fact that these topics are difficult affirming the concerns raised by some

of the student mentors regarding the difficulty of most of their members on these topics

The comparable performances of the experimental and the control groups in
Modules 4, 5, and 6 can be attributed to the particular facilitated learning activities used
in the experimental group for these modules. On-demand tutorial and online group
discussion and file sharing were used for these modules. The limited length of contact
time during on-demand tutorial did not permit the instructor-tutor to discuss detailed
mathematical procedures in solving problems related to topics in Module 4. Both groups
used peer mentoring for topics related to Module 5. But the conflicts of schedules for
some of the members of each group prohibited the groups to thoroughly discuss topics
related to Module 5 that resulted to poor performance on this module. Moreover, online

group discussion and file sharing of topics related to Module 6 did not result to

meaningful interactions among the students. Hence, these constraints could have been i

reasons why the use of facilitated learning modules did not enhance the performance of

the experimental group in these modules.
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and statistical tool with the knowledge of introductory analytical chemistry was
performed on the two groups. The following paragraphs present more descriptive and

quantitative statistical results to further elaborate the findings.

0

Figure 10 shows the plot of the points representing ordered pairs of application of

mathematical and statistical tools involved in introductory analytical chemistry and
knowledge of introductory analytical chemistry. The figure demonstrates a qualitative
description of correlation of the two variables considered. The figure reveals positive
correlation of the variables because the plots lean toward or slope to the right. This
suggests that scores in the knowledge of analytical chemistry 1s directly correlated with

scores in the application of mathematical and statistical tools. This implies that students

who earned hi

obtained high scores 1
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The finding based on Figure 10 is a general statistical result and needs closer

examination of the students’ scores in both application of mathematical and statistical

tools and knowledge of introductory analytical chemistry.

Table 33 shows the descriptive statistics of the scores of the students in
application of mathematical and statistical tools and their scores in introductory analytical

chemistry. Application of mathematical and statistical tools shows higher standard

deviation than the knowledge of introductory analytical chemistry for both groups. This

suggests that the posttest SCOTeS of students obtained in the application of mathematical

and statistical tools are farther from the mean while scores obtained in introductory

analytical chemistry are closer to the mean. This means that the mathematical and

statistical skills of students vary to @ greater extent than their understanding of the

concepts in introductory analytical chemistry. This finding is observed for both the

experimental and the control groups.

Table 33
of the Scores of Students in Application of Mathematical and

escriptive Statistics ' in 4
G " , Introductory Analytical Chemistry

Statistical Tools and ir

Mean Std. Deviation N
Application of Mathematical 38.64 17.136 95
Tools '
Knowledge in Ana-ly'ﬂca] 27.26 7704 95

Chemistry

Further, results of the Pearson’s correlation r presented in Table 34 show the
urther,
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Table 34

Pearson’s Correlation of Knowledge of Application of Mathematical and Statistical
Tools and Knowledge of Introductory Analytical Chemistry for the Two Groups

. Pearson’s Sig.
Correlation r (2-tailed)

Knowledge of Application of

Mathematical and Statistical Tools

e 95 67 000

Knowledge of Introductory
Analytical Chemistry
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Chapter 5
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

This chapter presents the summary of the study, conclusions, and the

recommendations deduced from the findings of the study.

Summary

The study involved development of facilitated learning modules in introductory

analytical chemistry. The modules focused on the essential mathematical and statistical

tools used in introductory analytical chemistry. It also assessed the effectiveness of the

learning modules in improving student performance. Seven learning modules were

developed to cover the topics on Statistical Testing for Treatment of Data [ and II, Ways
of Expressing Concentrations, Chemical Equilibrium, Acids and Bases, Other Aspects of

Chemical Equilibria, and Gravimetric Method of Analysis. Each module contained the

following: (a) Title, (b) [ntroduction, (c) Facilitated Learning Activity, (d) Objectives, (e)

Time Frame, (f) Check-up Test and Feedback, (g) Lesson Proper, (h) Assignment, (i)

Key Answers, (j) Summary, and (k) References.

phase of the study. The develo

form by chemistry education experts from two universities

First pment phase began with the evaluation of

the modules’ face content and
in area of where the research was conducted. This study then incorporated these experts’

s regarding the face content and form of the modules. These comments

relevant comment
the essential features of the facilitated learning modules ag

and suggestions characterized

perceived by the experts.

nts and suggestions of the experts who evaluated the modules include

The comme

the following:
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(a) Facilitated learning modules allow students to feel as if they are listening t
gto
the lecture of the instructor while reading the modules.
(b) References must be properly cited in the main text of the modules if

information was obtained from other sources.
(¢) Solutions to problems given as assignment should also be provided

(d) Facilitated learning modules must be well-designed, Language used should b
e

simple and easily understood.

(e) Layout should be attractive and instructions are easy to follow.

(f) Facilitated learning modules must be free from conceptual errors. Sources of

the pictures, graphs and tables which were not made by the module writer

must be acknowledged and cited.

(g) References should be added at the end of each module, if applicable.

(h) Minor corrections in the text must be checked.

age of the development phase was the evaluation of the modules’

e by 10 selected analytical chemistry instructors

The next st

objectives and content. This was don

nt universitics in Mindanao. The evaluation was done using the tool

from three differe
nstructors evaluated the modules” objectives based

aque (2011). The

developed by Lum
e. In addition, the instructors evaluated the modules’

on attainability, claritys and relevanc
content based on appropriateness, appeal, innovativeness, and conformity to standards.
ves of the modules were highly attainable, very

' iecti
I'he instructors found that the objec
ant. The modules’ contents were very appropriate, very innovative

clear, and very relev
ming to standards.

very appealing, and <trongly confor
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Before the treatment, both groups took a diagnostic pretest on basic algebra and
statistics. The purpose of this pretest was to establish that the two groups involved in the

study were comparable in terms of mathematical and statistical skills prior to the

treatment. Independent samples t-test was used in comparing the pretest scores of the two

groups. Results revealed a non-significant t-value of 1.259 with p = .211. Statistically

this suggests that there was no significant difference between the pretest scores of the two

groups. This means that both the experimental and the control groups were comparable in

terms of mathematical and statistical skills.

After the treatment, the two groups took the posttest. The results of the posttest

served as the basis in assessing the modules’ effectiveness in improving student

performance in introductory analytical chemistry. This study used analysis of covariance

(ANCOVA) to determine if there was a significant difference between the posttest scores

of the two groups. The pretest SCOres of the two groups served as the covariate. Results of

the ANCOVA revealed an F-value equal to 6.038 (with significance value equal to .016

which is less than 0.05). This shows that there was a statistically significant difference

between the posttest SCOTeS of the two groups. Specifically, results revealed that students
ental group (M=169.1 96) performed better in the posttest than the

from the experim

group (M=62. 816). This
aterials among those in the experimental group. Thus, the use

be attributed to the use of the
control may modules as

supplementary learning M

ed improve the performance of experimental group students in

of the modules help

ry analytical chemistry-

introducto
COVA results revealed that the experimental group generally

Although the AN

he posttest than the control group, there were modules where there

performed better int
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were no significant differences between the posttest mean scores of the two groups. Thus

posttest scores of the two groups in the application of mathematical and statistical tools

and introductory analytical chemistry were compared to find out if significant differences

existed in cach module. To compare the posttest mean scores of the two groups in both

the application of mathematical and statistical tools and introductory analytical

chemistry, the independent samples t-test was used.

Results per module showed that the experimental and the control groups

significantly differ in their mean scores in both application of mathematics and statistical

oductory chemistry in Module 1 (Statistical Testing for Treatment of Data 1)

and 1(78.05) = 3.623 (p =.001), respectively. In fact, the

tools and intr

with (81.46) = 2.428 (p=-017)
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2.168(p= 1033) for introductory analytical chemistry. This

statistical tools and t(93) =
e experimental group had better understanding of the concepts

ests that students in th

Sugg
tical {reatment of anal

ytical data. Moreover, the experimental

and skills related to statis

res in knowledge of the application of mathematical and
0

group also had higher s¢
wledge of introd

wever, the independent samples t-test revealed no

uctory analytical chemistry in Module 3

statistical tools and kno
ions). Ho
(Expressions of Concentratio | ' .
petween the mean scores of the two groups in the application of
o . .
significant differenc
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ical and statistical tools with t (81.365) 1.31 ut with
o . 317 and P 191 b i
Slgmhcant difference 1 ein ry cal chem | ; :t | ’)It
€ 1n the 1 troductory analyti al cher iStly with t(g_) 46 and p
A2 his findi I Tou | -
027.71 ding sugge
Ing SULUCStS that even thOllgh the expe imental h
al g P ad deeper

had com
arab ' cills i -
p le mathematical skills in dealing with problems related
ated to concentrati
tration

LXpiGJSiOI’IS 1 ' I

: his COUld be altllbuted to the fact that tOpiCS included in M

c S I 1 odule 3 w
/'ere

already tackled i ' ' -
N ed in their previous chemistry subject that both groups took d
ook during th
gne

previous semester. Further the experimental group also had
> ‘ 4 I highe
group gher scores in th
c

a l b L . 5 .
pplication of mathematical and statistical tools and introductory analytical
ytical chemistry i
ry in

M . :
odule 7 (Gravimetric Methods of Analysis). Results further showed sioni
significant

difference
s between the mean scores of the two '
groups in both the applicati
pplication of

mathematical and statistical tools with t (93)=2
=2.406 (p=.018)and in i
. n introductory

analytical chemistry with t(93) = 3- 197 (p = .002). This finding suggests that th
at the

er mathematical skills and deeper knowledge of gravi
ravimetric

experimental group had bett

methods of analysis than the control group-

be noted that the experimental group gained dee
per

From the ICSUHS, it can
ySiS, conildence intervals, tests f Toni
, lests for Slgmﬁcance,

of statistical anal

understanding
ous expressions of conc

entrations, and gravimetric

comparing two precisions, var
¢ attributed 10 their more frequent
exposure to i
various

s. This canb b

methods of analysi
where examples are explained using mo
re

mathematical procedures in the modules,
simplified mathematical procedures than the rextbook that has examples which stud
ents

and. This can be supported by the statement expressed by th
e

could hardly underst

students in the exp'ﬁfi

8
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“The examples in the modules are explained in detail that I could easily

understand compared with the examples in the book which I could hardly understand. "

Student 12, I-xperimental Group

¢ in our quiz on concentrations because [ was able answer not

I got higher scor
well but also the explanation questions.”

only the problem solving
Student 13, Experimental Group

From the statements above, it can be said that students gained deeper understanding of

the concepts pertaining to the relationship of the properties as represented in the

mathematical equations that they manipulated and solved.

Moreover although the experimental group had higher mean score in problem-

solving in Module 4 (Chemical Equilibrium) than the control group, and the control
group had higher mean score in the objective-type questions in Module 4 than the
experimental group the independent samples t-test showed no significant difference
bet these mean scores. T his suggests that students in both groups have comparable
etween thes —
' ilibri d equilibrium concentrati

; e lating equilibrium constants an tatlons
mathematical skills 10 calcu
f the concepts related to these topics.

as well as understanding ©

poth the experimental and control groups have almost the

Moreover, students in
£3.76 and 3.75- respectively, in the problem-solving questions in
s of 3.

same mean score
test results revealed that these mean

: les t-
Module 5 (Acids and Bases)- Independent samp
- nificantly different with t(93) =055 (p= 956). Also, for Module 5,
scores were not sign! . )
in introductory analytical chemistry were not

two groups

the mean scores of the
y=-1.772(p =

1080). These findings suggest that students

ith t(93

signi Iy different W ‘ |
emfieant in solving problems related to acids

arable mathematical skills

in both groups have com
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and bases as w
s as well as sve
s comparable level of understanding of acids and bases pH
¢ s pH values

acid-base ionizati
base ionization constants, and percent ionization

The experime :
xperimental group also had higher mean score in problem solving i
-Solving In

Module 6 (Other As [ 11
pects of Aqueous Equilibria) than the
an the control group, while th
» e control

gro iche i —_—
group had higher mean score In the objective-type questions in Module 6 than tt
1an the

experimental group [hese differences we isti '
g : re not statistically significant
) though with
ith 1(93)

= — 7 2 1 1
249 (p = .804) for application of mathematical and statistical tools, and t(93)

) 3) = -1.251
These findings suggest that students in

(p = .214) in introductory analytical chemistry.

both groups have comparable knowledge and mathematical skills in solving probl
ems

ueous equilibria such as buffers and solubility products. Th
s. This

involving other aspects of aq

itated learning modules were not sufficient in enhancing th
ne t
gine

suggests that the use of facil

he students related to calculating equilibrium constant and
dn

problem-solving skills of t

onization, solubility and buffer calculations.

concentrations, acid-base i

tated learning activity for specific module could have b
‘e been

Use of particular facili

parable performances of the two groups in Modules 4, 5
S

hy there were com
s used for Modules 4

the reasons w
and 5 while online group discussio
n

and tutorial wa
Module 6. The limit

tutor to discuss detailed mathematical

and 6. On-dem
ed length of contact time during on-

and file sharing was used for

demand tutorial did not penﬂit the instructor-
s related to topics In Modules 4 and 5. Also, online g
E] rOup

g activity for Module 6 did not result i
in

procedures 1N solving
facilitated Jearnin

discussion and file sharing @3

meaningful interactions &
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Lastly, correlation between knowledge of the application of mathematical and
statistical tools involved and knowledge of introductory analytical chemistry was also
determined. The posttest scores in objective-type and problem-solving questions served
as basis for this correlation. The scatterplot (refer to Figure 10 of Chapter 4) revealed that
scores of students in the application of mathematical and statistical tools were directly

proportional to their scores in introductory analytical chemistry. Furthermore, a Pearson
correlation coefficient was computed to assess the relationship between the knowledge of

students in the application of mathematical and statistical tools and their knowledge in

introductory analytical chemistry. Results showed that overall, there was a moderately

strong positive relationship between the two variables with r =.669 and p < .001. Thjs

suggests that increases in scores in the application of mathematical and statistical tools

were correlated with increases in scores in introductory analytical chemistry. This resylt

affirms the statement of Urdouso (2011), which says that proper understanding of
chemical principles such as solubility, molar ratios, pH and equilibrium requires a good
¢ of basic mathematics. Moreover, this finding supports the statement

working knowledg
edge of mathematical skills in chemj stry

of Bangash (2005), which says that the knowl
¢ student’s learning and understanding of the material in the texts stidl

greatly enhances th
search capability particularly in the analysis and presentation of

also increases their 1€

their experimental data.

Conclusions
carch questions and the findings of this study, the following

Considering the €5

conclusions are drawn.
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According to the chemistry education experts who evaluated the facilitating
modules based on content and form, the seven facilitating learning modules (a)
are self-directing; (b) appropriately cite references; (c) include solutions to
problems; (d) are well-designed and easily understood; (e) have attractive layout
and simple instructions; (f) are free from conceptual errors; (g) acknowledge

sources of the pictures, graphs and tables; (h) include references at the end of each

module: and (i) are free from typographical errors.

