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ABSTRACT

This study is an attempt to utilize mereology-based instruction, an innovative approach
in teaching biochemistry to health science students by linking biochemistry principles
to health concepts. Specifically, it investigated the effects of mereology-based
instructicn (MBI) and conventional instruction (Cl) to the chemical identity thinking
(CIT), critical thinking in chemistry (CTC), and chemistry-based health literacy (CbHL)
of medical laboratory science students. A total of 13 intact classes of second year
Medical Laboratory Science were randomly assigned into two groups, mereology-
based instruction and conventional instruction. Seven intact classes (N = 290) were
assigned to the mereology-based instruction group and six intact classes (N = 287)
were assigned to the conventional instruction group. The students participated in the
study for 12 weeks in a terliary private academic institution in Baguio City. Data were
obtained using Rasch analysis, an approach of mathematical modelling anchored on
a latent trait to measure person ability anc item difficulty related to the latent trait in a
single logit scale. Mereology-based instruction was found to be more effective than
conventional instruction in increasing chemical identity thinking, critical thinking in
chemistry, and chemistry-based health literacy of health science students, but these
students exposed to MBI experienced higher cognitive load. The effects of MBI in
chemical identity thinking (CIT), critical thinking in chemistry (CTC) and chemistry-
based health literacy (CbHL) is lopic-specific, and has an “enhancement” effect in CIT,
“corrective” effect in CTC, and either “corrective” or “enhancing” effect in CbHL.
Conventional instruction has a “corrective” effect in chemical identity thinking, critical
thinking_ in chemistry, and chemistry-based health literacy. Based on multiple linear
regression analysis, an increase in posttest ability of students in chemical identity
thinking is predicted by prior knowledge of chemistry concepts, pretest ability in
chemical identity thinking, and male gender in the MBI group. In the Cl group, student
posttest ability in chemical identity thinking is predicted by prior knowledge of
chemistry concepts and pretest ability in chemical identity thinking. An increase in
posttest student ability in critical thinking in chemistry in the MBI group is predicted by
prior knowledge of chemistry concepts, prior knowledge of visual representations and
pretest ability in critical thinking in chemistry. In the C! group, an increased postiest
student ability in critical thinking in chemistry is predicted by prior knowledge of
chemistry concepts, prior knowledge of visual representations, pretest ability in critical
thinking in chemistry and male gender. An increase in posttest student ability in
chemistry-based health literacy is predicted by prior knowledge of visual
raprasantaiiane. pratast ability in ehamistry-based haalih fiteracy, male gender, and
cognitive load in the MBI araup. In the C) group, student positest ability in chemistry-
DQQQ(J DQQHD HIQI aey ia predieted by prier knowladge of chemisliy concepts and proisat
ability in chemistry-based haalth literacy. Resulls indicate that mereology- based
instruction in biochemistry has a potential o address the expecled learning outcomes
in health science programs in the Philippines ag it promotes @ thinking process which
targets misconceptions and enhances prior leve! of conceptual understanding related
to chemical identity thinking, critical thinking in chemistry and chemistry-based health
literacy. Achieving these learning outcomes is deemed to be effective in building the
capacity of future health science graduates in making appropriate and rot ust health-
related decisions.
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CHAPTER 1
INTRODUCTION
This chapter introduces the study in light of biochemistry education in health
science programs. The study discusses the current scenario of biochemistry
instruction in health: science programs at the tertiary level, the limitations of the
current teaching strategies, and the rationale for introducing a novel biochemistry
instruction. This chapter presents the statement of the problems, significance of the

study, and scope and delimitation of the study.

Background of the Study

Biochemistry has long been regarded as relevant to health. It has been
praised for its contributions to medical breakthroughs in pharmacology, diagnostics
and nutrition. Clearly, biochemistry improves national and global health outcomes. In
fact, biochemistry education in the health science programs has emphasized the link
between biochemistry concepts and health (Armstrong & Foe, 2020; Azzalis et al,
2012; Chen & Ni, 2013; Goeden et al., 2015; Matlin et al., 2017; Schroeder et al,
2017) through the teaching of biochernistry content related to health, as well as
deepening knowledge about health topics through understanding its biochemistry
context. Biochemistry education in the Philippines has also adopted the same
rationale in preparing the topics necessary for students to leam, in the hope of
improving health outcomes in the Philippines.

But the healtir status of Filipinos still remains poor, despite having a yearly
production of thousands of nurses, doctors, medical technologists and midwives
(Dayrit et al., 201 8). What is more disconcerting is that health literacy among

Filipinos is poor at different age ranges (Agosto et al., 2018; Camiling, 2019; Jav.er
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et al, 2019). Ironically, biochernistry is among the subjects commonly taken by these
health care workers, yet biochemistry is still detached from health outcomes. It has
been observed that globally, the extent to which developing countries can achieve
international health targets depends on the capacity to generate, harmess, and apply
science and technology (de Leon et al, 2019). Biochemistry education in hezlth
education programs has been designed to improve content knowledge. Thus, there
is a need to revisit the teaching of biochemistry in the health sciences to address the
Philippine health targets.

While it is acknowledged that health per se is a complex socin-scientific issue
which requires multiple approaches and perspectives, there are some issues in
biochemistry education that this study wishes to clarify — what exactly should be the
role of biochemistry education in health science programs? Should biochemistry
education focus on learning concepts to improve content knowledge, or should it
also consider the reshaping of students’ thinking process and emphasize the role of
biochemistry in improving health? Why not use biochemistry education as a catalyst
for addressing independence in achieving an optimal level of wellness? This study
approaches these issues by proposing a teaching intervention in biochemistry for
health science programs.

Previous approaches in teaching biochemistry focused on structure-property
relationships (Taber, 2013), visuai literacy and visual representations (Bussey &
Orgill, 2015; Herman et al., 2006; Linenberger & Holme, 2014), and analogy (Avargil
et al., 2015; Orgill et al., 2015; Sarantopoulos & Tsaparlis, 2004) and inclusion of
threshold concepts (Loertscher et al., 2014). Other studies included animal models

(Jiao et al., 2014), and case studies (Brass, 2013; Figueira & Recha, 2013; McRae,
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2012). However, these studies did not emphasize the thinking processes that
translate to outcomes in a local or national scale.

Some studies in biochemistry education also focused on improving laboratory
skills in basic instrumentation (Ciancaglini et al, 2001; Erasmus et al., 2015; Gliddon
& Rosengren, 2012; Jiao et al, 2014; Peacock & Grande, 2015; Powers et al, 2007).
But there is a lack of emphasis as to how these skills contribute to outcomes which
address socio-scientific contexts. There is also a lack of variation in teaching
biochemistry in health-related courses and science courses. Biochemistry instruction
for health sciences students seem to be the same as it is taught to chemistry
students. if biochemistry education for health sciences students in the Philippines is
aimed solely on improving conceptual understanding of biochemistry concepts, the
resulting curriculum may be difficult, congested, and irrelevant to the expected
outcomes for a health care professional.

Based on the current sociocultural and economic characteristics of [Filipinos,
this study proposes that health science students must possess three compeiencies
to link biochemistry knowledge to health and its role in achie;/ing health outcomes —
the ability to correctly characterize a substance, use critical thinking when studying
chemistry concepts and correctly link chemistry concepts to support a heaith
decision. Knowledge about chemical attributes of substances is important because it
helps justify why substances cannot be replaced by mixtures and vice versa. A lack
of chemical knowledge promotes negative perceptions about chemistry, leading to
chemophobia (Saleh et al., 2018). Critical thinking in the context of chemistry is

relevant to untangle biochemical informaticn from in vitro, ex vivo or in vivo contexts.

Lastly, linking chemistry concepts to health decisions is relevant in terms of
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correcting pseudoscience and false scientific claims related to nutrition, diagnosis of
illnesses, and the appropriate use of inedicines.

Biochemistry concepts are introduced too early in the curriculum of health
science students. With this set-up, students are forced to contextualize chemical
concepts to health immediately, even without completely understanding the
characteristics of in vivo chemical systems. Attempting to contextualize biochemistry
to health at an early stage is difficult and may promote confusion, since students’
background about healith-related concepts is still incomplete. Thus, students often
resort to rote memorization and finding pattems or simplifying bicchemistry concepts
into rules. Such an approach in leaming biochemistry may be detrimental to the
development of adequate critical thinking and health literacy in the health sciences.
Failure to develop adequate understanding of biochemical concepts also resulits to
blindly following protocols or giving misleading or confusing explanations (Brown et
al., 2014).

Using chemistry concepis in supporting health decisions is also neglected in
health science programs. Most studies in biochemistry education are focused on
medical literacy which emphasizes the study of communicable diseases, lifestyle-
related diseases, and metabolic disorders (Azzalis et al., 2012; Harrison et al.,
2012), humar therapy (Baeuerle & Murry, 2014), and biotechnology (Azzalis et al.,
2012). Lastly, not all teaching strategies in biochemistry are gender-biased. Most
students who enroll in health-related courses than female students (Brown et al.,
2011; Limifiana-Gras et al., 2013; Ousey et ai., 2014; Palmgren et al., 2011; Payne
et al., 2013; Sunkad et al., 2015). The curriculurn, assessment and evaluation need

to be designed according to the popuration profile of an institution.
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With these a priori conditions reported in literature, it is essentia! that
biochemistry instruction in health science programs in the Philippines should
incorporate activities which promote conceptual understanding in both lecture and
laboratory components, visual iepresentation skills, minimal analytical skills, and a
com:non thinking process which can be applied in leaming biochemistry concepts in
the context of health. Thus, the crafting of a mereology-based instruction in teaching
biochemistry, or the use of part-whole relationship is put forth in this study.

However. it should be emphasized that mereology-based instruction does not
involve teaching part-whole relations in bicchemistry (since it has false
presuppositions in chemistry). A part-whole relationship is based on determining the
attributability of a “part” to a “whole.” But in a chemistry context, claiming that the
property of a substance is a sum of the attributes of its molecular components has
faced criticisms due to incorrect simplification. Furthermore, the properties of
substances result from the interactions cf its molecular components (Talanquer,
2017). For example, the boiling point of a pure substance is influenced by
intermolecular forces of attraction among molecules comprising it.

It has been claimed that chemistry does not iit into a part-whole relationship or
mereology when the context is pertaining to atoms and molecules (Harré & Llored,
2013; van Brakel, 2014). With the limitation of applying a part-whole relationship to a
molecular context, chemistry concepts cannot be simplified by mereology. In this
study, mereology-based instruction has been designed by the researcher as the
utilization of incorrect or over-simplified claims using part-whole relationship as
opportunities for eliciting a thinking process that can be applied in health contexts

such as nutrition, diagnostics and phamnacology within the current context of health
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outcomes in the Philippines. In this way, the goal of biochemistry education for
health sciences becomes more realistic, more focused and more discipline-specific.
To the author’s knowledge, there has been no study about addressing
competencies required from health science students through part-whole relationship.
Furthermore, very few researchers in biochemistry education have deviated from the
improvement of conceptual understanding exposition as a primary goal in health
science programs. This study asserts that biochemistry concepts are conceptual
scaffolds not only to understand complex topics in varicus disciplines (Ashfar & Han,
2014: Brenner, 2013), but to address socio-scientific issues such as health literacy

and improvement of health outcomes. Hence, this study has a new contribution to

biochemistry education in the health science programs.

Statement of the Problem
This study primarily aims to determine the effects of mereology-based
instruction in biochemistry, which is based on part-whole relationships, to chemical
identity thinking, critical thinking and chemistry-based health literacy of second year
medical laboratory science students, in contrast to conventional instruction, which is
based on structure-property or structure-function relationships.
Specificaily, the study sought to answer the following questions:

1) What is the level of difficulty of items related to prior knowledge of chemistry
concepts and prior knowledge of visual representations in the mereology-
based instruction (MB!) group and conventional instruction (Cl) group?

2) After controlling for prior knowledge of chemistry concepts and prior
knowledge of visual representations, is there a significant difference between

students exposed to MBI and to Cl in terms of posttest chemical identity
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3)

4)

5)

thinking (CIT), posttest critical thinking in chemistry (CTC) and posttest
chemistry-based health literacy (CbHL)?

Taken simuitanecusly, are the variables gender, prior knowledge of chemistry
concepts, prior knowledge of visuai representations, pretest ability in chemical
identity thinking (CIT), and mean total cognitive load positive predictors of
posttest ability in chemical identity thinking (CIT)?

Taken simultaneously, are the variables gender, prior knowledge of chemistry
concepts, prior knowledge of visual representations, pretest ability in critical
thinking in chemistry (CTC), and mean total <ognitive load positive predictors
of posttest ability in critical thinking in chemistry (CTC)?

Taken simultaneously, are the variabies gender, prior knowledge of chemistry
concepts, prior knowledge of visual representations, pretest ability in
chemistry-based health literacy (CbHL), and mean total cognitive load positive

predictors of posttest ability in chemistry-based health literacy (CbHL)?

Significance of the Study

This study is significant to biochemistry instructors in the Philippines,

curriculum developers of chemistry subjects for health science students, authors of

textbooks for biochemistry related to health, and heaith science students. The

biochemistry concepts studied by health science students are contextualized to
health. Hence, this present study can address the thinking processes required
among health science students: chemical identity thinking, critical thinking and

chemistry-based health literacy.

Several biochemistry instructors who teach health science students are faced

with the challenges of teaching biochemistry to students who often perceive
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biochemistry to be difficult to leam and irrelevant to the health science program.
Furthermore, biochemistry teachers may face difficulty in promoting critical thinking
among health science students to prevent the practice of concept simplification and
automaticity of reasoning. The results of this study can determine the focus of
biochemistry content in the health sciences such as structure-function relationship
which is contextualized to health promotion, diagnostics, and pharmacology. The
utilization of mereology in leaming the nature of biochernical entities also
differentiates an in vitro chemical environment to in vivo chemical environment,
thereby preventing assumptions related to automaticity of reasoning and concept
simplification.

Lastly, students can benefit from the results of the study. The activities
selected for mereology-based instruction has the potential to address and correct
misconceptions related to heuristic reasoning and inaccurate simplification of
biochemistry concepts. The correction of misconceptions in biochemistry is
highlighted and can be used to modify lifestyle-related decisions to maintain good
health and promote chemistry-based health iiteracy to individuals, families and

communities.

Scope and Delimitation of the Study
The objective of this study was to determine the effectiveness of mereology-
based instruction based on changes in chemical identity thinking, critical thinking in
chemistry and chemistry-based health literacy. The results apply to the health
science programs which require biochemistry as a prerequisite to their professional

health-related subjects. Furthermore, the results are also applicable to health
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science programs which have professional subjects that require integration of
biochemistry concepts in health education subjects.

The study is delimited to second year BS Medical Laboratory Science
students from an educational institution in Baguio City during the first semester of

academic year 2019 — 2020. The study also implemented the intervention while the
course offering was not changed. The selection of topics in the intervention was
based on the current course syllabus in Biochemistry offered for BS Medical

Technology.

Random assignment of intact classes to mereology-based instruction and to
conventional instruction was done since random assignment of students is not
permitted. Teaching load was assigned by the department head so the: classes
assigned to the biochemistry instructors were the classes they taught during the
implementation of either conventional instruction or mereology-based instruction. All
prospective biochemistry instructors were trained in implementing mereology-based
instruction and conventional instruction for five days.

Aricther delimitation of the stucy was that there was no opportunity for the
researcher to ohserve and monitor the conduct of each type of instruction. The
researcher did not teach any class in either conventional instruction group or
mereology-based instruction group to remove researcher bias since bias may be
inadvertently introduced to the classes handled by the researcher, thus
compromising the accuracy of the results obtained in the study. Departmental
examinations were not based on either type of instruction, but on the contents of the
lecture learning material and laboratory procedures only.

Furthermore, the teaching method was implemented based on the weekly

plan of activities which are disseminated by the researcher in a bimonthly or monthly
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basis. The teacher-implementors consuited the researcher for the preparaticn of the
laboratory reagents, evaluation of argurnents using the Toulmin Argumentation
Pattern and checking of laboratory notebooks and evaluation of laboratory activity
performance and laboratory reports in order to ensure that all laboratory outputs
were evaluated objectively based on the specific objective of each QSAR laboratory
activity. There was no documentation of feedback from the teachers and no
monitoring was done during the actual performance of laboratory activities and
argumentation activities due to conflicts in schedule of the researcher and some of
the laboratory class schedules. However, the concems of the teachers were
addressed at the soonest possible time by the researcher online via email or as
necessary. Meetings were conducted at the faculty room after the last classes. The
schedule of the meetings was as follows: July 29, 2019, August S, 2019, August 19,
2019, Septernber 9, 2019, September 23, 2019, October 21, 2019, and November 4,
2019. When teachers are unable to attend the meetings, the discussions were sent
via email to guide the teacher in implementing either conventional instruction of
mereology-based instruction.

In order to avoid teacher bias, the teachers were oriented at the start of the
month of the school year on the procedures in the laboratory manual and guidelines
on how to prepare the laboratory reports, laboratory notebooks and the
argumentation output. If a leamning cycle is completed, teachers are requested to
attend a meeting to discuss the next cycle of learning activity. Hence, some
meetings were done twice a month, except during suspension of classes due to
school activities or typhoons.

The teachers were also reminded on how to implement conventional

instruction and mereology-based instruction to avoid introducing another strategy
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which might cause teacher bias in terms of the delivery of the lesson and
performance of the QSAR laboratory activities. Clarifications on how to instruct using
the conventiona! instruction and mereology-based instruction were addressed during
meetings or via email to ensure that the teachers adhere on how to teach using
either conventional instruction or mereology-based instruction. During meetings,
teachers were alsc reminded on how to deliver the lessons in the conventional
instruction and mereology-based instruction lecture classes.

In addition, teachers were requested to use the contents of the lecture
learning material and prescribed joumnal articles only to avoid irtroducing variations
in the implementation of each type of instruction. Since the CDs containing ali
learning materials, laboratory manuals and joumal articles were provided to
students, teachers were instructed to refer to the contents of the CD only when
teaching the concepts. Furthermore, teachers were instructed not to deliberately
answer the research questions during post-lab discussions and discuss the correct
answers to arguments to avoid suggesting correct answers to students. As instructed
during the teacher training, the teachers are only allowed to guide students in
discussing concepts in the lecture learning material and facilitate the performance of
each QSAR activity.

Teachers were also instructed to require students to answer the laboratory
Questions, research questions and argumentations independently and collaborate
with their group members. If the teachers would like to introduce a reference, the
researcher amanged a meeting to ensure that the additional reference should be
given to both conventional instruction group and mereology-based instruction group.

However, one delimitation of this study is the individual efforts done by the students
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to leamn the material on their own as the researcher did not menitor each student
when leaming the concepts via the provided learming materials.

The quantitative structure-activity relationshio faboratory activities were
adapted based on existing biochemical research literature. However, method
optimization, selection of assay, manner of presentation and use of linear regression
using two molecular descriptors were not copied elsewhere and was designed to
target the leaming outcomes only. Implementation of activities were supervised
carefully to avoid misinterpretation of results, and do not represent the actual results
in high-end QSAR researches.

Argumentations were pattemed using syllogisms and may still be susceptible
to logical fallacies per se. In addition, inclusion of few chemistry-related details in the
argument was a deliberate attempt to elicit deep conceptual chemistry-based
reasoning from students in mereology-based instruction and conventional instruction.

In this study, Rasch analysis was used to convert the non-linear raw scores of
students in ail research instruments into linear units called logits and to ensure that
each research instrument has adequate psychometric properties which guarantees
correct interpretation of data. Based on item response theory, raw scores are
considered non-linear, and subjecting raw scores to statistical tests may result to
wrong or distorted interpretations (Boone et al., 2014). Furthermore, all research
instruments were ensured to measure the embedded latent variable of construct by
using dichotomous Rasch analysis, Rasch partial credit modelling and Rasch rating
scale model to ensure that the measured student ability parametric statistical
analyses. A stacked analysis was performed to ensure the accurate measurement of

changes in student ability during pretest and posttest while racked analysis was

Mereology-based Instruction: Effects on CIT, CTC and CbHLT 12



conducted to ensure an accurate measurement of item dJifficulty changes auring

pretest and posttest.

Duration
Mereology-based instruction and conventional instruction were implemented
for 12 weeks within August to November 2019. Each week is equivalent to three
days of one-hour lecture sessions and two-hour laboratory sessions. The number of
weeks for implementation excluded departmental examination weeks, suspension of
classes, preliminary exposure of all students to in silico analysis using ChemDes and
MolView, student orientation, and performance of in vitro bicchemistry assays to

familiarize students with quantitative image analysis using ImageJ.

Characteristics of Biochemistry Teachers

Mereology-based instruction and conventional instruction groups were
facilitated by seven biochemistry teachers. in most cases, the teacher in the lecture
class is also the one handling the same class in the laboratory. However, since some
are contractual faculty members, some teachers teach the lecture class while
another teacher teaches the laboratory class. All biochemistry teachers are
graduates of the BS Medical Laboratory Science or BS Medical Technology
Program. Three biochemistry teachers have MS degrees in the field of medical
technology. The teaching load and schedutle of the biochemistry teachers were not
controlled and were merely based on the designation of the department head prior to

the start of the semester. The teacher characteristics are presented in Table 3.1.
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Table 1.1. Profile of biochemistry teachers

Teacher Number of Academic
code/ gender/  years teaching Quglifications Classes handled
age biochemistry Lecture Lab

MAB, M, 33 2 BSMT, MSMT 4 classes 4 classes
(2 MBI, 2Cl) (2 MBI, 2Cl)

PLGA, F, 26 2 BSMT, MPH (ongoing) 2 classes 2 classes
(1 MBI, 1Cl) (1MBI, 1ClI)

JRDG, F, 26 2 BSMT, MPH (ongoing) 2 classes 2 classes
(1 MBI, 1Cl) (1 MBI, 1CI)

DAB, M, 28 2 BSMT, MSMT (ongoing) 4 classes 2 classes
(2MBI, 2Cl) (1 MBY, 1ClI)

HA, F, 24 2 BSMT, MSMT (ongoing) - 2 classes

(1MBI, 1Cl)
KE, F, 35 2 BSMT, MSMT 1 -
(1MBI)
EF, M, 30 2 BSMT, MSMT 1
(MBI)
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CHAPTER 2
REVIEW OF RELATED LITERATURE AND CONCEPTUAL FRAMEWORK

This chapter on the review of related literature explores and contextualizes
the proposed intervention- mereology-based instruction- to biochemistry education in
the health sciences. Related studies in chemical identity thinking, critical thinking,
and chemistry-based health literacy are also discussed as to why they are needed in
health scierice programs. Other studies which may influence the effect of the
proposed intarvention to the intended competencies are also described. Lastly, the

conceptual framework, research hypotheses and the operational definitions which

are used in this study are discussed.

Biochemistry Education in Health Sciences

The goal of biochemistry education in the health sciences is to teach both
biochemistry concepts and health concepts. However, studies have varying foci
whenever health contexts are integrated to biochemistry instruction. Some studies
focused on achieving content knowledge in biochemistry, with the intent of
encouraging students to apply them in healthcare. The report of Silva and Batista
(2003), for example, revealed that biochemistry education in the health sciences is
centered on biochemistry content. in another study, the concept of intermolecular
forces, physical properties, acid—base chemistry, equilibrium, and chemical reactions
were the main focus of Schroeder et al. (2017) in teaching biochenistry concepts in
a healthcare context.

Similarly, non-science major students were taught with biochemistry concepts
such as molecular structures, chemical reactions, chemical equilibria, kinetics and

other chemistry content by embedding them in module activities in nutrition,
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diagnostics and medicine (Armstrong & Poe, 2020). Other studies have also utilized
biochemistry instruction to increase generic (non-chemistry) critical thinking skills
and biochemistry content knowledge (Goeden et al., 2015).

One issue that has not been addressed by these studies is the likelihood of
retention of biochemistry concepts and their application in other related heal‘h
contexts. Clearly, biochemistry content, when taught using health contexts, require
prior knowledge of physiology, phannacology and cellular biolcgy coupled with a
mindset that in vitro chemical environments are different from in vivo systems
(Jacob, 2002). Furthermore, the increase in knowiedge of biochemistry concepts
may only be true for the health contexts these studies have presented, but may be
limited or not applicable in other contexts. In these studies, an increase in conceptual
understanding was often reported as successful, but an improvement needs to be
categorized whether it was clarification of misconceptions or enhancement of prior
knowledge.

In contrast, biochemistry education has also been reported to promote
scientific literacy in the context of civic and ccnsumer roles. For instance, Taylor
(2019) used real-life socio-scientific issues related to health such as relationship of
proteins and weight loss, health effects of a diet plan, analysis of genetically modified
organisms, or evaluation of scientific literature in biochernistry. However, such an
approach requires complete evaluation of the presented biochemistry and health-
related information.

These aforementioned studies, if utilized in the Philippine setting, may pose
more problems as biochemistry is only offered for one semester, and all biochemistry
concepts are crammed in a one-hour lecture period and two-hour laboratory period.

A further dilemma is the selection of appropriate health contexts to prepare students
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in their professional subjects, because health concems in the Philippines are
different from the intemational setting, and these vary even in rural and urban areas.
If the approach in biochemistry education becomes more polarized to health
contexts, students may generally give generalized conclusions based on incorrect
heuristics. If the focus is more focused on content knowledge, students may not
translate the concepts as relevant to health concepts. Clearly, the merging of
biochemistry concepts and their health contexts needs to be carefully designed to

enhance content knowledge and its application to health concepts.

Literature Gaps Related to the Study

The propensity of utilizing structure-property and structure-function
relationship in teaching biochemistry to health science students is supported by the
need to improve content knowledge and conceptual understanding However,
studies in biochemistry education do not further elaborate how biochemistry
education leads to skills relevant in addressing health outcornes such as improved
health literacy, decreased mortality and morbidity.

This goes back again to the issue on teaching biochemistry to health science
students. As a chemistry subject, it is expected that health science students leam
chemistry contexts. But health science students study biochemistry not to become
biochemists nor biochemistry researchers. Biochemistry education in health
sciences, therefore, is a unique case as it focuses on bicchemistry contexts related
to health. A critical balance between content and health context seerns to be
uriaddressed in literature.

Often, content knowledge in chemistry easily becomes forgotten in the health

science programs, unless, students a deeper approach of leaming is adopted.
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However, even health science studenrts with deep conceptual understanding of
biochemistry may still prefer to use a surface !earning approach (Minasian-
Batmanian et al., 2005). So far, this has not been validated by other related studies
as health sciance students often leam health concepts by integrating various science
and health-related concepts. In addition, Minasian-Batmanian et al. (2006) reported
that learning complex biochemistry topics are often approached by health science
students using surface learning, despite having used a deep leaming approach
previously.

These reports suggest that the learning process utilized by nealth science
students is only utilized to pass the subject, not to use biochemistry knowledge to
decrease health gaps, improve health literacy among patients, and achieve health
national outcomes. These issues remain unaddressed because most studies related
to bicchemistry education in health science programs only emphasized learning
biochemistry content knowledge through health contexts (Armstrong & Poe, 2020;
Brown et al., 2018; Clark et al., 2019; Fernandez, 2015; Goeden et al., 2015).

This brings us to the argument that probably, an increase in biochemistry
content knowledge is not the goal of effective biochemistry education in heaith
sciences, but a means to achieve the required professional competencies of health
science students — to communicate biochemistry knowledge, educate patients and
promote health literacy. This brings us fo the proposed competencies that students
may need to achieve this goal: chemical identity thinking, critical thinking in
chemistry, and chemistry-based health literacy. Hence, a thinking process spanning
from biochemistry to actual health issues, is proposed. This is the reason why
mereology-based instruction, or the use of part-whole relationship, is proposed in

teaching biochemistry.

Mereology-based Instruction: Effects on CIT, CTC and CbHLT 18



Causes of Failure to Link Biochemistry and Health
Biochemistry education needs to be directly applied to health concepts
because health interventions and health decisioris involve biochemistry concepts,
more than general inorganic chemistry or organic chemistry content. However, the
review of literature has revealed that health science students face several difficulties
applying biochemistry concepts to health-related concepts. This section reviews the
possible reasons for the failure of health science students in linking biochemistry

concepts to heaith concepts.

Poor understanding of visual representations

The first reason related to the failure 1o link biochemistry concepts tc health
concepts is related to the inability of health science students in understar.ding the
nature and limitations of visual representations. In the healith science programs,
biochemistry education involves studying visual representations such as molecular
models, molecular structures, electronic potential maps and diagrams. In most topics
in the health sciences, visual representations are used to address the sub-
microscopic and the symbolic dimensions to explain the macroscopic observations.

For example, molecular madels are commonly used to explain the
biochemical concepts related to health (Azzalis et al., 2012, Edginton et al., 2013;
Minasian-Batmanian et al., 2006; Novelli & Fernandes, 2007). Representations, on
the other hand, are used to explain molecular features and properties. For example,
visual representations (models and visualizations) are commonly used to describe
structural features and properties of molecules (Harle & Towns, 2013; Harris et al.,
2009; Li & Koehl, 2014) and molecular interactions or dynamic processes (Bussey &

Orgill, 2015).
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Failure to understand the nature of biochemistry models and representations
may be attributed to difficulties experienced when interpreting a model or focusing on
superficial details of the representation. Cooper and Oliver-Hoyo (2017) reported that
the models for macromolecules are difficult for students to interpret due: to a high
degree of cornplexity of the molecules and the need to address electrostatic and
non-covalent interactions in the molecule to describe its features and properties.
Unlike simple molecules, the macrom.olecules which are commonly studied in
biochemistry are more complex and may require several layers of chemical
concepts.

Forbes-l_orman et al. (2016) criticized that some models used in teaching
molecules were promoting “deceptive clarity” which leads to superficial
understanding of molecular features and properties. This may potentially confuse
students because representations only present selected features of the molecule
that is illustrated within the limitations of the materials used to construct the
representation. Cooper and Oliver-Hoyo (2017) reported that students struggled in
applying the principles of polarity fo larger areas related to hydrophobic collapse and
protein solubility. Hence, if students do not possess an ability to apply their
inferences on the basic property of the molecule in explaining the features of the
macromolecule, then confusion may arise.

In addition, most biochemistry instructors mistakenly assume that students
already possess visual literacy when presented with visual representations
(Linenberger & Holme, 2014). Hence, learners with low prior knowledge on visual
representations do not benefit from leaming biochemistry using representations.

Since chemical reasoning in biochemistry depends on a student's ability to
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understand models and representations, failure to interpret moiecular structures and

properties from models and representations may ultimately lead to rnisconceptions.

Limited Scope and Depth of Biochemistry Content in Health Science Education
The scope and depth of biochemistry concepts in the health sciences are
often presented as too simplified and prescriptive, without considering the nature of

chemical environments. Since biochemistry concepts are relevant to health science

education (Minasian & Batmanian, 2006; Sadi, 2013; Vittal & Jaweed, 2015), itis
important to emphasize the role of molecular structure to its properties and roles in
the body.

In the Philippines, Femandez (2012) stressed the importance of biochemistry
to freshmen BS Nursing students in the context of pharmacology, nutrition and
pathophysiology. These three subjects, in reality, deal with complex concepts which
address the need for integrating chemistry concepts with physiology and
metabolism. A simplified discussion could lead to dumbing down of concepts, which
may lead to misunderstanding of the concept and erroneous interpretation.

Laboratory data should be used to infer possible biological roles or functions
in living organisms. As argued above, the bicchemistry concepts in the healith
sciences focus more on the relevance of the chemistry concepts to heaith (Erasmus,
et al., 2014; Jiao et al, 2014; Peacock & Grande, 2015), but do not emphasize the
application of inferences from laboratory in vitro or in vivo data to heaith.

In addition, the concepts of basic instrumentation such as spectrophotometry
and polarimetry are commonly integrated with laboratory experiments and research
to interpret laboratory results (Ciancaglini et al., 2001; Powers et al., 2007).

However, the context of the discussions in these aforementioned studies is relaied to
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inferring the health implications of resulis, not on the concept related to the analytical
methods in spectrophotometry or polarimetry. Students need to understand the
principles invoived in specific instrumeantation methods in the laboratory setiing to
generate correct inferences because in vitro laboratory settings cannot fully capture

the complexity of in vivo systeims.

Heuristic reasoning

The biochemistry subject in health science programs does not address the
actual biochemistry concepts essential for profes_sional practices in the health
sciences. Due to the diverse scope and depth of biochemistry in the health sciences,
health science students often resort to simplifying chemistry concepts using hevristic
reasoning. In the context of chemistry education, heuristic reasoning invelves
shortcut reasoning strategies to solve particular tasks, but may cause errors in
judgment towards choosing a correct answer or making inferences (Talanquer,
2014). However, health concepts are dyramic and may require a skillful navigation
and utilization of appropriate chemistry concepts to justify health decisions. Over-
simplifying concepts into a set of rules promotes incorrect associations and
inferences among health science students, leading to poor health-related leamning
outcomes.

This is further aggravated by the limited amount of time allotted to leam
complex topics. In the Philippines, bicchemistry is offered for one semester only for
students in (mention the courses here). Concept simplification in biochemistry rnay
be problematic because the dynamic nature of metabolic processes is difficult to
capture using only a few biochemistry concepts. Simplifying biochemistry information

into rules or simple algorithms may promote a hasty utilization of autoinaticity of
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reasoning, which is counterproductive to the critical thinking-based activities
designed for health science programs.

Heuristic reasoning is used when interpreting biochemical literature and
inferring results of laboratory experimentation. For example, Coleman el al. (2015)
reported that students often conclude that cormrelation of variables in biochiemistry
literature can be used to prove causation. It is also a common practice to use in vitro
studies to explain or infer physiologic roles or in vivo properties or functions of
biomolecules (Ciancaglini et al., 2001; Dean, 2002; Duxbury, 2004; Harle & Towns,
2012; Jiao et al., 2014). However, such practice may promote generation of poorly
supported health-related inferences because the chemical environment in laboratory
settings is different to the chemical environment in cells (Jacob, 2002). Concept
simplification is also influenced by too much focus on declarative chemistry
knowledge in the health sciences without applying them in various contexts of health.

The need for critical reasoning that can guide the capacity to search, analyze,
assess and synthesize information was articulated in the Philippine education
system through Executive Order Nc. 83 and CHED Memorandum Order No. 46
(Sana et al., 2015). In the Philippine higher education curriculum for health science
programs, it was emphasized that the health data or information should be
‘evidence-based’. Simplifying concepts and preference to heuristic reasoning

promotes poor chemistry reasoning and uncritical analysis of health information.

Roles of Chemical Identity Thinking in Health
Chemical identity thinking is one of the competencies crucial in linking
biochemistry to health. The temn chemical identity was described by Ngai and Seviar

(2017) as an “attribute of a substance which makes it different from other
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substances.” As stated in the study of Ngai (2017), chemical identity thinking
requires knowiedge, reasoning and skills necessary to classify substances (p.13). As
a part of the chemical thinking framework, chemical identity thinking is concemed
with answering the question “what is this substance” (Banks et al., 2015; Ngai &
Sevian, 2017).

Chemical identity thinking follows a progression or sophistication of reasoning,
from cbjectivization, principlism, compositionism and interactionism (Ngai, 2017).
The most advanced level of chemical identity thinking (inferactionism) relates well to
the analysis of molecular interactions to describe the properties of substances. Such
mindset is also related to thinking about properties of substances such as boiling
point, viscosity, and polarity as emergent from interactions of molecules comprising
the substance (Sevian & Talanquer, 2014; Talanquer, 2018).

In the curriculum for health sciences in the Philippines, chemical identity
thinking is seemingly evident when bulk samples are involved. For example,
pharmaceutica! agents are often classified based on functions (i.e., antibacterial,
antifungal, antiviral), and is classiﬁed as an objectivization chemical identity thinking
based on the classification of Ngai and Sevian (2017). Similarly, intravenous fluids
are classified as isotonic, hypotonic or hypertonic solutions. Differentiating
substances based on emergent properties are more difficult since it involves analysis
on how molecules interact and contribute to the emergent property.

It is uncommon for health science students to use concentration or boiling
points to differentiate intravenous fluids, nor use chemical information such as acidity
or reducing propeity to differentiate foodstuff or medications. Similarly, advice on
nutrition and diet modification is approached based on absorbed nutrients and health

effects, not too much on molecular composition and interactions. Based on their role
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in health contexts, substances and materials are often understood alongside their
health effects, and chemistry concepts are seemingly set aside. But it has to be
emphasized that biological systems are complex, and the chemical environment also
has its own set of emergent properties (van Regenmortei, 2004). These emergent
properties include the buffering activity of blood plasma, maintenance of negative
action potential via active transport, and osmotic regulation between intravascular
and interstitial spaces.

However, a more advanced chemical identity thinking such as compositionism
or interactionisim is necessary if health science students need to explain why pure
alcohol cannot be used as rubbing alcotiol, or why a fruit wine cannot be substitutes
for rubbing alcohol. In these contexts, the function (as an antiseptic or disinfectant) is
dependent on concentration znd interaction with other components such as water or
plant metabolites and sugar. Similar arguments can also be said why vinegar cennot
be a substitute for glacial acetic acid in the laboratory, nor can glacial acetic acid be
a substitute for cooking adobo.

Unfortunately, the role of chemical identity thinking is not explored in the
literature involving biochemistry and heaith, despite its perceived importance in
enhancing the thinking process of students to apply biochemistry concepts to the
context of health. Even in the Philippine setting, there is no literature exploring how
health science students differentiate substances or materials using chemical identity

thinking.
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Critical Thinking in Chemistry

Chemical identity thinking plays a significant role when students analyze
problems in chemistry. A correct understanding of chemical identity allows a student
to apply or use the information related to a substance, such as physical properties
and chemical reactivities when performing laboratory activities, explaining chemical
reactions, and inferring possible results from chemical reactions. Thus, chemical
identity thinking is essential in critical thinking tasks in chemistry.