The analytical chemistry instructors perceived the objectives of the modules as
very attainable. This means that the objectives are within the learning capacities
of the intended users. Also, the modules’ objectives are very clear because
students could easily perform the activities since they understood the language

clearly. The objectives are also relevant because they guided the students on what

they ought to learn in the subject. Moreover, the contents of the modules are very
appropriate because they contain activities which are appropriate to the age of the
intended users. The contents are also very appealing because of the important
features such as tables and figures that sustain the interest of the readers and
enhance the presentation of the content. The contents are also very innovative
because they contain unique ways of presenting simplified techniques in solving
analytical chemistry problems. Finally, the contents are strongly conforming to
standards regarding the learning competencies set by the Commission on Higher

Education for analytical chemistry (refer to Appendix N).
¢ of student’s involvement index is 1.34 based on Romey’s (1965)

The valu
procedures SuggCSti“g that students could still perform other activities like
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calculator drill and plotting graphs while reading the modules. The value of the
communication index was 0.009, suggesting that modules would be acceptable to
the intended users like medical technology students based on Talisayon’s (1983)
guide. The grade level was found to match the grade level of the intended users of
the learning modules, which is Grade 11 based on Fry’s (1968) readability graph.
Use of facilitated learning modules as assessed was effective because they
improved student performance. This affirms and strengthens the claim of
Lumagque (2011) in his study when he used facilitated learning modules in general
chemistry. Further, the improvement of the students” performance in the posttest
may have been attributed to the enhanced skills of these students in dealing with
mathematical procedures applied in analytical chemistry. The frequent exposure
of students to the mathematical manipulations of the relationships of chemical

properties in the mathematical equations may have contributed to their deepened

derstanding of the concepts in introductory analytical chemistry. However,
un

there were certain topics where both the experimental and control groups had
ere

arable performances in the knowledge of using mathematical and statistical
comp
introductory analytical chemistry and knowledge of introductory
in

tools in
| chemistry. These topics include chemical equilibrium (Module 4), acids
cal ¢ :

analyti
f aqueous equilibria (Module 6). Thi
le 5), and other aspects 0 S

and bases (Modu

hat the use of facilitated learning modules did not enhance the knowledge
means tha

ding the topics covered in Modules 4, 5 and 6.

; tal gTOUP regar
of the experimen
) fact that these topics are difficult affirming the
. lained by the
This can be exXP
ome of the student mentors regarding the difficulty of most of

concerns raised by §
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their members on these topics. Chemical equilibrium includes the most abstract
concepts such as its dynamic nature, the distinction between equilibrium and nop.
equilibrium situations, and the mental manipulations of Le Chatelier’s principle
(Pekmez. 2010). Further, complexity of the mathematical procedures involved in

solving problems about chemical equilibrium resulted to poor understanding of

the chemical concepts.

5. Based on Pearson’s correlation, there is moderately high correlation between
students’ knowledge of the application of mathematical and statistical tools and
their knowledge of introductory analytical chemistry. This suggests that those

er in the knowledge of the application of mathematical and

who performed bett
rformed better in the knowledge of introductory analytica]

statistical tools also pe

chemistry.

Recommendations
udy, the following recommendations are put

Based on the findings of the st

forward:
Development of Facilitated Learmning Modules
he nee d for supplementary instructional materials, curriculum
S

|. To addres
ed learning modules in analytical chemistry

writers may develop facilitat
ther instructional strategies such as virtual or face-to-face

that employ ©
tivities like games, and virtual classroom,

: c
: jons, group @

. ing 5e8S
brainstorm
minars.

gessions and s€
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methods of '
analysis and complexometric tit
itration.

The facili -
b i néted learning modules may be revised to incl

ecause this topic requires good understanding of (;”de stoichiometry

mat 3
Interested faculty of other disciplines may develop si ‘emahcs-
4 im :
modules developed in this study to address the need f; T
or supplementary

leaming 1 i |
matellals mn their respeclive subiect I
) arcas
Ef CCti c | 4 d
f venes il
ness Ofthe faC!ll[dted leaming modul
€S ma be
ssessed t
0

consider analytical '
y chemistry students from other school
ools in the
résearch

locale to increase the population size

Modules on ch I ilibri
chemical equilibrium and other aspects of
of equilibria m
ay be

reyigsie utilize pecr mentoring as a facilitated learning activi
on-demand utorial and online group discussion and fil ctivity instead of
tle shari
The number of chemistry education experts should be in aring,
gather more inputs regarding the P S—— creased in order tq
because€ their inputs are very essential to the final form H :?aming modules
and content of the

learning modules.
The number of instructors as evaluators may W —
ased by ;
r
chemistry instructors from as many schools ing
as possibl
€. Thi
S

analytical
ather di ' ' u n
Jather diverse information about the teachi
g INg practic
ices of

strategy could
mistry in different places in order to prod
uce more

analytical €he
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meaningful data that could be beneficial to the further improvement of the

learning modules.

In developing learning modules, writers should use simple language which
is understandable and appropriate to the age of the intended users. This. in

effect, will improve the clarity of the learning modules and will increase

the communication index of the materials.

To maximize the use of these learning modules in the laboratory part of
the class, the same instructor should handle both the lecture and the
laboratory of the analytical chemistry subject. This allows the instructor 1

have close supervision of the use of the learning modules in the

laboratory, SInce it is the instructor who facilitates the use of these

learning modules. This would also allow the instructor to adjust the

sequence of topics in both lecture and laboratory.

Further study may be conducted to compare the effects of peer mentor; ng

on‘demand tutorial, and online group discussion and file sharing with the

use of facilitated learning modules on student performance.

s to teaching
on the findings of the study, the use of facilitated learning modules

Based

ementary learning material 18 effective for statistical treatment of

as supp!
pressions of concentration. Thus, analytical chemistry

data and €X
may adapt facilitated learning instruction as a teaching strategy

instructors
; 1 ated learning modules.
the facilitate

along with
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Considering the high correlation of the knowledge of the applicati f
10N o
mathematical and statistical tools and the knowledge of introducto
ry

analytical chemistry, the prior mathematics and statistics subjects may b
y be

strengthened and should become prerequisites in analytical chemistry

This would ensure more meaningful teaching and learning of analytical
alytica

chemistry.

Analytical chemistry instructors may use these facilitated learning
]

modules, as developed, to serve as supplementary learning materials fi
or

analytical chemistry for medical technology students in the locality
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Appendix A. Face Content and Form Evaluation Tool for the Development of

Facilitated I.ea rning Modules

Development of Facilitated Learning Modules

I have prepared seven facilitated learning modules on essential mathematical ang

statistical tools employed in introductory analytical chemistry. The facilitated learning
modules aim to help students enhance their mathematical and statistical skills and to
deepen their understanding of the analytical chemistry concepts. I prepared facilitated
!carning modulcs as supplementary lcarning materials which will be used in conjunction

with facilitated learning instructions. However, the form and face content of these
aluated by experts in chemistry education to

facilitated learning modules have to e £
o the rules and standards governing

ensure that the form and face content conform t

writing learning modules.
ould like to request you 10 evaluate the facilitated learning

form and face content. Your valuable comments ang
he development of these learning modules. Further, vour
id be incorporated in the final form and content of the
ure that they are written as they should be to serve the; r
ducational cndeavor by sharing your expertise g

in this respect, I W
modules particularly their
suggestions are significant t0 {
comments and suggestions Wou
facilitated learning modules 10 enst
purposc. Your involvement in this €

highly appreciated.
ments and suggestions on the spaces provided below.

: r com
Please write yOU ts should there be a need.

Please feel free to use extra shee

Conunents and Suggestions:

——
———
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Appendix jecti
pendix B. Objectives and Content Evaluation Tool

Development of Fi acilitated Learning Modules

at i

Igd l]ea;lnmg modules on essential and math :

ytical chemistry. These facilitated learning ;mzncal
odules

aim to . -
help students enhance their mathematical and statistical and to d
0 deepen thei
Cir

understandi R ; :
mudmcsn'dl.ng of the analytical chemistry concepts. | prepared facilit
as supplementary hich will be used in colnjued learning
unction witt

1

oin ' learning materials W
;g!:&lci learning instructions. The form and face content of these facili :

s had already been evaluated by experts n chemistry education "ated leaming
litated lear
an be used b
answering 1
ghly appreciated.

— I have prepared seven facilit
s employed in introductory anal

ning modules’ objectives and content hav
€ 1o be

y the intended users. May I request you tl
1€n to

However, these faci
his questionnaire? Yo
. ur honest :
and sin
cere

ev : 7

e'valuated first before they €

CZaluate the modules by
mments in this activity is hi

extent of your agreement or disagreement t
0 the

Dj " .

irections: Plcasc indicatC the

You ma e number that serves as
your ansy

Statements written below. y encircle th

choices would be:
gtrongly agree )
Agree )
Disagree 2
1

gly disagree

Stron
r on how the obje

tS)tatCants 1-15 refer tO the mann¢ ctives of the learning modules wil
¢ formulated.

Attain wye
ablllty
red within the learning

I. The objectives are formuld
: - d end-users:

capabilities of the inten
vered within the

topics in each MO% e module:
I 2 3
4

allotted time indicate 1
.y mod Jes are f

3. The objectives of the L
based on the genera b eCfl\/ h
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] he time element for realizing the objectives of the
e .
arning modules is based on the course syllabus

time frame
The objectives are stated in a measurable, realistic,
and time bounded manner

Clarity
[ the facilitated learning modules

6. The objectives 0
he students must achieve.

clearly state what t

7 Th? objectives are formulated using simple words
which can easily be understood by

8. The objectives are stated in terms of student learning
outcomes.

9. Upon reading the objectives. the students will have
an idea about the coverage of the learning module.

ming modules s€
nbiguous,

]0', The objectives of the lea rve as
instructions which are clear, unal
and easy to follow-

Relevance
or the formation of

I'l. The objectives serve as gwde f

instructional activities:

information disseminator
s on student

12. The objectives serve as @ eacher
about the expectation® of the t€

performance.
what they

I3. The objectives will
ought to cover in the class-

14. The objectives willlgui "
ought to learn in this € urse

IS. The objectives serve a5 T
guide the end-users abou’;
expectations O e course

he intended users.
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Statements 16-

Appropriateness
16. The concepts presented in these learning modules
conform to the accepted principles in

chemistry education.

¢ learning modules are appropriate

17. The activities in th
d the concepts

in helping students understan
and principles.
I8 The contents are appropriate 1© meet the objectives

of the facilitated learning modules.

guide the

are designed to
e facilitated

19. The learning activities ¥
objectives of th

students in realizing the
learning modules.

earnin

20. The contents of the |
level of the st

to the understanding

Appeai
e the

21._The learning modu
interest of the reader

ted \ .
B gustan (he readel

22. The approaches
ples s

the concepts and exat!

modules are
23. Graphics included in the lea! Tt;e interest
balanced and help 1" sustaiftis
of the reader.

. les are
~ 3 11 ny lTlUdulcb al
24. In general, the facilital® leasio

attractively packase™

25. The learning module3 mannel-
technically approPr &'
26. The layout of the 11

attractiveness h ut

34 refer to the content of the learning modules.

12

[N]

(U]

LS ]

D

[US]

(8]

(%]

(98}

('S ]

.
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Innovativeness

27. The writer has developed a unique way of presenting
the concepts and principles.

28 The : : :
28. F‘he solutions to learning exercises arc presented in a
distinct manner that students can easily understand.

29. The learning modules are carefully designed thus,

showing novelty.

30 The facilitated learning modules exhibit originality.

Conformity to standards

31. The Minimum Learning Competencies for analytical
chemistry as prescribed by the Commission on Higher
Education are included 11 e facilitated learml

ecarning modules

f the facilitated 1
d principles for

32. The contents 0
pts an

cover the important cOnce

chemistry instruction.

hese learning modules

. The tables and f1gures in thes et
are appropriately presented for chemistry Instruc ion.

(9]
[9%]

in the facilitated

34 . ing exercises
" The solutions to learning owing the steps

. 11
learning modules arc Pfesfemed fo .
ble for chemistiy instruction.

alal
au\.«epta

—_—

ng modules.

1

o

[§9]

[SS]

]

8]

(%]

(U]

(O8]

(%]

(']
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Appendix C. Romey’s Student Involvement Index

Purpose: To determine the extent at which students have performed other activiti
ities

while reading the Facilitated Learning Modules

Procedures:

I. Randomly select twenty pages of your module.

y the first twenty five seniences

.

. Starting with the first paragraph on cach page, classii

t

according to the categories shown in the table.
ge 1 to page 20 (P to P2oin the table), count the total number of

(OS]

. For each page, from pa

sentence for cach calegory.

olvement [ndex as follows:

-+

. Compute the Student Inv

Total Number of Sentences in Category B
[ndex — Total Number of Sentences in Category A

Student Involvement
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{ Category Number of Sentences Total
? Pl P:‘_ P3 ...... P.?.U
|
L I B
A
1. Facts
2. Stated conclusion
' 3. Definitions
4. Questions answered
. immediately
T
 Total for A
owtfrA L L
B.
- 1. Questions requirng
students to analyze
e i dent
2. Statement requiring Stude
to formulate conclusion o
3. Directions 1o student‘s o
perform and analyZe ‘o(s)
activity and solve problem T . -
T ]
- Total for B I
Total for B
Total Ior >
ment [ndex Total for A

Student [nvolve
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Appendix D. Fry Graph Readability Formula

P . ;
urposes: | To determine the grade level of the Facilitated Learning Modules; and
. an

> To determine whether the grade level of the Facilitated Learni
ning

Modules matches with the grade level of the intended users

Procedures:
I. Skipping proper nouns, count 100 words in the first page, middle page and last pa
the first or middle page has less than 100 words, proceed to the next pagep [gfet.hlf
last page has less (han 100 words, start counting in the previous page. C(..)unl 'e‘
one  word the article “a”, the pronoun, “17, and contractions like “you’re”. Count l;:b
number of sentences in each of the three 100-word samples. ©
?-- Count the number of syllables in each of the three 100-word samples. (Each numeral
is a syllable. For example, 2010115 4 syllables - - two-tou-sand-ten - - and one word
tences and the average number of syllables of the

3. Compute the average number of sen

three samples.

First page

Middle page

T ek HEROD
Last page ////J

| Average —
oint with the average number of sentences as y-coordinate and
of «.coordinate. Read the approximate grade

q¢ the X-COC
the average num er Sy”ab]-es - Subtract tWO grade levels. The grad
ne aviics- he e the po]nt hes B . d 2 gra e 16VE]S
level of the area W re based 0N norms in the Unite States at the time the
grade levels lower.

in the readability gr?r%e jocal norm is two
data were collected- =

Number of S};ilabiéé_

4. Plot on the graph the P



“ 25.0+
200 |
18.7
14.3
125
11.1
10.0

00 words

Aver‘ag-e number of SENTENCES per 1

100 112 116 120 124

128 132 198 140 144 148 162 155 160 104 168 192

Average number of SYLLABLES per 100 words




Appendix E. Talisayon’s Communication Index

Purpose: To determine whether the readability level of the Facilitated Learning

Modules is acceptable for the intended users.

Procedures:

| Identify ten students who have already taken the course. Reproduce ten copies of the

moduleas guide for these students in performing the activity.

2. Request the students to read the module and list those words, figures and tables in the

modules that they find unclear as they go through the modules.

3. Use the 100-word samples that you have considered in determining the readability of
- UL [+ =¥

s, Form the listed unclear wo
s who found a word in these samples unclear.

rds, use only those found in these

the module

of student
samples. Count the number
i the samples. The total number of words, Nx_ jg
e ords I tne s §
unciear W

Do these for ail
per sample). Also count the total number of

, ds
300 words (3 samples * 100 e

Students, Ns.
f the module:
4. The communication indeX: Cl. for words ©

sum of(fX)
CI = (N)(NX)
mber of readers indicating a given unclear wor(
5 nu
where: X umber of times unclear word appears i, the
f i ' of words
i total number of readers
. per of words in the samples
total num
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For example, five words, Xi, X>. Xi, Xs, and Xs are found unclear out of 300
2

W i + $ha _
ords in the three samples. Suppose that X, appears twice and X3 appears thrice in th
he

samples. This makes the total number of unclear words, Nx, eight. Suppose further that

ords unclearare Xi=7,X2 =3, X3 =1, X4 =2

the number of students who found these w

and Xs = 10. Then the CI 1S

+(3)(1)+(3)(1)(1)+(2)(1)+(1o)(1)

(2)(MNA)
(300)(8)

ClI =

e 0.01

5. The range Ofacceptab[e values for Cl is; 0< Cl = 0.01. Hence, in the examp]e, the

aximum acceptable value of 0.01.

Cl has reached the m
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Appendix -
pendix F. Sample Questions of the Pretest in Mathematics and Statisti
istics

PRETES
T ON MATHEMEMATICS AND STATISTICS FOR INTRODUCTORY
ANALYTICAL

CHEMISTRY

S :

ample Questions:

is the most appropriate to use t
Q

1 tendency
the different families residing i
in

centra

l. Which measure of
describe the monthlY income of
Koronadal City?
a. Mean p. Median c. Mode d. Both & and ©

number of minutes spent in cooki
ting a

Z -
s Data were collected on the
l?dl. The data are€ as follows: g, 10, 15 5. 30, 40, 12, 20
2. What is the rand® of this data? , and
a. 24 b. 22 C» 32 d.48
3. Wnich ot LN€ Lollowing is an inexgct numper?
a. the number of Croseconds in a week
L. the number of 1lliliters in a cubilc meter of water
tamp
c. the mass of a postage 5 .
d. the temperature of the loaf pread 1N the oven
1. The g adult 99°° of Elixephillin® = drug used to troat
Loe l"-’:;r:a_[pm:r“_‘_'_’ acdl-~ i ) Calculat to treat
mg/ kg of Y mass s the oo
o asthma, 18 o0 ™9 9 person with the correct se in
milli r = f a 150-0 number oy
Sigr '?.amb o8 (1 kg = 2,205 1b)
i Fig - )
;yagg figure o 10200 c. 204 .
5. T : £ different strengths have volumes of 40m’
I'wo alcohol solqtlo s and s contains 50% alcohol. If b m
containing 353 alt other determine the percentage of al oth
mixtures are ixed t027 cohol
: : s DG ”
in the c© ned mlb 389 c. 39% 4. a1e
a.40+ ’
: 25 1 p = 37
catpl g if @ _p and
6. What is the galue S
c. 36 d. 72

B 29
a. 18
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A iy 2 G .
Appendix G. Sdm.ple Questions of the Posttest on the Knowledge of Applicafi
Mathematical and Statistical Tools and Knowledge 0fpp]:;atu;n of
e roductory

Analytical  Chemistry

A. Sample Questions of Knowledge of Introductory Analytical Chemistry

T WS oo g . :

h This describes the nearness of an experimental value to the

(@) -

“ the true value. ' hesn Br
4. precilsion

deviation

b. accuracy c. relative error d

f the following is not a unit of concentration?
b. g/L-min c¢. normal d. mol/L

48]

Which o
a. part per million

Refer to the following thermochemical equation:

é") 3 E (g) T F (g; A H < 0

2 C (g0 + 2D (9)

direction of the shift 1in equilibrium if th
e

Pradict the
re

“rﬂncw‘kv Lo«
~ChopCliatu

e 9
s A

-

i R b. backward

d. (@]

c. no change d. forward then backward
nowledge of the Application of Mathematical and Statistical

B. Sample Questions of K
Toois

pollutants dumped ipto a body of water

gen concentration and adversely aff iy

weekly readings are taken frop Eﬁt

e

1ved OXY
-month period.

L. Sewage and
reduce the diSSOZ"%  study,
aquatic species: A er over a two
same location in 2 s
3 4

L ; 5.6 4.3

m 4.9
nk that abopt 5.0 ppm iis E dissolyed Oy Lewved
Some scientist , fish to llvg. (a) Conduct a Stat{stical test
Fhat is margina ¢ the mean d;Lssol'«red1 O;qfo?centratlon is e
to determine whethe agge confidence level. State clearly the p,7,
5 gpm 8t E°2 theses. (P The week 3 measurement in g
hypo of peing an outlier. Use the ¢ - te
iected at the 953 confide 0
Ce

~I

© §
7 4.9 4.5 5.1

IS

(S0

Weak Number
Dissolved 0:, PP

5 thi

than 5.0 PP+
and alternatiVe ected
data set 18 Siif valu
determipe L *
level. . id (HCsH-0:) is f
cetic acl 2 ound tg h
. T hen_‘{la his : ave
a 0.085 M soluti®l Otep e VOLEE 20 for benzand the perceny
. , 68 Ca]cula - -ation COnSta o EQZDlC acid
a pH Of.--' 'I-'he aCid_. 1 b} Calculate tI;IeOequlltl;)rluml
i i ijon. == C7+Hs0: n e so i :
?gglﬁzaot) is 6-3 % }1{0' CrHs0z afoH% M Htion if tne
tF B R0 ; of 3 ’ HC‘!H:',O; 1 . .
concenfraE;SZEtration of
initial C

-
< . {

(a)
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Appendix H-1. Student Feedback Journal on the Condu 1T
T ct of Facil ;
Activities cilitated Leal‘nlng

Student I-eedback Journal on the ( onduct of Facilitated Learning Activities
(Experimental Group) '

Dear

cilitated learning modules on essential mathematical ang

statistical tools employed in introductory analytical chgmistry. The facilitated learning
modules aim to help students enhance their math;maﬂcal and statistical skills and o
deepen their understanding of the analytical chemistry concepts. [ prepared facilitated

supplementary no materials which were used in conjunction

r learning
tructions.

| have prepared seven fa

Facilitated learning instruction includes peer
and online group discussion and file sharing, which we

AN A

with facilitated learning ins
mentoring, on-demand tutonal.&
adopted in our analytical chemist

learni
\vurnlﬂg [}1ﬂA|||.\c; as

ry class.

e {o request you [0 assess the conduct of the peer
tutorial, and the online group discussion and file sharing, Rest
shall only be used for this study. 1 thank you four time ang
of this academic endeavor.

ns on the space provided. You may use

nswers 10 the questiol _ e
{ necessary. please indicate whether you are a mentor or

In this respect, 1 would lik

mentoring, the on-demand
assured that your answers
Cooperation for the SUCCESS

Please write your an
additional sheet/s of paper !
”I(.,‘n!(_’(f.

A) Peer Mentoring .
describe how the peer mentoring helped you address yoy,
[) As a mentor/ mentee, roblems and in understanding concepts in analyticq

difficulty 1in solving

chemistry/
S e B e

_//- : Ing dules as suppl
facnhtated learning Mo S supplementary
how th;ﬂtllzegr(())fllp in the conduct of peer mentoring. an

2) Please describ®
learning materials helpe
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h ‘K g o -
dback Journal on the Conduct of Facilitated Learning Activiti
ies

Student [-ee
f]r\'nef‘[‘f”@”r T
: / Tl (’/ ( ro
continued.. iroup)

3) Please describe certain problem/s you encountered regarding the conduct of
of peer

mentoring.

ommend peer mentoring to be adopted for other chemistry classes?

4) Would you rec
Why or why not?

R

e

-

B) On-demand Tutorial
address your difficulty in solving

rial helped you
ytical chemistry.

ow on-demand tuto
concepts in anal

1) Describe h
din understanding

problems an

e
-

ribe how the use of facilitated Jearni
you il ihe conduct of on-d

ng modules as supplementary

2) Please desc :
leariniig materials helped emand tutor ial.

ial to be adopted for other chemistry

3) Would you recommend on-demand tutor

classes? Why of why not?

—
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Jdback Journal on the ( ‘onduct of Facilitated Learning Activities

Student lee
(Experimental Group)

continued

C) Online Group Discussion and

B

[§9]
S

3)

File Sharing

Describe how online group discussion'and file sharil_lg helped you address your
difficulty in solving problems and in understanding concepts in analytical

chemistry.

o f facilitated learning modules as supplementary

: use 0 . : _
Please describe how the you in the conduct of online group discussion and file

learning materials helped
sharing.

--//;;;; discussion and file sharing to be adopted for
(?

line
mmeﬂd on 17
W}(l)u]dgouigico o Why or why no
other chem

1y classes”
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Ap ix
ppendix H-2. Student Feedback Journal on the Conduct of Facilitated L

earnin
Activities =

Student I-eedback Journal on the Conduct of Facilitated Learning Activiti
(Control Group) “

Dear
-

ss adopted facilitated learning instruction thi
1 includes peer mentoring, on-demand tUtor'thlls
sharing. This stralegy was aimed o help I-E-l ,
d to deepen their understanding lf,ﬂzz

chemistry cla
g instructio
and file
statistical skills an

Our analytical
semester. Facilitated learnin
and online group discussion
enhance your mathematical and

analytical chemistry concepts.
ould like to request you (0 assess the conduct of the pe
torial, and the online group discussion and file sharing gne:
1l only be used for this study. 1 thank you four ti:;é‘a;,sd

academic endeavor.

nswers 10 the questions on the space provided. You may use
if necessary- Please indicate whether you are a mentor or a

In this respect, I W
_demand tu
answers sha
SUCCESS of this

mentoring, the on
assured that your
cooperation for the

- Please write your @
additional sheet/s of papet

meniee.

A) Peer Mentoring
ribe how the peer mentoring helped you address your

] / mentee, d - ing :
) dAi?f?cﬁfym?; solving prob[ems and M understanding concepts in analytical

chemistry.

¢ of peer mentoring? Why or why

'////roblemfs you enCOUﬂtered regarding the conduct of peer

3) Please describ€ certaif P

mentoring. R
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Student I-eedback Journal on the Conduct of Facilitated Learning Activities
(Control Group) ‘

continued

4) Would you recommend pecr mentoring to be adopted for other chemistry classes?

Why or why not?

B) On-demand Tutorial
you address your difficulty in solving

emand tutorial helped
analytical chemistry.

1) Describe how on-d i '
erstanding concepts In

problems and 1n und

in the conduct of on-demand tutorial? Why or

2) Did you find textbooks sufficient

why not?

_,/ ‘10 ~ ad d rol‘ Otl]e P -
_ w Oﬂ_dgn]aﬂd {utorial 1o b€ adopted 1 r cheinistry
3) Would you feoomine“uOt?

classes? Why OF why Do
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the Conduct of Facilitated Learning Activities

Student FFeedback Journal on
(Control Group)

continued ...

ussion and File Sharing

1) Describe how online group discussion 'and file sharing helped you address your
difficulty in solving problems and in understanding concepts in analytical

chemistry.

C) Online Group Disc

books sufficient in the conduct of online group discussion and

. exi
2) Did you find text hy not?

file sharing? Why Of

w discussion and file sharing to be adopted for

3) Would you recon'{rrlsesq iy or o ot?
oiher chemistry ¢ !
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Appendix I. Student Feedback Journal on the Use of Facilitated Learning Modules

Student I-eedback Journal on the Use of Facilitated Learning Modules

Dear Student,

[ have prepared several facilitated learning modules on essential mathematical and

statistical tools employed in introductory analytical chemistry. The facilitated learning

modules aim to help students enhance their mathematical and statistical skills and to

deepen their understanding of the analytical chemistry concepts. I prepared facilitated
terials which were used in conjunction

learning modules as supplementary leaming ma hich
with facilitated learning instructions. Facilitated learning instruction includes peer

mentoring, on-demand tutorials, and online group discussion and file sharing.

In this respect, 1 would like to reguest you to 'evaluaye thf? use 'of facilitated
learning modules as supp]ementary learning materials 1n gonjuncnon with facilitated
learning instruction. Please write your answers (0 the questions on the space provided.
You may use additional sheet/s of paper if necessary. Please indicate whether you are a

mentor or a mentee.
modules’ objectives in terms of

facilitated learning

1) Please describe th¢ evance
attainability. clarity- and relevant®

. i les’ contents in terms of
) 1itated ]Jearning modu :

2) Please describe tl?e f;“‘;’:tlitveness appeal, and conformity t0 standards.
n k]

appropriateness, 1

——————

ristic features of the facilitated learning
the mathema’ucal manipulations

think ar° = an
3) What do you ful underse sty problem?

modules that arc¢
involved in solving




Please describe how the facilitated learning modules helped you in enhancing
| and statistical skills in solving analytical chemistry problems

vour mathematica
ding of introductory analytical chemistry.

and your understan
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Appendix J. Pretest and Posttest Scores of Control Group

1 ] Posttest Scores

i Application of Knowledge in

| Student Pretest Scores Mathematical and Introductory Analytical Total
\[ Statistical Tools Chemistry

N RO

1 19 35 28 =
————g | 53 4 p 93
" 3 = - 32 35 67
! 3 28 T T
— 6| &2 2 L
e pans Sy Rt MRS S - L
| P 49 18 67
\ 6 21 - 39
ﬁ%w—f"j 9 51
| 7 22 T
S S WSS - 60 100
8 [ 2 0 il 21
kaf 23—y ] 19 36

W B .y ] 13 33
o B3 45 | 30 80
12 o — 23— ] 36 90 |
5% 416 | 27 %
14 | _/11119,/'4/”1’_’/ 20 61
‘ 1S ,___J—ﬁ—/""’/ﬁ// 31 80
T R ey o W &

17 ’___’16,/«—,/’13’/” 18 31
- m— 17 / 35 80
s U B 7
9 | 26 ///ﬁ/ = 41
T e I e o S DO = %
L2l 29— 26 - >

T T 28 B B 2 1
22 T - NN - 17 39

23 M ] 22 35 9
| 5 !
| 19— B —] 31 64
s [ B T B — 24 |55

b |

27 o Je e _///&,/ 25 58
28 | _/,,23./’/ /,3’}/”‘ 40 94
29 | _/’,16,»// //24—//"' 31 71
% 3 — | 17 3
—— 4 T

R I N e g 121
ke 35 / 4
e 90 50 ///2;4,// 8 22

_______———____-__—_‘____——_————_____
. 4//@/ //,i,/ 29 75
___,__._—-——'—'-—_'_——_—__,__
\——L_P,/’g// /_4“/// — 2 6
s | B — % —r 5 &
... N 55 / 22 56
e / 18 87
16
~ 43
44 7
46 | 53
L 47
T ]




Appendix K. Pretest and Posttest Scores of Experimental Group
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Posttest Scores
A&plicat'i onl OFd Intm]:::t:)vrl;d .f:t:l';nical Total
Mathematical an .
Student Pretest Scores Statistical Tools Chemistry
, T 17 36
i 1 16 36 20 56
,f 2 17 ~
| 3 20 24 64
3 23 36 104
I - 68
! 3 19 31 22 53
j 5 18 57 28 55
o6 20 36 30 66
R e —" : ——
! 8
— 14 3; 31 103
10 25— 60 3 2
¥ 20 >3 22 45
—0 T 0 29 69
— | 39 87
13 IR L S 48
— 14 ‘ o 35 %
I5 21 55
0 | 22 50
-¢___——-———-—'§‘4'/ 37 29 66
—— 21| —55 39 >
18 > 35 102
19 2 — 67 29 83
20 2 >4 22 55
—— 25 — 33 __
22 ;_____/—__‘_’_______,_———— 34 73
23 _____,2,2.’/ 32 34 87
54 _______,_:%/——— 34 10 34
25 _______-—-f’;/' ,_,./"gff'/ 19 36
26 __——————%7"/ | | 22 3
s | 2 —1 M 37 95
28 58
5o 16— 8 22 51
—2 _—/_2’1”//,2?__-—————-— 31 56
B —1 ¥ — 34 63
31 18 29 25 41
2 1 e ]
. L 20 //-————-——' 26 57
34 15 ///,7,2_._.————-—-""* 35 73
&35___.»/'3’1’/ 38 27 90
e L s 5
37 /ﬁ"// //j?,/ 38 34
38 ——-—/28/// //,ﬂé,/ 14 33
39 ,,/3’,/ //_,12,———""— 26 80
R s e -
e a— 55— Z 5
18 / _____
43 //9// 25 31 7
— 1 % A
45 /y
46 |
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Appendix L. Sample of Instructors’ Ratings on the Evaluation of the Facilitated

Learning Modules
Development of Facilitated Learning Modules

Dear

|
-ve preparea seven faciiiated leaming modules on essential and mathematical tq, Is
| DIOVed In INITOGUCIOTY anaivicai chemisuy. These faciiitated leaming modules aim 1o h:l
students enhance their mathematical and sta;isncal and to deepen their understanding of thp
analvtical chemistry concepts. 1 prepared &cihgated lgam. ung modules as supplementary i&mme
: Y unction with facilitated leaming instructions. The form anf;

materials which will be used in conjunc
face content of these facilitated leaming modules had already been evaluated by experts in

chemistrv education.
tated leaming modules’ objectives and content have to be evaluated

the intended users. May I request vou then to evaluate the moduies

However, these facili
9 Your honest and sincere comments in this activity is higiyy

first before thev can be used b}{
by answering this questionnaif®

appreciated

. : ent or disagreement to the sta: .

o . te the extent of your agreem . tements wri

tl)lulrecuoms. Pleas; l;‘:é;’ea the number that serves as your answer. Your choices would be: fen
elow. You may P

Strongly 287%¢

3
Agree
2
Disagree
: 1
Strongly disagree
how the objectives of the leaming modules ;
the manner on ' _—
Statements 1-15 refer ©
formulated.
Attainability N | .
biectives ar¢ form ated within the leaming 3 @
oot ; ena-users-
I c?:;igujiﬁes of the intendea €nd u! B | |
within the .
. ineach module can g‘ei uclc;vered @
| - i m '
2 ;?:t::g I.‘.ime in icated 10 the _— | 2 | @
ing modaules ar ulated
3. The obiecti Oft:l: objectives of the course Y’

based on the gené



4 The t:me_element for reahizing the objectives of the leamng
modules is based on the course syllabus time frame

. The objectives are stated in a measurable, realistic
and time bounded manner

n

Clarm
6. The objectives of the facilitated leaming modules clearly

state what the students must achieve.

formulated using simple words which can

7 The objectives are
easily be understood by the mtended users.
8. The objectives are stated in terms of student learning
outcomes.
9 Upon reading the objectives, the students will have an idea
about the coverage of the learning module.
earning modules serve as instructions

10. The objectives of the I
guous, and easy 10 follow.

which are clear, unambi

Relevance
11 The objectives serve as guide for the formation of
‘:"‘—-*f::-ﬁ:—:! activities.
:nformation disseminator about

nt performance

es serve as an
fthe teachers on stude

12. The objectiv
rs on what they ought

the expectations ©
1 guide the teache

13. The objectives wi

to cover in the class
i dents on what they ought
jecti i1] guide the stu
14. The objectives W!
this course

B t will guide

tha
t statements :
jecti rve as 12787 ations of
K Ihe Objec“vezgsut the standards and expect
-ne end-users

the course.