Critical thinking is ubiquitous in chemistry education studies. Hcwever, critical
thinking has been defined differently, and studies have claimed it as generic and
transferable, while other studies consider it a s context-specific (Willingham, 2008).
Some studies also report it as a measurable construct after an intervention and raw
scores in an instrument, or a self-report of improvement commonly used, although
other studies claim that it increases even without teaching interventions (Solon,
2007, as cited in Stephenson & Sadler-McKnight, 2016).

The definition of critical thinking becomes even fuzzier when health
professional education contexts are incorporated. Kahike and Eva (2018) classified
critical thinking as either biomedical, humanist or social justice-oriented, which are
again, more context-specific than generic. There is no consensus definition of critical
thinking in chemistry and Facione's definition of critical thinking does not capture the
required mental characteristics of critical thinking in chemistry. Thus, the researcher
used “critical thinking in chemistry” to emphasize that critical thinking is context-
specific. Critical thinking in chemistry has been adopted as a context-specific
competency expected from health science students when chemistry instruction is

involved.

Mereology-based Instruction: Effects on CIT, CTC and CbHLT 26



In this study, the construct criticai thinking in chemistry was thought of based
on previous working definitions within a chemistry context. The working definition of
critical thinking by Ennis (1989) was a “reasor:ably reflective thinking that is focused
on deciding what to believe or do.” Oliver-Hoyo (2003) also defined critical thinking
as “intellectually disciplined process of actively and skillfully conceptualizing,
applying, analyzing, synthesizing, and/or evaluating information.” However, these
skills which represent critical thinking in chemistry were meant to be applied in a

written report.

VWhile it is recognized that there are general thinking skills related to critical
thinking, a context-specific critical thinking in chemistry is based on “how
professional chemists think,” a notion which is supported by Garrat et al. (2000).
Based on their study, thinking like a professional chemist includes the following
skills: analyzing and evaluating arguments, making judgment, retrieving information
and experimenting. It has been emphasized that critical thinking needs to be
explicitly instructed to increase critical thinking skills (Bensley et al., 2010).

Despite criticisms on analysis of arguments as a form of reduction of critical
thinking (Govier, 1989), argumentation was used as an activity in other studies to
improve critical thinking (Bensley et al., 2010; Jacob, 2004). Despite the notion that
critical thinking is not captured completely during argument analysis, the present
study supports that critical thinking can be measured in arguments as it still involves
analysis and interpretation of data, and refinement, development and use of models
(Rodriguez & Towns, 2018).

Another issue is the measurement of critical thinking, as most studies used
changes in raw scores or critical thinking indicators. Most studies dealing with critical

thinking in chemistry assessed improvement of critical thinking by interpreting
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changes in raw scores in either context-specific (Gupta et al., 2014; Jacob, 2004;
Oliver-Hoyo, 2003) or generic contexts {Chase et al., 2017; Espinosa et al., 2013;
Stephenson & Sadler-McKnight, 2016).

Jacob (2004) used raw scores and measured context-specific critical thinking
when evaluating arguments in chemistry by using the ability of students to assess
statements, decide on the logical validity of statements, and communicate the
reason for the decision. On the other hand, raw scores from rubric were used by
Oliver-Hoyo, (2003) and Gupta et al. (2014) o evaluate critical thinking in written
reports. While the measurements are context-specific, the utilization of written
reports may only reflect changes in thinking process but not skills in actual practices.

In the study of Chase et al. (2017), critical thinking was assumed to be
transferable or generic, as a validated research instrument (Critical-thinking
Assessment test) was used. Similarly, Stephenson & Sadler-McKnight (20'16) and
Espinosa et al. (2013) also assumed critical thinking as generic and transferable
when they used the California Critical Thinking Skills Test after an intervention in
chemistry education. Using changes in raw scores are based on the assumption that
changes in scores reflect changes in thinking process, but raw scores were reported
to be non-linear (Boone & Noltemeyer, 2017). Changes in raw scores in pretest-
posttest design may imply different interpretations depending on which item was
correctly answered during posttest (Nitta & Aiba, 2019). Hence, inferences on
differences in raw score need to be carefully interpreted.

Whether critical thinking is generic or transferable, it is acknowledged that
critical thinking in chemistry may improve in other biochemistry subjects. If general
inorganic and organic chemistry concepts prepare students for biochemistry in the

health sciences, then, perhaps biochemistry instruction also enhances the
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conceptual understanding of general inorganic and organic chemistry concepts,
thereby emphasizing that critical thinking in chemistry is context-specific but

transferable to a related chemistry context.

Chemistry-based Health Literacy

Chemistry-based health literacy, the construct which is investigated in this
study, is based on linking appropriate chemistry concepts within a socio-scientific
context. Socio-scientific issues have been addressed in chemistry education in
previous studies and topics in nanotechnology (Jones et al., 2014), climate change
(Eggert et al., 2016; Flener-Lovitt, 2014), role of phosphate in eutrophication
(Zowada et al., 2019), and biofuels (Dishiadewi et al., 2020) have been explcred. it is
evident in literature that efforts have been made to address health-related topics in
chemistry such as acid-base concepts (Brown et al., 2018; Schroeder et al.. 2017),
organic functional groups (Clark et al., 2019), and diverse chemistry topics such as
intermolecular forces, physical properties, equilibrium and chemical r=zactions
(Schroeder et al., 2017), but these efforts were designed to increase conceptual
understanding, not to enhance the applications to socio-scientific issues.

A review of the article of Genyea and Callewaert (1983) reveals that the
curriculum of health science students should focus on basic chemistry and aim to
increase their reasoning ability and problem-solving skills. The topics suggested for
basic chemistry include bonding, intermolecular interactions, solutions and colloids,
thermodynamics, kinetics, chemical equilibrium, oxidation-reduction, and acids and
bases. However, for health-related subjects like biochemistry, the concepts of
thermodynamics, kinetics, chemical equilibrium and redox reacions should focus on

qualitative concepts. For example, Genyea and Callewaert (1983) stated that
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qualitative concept for a chemical reaction can focus on the notion that total amount
of energy released is the same no matter how the reaction is carried out, but for
different reaction conditions, the energy can be released in different forms. For a
qualitative concept related to kinetics, students can also be taught to appreciate how
a catalyst can alter the rate of a reaction by changing the reaction mechanism.

Recent literature in biochemistry education in the context of health has relied
on the analysis of functional groups to results of urinalysis (Clark et al., 2019).
Furthermore, functional group analysis of biomolecules was emphasized to be
relevant in this age of genome (Brenner, 2013). Macromolecular structure, enzyme
function, and central carbon metabolism was also regarded as a focus of
biochemistry for premedical students (Brenner, 2013) since not all topics can be
covered in one semester. Currently, health science students are required to have
adequate depth of both chemisiry-related topics and human biology topics. This is
also supported in the health profession, as critical thinking involves clinical reasoning
and human welfare (Kahtke & Eva, 2018).

It is asserted in this study that adequate chemistry knowledge plays a role in
developing heaith literacy. Health is a socio-scientific issue, and other studies have
utilized socio-scientific issues to teach science content (Dishadewi et al., 2020;
Flenner-Lovitt, 2014; Sadler et al., 2016, Zowada et al., 2019), critical thinking and
chemical literacy (Rahayu, 2019). This study is rnore similar to the study of Eggert et
al. (2016), which focused on using a teaching strategy (computer-based concept
mapping scaffolds) to enhance socio-scientific reasoning, and that of Owens et al.
(2020), where they focused on teaching the importance of water and how to use the
concepts in hydrology, water policy, history and urban water management in

reasoning related to socio-hydrologic issues.
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The need to address chemistry-based health literacy is based on a report that
health literacy of Filipinos is generally low. In fact, Filipino adolescents were reported
to have low tc very low health literacy (Javier et al., 2019). Furthermore,
misinformation and pseudoscience are cornmon in nutrition and dietetics (Neale &
Tapsell, 2019) and medicine (Pray, 2006) to which Filipinos are prone to easily
accept. Disease causation in the Philippines is also attributed to cultural beiiefs such
as superstition, mysticism or “God’s will (Abad et al., 2014). Filipinos also focus too
much on curative interventions and the current setting shows the inequality of
healthcare services in rural and in urban areas. These factors compete with the
acceptance and understanding of science concepts and influence how Filipinos
achieve health literacy.

Several studies on health literacy are based on the assessment of an
individual's self-belief on their ability to access adequate and cormect health
information, understand information or navigate through the health care system (Abel
et al., 2014; Duong et al., 2017; Hawkins et al., 2014; Mullan et al., 2017). In these
studies, scientific principles are not used as pieces of evidence to support a health
decision. This is problematic and ironic in the health science programs, where
chemistry and other science subjects are designed to improve understanding of
health concepts. Unfortunately, studies on increasing health literacy by using
chemistry contexts are not common in both intemational and local contexts, and this
makes this study interesting.

While it is important to teach content in biochemistry, this study also credits
the importance of using a thinking process when leaming biochemistry concepts.
Using a thinking process in learning content knowledge posits the application of the

process to various topics, allowing students to learn concepts on their own, while the
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biochemistry teacher provides scaffolding on conceptual understanding and its
application to other related contexts. Hence, chemistry-based health literacy is the

last construct which is measured in this study.

Theories Related to Mereology-based Instruction

The theoretical framework of this study is related to Action-based Model of the
Cognitive Dissonance Theory, Cognitive Load Theory and Situated Leaming Theory.
According to the action-based model of the cognitive dissonance theory, perceptions
and cognitions drive people to act in specific ways. The conflict in perceptions and
cognitions experienced by an individual rnay lead to the resolution of needs that elicit
behavior which reduces the feeling of dissonance (Harmon-Jones et al., 2015). This
theory is related to health literacy and how mereology-based instruction addresses it.
Health literacy is affected by multiple factors, and content knowledge is one of these.
It is hypothesized that if cognitive dissonance is felt when leaming biochemistry
concept using mereology-based instruction, then students need to reiine their
chemical identity thinking, critical thinking in chemistry and evaluation of false
reductionism in biochemistry. Furthermore, if biochemistry content knowledge
provides additional thought to influence health literacy, then students will learn
biochemistry content more.

According to the cognitive load theory, leaming is hampered when working
memory capacity is exceeded in a learming task. De Jong (2010) explained that the
total cognitive load is a sum of intrinsic cognitive load (inherent characteristics of the
material to be leamed), extraneous cognitive load (load caused by the instructional

material used to present the content) and germane cogpnitive load (load imposed by
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the leaming process). Generally, a key characteristic of presenting a difficult concept
is to prevent overloading of the leaming working memory (Goldman, 2003).

Mereology-based instruction utilizes argumentation and QSAR activities,
which are high in intrinsic, extraneous and germane cognitive load. However, it is
hypothesized that immersing students in activities with adequate cognitive load is
also relevant in influencing their thinking process.

Lastly, Situated Leamning Theory states that knowledge is not easily absorbed
when leamed out of context for use elsewhere when a particuler situation demands it
(Lave, 1988). Mereology-based instruction is based on the recognition of reductionist
part-whole relationship in bicchemistry and in health concepts using ontological and
biochemistry knowledge and apply them to address health literacy. Clearly,
biochemistry in health science programs is an authentic context in which
biochemistry can be learned via health concepts and health literacy can be

addressed by leaming biochemistry concepts.

The Thinking Process in Mereology-based Instruction

Based on the gathered literature, using mereology-based instruction can
address the three constructs which were identified as crucial in the health science
programs: chemical identity thinking, critical thinking in chemistry and chemistry-
based health literacy. The hypothesized thinking process after mereology-based
instruction is shown in Figure 2.1.

When biochemistry concepts are presented using a part-whole relationship
theme, students need to understand the biochemistry context where the part-whole
relationship is applied, and the ontological nature on how the part-whole relationship

in the identified biochemistry context is presented. For example, choosing a
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substance as a “whole” and molecules as “parts” need to be evaluated whether the
attributes of the identified “part” is similar or different to the attribute of the identified
‘whole.” Other part-whole relaticnships can also be explored in the following
contexts: “active ingredient” (part) of a product (whole), substance (part) present in a
mixture (whole) or monomer (part) s a building block of a polymer (whole). The
part-whole theme can be presented with a fallacy or chemistry evidence which
describes the property of the identified “part” and the property of the “whole” to
engage student thinking.

When students are presented with the aforementioned information, students
will be engaged to recall the chemical identity of a substance, apply critical thinking
about the presented chemistry evidence, and evaiuvate the claim in the identified
health context. Furthermore, health literacy is addressed as students will include
other sources of evidence such as related science concepts, health concepts,
sociocuitural contexts, and sociodemographic contexts to critically evaluate the
presented part-whole relationship. The thinking process becomes cohesive to the
context of biochemistry which has high relevance to the health science programs.

Mereology-based instruction is meant to address the evaluation of faise
reductionist claims using part-whole relationship. Biochemistry concepts are
abundant in reductionist claims based on incorrect heuristic reasoning. Hence, this
study reinforces the claim that chemical data needs to be evaluated carefully
(Colernan et al., 201 5; Letchford et al., 2017; Ferenc et al., 2018) and treated with
skepticism because different interpretations laden with fallacies may be present

(Harré, 2014).
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Figure 2.1. Hypothesized thinking process as a result of mereology-based instruction
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Mereology-based Instruction — A Proposed Intervention

This section provides the rationale why mereology-based instruction is
proposed to be used in teaching bicchemistry. It should be clarified though that this
type of instruction does not aim to use mereoclogy *o teach content knowledge. This
type of instruction uses false reductionist part-whole relationship in biochemistry that
provides oppoitunities for modifying students’ thinking process and use the same
thinking process to increase chemical identity thinking, critical thinking in chemistry
and chemistry-based health literacy.

A false reductionist part-whole relationship is exhibited when the attributes of
a “part” is automatically used to justify the attributes of a “whcle.” Consider for
example, the attribution of radical scavenging property of vitamin C to a product. If a
product contains a substance which exhibits a property, several factors need to be
considered such as the method of preparation and stability of the substance. For
example, fruit jams, which are made from fruits, may be inaccurately claimed to
exhibit radical scavenging properties just because fruit extracts are reported to
exhibit radical-scavenging properties. In this example, the method of preparation
destroys the stability of radical-scavenging molecules found in fruit. Hence, the part-
whole relationship is false, and attributing the property of the fruit to be present in the
product is an erroneous and reductive claim. The same fallacy can also be observed
when discussing natural products, using pieces of evidence from laboratory assays
or animal studies as basis for the choice of medication or food.

It is claimed that the properties of materials are due to molecular interactions
(Talanquer, 2007). If part-whole relationships were to be involved, it is logical to
claim that the interaction of the components of a sample mixture or substance

manifests as a property of that sample. The part-whole relationship is obvious as the
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parts refer to the components, and the whole refers to the sample. Mereology is
relevant to the present study because the ‘parf can be assigned to various concepts
in biochemistry and in health-related subjects.

Mereclogy-based instruction is based on mereology, which involves the study
of the relationship of a ‘parf to a ‘whole’ or a ‘parf to a ‘parf within a ‘whole’ (Harre,
2014; Gruszczynski & Varzi, 2015; Needham, 2012). Mereology has been discussed
extensively in the philosophy of chemistry (Ghibaudi & Cerrudi, 2017; Harre, 2014),
although the contextualization of mereology in chemistry is still being refined.
Mereology is relevant to the present study because the ‘part’ can be assigned to
various concepts in biochemistry and in health-related subjects. In this study, there
are two goais addressed in terms of studying part-whole reiationships: identification

of ‘parf and ‘whole’ and analysis whether the property or function of the ‘pait is

attributable to the ‘whole.’

Components of Mereology-based Instruction

Two leaming activities were selected to comprise the mereology-based
instruction. These activities are argumentation and quantitative structure-activity
relationship (QSAR) laboratory activities because of the opportunities to teach, refine
and provide feedback to the thought process of students when they engage in
argumentation and laboratory activities. According to Butler et al., (2013),
explanation feedback is better than correct answer feedback for promoting transfer
of learning.

Pabuccu and Erduran (2017) stated that argumentation can wean students
from rote leaming at the university level. Tamay (2016) also remarked that

argumentation is a scaffold to enhance students’ understanding of ‘emergent’
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properties of substances. On the other hand, quantitative structure-activity
relationship (QSAR) studies involve the correlation of physicochemical (independent)
properties and biological (dependent) activity of bioactive molecules (Mahobia ef al.,
2014). Argumentation and QSAR activities provide enough student engagement and
honing of their thinking process so that they could choose pieces of evidence in their

argumentation activities.

Intervening Variables
In this section, the factors which rnay affect the effectiveness of mereology-
based instruction in chemical identity thinking, critical thinking and chemistry-based
health literacy are discussed. These factors include cognitive load, prior knowledge

of chemistry, prior knowledge of visual representations and gender.

Cognitive Load

It is important to address cognitive load when intreducing an approach in
teaching biochemistry because different chemistry activities such as problem solving,
analogy, interpretation of visual representations and analogical reasoning have
varied types of extraneous and germane cognitive loads. In this study, mereology-
based instruction includes argumentation, quantitative structure-activity relationship
in silico activities and biochemistry information appraisal. In the studies of Behmke
and Atwood (2013) and Milenkovic et al. (2014), decreasing cognitive load can
improve acquisition of chemistry knowledge. Furthermore, students may not
immediately respond to a type of instruction and may initially use surface leaming

(Jones et al., 2014).
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Students may experience cognitive load while performing mereology-based
instruction activities such as argumentation and quantitative structure-activity
relationship activities. Cognitive load may either encourage or discourage students in
learning biochemistry concepts independently. It is therefore important to determine
the types of cognitive loads experienced by the students and investigate which
cognitive load component needs to be modified to ensure leaming. Determining the
cognitive ioads in different activities can also aid in the modification of mereology-

based instruction and to avoid overwhelming the students with unnecessary tasks.

Prior Knowledge of Chemistry Concepts

The prior conceptual understanding of chemistry concepts influences the
trajectory of the leaming gains of health science students. Compared to novice
learners, expert learners utilize mental representations and apply their knowlec'ge to
classify problems and solve them accordingly (Kozma et al., 2000). Expert leamers
navigate the relationship of the macroscopic, sub-microscopic and symbolic domains
of chemical representations while novice leamers tend to focus on “surface features”
(Kozma, 2003). Goldman (2003) argued that the real competency of an expert
student, regardless of the complexity of the concepts being learned, is the ability to
select, organize and integrate concepts.

Prior knowledge in chemistry also influences how students perceive the role
of visual representations in learming chemical concepts. The effectiveness of
chemical representations in promoting leaming of new concepts in biochiemistry also
differs between novice and expert learners. Prior chemistry knowledge was chosen

as an intervening variable in this study because novice and expert chemistry

learners are expected to exhibit different progression of conceptual understanding of
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mereology in biochemistry. Coppola and Krajcik (2013) described that a secondary
level chemistry focuses on multiple topics while tertiary level chemistry is
specialized, focusing on interrelated topics. However, prior chemistry concepts which
were leamed in high school are important in learning tertiary level chemistry
subjects.

Prior chemistry leaming may also influence the differences in the ability of
students to interpret visual representations, to perform in silico and in vitro laboratory
aclivities, and to choose the correct chemistry concepts during argumentation.

Lastly, prior chemistry knowledge may influence the ability of students to utilize

chemistry concepts in supporting health decisions.

Prior Knowledge of Visual Representations

Mereology-based instruction requires the analysis of visual representations
Particularly skeletal structures of simple molecules when performing quantitative
structure-activity relationship. The effectivity of the intervention will be influenced by
the prior knowledge of health science students regarding visual representations.
Visual representations also help explain intermolecular and intramolecular
interactions in simple and complex biomacromolecules.

As discussed earlier in this chapter, visual representations aid in providing
details on structure and properties of molecules (Harle & Towns, 2013; Harris et al.,
2009; Henman et al., 2006). Similarly, when students perform simple quantitative
structure-activity relationships in mereology-based instruction, they need to interpret
molecular structures and how they are understood to construct relationships based
On analysis of molecular properties. It is important to determine prior knowledge of

visual representations because it determines whether students know how 1o infer
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molecular properties and molecular interactions based on analysis of molecular
structures.

Most biochemistry teachers mistakenly assume that students already
possessed visual literacy upon presenting visual representations (Linenberger &
Holme, 2014). Furthemore, analysis of skeletal formula does not involve explicit
molecular properties and three-dimensional features, that students may over-simplify
when making inferences. Forbes-Lorman et al. (2016) criticized that some visual
representations such as models used in teaching molecules were promoting
“deceptive clarity” which leads to superficial understanding of molecular features and

properties. Similarly, skeletal models may exhibit deceptive clarity, while in reality, it

should be analyzed concurrently with other visual representations.

Gender

The differences in the leaming gains and chemistry achievement of .nale and
female students have been investigated in several studies. It is asserted in this study
that the effectivity of mereology-based instruction may vary between males and
females. Several studies have initially reported the differences in the abilities of male
and female students in leaming chemistry.

In the study of Forbes-Lorman et al. (2016), male students generally have
higher performance in understanding structure-function relationship compare to
females. However, hand-held physical models increased the performance of female
students to levels which are equivalent to male students. Similarly, Rauschenberger
and Sweeder (2010) also reported that female students generally have lower

performance in Biochemistry compared to their male peers. In Malaysia, male
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students were also reported to have higher chemistry achievement than females
(Veloo et al., 2015).

The difference in the performance of male and female students in chemistry
has been linked to higher spatial literacy of male students compared to females
(Forbes-Lorman et al., 2016). Studies have reported that male students generally
have higher performance in chemistry than female students (Forbes-Lorman et al.,
2016; Rauschenberger & Sweeder, 2010; Veloo et al., 2015). In other studies,
female students were reported to exhibit more misconceptions in chemistry (Adesoji
& Babatunde, 2008).

An important report emphasizing male and female student differences is their
ability to organize information. Gulacar et al. (2019) reported that male students can
organize information and build strong associations with chemistry-related concepts
while female students do not form associations strongly. This will be relevant when
determining the effects of mereology-based instruction to leaming in biochemistry
since health science programs are female-dominated, and the curriculum,
assessment and evaluation might be gender-biased. Similarly, mereology-based

instruction may pose the same bias if the activities invoive visual representations and

prior knowledge of chemistry concepts.
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Rasch Analysis in Chemistry Education Research

The Rasch model has been developed by George Rasch, a Danish
mathematician. The Rasch model explains how a person’s performance regarding a
specific trait, can predict that person’s response in a particular test item involving that
trait (Boone & Scantlebury, 2006). In educational measurement, studies commonly
use the classical test theory, in which raw scores are used to measure changes in
student abilities. However, raw scores are not linear (Bond & Fox, 2007; Planinic et
al., 2019), and the differences between any two consecutive raw scores cannot be
assumed to represent equal intervals (Boone & Notelmeyer, 2017). The sum of raw
scores cannot be used to compare student performance because item difficulties are
different in research instruments (Boone, 2016). Subjecting non-linear measures to
statistical tests also produce distorted resuits (Planinic et al., 2019).

Rasch theory serves as a guide in formulating an instrument which represents
a range of “test-item difficulty” to its respondents (Boone, 2016). Through the use of
Rasch analysis, validated instruments can be developed to evaluate the
effectiveness of a curriculum and the leaming progress of students (Herrmann-Abel
et al., 2018). Furthermore, Rasch analysis methods can also be used for multiple
choice tests, rating scales and tests, which are evaluated using a rubric. With these
advantages, it is not surprising that several chemistry education studies have applied
Rasch analysis.

A number of studies in chemistry education have utilized Rasch analysis for
various purposes. Rasch models have been used in chemistry education to develop
a scoring rubric (Deng & Wang, 2017; Grunert et al., 2013), measure understanding
of chemistry concepts (Wei et al., 2012), develop concept inventories (Nedungadi et

al., 2019) or evaluate the psychometric properties of an existing chemistry concept
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inventory (Barbera, 2013). In the Philippines, the study of Ferido et al. (2017) has
applied Rasch analysis to determine the progression of leaming in selected
chemistry topics. In addition, Magno (2009) revealed that using Rasch analysis in
analyzing results in a chemistry test resuited to less measurement errors compared

to a classical test theory approach.

Rasch Analysis Procedure

The Rasch model is used to construct an instrument which is good in
agreement with the theory and basic requirements of objective measurement
(Planinic et al., 2019). In addition, ciaiming that raw scores represent an objective
measurement of the construct measured by a research instrument is inaccurate, as
raw scores are nonlinear and the ditferences between raw scores cannot be
assumed to represent equal intervals (Boone & Noltemeyer, 2017). Hence, raw
scores do not accurately measure a person’s actual ability in a particular construct
underlying a research instrument. If science education researchers do not convert
raw scores to a linear scale, an incorrect conclusion may be reached wher. using raw
scores when using a parametric test (Boone & Scantlebury, 2006).

Rasch analysis was performed using the software Winsteps 4.4.5 using a
dichotomous mode! for Prior Knowledge of Chemistry Concepts Test and Visual
Representations Test while Rasch partial credit model was utilized for Chemical
Identity Thinking Instrument, Critical Thinking Test in Chemistry, and Chemistry-

based Health Literacy Test.
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The model for dichotomous Rasch analysis takes the following form:

Where:
Pnix= probability of n with ability B.responding at level k of item i successfully
Du = difficulty of level k of item i, that is, the step or threshold for an examinee

receiving score k instead of k- 1.

The partial credit Rasch model indicates that each item has its own rating
scale structure. It is more appropriate for tests that have responses which can be
given partial credit towards a correct response. The amount of partial correctness

varies across items. The partial credit model is a version of the rating scale model

and is described mathematically as:
P..:
l".(TIi]—) = Bn —_ Di —_ Fi]
ni(j—-1)

Where:

Fy = threshold between categories j and j - 1 on item i.

In contrast to the rating scale model, the items of the same raw score can
have different values of Rasch difficulties if the pattern of category usage on those

items is different (Planinic et al., 2019).
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The rating scale model was used for detennining student ability logits in the
cognitive load questionnaire. Mathematically, the rating scale model is represented

by the equation:

P,y )
In{————)=B,— D;—F
(Pnio—l) " o

In this equation, Fj is the Rasch-Andrich threshold (step calibraticn), or the
point on the latent variable where the probability of person n being observed in
category j of item i equals the probability of the same person being observed in
category (j - 1). It has to be noted that Fj is estimated from the category frequency,
and the difficulty of the item is now located at the point where the highest and the

lowest categories are equally probable (Planinic et al., 2019).

Conceptual Framework
The conceptual framework of the study is illustrated in Figure 2.2. In the
framework, the dependent variables are chemical identity thinking, critical thinking in
chemistry and chemistry-based health literacy. The independent variable is the type
of instruction, which is either mereology-based instruction or conventional instruction.
The intervening variables in the framework are gender, prior conceptual
understanding of chemistry concepts, prior knowledge of visual representations,
gender, and cognitive load.
Prior conceptual understanding of chemistry concepts and prior knowledge
of visual representations are grouped together as these chemistry-related
variables areindicators of prior conceptual understanding of general inorganic and

organic chemistry concepts prior to enrolling biochemistry. The variables gender
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and cognitive load are grouped together as these are non-chemistry related
factors whichmay explain variations in chemical identity thinking, critical thinking in
chemistry, and chemistry-based health literacy. Over-all, the variations in the
intervening variablesmay influence the effectivity of mereology-based instruction in
promoting the chemical identity thinking, critical thinking and chemistry-based
health literacy of heaith science students.

It is hypothesized that mereology-based instruction builds on prior knowledge
of chemistry and visual representation to improve the analysis of health-related
contexts. It needs to be emphasized that mereology-based instruction in this study
does not focus on teaching biochemisiry knowledge using mereology but applying a
thinking process in addressing false reductionist part-whole relationship in
biochemistry and extend its premise tc the context of health literacy.

The common theme used in conventional instruction is ‘structure-property’ or
‘structure-function’ relationship, although students are expected to fill the gap in
relating the content knowledge to health applications. Mereology-based instruction
utilizes a less familiar relationship of concepts with the hope of extending the
conceptual knowledge gained to health contexts. The thinking process involved in
mereology-based instruction may elicit chemical identity thinking, critical th'nking in
chemistry, and chemistry-based health literacy when students attempt to resolve
chemistry concepts which cannot be confined in a part-whole relationship theme.
Other sources of evidences may be obtained by students from both chernistry and
health-related concepts to critically appraise the validity of a claim. Mereology-based
instruction also engages students to recognize the limitations of part-whole
relationship in health-related biochemiistry topics which address health promotion,
diagnosis cf diseases and phamacolegical approach of managing health problems.

A reductionist part-whole relationship in chemistry presents a relevant cognitive
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dissonance and cognitive load which challenges the ontological nature of part-whole

relationship and aligns the thinking process to falsify an illogical or erroneous
simplification within a part-whole relationship theme. Hence, it is hypothesized that
the learning process using mereology-based instruction addresses the expected
competencies of health science students who have completed a one-semester
biochemistry instruction. Lastly, it is hypothesized that a mereology-based instruction
can address chemical identity thinking and critical thinking in chemistry

synchronously with chemistry-based health literacy.

Mereology-based Instruction: Effects on CIT, CTC and CbHLT 48



Chamical identity Thinking
Student ahility

V.

Chemistry
Pretest Abiity in Chemistry based Hoalth Literacy

item difticulty

Type of Instruction
Conventional Instruction

Mereology-hased Instruction

Critical Thinking in Chemistry

Gender
Cognitive load

Student ability
{tem difficulty

AV

Chemistry-basod Health Literacy
Student ability
ltem difficulty

\ 4

Figure 2.2. Conceptual framework of the study
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Hypotheses of the Study
In this study, it is hypothesized that mereology-based instruction in biochemistry
will improve the chemical identity thinking, critical thinking in chemistry and
chemistry-based health literacy of students. The altemative statistical hypotheses
are as follows:

1. The mean level of difficulty of items in prior knowledge in chemistry concepts
and prior knowledge of visual representations in both mereology-based
instruction and conventional instruction are higher than the mean student
ability of participants.

2. After controlling for prior knowledge of chemistry concepts (PKCC) and prior
knowledge of visual representations (PKVR), there is a significant difference
between students exposed to mereology-based instruction (MBI) and to
conventional instruction (Cl) in terms of posttest chemical identity thinking,
posttest critical thinking in chemistry and posttest chemistry-based health
literacy.

3. Student ability in prior knowledge of chemistry concepts, student ability in
prior knowledge of visual representations, mean total cognitive load, pretest
student ability in chemical identity thinking and gender are significant
predictors of posttest ability in chemical identity thinking in MBI and CI groups.

4. Student ability in prior knowledge of chemistry concepts, student ability in
prior knowledge of visual representations, mean total cognitive load, pretest
student ability in critical thinking in chemistry and gender are significant

predictors of posttest ability in critical thinking in chemiistry in MB!I and CI

groups.
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5. Student ability in prior knowledge of chemistry concepts, student ability in
prior knowledge of visual representations, mean total cognitive load, pretest
student ability in chemistry-based health literacy and gender are significant
predictors of posttest ability in chemistry-based health literacy in MBI and Cl

groups.
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Definition of Terms

Below is a list of the terms used in this study, and their corresponding

operational definitions based on how they were used.

Argumentation is operationally defined as an activity involving syllogisms which are

evaluated using Toulmin Argumentaticn Pattern.

Chemical identity thinking is operationally defined as the ability to differentiate two
substances by virtue of a feature of property which is unique to these substances.
Chemical identity thinking is measured as ability logit in chemical identity thinking

instrument after performing Rasch partial credit model.

Chemistry.-based health literacy is cperationally defined as the ability to select
correct health decisions and support it with contextualized chemistry-related
explanations. Chemistry-based heailth literacy is measured as ability logit in the

chemistry-based health literacy test after performing Rasch partial credit model.

Cognitive load is operationally defined as the difficulty experienced by students o
mental or physica! tasks related to the type of instruction. It is measured as the ability
logit in cognitive load questionnaire after performing Rasch partial credit model using

stacked analysis anchored on items.
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Conventional instruction is operationally defined as the type of Biochemistry
instruction involving structure-property relationship and structure-function
relationship in argumentation and quantifative structure-activity relationship

laboratory activities.

Corrective effect is operationally defined as an effect of type of intervention to elicit
change i the ability of a negative logit (level 0) to a higher positive logit (level 1,

level 2 or level 3).

Critical thinking pertains to critical thinking in chemistry, and is operationally
defined as the ability to link correct inference and correct chemistry explanations in
general inorganic chernistry and general organic chemistry. It is measured as the
ability logit in critical thinking test in chemistry after performing Rasch partial credit

model.

Enhancement effect is operationally defined as an effect of type of intervention to
elicit change in the ability of a low positive logit (level 1 or 2) to a higher positive logit

(Level 2 or Level 3).

Extraneous cognitive load is the difficulty experienced by the student when
performing tasks in the quantitative structure-aciivity relationship laboratory activities.

It is measured by obtaining the mean of items related to tasks and instruction in the

cognitive load questionnaire
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Germane coghnitive load is the difficulty experienced by the student when
organizing, relating and synthesizing concepts related to the biochemistry topic and
the quantitative structure-activity relationship laboratory activities. It is measured by
obtaining the mean of items related to organization, relation and synthesis in the

cognitive load questionnaire.

Intrinsic cognitive load is the difficulty experienced by the student when leaming a
main biochemistry topic in the laboratory activity using the quantitative structure-

activity relationship. It is measured By obtaining the mean of items related to topics

of laboratory activity in the cognitive load questionnaire.

Item difficulty is operationally defined as the logit measure of relative effort in
answering an item correctly in the test or instruments used in this study. It is
obtained after performing dichotomous Rasch analysis or Rasch partial credit model.

For Rasch partial credit model, item difficulty is obtained using racked analysis

anchored on student ability.

Logit is operationally defined as a linear unit which is used as a measure of student

ability and item difficulty in a Rasch model.

Mereology-based Instruction is operationally defined as type of Biochemistry
instruction involving false reductionist part-whole relationship embedded in

argumentation and quantitative structure relationship laboratory activities of the

students’ biochemistry subject.
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Prior knowiedge of chemistry concepts is operationally defined as the prior
conceptual understanding of general inorganic chemistry, thermochemistry and
general organic chemistry. It is measured by obtaining the ability logit in prior

knowledge of chemistry concepts test after using dichotomous Rasch analysis.

Prior Knowledge of visual representations is operationally defined as prior
conceptual understanding of conventional models of molecular representation,

skeletal modeis, ball and stick models, and electrostatic potential map. It is
measured by obtaining the ability logit in visual representations test after using

dichotomous Rasch analysis.

Quantitative structure-activity relationship (QSAR) laboratory activity is

operationally defined as a task involving investigation of relationship between

molecular descriptors from ChemDes and MolView and quantitative in vitru assay

results expressed in percentage or concentration.

Rasch learning gain is operationally defined as the difference between pretest and

posttest student ability measured in logit after stacked analysis using Rasch partial

credit model.

Student is operationally defined as a male or female second year BS Medical

Laboratory Science college student who is currently enrolled in Biochemistry.
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Student ability is operationally defined as the logit measure obtained from
dichotomous Rasch analysis or Rasch partial credit model in the research
instrumenits and tests. For Rasch partial credit models, student ability is obtained

using stacked analysis anchored on items.
Total cognitive load is operationally defined as the measured person ability (logit)

in the cognitive load questionnaire. it subsumes intrinsic cognitive load, extraneous

cognitive load and germane cognitive load.
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CHAPTER 3
METHODOLOGY
This chapter presents the research design, description of the population of the
study, discussion of the components of chemical mereology-based instruction,

details and procedures of data gathering methods and data analysis.

Research Design
This utilized a pretest-posttest alternative treatment control group design to
determine the effects of mereology-based instruction on chemica! identity thinking,

critical thinking and chemistry-based health literacy of students. The research design

diagram is illustrated in Figure 3.1.

Cil Group: O O2 O3 Os O5 X4 Os Or Og

MBIGroup: Qs Ow O Oz O X O Oi5 Oss

Figure 3.1. Research design diagram

Cl: Conventional Instruction

MBI: Mereology-based Instruction

O+ and Os: Prior conceptual understanding of chemistry test
O2 and O1o: Prior knowledge of visual representation test
Os and O11: Chemical identity thinking pretest

Oas and Os2: Critical thinking ir chemistry pretest

Os and O13: Chemistry-based health literacy pretest

X1 = Exposure to conventional instruction (Cl)

X2 = Exposure to mereology-based instruction (MBI)
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Os and O14: Chemical identity thinking posttest
Oz and Oss: Critical thinking in chemistry posttest

Os and O1s: Chemistry-based health literacy posttest

Sample
A total of 608 students composed of 133 male students and 475 female
students from thirteen intact classes participated in this study. The students were
second year BS Medical Technology enrollees in biochemistry during the first
semester of school year 2019-2020, and are qualified based on the inclusion criteria:
a) male or female, b) currently enrolled in biochemistry course, c) has completed
general inorganic and organic chemistry course, d) 18-20 years old, and e) willing to

participate in the study. Seven intact classes were randomly assigned to mereology-

based instruction group, whilz the six intact classes were assigned lo the

conventional instruction group.