(3]

[S9]

b2

L]

177

®

©

e ® 0 6



Sta . 16-34 reft
tements 10-34 refer to the content of the learming moduies

Appropriateness

esented n these learning modules conform

.o {he concepls pr
to the accepted principles in chemistry education.

e learning modules are appropriate in

17. The activities 1ol th
pts and principles.

helping students understand the conce

18 The contents are appropriate 10 meet the objectives of the
facilitated learmng modules.
10 The learning activities are designed to guide the students

in realizing the objectives of the facilitated learning modules.
£1he leaming modules are suitable to the

20. The conients ©
evel of the students.

understanding 1

Appeal
ected to capture the interest

21 The leaming modules are exp

of the reader
writer in presenting the

pted by the
e reader’s interest.

22 The approaches ado .

concepts and examples sustail th

ded in the learning modules are balanced
interest of the reader.

23 Graphics inclu
taining the

and hclp.m SUS

he facifilated

learning modules are attractively

24 In _ﬁ,encm!. t
paukagcd‘

75 The learning modules have been pmscntcd ina technically
appropriaté manner

odules combines atiractiveness

26 The layout of the learning

with uttltfy.
Innovativeness

que way of presenting the
i eloped & U™ que

7 The writer 125 deve

concepts and prmc-:p!es_ |

1 i e resented 11 2
28 The solutions 1@ |earning excrc;a:aizlypundemm !
distinet manner {hat staer c

e

(S8

(28]

(5]

[§]

o

-2

(387

3%

® 6 6@ ®

178
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1 2 @ 4

29 The learning modules are carefully designed thus, showing

novelty
: G 4

30. The facilitated leaming modules exhibit onginality.

[B%]

Conformity to standards

(B8]
(¥}
G

3] The Minimum Learning Competencies for analytical chemistry 1
as prescribed by the Commussion on Higher Education are
included in the facilitated learning modules

cilitated learning modules cover the 1 2 3 @

try instruction.

32 The contents of the fa i
d principles for chemis

important concepts an
33 The tables and figures in these le:_!mi.n_s_: modules are ] 2 @ 4
appiopnately presented for chemisty msiiuchion. -
34 The solutions to learning exercises n the tacilitated | 2 3 @
sented following the steps

es are pre

learning modul .
hemistry instruc

acceptable for ¢

tion.

Sample of Comments and Suggestions of Analytical Chemistry Instructors

(1)

Lpestions:
 omiments and sugs”
: j ,Lu;,_f,umé-‘-j{_, s B

(2)

e pesericd 0T
-/,——"'I-—J """ o

‘ (‘\1{ . ]
4pe. Mool leGrmeg COMpeten o

R AL
‘__,"'l ';; /’_,—,——’ AII(P() '
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Appendix M. Average Scores in the Seven (7) Modules
Control Group . _ E:\:perimental Group |
 Application of | Knowledge in Application of Knowledge in
l:l:'p= l tical and Introductory Math_emattcal and In'rroduc_toryr
i Nia ].Lma[TOOIS Analytical Statistical Tools Analypcal
- Module | Statistica Flianiiy Chemistry
| ! —= M Averaoe | T Total | Average
] | | Average | Total | Average . g
F"thal Average l;[;)(;;ats Scores | Points | Scores | Points | Scores
| Points | SCOTS “ZP1—50r |8 6.12 4 3.13
L 1 | & 2 —=g | 374 | 12 7.95 8 5.06
2 |2 631 | ——153 [ 12 | 703 8 5.41
3 12 s | 298 | 12 4.83 8 3.04
4 | 12 —310 | 12 3.76 8 2.65
5 12 S =T 2 4.67 8 3.72
I P g — 13 | 10| 671 § | 519
7 | 10| -
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Appendix N. Excerpts from CMO No. 18, series 2007 (Learning Competencies i
in

Analvtical Chemistry)

15.3 ANALYTICAL CH EMISTRY

INTRODUCTION
to be problem-driven and emphasize
d with topics that are relevant to the

dents confront in their lives.

1 and 2 arc designed

ould be supplemente
as those that stu

Analyucal (hemistry
critical thinking. It sh
practicc of chemistry, as well

OBJECTIVES OF SUBJECT AREA
subject area provide the basic

d by the Analytical Chemistry
) well as in industry. The

eded 1n the more advanced courses, as

I'he courses coverc
subject area include the following:

methods and skills n¢

overall objectives of the
practicc of quantirative chemical analysis:
Pt |

- . . principles and
a.'l'o acquire mastery of the pri  of quantitative Theme
b. To { tain a \\'oi‘kiﬂg knowledge of the applications of statistics in Analytical
- obtain a W

Chemistrys; and .
N nderstanding

€. ’l'() e(_))’aln an Iﬂ—dcpth u ] U]qf
agriculture moleculs

of the applications of Analytical Chemistry in
biology, medical sciences, and others. ’

industry,
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Appendix O. The Facilitated Learning Modules
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Teacher’s Cuide

This instructional material 18 formulated as supplemental learning material
rials in

primarily aims to make students understand the essential
1a

analytical chemistry. It
s in solving problems in the subject. The learning
g

mathematical and statistical tool

the mathematics and statistics encountered in soivi
mg

moduies expiain exhaustively

understand the procedure and be able to solve the problen
2ms

problem for the students to
themselves.

ded that (cachers adopt ihe facilitaied learning instruction as
a

h. In this approach, t
ust be involved in activities that require higher-orde
.

ance to it. The teacher must consider this

il 1s recommen
he teacher must focus on developing

classroom teaching approac

students skills; that 18 students M

thinking _ golving problem js an 1nst
supplemental learning material as aid in simplifying the applications of mathematics
mistry.

and statistics as tools in analytlcal che
The following are recommended for teachers who will be using this instructional
he follov

material:
s will utilize the learning modules

e that the clas

fo rlearning purposes: | N o
t the [ecture UsSINg facilitated learning instruction in

ay. [t must b

exclusively 10
e noted that the discussion within the

2. The teacher sha

topi€ '
the tOP™ ~ ot sufficient to tackle problem solving comprehensively

delivering

allotted t1me per

lullUﬁS |l| lp\ibuuks aic bby()ud
nc{dering their imited background in

nsion = g mus .
1 ) ][ence the module<‘- must be used as essential

nts to read em\_i

Supp]emental le

3 For the succes® carning Jles to stude
. e led

d on the ex



as far as mathematical and statistical applications are concerned. However, other

items which the teacher believes would help develop students® critical thinking

skills may also be included.

jil



Foreword

Analytical chemistry i ‘
) emistry is perceived as a difficult subject because it
it tackles not
only

chemi :
mical theories and principles but
d statistics. Medical technolo

ult because ot their limited background in mat

also the application
s of chemical
concepts utilizi
lzmg

gy students find the subject even m
ore

mathematics an
hematics and statistics. It 1s in thi
1S

premise ; i
ise that this suppiementai Jearning material 18 formulated
aré pattemcd on the sequenc i
e of topics in
the syllab
us

The sequence of modules

of anaivtical
aiytical chemistry existing at the N
] University. Modul

Notre Dame of Marbe
erences cited in the s

statisti
atistics are formulated. Refe
hematical proce

jatural Sciences and Mathematics Depart
_ ment of
es on all topics requiring mathematic
and
yllabus are revisited t
o find alt i
crnative

dures in solving problem i
g in a manner that
can easily b
y be

and simplified mat

understood by students.
f the Jearning modules started with the assistance of ch
emistry

y on the forms and contents. The author also sough
n t the

The development ©

education experts particularl
S handling ana]ytical che
‘yes more speciﬁcally on how these modules I
would

t - .

erms of their contents and object!
{ of the end users — the stude

i or mathematical

o the interes
1o ide entify chemicd
e term and

ading the
ensur

mistry to evaluate the learning modul
es in

acci
ssistance of teacher
nts. Former analytical chemist
ry
terms and procedures that

appe
Ppear to captur
g are revised in a manner that students

can

rther, the author determined the grad
ade

procedure
modules. Fu
¢ that the mat

Students are requested
they find difficult. TheS
d when €

erials matches the grade level of th
e

easi
sily understan

1
ntended users

The authior

v
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MODULE 1 e \.\&

STA’ Y

TISTICAL TESTING FOR TREATMENT OF DATA

N ! \ \ \ ‘:'-
\V;ﬁ—%f::f

Introduction

l et me D 1 I esse .l:'
it Lt l e()lrl - ! < i
ation you
ahcadv

pic. Letme ask you few questions befi
efore I start my di
y discussions

knew about this to

llt neCBSS'dI y to Sul).(’( ts lll\-e ChelllfStly{? m‘hat aCt' iti
- 1VltI€S Wer
c

ned your experimen
you manipulate the results of your experi
riment?

Why is experime
ou perfort
eriment? How did

hese manipulated results?

carried out when Yy t? What di
perf‘ : at did you obtain wh
ormed your €Xp o

W : -
hat did you do then with t
at being an e\'perimental scie
> nce, chemistry i
’ ry involve
S

ain scientific theories. In
. your general
chemist
ry

alue of the scientific
property but
you a]SO

|l made aware th

You are a
ned to expl

[ L .
aboratory activities desig
I, i

aboratory, you did not onl

gathered data as part of the €X

y measurc the v

penmentatlon Perhaps the bigger challenge th
at you

you were g ooing 10 manipulate or treat the data systematicall
c a },ﬂ l'n

roperty that was being measured.

encountered was how

order to find the value of the P
anipulate or treat experimental
a

ow to m

will teach You h
s is not only used in treatin
g

¢ study statistic
ensively i almost al
t have already encountered 1
1s findin
g the

atistics W

Interestingly- St
a sCILnilfI

AS
. ne

data systematicall}’-

experimental data as itisd
ne of you mloh

tion that €v¢ ery ©
ituation that we usually experie
nce

common situa
ut also in every day activity

simple mean or the qverage
articularly in trea

e laboratory
tics. The topics that |

ry concepts of statis

not only in th
ical testing ¢ and treatment
of data. S
ome

introducto

ule cover

]hl-S mo n
d ] hl?h S OO] I ath lnﬁthS B
. ut

included in this module 2
dy
of t _ ; e alred
hese topiCS might . ] treatment of data in introductory anal
alytic

because of their oxtensiv |
ecessary that W¢ revicy

chemistry, it 18 1




The last part of this modaule tackles essential mathematical tools in measurement.
We will also review the rules and calculations involving significant figures and
dimensional analysis. Although this is not part of the regular analytical chemistry course,

its application is still useful in some topics in analytical chemistry.

S

in
p statistical Test

;N h'y
|
"I !
e |
™
1



Facili
itated Learning Activity

I["“
P o r
U.( fu,L:J

3‘.4 b
( 5¢C wE¢E arc - 11
- eled o
. ntOI’in‘ l a

mernto
ring as your learning activity w
the members
is designated as mentor and the
rest of th
e

oroup activity i

group activity in which one of
¢. The mentor will perforn
of the group and will ensure tha

1 the role
e of a tutor or a teacher of the
S group.

group as meniee.
t the
group closely executes tl
he

}‘]Ci‘ N & 1
She will act as leader
tivities in the module.
nechanics and guidelines of the peer mentoring activi
g vity:

ntroduce the topic to b
ask the mentees about possible probl
ems

Here are the

(a) The mentor will 1 e tackled in the session
the session, th
the group mem
he topic.

e mentor which specifi

e mentor will

(b) To start
bers encountered
in the classr
oom when
the

or difficulties
her introduced t
es will tell th

teac
¢ topics are to be tackled for th
e

(c) The mente

session.
discussion of the topic tO S i
pecifically add
aadress the

(d) The mentor starts the
problems or difﬁcultle
nt to 1mpa the lesson

ctas mentor.
y should maximize the use of this ;
learning module

terial N the entir

members. If the mentor 1s not
S0

s raised DY the

to the mentees, he / she ma
y ask other
member

confide

of the grou

oring activit
¢ mentoring activity

as a suppleme” | learning M2
at eve member of the gro
(f) The mentor should ensure th b4 group is given the chance
hin ertaining 0 the topic
to ask react, © sugs® t somet gp " pic during the course of
the activity
(g) The mentor ay giv the evaluatlon test and assign problem sets if such a
re
necessary - hould be conducted during th ;
(h) The peer ™ oring 86 7 g the period specified
e
°P oweVver: the grovP may be allowed to conduct the activi
; it
od to finish the session for the day. y




(i) The mentoring activity should be conducted at least twice per week with at

least 1.5 hours each session.

() The mentor is required to submit one narrative report at the end of the

semester.
|

e
a ﬁ Statis



After the end of the module, you should be able to:
o differentiate the three expressions of central val

. value

particularly on how these are computed and d
use

o describe a set of data;

appropriatcly t
differentiate quali tatively between precision and accurac
acy;

te absolute error, relative error, and percent error;

ge deviation, standard deviations of the

and the pooled standard

19

compu

compute averd
sample and the population,
deviation of the population;

en exact and inexact numbers;

tely with the correct number of

W

4. differentiate betwe
mcasured data accura

5. report
significant figures based on the accuracy of the instrument
used;
6. report accurately the answers of performing various
rrect number of significant

arithmetic operations with the co
figures: and
7 converta given unit into the desired unit using dimensional

analysis-

<t two mentoring sessions J

5 hours; at lea

TIME FRAME:




CHECK-UP TEST

e proceed, let us first check your prior knowledge and skill
skills

r Before w
. B . -
on the topics included in this module. Please take the test bel
elow. For

F#
|. This is the value that occurs with

highest frequency in a data set
a. mean b. median
¢. mode d.standard
2. This is the value of the
a data set that has been ran
increasing order.

a. mean b. median
c. mode d. standard
3. Find the mean, median,
the following data set:4,
11, 13,7,22,and 11
a. mean = 15.1, median = 11, mode = 2
b. mean = 14.4 median = 18.5,mode = i
¢. mean = 12, median= 2.mode = 1

d. mean = 13.1,median = 1% mode = e

4. Data were col]ected on the
ing

minutes spent in cook
data are as follows: p, 15, 22>
40, 12, 20, and 19- What 15 the ran

multiple-ch
correct answ

question. You have
the

deviation
middle term in
ked in

deviation
and mode for
9, 11, 26,

-

this data?
a. 24 b. 22 c. 32 d.43 g
: ; a yalues 11
5. The more d1spersed thethe gmaller thlef
1

a particular data set are iation
Eariance and standal s
e.

a. True

b. False

er. Otherwise,

oice questions, Just encircle the letter you think is ti
is the

provide the correct answer to the

30 minutes to do this.

6. Given the following d

7 g data: 61

61.53,‘and 61324811 thecaccepted va-?s’

for this data set 1s 61.71, what is ue

absolute error for the mean of the dtal:e
a

set?

7 What is the percent relati
L ative er
the data set 1 1tem #67 ORI

g The following data is obtained fo

sample with 9 measurements: 8.0 ’)r 1
20, 710040, 6.0, 1 50, 3.0, o
4.0.Calculate the standard deviz;tiqon af{;(:

‘this set.

9. The average weight of 8

increases by 2.5 kg when a new g:[?spole
comes in place of one of them weighinrl
65 kg What might be the weight of thi

new person?

A particular method for the

determination of copper yields results
that are low l?y 0.5 mg. What will be ths
crcent relative error due to this sourc:

if the mass of the copper in a sample is

25 mg.

10.




: E I Check your answer against the KEY found at the end of this module.

How did you perform in the test? If your score is in the range 8-10, you are equipped to

ule. If you scored 6 or 7, you have the potential of doing

succeed in your study in this mod
bably need to focus more on the reading materials

go along. But if your score is lower than 4, you

and the mathematical procedure as W€
subject. I advise you to retake the test until you

:' far better. If you scored 4 or 3, you pro

£ e - - o
e ————
- o - - ———

p "



Eesesssnmesmms L ESSON PROPER

ik sV

Let me st iewi m
, art my lecture by revie
\ 3 iewing some fundamental concepts of statisti
atistics.

YOU m 1 ¥ e - : - :
ight have tackled this in your high-school mathematics or your previ I
ous algebr:
5 d.

1.1 Central Value

Central value is expressed in three expressions and the use of each depend
pends on
nterpret the data.

how one wants to describe and 1
1.1.1 Arithmetic mean / Mean

t common central value used
ned by dividing the sum of the individual values by t}
e

The mos by chemists is the arithmer;
2LIC

mean.x, which 18 obtai

f values. Mathematically,

number O
_ x1+x2+x3+. , o« T En = ___in
x —

n mn

. xy are the individual values, 7 is the number of values, and

where x7, X2 X3 - -

3 x; the sum of values of x.

1.1.2 Median
ue which 18 less commonly used is the median. 1t is the

Another central val
value in a set of values.

middle numerical
LY

A= -

' Find the median of the

i Rules highest

: valu from the Jowest 10 the hig |

E 1) Rearrang® t hat is P ysically [ocated in the middle of the set of data,

I . ll,lc

' 2) Identify the v 20.6 20.7

: 70.1 ‘Z‘Q& ’

‘\ 200 LV _“___f______-‘*"'" ________________________ ,‘,
a1 Mo T

' ' Statlstlcal

S
]




When th .
e set of data contains an even number of values, the median is th
’ e average

of the two numerical values.

) ~ Ixample 1-2

~

Find the median of 20.4, 20.6, 20.1, and 20.7.

Rearranging,
20.7

20.1 20.4 206

middle numerical values = 20.4 and 20.6

OWS!

- - - -
-— - -

The median is calculated as foll

- — - -
-

_-—————_——_———————-—_____
- = -
-

1.1.3 Mode
so common in analytical chemistry, of data is the

The mode, which is not

" Example 1-3
0, 20.1, 20.4, 20.0, 20.1, and 20.7 is 20.1

The mode of the data 20.2, 20.1, 20.
n the data the most

because it appcal'ed 1

frequent at three times.

Example 1-4
of the following sets of data:

- -
- o - - - -
)

Calculate the mean nd the
6.41, 6.80
Set B: 6.37, 63% 6.41,69
Solution
deﬁnitions stated above for data set A,
25.91
680 = —— =648 )

:
|
1
E
| Set A: 6.37, 6337
E
|

According 10 the a1t
+ 6. . _
637+ 6.33 ” 4




’ T 6.37 + 6.41 %
| -
. . 6.39 4
i 1
|
: For data set B, |
:
I
; o 637 + 633+ 641+ 693 _ 2604 :
: — —
: 2 = 6.51 :
| :
I ]
l !
| _ 6.37 + 6.41 |
& median > 6.39 )

1.2 Precision and accuracy
precisirm and accuracy are often used when dealing with th

e
alues. Precision 1S
¢ while accuracy refers to how closely individual

The terms
a measure of how closely individual

uncertainties of measured Vv
th on€ anothe

orrect, Of “irue,” value. The dart analogy in Figure 1-]

measurements agree wi
ree with the ¢

measurements ag
petween these

two COTICGptS.

illustrates the difference
i
[l
2! |
| 1
ot
! 4 |
e | ! g |
B [ 1
| s
T s i
b ik & 2 od accuracy § P

e el Good @ rac Poor accuracy

| [ '8y H d S pecision i = R

Poor accuracy ; X : i__,_r._(—'::-fi;-r.'"' TG ( Lwi} ..n?t-‘”"”!'

Poor precisiot g ST L — pemmem—
3 Figure -1. precision and accuracy
(Source: prown, T- L., et al 2012)
f accu racy
carness of an experimental value, x;

cribes the n

tis expressed as error. The following are

AS deﬁne(11 ] e /j I
aluc, 7
_ 4o the T % . :c computed
or a meant £ error bas don how 1115 '
. I
5510

various expre




- —————
-

Absolute error is calculated this way

error = Xi - H or % - u

Note: error carries the units of x;, and 4.

error is used when comparing errors at different quantities. It i
Ctis

Relative
g the absolute error by the true value as follows:

calculated by dividin

error

e —

relative error = "

Relative error is often expressed by statisticians as pph or ppt, as defined
> ne

below:
d (pph) of percent €rror is the relative error multiplied by

Parts per hundre
usand (ppt) €1ToT is the rel

100. Parts per tho

ative error multiplied by 1000

and so on.

Notes [rom the author:
f relative error should not be confused

¢ used 4S expressions ©
ngeably as the percen
the ppl- Although the mathematical thought

{ concentrali
on (mass %,

pph and ppP
with or used intercha
and the procedure of calculating them may be the same in some respect
t concentralion and ppl aré some of the expressions of

percent
concenlralion.

Joxample -3 \:

olute er1o" percent €110 and parts per thousand error for E

Calculat® the @ ‘ t l

the meé of thé ollowng data s€ E

8.33 g29 8 28 834 8.36 i

vi (M8) :

S ——— /;




,_-—-.__._._..___————__..___...__—-——————————______________
-~

rd
.. Solution
/
\

/ To determine the error, you must calculated first the mean of the given

data set:

833+ 829+ 828+ 834+ 836 _ 4160 _

32

XX
n 4 4

832 mg - 8.27mg = 0.05mg

error=X - K~

\
1
!
|
[}
{
!
1
'
1
1
I
!
1
1
1
1
|
|
1
1
1
I
!
L}
i
|
'
t
!

- — - e o - - = - -

o error = S x 100 = 005™9 , 100 = 0.6
o error =~y 8.27 mg
ppt error T 8.27mg y

e ——————— e -
-—————
- -
———— - -
-
- -
-————

ulated like the average value or arithmetic mean

. dividual errors rather than the individual values are used.
he In

:ons of Precision

1.2.2 Express! istakenly used in place of accuracy, refers

ften mi
Precision. a term used 0 '
n values inas

wee
to the a,cg,feemeﬂt bet

et of data. The fact that the values of

gree well does not necessarily mean that they are
a

nts all o
replicateé measureme " hereare several common ways to express the precision of
er
value
to the tru€
close followmg

iation (OF mean deviation)
ia

v
1.2.2.1Aver? ede - ion or way of ascertaining th
th Of ShOWlng dlspe fr g t e
e )
It is one © e m 1o sigH of the experimental value from the centra]
, regard © " ) e o
deviation en witho! § found by summing the individual deviations
e\“ ? 1 .On-) ? . .
The average eviatl . measufe ments. Thus the average deviation from
um
by th
and dividing
jven by _

the mean 15 &




g=2xo

n
where x; = observation
£ = meanofthe observations
n = numberof observations
lx; — X1 = absolute value of the difference between an observation and
the mean (inside the absolute value sign is always a
positive number)
Tix — %I = sum of the absolute values of the differences between an
observation and the mean
g = average deviation between the experimental values and the
mean
Similar to accuracy, precision measurement such as average deviation can
a relative error (% or pph, ppt, etc.)

be expressed as absolute error 0r a5

iation of the sample

The standard deviation, $, 0T “oot-mean-square deviation as it is
alled, 18 the preferred measure of p

recision and is calculated

sometimes C

from the equation

s
= observation
where Xi -
= mean of the observations
f =
= number of observations
n
| = degree of freedom
n-
) = square of the differences between an
- %) ation and the mean

(i observ




sum of the squares of the differences

I

S — %)

between an observation and the mean

= standard deviation or the measure of the

spread of observations

The most common mistake made by students using this equation is they
“square the sum of the deviations” rather than “sum the squares of the

_ Look carefully at the following example to make sure that you learn

deviations”

=2 . .
s(xi= %) The formula dicates that the mean js
to calculate first t

44 388+ 3944390 4160
= =391% /
4

he mean.

to use the formula correctly.
,/,, /fxample 1'6 \\\
] Quantitative analysis of student obtained the following results for the \“
: . . 3 N 1 1 Chr 1
:' determination of isooctane 1N ga.sollfae using Gas omatography. E
: Determination Percent :
| Number isooctane :
' 1 3.83 !
: 2 3.97 !
: 3 394 !
| 4 3.88 :
: 5 3.94
X 6 3.90 :
I ]
l 1
: .ation from the mean. !
: Calculate the standard devia E
i
: '
Solution: o ' ‘
E 0 culate the standard deviation of the given data set using the !
calc !
\ You can :
: formula, :
: :
‘ i
‘ ]
' 1
: L}
I 1
; )
\ 1
1
\




-

3.83
0.08
3.97 0.06 0.0064
394 003 0.0036
g,gg 003 0.0009
94 0.03 0.0009
0.0 :

‘ 0.0001

00128 = S(x; — %)

Substituting, you have

.- 0.0128
s = e 0,
= 0051%

rd deviations can als
o be expressed 1
in relative t
erms to

-
- - - -
- - -
- o=

]
: 3.90

Both average and standa

f‘ oq e .
acilitate comparison petween data sets:

RI'Q.]

relative average deviation

_ s
ard deviation =%
x

relative stand

eviation (RSD) is also referred to as
the coefficie
nt of

alues can be expressed fractionall
y (as abOVC) a
» @S parts

Itiplied by 100), as parts per thousand (multiplied
ed by |

Relative standard d

variation. Again, relative v

per hundred of percent (mu

1000), and SO forth.

en the largest and smallest

Range
ute difference betwe

The rangé- js the absol
s in the data set.

pdard peviation

r computing 2
¢ formu

value

ooled St3

pation 10
_You use th

1.2.2.3P
pooled standard deviation from several
sets

The €d '
la given by Holler, F. and Crouch
uch, S.




loxample 1-7

I\r}

Ht_\ ’”2 z)2+§‘(xi,—?3

pr,]aj:\; -
Al +1\rl+1\"5+ o —A’{

A,

where N, is the number of results inset 1, V211
, N2 is the number in set 2
, and so forth

The term M is the total number of data set pooled.

Now, [ am going to demonstrate to you how to solve pooled stand
ndard

___————_—___.__————-..__.
-
-~

utinely monitored in patients suffering from diabetes. Th
. The

n a patient with mildly elevated glucose were determined
a spectrophotometnc analytical method. The patient
t to reduce the glucose levels. The frequency of
own below and the days of the month when

Glucose levels are 10
e concentrations i
months through
a low sugar die
very month as sh
ed aré chosen

glucos
at different

was placed on

monitoring varies €
randomly. The following results were

g is conduct
ctiveness of the low-sugar diet

monitorin
obtained during 2 study t0 determine the effe
Calculate a pooled estimaté of the standard deviation for the method.
Sum of Squares
Time Gl C oncentration Mean ofDeviac:ions Stal}da.rd
ucose C Glucose (mg/L Deviation
(mg/L) 1687.43 from Mean
00.3 . 16
Month 1 1108, 1122. 107> 1099 11 8
1115, 1083, 1 1100
996.2 1182.80 172
Month 2 992, 975, 1022 1001, 9
0 798.8 1086.80 16.5
Month 3 788, 805 779, 822 80
7 800 771.9 2950.86 22
Month4 799,745,750 7% 777
758 s 24 Total sum of squares = 6907.89 ,
\ n = )
' Total number of measufem _______________ . ,

-
P
—

\
1
!
I
1
1
!
1
!
[}
1
1
I
!
!
}
!
[}
1
!
1
1
|
1
1
!
[
I
!
!
!
!
1
I
I
1
1
!
]
!
1
[
!



Q

- e = = - -
Pep—

-

Solution

For the first month, the sum of squares in the next to the last was calculated as follows:

Sum of squares = (1108 - 1100.3) + (1122 11003)* + (1075 - 1100.3)?

+ (1099 - 1100.3)* + (1115- 1100.3)> + (1083 - 1100.3)?

+ (1100 - 1100.3)°

= 1687.43

The other sums of squares were obtained similarly. The pooled standard deviation

is then

690789 _ 1358 or 19 mg/L

d value is @ better estimate of ¢ than any of the individual s

Note that this poole :
ote f freedom is lost for each of the four

the last column- Note also that one degree 0

values 1n

sets.

computed data
imentation is how you report data that is

1.3. Reporting
s. You look closely at the following topics

Another essential ele

procedures that I emphasize.
data unless they know something

s essential to indicate your best estimate of the

ler and Crouch (20
fthe data is significant

14), a much less satisfactory

ty. Therefore,

ur data.
cator Of

about its quali ording 10 Hol
reliability of yO

but more common ind!

figure convention
the e quality © '

¢ figures .
s when we deal with numbers obtained

en We need to report our data resulting from

need to include in reporting the data

17

\
i
L}
!
I
!
1
I
1
!
1
1
!
I
1
!
|
!
i
|
1
1
]
!
)

i




depends on the accuracy of the instrument used in measurement. The followi
- owing

te how we can appropriately

Suppose you determine the mass of a coin on an analytical bala
nce

suring to the nearest 0.0001
tation + (read “plus or minus”) expresses the magnitude
f=)

paragraphs illustra report a measured quantity

capable of mea g. You could report the mass as
[«

4 8405 + 0.0001 g. The no

of your measurement. In some scientific work we drop = th
e

of the uncertainty

1 the und is always some uncertainly in the last

notation wit erstanding that there
digit reported for any measured quantity.
1-2 shows a thermometer W

certain digits from the sc
ween the 25 oC and 30 °C marks, we estimate the

Figure ith its liquid column between two scale
s. We can read the
t the liquid is bet
°oC, being uncertain

J— ale and estimate the uncertain

one. Seeing tha
ature to be 27

of the second digit of our measurement

temper

100 °C— 2
g0 C— :' :
I £t e 30:°C
&0 C— {4 \ 5
10 o ": :T'"L' -!
— 3 25°C
20 C— 2]
—
QECE— }'
Figure 1-2 Uncertaintics and significant figure in measurement
(Source: grown, T. L., et al., 2012)
o casure d quantity, including the uncertain one, are called
| digits © o
All dig casured mass reported as 2.2 ¢ has two significant
figure : .
significant 12 ~ reported 85 48405 g has five significant figures. The greater
ereas 0N
figures, wh L icant figures, the greater the certainty implied for the
f s
the pumber
measurﬁmem _d__,,-,f—f— ““““““““““““““““““““““““
fxample J& jaced on a balance that h .
¢ about 25g1sP ace at has a precision

ould be reported for this measurement?