During the course of the intervention, 5.10% of the participants (11 male

students and 20 female students) opted to withdraw during the final term of the

semester and did not answer the posttest. Hence, the final set of complete data was
from 577 participants comprised of 290 students in mereology-based instruction

group (17.50% males, 82.50% females), and 287 students in conventional instruction

group (22.65% males, 77.35% females).
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interventions

In both mereology-based instruction group and conventional instruction group,
the lesson starts with a reading assignment regarding the incoming topic in the
lecture class. After reading the assignments, the students are introduced to the topic
in the lecture class. Since the lecture class is followed immediately by the laboratory
class, the discussions in the lecture class are reiterated in the laboratory class. The
QSAR laboratory aciivity is introduced for both classes. The laboratory activities are
the same in all contents, except for the argumentation part.

In the conventional instruction classes, the argument is based on a structure-
property or structure-function relationship concept, while in the mereology-based
instruction group, the argumentation component is based on a part-whole
relationship, which is presented in a syllogism format. In both classes, all students
per group are required to create an argument using the prescribed Toulmin
Argumentation Pattern (TAP) format. The output is evaluated using a researcher-
made scoring rubric based on the components of the argument using the TAP
format. Each group exchangz their work in the next meeting for critique from other
groups.

The literature readings are done independently and are used by the students
during their presentation and critique of other group’s argument. After the
argumentation activities, students will submit their laboratory report with the answers
to the research questions. The laboratory reporis are evaluated using the Modified
Hoyo Critical Thinking Evaluation Rubric for Laboratory Work Reports. The
laboratory notebooks were also submitted to review the data gathered by students
and the flow of their initial analysis in the laboratory. Each research question

addresses a concept in the method used in the performance of laboratory activities
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or the health-related applications of the QSAR acilivities. The research questions are
the same for both conventional instruction group and mereology-based instruction
group. Lastly, all students are requested to evaluate the activity using the Cognitive
Load Questionnaire, which is compiled by the researcher in Excel format for Rasch
analysis. The next cycle begins when the teacher assigns a new assignment related
to the next topic to be discussed int the lecture and laboratory classes.

The sequence of topics in the lecture and laboratory was modified based on
the sequence of functional groups discussed during organic chemistry. The topics
related to biomolecules started with selected lipid molecules, followed by selected
saccharides, nucleic acids and proteins. The examination and quizzes were only
based on the QSAR activity which do not require students to apply structure-activity
relationship or part-whole refationship thinking. Quizzes and examinations were
deliberated a2nd prepared by all Biochemistry instructors who attended the training-
workshop, including the researcher.

A bimonthly to monthly meeting was conducted and spearheaded by the
researcher to assess the progress of each class in performing the QSAR activities
and in constructing arguments using the Toulmin Argumentation Patiemn using the
arguments presented in the laboratory manual of conventional instruction group and
mereology-based instruction group. In cases where a face-to-face meeting was not
possible due to exam weeks, cancellation of classes and other school events,
concerns were also addressed and answered via email.

All laboratory reagents and materials were provided and prepared by the
researcher. The reagents were dispensed in plastic vials and placed in the laboratory
kit. The use of equipment was also coordinated by the researcher with the

Biochemistry instructors and laboratory technicians. The lecture learning material
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was also prepared by the researcher to ensure that there is no deliberate teaching of
part-whole analysis. Examples of researcher-made learning materials and lab kits
are presented in Figure 3.2.

The QSAR activities in the laboratory manual were evaluated by a professor
from the Institute of Chemistry, UP Diliman whose area of research is computational
chemistry, and a PhD Chemistry Education professor from University of Baguio. All
QSAR activities were revised based on the comments and suggestions of the
evaluators. The contents of the learning material were presented to the department
head of the Medical Laboratory Science and to the dean of the School of Natural

Sciences of Saint Louis University for approval and evaluation.

BIOCHEMISTRY BIOCHEMISTRY
Laboratory Manual for Health Sclences Students Laboratory Manual for Health Sciences Students /3
. . BIOCHEMISTRY LECTURE

LEARNING MATERIAL
Part1

-

A

Figure 3.2. Sample researcher-made learning materials and laboratory kit
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Journal articles which were relevant to the QSAR laboratory activities and
critical thinking laboratory activities were provided by the researcher via Google
classroor. Only freely accessible journal articles were selected from highly
reputable publishers (Scopus or ISl-indexed joumnals).

For QSAR activities, all groups were requested to bring one laptop per group
for in silico analysis during laboratory session. Students perform correlation analysis
of molecular descriptors and formulated a linear regression equation, which requires
deliberation frorn all members of the group. Only two variables were chosen. The
schedule of activities, submission of outputs and quizzes were coordinated with all
Biochemistry instructors. Permission to modify the laboratory activities was sought
from the department head, dean and other institutional leaders prior to the

implementation of the study.

During data gathering, the names of the students were coded using a group-
number-class code acronym (example: MBIi-01-A or CI-01-B}. The record of student
information, filled up consent forms and answers to research instruments were kept
in a sealed cabinet for access and assurance of anonymity. Only the researcher had
access to all student information and answers. When explanations were submitted to

raters, only the codes of the students were indicated in the file to ensure anonymity.
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Data Gathering Instruments

There were six research instruments used in this study, comprised of two
muitiple-choice tests, three multitiered tests and one Likert questionnaire. The
multiple-choice tests were the prior knowledge of chemistry concepts test (PKCCT)
and the visual representations test (VRT). The multi-tiered tests were chemical
identity thinking instrument (CIT1), critical thinking test in chemistry (CTTC) and
chemistry-based health literacy test (CbHLT). The details for the development and
administration of each research instrument are discussed in the following

paragraphs.

Prior Knowledge of Chemistry Concepts Test
The first version of prior knowledge of chemistry concepts test (PKCCT_v01) -

was originally composed of 54 items (49 multiple choice items and & problem-solving
items) about concepts in inorganic chemistry and organic chemistry. A co:rect
answer in each of the item is scored “1” while a wrong answer is scoted “0". The test
was validated by three PhD Chemistry professors, one PhD Biochemistry professor

and one PhD Chemistry Education professor.

Validity was obtained using L.awshe Content Validity Index and researcher-
made content validity form. The procedure and interpretation of Lawshe Content
Validity Index was based on previous studies (Ayre & Scally, 2014; Gilbert & Prion,
2016). In an item level, the item content validity index (I-CV1) was computed as the
number of experts evaluating an item as “essential” divided by the total number of
experts. Relevancy is based on how the item relates to the construct of the
instrument. The validator can rate each item as non-essential (NE), useful (U) or

éssential (E) based on how each item relates to the main construct or concept of the
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test or instrument. The item-content validity index expresses the proportion of
agreement on the relevancy of each item, which is between zero and one.

The item-content validity index was supplemented by the kappa statistic. The
kappa statistic is a consensus index of inter-rater agreement that adjusts for chance
agreement. Kappa provides information about degree of agreement beyond chance.

To calculate modified kappa statistic, the probability of chance agreement was
first calculated for each item by following formula: PC= [N! / Al (N-A)!] * 0.5N]. In this
formula, N refers to the number of experts in a panel and A refers to the number of
panelists who agree that the item is relevant (or essential). After calculating 1-CVI for
all instrument items, kappa is computed by entering the numerical values of
probability of chance agreement (pc) and content validity index of each item (1-CVI)
in following formula: K = (I-CVI - pc) / (1-pc). If the kappa values are above 0.74,
between 0.60 and 0.74, and between 0.40 and 0.59, the values are classified as
excellent, good, and fair, respectively. Content validity rating was performed simply
by obtaining the average rating or all vaiidators and interpreted based on the range
for average rating.

After the validation of the test, the item-content validity index was determined
peritem to determine which items to be retained or eliminated (sample shown in
Appendix A). Content validation rating was also determined (sample shown in
Appendix B). The initial difficulty of items was hypothesized based on the task

involved in each item.

As advised, the sequence of the items was modified, and some items were
reconstructed based on the suggestion of the validators. The second version of
PKCCT (PKCCT_v02), which is the validated version, was composed of 50 multiple-

choice items and was submitted for ethics review last March 6, 2019 to allow pilot
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testing to various universities. The research protocol was approved last March 21,
2019 with the following revisions: (a) research instruments were brought to the
different universities during pilot testing, (b) informed consent forms were obtained
prior to pilot testing, (c) codes of each respondent were shortened, and (d) dates for
pilot tests were changed because soine universities refused to participate. The
research protocol was assigned with approval ceitificate number SLU-REC 2019-
045.

Letters of communication were sernt to three institutions for the coordination of
schedule for pilot testing (sample shown in Appendix C). After approval, a total of
374 students composed of 46 second year BS Chemistry students from one
institution in Laguna, 114 first year medical technology students in one institution in
Manila, and 214 first year BS Pharmacy students in one university in Baguio City
were recruited to answer PKCCT_v02.

The values obtained from the data were compared to the specific rarige of
values of person and item separation and reliability, item fit statistics such as MNSQ
and ZTSD. point measure ccrrelation, an unidimensionality using the eigenvalue of
the first contrast by utilizing dichotomous Rasch analysis in Winsteps version 4.4.5.
In the dichotomous Rasch model, the probability of a person’s response to an item is
a function of the difference between the item’s location in the linear logit scale and
the person’s location in the same logit scale, this particular Rasch model is
commonly used in a test wh:ch has either correct or wrong answer. Rasch parameter
such as person and item reliability index, person and item separation index, item

difficulty, item polarity, and unidimensionality were evaluated.
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Dichotomous Rasch analysis is commonly used in multiple choice tests

{Boone & Scantlebury, 2006) and is based on the mathematical modei:

Where Bais the ability of the person n, Diis the difficuity of item iand the
probability (P) of a person answering an item is related to the person ability and item
difficulty. Both person ability and item difficulty are converted irto logits, and may be

presented in the same linear scale using what is called a Wright Map.

In contrast, the partial credit Rasch model indicates that each item has its own
rating scale structure. It is more appropriate for tests that have respenses which can
be given partial credit towards a correct response. The amount of partial correctness

varies across items. The partial credit model is a version of the rating scale model

and is described mathematically as:

P
ln(- Y )= B, — DI-FI]
Paig-1)

Where:

Fy = threshold between categones j and j-1 on item i.

In contrast to the rating scale model, the items of the same raw score can have
different values of Rasch difficuities if the pattern of category usage on those items is
different (Bond & Fox, 2007; Bond et al., 2020; Planinic et al., 2019).

Furthermore, other properties of the test such as item separation, item
reliability, person separation, person reliability, unidimensionality, fit statistics (infit
and outfit MNSQ and ZTSD) and point measure correlation are provided to

determine if the items fit the Rasch model. If the test fits the Rasch model and
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satisfies unidimensionality and local independence, then the measurements from the
Rasch analysis are trustworthy (Wei et al., 2012). The parameters of Rasch analysis
and their interpretation are shown in Appendix D.

The internal consistency of the test (KR-20) was computed using the software
SPSS 27.0. Differential item functioning (DIF) between male and female students
were also determined to remove gencer bias using WINSTEPS 4.4.5. Based on DIF
analysis, two items exhibited gender bias, and were subsequently removed.

After the evaluation of the psychometric properties PKCCT_v02, a total of 45
items were included in the pilot test and subsequently used

to the target participants. The final version of the test is composed of 20 items
in general inorganic chemistry topics, 4 items in thermochemistry and 21 items in
general organic chemistry topics. The summary of Rasch analysis is presented in
Table 3.1, indicating that PKCCT_v02 fits the Rasch model, and is appropriate for
the target participants.

The final version of this test is called prior knowledge of chemistry concepts
test (PKCCT) and is used to obtain the student ability measures (logit) and item
difficulty measures (logit). Student ability logits were used in subsequent statistical

analysis. The details of each item in PKCCT are summarized in Appendix E.
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Table 3.1.

Psychometric properties of prior knowledge of chemistry concepts test

Parameter ‘Results Interpretation
Person separation 147 Test may discriminate 1 or 2 levels only
(Boone et al., 2014).
Person reliability 0.68 Test may discriminate 1 or 2 levels only.
ltem separafion 573 There are 6 levels of difficulty.
{tem reliability 0.97 item difficulties have high reproducibility.
Fit statistics
Infit MNSQ 0.87to0 1.12 The items fit the dichotonious Rasch model.
Outfit MNSQ 0.84t0 1.14 ZTSD measures can be ignored if MNSQ
Infit ZTSD 441 t0 3.51 values are within the acceptable range
Outfit ZTSD 4.42103.27 (Boone et al., 2014)
Point measure cormelation range 0.06 to 0.49 All items contribute to the measurement of the
construct.
Unidimensionality
Eigenvalue of 1# contrast 1.71 The test is unidimensional.
PCA disattenuated conelation range 0.55 t0 0.83
KR-20* 0.70 The test has adequate intemal consistency.
Person Measure -163to 1.58 items are within the person measure.
Item Measure -1.63t02.12
Person and item mean difference 0.49 **Mean item difficulty is higher, butis
appropriate for target participants.
*analyzed using SPSS 27.0

**Mean item difficulty is 0.49 logit above the mean person ability

Visual Representations Test

The first version of the Visual Representations Test (VRT_v01) was
composed of 26 multiple-choice test questions. The test items require the
interpretation and analysis of skeletal structures, ball and stick models, van der
Waals sphere models, and electrostatic potential maps (EPM). A comrect answer in
each of the item is scored “1” while a wrong answer is scored “0”.

The first version of the test was evaluated by four PhD Chemistry professors,
two PhD Chemistry Education professor and one PhD Biochemistry professor, to

determine whether the test items are measuring prior understanding of visual
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representations. After validation of the test. the item-content validity index was
determined per item to determine which items to be retained or eliminated (Appendix
F). Content validity rating was also determined (Appendix G) to improve the test. The
procedure of obtaining item content validity and content validity rating was similar to
the method used in prior knowledge of chemistry concepts test.

One item was eliminated based on the results of item content validity index.
Items which focus on the electrostatic potential map (EPM) models were
reconstructed based on the suggestions of the validators. Three additional items
were also included in the second version of the test. Furthermore, the choices in
each item were revised to ensure that there is only one correct answer per item. The

second version of Visual Representations Test (VRT_v02) was composed of 25

items.

The protocol for conducting the pilot test for Visual Representations Test was
submitted for ethics review on March 6, 2019, approved on April 10, 2019 and was
assigned an ethics approval certificate SLU-REC 2019-044. The test is constructed
according to the learning progression (Figure 3.4) developed by the researcher,

basing it on previous studies (Mnguni et al., 2016; Rau, 2016; Schonborn &

Anderson, 2010).

The proposed learning progression for visual representations test was
developed by determining the characteristics of students in the lowest level and

highest level in the proposed leaming progression (Figure 3.3.). Then, a logical

sequence of skills that a student or learner may exhibit when transitioning towards
the highest level is proposed within the learning progression. The characteristics of
students with low conceptual understanding of visual representations was based on

the level of difficulty of visualization skills proposed by Mnguni et al., 2016, which
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includes describing, classifying, ordering, and explaining what visual representations
are. Furthermore, leamers with low visual literacy often focus on surface

characteristics of visual representations, such as shape, color or size.

High Conceptual Knowledge
of Visual Representations

N

Level 3 - Relating exglicit and implicit features of the visual
representation in providing inferences or in solving
chemistry problems

Level 2 - Recognition of the implicit features cf the visual
representation and ability to infer using these features of
the representation

Level 1 - Familiarity with the features of a visual
representation, focusing primarily on the informationprovided
explicitly by the representation

Low Conceptual Knowledge of
Visual Representations

Figure 3.3. Hypothesized progression of conceptual knowledge of visual
representations

When a leamer understands the explicit or surface characteristics of a visual
representation, they can relate the features of one visual representation to another
visual representation (Rau, 2016). A student who claims that a ball and stick model
and Lewis’s dot structure of a water molecule are depicting the same molecule
characterizes this level of understanding. Student can claim that the ball and stick

model provide other features such as molecular geometry, which complement the

information in the Lewis dot diagram. A student may also infer that the molecule is
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polar based on electronegativity differences in the atomic composition. Polarity is
classified as an implicit feature in this case.

Lastly, being able to use explicit and implicit features in solving a problem
constitutes the highest level as students may shift from one representation to
another or use deduction and develop inferences based on the combination of
representations. This resonates with the “externalization” level depicted by Mnguni et
al. (2016), which characterizes a learner with high level of visuail literacy to infer,
complete, propose, develop, formulate, and use a visual representation. In this
study, the proposed learning progression was iteratively modified based on the
Rasch analysis result during the pilot test, since the resuiting realistic range of skills
is only depictive of health science students who did not have prior knowledge of
visual representations compared to students who aiready completed advanced
chemistry subjects such as analytical chesnistry and biochemistry.

After securing ethics approval, letters of communication were sent to the dean
and coordinators to selected institutions for approval and coordination of pilot testing
of the second version of the test (VRT_v02). A total of 404 students who have
finished general inorganic chemistry and organic chemistry participated during the
pilot test. The respondents inciuded 81 first year BS Biology students from a
university in Baguio City, 92 first year BS Pharmacy students from & university in
Baguio City, 24 first year BS Medical Technology students from a university in
Pampanga, and 197 first year BS Medical Technology students from a university in
Manila.

The results were evaluated using dichotomous Rasch analysis using
WINSTEPS version 4.4.5. Rasch parameter such as person and item reliability

index, person and item sepaiation index, item difficulty, item polarity, and
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unidimensionality were evaluated. The intemal consistency of the test was also
computed by the software SPSS 27.0. Differential item functioning (DiF) between
male and fernale students were also determined to remove gender bias. Based on
DIF two items exhibited gender bias.

After the evaluation of the psychometric properties VRT_v02, a total of 23
items were included in the last pilot visual representations test and subsequently
Jsed to the target participants. The final version of the test was composed of 5 items
related to conventional visual representations (particle models, Newman projection),
12 items related to skeletal structures, 3 items in ball and stick model, and 3 items in
EPM models. The details of visual representations test items are in Appendix H.

The summary of dichotomous Rasch analysis is presented in Table 3.3,
indicating that VRT _v03 fits the Rasch model, and is appropriate for the target
participants. The final version of this test was called visual representations test
(VRT), and was used to obtain the student ability measures (logit) and item difficulty

measures (logit). Student ability logits were used in subsequent statistical analysis.
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Table 3.2.

Psychometric properties of visual representations test

Parameter Results Interpretation
Person separation 1.34 Test may discriminate 1 or 2 levels only
(Boone et al., 2014)
Person reliability 0.64 Test may disctiminate 1 or 2 levels only.
Item separation 5.19 There are 5 levels of difficulty.
Item reliability 0.96 Item difficulties have high reproducibility.
Fit statistics
Intit MNSQ 0.87 t0 1.23 The items fit the dichotomous Rasch model.
Outfit MNSQ 0.85t0 1.24 ZTSD measures can be ignored if MNSQ
Infit ZTSD -2.20t02.28 values are within the acceptable range
Outfit ZTSD -1.64 10 2.08 (Boone et al., 2014)
Point measure correlation range 0.03 to 0.51 All items; contribute to the measurement of the
construct.
Unidimensionality
Eigenvalue of 1* contrast 1.80 The test is unidimensional.
PCA disattenuated correlation range 0.95 to 1.00
KR-20* 0.74 The test has adequat2 internal consistency.
Person Measure -2.0910 1.18 Items are within the person measure.
ltem Measure -2.26t02.23
Person and item mean difference 0.31 **Mean item difficulty is higher than mean

persor ability logit

*Analyzed using SPSS 27.0
**Mean item difficulty is 0.31 logit above the mean person ability logit.

Chemical Identity Thinking Instrument
The first version of Chemical ldentity Thinking instrument (CITI_v01) wa3s

deveioped based on the study conducted by Ngai (2017). The work of Ngai (2017)
focused on the rigorous development of an instrument involving qualitative data to
diagnose chemical identity thinking, leading to the development of a learning
pregression corresponding to objectivization, principlism, compositionism, and
interactionjsm.

Based on reasoning pattems, objectivization (first level) utilizes functional

usage, historicality, and surface similarity. The second level, principlism, relies on
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historicality, surface similarity, substantialization, and additivity. Compositionism, the
third level, relies on additivity and elementalism. The last level, interactionism, relies
on structuralism and emergence. These levels were utilized to characterize the
reasoning patterns of students in the Chernical Identity Thinking Instrument in this
study. The instrument was composed of 24 items involving substances and mixtures.
The items were included because they can elicit objectivization, principlism,
compositionism and interactionism explanations from students.

The first part was composed of 10 items which require students to determine
whether the samples were similar or different. Students were required to provide
explanations afterwards. The secend part of the instrument was composed of 14

items which required students to explain their answers to differentiate materials,

substances or molecules.

The protocol for conducting the pilot test for Chemical Identity Thinking
Instrument was sent to two PhD Chemistry Education professors, one PhD
Chemistry professor and one PhD Biochemistry professor for content validation.
Four items were deleted after content validation, and the resulting second version
was assigned CITI_v02. The details of the item-content validity index and content
validation rating are presented in Appendix | and Appendix J. The procedure of
obtaining item content validity and content validity rating was similar to the method
used in prior knowledge of chemistry concepts test.

The revised instrument was submitted for ethics review prior to pilot testing
last February 18, 2019 and was approved last March 25, 2019 and assigned with
ethics approva; ceriificate SLU-REC 2019-021. The test was constructed based on
the leaming progression (Figure 3.4) developed by the researcher based on the

study of Ngai (2017). Since the leaming progression only encompasses the
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construct for students who finished biochemistry and those who had no prior
exposure, there were only 5 levels proposed and tested using Rasch partial credit
model. The levels guided the evaluation of the answers and characterize the types
of chemical identity thinking to the target participants only prof. But if the target
participants are more diverse, the levels can be modified. Since this study only dealit
with health science students, this served as the guide in determining changes from
pretest to posttest, after the target participants were exposed to the teaching

intervention.

High chemical identity thinking

A Level 4 — Treatment of substances as having properties
emerging from dynamic interactions of its components

Level 3 — Treatment of substances as mixtures of atoms or
elements with characteristic properties

Level 2 - Differentiation based on presence or absence of
principles that carry a property or attribute

Level 1 — Differentiation based on object-relevant
properties or attributes

Level 0 — Inability to differentiate substances or mixtures
due to alternative conceptions or inaccurate claims

Low chemical identity thinking

Figure 3.4. Hypothesized progression of chemical identity thinking

Letters of communication were sent to three institutions for the coordination of
schedule for pilot testing. After approval, a total of 362 students composed of 101
third year BS Medical Technology students from one institution in Manila, Metro

Manila, 24 second year medical technology students from one university in
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Pampanga, 113 second year BS Medical Technology students from one university in
Quezon City, Metro Manila, 91 second year BS Biology students from one university
in Baguio City, and 33 second year BS Medical Technology students from one
university in Pampanga were recruited to answer CITI_v02.

All answers were encoded and transcribed in Microsoft Excel, then sent to two
raters. The first rater was a BS Chemistry graduate, while the second rater was a
graduate of MS Chemistry. All answers were rated independently using the rubric in
Table 3.3. Interrater comelatior: was determined to be 0.915 for 160 items. ltems

which were unclear were discussed via email. The raters for pilot test were also the

rater during prefest and posttest.

Table 3.3.

Rubric for the evaluation of answers in chemical identity thinking instrument

~_ Level Accuracy of explanation Type of Explanation Score
3 Correct Answer Compesitionism or Interactionism 3
Correct Answer Principlism
1 Correct Answer Objectivization 1
0 Incorrect Answer Alternative conception 0
Unrelated
*/ don't know”

The data obtained from pilot test was analyzed by assigning a color code for
each explanation, and a number code fer the accuracy. The combination of accuracy
and type of explanations were coded using the scores 0, 1, 2 and 3. Rasch partial
credit model was conducted to determine the psychometric properties of the
instrument. The results are presented in Table 3.4. Iterative analysis using five levels
was analyzed, but level 3 and level 4 were combined based on their cenflated item

category thresholds as explained in the following statements. When evaluating the
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category thresholds, the boundaries of each category should be distinct. When the
boundaries of two categories are not distinct, the two categories heed to be
collapsed or combined into one category. In the analysis of the data using Rasch
partial credit model, the hypothesized Level 3 and Level 4 in Figure 3.5. exhibited

overlapping, or indistinct category threshoids. Hence, Level 3 and Level 4 were

collapsed into Level 3, which is characterized by students who treats substances as

mixtures of atoms or elements with distinct properties, and treating substances as

having properties emerging from dynamic interactions of its components. The final

Andrich thresholds indicate that the four final categories have distinct item

thresholds, as shown in Figure 3.5. The details of items in chemical identity thinking

instrument are presented in Appendix K.
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Figure 3.5. Rasch Andrich threshoid of categories in chemical identity thinking

instrument
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Based on the resuits of Rasch partial credit model, the leaming progression
was modified to combine Level 3 and Level 4. Hence, the leaming progression for
chemical identity thinking was modified (Figure 3.6) and subsequeritly used during
pretest and pcsttest. The scoring rubric to evaluate CITI_v01 is shown in Table 3.4.

The level corresponding to the hypothesized leaming progression was scored

accordingly to all items in the instrument.

High chemical identity thinking

A

Level 3 — Treatment of substances as mixtures of atoms or
elements with characteristic properties or having properties
emerging from interaction of its components

Level 2 — Differentiation based on presence or abserce of
principles that carry a property or atiribute

Level 1 — Differentiation based on object-relevant propertics
or attributes

Level 0 Inability {o differentiate substances or mixturesdue
to alternative conceptions or inaccurate claims

Low chemical identity thinking

Figure 3.6. Revised progression of chemical identity thinking

After performing Rasch partial credit model, the results are sunymarized in
Table 3.4., indicating that the instrument fits the Rasch model based on the study of

Ngai (2017).
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Table 3.4.

Psychometric properties of chemical identity thinking instrument

Parametor Resuits Interpretation
Person separation 1.81 Person separation is acceptable (Boone et al.,
2014)
Person reliability 0.77 Person measures can discriminate 1 or 2 levels.
Item separation 7.07 There are 7 levels of difficulty.
Item reliability 0.98 Item difliculties have high reproducibility.
Fit statistics
Infit MNSQ 08910 1.09  The items fit the dichotomous Rasch model. ZTSD
Outfit MNSQ 0.8810 1.03  measures can be ignored if MNSQ values are within
Infit ZTSD -4.64t01.33 the acceptable range (Boone et al., 2014)
Outfit ZTSD -1.8210 1.09
Point measure correlation range 0.29100.49  All items contribute to the measuiement of the
construct.
Unidimensionality
Eigenvalue of 1% contrast 1.51 The test is unidimensional.
PCA disattenuated comrelation 0.57100.85
range
Cronbach alpha* 0.77 The test has adequate intemal corisistency.
Person Measure -289to 1.18 ltems are within the person measure.
Item Measure -1.08to0 1.18
Person and itemn mean difference 0.69 **Mean item difficulty is higher than mean person
ahility logit
*Analyzed using SPSS 27.0

**Mean item difficulty is 0.69 logit above the mean person ability logit

Critical Thinking Test in Chemistry

The first version of critical thinking test is composed of 32 items which involve
concepts in general inorganic and organic chemistry. In each situation, students are
required to evaluate whether the final statement is valid, possible, or invalid The
concepts related to the critical thinking test were based on the topics in the study of
Al-Balushi et al. (2012), Fenandez (2012), Femandez (2015) and Tumay (2016).

The instrument was evaluated by four PhD Chemistry professors. The results
of the item content validity indices and content validation rating are shown in

Appendix L and Appendix M, respectively. The procedure of obtaining item content
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validity and content validity rating were similar to the method used for the
priorknowledge of chemistry concepts test.

Based on the item content validity indices, four items were discarded,
reducing the number of items into 28. Atter determining the duration for answering
the items, it was decided that the items be trimmed down to 20 to reduce test fatigue.
The choices were also changed into valid and invalid, based on the suggestion of the
evaluators. Finally, each question was revised to improve clarity. A leaming
progression was hypothesized to guide the scoring of responses of students in the
test (Figure 3.7). The levels in the leaming progression are based on the ability to
use mechanistic reasoning, which is characterized by a correct cause-effect thinking
using chemistry concepts. For example, a student with mechanistic thinking may

reason out that boiling of water invoives breaking of hydrogen bonds from water

molecules as influenced by the introduction of heat.
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High critical thinking in chemistry

A

Level 3 — Ability to use mechanistic reasoning involving
emergent properties in context-specific chemistry concepts

Level 2 — Ability to use mechanistic reasoning involving
chemistry concepts

Level 1 — Ability to use ccrrect chemistry concepts but does
not use mechanistic reasoning

Level 0 — No knowledge or possessing altermnative
conceptions ur unrelated chemistry concepts

Low critical thinking in chemistry

Figure 3.7. Hypothesized progression of critical thinking in chemistry

Prior to pilot testing of the second version of the test, a research protocol was
submitted for ethics review on February 18, 2019, approved on April 10, 2019 with
the ethics approval certificate SLU-REC 2019-022. The second version of the citical
thinking test in chemistry (CTTC_v02) was used for pilot testing to various
institutions. After ethics approval, letters of communication were sent to the deans
and coordinators of several institutions for coordination of activities for pilot testing of
instruments.

A total of 392 respondents comprised of 70 first year BS Medical Technology
students in one university in Baguio City, 4€ first year BS Chemistry students in a
university in Laguna, 110 first year BS Medical Technology students from one
university in Davao City, 100 first year BS Medical Technology students from Manila,

and 66 first year BS Pharmacy students from a university in Baguio City.
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All answers were encoded and transcribed in Microsoft Excel, then sent to two
raters. The two raters were BS Chemistry graduates. All answers were rated
" independently using the rubric in Table 3.5, which was based on the hypothesized
learning progression in critical thinking in chemistry (Figure 3.8). Interrater correlation
was determined ‘o be 0.932 for 160 itemns. ltems which were unclear were discussed
by the author with the raters via email. The raters for the pilot test were also the

raters during pretest and posttest.

Table 3.5.

Rubric for evaluation of answers in critical thinking in chemistry

Level  Accuracy of Accuracy of Type of Explanation Score
Claim Explanation

3 Cormrect Cormrect Chemistry concepts involving mechanistic reasoning and 3
amengent properties

2 Correct Comect Chemistry concepts with mechanistic reasoning; 2
disapproving chemistry explanations witn mechanistic
reasoning

1 Cormect Cormrect Chnemistry concepts but no mechanistic reasoning 1

Incoirect Cormect Chemistry concepts but no mechanistic reasoning

Non-chemistry concepts or unrelated chemistry 0

0 Incorrect Incorrect concepts; no explanation

All answers to “accuracy of claini” were encoded as 0 for incorrect answers,
and “1” for correct answers. All answers to “accuracy of explanation” were coded
using colors. The final codes wére determined then subjected to Rasch partial credit
model using WINSTEPS 4.4.5. Furthermore, Cronbach alpha was computed using
SPSS 27.0. The results of Rasch partial credit model are shown in Table 3.0.

It is indicated that the items fit the Rasch model. Upon DIF analysis, it was
noted that two items were gender-biased, hence, the final items in the instrument
were reduced to 18, corresponding to & general organic chemistry {opics, five

general inorganic chemistry concepts, and 8 items related to laboratory concepts.
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Lastly, the threshold of categories in Figure 3.8 indicates that the four categories can

be discriminated adequately. The details of items in critical thinking test in chemistry

is presented in Appendix N.

Table 3.6.

Psychometric properties of critical thinking test in chemistry

Parameter Resuits Interpretation
Person separation 2.13 Person separation is good (Boone et al., 2014)
Person reliability 0.82 Person measures can disciiminate 2 or 3 levels.
Item separation 7.29 There are 7 levels of difficulty.
Item reliability 0.98 Item difficulties have high reproducibility.
Fit statistics
Infit MNSQ 0.91t0 1.08 The items fit the dichotomous Rasch model.
Outfit MNSQ 0.88to 1.12 ZTSD measures can be ignored if MNSQ values
Infit ZTSD -1.14101.10 are within the acceptable range (Boone et al,
Cutfit ZTSD -141t01.55 2014)
Point measure correlation range 0.18 10 0.63 All items contribute to the measurement of the
construct.
Unidimensionaiity ) )
Eigenvalue of 1% contrast 1.45 The lest is unidimensional.
PCA disattenuated correlation 0.91t0 1.00
range
Cronbach alpha* 0.84 The test has adequate intemal consistency.
Person Measure 3.21t01.72 Items are within the person measure.
ltem Measure -1.0G to 0.67
Person and item mean difference 0.70 **Mean item difficulty is higher than the mean
person ability logit
*Analyzed using SPSS 27.0

**Mean item difficulty is 0.70 logit above the mean person ability
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Figure 3.8. Rasch Andrich threshold of categories in critical thinking test in chemistry

Chemistry-based Health Literacy Test

The first version of the Chemistry-based Health Literacy Test (CbHLT_v01)
was composed of 24 muitiple choice items which require explanation of their
answers. Basically, students are tasked to select a correct answer and provide
explanations related to correct chemistry contexts. The topics were related to
nutrition, pharmacology, diagnosis and natural products based on selected leading

causes of mortality and morbidity in the Philippines such as diseases of the

cardiovascular system, diabetes mellitus, respiratory diseases, malignant neoplasms

(cancer) and communicable diseases (bacterial infections).

This study hypothesized a learning progression on chemical reasoning which

is contextualized to health decisions (Figure 3.9).
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High Chemistry-based
Health Literacy

AN

Level 4 - Using integrated cause-effect reasoning pattem
based on correct and relevant chemistry coricepts in
choosing health actions or decisions.

Level 3 — Using a single linear cause-effect reasoning
pattem based on comrect chemistry concepts in choosing
health actions or decision

Level 2 - Using chemistry rules or simplified concepts in
choosing health actions or decisicns

Level 1 - Using familiarity of chemical terms or concepls in
choosing health actions or decisions

Level 0 — No krowledge or predominance of altemative
conceptions in chemistry-based health literacy

Low Chemistry-based
Health Literacy

Figure 3.9. Hypothesized progression of chemistry-based health literacy

The levels of chemistry-based health literacy are based on the combination of
four components related to the application of chemistry concepts to situations

involving health. These aspects are described by each level in Table 3.7.
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Table 3.7.

Basis for the progression of chemistry-based health literacy

| “Criteria Level “Description
. Linking of chemistrv 4 Linking of chemical concepts as basis to the health decision is based on multiple
goerélcse‘g:f and health conte:ds or: how chemistry concepts are linked to health concepts in the situation.

3 Linking of chemical concepts as basis for health d=cision is based on linear, one-
dimensional context on how chemistry concepts are linked to health concepts in
the situation.

2 Linking of chemical concepts as basis for health decision is based on similarity of
concepts in chemistry and the chemistry-based concepts in the situation.

1 Linking of chemical concepts to health decision is based on definition of chemical
werms or description of chemistry concepts.

Apprais:-;l of chemical 4 Appraisal of chemisiry information involves the recognition of limitations and
information strengths of chemical data which are relevant to the context of the . ealth situation.

3 Appraisal of chemistry information involves recognition of limitations and strengths
of chemical data without involving the context of the situation.

2 Appraisal of chemistry information is based on the similarity of the chemical
concept which was previously leamed to the health situation but without invelving
the context of the situation.

1 Appraisal of chemistry information is based on familiarity of definitions of chemical
terms or concepts only.

Inference from 4 Inferences from chemical data are based on the nature of the chemical
chemical data information and its suitability to be applied in the situation.

3 Inferences fromi chemical data are based on the nature of chemical information
and its similarity to the chemical concepts related to the situation.

2 Inferences are based on simplified rules in chemistry.

1 Inferences are limited and are based on definition of chemical terms and concepts
only.

Application of latent 4 Application of related macroscopic and ahstract chemistry concepts (sub-
and explicit chemistry microscopic or symbolic) which are not stated in the situation in addition to
concept in the explicilly stated chemistry concepts.

situation

3 Application of macroscopic concept or chemistry rules which are stated in the
situation.

2 Application of simplified chemistry niles or concepts which are not stated in the
situation.

] Utilization of chemistry concepts and definitions without applying them to the

health situation.

Mereology-based instruction: Effects on CIT, CTC and CbHLT 86



The first version of chemistry-based health literacy test was evaluated by four
PhD Chemistry professors and one PhD Chemistry Education professor. Basea on
item content validity indices, eight items were acceptable while 12 items needed
revision. Based on the comments of the evaluators, four items were deleted,
reducing the number of items to 20. Furthermore, the questions and options were
made shorter to increase clarity. The second version uf Chemistry-based Health
Literacy Test (CbLHTv02) was prepared for pilot testing. The results of the item
content validity indices and content validation rating are shown in Appendix O and
Appendix P, respectively. The procedure of obtaining item content validity and
content validity rating was similar to the method used in prior knowledge of chemistry
concepts test.

The research protocol for pilot testing of CoHLTvO2 was submiited for ethics
review last February 18, 2019. The protocol was approved last March 21, 2019 and
was assigned with Protocol Number SLU-REC 2018-023. After ethics approval,
letters of communication were sent to different institutions offering BS Medical
Laboratory Science or BS Medical Technology to coordinate the schedule for pilot
testing.

A total of 517 respondents answered CbHLT_v02. This population consists of
97 first year BS Medical Laboratory Science students from a university in Baguio
City, 52 third year BS Medical Technology students from a university in Manila, 92
first year BS Medical Technology students from another institution in Manila, 107 first
year BS Medical Laboratory Science students from a university in Quezon City,
Metro Manila, 65 first year BS Medical Technology students from a university in

Pampanga, and 104 first year BS Medical Technology students in one institution in

Davao City.
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Table 3.8

Initial rubric for the evaluation of chemistry-based health literacy fest

Level Accuracy of Accuracy of Type of Explanation Score
Claim Explanation
4 Correct Correct Multiple chemistry and health concepts involving mechanistic 4

reasoning related to the heaith context

3 Correct Correct Single chemistry concepts linked with a health concept with 3
mechanistic reasoning or disapproving chemistry
explanations with mechanistic reasoning related to the health

context

2 Correct Correct Chemistry concepts but no mechanistic reasoning related to 2
health context

1 Comect Correct Non-chemistry concepts or unrelated chemistry concepts; no 1
explanation

0 Incorrect Comector  Non-chemistry concepts or unrelated chemistry concepts; no 0

Incorrect explanation

All answers were encoded and transcribed in Microsoft Excel, then sent to two
raters. All answers were rated independently using an initial rubric shown in Table
3.8, which was based on the hypothesized learning progression in chemistry-based
health literacy. However, initial analysis yielded poor fit to Rasch patrtial credit medel.
Hence, the rubric and leaming progression was reviewed taking account the different
answers of students during the pilot test. The revised leaming progression is shown

in Figure 3.8, and the revised rubric is shown in Table 3.9.

It was noted that in the pilot test, there were two sources of alternative
conceptions. These were heaith-related alternative conceptions and chemistry
concept-related alternative conceptions. This prompted the researéher to reorganize
the leaming progression and rubric used for evaluating student answers in order to
adequately fit the Rasch partial credit model. The utilization of the initial rubric
resulted to poor item fitting in the Rasch partial credit model. The rubric was modified

by merging level 3 and level 4 in Table 3.8, which resulfed to non-overiapping

Mereology-based instruction: Effects on CIT, CTC and CbHLT 88



category curves for each level and better psychometric properties of the instruments

as shown in Table 3.10.

Table 3.9.

Final rubric for the evaluation of chemistry-based health literacy test

Level  Accuricyof  Accuracy of Typo of Explanation Score
Answer Explanation

3 Conect Comect Validated health claims linked to context-specific chemistry 3
explanations presented via mechanistic reasoning

2 Cormrect Correct Valida 2
ted health claims or health concepts linked to
generalized chemistry concepts

1 Cormrect Incorrect iNon-chemistry concepts or unrelated chemistry concapts 1

0 Incorrect Incomect Non-chemistry concepts or unrelated chemistry concepts; no 0
explanation

Using the new rubric in Table 3.9, the responses were evaluated by two
raters. The first rater was a BS Biology graduate pursuing Doctor of Medicine, while
the second rater was an MS Biology graduate. Interrater correlation was determined
to be 0.917 for 168 items. ltems which were unclear were discussed via email. The
raters for pilot test were also the raters during pretest and posttest. Consequently,
the learmning progression was also modified as shown in Figure 3.10.

It can be observed that the progression indicates a successful linking of
chemistry concepts to health contexts since the characteristics of the population
during pilot test ranged from health science students who did not take bicchemistry
yet, to students who have finished biochemistry and health-related professional
subjects. In the pilot test the progression was from having no knowledge to novice or
slightly better than novice. Hence, the progression represents the lower 3 levels in

the original hypothesized leaming progression in chemistry-based health literacy.

Mereology-based instruction: Effects on CIT, CTC and CbHLT 89




High Chemistry-based
Health Literacy

A

Leval 3 — Ability to select appropriate health decision using
cormrect health-related and contextualized and context-specific

chemistry explanations

Level 2 — Ability to select appropriate health decision using
correct health-related and general or non-specific chemistry
explanations

Level 1 -~ Non-critical selection of intervention based on
alterative conceptions in chemistry or health context

Level 0 — No knowledge or predominance of altemative
conceptions in chemistry or health contexts

Low Chemistry-based
Health Literacy

Figure 3.10. Revised hypothesized learning progression of chemistry-based

health literacy

All correct answers in each item in the multiple-choice component were
encoded as “0” for incorrect answers, and “1” for correct answers. All answers to
“explanations” were coded using colors. The finai codes were determined then
subjected to Rasch partial credit model using WINSTEPS 4.4.5. Furthermore,

Cronbach alpha was computed using SPSS 27.0.
The results of Rasch partial credit model indicated that five items did not fit

the Rasch model based on fi statistics and were subsequently deleted fiom the test.
After performing Rasch partial credit model using the 15 items, the model great.y
increased in person separation and person reliability, and improved in item in terms
of fit statistics (MNSQ and ZTSD) and unidimensionality. The results of final Rasch
partial credit model of the 15 items are shown in Table 3.10. Prior to pretest, DIF
analysis was further performed. It was fotnd out that four iterns exhibited gender

bias, and were deleted from the final form of the test. Hence, the final chemistry-
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based health literacy test had 11 items in total, composed of four items in nutrition
(N1, N2, N3, and N4), three items in natural products (NP1, NP2, and NP3), two
items in diagnostics (D1 and D2), and 2 items in pharmacology (P1, and P2). The

specific items in chemistry-based health literacy test are presented in Appendix Q.

Table 3.10.

Psychometric properties of chemistry-based health literacy test

Parametar Reaults interpretation
Person separation 2.09 Person separation is good (Boone et al., 2014)
Person reliability 0.81 Person measures can discriminete 2 or 3 levels.
Item separation 10.57 There are 11 levels of difficulty.
ltem reliability 0.99 ltem difficulties have high reproducibility.
Fit statistics
Infit MNSQ 0.94t0 1.05 The items fit the dichotomous Rasch model.
Outfit MNSQ 0.93to 1.08 ZTSD measures can be ignored if MNSQ values
Infit ZTSD -1.01t0 0.90 are within the acceptable range (Boone et al.,
Outfit ZTSD -1.16t0 1.29 2014)
Point measure correlation range 0.42 10 0.59 All items conitribute to the measurement of the
construct.
Unidimensionality
Eigenvalue of 1% contrast 1.34 The test is unidimensional.
PCA disattenuated correlation 0.87t¢ 1.00
range
Cronbach alpha* 0.82 The test has adequate internal consistency.
Persnn Measure 4,04 to 1.49 ltems are within the person measure,
Item Measure -1.13100.89
0.70 **Mean item difficulty is higher compared to the

Person and itern mean difference
mean person ability logit.

*analyzed using SPSS 27.0
**Mean item difficulty is 0.70 logit above the mean gerson ability logit

The threshold of categories in chemistry-based health literacy test is shown in
Figure 3.11, indicating that the categories can be discriminated adequately using the
Rasch partial credit model. Based on Figure 3.11, the Andrich thresholds at the
intersections indicate that adjacent categories are probhable on these intersections in

the logit scale. Based on this intormation, category 0 is located below -1.19 logit,
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category 1 is located between -1.19 logit to 0.25 logit, Category 2 is between 0.25 to

0.95 logit and category 3 corresponds to values above 0.95 logit.
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Figure 3.11. Rasch Andrich threshold of categories in chemistry-based health
literacy

Cognitive Load Questionnaire

The measurement of total cognitive load, intrinsic cognitive load, extraneous
cognitive load and germane cognitive load in the QSAR activities were measured
using a researcher-made questionnaire composed of 14 questions which were

answered using a four-point Likert scale.

The scale to determine the level of agreement of the students is shown below:
1 — Strongly Disagree
2 — Disagree
3 — Agree
4 — Strongly Agree
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In the cognitive load questionnaire (CLQ), items 1, 2 and 8 were related to
intrinsic cognitive load. ltems 3, 4,5, 6,7, 9 and 10 were related to extraneous
cognitive load. Items 11, 12, 13 and 14 are related to genmane cognitive load. Items
4,6, 8,10, 13 and 14 were scored in reverse. The scores were reversed because
the highest rating in these items indicate lower endorsability of the construct being
measured.

The first version of cognitive load questionnaire was evaluated by two PkD
Chemistry professors and two PhD Chemistry Education professor. Based on item
content validity indices, all items were acceptable. The research protocol for pilot
testing of CLQ was submitted for ethics review las February 18, 2019. The protocol

was approved iast March 21, 2019 and was assigned with Protocol Number SLU-

REC 2019-021.

After ethics approval, letters of communication were sent to a university in
Baguio City for pilot testing. The resuits of the item content validity indices and
content validation rating are shown in Appendix R and Appendix S, respectively. The
procedure of cbtaining item content validity and content validity rating was similar to
the method used in prior knowladge of chemistry concepts test. The final cognitive
load questionnaire is shown in Appendix M.

A dummy QSAR laboratory activity was prepared, and 384 second year BS
Medical Technology respondents have answered the cognitive load questionnaire
using the scale. All answers were encoded and transcribed in Microsoft Excel, then
analyzed using Rasch rating scale model in WINSTEPS 4.4.5. Furthermore,

Cronbach alpha was computed using SPSS 27.0. The resuits of analysis are shown

in Table 3.11.
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Table 3.11.

Psychometric properties of cognitive load questionnaire

‘ Parametor Results Intergretation
Person separation 1.58 Persnn separation is adequate (Boone et a!,,
2014)

Person reliability 0.7 Person measures can discriminate 1 or 2 levels.

Item separation 11.59 There are 12 levels endorsing cogritive load.

Item reliability 0.99 item endorsing cognitive load have high
. reproducibility.

Fit statistics
Infit MNSQ 0.85t0 1.24 The items fit the dichotomous Rasch model.
Outfit MNSQ 0.84 to 1.26 ZT'3D measures can be ignored if MNSQ values
Infit ZT SP -2.16to 3.41 are within the acceptable range (Boone et al,
Outfit ZTSD -2.381t03.71 2014)

Point measure correlation range 0.35100.58 All items contribute to the measurement of the

construct.

Unidimensionality
Eigenvalue of 1% contrast 224 The test indicates possible second dimension; but
PCA disattenuated correlation 0.20 t0 0.67 is still considered valid based on comparison with

range analysis of simulated data.

Cronbach alpha* 0.74 The test has adequate intemal consistency.

Person Measure -4.08 to 1.47 Items are within the person measure.

Item Measure -1.7510 1.38

Person and item mean difference 0.74 Mean item difficulty is higher compared to the

mean person ability logit.

*analyzed using SPSS 27.0

**Mean item cifficulty is 0.74 logit above the mean person ability logit

The Andrich thresholds shown in Figure 3.12 indicates that the rating scale

was appropriate.
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Figure 3.12. Rasch Andrich threshold of categories in cognitive load auestionnaire
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Characteristics of Types of Instruction
Both mereology-based instruction and conventional instruction had similar
number and type of activities. A total of six argumentation activity and six quantitative
structure-activity relationship activities were performed during laboratory sessions.
The theme of mereology-based instruction was part-whole relationship while the
conventional instruction group utilized structure-property/structure-function
relationship. The six quantitative structure-activity relationship activities were as

follows:

Activity 04 - Lipid Molecules and Radical Scavenging Assay (in silico + in vitrc)

Activity 05 — E-ringg Modified Steroids and 17-Hydroxysteroid Dehydrogenase Type 1
Inhibition (insilico)

Activity 06 — Structure and Reducing Property of Saccharide Molacules (in silico +
in vitro)

Activity 07 — Plant Metabolites and Porcine Pancreatic Amylase Inhibition (in silico -
in vitro)

Activity 09 - In silico Analysis of Cytotoxiz Nucleotide Analogues (in silico)

Activity 10— Porcine Pancreatic Lipase Inhibition of Amino Acids and Dipeptides (in silico

+ In vitro)

Table 3.12. summarizes the characteristics of mereology-based instruction

and conventional instruction.
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Table 3.12.

Comparison of mereology-based instruction and conventionai instruction

Characteristics Mereology-based Instruction Conventional Instruction
Approach Part-whole relationship Structure-property and
Structure-function relationship
Components Argumentation based on part-whole Argumentation based on structure-
relationship property and structure-function
QSAR lab activities relationship
Syllogisms QSAR lab activities
Syllogisms
Topics Characteristics of biochemical Characteristics of biochemical
systems systems
pH and buffer pH and buffer
Structure and properties of simple Structure and properties of simple

Duration (Lec)

Duration (Lab)

Grading System

Teaching Tools

and complex biomolecules
Enzyme structure, function and
kinetics

Three meetings a week, one hour per
meeting

Three meetings a week, two hours
per meeting

Lec = 50% Exam + 50% CS

Lab = 30% exam + 45% CS + 25%
LR

Combined Grade = 50% Lec + 50%
Lab

Researcher-made laboratory manual
MolView, ChemDes, ChemMine,
Microsoft Excel

Researcher-made lecture materials

and complex biomolecules
Enzyme structure, function and
kinetics

Three meetings a week, one hour per
meeting

Three meetings a week, two hours
per meeting

Lec = 50% Exam + 50% CS

Lab = 30% exam + 45% CS + 25%
LR

Combined Grade = 50% Lec + 50%
Lab

Researcher-made lahoratory manual
MolView, ChemDes, ChemMine,

Microsoft Excel
Researcher-made lecture materials

CS = Class standing; LR = laboratory report

The sequence of activities for mereology-based instruction and conventional
instruction are presented in Figure 3.13. The sequence of activities for both

instructional approaches is the same.
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To illustrate the differences in the argumentation and research questions for
students in the mereology-based instruction and the conventional instruction group,

here are sample arguments from a similar quantitative structure-activity relationship.

Activity 04: Lipid Molecules and Radical Scavenging Assay

Conventiona! Instruction:
It is observed that L-ascorbic acid has a pi bond, and L-ascorbic acid has high radical
scavenging activity. Is it logical to say that pi bonds confribute to radical scavenging activity of

a preduct such as mango jam?”

~

Mereology-based Instruction:
L-ascorbic acid is a ‘part’ of a sample mango jam (whole). if L-ascorbic acid exhibits high

radical scavenging activity, will the mango jam exhibit high radical scavenging activity as well?

The research questions for students after the QSAR activity were the same
for both groups. For example, in Activity 04, the research questions were related to

cardiovascular diseases, which is a leading cause of mortality in the Philippines.

Research Question 1: What are the roles of lipids in cardicvascular diseases?

Research Question 2: What is the role of radical scavenging activity to mitigation of

cardiovascular diseases?

The details of the syllogisms and other questions given during argumentation
for mereology-based instruction group and conventional instruction group are
summarized in Table 3.13. Both groups had the same research questions in the
laboratory manual. In activities 1 to 3, the students were immersed in activities which
trained them in image analysis for analyzing a 96-well plate after performing
Bradford assay, constructing linear regression using Microsoft Excel, quantifying an
analyte in selected samples, determinizing Km and Vmax of an enzyme, and
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analysis of molecular descriptors using ChemDes, ChemMine and MolView. The
students were also trained on how to write the laboratory reports, laboratory
notebooks and construct arguments using the Toulmin Argumentation Pattern. This
is to prepare them to the actual QSAR activities, which require all of the skills they
have leamned in the previous activities. In Activity number 5 (E-ring Modified Steroids
and 17B-Hydroxysteroid Dehydrogenase Type 1 Inhibition (in silico), students were
required to develop a multiple linear regression to determine the molecular

descriptors which could describe the optimal inhibitor to the enzyme 773-

~

Hydroxysteroid Dehydrogenase Type 1.
In Activity 6 (Structure and Reducing Property of Saccharide Molecules),

students performed an activity which required the identification of a reducing sugar

based on a quantitative Benedict's test suing image analysis and muitiple linear

regression models. In Activity 7 (Plant Metabolitas and Porcine Pancreatic Amylase
Inhibition) students were instructed to determine the molecular descriptors which
contributes to the inhibition of the enzyme lipase using image analysis. In Activity 9
(In silico Analysis of Cytotoxic Nucleotide Analogues), students determined the

molecular descriptors which contribute to in vitro cytotoxicity.

Lastly, in Activity 10 (Porcine Pancreatic l.ipase Inhibition of Amino Acids and
Dipeptides), students determined the molecular descriptors of dipeptides which
contributes to the inhibition of porcine pancreatic lipase. All of the procedures,
activities and rese:arch questions are the same for the mereology-based instruction
and conventional instruction groups. Only the argumentation activity is different, as
the arguments in mereology-based instruction were based on a part-whole
relationship, while the argumentation in the conventional instruction group was

based on structure-property or structure-function relationship.
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Fable 3.13. Summiary of argumentation and research questiors in MBI and CI group

Researh Questions
Laboratory Activity Argumantation Activity )
— ey e e e cloch ol hovaious 15 avaablo for womon 1o be scroened
E+ing modiiad  steroids steroid molecule exhibils dehydiogenasetyps What are the eflects of the
mﬂ an fdﬁmmwmuawd substituents attached to the 17t positionof Mwumsaga
deh Type 1 polymer X. Thorefore, polymer X will axhibit the starold ring to the inhibition of diagnostic parameter ?mMyorw
Inhibition dehydrogenase type 1 Inhibition, dehydrogenase type 1?7 mm"““"“’“a" cancers

Piant metabolites and porcine
Pancreatic amylaselnhibitior:

b sitco anatysis of
Cytotoxic nucleotido
qnalogues

Porcine Pancreatic Lipase
Inhibition of Amino Acids and
Dipeptides

-OH) ‘parts’. The

&mm.m. Replacing afl hydroxyl
groups with amino groups of
reducing 3

What is the role of the anomesic carbonto
the reducing property of
disaccharides?

pancreatic amylase?

Is the quantitative Banedict’s test a reliable
method to Diabetes mellitus
using urine samples? Why orwhy not?

Is amylase inhibition a belter altemative
to insutin injection when managing
Diabetes mellitus? Why orwhy not?

A’s nucieotide analogues potential
altemutives to target specific tumorsin
the body? Why or why not?

Is the utilization of lipase inhibition data
{n clinical studies an effective approach
to address health concemsnatated to all
cardiovasculur diseases? Why or why
not?
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Figure 3.14 shows the sequencs of activities in the laboratory session. The

methods used in the laboratory activities were analyzed for reliability in February to

June 2019. image analysis was compared to spectrophotometric analysis and

method optimization was performed using image analysis. The limit of quantitation,

limit of detection and coefficient of determination were determined for the image
analysis procedure and were compared to spectrophotometric methods. The
methods, choice of scanner, and repeatability of results in enzyme kinetics assays
using porcine lipase and porcine alpha amylase were also determined in three to
four replicates. The laboratory reagents were purchased by the researcher and

dispensed in “lab kits® for each group. The lab kits contained all required materials

for QSAR each activity.
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In silico analysis of
Molecular Descriptors using
ChemDes and MolView
Performance and scanning
laboratory results in 96-well
plates
Image analysis of scanned
image using ImageJ
=
', 5 vm:u-.u Variabia 8 | vm:u-c
Construction of QSAR F Ty ==
models based on molecular o
descriptors using MS Excel ——
M 35 o 9433
e b oss 8283

Figure 3.14. Sequence of activities in the biochemistry laboratory
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Data Collection Procedure

The approved research protocol was submitted for ethics review last February
18, 2019 and approved last March 25, 2019 with an ethics approval certificate SLU-
REC 2019-021. Please see approved fesearch ethics protocol in Appendix N. Upon
approval, a preliminary survey was conducted at Saint Louis University to collect
information such as course syllabus, profile of the school, profile of the students, and
teaching-learmning dynamics. A five-day lraining-workshop was conducted last July
22, 2019 to seven prospective Biochemistry instructors to train them on how to use
MolView, ChemDes, statistical analysis in Microsoft Excel, performance of laboratory
assays, and evaluation of written arguments using Toulmin Argumentation Pattern
(Appendix O). The Biochemistry instructors were also oriented on how to use the
lecture learning material and faboratory manual. Two versions of the laboratory
manual were developed, and the main difference is the theme used in the
argumentation part.

Prior to pretest of the research instruments during the second week of August
2019, an informed consent (Appendix P}, indicating the purpose of the study, was
obtained from all students during the first week. After signing the informed consent
form, the students were requested to submit the sigried informed consent form (o
their teacher. After submitting the informed consent forms, five research instruments
(prior knowledge of chemistry concepts, visual representations test, chemical identity
thinking, critical thinking in chemistry and chemistry-based health literacy test) were
floated to the participants.

After taking the pretest, all participants underwent one week of orientation and
workshop on how to obtain molecular descriptors from ChemDes, and how to

interpret skeletal diagrams and ball and stick models from MolView in the university
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library. The training was facilitated by the researcher and the Biochemistry
instructors who underwent training. Two meetings were used to train students on
how to perform image analysis using ImageJ using results from Bradford assay. The
third week of August 2019 was the actual start of the intervention in both mereology-
based instruction and conventional instruction groups. After every QSAR activity, the
cognitive load questionnaire was floated. Posttest answers to chemical identity
thinking, critical thinking in chemistry and chemistry-based health literacy were

obtained during the last week of November 2019.

Determination of Rasch Analysis Parameters

Person and Item Reliability and Separation

In contrast to the use of Cronbach’s alpha and KR-20 for many analyses,
Rasch analysis provides person anc itam separation and reliability. Both Cronbach’s
alpha and KR-20 are based on raw scores, which are non-linear (Boone et al.,
2014). Person reliability, however, may be interpreted as analogous, but not similar
to Cronbach’s alpha or KR-20. The person reliability is tentatively interpreted using
the following guideline: C.80 =3 or 4 levels, 0.80=2or3levels,and 0.5=10r2
levels. The number of ability strata which can be resolved is provided by the formula

(4G + 1)/3 with the assumption that different ability levels are 3 standard errors apart

(Planinic et al., 2019).
Item reliability, on the other hand, indicates the repeatability of measures of

the items. High reliability simply means that the data are reproducible, but the quality

of the test depends aiso on the quality of its items and the degree to which they

define a meaningful construct (Planinic et al., 2019).
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Separation coefficient or index is the ratio of the person (or item) "true”
standard deviation to the error standard deviation. The person separation index
identifies the strata of abilities identified in the sample group, and the acceptable
value is >2.0 (Linacre, 2012). Hence, a person separation index is used to classify
people. l.ow person separation with a relevant person sample implies that the
instrument may not be sensitive enough to dislinguish between high and low

performers, and may require more items in the test ltem separation is used to verify

item difficulty hierarchy, and should be >3.

Fit Statistics

The fit statistics in Rasch analysis describes the fit or appropriateness of the
items to the Rasch model. For the mean square fit statistics (MNSQ), the expected
value of the chi-square distribution is 1. If the value is greater than 1, it implies a

variation between the model and the observed score. A fit statistic of 1.30, for

example, implies 30% variation or noise than the predicted Rasch model, which

characterizes an underfit with the model. Similarly, a fit statistics value of 0.70,

implies 30% less variation than the predicted model, and implies an overfit with the

model. In this study, the MNSQ valuz threshold wiil be acceptable if MNSQ is within

0.70 to 1.30. This also ensures that the model will have adequate unidimensionality

(Smith et al., 2008).

The two mean square fit statistics are intit mean square (also referred to as

the weighted mean square) and outfit (or unweighted) mean square. Both mean

squares are derived from the squared standardized residuals for each item and

person interaction. Outfit and infit statistics can also be evaluated using the ZSTD

values, where ZSTDis @ normalized Z score of the residual. The range of infit and
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outfit ZSTD should be within -2 to +2 to have a good model fit (Planinic et al.,2019).

A poor fit of items may indicate problems with the item’s structure, wording, scoring

and content.

Itern Difficulty

The item difficulty was examined by comparing the item difficulty hierarchy
between the resulis of dichofomous Rasch analysis and partial credit model,
according to a hypothesized item difficulty hierarchy, to determine whether the
instrument endorses the proposed construct being investigated. If the hypothesized
item hierarchy is supportzd by the item hierarchy after performing Rasch anralysis,
then the research instrument has adequate construct validity. The item difficulty
hierarchy was presented using a Wiight map, or a person-item map. A Wright map
utilizes the difficulty of test items and expresses them using the same linear scale

that is used to express a student’s performance or person measure (Boone, 2016).

Unidimensionqlity
Unidimensionality ensures that only one construct is measured by a research

instrument. in Rasch ar.alysis, unidimensionality is measured using an analysis of

the variance explained by the first dimension, or by using the eigenvalues of the

unexplained variance of the first contrast. A research instrument should have a.1

eigenvalue of > 2 to ensure that the instrument measures one construct (Boone &

Staver, 2020). Additionally, the item correlation (point measure correlation) results

should be positive values to indicate that all items are measuring the same construct

underlying a research instrument.

Mereology-based instruction: Effects on CIT, CTC and CbHLT 106



Data Analysis Procedure
All data were first converted into logits using dichotomous Rasch analysis for
prior knowledge of chemistry concepts test and visual representations test and
Rasch partial credit model for chemical identity thinking instrument, critical thinking
test in chemistry and chemistry-based health literacy test. For the answers. to

cognitive load questionnaire, data was converted into logits using Rasch rating scale

model.
Student ability logits and item difficulty logits were presented individually in

figures and tables, or simultaneously using Wright map for stacked and racked

analysis. Mean item difficulties per topic were obtzined by obtaining the average of

item difficulty logits in Rasch analysis and presented as mean + standard deviation.
To obtain pretest-posttest changes in chemical identity thinking instrument,

critical thinking test in chemistry and chemistry-based health literacy, two analyses

were performed. Stacked analysis was performed to determine changes in student

ability while racked analysis was performed to determine changes in item difficulty.

Stacking and racking procedures in Rasch analysis were performed to provide an

accurate measure of student ability changes and item difficulty changes, as shown

by the following studies: Boone & Scantlebury, 2006; Combrinck et al., 2016;

Herrmann-Abell & De Boer, 2017).

Rasch leaming gains were obtained by simply getting the difference between

individual and mean posttest student ability logits and pretest student ability logits

(Nitta & Aiba, 201 9: Pentecost & Barbera, 2013). All student ability logits were

presented as mean £ standard deviation in figures or tables. Statistically significant

differences were indicated using letier codes.
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To detemmine significant differences in the posttest ability logits of students in
chemical identity thinking, critical thinking in chemistry and chemistry-based health
literacy, analysis of covariance (ANCO'VA) was performed using pretest student
ability logits, and student ability logits in prior knowledge of chemistry concepts test

and visual representations test as covariates. Effect size was determined using

partial eta squared (np2). According to Fritz et al. (2012), effect size using partial

etasquared may be small (>0.01), medium (>0.06) or large (>0.14). Similar to the
studyof Vidak et al. (2018), if ANCOVA assumptions are not met particularly on

homogeneity of variance, ANCOVA was still utilized in this study to detemmine the
significance in the difference in posttest logits.

To determine differences in Rasch learning gains in chemical identity thinking,
critical thinking in chemistry and chemistry-based health literacy, analysis of
covariance (ANCOVA) was performed using the pretest student ability logit in

chemical identity thinking instrument, critical thinking in chemistry test, and

chemistry-based health literacy test as covariance of Rasch leaming gains. Effect

size was determined using partial eta squared (1p?).

To determine significant predictors of posttest student ability in chemical
identity thinking, critical thinking in chemistry and chemistry-based health literacy,

multiple linear regression was performed using pretest student ability (logit) in

chemical identity thinking instrument, critical thinking test in chemistry, and
chemistry-based health literacy test, student ability logits in prior knowledge of

chemistry concepts, visual representations test, and cognitive load questionnaire,

and gender. Effect size was delermined using Cohen’s f2. According to Selya et al.
(2012), effect size using Cohen'’s f2 may be small, moderate (f? > 0.15) to large (? >

0.35).
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All statistical analyses were performed using IBM SPSS 27.0 for Windows, with a

level set at 0.05. For the sample output of statistical analyses, please refer to .

Appendix X.
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CHAPTER 4
RESULTS AND DISCUSSIONS

The goal of the study is to compare the effects of mereology-based instruction
and conventional instruction to the chemical identity thinking, critical thinking in
chermistry, and chemisiry-based heaith literacy based on measures for student ability
and item difficulty in the Rasch model. In this study, the changes in person ability
logit units and item difficulty logit units are used to compare the effects of mereology-
based instruction to conventional instruction in biochemistry.

The student ability and item difficuity logit were obtained using dichotomous

Rasch analysis for prior knowledge cf chemistry concepts (PKCC) and for prior
knowledge of visual representations (PKVR). The Rasch partial credit model was

used for chemical identity thinking (CIT), critical thinking in chemistry (CTC), and

chemistry-based health literacy (CbHL) and the Rasch rating scale model for
determining cognitive load (CL). This chapter presents the results and discussions

based on the sequence of research problems presented in Chapter 1.

item Difficulty of Prior Knowledge of Chemistry Concepts Test and

I of
Leve Visual Representations Test

Item Difficulty of Prior Knowledge of Chemistry Concepts Test (PKCCT)

The Wright map in Figure 4.1 illustrates the difficulty of all items in prior

knowledge of chemistry concepts test alongside the student abilities. Based on the

mean student ability and mean item difficulty (indicated by M on both sides of the

linear scale), the difference is 0.11 logit, indicating a proper targeting of the research

instrument due tc the proximity of the means. This implies that the instruments are

neither too difficuit nor too easy for the participants (Boone, 2016; Boone & Staver,
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2020). There also gaps in the items, but these are less than 0.50 logit. All items are
also within 1 logit from all student abilities, indicating that all items are not too difficult
nor toc easy for the target participants.

Out of the 45 items in the prior knowledge of chemistry concepls test
(PKCCT), 17 items were below the mean person ability, indicating that most items
are actually difficult to most students. In addition, mean item difficulty was slightly
higher than mean student ability, indicating that the: test difficulty is appropriate for
the participants in this study. The most difficult item was Q37 (aromaticity), while the
easiest item was Q27. ltems which assess higher order thinking skills (Q11, Q15,
Q18. Q13, Q05 and Q22) generally had higher item difficulty while items which have

lower item abilities involve recalling of information (Q09, Q11, Q12 and Q22). For the

details of each item, please refer to Appendix E.
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When items are combined based on topics, it is shown in Figure 4.2 that items
related to general organic chemistry (GOC) concepts were more difficult for students
(N=21, M=0.36, SD=0.81), with the exception of nomenclature of alkene (Q27). Items
which were related to general inorganic chemistry (GIC) concepts had lower item

difficulties (N=21, M =-0.13, SD=0.78) than items which were related to basic

thermochemistry (TC) concepts (N=3, M=-0.07, SD=0.41).

2.5
1.5 1

0.5 1 '

-0.5 1

Item Difficulty (logit)

-1.5 1

-25
GIC TC GOC

Item Category

. ; i in pri mistry concepts test
difficulty of items in prior knowledge of cher _
g:gqi;eeligl imgzr?ic chemistry, TC = thermochemistry, GOC = general organic chemistry
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" Item Difficulty of Visual Representations Test

The Wright Map of combined data for all students is presented in Figure 4.3.
Based on the data, the mean item difficulty is 0.29 (SE = 0.09), relative to the mean of
studenit ability which is set at zero logit. Out of the 23 items in the test, seven items were
below the mean person ability. All items were within the range of student abilities. The

most difficult items were Q08 and Q19 while the easiest item was item QO07. Please

refer to Appendix 3.8 for the details of each item.
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When items are combined into topics, Figure 4.4. shows that items related to ball
and stick models were the most difficult based on mean item difficulty (N =4, M = 0.99,
SD = 0.24). The mean difficulty of items related to EPM models (N=3, M =0.61, SD =
0.29) was higher compared to the mean item difficulty of items related to skeletal

models (N =10, M = -0.05, SD = 0.86) and conventional visual representations (N = 6,

M =0.21, SD = 0.65).
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Fi n diffi _
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CVR = conventional visual
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The data suggests that students who are enrolled in biochemistry have varying

degrees of prior conceptual knowledge about chemistry concepts and visual

representations. Noté that item difficulties are presented in a Wright map. In this type of

figure, a student measure (marked by “#" or “.") is laid in the same scale as item
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‘j difficulty. If a person measure is in the same logit as an item, the probability of success

' of answering the item is 50%. If the item measure is higher than student ability, it means
that the probability of answering the item becomes less than 50%. If the item measure is
‘ lower, then the probability of the student answering the item correstly is more than 50%.
In the prior knowledge of chemistry concepts results, it was evident that th» most
3difﬁcult items were generally related general organic chemistry concepts (GOC) while
;the easiest items are generally related to general and inorganic chemistry concepts.
‘This reflects the chemistry concepts which were effectively recalled by students prior to
enrolling biochemistry. Since general and inorganic chemistry concepts were introduced
since high school, the concepts have been retained quite effectively. Furthermore, the

bulk of discussions in the general inorganic chemistry and organic chemistry subjects of

the students are more focused on general inorganic chemistry concepts.

In contrast, the item difficulties of general organic chemisiry concepts are

generally higher because the topics in organic chemistry are not typically discussed in

detail since the concepts are cramped up in one month during the final term of the

semester. It is possible that students were unable to effectively recall and apply the

general organic chemistry concepts in answering the research instrument. However, it
remains clear that regardless of concepts, all items which require higher order thinking

skills are generally more difficult for students.

The depth to which each topic is approached was reported by Silva and Batista

(2003) to be dependent on the students’ undergraduate area and prior knowledge. The

same is assumed when learning biochemistiy concepts, since general, inorganic

chemistry and organic chemistry are prerequisite subjects among health science
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[
f
' students. However, health science programs may be a special case since the program

‘ requires a multidisciplinary approach in leaming health concepts. While it was
\
| previously reported that there is no influence of background knowledge in biology and

I
‘chemistry to learning biochemistry (Minasian-Batmanian et al., 2006), it is argued in this
fstudy that prior knowledge in chemistry is an important factor to determine the trajectory

jof learning of students in biochemistry, as biochemistry concepts build on prior
conceptual understanding of chemistry concepts. Prior knowledge of previous courses

‘contributes to learning of more complex courses such as biochemistry, and this is also

true to health professional courses (Hailikari et al., 2008).
With regards to prior knowledge of visual representations, the most difficult items

were related to ball and stick models while the easiest items were related to skeletal

structures or skeletal models. The resuits are not surprising in the health care sciences

'since organic chemistry concepts are only discussed during the final term of the

‘semester, and most representations such as ball and stick models, skeletal structures

and electrostatic potential maps are only introduced during the discussion of organic

chemistry concepts. The skeletal structures were relatively easier for students due to

their familiarity about the model, which was already introduced during high school.

Furthermore, the concept about skeletal structures is reinforced during the chemistry

courses of the health science students prior to enrolling their biochemistry subject.

As argued in this study, the students’ prior knowledge of visual representations

should be determined because biochermnistry deals with more complex visual

representations. Some visual representations in biochemistry focused on simple

structural features of piological molecules (Harle & Towns, 2013; Li & Koehl, 2014;
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Linenberger & Bretz, 2014; Mnguni et al., 20'16). However, it is also common for visual
representations to focus on other dynamic chemical features such as molecular
interactions and processes (Bussey & Orgill, 2015). The main goal of these studies is to
ensure leamning of chemistry content by using sub-microscopic representations.

The differences in the difficulty of items related to various visual representations
may also be attributed to the cognitive requirement when deccding or interpreting the
information provided by the model. The ball and stick model might be difficult for
students to interpret since it requires manipulation to avoid ambiguities while the items

in the test are presented as two-dimensional structures that do not permit manipulation.
It was stressed by Offerdahl et al. (2017) that the features of visuai representations
have different levels of abstraction because visual representation only presents a
specific structural feature of the molecule or a specific process that is observed from a
chemical reaction. Ball and stick models require substantial amount of prerequisite
knowledge compared to skeletal models and particle models, justifying that indeed,
these representations were more difficuit for health science students.

It was also expected that skeletal structures are less difficult for most students
compared to ball and stick models since this visual representation is repeatedly used
when teaching nomenclature and students during high school. Furthermore, skeletal
structures are used again when teaching organic chemistry concepts in tertiary level
chemistry subjects. Note that the easiest item in the prior knowledge of chemistry
concepts involves nomenclature of an alkene using its skeletal structure.

In summary, leaming biochemistry concepts requires application of previously

learned chemical concepts and visual representations to understand the molecular
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context of biological concepts (Villafafie et al., 2011). Since simple and complex

biomolecules are treated as organic rnolecules, failure to understand organic chemistry

concepts and visual representations may compromise leamning of biomolecules and the

" molecular interactions in the chemical environment of the cell. However, a poor

performarice in organic chemistry does not automatically result to poor achievement in

biochemistry (Wright et al., 2009). Hence, there is still a need to establish whether the

type of chemistry instruction in the health sciences influence their succeeding

performance in their professional courses.

Differences in Chemical Identity Thinking, Critical Thinking in Chemistry and
Chemistry-based Health Literacy

Student Ability Differences in Chemical dentity Thinking
Table 4.1 shows that students in the mereoclogy-based instruction group and
conventional instruction group had an increase in their posttest student ability logits.

Generally, male students in both groups had a higher mean pretest ability logit

compared to female students. During posttest, male students in the mereology-based

instruction group had the highest ability logit. followed by male students in the

conventional instruction group- Female students in the mereology-based instruction

group also had higher posttest ability logit than female students in the conventional

instruction group.
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' Table 4.4.

" Pretest and posttest student ability in chemical identity thinking instrument

Mean Student Ability

Group Gender Pretest Posttest
Male -0.304* (0.485) 0.302" (0.691)
Mereology-based instruction
Female -0.501® (0.556) -0.047% (0.532)
Male: -0.301* (0.542) -0.015% (0.455)
Conventional instruction
Female -0.419* (0.549) -0.072% (0.380)

Means are expressed with SD. Means with differert letters indicate statistically significant difference at

a=0.05. Mean pretest abilities significantly differ, p=0.016. All items fit the Rasch partial credit model.