-




-

Answer: five ‘
| swer: five, as in the measurement 24.995 g or 25.005 g the i
in the third decimal place B e meeramy bene |
I
1
]I
1
1

[
I
I
I
I
I
I

Rules on counting the aumber of significant figures

nificant figures in bold)

ero digits aré significant. (Sig

1. All nonz
423.444(6 sf)
2 Zeros between tWO significant figures are themselves significant.
42,300045 (8 sf) 42,340.0025(9 sf)
3. Zeros at the beginning of a number are never significant.
00042345.0 (6 sf) 0.00048(2 sf)
4 Zeros at the end of 2 pumber arc significant if a decimal point is written in the
number.
0.0500 g (3 sf) 50cm (2 sf)
5 Zeros at the end of a pumber without a decimal point may or may not be
ation can be used to indicate whether end zeros are

nass of 20,700 mg can be written to show thre
<,

significant.
s depending O how th

e measurement is obtained

significant.
(ficant f12UT°

sign
acy of the ns

accur

four, or five
trument used:

such as the
(three significant figures)

2.07% 10*mg
2.070 X 10* mg (four significant figures)
710700 < 10'mg (five signiﬁcant figures)
of significant figures.)

| term 10* does not add t0 the number

(The expon@mia
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Ixample 1-9

How ma ieni :
ny S|gn1ﬁcant ﬁgUI'CS are in each of the fOllO\Ving mea
surements:

(a) 3.549 g,
(b) 4.5 x 107 m, (c) 0.00146 mL?

Answers: (a) four, (b) two, (c) three

1.4 Dimensional Analysis
nal analysis is to get the desired unit out of a gi
given

se of doing dimensio
given quantity sho
f two equal quantities
the unit desired and the
n tables found in textbooks and general references are

The purpo
unit. In doing so, the

Conversion factor is ratio 0
the numerator 1S
unit. Conversio

uld be multiplied with a conversion fact
o Jactor.

expressed in different units. The unit of
' o

unit in the denominator is similar

the quantity in
to that of the given

used as conversion factors:
Here are some pointers that you need to follow in carrying out dimensio
analysis. ™
p? ( This is the desired unit ind single-step conversion.)
the pottom? (This is the given unit in a single-step

c()nversi on.)
rs to the conversion faclor [0 be used that can b
an pe

9 (This refe

What do you know
obtained from conversion (ables:)
here? (This is the malhematical anipulation 10 show how i

. )

{ of the

given unit. Often, the desired unit cannot b
e

How do you 8%
factor. This calls for

tained ou
g only oné conversion

desired unit is ) usin
. i ; USt
ab/ained from the gzveﬂ it fact to gel the desi d )
. factor ired unit.
ne converszon, .
more thart ¢
u may also obtain conversion factor fo

rms

tables, YO

rsion
nor Cited int

he gituation Of in the problem.

- -
——— -
————-
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) * lixample 1-10
evel has 232 mg cholesterol per 100.0 mL

/

-

An individual with a high cholesterol 1

of his blood. How many grams of cholesterol are in his blood if he has a t
a total

blood volume of 5.2 L7

Solution

W . 232 mg cholesterol 521 of bl
hat are given: 2 -—-—-—"‘""""100.0 — el of blood ; 1000 mg =1 g
What is required: grams (g) of cholesterol

1g = 1000mg

What | know: JL =1 000 mL,

What do I need on top: grams ®

t the bottom: 7101¢

\
[
I
1
1
I
!
1
1
|
!
1
|
1
1
!
1
1
¥
1
1
!
I
1
1
1
!
!
1
1
!
!
I

- ——— - —

What do | need a
jo0omL  232TE _ 18 _
' 5.2 Lblood X 1L X 100.0mL X Jo00mg 128 /
V4

ple, only tWo (2)

e: In this exam
Itiplication and

mu

Not
divisions are involved, in which the
wer must agree with the quantity with

b figure. In this case, 52 L has the lowest number of
the least num i

i ures Note further that exact numbers are not considered in counting
ificant I8 i '

fi ure b ecause of their nature being exact. Exact numbers

si iﬁcaﬂt ﬁg
nber of sign ber of Sigm'ﬁcant figure.
t be considered because they exact

. fmjte num
in inde 100 mL should 1o

Hence, 1 g, 1 L (with only one

ncountered in scientific work:

numbers that are €
values are known exactly while inexact numbers
e uncertainty: Exact numbers have defined

es
e yalu ing objects: [nexact numbers are obtained from




m -
easurements whose uncertainties may have been caused by the i
e inherent

limitations of the equipment and by human differences.

Exact Inexact
1000 g/ 1 kg ruler measure
2.54cm/ 11in temperature, volume or mass reading

12 in 1 dozen etc.

any conversion factor

/’ Jixample 1-11

r the number 1S exact or inexact: (a) the mass of the 32-0z ca
. . n of}

ume of blood 1n the capil

e height of the students in

Indicate whethe

coffee; (b) the vol
a mile: (d) the averag

lary tube; (C) the number of inches in:
}

the class; and (e) the number of!

-~ — -

pages in you book.

- —— e = -

\ Answers: (), (b), and (d) ar€ inexact while (c) and (€) are exact. ,
o Answerss @hOP T oo nnnn DI P
d - - ~ .
’ AY
’ \
/ Foxample 1-12 \\
qiner used 0 deliver frozen fishes 1s 35.00m®. What is:

The volume of a van cont

the volume in jiters?

5.00m

. yolume in 1" L)

What 1S requircd. g
1000 L~ ] nr

.

What you know

on tOP

!
;
:
Solution: :
]
1
!
E
- liters (1) :'

What you need

E What is giver: 3
|




I,’ l-xample 1-13
The densi
ty of a certai
ain substance is 1.945 x10°kg/m’
. What is i
its density i
in

g/mL?

Solution

m

What is required: density in g mlL
What you kn

ow: 1000 g=1 kg, 100
; omL=1L; 10

- 1000L=1m’

What you need on top: 8747 (g)

-
- -

What you need at the bottom: mL.
‘ ]945“03%)( 10008 1m3 1L
1kg Too0L ~ 1000mL 1.945 =
mL
/,

1. . .
S Arithmetic RIIICS
to ca t i . . e
my ou anthmetlc operatlons with measured qu
antiti
ties

Often, you will have
cant "
so, it is eas
' , it is easy to generate meani
ronic calculators, 2 aningless

at are govemed by signifi figures. In doing
digi . :

igits, especially with elect nd it is important th
recognize and eliminat€ these digits. at you leam to

{ 5.1 Rounding O
s commonly used for di
iscarding unw.
anted

veral different ¥

The following ™
ncreasé

digit. For example,

le
le is the simplest and most comm
on. If th
e

There ar¢ s€
the retained precedi
ing digit b
y 1. If it

umber.
4 is 5 or greater:!

¢ the preceding

digits ina n
digit to be discarde

o significant figures becomes 5 18

off to thre€ signifl

7.009216
ff to tWO significant figures becomes 1.1

cant figures becomes 7.01

he first digit only following the last retai
ined digit

the rounding ©

ff b F
e done sequentially
. For




-
-

/ fsxample 1-14

exampl .
AP 9.1547 should be rounded with three significant figures t0 9.15
4 is less than 5. You should not round off the 7 making the numb -9 because

’ er '155: and

then round off the 5, making it 9.16.

1.5.2 Addition and subtraction

The result has the same number of decimal places as the measure
ment wit

the fewest decimal places. When the result contains more than the correct
ct number

of significant figures, it mus
s with t

t be rounded off.

Rules: Express all number he same exponent and align all number wi
rw

respect to the decimal point. ith

Round-off the answer accor
ecimal places.

ding to the number of decimal places in the

number with the fewest d

- an o= - -
e
-

g operations. Report the answer with the correct number of
o

Perform the followin
significant figures.

Solutions
(a) 14.6481 (4 decimal places)
+17.347 (3 decimal places)
+ 4431 2 decimal places, least uncertain)
76.3051 — 76.31
When the numbers to be added or subtracted have exponents, they must be
made 10 have the same exponent pefore the addition or subtraction is
carried out Consider the following example.
(b) 2 17 X 103 — 0.02]7)(10'|
3.163 X 100 — 3.163x 107!
576 10"~ 0.00276 x 107
-1

\

-

1
4




’

1.5.3 Multiplication and division
The result contains the same number of significant figures as th
e

measurement with the fewest significant figures. When the result contains
more

than the correct number of significant figures, it must be rounded off

-

<“ Lxample 1-15

Perform the following operations. Report the answer with the correct number of

significant figures.

Solutions

(a) 3.26 x 107

X 178
5.8028 x 10 —  580x10°

() 43179X 10"

X 3.6x100
1 554444 X 10 — 1.6x 10%

X 246287 ,
85.215302 - 8522

hat the powef of 10 has no influence on the number of digits that
Note tha

should be retained.
Jlowing example to illustrate operations involving mixed

ider the fo )
Consid osite operations)

cations (OF comp

op¢




K l.xample 1-16 .
/ \
\
Compute the answer to the following expression using the correct number of i
o 18.1x0.219
significant  figures. —T+ 12.045
Solution

multiplication/division should contain two significant figures

The result of the
). This rounded-off result is then added to 12.045, with the

(same as the value 2.7

answer rounded off according to the rules of addition.

18.1x 0.219 + 12.045

'
!
)
i
1
|
1
!
I
|
1
|
I
1
i
|
|
!
I
!
!
1
!
!
1
|
I
1
I
I
|
!
[
1
!
!
I
!
|
\

2.7
1468111... 7 12.045 (Only the underlined digits, up to the tenths
T digit are significant of the first addend.)
1.468 . .. + 12045 = 13513 — 135
Exercise: What is the answer, with the correct number of significant
; Tlowi 1 ic expressions?
figures, to the followIng arithmetic €Xp |
\ 20.3 % 0.1533 ;
\ 104.228 ’/

yoursel\’CS if you understand the mathematical and statistical

d. Consider the as

you jearned fro

sess o .
n now as signments given 11 the following page for

You ca
st T€3 . .
procedures that you JUs! m my discussions.

nforce what

your exercise to rel




ASSIGNMENT

1. An analysis of the city dri d
. city drinking water for total hardne
ss produced the followi
ing results

aCO;3): 228.3,226.4,226.9, 227.1, and 228.6. Calculate the followi
wing.

(in ppm C
a) mea ' y
(a) ﬂ (c) range (e) standard deviation
(b) median (d) average deviation

owing pH data were collected in the analysis of water from a certain
country in

2. The foll
Asia y: 4.17, 4.20, 4.19, 4.23, 422, 4.14, 4.20
4.15. Calculate the following: , 4.20, and
(c) percent averag

(d) standard deviation

as part of an acid rain stud

(a) mean e deviation () relative standard deviati
_ on

(b) median
n the drinking water described in Problem 1 i
is

ntration of CaCO3 i

. If the true conce
¢ and parts per thousand error.

225.9 ppm, €

(U8

alculate the absolut

onal Bureat of Standards was analyzed for its chromium content
: n
btained: 2.61, 2.66, 2.61, 2.70, and 2.68% Cr. If

Cr, what is the absolute error? What is th
e

4. An alloy from Nati
and the followin

tudent Carl Roger analyzed an oré sample for its copper content

£4.67%C
o obtain a mean that is five times more reliable?

u for three measurements. How many additional
na

Chemistry 3
mean 0
st Carl make 1

. Analytical
and obtained 2

Lh




6. Which of
the followi
owing data sets has the best precision? Justify
! your answer b
y

showing mathematical proof.

A B C
2.31 11.74 56.33
2.33 11.82 56.21
2.30 11.79 56.27
2.30 11.80 56.16

7. Analysis of seve '
ral plant-food preparations for ium i
potassium ion yielded
the followin
g

data:
Percent K*

6.02, 6.04, 5.8, 6.06, 5.82
7 48,7.47,7.29
3.90, 3.96, 4.16,3.96

4.48, 4.65, 4.68,4.42
14,5.28,5.20

Sample
1

2
3
4
5 529,5.13,5
The preparations were randomly drawn from the same population.
(a) Find the mean and ach sample.

(b) Obtain the pooled value Spooled-
(c) Why is Spooled @ petter estimate of

sample?

standard deviation § fore

o than the standard deviation from anyone

8. Classify tf
(a) the number 0 microsecon

(b) the aumber ©
(c) the mass of 2
(d) the average mass of the students 1

e of the loaf pread i

(e) the temperatu’
—




9 (a) What is the length of the pencil in the following figures if the scale reads in

centimeters? How many significant figures are in the measurement? (b) An oven
thermometer with a circular scale reading degrees Fahrenheit is shown. What
temperature does the scale indicate? How ~ many significant figures are in the

measurement? (c) The analytical balance sho

wn canread up to 0.1 mg. Which

number is uncertain in the reading? What place value is this?

[

11
|-

.

-~ /

For No. 9 (¢)

(b)

For No. 9 (2) and

foni i in each of the following measured
i f 51gn1ﬁcant figures
10. Indicate the number © m

(c) 5.404 X 10 km

quantities:

(a) 0.0234 e’ (b) 5500 g’““

(d) 430.98 (e) 204.08

foll wing Oper rations, and express the answer with the appropriate
11. Carry out the 10 0
: t figures:
number of SIgmﬁcaéﬂ/z ;&; (b) (5.03 x 10%) (3.8765)
(a) 340.55 2! 3 0+ (2813% 12 () 863 x[1255 (345 x 108)]
000.
(c) (0.0045 %2
jons:

g (¢) 5.850 Ib/ft’ to g/mL

g con 7

12. Perform the follo
(2)0.076 L1© ml




13. (a) The recommended adult dose of Elixophillin®, a drug used to treat asthma, is 6
. X a, IS
mg/kg of body mass. Calculate the dose in milligrams for a 150-1b person if 1 k
g

~2205 Ib (b) A pound of coffee beans yields 50 cups of coffee (4 cups = 1 qt)

How many millilitres of coffee can be obtained from 1g of coffee beans?

Key Answers for the Check-Up Test

1. C 6. —0.28
2. B 7. - 0.45%
3. D 8 2.1
4 C 9. 85
5 B 10. -2.0 %
What you jearned ?
After going through this module, you learned RO 0
& riately the three b\pressmns of central value in order to describe
compute and used approp Jed the difference of accuracy and precision and how they are

a. You also lear ‘ _
es closely and solving the given assignments,

being €Xpressed. After follo

a set of dat
wing the ewampl

standard deviation of the sample and of the

of the m odule, you jearned about the difference between exact
(Y ,
In the lateT pa . jcarned that exact number 1s 10t governed by the rules on
ing significant fig

w to report measured data accurately

numbers- ures because they have indefinite

and inexact
tionS
d operd u also jearned ho

counting an
d on the accuracy of the instrument

yures-
ificant 11 fig ant figures base

number of sign gmf«C .
performmg d

per © imensional analysis in converting a

1 techniaues ™

with the correct num
gaiﬂe

Further, you noW

- . od gnit.
given unit into @ desiT® I
.‘-;—A:.—rf—"*""":';::;ﬂ_f_ ~M OdUle 1 e m———"
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MODULE 3 1@ I

WAYS OF EXPRESS[NG CONCENTRATIONS

Introduction

Most of the materials that w '
e encounter 1n everyday life i
€ are mixtures. Mz
. Many

iformly, thus they are call
Brass 1S @ solution of zinc

ed homogeneous. The air that we breathe i
is a

mixtures appear un
and copper. The fluids that run

solution of several gases.
dies are solutions, ¢a

rrying a great variety of essential nutrients, salts, and
, , an

through our bo

other materials.
be solid, liquid, or gaseous are made up of two or m
ore

Solutions which may
ount of the component of inferest (or component in consideration) is
to as concentration of the compone
pressed either qualitalively or quantitat

components. The am
nt in the solution. The concentration of

referred
ively.

solution can be X
oratory, you often encountered reagents labelled a
S

| chemistry lab
" for concentrated. These terms are used to describe a solution

“Jil. " for dilute and “conc
tion with a relatively small ¢

In your generd
oncentration of solute is said to be

is said to be concentrated. Just as when you desi
sire

qualitatively. A solu
nore coffee dissolved in it, would make a

dilute: one Wi
have less OF 1

norning to

your coffee 1N the 1
pased on your

rong coffee

preference.

cal chemistry since they only

weak or a st
cceptable in analyti

e is being dissolved in the solution thus, not

. .al chemistry we only use quantitative

provide a T
of solute having numerical

appropriat€ for calculatio™

expression
values thus, more approp™
ress concentratnon in quantitative terms, and we will
s of this module supplement th
g

e. The content
d West’s Analytical Chemistry (9% ed.),

" in t
examine some Of these *
amine. 20 ; Chapterfiof Skoog an

I : 1
discussions presente




1 f)( c}

mentoring & 1 ivi - m
¢ as your learning activity while you are using this modul
group activity 1 ' ot e o o
y In which one of the members is designated as ment d omeh
; entor and the 3
- ‘ ‘ rest of t
N II perform the role of a tutor or a teacher of the gr -
e group.