After controlling for ability logit in prior knowledge of chemistry concepts, there
was a significant effect of type of intervention to the posttest mean ability logit of male
and female students, F s, s3n = 5.537, p=0.002, ne2=0.028. After controlling for ability

logitin prior knowledge of visual representations, there was a significant effect of type of

intervention to the posttest mean ability logit of male and female students, F (s, 537 =

6.281, p = 0.002, 1p?=0.032. It should be noted that the effect sizes were small,
indicating that after controlting for the covariates, the variance in the posttest ability was
accounted for by the type of instruction by 2.8% to 3.2%.

Pairwise comparisons revealed that male students in the: MBI group had
significantly higher posttest mean ability logit compared to other students aiter
controlling for prior knowledge of chemistry concepts, prior knowledge of visual
pretest student ability iogits. The mean posttest ability logit of male

representations, and

instruction group was not significantly higher than the

. jonal
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" the means indicate that t

female students in either mereology-based instruction group and conventional

instruction group after controlling for the three covariates.

The result in the gender differences in student ability logits of students in

~ chemical identity thinking agrees with the report that male students have generally

higher achievement in chemistry (Forbes-Lorman et al., 2016; Rauschenberger &

~ Sweeder, 2010; Veloo et al., 2015). Since the chemical identity thinking instrument is

designed to measure an increasing sophistication of explanations to differentiate
substances, the gender differences in pretest and posttest student ability logits may be
attributed to the ability of male and female students select appropriate attributes or
properties of substances to emphasize the unique identity of substances. However, it is
asserted that gender differences in chemical identity thinking may be attributed to

learning characteristics, readiness and motivation of students in the target institution,

and not gender per se.
The dispersion of student ability logits, as revealed by the standard deviations of

he pretest and posttest abilities of students in both mereology-

based instruction and conventionat instruction are diverse. This suggesis that careful

analysis should be done to determine the changes in the levels of chermical identity

thinking among students. This also justifies the need to investigate changes in item

difficulties for both groups, which are discussed comprehensively in the succeeding

sections.
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The item difficulty of chemical identity thinking decreased during posttest, as

shown by a decrease in item difficulty logits (Figure 4.5). Specifically, fourteen items

| have decreases in item difficulty by more than 0.50 logit in the mereology-based

instruction group. A 0.50 difference between student ability and item difficulty implies

j 62% probability of students answering these items comrectly based on the logit to

| probability convergion table (https://www.winsteps.comlwinmanlwhatisalogit.htm).
These items includs ten biochemistry topics (Q02, Qo03, Q04, Q05, Q07, q03,

q05, q08, q09 and q10), two oiganic chemistry topics (QC1 and Q06), anc two general

inorganic chemistry topics (Q09 and Q10). On the other hand, nine iltems decreared in

item difficulty by more than 0.50 logit during posttest in the conventional instruction

group. These items include seven biochemistry topics (Q02, Q04, QO07, q01, q02, q04,

| q08 and q10) and two organic chemistry topics (Q07 and q07). Please refer to

Appendix K for the details of each item.
A decrease in item difficulty among different items from pretest to posttest

indicates that these items became easier for students to answer. In addition, the

decrease in item difficulty also indicates an increased accuracy and sophistication of

explanations when differentiating substances or mixtures. While it is true that item

difficulty changes reveal an improvement in the construct being measured. careful

interpretation should be done when comparing the students in the mereology-based

instruction group and conventional instruction group since the items which decreased in

item difficulty were difterent, and the magnitude of item difficulty changes are different

per item.
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Figure 4.6 shows the topic-specific changes in item difficulty in both groups. The

" topic-specific changes were obtained by grouping items per topic and determining the

mean item difficulty and standard deviation. There was notably a larger decrease in the

mean item difficulty in biochemistry topics, organic chemistry topics and general

inorganic chemistry topics in faver of the mereology-based instruction group. In addition,

the range of item difficulty of bicchemistry topics in the conventional instruction group

was larger during posttest, indicating that the effects of conventional instruction to item

difficulty is highly variable.
In order to show the details regarding the number of students who improved after

the instruction, the categories of answers per item need to be compared (Table 4.2.).
Compared to the conventional instruction group, the mereology-based instruction group
had a higher percentage increase in level 3 explanations during posttest in all items

except for four biochemistry topics (Q04, q3, q05 and q06) and one organic chemistry

topic (Q06). This implies that the decrease in the difficulty in items Q04, Q06, q03, q05
and q06 in the mereology-based intervention group are attributed to an increase in

either level 1 or level 2 explanations. It can also be observed that in the conventional

instruction group, the percentage of students utilizing level 3 explanations decreased in

general inorganic chemistry topics (Q08, Q09 and Q10) and one biochemistry topic

(Q07).
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M 65.16 £2.08 4220 4878 5992 11.15 1 4425 J163 862 4530 3072 5.57
: 2 371 1568 897 1254 1254 0.00 2 2867 4148 1289 2718 3380 8.62
‘ a 1304 2125 732 2509 15335 -9.76 3 348 1324 9.76 279 1045 7.67

fefer to the meaning of leve! in

chemical identity thinking instrument presented in Table 3.4 in Chapte3.
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The item hierarchy in Figure 4.5. and changes in the number of students who
" had higher categories of explanations in Table 4.2. can be discussed in light of the

' types of explanations used by students in answering the items in the research

|
' instruments. Based on the analysis cf data involving level 1 explanations, there are

" three common types of explanations — altemative conceptions, treating substances as

- molecules, and associating the terms with students’ bias and preconceptions. These

: types of explanations can be observed among students in the mereology-based

instruction group and conventional insiruction group.

Most alternative conceptions of students during the posttest were related to an

inaccurate conceptual understanding. The persistence of alternative conceptions in

differentiating substances during posttest imply that students were focusing on st face

features, not on the linking of macroscopic concepts to the sub-microscopic domains.

Novice learners often focus on surface features while expert leamers use their

knowledge to see underlying principles in a problem situation (Kozma & Russell, 1997).

It is evident that students still think that bulk sampl!
the same properties, while in fact, it is the interaction of the

es and their molecular components

are thought to share

molecules which give rise to the properties of the bulk samnple (Talanquer, 2007).

The treatment of substances as molecules is common among students in both

types of instruction, put is more common among students in the conventional instruction

f explanation involves the differentiation of molecular structures when

group. This type ©

differentiating substances: assuming that molecules are “representatives” of the

substances being compared. These explanations were categorized as objectivization as

the focus was the description of molecules, not substances. In item Q01, for example,
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| ethanol is described based on molecular structure, but the situaticn requires
- e
clnﬂ’erentlatlon of bulk samples (ethyl alcohol and rubbing alcohol). This type of

J
?xplanatlon was common in several items related to biochemistry topics such as

|
saccharides, nucleic acids, and lipids.

"
differentiating substances.
item q08 (sucrose and lactose)

Student C1159, M, posttest explanation:
“A Benedict's
Sucrose is not a reducing sugar ¢
{o the lactose which has a free ano
(192) glycosidic bond while lactose
anomeric carbon in sucrose is locked (ca

meric carbon. The glycosidic bond of sucrose is a
has an a {194) glycosidic bond, thus the free
rbon 2) while lactose is not (carbon 2).”

Student CI63, F, posttest explanation:
*Based on their structure, sucrose is non-re
anomeric carbon and the arrangement of the OH and H.’

“| actose and SUCrose would have the same form

Table sugar would consist

Jactose has two hexagonal structures bonded together.”

(nucleotide and dietary nucleotide)

Iitem q06
Student MBI141, F, posttest explanation:

“If the nucleotides base pairings
in the milk proclucts contains dietary nuc S.
molecule which is single stranded and has a panng of A-U and C-G through folding.”

St 44, M, posttest explanation:
e A nomers of DNA

“Nucleotides are the mo ar ?
said that it is a "aucleotide. » Therefore, it is DNA.

S F, posttest explunation:

“l; l:l(:: r;tegselig'e ofR resulting amino acids is similar, then they are similar.”

pe differentia

Ifitis deoxyriboss, then it is DNA. If it is ribose, it is RNA."

“DNA and RNA can
component present.

Below are examples of student responses utilizing molecular structures when

lest inay be perfonn_ed by determining the reducing properly of the sugars.
since the anomeric carbon is not available as compared

ducing and factose is reducing. Look at the

Student C1199, F, posttest explanation:
ula but they are not structurally the same.
of one hexagonal structure bonded to one pentose ring while

of A-T and C-G of the DNA molecules is the same as that
Jeotides. It is the same with the principle of RNA

and ribonucieotides are for RNA. The television

s . . sttest explanation: . .
tudent C185, F, PO ted from dietary nucleotide by determining the type of sugar
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item QOS5 (butter and rnargarine)

“Butter and margarine are both saturated molecules and easily get stackea together. Bulter
and margarine also have same components and sources. But their type of falty acid isn't

|
|
! Student C145, M, posttest explanation:
|
[
the same. Margarine is from vegetable oil and butter is from a dairy milk.”

Student C1249, F, posttest explanation:
“Butter is not solid at room temperature. Thus, it contains polyunsaturated fatly acids.

Margarine is solid at room temperature. Therefors, it is a saturated fatly acid.”

For both groups, it was also common to associate health contexts when
qifferentiating substances, based on the common understanding of a terminology, but

these explanations were also more common among students in the conventional

iﬁstruction group. For example, “saturated fatly acid” is automatically perceived as

unhealthy while ynsaturated fatly acid’ is viewed as healthy. Similarly, margarine is

associated with the presence of strans-fats” or “chemical processing’, making students

view margarine as unhealthy foodstuff. Here are sample responses from students.

Student C11221, F, posttest explanation: o
Fat comes from the unsaturated lipids of animal sources while oil comes from

unsaturated lipids of plant source. Oils are healthier }han fats because they remain liquid
in room temperature. Fats may cause atherosclerosis too.

F, posttest explanation:
Student MBI69, F, pos rganic chemistry last semester, margarine is

e learned in organic and ol .
srrf(f);:evr:? ?rtolm butter. Margarine is healthier than butter because butter is more processed.

So, butter leads to heart diseases.

Fats and fatty foods have long been linked to atherosclerosis formation and

cardiovascular diseases. These were col
e of instruction may not have completely removed the

nmon during pretest and posttest for both

Jroups, indicating that the tyP
N6tion of associating health contexts when differentiating substances among health

SCience students.
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I
| Chemical identity thinking is important in learning biochemistry and heaith
c:oncepts because some terms in chemistry are understood differently in the context of

n:utrition, pharmacology and diagnostic procedures. An example is the term “chemical.”

:ll'l the context of chemistry, a chemical simply refers to a substance or compound. In the
héalth sciences, the term may have negative implications to nutrition since it is
c’bmmonly linked to terms such as “preservatives” or “processed products.” Similarly,
ﬂ}e terms “protein” or “fats” are understood in biochemistry as molecules or
:Ijassiﬂcation of molecules with distinct set of properties, but in nutrition, the: terms are
simply referring to food macrenutrients.

| It was evident that using compositionism or interactionism over objectivization or
>ﬁnciplism supports the changes in item difficulty and student abilities. According to
folme et al. (2015), a student who demonstrates conceptual understanding can “reason
}0re chemistry ideas using skill that go beyond mere rote memorization or algorithmic
roblem solving” and “translate across scales and representations.” In compositionism
¥ interactionism explanations, identifying a component and relating its attribute to the
roperty of a mixture or a substance is evidence of reasoning beyond rote memorization

nd algorithmic problem solving, and is a clear link between the submicroscopic domain

> the macroscopic domain in chemistry.

It has to be noted that students in both the mereology-based instruction group

Ind the conventional instruction group were immersed in the same activities, and only
1e approach is different. Instead of teaching students to use part-whole relationships in
Nderstanding biochemistry concepts, mereology-based instruction focused on
valuating part-whole relationships and stating their limitations in the context of
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|
biochemistry for health sciences. It is expected that students will use different approach

|
jof reasoning related to chemical identity to evaluate part-whole relationships. Also, the
|
intervention does not involve “teaching the answers” to students, so the chemical

iexplanations of students were the results of their own thought processes.

It is clear that students who utilized more compositionism or interactionism

éxplanations during posttest exhibited higher conceptual understanding, and is
demonstrated by conceptual change, as exhibited by a more sophisticaied reasoning

when differentiating chemical substances and mixtures. According to Duit and Treagust

(2003), conceptual change is a “restructuring of pre-instructional conceptual structures

to allow understanding of intended knowledge.” This framework is important when

learning chemistry in the context of health because it allows application of prior

chemistry knowledge to more dynamic chemical sysiems which are commoniy

discussed in biochemistry and health professional subjects.

The variations in chemical identity thinking are attributed to an inability to apply

chemistry concepts to a new situation, such as differentiation of bulk samples. Using

molecules to represent substances indicates a poor linking of chemistry concepts to

describing chemical identity of substances. Loerstcher et al. (2014) has reported a
similar observation wheré students in biochemistry think of individual molecules, not a
“population of molecules” when discussing hemoglobin in blood. However, Banks et al.
(201 5) asserted that using the characteristics of chemical entities is a stepping stone
towards more sophisticated chemical thinking.
Associating negativé perceptions to terminologies may impede progression of
conceptual understanding- In earlier studies, these strongly-held perceptions are
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. Molecules which give ris

|
i
|
i
i
!

decisions and understan

{classmed as “entrenched belief.” Chinn and Brewer (1993) defined an “entrenched

}belief' as a belief which has a great deai of evidentiary support and participates in a

ibroad range of explanations in various domains. The more entrenched a belief is, the

imore difficult and the harder it is to persuade an individual to change the belief.

It is likely that the existing bias may also contribute to the incorrect attributio: of

‘health effects to the terminologies. Connecting negative attributions to terms is similar to
the report that the public generally has a negative atlitude towards “chemicals” because

fhey associate this to something “synthetic” and “potentially toxic or harmful’ (Edwards

et al., 2016). In the context of this study, a pre-existing negative conception about some

terms may persist even after applying the intervention, as knowledge acquisition does

not translate automatically to changes in perception or attitude. According to Todd et al.

(2017), conceptual change does not necessarily happen if there is new knowledge or

experience. Instead, students need fo restructure their mental model, not only adding

isting mental framework.

ptions in differentiating substances during

more details to the ex

The persistence of altemative conce

posttest imply that students were focusing on surface features. In chemistry education,
novice learners often focus on surface features while expert leamners use their
knowledge to see underlying principles in a problem situation (Kozma & Russell, 1997).

It is evident that students stil think that bulk samples and their molecular components

are thought to share the same properties, while in fact, it is the interaction of the

e to the properties of the bulk sample (Talanquer, 2007).
Biochemistry concepts in the health sciences can be used to guide health
d disease processes. In addition, the integration of
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biochemistry concepts to heaith concepts clarifies how heaith interventions lead to

optimal health (infended knowledge). Mereology-based instruction has promoled a

' greater use of compositionism- or interactionism-related chemical identity thinking

| compared to the use the same chemicai

group. The ability to attribute a property to a component of a sample and to use

emergent properties of a sample based on molecular interactions are essential in

preparing students to link biochemistry concepts with health-related concepts

‘Student Ability Differences in Critical T

hinking in Chemistry

Over-all, students in the mereology-based instruction group had lower pretest

mean student ability logit (M = -0.795, SD = 0.563) compared to the mean student

ability logit in the conventional instruction group (M = -0.753. However, the posttest

mean student ability logit in the mereclog
than the mean student ability logits in the conventional instruction

y-based instruction group was higher (M = -

0.423, SD = 0.534)

group (M = -0.550, SD = 0.508).

grouped according to gender, male students in the mereology-based

When

instruction group had the hig

in the conventional instruction group (Ta

was observed in female students in the conventional instruction group.

Mereology-based instruction: Effects on CIT, CTC and CbHLT

identity thinking in the conventional instruction

hest posttest student ability lcgit, followed by male students

ble 4.3). The least posttest student ability iogit
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Table 4.3,
j Pretest and posttest student ability in critical thinking test in chemistry based on stacked
I

' Rasch analysis data

Mean Student Ability Logit in CTTC

Group Gender Pretest Posttest
Male -0.617°(0.584)  -0.195%(0.738)
M -based instruction group
ereclogy-based g Female -0.912° (0424)  -0.564°(0.517)
" Conventional instruction group Male -0.624* (0.415)  -0.387" (0.646)
Female -0.858°(0.430)  -0.740° (0.482)

Means are expressed with SD. Means with different letters indicate statistically significant difference at

a=0.05. Mean pretest abilities significantly differ, p=0.000. All items fit the Rasch partial credit model

After controlling for ability logit in prior knowledge of chemistry concepts, there

was a difference in the posttest mean ability logit of male and female students, Fs,

537)=12.990, p=0.000 np?=0.064. After controlling for ability logit in prior knowledge of

visual representations, there was a significant difference in posttest mean ability logit of

male and female students, Fsn=11.513, p=0.000, ”=0.057. Note that the effect

sizes are small to medium, which explains that only 5.7% to 6.4% are accounted for by

the type of instruction.
Pairwise comparisons revealed that male students in the mereology-based
airvis
instructi oup had statistically significantly higher ability compared to other students.
ction gr

-based instruction group and male students in the

Female students in the mereotogy

. do not have statistically significantly different rnean
Conventional instruction 870UP
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i ability. However, the mean posttest ability logit of female students in the conventional

| mstructlon group is statistically significantly lower than other students.

It is posited that in this study, gender differences in critical thinking may be
attributed to the leaming characteristics of students, not gender per se. While it is true

| that prior knowledge in chemistry and prior knowledge of visual representations play a

role in answering items related to critical thinking, in this study, critical thinking is based

on the immediate association of various concepts simultaneously since this is a

characteristic required in answeling chemistry items which are based on higher order

thinking skills.

In the study of Gulacar et al. (2019), male students were revealed to organize

information and build strong associations with chemistry-related concepts such as

“reaction” and “change” in word association tests, while female students do not exhibit

elected items which exhibit high item difficul
istry concepts. The explanation provided by Gulacar et al.

this ability. S ty in the PKCCT require

multiple associations of chem

ains that the mental process required to answer these items may be related

(2019) exp!
dents to link multipie chemistry concepts at the same time.

io the ability of male stu
These results can also support the claim in this study that male students in the health

er prior knowledge of chemistry co

Iso be explained by other factors. For example, male

i i . Gender diff S i
sciences have high ncepts ifferences in

chemistry performance can @
~ studerits exhibited higher self-efficacy and lower test anxiety in chemistry (Sunny et al.,

|
|

2016).
n defined differently by authors, and currently, there is no

Critical thinking haS bee
how to define critical thinking. In this study, the construct “critical

definite consensus o
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) thinking in chemistry” was operationalized based on a previous working definition of

:
\
| critical thinking. According to Garrat et al. (2000), a chemistry-specific critical thinking is

{ based on “how a professional chemist thinks,” and the skills include analyzing and
evaluating arguments, making judgment, retrieving information and experimenting.

| Similar to the study of Jacob (2004), argumentation was used in this study to measure

critical thinking involving chemistry concepts.
The observed changes in critical thinking are directly influenced by the type of

instruction used, and the types of activities performed by the students. The results

agree with the results of studies which reported that using argumentation and other

inquiry-based instructions increase critical thinking in chemistry (Gupta et al., 2014;

Jacob, 2004), aithough the results on student ability in the critical thinking test in

chemistry do not increase in all topics. In fact, this study affirms that learning is

‘idiosyncratic (Hammer & Sikorski, 2015; Steedle & Shavelson, 2009) and is not

captured easily by a single model of leaming progression. Rasch analysis provided

essential details to describe what changes occurred to student abilites and which

Speclfc topic caused these changes. When items fit the Rasch moael, a change in item
dlfﬁculty can be inferred as @ change in the construct that is measured by a research
instrument, which can be most likely attributed to an instruction effect (Pentecost &
Barbera, 2013), although the change in mean item difficulty does not necessarily

indicate an equal increase in the construct that is measured in the instrument.
it was clear that mereology—based instruction resulted to higher increase in
Student ability logits during posttest. Part-whole relationship, which is the main feature
of mereology-based instruction, may have elicited critical thinking by providing
Mereology~based instruction: Effects on CIT, CTC and CbHLT 137




’

-opportunities to contrast two different types of thinking — attributing properties of “parts”

j and “wholes,” and explaining the properties of the “whole” as attributes which are
formed due to interaction of the “parts”. Furthermore, the thinking process involved in

‘ mereology-based instruction requires ability fo evaluate the part-whole relationships and

recognize an incorrect reductionism of chemistry concepts.

Findlay and Thagard (2012) is promoting the utilization of a part-whole schema to

‘study different levels of organization, ranging from atomic, biological and social levels.

Apparently, part-whole relationship seems to reveal a structure-function relationship in

their context of discussions, even at the sub-microscopic level. However, it is

‘acknowledged there are also criticisms against a reductionist understanding of concepts

in the context of part-whole relationship, especially with respect to the context related to

living organisms. Vvan Regenmortel (2004) asserted that biological systems are complex

ned on page 22. Similarly, this study asserts that

and has emergent properties as mentio
rt-whole relationship needs to be carefully used as when teaching concepts either in

pa

binlogy or chemistry-

Similar to the claim of van Regenmortel (2004), chemistry concepts involve the

recognition of emergent properties of chemical samples (Golden et al,, 2017; Talanquer,
2007; Talanquer, 2018; Testa et al., 2014). Emergence relations can be observed at
four levels — electrical, atomic, molecular and molar (Tamay, 2016), and the concept of
emergence is based on the part-whole relation of lower-level entities. For example, the
emergent molecular properties can be attributed to the property and interaction of
atoms. Using the interaction of “parts’ in a “whole” as conceptual basis for describing
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’ o .
! the properties of complex systems provide an opportunity for students to think and
|
i evaluate information critically.

In contrast, a structure-property relationship approach is based on mechanistic

[

reasoning and establishing associations of chemistry-related evidence (Talanquer,

| 2018). Structure-property relationship is commonly used in chemistry and biology as

‘frameworks for connecting conceptual understanding, constructing explanations, or

‘predicting the effect of a change on a system (Kohn et al., 2018). Using a structure-

property relationship to teach concepts in chemistry is also a common strategy in

teaching chemistry (Croisant et al., 2019; Murphy, 2007, Stowe et al., 2019; Wnek,

2017). Structure-property relationship concepts are also taught along with structure-

activity relationships particularly in medicinal chemistry (Carvalho et al., 2005; Frey,

2019; Ragno et al., 2020). Compared to part-whole relationship, a structure-property

schema in the laboratory provides a specific point of reference (molecular structure)

upon which students can build explanations on and then to associate them to properties

or functions.

Based on the learning progression for critical thinking in chemistry, the mean
student ability logits and standard deviations indicate that the pretest ability of students
in both mereology-based instruction and conventional instruction is diverse. This
' Suggests that careful analysis should be done to determine the progression of students
in the levels of critical thinking in chemistry. This also justifies the need to investigate
changes in item difficulties for both groups, which are discussed comprehensively in the

Succeeding sections.
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Figure 4.7 shows the changes in the item difficulty in critical thinking test in

- chemistry. In the mereology-based instruction group, three general inorganic chemistry

(GIC) items (Q05, Q13, Q14), four general organic chemistry (GOC) items (Q01, Q04,

- Q07, Q15), and seven laboratory concept {{.C) items (Q06, Q08, Q09, Q10, Q11, Q15

‘and Q1 7) decreased in item difficulty during posttest. Please refer to Appendix 3.14 for

“the details of critical thinking test in chemistry.

In the conventional instruction group, eleven items decreased in ilem difficulty —

two GIC topics (Q05, Q13), three GOC topics (items Q02, Q07 and Q15), and six items

related to laboratory skills (items QO8, Qo8, Q09, Q10, Q11 and Q17). in both groups,

most items which decreased in difficulties during posttest were related to laboratory

concepts such as principles of color tests, cleaning of glassware and laboratory
procedures. This is expected since the bulk of activities in both groups were related to

laboratory classes.
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In addition, Figure 4.8 shows that the decrease in item difficulty was highes* in

general organic chemistry (GOC) topics (N=5, M = 0.44, SD = 0.46), followed by

' laboratory concept (LC) topics (N=8, M= 0.35, SD = 0.29} and general inorganic

 chemistry (GIC) concepts (N=5, M=0.28, SD = 0.47). For the conventional instruction

group, the decrease in item difficulty invoiving laboratory concepts was higher (N=8, M

' =0.43, SD = 0.68) compared to the mereology-based instruction group. There was also

" a very small decrease in the mean item gifficulty of GIC topics (N=5, M = 0.02, SD =
0.21) and an increase in difficuity of GOC topics (N=5, M = -0.35, SD = 1.16). The

ifficulty of item Q18 contributed greatly to the increase in the mean

increase in item d
item difficulty of GOC topics in the conventional instruction group.

Further analysis in Table 4.4 reveals that sixteen items had less than 8%

increase in level 3 answers for both mereology-based instruction group and

conventional instruction group-. In item QOS, level 3 answers increased by 34.14% in the

nstruction group while in the conventional instruction group, level 3

mereology-based i
n itern Q11, category 3 answers in the mereology-

answers increased by 22.65%. |

on group increased by 17.24% while in the conventional instruction
creased by 21 60%. Most answe

s during pretest and posttest. In one item QO03, most

based instructi
rs in sixteen items were also

group, level 3 answers in

classified as level 1 for both group
test and posttest for both groups.

answers were classified 38 level 3 during pré
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Details of changes in specific items are compared to provide a clear picture

O .
n what type of changes happened in the two groups. A higher mean posttest ability

a . . .
nd decrease in item difficulty during posttest suggest an increase in critical thinking

in chemistry, but the interpretation should be carefully made as difficulty logits had

varied changes. Based on Figure 4.7, item Q03, Q16 and Q18 increased in item

difficulty. In the mereology-based instruction group, item Q02 became more difficult

For the conventional instruction group, items Q01, Q04 Q12 and Q14 became more

difficult. Based on the analysis of changes in these items (Table 4.4.), lower

categories such as level 0 and level 1 increased in these items, while level 2 and
| 0 and 1 may be due to

level 3 answers decreased. To review, explanations in leve

alternative conceptions or unrelated answers.

Based on the results in item difficulty changes, items which increased in item

ated to stoichiometry, chemical equilibrium and interrnolecular

cumented that misconceptions are common about

difficulty were rel

It is well-do

(Fach et al., 2007; Huddl

forces of attraction.
e and Pillay, 1996), chemical

stoichiometry concepts

(Huddle and Pillay, 1996; Quilez-Pardo & Solaz-Portoles, 1995), and

equilibrium
f attraction (Cooper et al.,2015; Widarti et al., 2019), and this

intermolecular forces ©
s. Itis also observed that in the cor.ventional

he foregoing finding

study support t
related to acidity, alkalinity, polarity and analysis of

instruction group, concepts

more difficult. Thes
anic chemistry, prior to their biochemistry subject.

mixtures became e concepts have already beeri discussed during

general inorganic and 0'9

ionietry tonic (item QO3), the conventional instruction group has a

In the stoich

e in category 3 answers, and greater increase in level 1

greater perceniage 4 eas
Some explanatio

ring posttest. The results agree with th2 observation

and level 2 answers: ns present the same concept, but the rigor of
visibly €SS du
Mereology-

explanation was
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of Weinrich and Talanquer (2016) that a more advanced knowledge may not always
lead to scphisticated chemistry reasoning, but became direct to the point.

In the conventional instruction group, it was observed that in the explanations
related to chemical equilibrium in a closed system (item Q186), students thought that
increasing the pressure inside @ plunger (through a forward movement), also

promotes a forward reaction. Please refer to the question below on item Q16.

" A chemical reaction is occurring in a sealed vesse'. The vessel has a plunger which can be moved to increase
or decrease the pressure inside the vessel.

The reaction inside tha vessel is shown below.

NH4Clsy Z=————2 Nz + HClw

If the plunger is pushed forward, it is expected that there will be more formation of NH4Cls).

O Valid OInvaIid

The finding of this study supports the report of Taskin and Bernholt (2014)

that students often make erroneous connections in different domains of chemistry. in

this study, students misinterpret that the forward reaction of the plunger in the

illustration refers to the forward reaction of the chemical equation. In item Q16

(chemical equilibrium in @ closed system), students in both groups used explanations

are either neutral, or copied directly from the situation provided. However, some

students, exhibit misconceptions.

Some representative explanations are shown below.
M, posﬂ;est exPlanaﬁon B .
Isgden,t h:',?,-lc%:;'rea ction equation Shows a decomposition reaction, meaning as the
e che sel is O ecreased then the reaction towards the forward direction would be
reaction ve HCl(g) which are the products should form more.”

favored. So NHs(9) and
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Student €103, M, posttest explanation
“If it will be pushed forward, it is expected that there will be a formation of NHzg + HCly) because
these are the products in the forward reaction”

| An intervention does not automatically lead to deep conceptual learning

L (Jones et al., 2014), and the same can be said for mereology-based instruction. It is
also acknowledged that providing activities may not always promote reflection of
data after performing laboratory activities (Schroeder et al., 2017). When concepts

become difficult, health science students often use surface learning for the sake of

| passing the subject (Jones et al., 2014; Minasian-Batmanian et al., 2005). In the

i Philippines, health science programs are quota courses and policies in student

, retention are based on the students’ grades. I is possible that students learned
'7 concepts for the sake of passing their biochemistry subject, since this is a

{

il prerequisite subject for all professional subjects in the program.

| For group-specific increase in item difficulties, there are more items which
increased in item difficulties in the conventional instruction group. These are items
; Qo1 (-OH group misconception, GOC topic), Q14 (acidity, GIC topic), Q04

(molecular geometry and polarity, GOC topic), Q12 (mixture analysis, SOC topic). In
item QO1, the most common misconception is related to the notion that a hydroxyl
‘group (-OH) is the same as hydroxide ions (OH"). The results imply that concepts
Ewhich invoive submicroscopic representations and pH equilibrium may be more
| difficult for students to learn, thereby requiring more conceptual reinforcement by
lproviding more examples, or simultaneous presentation of multiple representations
‘and actual laboratory data to strengthen the critical thinking skills of students.

In item Q14, the increase in item difficulty was attributed to an increase in

‘category 0 answers (wrong claim and wrong evidence). Also, it was observed that

most answers during posttest were classified as level 1 (cormect claim, wrong
Mereology-based instruction: Effects on CiT, CTC and CbHLT 147



evidence), because the evidence are unjustified or incorrect explanations. Some
answers were related to the notion that acetic acid is a base since: it has OH group.

The findings in this study about misconceptions related to acids and bases
are similar to the findings of Mubarokah et al. (2018). Based on their findings,
students from Indonesia and Thailand perceive that any molecule with OH are
classified as bases. In addition, students only focus on the idea that H atoms cuuse
acidity while the presence of OH indicates alkalinity. In this study, students also
associate acidity and alkalinity with the presence of H or OH in the structure.

in item Q04, most answers in the conventional instruction group during
posttest were classified as category 0 (45.99%, post), indicaling a wrong claim and

inaccurate, unrelated or unjustified evidence. Answers which were classified as

category 1 and category 2 also increased by 3.48% and 2.79%, respectively. The

results in this study were related to the misconception which was described by

Erman (2016), that “all bonds in polar molecules are polarized and all bonds in

nonpolar molecules are not polarized” which was identified by Talanquer (2014) as a

ecision making, a type of heuristic reasoning.
Azzuku (2016) reported that freshman university

one-reason d

In addition, Uyuigan and

students understand the concept of bond polarity, but fail to relate it to molecular

erstanding of molecular geometry, bond polarity and molecular

polarity A correct und
lecular interactions in several biomolecules.

polarity is used to describe intermo
Hence, this concept needs to be carefully addressed when teaching health science

students.
students in the conventional instruction group

In item Q12, most answers of
4. During postest, answers which were classified as level 0

are classified as level
(2.09%, post) or lev el 2 (2.79%: post) aiso increased in percentage. This means that
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most students still had inaccurate or unjustified explanations during posttest. Based

on these explanations, students in the conventional instruction lacked critical

analysis of the data presented in the situation.

Jacob (2004) previously found in a study that during argumentation activities,

third year college students do not know how to relate observations, theories and

conclusions in a systematic manner. A similar observation is observed in this study

as students do not justify how proteins cause aci
incorrect assumptions about amino acids being acidic

dity of a mixture. Furthermore. it is

observed that students make

and contributory to the acidity of proteins. This type of thinking, known as heuristic

thinking, is commonly used by students under conditions of limited knowledge, time,

and motivation (Talanquer, 2014).
reology-based instruction group, item Q02
slightly more difficult by 0.07 logit. Based on the

In the me (intermolecular force of

attraction, GOC topic) also became

changes during posttest, level 0 answers increased by 10.34%, implying that

students had a wrong claim and wrong evidence. A common concept in the

pic domain is the notion that molecul
the findings of Kirbulut and Keeth (2011), alternative

SUbmIcrosco es dissociate into atoms when a

sample is heated. Similar to

s about evaporation, boiling and condensation are common in the

s revealed in the students’ explan
e as the cause of the balloon inflation may have

conception
ations in this study. Some

submicroscopic domain 2
o identified carbon dioxid
ry activity involving fermentatio

students wh
n of sucrose by yeast cells,

associated their laborato
vities in both types of instruction. The laboratory

which is part of the laboratory act
the inflation of balloon,

sttest. Talanquer (2014) has described this as a

set-up also involved which students might have associated

with in their answers in the po

“recognition heuristic:” R
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The results in critical thinking in chemistry using Rasch partial credit model
has generated substantial information on how intervention influence learning in
health sciences program using the changes in student ability and item difficulty. I is
clear that critical thinking tasks in chemistry are generally approached by health
science students using heuristics, and more sophisticated chemistry reasoning was
attributed to increased conceptual understanding. The effects to critical thinking in

chemistry may not be attributed solely to the type of instruction alone, but also to the

impact of student characteristics, teacher-related factors, curriculum, and context.

fferences in Chemistry-based Health Literacy

tional instruction group had higher pretest

Student Ability Di

In general, students in the conven
ent ability logit (M = -0.628, SD = 0.480) compared to students in the

group (M = -0.641, SD = 0.497). During posttest, the

mean stud

mereology-based instruction
mean student ability of students in the mereology-based instruction group was higher
(M=0.049, SD= 0.578) compared to students in the conventional instruction group

(M = -0.346, SD = 0.472).
Table 4.5 shows that male students in the mereology-based instruction group
bility while female students in the same group had the

had the highest mean pretest 2
male students in the mereclogy-based

lowest mean pretest ability. After posttest,
highest mean posttest ability, while female students in the

instruction group had the
e lowest posttest mean ability. Over-all, male

conventional instruction grouP had th

mean posttest abilities compared to female students.

students had higher
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Table 4.5.
Pretest and posttest student ability in chemistry-based health literacy

Mean Student Ability Logit

Group Gender " Pretest _ Posttest
Waln ~0.507 (0.529) 0350%(0.842)
-based ction group
Mereology Instruction 9 Female -0.633 (0.564) 0.004° (0.605)
Male -0.538 (0.547) -0.3.7° (0.551)

. u
Conventional Instruction grotip Female -0.668 (0.557) -0.418° (0.532)

Means are expressed with SD. Means with different letters indicate statistically significant difference

at a=0.05. Mean pretest abilities do not significantly differ, p=0.160. All items fit the Rasch partial

credit model.

After contrclling for ability logit in prior knowledge of chemistry concepts, there

was a significant effect of type of intervention to the posttest mean ability logit of

d female students, Fe. 537=33.052, p=0.000, partial n,?=0.148. After

prior knowledge of visual representations, there was a

male an

controlling for ability logit in

t effect of type of intervention to the posltest mean ability logit of male and
effe

significan |
=32.193, p=0.000, n#=0.144. After controlling for the

female students, £(5.537
roups was accounted for by the type of

covariates, the variance among the @

instruction by 14.4% to 14.8%.

d statistically significantly high
e mean posttest ability logit of female students in the

er posttest mean ability scores
instruction group ha

compared to all students. Th

nstruction gt oup wa
e and female students in the conventinnal instruction

s statistically significantly higher than the
mereology-based i

mean posttest ability of mal

e students i the conventional group had no statistically
ale

group. Male and fem
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significant differences in posttest mean ability. The results indicate that mereology-

based instruction presents an advantage in improving the reasoning skills involved in

linking chemistry concepts {0 health concepts.
The cobserved gender differences may be attributed to the learning

characteristics of male and female students. The items in chemistry-based health

literacy test requires the ability to link chemistry
careful analysis of available chemical and health data in the given

concepts to health literacy concepts,

which require
situation, and use them to infer correct health decisions or conclusions. The

accuracy and sophistication of answers, therefore, involves critical analysis of both

chemistry concepts and health-related concepts while integrating other subjects in

health sciences such as anatomy and physiology, phamacology, and diagnostic

procedures.
usly that male and female students differ in their

It has been explained previo

ssociate chemistry terms immediately (Gulacar, 201 9). This stark

ability to a
nalized to be true when linking chemistry concepts to

difference can also be ratio
pts. To the author’s knowledg
and health concepts in order to ch

health conce e, this is a first attempt to investigate how

students link chemistry

oose a correct health

decision. While reports on the differences between male and female students in
nsistent, it is generally re

n of cognitive and non-cognitive factors.

lationship is asserted to be the major

chemistry are inco cognized that chemistry achievement is

influenced by the interactio
ization of pan‘-whole re
ty to link chemistry concepts to
plays a role in achieving health outcomes, not only

The util
health concepts. It has long

contributor to the abili

ive medicine for communicable and non-

through the develop™
communicable diseases: P through the diagnosis of diseases as well (Matlin,
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2017 is ilized i
). Chemistry has been utilized in the understanding of molecular pathways of
~ 0

diseases, epigenetics, methods for disease diagnosis, drug discovery and dru
’ g

development (Chemistry for Better Health, 2011).
Efforts have been done to link chemistry concepts to health concepts in oth
er

studies (Armstrong & Foe, 2020; Goeden et al., 2015), but their approach was to

discuss chemistry content which are embedded in health contexts. In contrast, thi
. , this

study focused on a thinking approach (part-whole relationship or mereology) in

biochemistry to target health literacy. Health is a socio-scientific issue, and this study
used an approach in leaming chemistry concepts and transfer this thinking process

to make decisions in the context of health literacy. Similarly, Eggert et al. (2016)

on using a teaching strategy to enhan
s et al. (2020) focused on improving content knowledge

whic io-scientifi
h focused ce socio-scientific reasoning in

climate change, while Owen
t-whole relationship within chemistry context to

In this study, the focus was to use pa

address health literacy-
why chemistry-based healih literacy is also

This discussion first justifies
dy in the context of biochemi
the features of mereology-based instruction and

addressed in this stu stry instruction in health programs

in the Philippines. Second,
and linked to the changes in posttest student

nstruction aré compared
es. Lastiy, the similarities an

conventional i
d differences in the approach of

abilities and item difficulti
explanations in both groups were discussed.

ch emistfy-based health literacy construct supports the notion

The results in
5; Steedle &

ncratic (Hammer & Sikorski, 201

rogression in chemistry-based health literacy

that indeed, leaming is idioSY

and the [eaming P
ncreased conceptual of ch
ng pased on & selective integration of cheristry

struction: Effects on CIT, CTC and CbHLT 153

Shavelson, 2009).
emistry concepts, but a

cannot be attributed to an |
on of reasoni

constant modificati
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con i
cepts, physiology concepts, preconceptions and sociocultural factors. Male

s . . . .
tudents, in particular, gained the highest posttest ability in the mereology-based
instruction group compared to female students. Again, this could be related to a

higher ability of male students to build strong connections to prior knowledge and

new concepts (Gulacar, 201 9). This observation resonates with the report that male

students prefer rational evaluation and logic while female students seek to find

relevance to the concept being taught (Wehrwein et al., 2007).