He/ She will act as leader of the

activities in the module.
mechanics and g
| introduce the topic to be tackled in the session

l
\'I

(a) The mentor wil

(b) To start the session, t
ulties the group me

duced the topic.

(¢c) The mentees will tell the mentor which specifi

he mentor will ask the
g mentees about possi
sible probler
ns

or diffic mbers encoun i
tered in the cl
assroom whe
n the

teacher intro
c topics are to be tackled for th
e

session.
(d) The mentor starts the discussion of the topic to specifically add
: ' : addres
problems or difficultics raise s the

fident to impart the Jesson tO

d by the members. If the mentor is n
ot so
o the mentees, he / she may ask other memb
mber
of the gr

(e) The peet me
supplemem

oup t0 act as mentor.
1y should maximize the use of this leaming mod
odule

ntoring activit
al learning M
ensure that every

t something pertainin

aterial in the entire mentoring activity

asa
member of the group is gi
p 1s given th
e chance

g to the topic during the course of
0

s nay give the evaluation test and assign problem sets if sucl
1 are
(h) The peel ment ring activity should be conducted during the period specif
1
. However: the group may -
s needed to finish the session for the da
Y.

be allowed to conduct the activity
Vily

l(f?er t]me I

in their h
/ﬁg;—ﬂﬁ‘tﬂ;tl_ons - Module 3 T —




(i) The mentoring activity should be conducted at least twice per week with at

least 1.5 hours each session.
() The mentor is required to submit one narrative report at the end of the

semester.




After the end of the module,

K

)

you should be able to:

calculate the various expressions of concentration such as molarity, percent

concentration, mole fraction, molality, ppm, ppb, and normality;

differentiate be

use density Of specific

tween density and specific gravity;
gravity to convert a concentration expression into

another expression;
uivalent weight based on the

based from the equivalent weight of solute.

calculate eq different types of substance; and

calculate pormality

mentoring sessions

4.5 hours; at least two

TIME FRAME:
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(%)

. Which of the followin

. Which expression of con

CHECK-UP TEST
Befi 5 ¢ '
r ; ore we proceed, let us first check your prior knowledge and skills on

O v .

he topics included in this module. Please take the test below. J
. Just

encircle the letter you think is the correct answer.

gisnota solution?

b. bronze c. sea wa :
ater d. mayonnaise

sent in the solution that is present in the largest quantity?
¢. specific gravity d. solubility

a. air

This refers to the compo
b. solvent

a. solute
centration that is expressed 1n m

ole of solute per kilogram of

solvent?
4. molarity b. molality ¢. normality d. formality
The sum of all the mole fractions of components in a solution isequalto
a. 0.000 b. 100.0 c. 10.00 d. 1.000
_Calculate the mass percentage of NaCl in 2 solution containing 1.50 g NaCl in 50.0 g
of water.
2 2.91% b. 3.00% c. 33.3% d. 97.1%
A commercial bleaching solution contalns 362 RE YossodiuriiRaciR 00,
What is the mass of NaOCl containing 2500 g of bleaching solution?
at 1s :
40.3 b, 0.00456 & c. 905 8 d 165 ¢
< a. .-;é .. fraction of NaOCl ina solution that is 3.62 % NaOCl in water.
! the mo B
e il b. 6.00 X 10° ¢.3.00x 107 d. 1.00 x 107
9.00 x . e
a. (ality of the solution made by dissolving 36.5 g of naphthalene (CioHs)
What is the moi2
C','HS)?
n g (65 m c. 0.239m d.0.670 m
20,8971 e
Whi pstance has © replac? H:PO
. Which subs 8 {1,CO3 c. HsPOs d. CH;COOH
2 NaHCO3 eight of sodium hydroxide
et c. 20 d. 40

I : equivad
0. What 15 the q b 15




Check your answer against the KEY found at the end of this module.

How did you perform in the test? If your score is in the range 8-10, you are

equipped to succeed in y in this module. If you scored 6 or 7, you have the

our study
potential of doing far better. If you scored 4 or 5, you probably need to focus more on the
athematical procedure as we go along. But if your score is

reading materials and the m
ew your past lessons of the subject. I advise you to retake

lower than 4, you need t0 revi

the test until you get a SO




sessesmmemes LESSON PROPER Hmm
PRI -“*-ﬁ]

Let me begi i ' :
| gin my Jecture discussing basic concepts about concentrati
) at most parts of the module focus on the mathematical e
al procedures i
In

ith problems related to concen i
trations. You ma
y now start reading
¢ the module

dealing w

3.1 Molar Concentration

centration of a solution is the numb
er of moles, n;
. m, of the solut
e

The molar con
one liter of the solution. Molar concentration or molari
arity M

species that 1s contained 1n
olarity is also equal to the number of millimol f
es of a

has the dimensions of mol/L. M

solute per milliliter of solution.

Molarity, M = (mol solute)/(L solution)
= (mmol solute)/(mL solution)
=n/V
T
ol in an aqueous solution that contam\;

centration of ethan

-OH (46. 07 g/mol) in 3.50 L of solution.

Solution
of ethanol — amount of C3H5OI—I

moles
1 mol

o y —
= 2308%46.078

0.04992 mol C2HsOH

w

t ation (M) yolume of solution

Molar concen r
0.04992 mol
- 3.50L

mol
0.0143 7 or 00143




r

/
!

7/

" Fxample 3-2

3.1.1 Analytical Molarity

The analytical molarity of a s ion gi
olution gives the total
number of moles
of a

solute in 1L of the solution (or tot
al number of millimoles i
esinl mL). A 1.0
. O M

H,SO4 can be prepared by dissolving 1.0 mol or 98 g of H2SOs i
2504 In water and

diluting to exactly 1.0 L.

3.1.2 Equilibrium Molarity
molarity or species molarity expresses the mol
olar

The equilibrium
ar species in a solution at equilibrium. The equilibri
: ibrium

oncentration of 2 particul

c
SOsina solution wi

th an analytical concentration of 1.0 M is 0.0 M

molarity of Hz
because H,SOa is entirely dissociated, there are no H,SO4 in molecular f
such in this solution

lar concentration
s of the solut fac )
€ speci
pecies !

Calculate the analytical and equilibrium mo
in an aqueous solution that contains 285 mg of trichloroacetic acid, C,CCOOH '
¢ trichloroacetic acid (HA) is 73% ionized ;

i

(163.4 g/mol) in 10.0 mL- Assume tha

1
in water. :
!
1
Solution |
1
1gHA xlmo]HA__l7 ; I
amount of HA =285 M5 HA X700 mg HA 1634 g HA 744 x 10” mol HA :
1
:
}
!
L}
_7aax1oimel 2R :
: tration = o mL 1L :
ical conce” 1
molar analy? |
mol '
_ g Z=or  0174M
R ———-—”’,—-”" ”””” o . ._. ——————— i
T . nized ! ater mean that 73% of HA in the original amount has
o/, 10N . i -
73% socia d into 1S component 1005, H* and A". Further, only 27%
s L
4ins 85 HA in ifs molecular form or undissociated




form. The ionizati
. The ionization reaction i
double-arr . action is represented by the follow
-arrow Sl re . ng equati
gn represents a reversible reaction which 1i dq ion. Note that
m icates rea .

S an
Cts a i
ln

equilibrium).

HA =
s HY + A

. I
ence, the equilibrium concentrations are as follows:

Concentrati
ration of HA, or the concentration of HA in undi
issociated fo
rm at

equilibrium is,
[HA]

Note: The [ ] signre
of H*, or the concentration of hydrogen ion produced
ed upon

_ 0174Mx(027) = 0.174M x027M = 0.047M

presents a molar concentration.

Concentration
jonization,

[H+] = 0.174M X 0.73

0.127M

\

formed equal mole of A’ isa
H1 = (a] = 0127M
3.1.3 pilution
s of decreasing the concentration of the solution by

1gtion 1 @ proces
olven

t in the solution. While the volume is increased
ased as

moles of solute originally present i
in

= moles of solute after dilution

¢ pefore dilution

pumber of moles of
the solution by its volume (L o
r

(1

moles of S0 lu
solute can be obtai
obt
ned by




where

sol
of

such as the vol

volume of t

dil

(a)

MV = M:V:
M) = molarity before dilution V1 = volume before dilution

M, = molarity after dilution V2 = molarity after dilution

The original solution which is to be diluted is usually called the stock

ution and  the amount to be diluted is withdrawn using a pipet. This volum
. e

nsferred into a container whose volume is known and is marked

solution is tra
umetric flasks. The volume of the volumetric flask to be used is the

he desired solution or must be the volume of the solution after

ution.

he molarity of the solu

Calculate t
omL solution. (b) How many liters of 0.250 M of NaOH is

00 M HCI into 100.

0.1
needed to obtain @ 500.0 mL of 0.100 M NaOH solution.
Solution
) MV = M:V2
(a
(0. 100 mmol/mL) (25.0 mL) = M2 (100.0 mL)
_ (0.100 mmol/mL) (25.0 mL)
Mz <
(100.0 mL)
= 0.0250 M
MVi = M2V2
(b) B .
(0.250 mol/L) V2~ (0.100 mol/L) (0.5000 L)
_ (0.100 mol/mL) (0.5000 mL)
V2 (0.250 mol/L)

tion that is obtained by diluting 25.0 mL of‘\




3.2 Percent concentration

Concentration can be expressed in terms of percent (parts per hundred). Percent

composition can be expressed in three different methods:

percent (m/m) = (mass of solute)/(mass of solution) x 100 %

Mass

percent (viv) = (volume solute)/(volume solution) x 100%

Volume
Mass/Volume percent (m/v) = (mass of solute, g)/(volume solution, mL) x 100% '
/" Ixample 3-4 \\\ '
,,’ @ Calculate the mass percentage of Na,SO; in a solution containing 11.7 g \
| Na,SOs in 443 8 of water. (b) What is the mass percentage of iodine (I2) in a
a2504 .
solution containing 0.045 mol L2 1n 115 g CCls?
Solution
mass of NazS04 % 100
(a) mass % of NazS0+~ total mass of the solution

mass of N32504
—_N x 100
mass of Na,S04+mass of H,0

[\

11.7 g Na;S04 « 100

- 11.78 N32504 + 4438 H20

2.57%

mass of Iz . %100
s of the solution

total mas

\

(b) mass % L2
ass of Iz

_ mastd 2 x 100
ass of CClg

mass of Iz+ 10

\

- e - . - .-

253.80 1
0.045mol I2¥ m olglzz
) x 100 )

= 115 g CCls

!
H
I
!
1
|
|
|
!
|
!
|
!
|
|
|
!
!
i
i
1
!
I
!
!
i
|
|
i
1
1
1
I
i
|
|
i
t
!
)
¢
1
t
i
!
]
|
§




3.3 Parts per million (ppm) and parts per billion (ppb)
For very dilute solutions, parts per million (ppm) is a convenient way to
express

concentration.

C _ mass of solute 6
ppm - x 10
mass of the solution

where, Cppm is the concentration in parts per million

For even more dilute solution parts per billion (ppb) is used

mass of solute 9
= —x 10
Cpp b mass of the solution

" Example 3-3

I (a) Seawater contains 0.0079 g
£ S+ measured in P

ins 63.3 ppm of K3sFe(CN)e

concentration 0

solution that conta

Sr?* per kilogram of water. What is the!
pm? (b) What is the molarity of K* in a':

whose molar mass is 329.3 g/mol)? :

- - - o -

I

!

|

1

|

|

1

|

]

! Solution

|

\ mass of ST2¥ 106

| (a) ppm srt = mass of the solution

1

: mass in g of sr2t

: = : fS 2+ 4 : X 106

, mass in g of 5T mass in g of H20

|

| 0.0079 g Sr2¥ ;

| _ /""_2_'_"' — x 10°

! = 0.0079 g of ST + 1000 g H20

1

i

: = 7.9 ppm

: on i b d

: b Note: Concentratlon in ppm can e assumed to be equal to mg solute per

5 (b) iter solution if the solvent used is water. This is because the density of!

t 1 1
. - matel equal to 1 g/mL or 1L of water ha .

! water Is appfox‘ma y S an approxlmate;

; mass of 1 K& ThuS '




/

So that, molar concentration of K3Fe(CN)s

Molarity of Ks e(CN)6 53.3 mg K3Fe FCN)s 1 g KzFe (CN)g 1 mol K3Fe (CN
L solution 1000 mg K3Fe (CN)¢ 329.3g K33Fe (CN))6
ty F 6

_ _y mol KsFe (CN)
1,922 x 10 TR ERe or 1.922x 10 M KsFe (CN)s

-~ -— -
-_— - -

1
|
1
I
|
|
|
!
I
I
!
|
|
!
|
1
I
|
i
i
i
3

Molarity of K* = 1:922x107 mol Kafe @0, _2mol K+
soln mol KzFe (CN)g
mol K*
\\\ 5 77 x 10 Lsoln or 5.77x 10-4 M K+
3.4 Mole Fraction
fined mathematically as the ratio of the mole of the

tion of a solute 18 de

Mole frac
1 moles of the solu

solute and the tota
represented by xi as is written as follows:
mole of solute i

mole of the solution

also be reported as mole

tion or mixture. Mole fraction of solute i is

Xi T ‘total
percent if the value of the mole

Mole fraction may
ss or unitless.

tiplied by 100. Mole fraction is dimensionle
mole of solute {
total mole of the solution x 100
mole fractions of components of the mixture is 1.00

fraction 1S mul
mole percent

Moreover, the sum of all the

Mathematically, _
e m rxa = 1.00
Example 30 _ : :

A solution is containing 7.5 g CH:OH 1n 245 g H20. Calculate the mole :

solu !

CH;OH and (b) H20 !




-

/" Solution
mole of CH;0H

(a) XCH3;0H = mole of CH;0H + mole of H,0
1 mol CH30H
7.5 g CH3OH X3 058 CH<OH g CH3O0H
= 1mol CHzO0H N 1mol H
5 g CHaOH X om oo + 24 1 mol Hy0
7.5gCLHs3 3205 g CH30OH 5gH0x 750 gHZ0

= 0.017

)

)

|

I

i

!

1

]

1

1

[}

!

i

|

i

) =

|

! . .
. omponents present in the sol

| (b) Since there are only two comp p ution, the sum of the

; mole fractions of methanol and water 1s equal to 1.00. Hence the mole fraction

1

|

1

[}

!