Similarly, in the study of Eggert et al. (2016) abcut climate change and the

use of computer-based concept mapping s
related to the characteristics of the intervention (i.e., increased

caffolds, the skills exhibited by students

during posttest were
concept in intervention led to higher conceptual map; increased argumentative

ted to solutions). Mereology-based ins
reology in chemistry and look for relevant concepts to

relations resul truction requires students to link

the ontological nature of me
more cognitive tasks for students using

support the claim. Thesé activities require
such as books, published journal
hips. In contrast, structure-property

conventional resources s, and videos, which do not

explicitly discuss part-whole relations
mmon in biochemistry textboo
able 4.5., the mean student ability logits and

relationships are co ks and joumals.

Based on the results in T
otest abilities of students in both mereclogy-

standard deviations indicate that the pr
ntional instruction are dive

ne the progression of students in the levels of

rse. This suggests that careful

based instruction and conve

be done to determi

analysis should
stifies the need to investigate changes in

th literacy- This also ju

chemistry-based heal
scussed in the succeeding sections.

itemn difficulties, which are
t difficult items in the mereology-based

etest were items N3 (compound Rin fruits) and P2 (fungal

instruction group during P"
Me

Based on Fig
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infection and antibacterial), while the easiest items were items N2 (citrus-flavored
noodle produci) and P1 (antibacterial drug and deactivation). During posttest, the

easiest items were items NP2 (vasodilatation in rats) and N3 (compound R in fruits)

while the most difficult items were N2 (citrus-flavored noodle product) and NP1 (milk

product and heat-sensitive compound). All items decreased in item difficuity. Male

mereology-based instruction group aiso

students in items NP2 (vasodilatation in rats), N3 (compound R in fruits), P2 (fungal

students in the outperformec female

infection and antibacterial) and NP3 (product containing oxidizable compound.

dix Q for the details of each item.

Please refer to Appen
group, the most difficult items were items N3

In the conventional instruction

(compound R in fruits) and P2 (fungal infection an
d noodle product). During posttest, the most difficult

d antibacterial), while the easiest

item was item N2 (citrus-flavoré
| items N3 (compound

est item was still item N2 (
posttest did not differ between male and female

R in fruits) and P2 (fungal infection and

items were stil
citrus-flavored noodle product).

antibacterial), while the easi

The item difficulties during pretestand

students.
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e 4.9 shows that eight items (N1, frying oil and diet plan,

Furthermore, Figur
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» (milk proauc
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and i in item di
food preparation) decreasad in item difficulty during posttest by more than 0.50 logit in
the mereology-based instruction group-

In the conventional instruction group, four items (N1, frying oil and diet plan;

N2, citrus-flavored noodle product, p2, fungal infection and antibacterial, and, N3

compound R in fruits) decreased in item difficulty by about 0.50 logit units (Table 4 )

One item (P1, antivacterial drug and deactivation) slightly increased in difficulty during

posttest in the conventional instruction group.

als that in the mereology-based instru

puted to an increase in percentage of students who

Table 4.5 reve ction group, items which
decreased in difficulty can be attri

had level 2 and level 3 answers and a decreas
st. It is also shown that the percentage increase of

e in percentage of students who had

level O and level 1 during postte
in all items were greater in favor of the mereology-based instruction

level 3 answers
evel 2 answers in six items (P1

was a greater increase in
the mereology-based instruction group, while

D1, P2, N3, D2 and N4)
nd NP3) were observed to have higher percentage increase

group. Furtheimore, there
in favor of

three items (N1, NP1, 2
group. It can be further

in level 2 answers, in favor of the conventional instruction

swers in the conventio

items (items P1, NP2, ). The percentageé inc
nstruction group was generally greater comp
conventional instruction group: and the jargest changes were attributed to three

N1, N2 and N4), followed by @ topic i

nal instruction group increased in three

noted that level O an
rease in level 3 answers in the

and D1
ared to the

mereology-based i
o n natural product evaluati
topics in nutrition ( aton

(NP1),
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Table 4.6.
er level in chemistry-based health literacy test

Percentage of answers p
item Level ——-——-—————LB"(';P'"LW ~ Prot T
Protest Postiest rence Pretost Posttest Difference

N1 0 31.03 17.59 -13.45 34.84 23.00 -11.85
4 52.76 38.97 1279 54.36 49.83 453
2 14.14 17.93 3.79 9.06 14.98 5.92
5 3 207 25.52 2345 1.74 12.20 10.45
0 16.21 14.48 -1.72 20.21 24.74 4.53
1 49.66 3241 724 47.04 40.07 £.97
2 12.76 25.52 12.76 15.33 14.63 .70
3 21.38 27.59 6.21 17.42 20.56 3.14
NP1 0 9.66 8.97 0.69 16.38 1045 5.92
1 36.80 18.97 -17.83 32.06 3240 0.35
2 48.62 47.59 -1.03 43.55 47.39 3.83
3 453 24.48 19.66 8.01 9.78 1.74
N2 0 7.93 1.72 -6.21 5.57 244 -3.14
1 31.38 12.76 -18.62 39.02 21.95 -17.07
2 25. 17 25. 52 *0.34 24.39 24.74 0.35
3 35.52 60.00 24.48 31.01 50.87 19.86
- . 33.10 33.10 0.00 36.93 41.81 4.88
: 2414 2103 2.10 23.34 19.86 348
2 41.03 38.62 241 37.98 35.19 -2.79
: 72 7.24 5.52 1.74 3.14 1.39
D1 1] 21.72 7.93 -13.79 20.91 21.256 0.35
: 5,66 46.21 1345 56.10 54.36 -1.74
2 16.55 33.79 17.24 17.77 14.98 279
3 207 12.07 10.00 523 9.41 418
NP3 0 47.59 21.38 -16.21 5226 38.63 -13.59
p 41.72 47.24 5.52 39.02 46.34 7.32
2 6.90 8.97 2.07 3.14 10.80 7.67
2 b 1241 8.62 5.57 4.18 -1.39
oo s 2,02 2310 -15.52 35.89 25.44 -10.45
; jonpes 27.69 -10.34 36.24 45.99 9.76
: gl 42.41 20.34 2153 27.53 0.00
207 200 5.52 0.35 1.05 0.70
N3 3 61.03 24.48 e85 :Af e aes
- 50.34 15.17 .2 10.77 4.53
1 35. 19.31 16.21 6.62 5.57 -1.05
2 3.10 5'86 517 0.70 3.14 2.44
3 0_69 . 2'76 14148 24.74 23.34 -1.39
D2 o 2724 g 0.34 54.01 51.22 2.79
1 51.72 “5.28 5.52 4.53 3.14 -1.39
2 276 090 8.62 16.72 22.30 5.57
2 48.28 17-93 690 27.18 25.78 -1.39
Na o 24.83 3586 -20.34 51.57 45.64 5.92
: 56.21 20-69 5.86 14.63 14.63 0.00
2 14.83 25.52 21.38 6.62 1394 7.32

3 4ter S poge 33) for the characteristic of each level in chemistry-

4.1
g'ease refer to Table 3.10f Chap!
ased heafth literacy test

struction: Effects on CIT, CTC and CbHLT 158
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During posttest, students in the mereology-based instruction group
use

chemistry ] ]
istry and non-chemistry explanations depending on the context of the it
item.

Chemi . .
istry explanations involved analysis of chemical reactions, molecular

interacti
ractions, or effects of heat to the stability of compourids were common in it
items

D1. The concept of concentration and analysis of chemical

N1, N2, P‘I, and
composition and chemical reactions in biological samples, in vivo and in vitro data

sed in the explanations related to natural products (NP1, NP2 and

were commonly U

NP3) or diagnostic test (D1)-

e items, however, there were biased explanations related to any

In som

dle product or juice- Processing was perceived as

processed food, such as noo
as associated to preservati
ation in items N2, N3 and
onals was commonly used as non-chemistry

ves and negative health effects. This was

negative and w.
N4. Seeking consultation or

commonly used as an explan
from health caré professi
2 and D2, which require
to explain preference towards natural

health advice
high-stake health decisions.

explanation in items NP2, P
Lastly, cost-effectiveness was also used
y—approved drugs, which i

hemistry concepts which a

s the case in item NP2. Most

products over commerciali
were also related to G

Mmisconceptions re erroneously
related to health concepts-

s in item difficulti
results, the thinking

sed proclivity towards
ether part-whole relations are valid based

es indicate a change in the thinking precess of

The chang®
processes involved in mereology-

the studen's. Based on the
a more cautious evaluation

based instruction may haveé increa

need to infer wh
ncrease in posttest ability and decrease in item

n implies that the thought
th. Examples aré given below.
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perties- Thei
sed instructio

ts are related t0 heal

have changed when con
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process of students
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item N1 (frying oil and diet plan)

MBI45, F, pretest
a i ji
llow the oil to be stable ageinst heat and its properties so it can b
n be

Stabls compounds
used several times. It has preservatives, | think.

MEI45, F, posttest
il at a certain temperature can make it undergo oxidatio
1,

;’23 tl’?p?ated use of frying O
e fa ; A~ .
tty acid composition ‘and property is changed. This in tum
n produ redicals. , can be harmful for

human consumption as oxida

item P1 (Antibacterial drug and deactivation)

‘ wtudent MBI 78, F, pretest explanation
ly mother tells us to drink medicine with water SO | drink it with water.

Student M3! 78, F, posttest explanation
ith distilled water for this will not interfere with

He shouid take the medication only w
ions that will deactivale antibacterial drugs. It does

BioBrand B. It does not contain
not contain Mg2+ and Cuz* that can affect the brand from working efficiently.

However, the changes were varied depending on what topics are involved. T
ed. To

udy is the first to report p

the author’s knowledge, this St
petter than using structure-activity relationship in teachi
ing

art-whole relationship that

addresses health literacy

biochemistry concepts-
jnstruction elicited more category 3 answers

Over-all, mereology-based

struction (Table 4.6
izing differences between in vivo and in vitro

compared to conventional in ). Category 3 explanations include
pations in reccgn
ces in chemical compo
that certain topics in health (i.e.,

correct chemistry expla

ments, differen
ons. It was evident

n of antibacterial drug,
ched rigorously using

siﬁons, metabholism and

chemical environ
lecular interacti
g oil, deactivatio
cology) can be approa
were approached based on existing

describi
ribing mo
limitations of in vitro

effect of frying on cookin
ta in pharma
while somé topics
sed food, effect of food preparation on nutrient

or animal studies da
reasoning
on pI'OOeS
ver, were clearly bia

asoning in biochemistry.
Effects on CIT, CTC and CbHLT 160
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sed opinions based on

Preconceptions (i.€-»

ations, howe

still, used heuristic re

entrenched beliefs:” others ;
Me mologY’ba“d instruction:

Content). Some expian



There were differences on how students in both groups use chemistry

COnce M . . -
pts in certain items. It was common in the conventional instruction group to use

in their explanations in item N1 (frying oil and diet plan) but

For example, a double bond was thought to

molecular structures

reveals an alternative conception.

making oil stable to heat during frying. In contrast, students in

indicate stability,

mereology-based instruction e€xp

" In item NP3 (product containing oxidizable
instruction group is to associate oxygen in the

lain that 2 “double bond is a site for reactivity and

oxidation
. compound), a common

exposition in the conventional
ter molecule and coriclude that water molecule is an oxidizing agent

structure of wa
On the other hand, students in the mereology-based instruction group rationalized

air causes oxidation, sO the use of lotion and nasal spray should not

that exposure to
nts in the conventional instruction claim that brushing with

be promoted. Lastly, stude
«NaCl reacts with calcium in teeth” (item D2)

salt removes stain in teeth because
These explanations weré reminiscent of the studen
ies in chemical identity thinking.

property to differentiate bulk propeit!

ts’ wrong attribution of molecular

some common explanations in both groups. Despite several

ction and conventional instru

ereology-based instru
hen answering items. Students have deeply held concepts,

trenched pelief’ (Chinn
to terms is related to the report that

There were als0
ction, students still use

weeks of m

preconceived notions w
and Brewer, 1993). For

Which has been termed as an "€
gative attributions
peroeived negatively pecause these a

amful (Edwards et al., 2016). This may explain

example, connecting ne
re associated to anything

“chemicals® are
tially toxic oF ha
prefer fresh foodstu
rocess does not involve @
the patient information to guide them in

ff over anything which has

ddition of artificial

“Synthetic” and “poten

why students in both groups
even if the p

Undergone processing:
nits assocnate

addlthﬂ.
ion: Effects on CIT, CTC and CbHLY 161
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supplements because of this information (item N3).
- A similar case in this study is the association of “fruit juice” with fruit-flavored
J.Ufce with preservatives (item N3). A fruit juice actually refers to freshly squeezede
juice, a fruit concentrate, or pasteurized juice (Casswell, 2009). In fact, fruit juices

have b mprov
een reported to lower blood pressure and improves lipid profile (Zheng et al
al,,

e that students perceive fruit juice as

to fruit-flavored juices. In the Philippines, fruit-flavored

2017). It is possibl “
processed” since most

information about juice pertain

mmon than fresh fruit juice among school children and adolescents

juice is more co

(Golloso-Gubat et al., 2015)-
a “noodie product’ to “instant noodles”, and

In addition, students associate
fu - et .
rther associate them {0 artificial preservatives in item N2. Overconsumption of

jated with cardiometabolic factors in Korean college

instant noodle has been associa
2017). However, in th
ed for preparing noodle
citrus flavor used in instant noodle is not the

e Philippines, “noodles” refer to miki,

students (Shin et al.,
dishes. The main concept

c i .
anton, and bihon, which aré us

addressed by item N2 is the notion that

'tam: .

possible hamm such as

eads to immediate
dical advice of opinions of heaith care

If decision |
students tend te base their decisions on mé
ly used in items NP2 (vasodilatation in rats), P2

Professionals.
p2 (teeth staining and antibacterial). This

(fungal infection and anti
also be used to persuade health care

put this ¢an

which is promoted
r not evidence-based. Furthermore if

Mindset promotes patient safety,
s to anything

by health care professionals

Students to display Pi2

e
ven if the information 5 pse
struction: Effects on CIT, CTC and CbHLT 162
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health ca i
1 care professionals are deployed in rural communities without access to h
o health

care i .
, a poor chemistry-based health literacy among health care professionals ca
n

compromise the well-being of the community members.

Lastly, relying on cost of health care products such as medications, and not
, no

improving knowledge deficit or health literacy to guide decisions may lead to
improper and inefficient choice of health care products and services (Palumbo

2017). Lower cost was associated with lower dosage in item NP2 and was used t
0

justify those experimental natural products were good altematives to a commercial

drug. Cost is indeed @ big factor in health literacy due to the socicdemographic

Filipinos, limiting their choi
ect less expensive alternatives (i.e., €g

otion over cure) is an important skill related to

ce of health care products and services

characteristics of
gs or mung beans

But having the ability to sél

over chicken and beef, health prom

health literacy.
tions in some items were retated to wrong

It is evident that misconcep
concepts to health
chemistry concepts to ju
ased explanations. These are areas where

concepts. However, the results imply

applications of chemistry
stify their explanations, and

that students are starting to us€
on unjustified o bi
uccessfully link chem

sed health literacy. Ove

g chemistry-ba
nal instruction increase chemistry-based health literacy, but

they no longer rely
istry concepts to heaith literacy,

scaffolding can be used to S
r-all, both mereology-based

thereby addressin

instruction and conventio
more similar to a meandering

it is highly idiosyncratic and the learning patterns are

lineal progress
that there are statistically significant differences in the

Process rather than @ iof-
t was revealed

n in chem

Since i
jcal identity thinking, critical thinking in chemistry and

racy amond students in the mereology-based instruction
sction: Effects on CIT, CTC and CbHLT 163
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n T .
group and conventional instruction group, this study determined which variabl
es

signi . R
ignificantly predict posttest ability In chemical identity thinking, critical thinking and
? ' an

chemistry-based health literacy in order to address the required leaming

characteristics of students to ensure @ that learning has taken place when either

mereology-based instruction or conventional instruction are used by a biochemistry

teacher

Predictors of Posttest Ability in Chemical Identity Thinking

t variables (PKCC ability,
ender) statistically significantly predict chemical

The independen PKVR ability, pretest ability in CIT.

average total cognitive load, and §

identity thinking posttest ability logit in the rnereo
R2-0.231, Cohen's °=0.300. Similarly, the independent

logy-based instruction group, Fis

284=17.033, p=0.000,

predict the chemical identity thinking posttest ability logit in the

variables also
p=0.000. R2=0.166, Cohen's f2 =

group, Fs, 281)=1 1.179,

were moderate.
ge of chemistry concepts and pretest

conventional instruction

0.199. Note that the effect sizes
Table 4.7 shows that prior knowled
nking predict an improve

y-based instruction group,

ability in chemical identity thi ment in chemical identity
roups. In the mereolog

gender was also a

thinking in both g
ring male students although gender was not a significant

significant predictor, favo
sttest ability in the

conventional instruction group.

predictor of po

MereOIogy—based instruction: Effects on CIT,CTCandCbHLT 164



Table 4.7.

Predictors of chemical identity thinking in mereology-based instruction group and

struction group pased on multiple linear regression analysis

conventional in
Group independent Variables —B ___ _SE____B_ >

Constant 0.605 0.152
PKCC ability 0.325 0.076 0.261 0.000

" PKVR ability -0.030 0.050 -0.306 0.553

ereology-based Instruction Group

Pretest ability in cIT 0.317 0.057 0303 0.000
Average Total Cognitive Load 0.036 0.043 0.045 0405
Gender -0.228 0.082 -0.149 0.006
Constant 0.053 0.095
PKGC ability 0181 0053 0207 0.001
PKVR ability 0060 0038 0086 0.111

Conventional Instructicn Group pratest ability in CIT 0189 0040 0260 0.000
Average total cognitive load 0.045 0031 0.079 0.152
Gender 0.001 0053 0.001 0.980

To the author's knowledge, this is the first attempt to determine the significant

nking after performing Rasch analysis. Chemical

of chemical identity thi
of Ngai et al. (201 6), who established

med from the study
principlism, compositionism, and

in Table 4.7., 1t is apparent that certain variables

type of instruction used. What is common

predictors

identity thinking was patte

a learning progression- objectivization:

interactionism. Based o the results

pending on the
gnificant positive P
chemical identity thinking instrument.

are significant predictors de
rediction of prior knowledge of

for both types of instruction is the S
st ability in the

Chemistry conce

£ cant predictor to the mereology-based
Gender, on the other ha
instruction group onlY-

CIT,CTC and CbHLT 165



Prior know i
n ledge of chemistry conoepts influences the abil'rty of students t
(o}

differenti i
ntiate substances as basic chemistry knowledge is the core of sophisti
isticated

chemi i , :
istry reasoning when differentiating substances. With a positive beta
coefficient

B), t i
), the model suggests that higher prior knowledge in chemistry leads to bett
etter

posttest chemical identity thinking student abi

ction or conventional instruction.
bstance is differentiated is linked to the ability to

lity when taught using either

mereology-based instru

The depth to which each su
us - .
e previously leamed chemistry concepts (Silva & Batista, 2003). However. health
. , hea

s H -
cience programs may be a special case since the program requires a
th concepts, which explains why the

multidisciplinary approach in learning heal
ces may also be based on hea

s no influence of background knowledge in

differentiati
iation of substan ith contexts. Lastly, while it

was previously reported that there i

to learning biochemistry (Minasian-Batmanian et al,, 2006), it

biology and chemistry
s an important factor to

r knowledge in chemistry i

is argued in this study that Prio
dents in biochemistry, s biochemistry

ctory of learning of stu
ptual understanding of
tity thinking emerged as a sign

determine the traje
chemistry concepts.

concepts build on prior conce
st ability in chemical iden ificant predictor
ty thinking student ab

linear regression model helps explain the changes in stu
signiﬁcant positive beta coefficient (B), the linear regression
retest student abili
idered that in this study,
y reflect the changes in posttest student

Prete
ility. Including pretest ability in a

or posttest chemical identi
dent ability in chemical

identity thinking. With 3
ty logit leads to higher posttest

model indicates that a higher P
has to bé cons! Rasch analysis was

student ability logit. It
alysis to correct!

employed using stacked 2"
While it is true that learning

red to the P
erroneous or

st student ability.

rete
prone to misinterpretation due to thie non-

ability when compa
9ains using raw scores are
MereologY—baséd instruction: Effects o1 CIT, CTCand CoHLT 166



"neal natu 7). usir
re Oi the data (Bond & Fox, 200; . BOO] e & NOtelmeyel 201 ) g
] , i [l

student ability logits i
ogits is a more accurate meas
ure of the predictive natu
re of pretest

ability to a stude
nt's posttest ability and is hi
, ghly recommended to m
easure learning

gains P a[l.']'r‘ l
( l nic et aI., 201 9). he posiﬁve prEdiCﬁon Of pl’etest ability inch

identity thinking impli
ntity thinking implies that previous chemistry subjects need to strength
) en the
abili i
ty of students to classify substances based on their attributes to ensure
" an

enha - - . . .
ncement of chemical identity thinking when taught with either mereology-b
-based

in i i i i
struction or conventional instruction.

emerged tobe a significant predi
ght using mereology-based instruction. However

Male gender ctor of posttest ability in
chemical identity thinking when tau
d in this study that gender
s having greater potential to €X
tity thinking because the differentiation of

per se may not be a sufficient basis to

it is acknowledge
hibit greater potential in

generalize the male gender @
er levels of chemical iden

nteraction of a student’s cO
t ijs worthy to note that male students have been

exhibiting high
gnitive abilities and non-

substances requires the i
cognitive characteristics- However, i
raliy higher achievemnt

eeder, 2010; Veloo etal, 2

2016; Rauschenberger & SW
r-whole relationship, it is possible that higher
ge to successfully differentiate

ent in chemistry (Forbes-Lormman et al

reported tc exhibit gené
015). Since mereology-

s based on 3@ pa

based instruction wa
rsa greater advanta

achievement in chemistry offe
initial familiarity

with refevant chemistry concepts.

Substances due to

", CTC and CbHLT 167



Predicto ility i
rs of Posttest Ability in Critical Thinking in Chemistry

ln

the mereol i = _
ogy-based instruction grou F —
p, I"5 284=32.549, p=0 000
i .000, R?=0.364, Cohen’
' n's

?=0.572. Simi
. Similarly, the model of predictors for the chemical identity think
nking

postte ili it i
st ability logit in the conventional instruction group was also signifi
) ificant, F
281)=2 = .
)=26.769, p=0.000, R2=0.323, Conen’s £ = 0.477. Note that the effect si
izes are

s and pretest siudent ability in critical thinking in chemist
ry

of visual representation
sttest critical thinking student ability in both

were significant predictors of po
struction group and conve
st ability in the conventional
rin the mereology-based instruction group.

ntional instruction group. Gender was

mereology-based in
instruction group, favoring

a significant predictor of postte:
¢ a significant predicto
positive predictor of P

males, but is no
osttest critical thinking in chemistry
-4

Prior knowiedge isa
items in the critical

based on the beta coefficient (B)- This is supported by the

stry, which aré all base
knowledge is expected tobea conceptual basis whe
kills in chemistry- The students’ prior knowied
predicior of posttest critical thinking in chemistry based

val rcpresentations a
er chemical phenomena. In fact, visual

d on chemistry concepts. Hence, prior

thinking test in chemi
n answering items which require

ge of visual

higher order thinking $

representations is @ Positiveé
re often required to make

efficient (B) Vis

on a positive beta €0
reactions ad oth

i
ferences about chemical
ctural features of biological

fepresentations in chemisty range from simple stru
Molecules (Harle & Towns, 2013; L & Koehl, 2014; Linenberger & Bretz, 2014;
Mnguni et al., 2016) 10 other dynamic chemical features such as molecular
interactions and proce gs€s (Bu y & Orgill, 2015). Hence, prior knowledge of visual
Meraowgy-based instruction: Effects on CIT,CTC and CbHLT 168



representations is relevant when anal

yzing items which require higher order thinking

\ skills.
|
Table 4.8.
Predictors of critical thinking in chemistry in mereology-based instruction group and
coriventional instruction group pased on muitiple linear regression analysis
—_— Group ndependent Variables B SE B P
Constant 0.228 0.141
PK.CC ability 0.1€4 0072  0.132 0.024
PKVR atility 0.133 0.045 0.162  0.004
Mereol i
ology-based Instruction Group pretest abilty i cTC 0,512 0.067 04°5 0.000
Average Total Cognitive load -0.003 0.039  -0.003 0.944
Gender 0430 0076 0084 0.8
Constant 0039  0.121
pKCC 0.280 0.067 0235 0.000
PKVR 0.145 0.047 C.169 0.002
Conventional Instruction GroupP pretest Ability in cTC 0.313 0.070 0252  0.000
Average Toral Cognitive Load 0066 0038 0085 0089
Gender 0208 0066  -0.161  0.002
——
< ina .<trv is also a positive predictor of
o eritical thinking I chemistry
Pretest ability In critical
. ; the positive beta value
Postiest ability in critical thinkind chemistry based on e P (B)-
I | based on the beta
. _~ntribution to the mode
Furthermore, i the highest con
ore, it has
i tion and conventional
coefficient. This implies that mereology-l?'ased instruct
) " inking of students in chemistry and the
instruction can increasé the critical thinking -
tudents already have an adequate pretest ability.
improvement is also highe’ if .
j with stacked analysis was used to obtain the
Since Rasch partial crédt mode
n: Effects on CIT, CTC and CoHLT 169
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the mo . T
del to predict the likelihood of correctly providing accurate and sophisti
’ isticated

reasoning i i - .
g in chemistry concepts. Since this model is only delimited to one institut
stitution,

there i . .
is an opportunity to validate the contribution of pretest ability in critical think
inking

in i
other health science programs.

Gender is a significant predictor of postte
favoring males. it is reiterated again

st ability logit of critical thinking in

al instruction group,

chemistry in the convention
ents to associate chemisiry concepts

that in this study, the ability of male stud
ausible reason why males may ou
is noted that @ structure-property relationship or

(Gul 19) i
acar, 2019) is a pl tperform female students in

the conventional instruction group. It
onship involves association 0
posttest student ability logit in critical thinking in

9

a ) .
structure-function relati f concepts. However, the

positive prediction of male gender {0

additional validation in yarious contexts.

chemistry may warrant

posttest Ability in Chemistry-based Health Literacy

statistically significant in th
0, R2=0.247, Cohen’s 2 = 0.328. Similarly

Predictors of
e mereology-based

The model of predictors is
=18.681, p=0.00

struction group wWas als
8. Note that the effect size in mereology-based

instruction group, Fis.284
o significant, Fi, 262=23.462,

the model in conventional in

=0.000, R?=0.295, Cohen’s =041
d the effect sizé int

r knowledge of chemi
ere significant predictors of posttest ability

he conventional instruction group

instruction was moderate an
stry concepts and pretest

was large. Table 4.9 shows that prio
w

ability in chemistry-based
y. In the mereology-based instruction group,

d health literaC
r were also significant predictors, favoring

in chemistry-base
ad and gende

average totai cognitive 1°

Male st
udents.
pased instruction: Effects on CIT, CTC and CbHLT 170
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Table 4.9.
Predictors of chemistry-based heaith literacy

and conventional instruction group

using multiple regression analysis

in mereology-based instruction group

—_— Group independent Variable B SE B 5
Constant 0.828 0.175

PKCC 0.144 0.086 0.100 0.095

Mereology-based Instruction Group PR 0228 ofeT 01 00

Pretest ability in CbHL 0.465 0.062 0.393 0.000

Average Total Cognitive Load 0.102 0.049 0.109 0.041

Gende: 0233 0094 0132 0013
Constant 0441 0120

PKCC 0.102 0065 0.178 0.001

PKVR 0.051 0.047 0.060 0.280

Conventional Instruction Group pretest Abilty i CbHL 0.445 0051 0461 0.000

pverage Total Cognitive Load -0.024 0039 -0032 0536

Gender 0.038 0.066 0.030 0.567

¢ chemistry-based health literacy among health science

The measurement (o]
|ogy-based instru

students in both mereo
mistry education, an

contribution of the study t© pioche
identifies all possible predictors of increased po

nce for those wh

the models, pretest ability in chemi

logy_based instr
e of chemistry concep

excellent point of refere

Settings. Based on
rin both mereo
ealth literacy am

Positive predicto

Is interesting to note thatp
. h

Posttest ability in chemlstlr)f'b“‘*"ed

With conventional instruction

sttest student ability logit is an

ts is a predictor of

. gffects on CIT, CTC and CbHLT

ction and conventiona! instruction is a novel

d developing a model which

o wish to investigate the coristruct in various
stry-based health literacy is a

uction and conventional instruction. It

ong students which were taught
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However, there are stark differences on the predictors of chemistry-based

health literacy in mereology-based instruction and conventional instruction. If

biochemistry concepts are to be approached using mereology-based instruction,
istry-based health

several variables contribute to the posttest student ability in chemis

literacy. These include prior knowledge of visual representations, average total

ge total cognitive load. Furthe
istry-based health literacy, favoring males.

cognitive load, and avera rmore, gender is also a
predictor of posttest ability of chem

s that there is @ cognitive req
ology-based instruction. Since the beta coefficients

This indicate uirement when biochemistry

concepts are taught using mere
ies that interventions which ensure adequate prior knowledge

are positive, it impli
istry-based health literacy need to

retest ability in chemi

visual representations, and p
gain greater chemistry-based health literacy

be considered, if students aré honed to
intervention. The contribution of gender to the model

at the end of the teaching |
indicates that the leaming characteristics of rnale seems to be appropriate for
and may warrant further investigaticn. Hence, a

e cognitive load of students in poth mereolod

mereology-based instruction,
y-based instruction

discussion on th
re explored comprehensively.

group and conventional instruction group @
ntin the model for P

the beta coefficie

chemistry-based health literacy in mereology—based instruction, an increased

itive load also increases posttest
tmcture—property relation

average total cogni
using @ S
ve load as it requires simultaneous

ts a high cogniti
olic and macroscopic domain of chemistry.

contribute to the model for the

redictors of increased

Based on
student ability in chemistry-

ship or structure-

based health literacy- HoweVer

function refationship als° presen
pic,

ve load does not
ry-based health lite

: mb
Analysis of the sub-microsco sy

tal 009"'tl
racy among students in the

However, average t0
Prediction of posttest ability | CIT,CTC and CLHLT 172
Mereo



conventional i - .
2l instruction group. Along with the previous data on higher posttest ability
il

of st ; .
uderits in chemistry-based heaith literacy in the mereology-based instructi
on

rou :

group, the model provides a lot of possible issues 10 be addressed if chemistry

bas i ; . )
ed health literacy is considered as a leaming outcome among students

The inclusion of average total cognitive load among the predictors of posttest
3 S

chemis .
emistry-based health literacy among students in the meteology-based instruction

dditional discussion, and is investig
nitive load in the activities they performed was high

group wa
rants an a ated further. Students in the

MBI group indicated that the cog

(Figure 4.10), however they obtained higher
gh cognitive load associate

mistry-based health literacy. On the other

posttest student ability logits. it is

inferred that overcoming a hi d with mereology-based

instruction is required to gain more che
in chemistry education in
tcomas (Behmke & Atwood,
y-based instruction presents & higher

dicating that reducing the cognitive

hand, there are studies
2013; Costley et al.,

load results to better leaming oY

L, 2014). Sinceé mereolog

2020; Milencovic et 2
chemistry education. Assisting

bute 2 novel finding to

cognitive load, the results contri
not the initial cognitive load, contributes to

Students to overcome the cognitiveé load,

Positive learning outcomes-
m difficulty logits related to total cognitive load vary in each
10), but there isa
Activity 10. Generally, o difficulty in the
d to the conven jonal instruction group,
d 17p-|-|ydroxysteroid Dehyclrogenase Type 1

fculty implies 3 d

The mean ité
n increasing trend from Activity 04 to

laboratory activity (Figure 4-
mereology-based instruction

except for Activity

9roup is greater compare

05 (E-ring Modified steroids an
ecreasing fctal cognitive load

Inhibition). A decreasing mean item di
experienced by studen ts. In poth gl’OUPss the mean logit of total cognitive load was
ys .
high .
est in Activi )
Activty 05 s2d instruction- Effects on CIT, CTCand CbHLT 173

MereOIOQY"’a



M Activity 4 O Activity 5 B Activity 6 B Activity 7 O Activity 9 @ Activity 10 B Average

3.00
= 2.00 1 . T
o =
8 0]
o 1001
[}
3 ]
S 000 l
5 -
8 -1.00 1
s
°
= .2.00 1
: 4 4
a
(]
=

-3.00 1

4.00

MBI-M MBI-F CI-M -

Group

ean total cognitive load experienced by students per laboratory activity

Figure 4.10. M
cognitive load

in contrast to average total

In this study, the average total cognitive load is divided into intrinsic cognitive

load (ICL), extraneous cognitive load related to the feature of activity (ECL-F),

extraneous cognitive load related to task (ECL-T), germane cognitive load related to

mental effort (GCL-ME) and g
mereology-based instruction group and conventioanl instruction

ermane load related to enhancement of understanding

(GCL-EU) in the
t can be observed that students who were taught

group are shown in Figure 4.11.1
d instruction had higher intrinsic, extraneous and germane

with mereology-base

d compared to student
-olated to enhancement of understanding had the highest

» s who were taught with conventional i :
cognitive loa g tional instruction.

Germane cognitive load

ile germane load
more, cognitive load in extraneous load was higher than

related to mental effort was the lowest in both

cognitive load wh
types of instruction. Further

Intrinsic cognitive load.
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intrinsic, extraneo
and convent

gure 4 12 that the students in the mereology-based instructi
on

oad compared to stu
clarity of laboratory activity instructions)

It is shown in Fi
dents in the conventional

groy .
p experienced more cognitive |

e that in item 6 (

il’]s .
truction group. It is notab!
), there was higher

SPR/ SAR with
udents in the €O

visual representations

and i
d item 10 (ease of
nventional instruction group.

Onitive load experienced bY st
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Figure 4.12. Comparison of item-specific cognitive load between mereology-based

instruction group and conventional instruction group

Item Number

In the studies of Behmke and Atwood (2013) and Milenkovic et al. (2014), an

in in chemistry was supported by decreased cognitive load.

increased learning ga
s higher cognitive load in mereology-

However, this is not supported in this study, a
o higher learning gains in chemical identity thinking,

based instruction resulted t
based health literacy. However, it can be

Critical thinking in chemistry and chemistry-
in total cognitive load and in its sub-components

claimed that a decreasing tr end
ized by higher posttest student ability in chemical identity

Seems to be character
ry and chemistry-based health literacy.

thinking, critical thinking in chemist
f students overcome the cognitive load related to laboratory

This implies that i
rstanding of biochemistry and other related

- - unde
Activities, they may gain more
i1 this study that indeed, all sub-components of total cognitive
Concepts. It is evident IN
| sing trend from Activity 04 to Activity 10, suggesting that
%ad displayed a decred
pased instruction: Effects on CIT, CTC and CbHLT 176
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students have in vi
leaimed to perform in vitro laboratory activities, in silico activiti
) vities and

class argum i
en
g tation, even when more complex molecules at the latter part of
* . of ea
activity are involved. i

According to Jones et al. (2014), undergraduate studerits do not adapt
ap

i .
mmediately to an approach such as mereology-based instruction and
may use

surface leamning initially. But if the students become familiar with the think
inking

pl Oce I C iti

over time, as shown in the results. This study supports the claim that cogniti
gnitive

processing can stil! happen eve
on should not be based on causation, but on concurrent description of
tiono

n if cognitive load is high (Costley et al., 2020), but

an interpretati

what happens during the leaming process, as well as the cognitive load felt b
y

students during instruction.
One explanation for this is the exploratory nature and inquiry-based nat
ure of

investigating part-whole relationship in biochemistry. Most jounal articles and
an

textbooks do not explicitly reveal part-whole relationships in chemistry. Furth
. ermore,
students also need to navigate and relate ontological contexts of mereology t
y to
xts to answer arguments, laboratory activities, and research

chemistry conte
g. Students in the mereology-based instruction group

questions using this thinkin
ssing reductionist ciaim
4, conventional instruction was based on using structure

were also addre s using part-whole relationships

On the other han
d stmcture-activity explanations, which were actually more similar in

n

framework to the qué
rming in the labo
cognitive load in the mé
eveal part-whole relationships.

r
reology-based instruction: Effects on CIT, CTC and CoHLT 177

ratory activities. This could also be the reason for
a

were perfo
reology-based instruction grotip, as QSAR

higher germane

activities do not explicitly
pe



It is not surprising that the total cognitive load in Activity 05 is higher in the
mereology-based instruction group than in the conventional instruction group. This
activity was related to an in-silico analysis of E-ring Modified Steroids and 178-

Hydroxysteroid Dehydrogenase Type 1 Inhibition, which is quite complex since it

involves the use of online software such as MolView, and ChemDes, and extensive

use of Microsoft Excel for data analysis. But, compared to other molecules, this

activity deait with changing the substituents to the E-ring of a single hydroxysteroid
molecule, and not dealing with molecules with different structures. This activity

involved complex visual representations, in general.

Contributions to Existing Theory
Based on the results in this section, there are contributions of this current

es identified in Chapter 2. With respect to the cognitive dissonance

study to the theori
ges preconceptions, consumer concerns and

theory, if the information challen
ation between chemistry and hea
ry-based health literacy. The presence of these contexts in

negative associ Ith needs, the information can be

used to address chemist
dents link chemical identity with

chemical identity thinking indicates that stu
cy. In addition, failure to link chemistry to health literacy

chemistry-based heaith litera

liance on health caré professionals only, especially if heaith

may promote re
sed risk of injury-

decisions lead to increa
oad theory, this study does not support that

pect to the cognitive I
its to higher learning gain
tical thinking in chemistry. Cognitive load, based on

With res
s or higher posttest abilities in

lower cogpnitive load rest

chemical identity thinking and "
udent. With respe
ns are met if students successfully overcome the

th ct to chemistry-based health literacy, this
€ results, varies per St

Study asserts that leamind gai
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em St -
bedded intrinsic and extraneous cognitive load in the mereology-based instructi
ion

activiti : . -
ctivities, while overcoming germane cognitive load may take a longer time or

training.
Lastly, considering the situated learning theory, the results show that students

learn concepts not by progression, but by a meandering pattern, given that students
were not deliberately taught with content in mereology-based instruction.
Furthermore, the thinking process from a chemistry context influences the thinking
process in chemistry-based health literacy, but there is more influence of

biochemistry context than the ontological context in th
hapter 2 iS modified and shown in Figure 4.13.

e explanations. Hence, the

thinking process presented inC
d model, increased prior kn
ntity thinking, and gender increase chemical identity

In the revise owledge of chemistry concepts,
pretest ability in chemical ide
thinking at the post-intervention. Increased prior knowledge of chemistry concepts,
presentations and pretest

ritical thinking in chemistry. Increased

ability in critical thinking in

prior knowledge of visual re

se post-intervention C

chemistry increa
tations, pretest ability in chemistry-

edge of visual represen

cognitive load, prior knowl
rease chemistry-based health literacy post-

racy and gender inC

intervention. The contexts of explanations an
were influenced by preconceptions, consumer

y-based instruction
ncept associations

based heaith lite
d answers of students who participated

in mereolog
between chemistry and health, and reliance

concerns, negative €0

on health professionals.
finding$: the conceptual frameworkK is revised to show the

Based on the
prior knowledge of visual

impact of prior knowledge of chemistry concepis,
nder cognitivé load, and pretest ability to
sed health literacy when thie biochemistry

nd chemistw—ba
pased instruction: Effects on CIT, CTC and CbHLT 179

chemical identity

representations, 9

thinking, critical thinkind a
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concepts are taught using mereology-based instruction (using part-whole

relationship) and conventional

function relationship). The revise

414,

Fallacy
Chemistry evidence

context

PKCC
Pretest ability
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f
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petween

Figure 4.13. Revised thin
chemical identity thint g,

“Effect may be attributed © |ena irncre
Upward arrow (’[‘) indicaté a y
e

Biochemistry

reology-based instru

instruction (using structure-property and structure-

Reductionist part-whole

relationship in biochemistry

d conceptual framework is shown in Figure

Mereology-based
Instruction

Ontological
context

Reductionist claims
in health

W

Health Literacy

s in mereolog
| thinking 1

racteristics rel

<
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hml

Chemistry-specific
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T
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CHAPTER 5

SUMMARY, CONCLUSION AND RECOMMENDATIONS

This
chapter presents the summary and conclusion of the study regarding th
g the

effect i i
of mereology-based instruction to chemical identity thinking, critical thinki
, inking in

chemi i i
istry and chemistry-based health literacy among heaith science students. T
nts. The

erences O cog.'nt!ve load are also included. In addition this chapter pro id
’ vides

hemistry education researchers who would like to investigate

recommendations for €

health science students in the context of chemistry education research
ovember of AY 2019-2020 to

s conducted last August to N

The study wa
ity in Baguio City. A total of 577 participants

thirteen intact classes in a univers
dents in mereology—based
ents in conventional instruction group (22.65% male

- S,

comprised of 280 stu instruction group (17.50% males

and 277 stud
participated in this study.

ction and conventional i
ber 2019. Each week is equivalent to three

82.50% fernales),

77.35% females)
nstruction were implemented

Mereology-based instru
thin August to Novem

days of one-hour lecture sessions and two-hour |
titative structure-activity relationship activities

for 12 weeks Wi
aboratory sessions. A total of six

argumentation activity and six quan

aboratory session
onships in argumenmtio
the utilization of structure-property/structure-

S. Mereology-based instructicn involved

were performed during |
whole relati

n and laboratory activities

the utilization of part-

struction involved

while conventional in
nship. Prior t0
nderwent a tral!
and MolView, Mi

J. A five-day training-worksho

the actual implementation of the interventions, all

function relatio
ing in performing basic analysis of molecular

student-participants Y
g CchemDes

crosoft Excel, and quantitative image

descriptors usin
p was conducted to

analysis using the software Image
stry instructors to train them on how to use MolView

ve BiOc"‘emi
Me reology_based iﬂstructio

sev 3



ChembDes, statisti
_ statistical analysis in Microsoft Ex
cel, performance of labo
ratory assays

n part-whole relationship, while conventional instruction w
as

instruction was based 0

bas i i
ed on structure-property relationship and structure-function relationship

ized Rasch analysis to measure the
thinking in chemistry, and chemistry-based

This study uii
| y il effects of type of instruction
o chemical identity thinking, critical
addition, Rasch analysis was 2
pts, prior knowledge of visual representations, and

health lite
racy. In Iso used to determine the prior

knowledge of chemistry conce

cognitive load.
proach of mathematical modelling based on a latent

Rasch analysis is an ap
person ability and item difficulty in one linear

s the measurement of
le. The data in the stud

easurement derived from esti

trait and involve
y is expressed into logit or “log-odd

scale, called the logit sca
mation of person ability

unit”, which is a linear unit of M

on student ability and item difficulty were converted into

and item difficulty. Data

dichotomous Rasch

and prior knowledge Of visual representati
critical thinkin

hemical identity thin
Rasch partial cré
intrinsic and germnd

analysis for prior knowledge of chemistry concepts

Iogit" usin
<) g
ons. To obtain student ability and item

King, g in chemistry and chemistry-

difficulty in €
dit modelling was utilized. In order to

based health literacy
ne cognitive load, Rasch rating scale

determine total, extraneous;

maodel was utilized.

er to compare pretest and posttest student ability logits in chemical
cal thinking i
performed-
student ability fog

In ord
n chemistry and chemistry-based health hiteracy

r= which involves the

identity thinking, crif
Stacking is @ procedu

stacking of the data set was
it using items as common an~hors

nd pos;ttest
Mereology”

ects on CIT, CTC and CbHLT 183

analysis of pretest @
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Racking invoiv
es analysis of item difficulty logi i
gits using student ability
as anchor.

Summary

T - . .
his study aimed to determine the effects of mereology-based instricti
iction to

che H . . - . exe
mical identity thinking, critical thinking and chemistry-based heaith lit
> iteracy of

s -

econd year medical [aboratory science stude

sed on structure-property or structure-function relationship.
S.

nts, in comparison to conventional

instruction, which is ba
truction group and the conventional instruction

Both the mereology-based ins
in quanﬁtative structure-activi
ctivity components. In addition, the format of

grou i
p were immersed ty relationship laboratory

activities with in vitro and in silico @
g Toulmin Argumentation Pattern were similar to both group
S,

argumentation usin
tical. The only difference is the type of approach

and the lecture notes weré iden
entation and research
logy-based instruction grou
p, students used the approach of structure-

used in their argum questions.
The approach in mereo p is part-whole relationship
tional instruction grou

ction relationship. Furthe

while in the conven
rmore, mereology-based

property and structure-fun
focus on teaching
s using the part-wh
y answered each research
chemical identity thinking, critical thinking in

part-whole relationship, but opportunities to

instruction did not
ole relationship schema.

evaluate reducﬁonist claim
has satisfactoril

question related to the

This study
effects of mereology—based instruction to

hemistry-bas®
cience Pr ogra
gearch questions

d health literacy within the context of biochemistry

Chemistry and €
m. The summary of findings is presented as

education in a health
put forth at the beginning of the study

follows in response 10 the ré
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of items related to prior kno

; wiledge o i
e of visual rep.resentations in theg me:::lzmlsw
nventional instruction (Cl) group?gy-

‘:(I,hat is the level of difficulty
balsiceqts and prior knowiedg
ed instruction {MBI) group and co

Over-all, the level of difficulty of both prior knowledge of chemistry concept
S

tes i .
t and visual representations test aré within the student abilities of the partici
ipants.

ty of items related to prior knowled
ent ability logit. Out of the 45 items in the prior

The mean difficul
ge of chemistry concepts is 0.11

logit units above the mean stud
17 items were below the mean

knowledge of chemistry concepts test (PKCCT),

< that the items in the research instrument are appropriate

person ability, which implie
ts. ltems related to general organic chemistry

for the abilities of the student-participan
mean item difficulty logits Wi

an item difficulty logits.

e of visual representations test is

concepts have the highest hile general inorganic
pts had the lowest mé

culty of prior knowledg

The mean item diffi
ve the mean student ability logit, indicating that the difficulty of items

0.29 logits abo
r the abiiities of th participants. Out of the 23

e student-

in the test is appropriate f0

ual representation

s test, 7 items were below the mean person ability

items in the vis
ltems related to ball and stick models have the highest mean item difficulty logits
structures have the jowest mean item difficulty. These

tions involving three-dimensional models are

while items involving skeleta!

findings suggest that visual representd
mo-dimensional

more difficult to interpret tha"

od instruction: Effects on CIT, CTC and CbHLT 185
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dge of chemistry concepts and prior

After controlling for prior knowle
is there a significant difference between

knowledge of visual representations,
Cl in terms of posttest chemical identity thinking

students exposed to MBI and to
(CIT), posttest critical thinking in chemistry (CTC) and posttest chemistry-based

health literacy (CbHL)?
Both mereology-based instruction and conventional i
ch.emical identity thinking, critical thinking in chemistry,

nstruction increase the

posttest ability of students in

and chemistry-based health literacy. Gompared to conventional instruction,

mereology-based instruction resulted to statistically significantly higher mean
male students in chemical identity thinking,

posttest ability logits of male and fe
try-based health literacy, after controlling for

S

critical thinking in chemistry, and chemi
ge of chemislry concepts, prior

aforementioned variables.

ability logits in prior knowled knowledge of visual

representations and pretest ability in the
ean item difficulty logits in the

Over-all, there was 3 greater decrease in m
mereology-based instruction group compared to conventional instruction group in

nking critical thinking in chemistry, and chemistry-based health

chemical identity thi
lated to chemicai identity thinking, 14 items have

literacy. Out of the 20 items re
item difficulty logi

while 9 items have decreased posttest item di
i ~q| thinking in chemistry, 14

ts in the mereology-based instruction group

decreased posttest
fficulty logits in the conventional

instruction group- |
ttest item difficulty in the mereology-based instruction group.
11 items d

onal instruction . :
racy, all items have lower

items decreased in POS _ .
ecreased in posttest item difficulty

In the conventi

logits. Out of 11 items _ e
d instruction group. with 8 items having

mereology-base

Posttest i ifficulty in the item di
est item difficulty the pretest item difficulty logits. In

i logit di
more than 0.50 item difficuly
than 0.50 Il items also had 1oWer po

: ction o+ i
instru o difficulty logit difference from the
. Effects on CIT CTC and CbHLT 186

sttest item difficulty

the conventional

logits, but only 4 ite™



pretest i i i s
t itern difficulty logit. In additior:, one item increased in posttest item diffi
ifficulty

by in the ional i i
conventional instruction group. These findings suggest that the effect of

type of intervention to changes in item difficulty are topic-specific

re the variables gender, prior knowledge of chemistry

concepts, prior knowledge of visual re
, presentations, retest abili
identity thinking (CIT), and mean total cognitive lvad ;foomvf.a:r';ﬁfcit';;hﬁ?‘ fcal

posttest ability in chemical idenfity thinking (CIT)?
y-based instruction group, the significant p

thinking were prior knowledge of chemistry

Taken simultaneously, a

In
the mereolog redictors for

posttest ability in chemical identity

bility in chemical identity thinking and gender, favoring ma.e

concepts, pretest a
e conventional instruction

re taken simultaneously. inth

students, when all variables @
and pretest ability in chemical

or knowledge of chemist

cant predictors-

group, only the pri ry concepts

identity thinking are signifi

gender, prior knowledge of chemistry

Taken simuitaneously, aré
concepts, prior knowledge of visual representations, pretest ability in critical
nitive load positive predictors

thinking in chemis cTC), and me
9 istry (¢ | thinking in chemistry (CTC)?

of posttest ability in criticd
pased instruction

in chemistry were

presentations, and p

the variables

In the mereology
n critical thinking

prior knowledge of chemistry

posttest ability i
retest ability in critical

Concepts, prior knowledge of visual ré
thinking in chemistry when all variables aré taken simuitaneously. In the
on groups the significant predictors for posttest ability in critical

conventional instruct!
ge of chemistry concepts, prior knowledge of

thinking in chemistry, and gender.

Visual representations: p

favar:
avoring male students-
sruction: Effects onCIT,CTCand CbHLT 187
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u i e
. o c [

co .
Chzr%'aig?y’ prior cl;nowledge of visual rep
predictors of e(,sg::lth Ilteracy (CbHL), and mean total cognitiv
p t ability in chemistry-based health lite?a(l:y (?‘lt:;:l‘.’ positive
- )?

In th i i
e mereology-based instruction group, the significant predictors for

postte .z . .y . . .
st ability in critical thinking chemistry were prior knowleage of ch
chemistry

concepts ility i i
pts, pretest ability in chemistry-based health literacy, average total cogniti
nitive

g male students, when all variable

nstruction group, the significant predictors for

load, and gender favorin s are tak
en

simultaneously. In the conventional i
mistry-based healith litera
hemistry—based health literacy only.

posttest ability i
t ability in che cy were prior knowledge of chemistry

concepts, and pretest ability in €

Conclusion

mistry instruction in the health science program such

In the context of bioche
y-based instruction is more effective than

ry science mereolod
reasing student abil

mistry-based health lite
n, however, perceived greater total

as medical laborato
ity in chemical identity thinking

conventional instruction in inC
and che

y-based instructio
gnitive load com

critical thinking in chemistry: racy of students.

Participants in the mereologd

extraneous, intrinsic and germane co
roup- Mereolod

conventional instruction g
i male students compared to

posttest stude

ease in item d

females. The varying dec"
chemistty a
ion and con

Furthermore, mereology-based instruction h

pared to the participants in the

y-based instruction, in general, promotes

greater increase in
mical identity thinking

ifficulty logits in che
nd chemisuy-based health literacy suggests that both
ction have topic-specific effects

critical thinking in
ventional instru

Mereology-based instrd
as an «enhancement” effect in chemical
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approach in teac

- philosophy of ch
. chemistry and bioche™

~ entities. Lastly,

identity thinking, “corrective” effect in critical thinking in chemistry, and either
“corrective” or “enhancing” effect in chemistry-based health literacy based on the

changes in levels corresponding to category thresholds in the aforementioned

constructs. Conventional instruction has a “corrective” effect in chemical identity

thinking, critical thinking in chemistry, and chemistry-based health literacy. An

increase in posttest student ability in chemical identity thinking, cntical thinking in

chemistry and chemistry-based health literacy can be predicted by a varied

combination of prior knowledge of chemistry concepts, prior knowledge of visual

representations, pretest student ability, mean total cognitive load and gender.

Implications of the Study

The findings of the study can be used by curriculum developers of chemistry

courses in choosing a philosophioal theme in chemistry that could be used to

supplement student learning. First, @ philosophical theme has the potential to
support the development of critical thinking and health literacy among health science
students because chemistry concepts are analyzed concurrently with health

and logic in reasoning. Second, there is a high potential for the application

concepts
ure-activity relationship laboratory activities in the heaith

of quantitative struct
gher order thinking skills instead of the cookbook

sciences because it promotes hi

hing, which currently abound in the health sciences.

Curriculum developers can also design new subjects which incomporate

emistry to health-relate
istry to serve as a lens to describe the nature of chemical

d chemistry subjects such as organic

curriculum developers could also design which subjects should be

with piochemistry to address overcrowding of the curriculum. A

 offered concurrently
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ca S :
reful design of the curriculum could also promote successful integration of

iochemistry education to concepts relevant to professional roles because the

relationship of biochemistry to other health-related subjects in one semester will b
e

more explicit.

Authors of textbooks could use the results of the study. There is a need to

textbook which is course-based, specific, and contextualized to the health

n of the textbook should promote critical thinking in

design a

sciences. Hence, the desig

biochemistry that is contextualized to the health sciences. Since pseudoscientific

ked as scientific in various educational media, st'ch claims

information are often mas

ze the ability of students to utilize critical

can be used as an assessment to scrutini

ources of discourses in biochemistry can be identified to

thinking. These possible s
n chemistry and its role in achieving health

promote the utilization of critical thinking i

literacy.
mical mereology-based instruction has the

The activities selected for chel

nd correct misconceptions related to heuristic reasoning and

potential to address a
stry concepts. Addressing misconceptions in

simplification of biochemi

on should be high!ighted an
d health and promote chemis

inaccurate
d could be used to modify lifestyle-

biochemistry instructi
isions to maintain goo
s, families and communities.

try-based health

related dec

literacy to individual

Recommendations

at mereology-based instruction be tried out in other

recommended th
such @S general i
alth scierice programs. In additio
chemistry, self-efficacy and motivations also

on: Effects on CIT, CTC and CbHLT 190

itis
norganic chemistry, organic chemistry and

chemistry subjects:
n, related studies on other

analytical chemisty in he
attitudes towards

variables such a5
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need t ssessed - .
o be asse _ Other leaming characteristics such as visual-spatial ability and
an

chemi ety ¢ .
mistry anxiety can also be assessed in relation to mereology-based instructi
e ion.

This study affirms gender differences in ail variables selected. However, it is

assumed that the factors causing significant differences in ability logits may be m
ore

related to leaming characteristics such as prior knowledge of chemistry concepts
pts,

prior knowledge of visual representations and pretest abilities in chemical identity

thinking, critical thinking in chemistry and chemistry-based health literacy, not gend
, nder

per se.
The research instruments such as chemical identity thinking instrument
g testin chemistry and chemisty-based health literacy test were multi

critical thinkin
g the evaluation of explanations arduous and time-

tiered instruments, makin
red multiple-choice version of the tests can be

consuming. Probably, @ double tie
ch analysis. Alternative conce

stractor analysis. It is also possible to develop an cnline

developed using Ras ptions which werz observed in

this study can be used for di

ster assessment and diag
nce students possess prior to biochemistry instruction

survey form for fa nosis of the level of chemistry-based
health literacy that health scie
y-based instruction can

ity, where students leain pa

also be discussed in combination with a

Mereolog
rt-whole relationship in online

flipped classroom medal

plement their plans to prove of disprove part-whole relationships in

classes and im

actual laboratory classes-
volving mereology—based instruction and chemistry-

A Iongitudinal study in

cy can also be inve
he students complete thei

also utilized longd pefore t
whether chemistty—based health literacy indeed progresses over time

nts progress toward
Me,eology-based instructio

stigated to determine if the thinking process is

based health litera
r biochemistry subject. This would

provide a basis
s completing health science subjects.

as health science stude
n: Effects on CIT, CTC and CbHLT 191



The implications of this study can be reviewed by Philippine institutions which
offer health science programs to address the need to link biochemistry concepts to

actual health outcomes by improving chemisiry-based reasoning in health-related

contexts such as maintenance of good health, disease prevention, cure, and

rehabilitation.
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Appendix B

Content Validity Rating of Prior Knowiedge of Chemistry Concepts Test

= Rating Interpretation
ftem _E1EzﬁzaEsE;E1Ave

—

1. The directions given are clear in all
section of the data gathering s 4 1 4 3 4 4 357  Vaid
5§ 4 3 4 3 4 4 386 Valid

2. Each item is clearly stated.
4 4 4 4 4 4 44 Valid

3. Eachitem is readable
4. Each item is attractive to read;

enough space is provided to avoid 5 4 4 5 4 5
crowding among items.

5 4.57 Highly Valid

5. The data gathenng instrumerit is
comprehensive; it covered &l areas s 5 457 Highly Valid

that are important in the study.

(2]
(3.}
»
[2,]
E-N

6. Each item is focusedonaparticular 3 5 4 4 5 429 HohlyVald

thought or idea.

7. The items are objective, i-e-, the
’esponsestobeelicitedalenelthef s 5 4 5 3 5 4 443 Highlyvalid

biased nor reactive.

8. The items are formutated in
accordance to the explicit/ impli

objectives of the study.

4 5 5 457 HigtlyValid

9. The items are symematicaézsi able , 5 4 4 5 4m Valid

arranged accordingto @
Sequence.

10. The items do ot overlap with €ach , 5 4 4 4 400  Valid

other; no duplication of items is s 5
~_9bserved.
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Appendix'C
ple Letter for Pilot Testing

Sam
SAINT LOUIS UNIVERSITY
School of Natural Sclences
Bonifacio St., Baguio City
April 1, 2019
Re: Pilot Testing of Research instruments
Greetings!
la atha - i Education (Chemistry maijor; candidate of the Universi
of the 'lghjil(i):pine; (h)n ) Ba{ﬁ:\?e;g‘gnga : rfxac:lny member of School of Natural Sciences, Saint LQ.JI:Z
pen conducting MY dissertation on determining the effects of a
Ching, critical thinking and chemisiry-based

Universi i
, Ba i «yrrently, 1 @ f
ty, Baguio City. Curment: ' 2 nical identity {hinking, Critica
th : i requuements of my PhD program.

Mereology-based instruction 07 e
students as part

h -
ealth literacy of health science
:elaﬁonship between a “part” and a

ination of the g b
ssertation adviser, Dr. Marlene B.

Central to th f mereology 1 the determ r
‘Whole.” Thi o the concept 0 od under the supervision of my diss d )
Feﬁdo'-ﬁmsdm?;?t; 'jf‘};’m,ip;}nes National institute of Mathematics and Science Education (UP-

etric evaluation of research

ISMED).
et i development and psychomeirnc ==
instrf,):,‘;:tfs“;ﬁ gft:sm‘gs m:ga rlrl:{_': ;ﬁr‘:‘g’f‘r ;ztﬂ:: Shemistry. Ciemical identity Thinking Instrument and

Chemi
hemistry-based Health Litera®y Test |
; good ofiice to allow me to administer the
In relation to this, | am respecth“Y requesting youl edical laborato sci
S, rst year med! ry science students
h ndre'd fifty firstY _ The details of the instruments

r
‘:;Sa'::h instruments to e
) h
e completed inorganic . Table 1.

a
nd tha proposed schedulé 1 s
Tab iat for Pilot Test J—
le 1. List of lnstruments -—-i"’"“ﬂ"n;ﬁ“ui ~1" Sropossd Dot of
Nusmbel m@&—w_&m
instrument crams_| 215 50 to 60 minutes April 11, 201
 Cri———— -2 23'/ 150 April 25, 2013
ritical Thinking Test in Chemist’Y — e )
- 60 to 70 min April 12
150 pril 12, 2019
mh_//{ April 26, 2018
istry-based Health Literacy Test | =
] 150 50 to 60 minuies April 13, 2019
1 ‘ April 27, 2019
-l "

c\ﬁ___
hemi e
ical Identity Thinking instrument

/
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The research protocol was approved by Saint Louis University Research Ethics Committee (SLU-
REC). | have atiached the approved research protocol, approval sheet and samg!e informed consent
with this letter. The informed consent shall be obtained from the respondents prior to answering the

instruments. Participation is entirely voluntary.
ered in the study will be used for scholarly purposes only.

Res re i jon gath : i atit it
t assured that the information 9 es related to the conduct of study in your institution will be

Furthermore, ail existing policies and guidelin

strictly followed as required.
roval for this academic endeavor. If there are concerns or

| am boping for your positive 3pp dress | "
commants, ‘Drlngy o yreac’led via my e-mail ad jmbarcelo@slu.edu.ph o- through my contact
Number — 09153233044.

Thank you very much.

Respectfully yours,

gf)pathan M. Barcelo
Balnt Louis University
aguio City

Noteq:

Marlene B. Ferido, PhD
€search Adviser
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Appendix D

parameters of Rasch Analysis

— Remarks

Target Values
Presence of two ability levels

- ~ Parameter
erson Separation >2.00
Person Reliability > 0.80 Ability level is reproducible
ltem Separation >3.00 Presence of three item difficulty
levels
ltem Reliability > 0.90 tem difficulty are reproducible
Infit and Outfit MN . 30 Indicates fitness of items toth
sQ MCQ: 0.70t0 1 o the
PCM: 0.70 t0 1.30 Rasch model
High stake: to 1.20
Rating Scal¢ 0.60to 1.4
In Indicates fitness of items to the
fit and Outfit ZTSD 2.00t02.00 Rasch model
Poi - - Ensures that all iterns contribute to
oint Measure Correlation Should be positive the measurement of the latent
variable or undetlying construct
Unidimens’ H o N .
ionality . Unidamens:onallty and local
*  Unexplained variance <2 e;genvalues independence indicates that the
in first contrast test is measuring one dimension
*  PCA contrasts 1.00 only.
) ot Signiﬁcant DIF may indicate bias;
Differentj P Mante! Haenszel statistics, - ith significant D
ntia : i ftems with signf cant DIF must be
| Item Functioning p<0.05 indicates significant e ved from list of items
DIF
DIF Size:
Moderate to large
>0.64 logit
sli gh‘t to n}odelate
> 0.43 logt
Negligible
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Details of items in Prior Knowledge of Chemis

Appendix E

try Concepts Test

Ite
m Topic Type Remark Dascision Final item
Qo — S— Number
a 0; xl'g;surement Recall GiGlopc Retained Q01
003 lopmaoncePt Recall GICtopic Retained Q02
Qo4 lonization Analysis GIC topic  Retained Qo3
Qos Quantum number Analysis GIC topic  Retained Qo4
Q Atomic radius Analysis GIC topic  Retained Qo5
QOS Balancing chemical equation Application GIC topic  Omitted” .
07 Malleability Recall GICtopic Retained Q06
Q08 Hydrogen bond Recall GICtopic  Retained Qo7
Q09 Vapor pressure Analysis GIC topic  Retained Qo8
Q10 Dialysis Application GIC topic  Retained Qo9
Q11 Boiling point Analysis GiCtopic  Retained Q40
Q12 Empirical formula Recall GIC topic  Retained Q11
Q13 Mole Ratio Evaluation GIC topic  Retained Q12
Q14 Stoichiometry Appiication GICtopic ~ Omitted .
Q15  Intermolecular force of attraction Recall GIC topic Retained Q13
Q16  Osimotic pressure Application GIC topic  Omitted” y
Q17 Chromatography Analysis GIC topic Retained Q14
Q18  Polarity Evaluation GIC topic Retained Q15
Q19 Density Analysis g:g top{c :gt;{n:g 816
Q ecall opic in 17
o gg;;g’,ga*md base Focal GIC topic  Retained Q18
Q22 Atomic property Evaluation GIC topic Retained Q19
Q23 Omdancfn nF::mbers Evaluation GIC topiC Retained Q20
Q24 Stoichiom Apptication GIC topic Retagned Q21
Q25 Cheml'cal Etc?t’nhbnum alysis GIC IR ® Retained Q22
Q26 Apglication TC topic Omitted -
Q2 Enthalpy Analysis TC topic Retained Q23
a 7 HessLaw Analysis TCtopic  Retained Q24
Q28 Hess Law Recall TC topic Retained Q25
ng Reaction diagram Recall GOC topic Retained Q26
30 Pibond Récall GOC top:c Retained Q27
Q31 Chemical formula Recall GOC fopic Retained Q28
Q32  Nomenclature Recation GO 1078 Retained Q29
Q33  Hybridization Analysis GOC topic Retained Q30
Q34 Bond strength Recall GOC toplc Retafned Q31
Q35  Chirality Recail GOC topic Retained Q32
Q38 [somerism pnalysis GOC topic Retained Q33
Q37 Boiling point Recall GOC toplc Retagned Q34
Q38 Redox reaction Recall GOC topic Retained Q35
Q39 Resonance plication GOC topic  Retained Q36
822 Bromination AnalySIS ggg :gg:g 2;‘::::23 ggg
Q4 Aromaticity = Analysls GOC tepic Retained Q39
2 Aromatic substituent Analysis : R eined Q40
Q43  Nycleophilic atta AnalySiS GOC topic Retained Q4
8:4 Alcohol redUCﬁ on Anainls ggg :ggg Re(amed Q4;
Q 42 Oxidation Of alcOhO; Nia[;);,atlon Goc toplc Om[tted .
Q47 Reduction of keto™ ApPHC GOC topic Retained Q43
Q Nomenclature Aﬂa]ys : GOC top!c Retained Q44
Q:g Carboxylic acid ;:;valuﬂﬂon G 06 topic_Retained Q45
Q50 G g'ty il acyl8 stution rams with * indicate slgmﬁcaﬂt DIF by gender
Note: 1t ucleophilic =75 during pretest:
ms were reduced t instruction’ gifects on CIT: CTCand CbHLT 2




Appendix F

Iitem Content Validity of Visual Representations Test
——
TEm IcVi Interpretation
MEM £y E2 E3 E¢ E5 E6 E7 Er 1OV Interpretanon B K K
' £ E € E E E E 7 100 Appropriate  0.0078  1.000  Excellent
2 E E N E E E E 6 0357 Appropriate  0.0547  0.849  Excellent
8 E E N E E E E 6 0.857 Appropriate 0.0547 0.849 Excellent
4+ E £ N E E E E 6 0857 Appropas 00547 0849  Excellent
5 E g u E E E E © 0.857 Appropriate 0.0547 0.849 Excellent
6§ £ g g E E E E 7 1.000 Appropriate 0.0078  1.C00 Excellent
7 £E E yu E E E E 6 0.857 Appropriate 0.0547 0.849 Excellent
8 E g £ E E E g 7 1000 Appropriate 0.0078  1.000 Excellent
9 E E = . E E E 7 1 .000 Applopﬁate 0.0078 1.000 Excellent
0y E E E 4 os7i Elminate 0273 0.410 Fair
"oy E u E E E L 7 1000 Appropriate  0.0078  1.000  Excellent
12 E N E E E 7 oo Appropriats 00078 4003 Excelient
13 E e e e E E E : 0714 Revise 0.1641 0.658 Good
14 E u - E E E u 5 0-714 Revise 0.1641 0.658 Good
aEwu . EEE E 2 o714 Revss 0150 0658  Good
g B YU - EE E E 2 g7 Appropriate 0.0547 0849  Excellent
, EE - EE E E 6 io7 Appopiate 00347 0849  Excellent
Ww B E - E e E E g 0gs7 Appropriaie 00547 0849  Excellent
w E E - E g E E 0857 Appropriate 00547 0849  Excellent
nw & E - E g E E 6 )00 Appropriate 0.0078 1.000  Excellent
) E g - E E E E 7 857 Appropriate 0.0547 0.849 Excellent
' £ c g £ E E E 8 0. pppropriate  0.0547 0849 Excellent
R g g E E 8 0857 APPOR e 00078 1000 Excellent
3 E U E g 7 1000 AP e 00547 0849  Excellent
E g E E E E 57 opriate
4 X g 6 08 e 00547 0849  Excellent
x E E - E E E o 0857 _APOroPC
n: Effects 0N CIT,CTC an¢ CbHLT 218
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Appendix G
Content Validity Rating of Visual Representations Test
— — Rating ~ Ave Interpretation
. -5 5 E B B B
1. Ths:c:iredions given are clear in all
Section of the data gathering 4 4 357 Valid
instrument/ test. 5 4 1 4 3
. 3 4 4 386 Valid
2. Each item is clearly siated. s 4 3 4
. 4 4 4 4 4.14 Valid
3. Each item is readable. 5 4 ¢
4. Each item is attractive to read;
enough space is provided to avoid s 4 4 5 4 5 5 457  Highly Valid
Crowding among items.
5. The dat ing i |
a gathering instrument IS X
°°mprehgensive;?t covered all areas 5 5 3 5 4 5 5 457 Highly Valid
that are important in the study-
6. Each item is focused ona paricul o 4 3 5 4 4 5 420 Highly Valid
thought or idea.
1. Thej PR
items are objective, i-e., e, igh i
responses 1o bé elicited are neither 5§ 5 4 s 3 5 4 443 Highly Valid
biased nor reactive.
8. The items are formutatedin it 4 5 5 457 Highly Valid
accordance to the explicit/ IMP lie 5 5 3 °
Objectives of the study-
9 . .
*The items are systematlca“y - ble , 5 4 4 5 414 Valid
amanged according to a desi@ 5 4
Sequence.
0. The items do not overlap with 3" , 5 4 4 8 4.00 Valid

other; no duplication

~lbserved.

djim:is/_—’ss/"
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Appendix H

T Details of ltems in Visual Representations Test

m Topic Type Visual Decision _ Final ltem

Repre?s:mﬁon Designation

\ pe
gg; Atomic model Anaiysis PM Reta?n Qo1
a. epresentation of vaporization Analysis PM Retain Qo2
Q 3 Representation of boiling Analysis PM Retain Qo3
004 lon-dipole interaction Analysis PM Retain Qo4
Q°5 Determination of bond angle Analysis SM Retain Qo5
Qgs Identification of hybridization of C Analysis SM Retain Qos
Q 07 Identification of C in structure Rewl! SM gett:!n Qo7
Q 8 Identification of non-bonding electrons Anzlysis SM Re n Qo8

9 Molecular geometry Evaluation SM etain Qo9
Q1o Hete g P Analysis SM Retain Q10
M g rocycl:c.: aromatic nng Analysis SM Retain o011
Q12 Mo ecular dipole Recall SM Relain Q12
Q13 Dclecul.ar formula ) . Evaluation SM Retain Q13
Q14 etermination of molecular or!entat!on Evaluation SM Retain Q14
Qs hDﬁe:eﬂnination of molecular orientation AoolysiS SM Omitted )
U peperaiar propery Analysis BSM Reain ats
817 Mole\culz::l tl"cr)gpc:rt‘;ans Analyss g:m Retain Q1$
Q:g Functional group determination x::);::z BSM Omitted )
Qq Determination of molecular formula ) BSM Retain Q18

0 Analys:s .
Q@ Molecular property o EPM Retain Q19

21 Analysis .
Q Molecular property Analysis EPM Retain Q20
022 Molecular property ecya'“ EPM Retain Q21

3 Molegy Reca” NP Retain Q22
Qq A lar Propeity Analysis p Retain Q23

tomic orientation Appucation N . -
o | EpM=e|ectrostatlc potential map,

Qs
“__Atomic orientation 4______..-—-—_-——&:';8'][ and stick mod
A=rarticle model, SM=skeleta! ‘;"‘t’d,ﬁ's B bited DIF by gender
= Newman Projection; omitied 1€

sed instruction: Effects oN CIT,CTCand CbHLT 220
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Item Content Validity of Chemical Identity

Appendix |

Thinking Instrument

I-cvi n
ITEM E1 E2 E3 E4 Er_lCVi Interpretation Pe ermeaton

Q01 E E E E 4 100 Appropriate 0.0625 1.000 Excellent
Q2 g E E E 4 100 Appropriate 0.0625 1.000 Excellent
Q3 e E E E 4 100 Appropriate  0.0625 1.000 Excellent
Q4 E E E E 4 100 Appropriate  0.0625 1.000 Excellent
Qs g E E E 4 100 Appropriate  0.0625 1.000 Excellent
Q6 £ E E E 4 1 00 Appropriate 0.0625 1.000 E:xcellent
Qr . £ £ E 4 100 Appropiate 00070 1000  Excellent
Q8 £ £ E E 4 100 Appropraie 00625 1000  Excellent
Q9 g E E E 4 1.00 Appropriate 0.0625 1.000 Excellent
Qo E £ E E 4 100 Approprate 00625 1000  Excellent
W £ £ E E 4 100 Appropiee 00625 1000  Excsllent
w2 g g E E 4 1 ‘00  Appropriate 0.0625 1.000 Excellent
@3 g g E E 4 1.00 Appropriate 0.0625 1.000 Excellent
Q4 g g E E 4 1.00 Appropriate 0.0625 1.000 Excellent
@5 g g E E 4 1.¢0 Appropriate (:)9'62255 ;-2(133 E)gilgnt