]

t

1

\

ter in the solution is,

of wa
XHz20 1000 - xCHgOH
= 1.000- 0.017
\ = 0.983 B

3.5 p-Functions
Analysts fré

he concentration of a species in terms of its p-

quently express t
negative logarithm (to the base 10) of the molar

The p.value is the
ies. Thus, for the species X,
pX =- log [X]
amples, p-values offer the advantage of allowing
1 or more orders of magnitude to be expressed in terms of

function, Of p-value.

concentration of that spec

e following ex

As shown by th
at vary over t€

concentrations th

-
P
-
——-
—— -
———

, xample > for each ion in a solution that is 2.00 x 103 M in NaCl and
ue

Calculate the p-val

E 54x 1
E Solution pH gl 0 =

- log(54x 10%) = 3.27

~ e - -
- e - - - - - -

~



' To obtain pNa, we write
pNa= -log[Na'] = - lo =9

The total CI” concentration i '
ntration is given by the sum of the concentrati
rations of the

two solutes:
[CI] =
[CT] =
[CI] = 2.54% 10° M

p[Cl] = _log (2.54 x 10

200x103 M + 54x10°M
2.00 x 10° M + 054x 107 M

- -—— -

3.6 Density and Specific Gravity of Solutions

3.6.1 Density
The de

nsity of @ substance is its mass per unit volume. D
. enSlty 1S

expressed in units of kg/L or g/mL.

ravity

3.6.2 Specific G
gravity i the ratio of it

Specific
water at 4°C. Specl

s mass to the mass of an equal volume of
0

ific gravity is dimensionless.

TARBLE 4 2
/Wm‘“ Aokt Zesss
& (Wiw) Specific Gravity

specific Gravitie
Reagent Concentration,

[y
Accetic acid :3;’; 1.05
Ammonia :‘7'., 0.90
H\Llrmhlum acid ;W; 119
H\dmnunm acid 70"'3 1.15
\l(l’lu lle ,“}) 1.42
pe .gm.,\m‘ ui' q ﬁ:” 1.67
Phospherte acid 96.5 1.71
Sulturic awid /”___,__.__ﬁ 1.84
"/'_’d’/

d Crouch, S. R (2012)
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© Jxample 3-8
Calculate the molar concentration of HNO3 (63.0 g/mol) in a solution th
on that has a

specific gravity of 1.42 and is 70% HNO: (w/w)

Solution

Note that the specific gravity of the solution is 1.42. This indicates that the d
e density

of the solution is 1.42 g solution / mL solution.

1428 solution 1420 g solution __ 1420 g solution
mL solution 1000 mL solution ~ 1Lsolution
. mol HNO i
Molarity = 03 _ 1420 g solution X 70 g HNO3 1 mol HNO
L solution L solution 100 g solution © 63.0g HN03
’ 3
\
) mol HNO3
\ =158— . Of
L solution 15.8M ;
’

3.7 Molality, m
ty is defined as the number of moles of solute per kg of solution

Molali

mol solute . mol
unit: 1 —k—g—— = 1 molal

m = kg of solvent

Because both moles and mass do not change with temperature molality (unlik
d 1Ke

molarity) is not temperature dependent.

trates how to convert molarity into molality and vice

The following diagram illus
he number of moles of solute which is located in

mmon to both expressions ist
The mass of solvent is nec
g the mass of solute from

from the given density of the s
we can calculate the molality from the molarity, and vi
> ice

versa. Co
the numerator. essary to calculate the molality. This can b

' e
obtained by subtractin
ution may be obtained

sity of the solution,

the mass of solution. The mass of the

olution. That means if we know

sol
the den

versa

LR p—
-_— -

le3
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Molality <
' (mol/kg solvent)

F 4
mmeg=  Mass of solvent
. Molar
: mass
j //—;—m Mass of solute  =====-{ Moles of solute
Lp.  Mass of solution L
!.
A +
rl Density I.
y |
f
Volume of solution === X
x a L\\

- Molarity
(mol/L solution)

Figure 3-1 Changing molarity to molality and vice versa

.~ Example 3-9

A solution 1S made by dissolving 4.35 & glucose (CeH1206) in 25.0 mL of water.

Calculate the molality of glucose in the solution.

Solution
mOl C6H1206
m kg of solvent kg of H,0

1 mol CgH1206
4.35 g C6H1206 X 730,18 g C6H1206
___—‘—-___-_——7
1.00 g Ho0 1.00 kg Hp0
“1.00g H0 100%6 2
25.0 mL H20 X755 mL H,0 X Jo00g H20

I

s

I

I

: mol solute _
| mol C5H1206

‘ _ molbet1226 4 0.966 M molal

- 0.966 kg of H20 ( )

g ions - Module-3

s -S)‘a"'.sif'_'iz:-—'_"f—‘:::t‘-n.-:::‘.ﬂ
== .1:;ﬁiﬂﬂ.ﬂc;ﬁ‘fz:.ﬁ=3::.ﬂ::=ﬂﬂﬂ'¢— » Ce p t rat
24 | ways of Expressing Con
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I-xample 3-10

Ascorbic acid, (vitamin C, CsHsOg) is a water-soluble vitamin. A solution\
]

containing 85 g of ascorbic acid dissolved in 210 g of water has a density of 1.22 |
I

g/mL at 55 °C. Calculate (a) the mass percentage; (b) the mole fraction of 1

ascorbic acid; (c) the molality; and (d) the molarity of ascorbic acid in this

solution.

Solution

mass of the solution = 85 g ascorbicacid  + 210 g water
= 295 g solution

mass of ascorbic cid
100
mass of soltuon

(a) percent ascorbic acid

85 g ascorbic acid
J - x 100
295 g solution

= 28.8%

mass of water
= 100
percent water mass of soltuon

t
_210water 400 = 71.2%
295 g solution

I

mOle of C6H806
—n';ﬂe of CgHgO6 + mole of H,0

(b) XC6H806
1 mol CgHgOg
85 g C6HaOs X 17614 g CHgOg

= - 1 mol CgHgOse Amol H0 \
85 g CH3OH X 176147 CeHg06 + 210 gH;0x 18.02 gH30 |
= 0.040

mol ascorbic cid % 100
(c) molality - kg solution

1
!
1
i
L}
!
}
1
1
1
!
'
L}
L}
L}
}
'
}
L}
1
t
[}
I
!
¥
!
!
|
!
!
[}
1
1
I
1
|
1
|
|
|
i
I
i
1
1
!
i
i
]
)
L}
i
1
1
]
]
]
t
!
1
1
i
!
1
!
'
L}
1
[}
[}
!

. . 1 mol ascorbic acid

85 g ascorbic acid x 77577 g ascorbic acid ‘
X 1 kg solution y

295 g solution X 75540 solution -

ways of Expressing Concentrations = Module 3

75
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rd
mol ascorbic acid \

/
kg solution
\

mol ascorbic acid

(d) molarity =
L solution
. mass i .
volume of solution = s of the solution _ 295 g Solution
density of the solution ~ 1:22gsolution
mL solution

= 241. 8 mL solution  or 0.241 L solution

85¢g ascorbic acid x 1 mol ascorbic acid
176.14 g ascorbic acid

molari =
R4 0.241 L solution
mol ascorbic acid
' = 2.00
L solution or 2.00M ,/'

3.8 Normality, N
as the number of equivalence of solute per liter of solution

Normality is defined
s the ratio of the mass (g) of solute and its equivalent

ence of solute is expressed a

th units expressed in g/eq). E
a weight (FW) or molar mass and the value of constant @ whose

Equival
weight (EW wi
the ratio of its formul

quivalent weight of the solute is expressed as

units are eq/mol and depends on the kind of solute in consideration. Hence, calculation of

equivalent weight of solute depend
o check the consistency of unit

s on the kind of solute. Putting these into mathematical

equations t s, we have,

equivalence of solute _ €4

~literof solution L
. £ sol _ mass of solute g
Equivalence (eq) of solute S —— £
eq
formula weight or molar mass of solute
EW of solute = — ot a
_B_
_ mol - £
I eq
mol
ing Concentrations — Module 3

f Express
76 g ways of ExP




. solute x constant a
Normality, N = £ — = g solute
FWsoluteX L solution EW solute x L solution

eq solte
mol solute _ ©q solute

x L solution L solution

) g solute.
units: 2 solute
mol solute

Note: Formula weight is the weight of one formula unit of the substance.

It has the same numerical value, but different units, as the molar mass

(g/mol). It has units similar to atomic weight.
Evaluation of the constant a (eq/mol) and equivalent weight (g/eq)

a of an acid = number of replaceable H" in the acid

(a)
Equivalent weight of acid solute
_ Formula weight or molar mass ofacid _ £ 4
EWeia = Number of replaceable H* 9 g
mol
Example 3-11 - -

Calculate the equivalent weights and normalities of 24.5 g of H,SO4 and

g of HCL. One (1) liter of both solutions were prepared.

73.0
Solution
B FWH2s04 _ 8 nal =49
EWH2s04 Number of replaceable Ht 2 }'ﬁ%l g/eq
24.5 gH;50, g
_ _“weznf . = (0.50—
N 49 £ x1 L solution L o 09N
and
~ FWHcl = 36'5-15%1 =365
EWHCl = [umber of replaceable H* 1 ;:% S g
73.0 g HCI €qd
3 = 2.00—
N = 36.5 Egc_l x 1 L solution L or200N ’

77

ways

of Expressing Concentrations — Module 3




(b) a of a base = number of replaceable OH’ in the acid

Equivalent weight of base solute

Formula weight or molar mass of b —
EWhbsse = g ase _mol _ 8
Number of replaceable OH™ =4 e
mol q
,>" Example 3-12 IR
A Y
\

~

Calculate the equivalent weights and normalities of 10.0 g of NaOH

dissolved to form 2.00 L solution and 7.40 g of Ca(OH): dissolved to form

5.00 L solution.

]
' \
l 1
' ]
' 1
‘ 1
' |
l ]
l 1
1 . :
X Solution .
[}

I
| FWNaoH a0 L. X
— a - mol _ !
: EWneont = Number of replaceable Ht 1 _n% 40 g/eq :
| ]
' ]
’ 10.0 g NaOH eq |
| = = 0125 ,
| N 40 & x2.00 L solution L of 0.125 N !
' |
| 1
: and |
| 1
| |

_E_
: o FWca(oH)2 _ 74 =5 _ 37y :
l EWceOH2 = Number of replaceable OH™ 2 % eq !
! )
\ 7.40 g Ca(OH)2 eq ]
\ 40gCa l
= —_— 0.0400— or 0.
b N - 37655x5.00 L solution L 0400 N ,/,

= total number of positive or negative charge

(c) a of a salt

lent weight of salt solute

Equiva
Formula weight or molar mass of salt
EWslt = foral number of positive or negative charge
£
— mol _ _:g__
4 eq
mol
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Example 3-13

Calculate the equivalent weights and normalities of 29.25 g of NaCl
dissolved in 1.50 L solution and 15.8 g of CaCl; dissolved in 500 mL

3.8 Chemic
The stoichio

reactan

(d) a of solute in are

1

;

)

I

.' solution.

|

]

f Solution

:

|

: EWnac1 = FWhiacl _ 285 miol
! toatal number of positive or negative charge B
[ mol
I

1

; = 58.5 gleq

!

|

| 29.25 g NaCl eq

1 = = —

! N 58.5 -fax 1.50 L solution 0.333 L 0333 N

!

i

! and

!

1

! FW 95 &
: EWcacr = o e— = —mol
X total umber of positive or negative charge _eQ_l
| mo

!

|

! =475 gleq

|

I

i 15.8 g CaCl2 _ eq

: N = = 0.665 T or 0.665 N
1

1

'

1

1

I

:

1

metry of a reaction is the relationship

ts and products a5 sh

47.5 fax 0.500 L solution

dox reaction

—_— e - - - - - . -

1

a is the number of electrons/s gained or lost in the reaction. To

determine ain a redox reaction, it is helpful that the exact chemical ,/
’

equation is known.

al Stoichiometry

among the number of moles of

own by 2 balanced equation. A balanced chemical equation is

~ o | ways of Expr

essing Concentrations = Module 3



a statement of the combining ratios or stoichiometry in units of moles among the reacting

substances and their products.

Steps in doing chemical stoichiometry
. Transformation of the known mass of a substance in grams to a corresponding

number of moles

Multiplication by a factor that accounts for the stoichiometry

« Reconversion of the data in moles back to the SI units called for in the answer

3)
Moles | = Mass

Divide by Multiply by Multiply by
molar mass stoichiometric molar mass
ratio

Source: Holler, F. J. and Crouch, S. R. (2014)

Iz’x/ample 3-14
I (169.9 g/mol) is needed to convert 2.33 g of Na,CO; ( 106.0‘r

f (a) What mass of AgNOs
1 g/mol) to Ag2C03? (b) What mass of Ag2C03(275.7 g/mol) will be formed? The reaction

is given as follows:

Solution:
(a) Na:CO3ag + 2 AgNO3@g - Ag2CO3s +  2NaNOsqg
1 mol Na:COs ) 2 mol AgNOs 3 169.9 g AgNO:
233 g NaxCO* ¥ "T960g Imol NazCO: 1 mol AgNOs

=747¢ AgNOs

From the balanced equation,

. - -

(b)
moles of Na2COs = 0.02198mol

[}
t
!
|
|
!
!
!
I
i
i
!
I
|
I
i
i
i
i
|
]
I
[
|
t
\

v
\
-

le3

g Concentrations = Modu

of Expressin
gp | Wove
T




-~

= 002198 mol AgCOs x 275.7 8 Ag2C0s3
1 mol Ag,CO3

- 6.06 g Ag:COs

entrations — Module 3
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|

| ASSIGNMENT

)

e

Solve the followin i
g problems using the mathematical procedures discussed
ussed 1n this

module.
1. Calculate i ilibri
the analytical and equilibrium molar concentrations of the sol
e solute species i
n

an aqueous solution that contains 250.0
250.0 mg of acetic acid, CH
, CH3;COOH (60.06

y . ;
g/mol) in 15.0 mL. Assume that acetic acid (HA) is 82% ionized in wat
. water.
2. Commercial concentrated aqueous ammonia is 28% NH3 by mass and h
. 3 an :
0.90 g/mL. What is the molarity of the solution? S il

e the molarity of the following aqueous solutions: (a) 10.5 g Mg(NO
: g(NO3)2 in

3. Calculat
(b) 22.4 g Li.Cl04.3H;0 in 125 mL of solution; and (c)
; c

250.0 mL of solution;
25.0 mL of 3.50 mL HNO; diluted to 0.250 L.

4. (a) Calculate the mass percenta '
ge of bromine (Br2) in a solu '
2 tion containing 0.06
0667 mol

Brdissolved in 250 g CCls. (b) An ore contains 5.95 g of silver per
metric ton (1

MT = 1000kg) of ore.
ining 25.5 ¢ phenol (CsHsOH) in 495 g ethanol (CH3;CH,>OH)
& 2 i

5 A solution 1S made contal
Calculate (a) the mole fraction of phenol; (b) the mass percent of phenol
nol; and (c)

the molality of phenol.

6. A sulfuric acid solution containing
Late the (a) mass percentage of sulfuric acid and water in th
n the

of 1; 329 g/CHl3 ]
[+] ][lOle fractiODS Of the COlIIDOIleIltS; (C) tlle ln(ﬂa]ity‘ and (d) th
) e

571.6 g of H2SOs per liter of solution has a density

solution; (b) th

molarity of H,SO4 in this solution.

of acetonitri]e (CH3CN) is 0.

0.791 g/mL. A solution i8
(a) What is the mole fraction of ethanol in the solution? (b)

n? (c) Assuming that the volumes are additive,

786 g/mL, and the density of methanol

7 The density
made by dissolving 15.0 mL CH3;OH i
n

(CH3;OH) 18
90.0 mL CH3CN.
ahty of the solutio

What 18 the mol
of CH OH in the solution?
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Key Answers for the Check-Up Test

1.D 6. C
2.B 7 A
3B S D
4.D 9 B
5. A 10.D

2

What you learned

After going through this module, you were able to calculate the various

expressions of concentration such as molarity, mole fraction, molality, ppm, ppb, and

normality. Moreover you also learned to differentiate density and specific gravity and

you were able to use them in converting concentration into another concentration
expression. Lastly, you were able to calculate equivalent weight based on the different
types of substances and calculate normality based from the equivalent weight.
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