Revise . -
ggg g E E E f .? :gg propriate  0.0625 1.000 E.xcellent
@08 g = E E 4 1.00 Appropriate 0.0625 1.000 xcellent

= Ve Revise 0125 0714 Good

W E E E E 3 Q0 opriate  0.0625  1.000 Excellent
10 e E E E 4 1.03 Ap;:opﬁate 00625 1000  Exceleent
g1 g g€ E E 4 1.0 Appropriate 00625 1000  Excellent
12 g E E E 4 100 ol riate 0.0625 1.000 BExcellent
@3 £ £ E E 4 10 propriate o625 1.000 _ Excellent

propriate

94 g g E _E_2 1.00__APF
struction: Effects O cIT, CTC and CbHLT 221
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Appendix J

Content Validity Rating of Che

mical Identity Thinking Instrument

Item Rating Ave lInterpretation
= “E, E: Es &
. The directions given are clear in all section of
the data gathering instrument/ test. 5 4 1 4 400 Vatid
2. Each item is clearly stated. 5 4 3 4 400 Valid
3. Each item is readable. 5 4 4 4 450 valid
4. Each item i i .
: is attractive to read; enough: space . .
is provided to avoid crowding among items. 5 4 4 5 425 Highly Valid
S. TZE data gathering inshwr:::ntlis hat are
comprehensive; it cove all areas tha -
important in the study. 5 5 3 5 5.0 Highly Valid
S. E;t;f; item is focused on @ particular thought or s 4 3 5 425  Highly Valid
7. The items are objective, i-e., fh€ responses t0 5 5 4 5 450 Highly Valid
be elicited are neither biased nor reactive.
8. The items are formulated i accordance to the s 5 3 5 450 Highly Valid
explicit/ implicit objectives of the study-
9. The items are systematically arranged s 4 2 5 4% valid
according lo a desirable sequence:
. 0
10. The items do not overtap With each other: 5 5 1 5 425 Valid
~duplication of items i hserved. __——"
g cIT, CTC and CbHLT 222
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Appendix K

Items in Chemical Identity Thinking Instrument

Details of
% Topic Classification rhpp———
Qg; Eﬂ:yl alcohcl and rubbing alcohol Genera[l?’Orcs‘J‘anic Chemistry SvsM
at and oil jochemistry M
Q03  Starch and flour Biochemistry s \\,’: ::
Q04 Albumin and egg white Biochemistry SvsM
Q05 Butter and margarine Biochemistry Mvs M
Q06 Rubber and plastic General Qrganitf Chemistry SvsS
Q07 Dairy milk and soya milk Biochemistry Mvs M
Q08 Glass and fiber glass General Inorganic Chemistry Mvs M
Q09 Copper and glass General Incrganic Chemistry SvsM
Q10  Aluminium and silver General lflorganif: Chemistry SvsS
q01 Amino acid and protein powder B}ﬁem!stry Svs$S
902 Tryptophan and adenosine solution :locl't:rn;:::; m \‘:5 m
q03  Vitamin A in food and in creams B;ochemisw S v: S
Q04 Aspartame and sugar sample Biochemistry MvsM
qos Boiled edJgg and Scrambled 399 BiOChemisw Svs M
ggg Nucleotide and Dietary nucleoti_de sample General Organic Chemistry Mvs M
Ethyl alcohol or acetic acid in wine ochemi Svss
908 Sucrose and lactose sample g;ochemi::yy Mvs M
229 Starch in pasta and in pota‘toe's Biochemistry Mvs M
<0 Uncooked rice and sleamer e e aer ot B o e DIF by gorder
ite:

S=
substance, M = mixture; Al

instru

Mereology'ba

ction: Efiects

onCIT, CTC and CbHLT
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Appendix L

ltem Content Validity of Critical Thinking Test in Chemistry
I-CVI lnte ta ry
ltem vi v2 V3 va Ve ICMI interpretation__pc K v tion
it E E E E 4 1.00 Appropriate 0.063 1.000 Excellent
Q2 E E E E 4 1.00  Appropriate 0.063 1.000  Excellent
Q3 E E E E 4 100 Appropriate 0.063 1.000 Excellent
ws u £ E E 3 o7 R 0250 0667  Good
s £ g u E 3 o075 R 0250 0667  Good
Qe E E E E 4 100 Appropn’ate 0.063 1.000 Excellent
Q7 E E E E 4 1.00 Appropriate 0.063 1.000 Excellent
ws £ E E E 4 100 pppropriate 0,063 1.000 Excellent
Q9 E E U E 3 075 Revise 0.250 0.667 Good
ao e E U E 3 075  Revis 0250 0667  Good
a1 E E E NE 3 0.75 Revise 0.250 0.667 Good
Q2 E E U E 3 075 Revise 0.250 0.667 Good
13  E U E 3 075 Revise 0.250 0.667 Good
Q4 e E U E 3 075 Revise 0250 0.667 Good
ais e E E E 4 100 Appropriate 0.063 1.000 Excellent
Q16 E E U §) 2 0.50 Disthd 0.375 ?zgg Elilscard
Q17 E E E E 4 1.00 Appropnate 0.063 1. cellent
' Revise 0250 0657  Good
Qs g E E NE 3 0.75 .
piscard 0.375 0.200 Discard
Q9  E U NE 2 0.50
1.00 Appropriate 0.063 1.000 Excellent
a0 e E E- e ¢ '00 App.'opn'ate 0.063 1.000 Excellent
@ £ E E E :,'75 T Revise 0250 0667  Geod
a2 E E E Y 0 5 o o375 0200  Discard
@ £ u E N > Cevise 0290 0667  Good
@ g e E VY 3 07 , 0063 1000  Excellent
1.00 Appropriate
s £ g E E 4 g Appropia® o063 1000  Excelent
a2 e £ E B ] 1'05 cevise 02 0667  Good
o7 £ E E U 3 07 Revise 0.250 0.667 Good
s g E E U 3 0—;3 iscard 0.375 0.200 Discard
0.
a9 g E U VY 2 o0 pppropiate 0063 1000  Excellent
Q0 g E E E 4 0'75 Revise 0.250 0.667 Good
Q31 g E U g 3 0.7 M&a& Good
Q32 g E_E NE 3 _—
T, CTC and CbHLT
pased instructio™ ffects o ©
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Appendix M

Critical Thinking Testin Chemistry

Content Validity Rating of
itemn Rating Ave Interpretation
:'1 E2 E E
1. The directions gi in all sectior: of
given are clearin ali s
the data gathering instrument/ test. 5 4 3 4 400 Valld
) 2 325 Moderately Valid
2. Each item is clearly stated. 4 4 3 y vl
. 4 4 3 400 Valid
3. Each item is readable. 5
4. Each item is attractive to read; enough spaceé 5 5 4 4 4.50 Highly Valid
is provided to avoid crowding among items.
5. The data ing i tis
gatharing instrumen i .
?rgmmn:hensive; it cgvered all areas thatare 5 5 3 4 4.25 Highly Valid
portant in the study.
6. Each item is focused on a particular thoughtol o, 4 3 400 valid
idea,
7. The items are objective, i-- the responses o s 5 3 3 40 Valid
be elicited are neither biased for reactive-
8. The items are fonnulated in a’cwrd::‘:ye to the 5 5 4 4 450 Highly Valid
explicit/ implicit objectives of the S
, 3.75 Valid
. The items are systematically arranged 5 5 2 73
according to a desirable sequence-
. r; no 3.75 Valid
10. The items do not overlap with Zach o _,__.5_—-5f 12
~_duplication of items is obsenVes_—-
cts on CIT, CTC and CbHLT 225



Details of Items i

Appendix N

n Critical Thinking Test in Chemistry

“Tte
tem Topic Type Decision Final tem
— Designation
881 Disproving miscenception on OH vs -OH GOC Retained 801
Q 02 Composition of vapor LC Retained Qo2
o 3 Understanding chemical equation GIC Retained co3
04 Molecular geometry and polarity GOC Retained Qo4
Q05 Metallic bonding Gic ~ Retained Q05
306 Azeotrope analysis LC Retained Qo6
07 Carboxylic acid and alky! chain length GoC Retained Qo7
Q08  Electrolytes LC Retained Qos
%09' Colorimetric tests LC Omn-t?;, p
10 Bleach and disinfecting procedure LC Retain Q09
Q1 ¢ . : LC Retained Q10
Q hromatographic analysis :
12 <t : Lc Retained Q11
Q1 Strawberry juice analysis _ . GIC Retained Q12
3 Protein and evaluation of acidity etained
Q14 Gas additives GIC l?)mi;uted 8‘113
%1156“ Replacing acetic acid with phenol 4 acidity %?g Retained -
Q17 gtlzgrovg:gd misconception on H+an LC Retained Q15
A8 o ice o josed system GOC Retained Q16
Q19 hemical equilibrium in ¢10S Y GOC Retained Q17
Q20 Silver cplon‘de test ) LC Retained Q18
= Evaliation of chemistry literatf® _———"""
Mitled tems exhibited DIF by 9ende”
on: Eff ects ON cIT, CTC and CbHLT 226



Appendix O

Item C idi T
ontent Valldlty of Chemistry-based Health Literacy t
> es

M

ereolo.‘!)""“"‘s

Mem v, v Ve Ve Ve Ve POV Icvi
1 E E E E E interpretation __P° x Interpretation
5 .
2 E E U 5 100 Appropriate  0.031 1.000 or &
3 E E 4 080 R Excellent
E E E E se 0.156 0763  Ex
4 E 5 1.00  ApPPro rate O cellent
5 E & E 4 0.80 Revise 0.156 0.763 etent
e U E E 4 08 . . Excellent
6 E .80 Revise 0.156 0.763
€ E u E E 4 ) . Excellent
¢ B E 0.80 Revise 0.156 0.763 Excel
8 u E E 4 0.80 Revise 0.156 0.763 et
_ E E E E 4 ) - Excellent
s e E . 0.80 Revise 0.156 0.763 Excell
0 E E E E 5 1.00 Revise 0.031 1.000 Exce"ent
M E E u E E 4 080 Revise 0.156 0.763 Excen:n:
2 c e E E E 5 400 Appropriate 0.031 1.000 Excelle:t
5 e e e E U 4 080  Appropriate 0156 0763  Excellent
£ .
w b . g E E 5 1.90 Appropriate 0031 1000  Excellent
15 E E E E 5 1.00 Appropn'ate 0.031 1.000 Excellent
1 E E U E E 4 0.80 Revise 0.156 0.763 Excellent
17 E E U E E 4 0.80 Revise 0.156 0.763 Excellent
18 E E U g E 4 0.80 Revise 0.156 0.763 Excellent
1 E e u E E 4 080 Revise 0456 0763  Excellent
2 e g u U E 3 060 Revice 0313 0.418 Fair
21 E E U E E 4 0.30 Revise 0.156 0.763 Excellent
2 E E U E E 4 0.80 Revise 0.156 0.763 Excellent
23 E E U E E 4 0.80 Revise 0.156 0763 Excellent
i E g E E g 5 1.00 Appropriate 0031 1000 Excellent
2 E E U E E 4 0.80 Revise 0.156 0.763 Excellent
2% e g N E E 4 0.80 Revi.se 0.156 0763 Excellen’
: E E E E E 5 1.00 Revise 0.031 1 .000 Excellent
7 E 4 080 Revise 0156 0.763 Excellent
28 e N E E ' : 3 04
2X_E E L_E___,H/—sf/ g0 Revee 0.313 0418 Fair
ctio: Effe on CIT cTC and CbHLT 227



Appendix P

ting of Chemistry-based Health Literacy Test

Content Validity Ra
~—
Item Rating Interpretation
1.”.\‘ vi V2 V3 V4 V5 Ave
: the directions given are clear in all section of
e data gathering instrument/ test. 5 5 4 4 5 460 HighlyVald
2 .
Each item is clearly stated. 5 4 3 3 5 400 Valid
3. . . .
Each item is readable. 5 5 3 4 5 440 Highly Valid
4 Each i
ach item is attractive to read; enough Space
i$ provided to avoid crowding among iiems- s 5 2 9 440 Highly valid
5.
m;::m ﬁCJathering instrument is patare
Comprehensive; it covered all areas ata 3 5 5 460 Highly Valid
'Mportant in the study. 5 ° d
6. .
Egc!\ item is focused on a particular thought 5 4 2 4 4 380 Valid
Mdea,
! The :
The 'f?n_ls are objective. i.€-, the responses te 5 4 3 5 5 440 Highly Valid
@ elicited are neither biased nor reactve
8. Tha .
Te items are formulated in accordance t0 the . 5 3 4 5 440 HighlyValid
, Xplicit/ implicit objectives of the St
 The : .
g tems are systematically arranged 5 5 2 4 4c0  Vaid
rding to & desirable sequence:
no 5 3_5 4 440  Highly Valid

0.y,
I:e items do not overlap with each other.
W’n of items is otls_c_e_f_\’f_d_:__—_.-—-——

Mereo‘o-‘a“”b a8

ed in

ction:

gffects
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Appendix Q

Details of Items in Chemistry-based Health Literacy Test

S —— -
ltem Topic Type Decision Fr.;::r:. l;::n
\_ e —— -
',;'} Frying oif and diet plan Nutrition ! Eztt:;ggg l;:
N Antibacterial ¢rug 2nd deactivatior: Pharmacoiogy Retained NP1
2 Milk product and heat-sensitive compound  Nutriticn Omitted
':lP’ Cytotoxic substance from seaweed Natural Products R e’gini»d N2
D? Citrus-flavored noodle product g‘m ﬁg:tm Omitted .
NP \l/Jn'nalysis and metabolic disorder thgral Products Retained NP2
asodilatation i : ! ;
D2 F oggc:::?ata::‘: 2&3:? tc;setection Dlag"c;sgf:ducts ggtt:;ggg legs
NP3 Product containing oxidizable compound  ESCTC 0, Retained P2
Ni gungal infection and antibacterial Nutrition Retained N3
ompound R in fruits i Retained D2
E,g Teethpostaining and antibacterial drug Siﬁggzﬁcs Omitted -
Ne  COmpound L in food _ Nutrition Retained N¢
Dg Compound J and food pr ep?rallon Diagnostics Omitted -
~=2__Fecal analysis and G! bleeding —
ems which were omitted exhibited DIF (gender bias).
Effects O CIT, CTC and CbHLT 229
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item Content Validity of Co

Appendix R

gnitive Load Questionnaire

En Vi Va2 Vs Ve Ve (WoiV/ wr:)fevtlaﬂon pc K '“teflz)ffel?tion
: E E E E 4 1.00 Appropriate 0.063 1.000 Excellent
2 E E E E 4 1.00 Appropriate 0.063 1.000 Excellent
3 E E E N 3 0OF Revise 0.125 0714 Good
+ e g e E 4 19 pppropriste 0083 1000 Excelen
s g g € E 4 199 appropriate 0083 1.000 Excellent
6 e e E E 4 400  Appropriate 0.063 1.000 Excellent
: E E E E 4 1.00 Appropriate 0.063 1.000 Excellent
8 £ g E E 4 ] 00  Appropriate 0.063 1.000 Excellent
; E E E E 4 1.00 Appropriate 0.063 1.000 Excellent
1 g g E E 4 1.00 Appropriate 0.063 1.000 Excellent
M g g E E 4 1.00 propriate 0.063 1.000 Excellent
2 g g E E 4 1.00 Appropriate 0.063 1.000 Excellent
13 E E E 4 1.00 Appropriate 0.063 1.000 Excellent
M E E E E 4 1.00 Appropriate 0.063 1.000 Excellent
onCIT: CTC and CbHLT 230
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Appendix S

Content Validity Rating of Cognitive Load Questionnaire
Item Rating Ave Interpretation
T Vi V2 V3 V4
. {lhe directions given are clear in all section of
e data gathering instrument/ test. s 4 4 5 450 HighlyVaiid
2. Each item is clearly stated. s 3 5 4 42 valid
3. Each item is readab‘e. 5 5 5 5 5.00 Highly Valid
4. Each it . .
. em is attractive to read; enough space
is provided to avoid crowding amond items. g 5 4 5 47 Highly Valid
5.
Thcg,:ata gathering instrumentis . o
comprehensive; it covered all areas that @ 5 475 i i
important in the study. 5 4 ° 75 Highly Valid
6. . .
Each item is focused on @ particular thought s 3 5 4 425 Valid
or idea.
7. .
The items are objective, ie.,the responses to 5 4 5 4 450  Highly Valid
be elicited are neither biased "°f reactive-
8. The it.ems are formulated in accordance to the 4 5 5 475 Highly Valid
explicit/ implicit objectives ofthe s
% The items are systemaﬁcally arranged 5 4 s 4 450 Valid
according to a desirablé sequence:
4 4 400 Highly Valid

1 . .
0. The items do not overiaP with each other no s 3
~duplicatior: of items iS observed.

o CIT, CTC and CLHLT 231



Appendix T

n Cogpnitive Load Questionnaire

Details of items i
- Topic Type Remark

Q01 Difficulty of concept icL
802 Difficulty of topic |(‘;L

03 Unfamiliar terminologies ECL-F
Q04 Visual representations ECL-F  Codedinreverse
Q05 Relationship of topic and visual representations ECL-T .
Q08 - Instructions ECL-F  Coded in reverse
807 Conceptua; evidences o E%-I:T caded

08 Explaining concept in laboratory activity ) £C ed in reverse
Q08 Relating chemical concepts to answers in questions EC!I::‘II: .
Q10 support of visual representation to concept GCL Coded in reverse
8}; Mental effort n relating Severt “;TJ"Z' Ced e laboratory  GCL

Confusion on chemical con ts when app ot using the Coded in reverse

ory conce
g of |aboratory
GCL Coded in reverse

Q13 inhancement of understandin

then ) .
-Mh;;_cement .~ 1 of topics using .tr.ie theme
ICL = ntrinsic cognitive load; EC e wgnmvitl;?n?ﬁ?r: load
extraneous cognitive load relat task; GCL ~ germane

re of activity; ECL-T=

CTC and CbHLT 232



Appendix U

Ethics Approval Sheet

SLU-REC Form 2.6

Fproved for implementation by the Saint Louis

The foHowing protocol, with its related documents, is a
University -Research Ethics Committee.

Principal Investigator
} Jonathan M. Barcelo

Protocol No.
SLU-REC 2019-021

—
Mereology-based Instruction: Effects on Chemical Identity Thinkirg,

T
e [ Critical Thinking and Chemistry-based Health Literacy

o

T(CF Version/
| Date | UMarch 13, 2019

Duration of Approval

Protocol Version/ Cate ( 2/Marzh 13, 2019
i Frequency of continuing

[ v Expedited

/ Full board February 18, 2019 - review
Type: of review Meeting date: March 25, 2019 N/A

| March 9,2019 & . |

. March 25, 2019 { | E

Res ibilities of i tigatorls after the protocol approval:
pon;:;l‘(lt;::r(c))t/’ar;;:;n'gSLU-REc for any protocol/document amendment after this date
Submit SAE and SUSAR reports to the REC within 7 days (see addendum next page)
Submit progress report after/every months

Report orotocol deviation/violation . ' )
Abize by the principles of good clinical practice and ethical research

Comply with all relevant internaticnal and national gidelines and regulations
Submit final report after completion of study

Others:

A LAY NN Ny

For the SLU-REC’ i
. RECChai Signature | Date
L airperson _

i ; ; [ 16 Mawk 209

LANA FE B. REVILLA N PO =

Principal Investigator  ______———
pErncipal JnvesTa - ] 03 /26 [2007
JONATHAN M. BARCELO _—
=

on: Effects on CIT, CTC and CbHLT 233
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Appendix V

-Training of Biochemistry Instructors

Photo documentation of Workshop

s on CIT,CTC and CbHLT 234
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Appendix W

Sample Informed Consent Form for Students
This informed i
0 consent form is for second year medical labo i i
o . y ical laboratory science st i
cﬁ%acmflpate in the study 'Mereqlogy-basod instruction: Effects on Che‘r‘:iec';tls I::: will bo Invited
al Thinking and Chemistry-based Health Literacy.” tity Thinking,

::::e of Principal Investigator: Jonathan M. Barcelo
e of Institutional Affiliation: Saint Louis University/ University of the Philippines Open University

rts:

The informed consent form has two p2
Jation about the study with you)

e Informed Consent (to share inforn
e Certification of Consent (for signatures if you choose to participate)
il informed consent form.

You will be given a copy of the fu

PART 1: INFORMATION SHEET _ .
of | am Jonathan M. Barcelo, @ PhD Science Education (major in Chemistry) student of the University
0 the Philippines Open University, LO3 Banos, Laguna and a.ch.emlstry instructor of Saint Louis
niversity, Baguio City. | am goi give you information and invite you to be a respondent of my
study Mereology-based Instruction: Effects on hemical Identity Thinking, Critical Thinking and
Chemistry-based Health Literacy. This study is my dissertation for the program Doctor of Philosophy in
Chemistry)-

Science Education (major in

This consent form may in WO at
9o through the information and | will be providing tions. YO
willing to participate in thi study. You should read the information below and ask questions about
anything you do ot understand: f efore deciding whether o not to participate. You are beifg asked to
Participate in this study becals® you have satisfied the requirements to be 3 participant in the study.
of the Study i fiect of using @ mereolo -based i i
The mai i< study is to determmine the g a mereology instruction on
°hemicamggzgtl;mﬁ;méﬁﬁcal Y pinking and chemistry-based heailh LR, Moreclogy refers to a
“part-whole” relationshiP " this study: | will be using teschis siratefi®l lgwl:lochemlstry which are
based on “part-whole” relationshiP and investigate ifithasan ffect on your knowledge about the centlty
of a chemiga' i t ability to use aiﬁwl thinking in Sltuat.lons related to chemistry, and a.b[lltyto link
Chemis concepl, lth concepts. ! hope to usé what will be learped from study to contributeto the
deve!ogz :&"gfﬁ::rtgo?sy-based in ional activities for biochemistry which is designed for health
Science programs SU as BS Medical Laboratory Science-
Pal'tici - . .
pant Selection .- in this study because you have completed inorganic and
Orga?u are being invi’aadu«'=‘asr :gf‘mc'pa netnxro ed in biochemistn(éfg;csewrgg;z)lﬁhgz-ib?osed instruction
will béigﬁfeﬂ'fg{iﬁghgﬁﬁis education fo of?he mereology—éasednin:ntr:é'u%‘n\,yhmh
Will b obtained from you i suitable
ight to refuse from participating

volunta . = )
tion .
ry Participation . gy is €

Your participation !
it in a fifteen-week activity

inthe study.
Proced _ oquest you to take pa
ure . in this stud¥: | will reque=.? ication of |

If you \ o particiPate n . ring, intervention phase (application © conventional or
Which ):Nill g’::rte:om 5 s, initid datda gagathering. Out of the fiteen weeks, one weelc will be utilized
ops and final d3 9 cuch a5 MolView. c!-,e[noes and ChemMine, b) how to
. ou lysis for n e structyre-actiwty relationship
. One week will be allotted for you to

Mereolo i
ology-based instructio
t?Onent you on a) h o usé onhne:s 1atistical a'ma.oche istry
as? Microsoft Excel, C. biocherr’®
Clivities, and d) how 10 - Effects
pas¢ )
Mereolody”
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of chemistry concepts and prior knowledge of

truments — prior knowledge
— chemical identity thinking instrument, critical

answer two diagnostic ins

:t"?:;lngrjetzr;@n;haﬁons, and three pretest instruments
¢ in chemistry, and chemistry-based health literacy test. Another week wi ;

g;:‘ée ﬁr]al term for ansnging the posttest on chemical identity thinking instrumeni :gg;? ;‘:ﬁged durro

mistry, and chemistry-based health literacy test. Your class will be r'andomly assri‘:nt:: t ;2

conventional instruction group oF mereology-based instruction grcup.
nvolving the con

The remaining twelve weeks will be ventional or me
rec! -based s e
ss. These activi ogy activities in both

Biochemistry lecture and |aboratory cla ties will include: (1) analysi i
literature, (2) attending an interview, if selected, to explain your answers i(n )the zﬁfrf; Pﬁgfrzﬁame'sttiy
I(3) performing computer-based (in silico) and hands-on quantitative structure-activity relationgh‘"
abon:atory activities; (4) submitting @ jaboratory report based on the quantitative structure-activi'p
relationship activity; and, 5) answering arguments using a prescribed argumentstion pattem. The ma},’{
difference of conventional instruction group and mereology-based instruction group is the theme which

ntional instruction is based on structure-property and structure-

are embedded in these activities- Conve
o d instruction is based on part-whole relationship. Central to part-
utes of a part which is ascribable

activity concept while mereology et : i
whole relationship concept is the determination of prqperhes or attrib
All the activities will be facilitated by your instructor in biochemistry whom |

to a whole and vice versa.
will be orienting regarding the study-
tion of the mereology-based instruction is 12 weeks. Depending
moved as necessary to keep the duration

ed that the durg -
without classes, the schedule will be
to be a part of either mereology-basea instruction group or

, identification code for anonymity. You will

gain access to learning materials

Please be inform
on the number of days
of the schedule intact.
conventional instruction group, youwl
also be provided with an institutional 10

up that you are assig

corresponding to the gro
. In addition, the inconveniences are all

Potential Risks and Discomfort ,
Inconveniences will bé minor and aré not.hkely to happen the 1
r = tiviti e inconveniences may be related to anxiousness or tiredne ss whi
aﬂ:ﬁgﬁfga;akgﬁtct::hvme?. Som s, The laboratory activities rglateﬁ to QIstR_activities may ha\,lz
some reagents which aré potentially hazarcous. owever, e thv;: tllur:loe‘: Tlfm_scale i
to minimize risks related to exposure in the |aboratory. This me?;s1 ol r %zr&l s to be used in the
e O es will be performed  ing very small amount of SE CL O etecive equipment
teacher will orient you regarding T afety measures and the 'm‘.’t?‘“;"a?s?(sp:srssg s tg(rjo\:?nct: ve equipment
e tory. Lastly, your te2che] il be 0rienting YOU WEL Yo Aoaure satety in the
e ooy and review Proper oratory techniques 2t S be orente S tart o
bioch?amir:t:‘;r!);bi?atorry jass. The use of personal protective equipment will be oriented at the start of
each activity.
ctly trom participation in this study, but the conventional
:als can be used in leaming biochemistry concepts

Benefits i
. dire
will beneft ateri

: ; ou .
It is not likely that ¥ _pased instruction ™

instruction and mereo :
prior to leamning clinical chemisty-
ensation for participation in this study. There is also
asis for passing your Biochemistry

Compensation for participatio” .

t or other €0 ;
; . eive 23 ayme e tion will not be @ b ) ’
ou will not receiVe = 7 ;on. Your Palﬁ::l 0 _ the retention policy for the program

no cost to you for Parmdﬁgz o which grov¥

Subject as well. Rega
will still be followed-
Jith this study and that can be identified with you will
v jon. Confidentiality will be maintained

Confidentiality . odi ection is S
. . is obtalned f ith your permiss
Any information that! il be disclosed g:xstu T number (example: r01-01 or CI-01-01). Your
num will be reported inany N?Search forum or publication.
es with your name will be kept in

remain confidential 8" !
by means ofa insffucﬁ.on %;o:fpt‘ ” i"fomaﬂon t\';agch code riumber go
esh";e \t‘ﬁ“ gy 3 ; ysf?r%;?'l: she list that(;hi?lvgisvidually will not be released to anyone outside the study.
n the study & S entify ¥
a locker. Information that can
s€0 instruction: gffects on CIT, CTCand CBHLT 236
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Sharing of Resuits

| may use any information that we get from this study in any way | think is best for publication or
education. Any information which will be used for publication or presentation will not identify you
individually. The name of the institution will be kept confidential as well.

Participation and Right to Refuse
be in this study. If you volunteer to be in this study, you may

_You can choose whether or not t0 ( / ;
withdraw at any time without consequences of any kind. There is no penalty if you withdraw from the
to which you are otherwise entitled. In acdition, the information

study and you will not lose any benefits to ¥ A .
you will provide will not affect your grades in your enrolled subjects. Your responses will not affect the
ent or school, since all information will be held confidential and will be

reputation of your departm
presented in a summary form only.

Who 2
to Contact: oF concems about the research, please feel free to contact:

If you have any questions

Jonathan M. Barcelo

Principal Investigator

School of Natural Sciences
Saint Louis University. Baguio City

09153233044
E-mail: 'mbarcelo@slu.edu.gh
Committee (SLU REC) has reviewed my request to

Rights of Participants .
The Saint Louis Universly Rei?ea;?’afs‘%ﬁia O the approval number SLU-REC 2019-021 last
&";Cilrllc; éhigoitgd*.msh aved;'n’;a:oncems about your rights in this study, please contact the following
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Appendix X

Sample Statistical Analysis Results

Analysis of Covariance

Chemical Identity Thinking

Tests of Between-Subjects Effects
Dependent Varisble: i1 postiast logit
Type Il Sum of P
df Mean Square F Sig. e

Squares o
4.487 20.817 000 127

Source
_C_:?tredﬂdmgdil’ - 17.948° 4 447 208
_Intercept _,,_.,.._____/1'278 1 Mﬁ—-—-__ﬂf‘s 010
_pkoctiogit 2088 1. ~_s2008 58428 ,-#,-055 T ee
_gender__..— as81 2 1184 5837 oot _ e
- — ,,_,,,12329_1,,.,,51?—-_,___2_19_...,_,__ T
_I‘Z‘BL,,.,__.,___J_‘J_.__H_L._.J:‘-"— R _,/_,;,_l““"“"’
_Corrected Tots) 141239 576 T
aRSquafod-.1z7(Adjuseadquuared=.1z1)
Tests cf BetweenSub]ecw Effects
Dependent Variable: CIm pestestlogit
Type il Sum of pariial Ela
Source N F Sig. Scuared
comectad Mode! 9.003" 4 2251 978 I S
_|n;mm'_ - 1.35_3 [ 1 I .!’963 - .,_5'_8.” - '015 010 .
" etiogit T Cam 3153 13639 .
et T % AT B o
"{g{,;}“'w - 132238 _ 512 - T e _
“Total | s T S —
) conaded—:l'oial 141.239 576 —_
o, RSGUaIed = o (paestod R S 057)
Tosts of Besween-Sublects Effects
mposﬂ&“bgﬂ
Dependent V472 4 sum of ' Panial Eta
T pgc'zums df Mean Squareé F Sig. Squared
_Source. ——" 4 — 2 148
correde"M 20.880_«_” PR e =T e T PRI .
Comec™.--- — 39 1 6639 31.544 002 052
intercept Lo o0 71319 000 E
15.009 1 P IR A A SLU
citipretoght_ . - 3 A ass 00 038
gender e a2 — 210 )
e - 120380 ,5’7:/———~- T T
i .....-—"- § —
Ilidtutet ey 1‘1"’5’4?'/ <] __’__',__—-——"‘-"_ —ramns
lﬂ/"/’/w’/’/’—-—‘———_——
Camecied TOZ—— =.142)
- a.qu"a,ed:.MB(ﬂﬂ“’”demd
gy-based instruction- Effects on CIT, CTC and CbHLT
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Analysis of Covariance

Critical Thinking in Chemistry

Tests of Batween-Subjects Effects
Dependent Variable: CTTC pustiest ogit
Type lll Sum of
Source Squares of Mean Square F s P;:f:| Ela
: ared
M_____J.‘-Bn' 4 10470  42.184 000 po
Intercept 70788 1 70798 285320 oo i
_phoctiogh_____— paso 1 M0 10059 o as
P T3 ams e 00 T
FError 141.934 572 248 - 20
s - e ————
Total . .. a78z64 s7
_g_oneaedTotal 163.813 576
a.RSquawd.—-.ZZB(wMquuamd:.zzz)
Tosts of BetWeon-Subjocts Effects
Depandent Variable: CTTC postiest logi
Type (Il Sum of Partial Ela
Source Squares df Mean Square F Sig. Squared
Comacied Model 35931° 4 8983  HTH 000 108
--—~—-—-—-—~——f—-——"—' —— e a2 W e e
_Intercept ,,..-/2&2./ 1,,___30;-912.__23&23—';__;99'; 208
vrtogit 20491 _L_,,?ﬁi‘l’,__?ﬁ-_zf&.w; o A2
Tgender____ 8.93 ,,_3,,,**3311,1:&19, A
EmOr_ e 147”1,....37?.«__.,_“._?52 J
Total - _,,_,,,37,?33‘3, oS - T )
2. R Squared = 193 (Adusiod R 8auaied ™ 190)
Tests of Bemeen-?:ubjects Effects
: c‘l’l'CposﬂBﬂloﬂi‘
Partial Eta
F Sig. Squared

o CIT, CTC and CbHLT
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Analysis of Covariance

Chemistry-based Health Literacy Test

Tests of Butween-Subjects Effects

Dependent Variable: CBHLT posttest togit

Sourco Types:::r‘;:' o df tAean Square F Sig. Pg;"ﬂ,ﬁ':
E"_‘I"f;"i",'i'%.’,_w--.__"‘_’:’?.‘?',ﬁ _4 _-M——'@ 202
ot 24% 2 pus 7T v o
proctogt _____ —— 1204 R 35836 000 059
Tgencer D28 S o5z 00 a8
Error - I I
Toal i S ’

Corected Toial ) 240.838
a. R Squared = 202 (Adjusted R Squared = 197)

Tests of BatWeen-Subjects Effects
Dependent variable: CBHLT postiest logit
sum of Partial Eta
Source ng:tltam df Mean Square F Sig. Scuared
Cormected Mwe'_w#,,;‘f;"';‘i/‘_,__,'_’_&"& a0 %
p— /,JEL/J/JLJ&..._;@__,___Q@N
oot T 7.665 : 788 22337 000 038
.y RO S gy ma 0 e 144
_gendel . ,“,._-—-'-__—--“—«—-—"--- -
Error 198277 ____ - 5712 __/——-""343 RS
Toml “est
aRSquaeeds.mwjuswdRsamd’ 179)
Tests of BeMeen-Subiects Effacts
it
pependent Vaniable: CBHLT positest o' partal Ela
F Squzred

ction: Effects oN CIT, CTC and CbHLT 240



Analysis of Covariance of Rasch Learning Gains

Chemical Identity Thinking

Tests of Betweensubjects Effects

Dependent Variable: citiraschgain

Tvpe Il Sum
_Source vpes:[uafes o df Mean Square F Sig. p::::’al:?
Corrected Modal__ ..,._“,'.7“9“.,, s 17 332 o1 023
e R— 65.108 1 65108 162158 00 242
_pkectiogit_____ ._-s,m_,_.__t,,._.ér._M, T oo
gender 2038 3 146 3766 o1 T T e
Emor 204 450 572 __’__,.2__57_____,_ R
Cow .2 .,JE,/_,_,,_-_,,;“'“ )
Comected Tota! 200.199 576 T T

Critical Thir
a. R Sauared = 023 (Admm_'q‘l;glgfmg: .016) b

citiraschgain
partial 1o

Dependent Variabie:
Type Il sum of '
_Source Squares ol Mean Square F Sig. Squared
“carocaiode 42 — s e @
intercept © 61.895 g 61885 172746 000 232
_vitiogit ____. - //QM o se2 00
Chemist er PRT IR ,,.?:_314_,-..‘3;3.9.?,._“-._-9.1‘9____.,____"_w._qu -
iStry-t “goor T 0 A0 358
V-t e T o
Totel w4 asts of fiTtween-Subjects Effects
DapendentVadable: citraschgain a1
mol =18
pares .dL_,_aaea,n.;Sﬁ"—"-—-,f____E*f;___.sauefeu
Source square
810° 4 22205 105.509 .000 425
Corected Mode! 88 4 5509 T e
Comee® ~=—~—"""" 6638 1 ’s.sse 31544 000 052 _
Inioro®pl .. . =" 94,680 pase0 401883 . 000 413
ctipretogit .- T 22 Ty 157 7.464 000 028
4.712 ”,,,ﬂ.—-;m = Tt
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Multiple Linear Regression

Chemi . N
hemical Identity Thinking, Mereology-based Instruction Group

Model Summaryb
Adjusted R Std. Ervor of the
Model R R Squa‘e Square Estimate Durbin-Watson
1 478° 229 218 507752 1.479
PKCCT logit

e
a. Predictors: (Cofﬁm). gerdef, Ccm pretest logit . VRT logit,

b, Dependent Variabie: CITl postest logit

ANOVA®
sum of
Model squares df Mean Square F Sig
1 Regression 2800 . 21139 0oo®
Ras;&;:gz:_____ Craas o )
289

rolal_ 95278
a. Dependent Variable: T positest fogit
p. Prediclors: (comtan!). gendef, CITi pretest

logit . VR logit , PKCCT loglt

Coefficients’
95.0% Confidenc® interval for B Cotinaarity Statistics
Lower Bound Upper Bound Tolerance VIF
mode! s
298 893 —3
PKICT togit 472 _ 469 735 1
VR L e T 1325 22—
i 923 1083 - 480

[T, CTC and CbHLT 242
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Regression Standardized Residual
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Chemi . L
emical Identity Thinking, Conventional Instruction Group

Model Summary
Adjusted R Std. Eror of the

Model R R Square Square Estimale

1 400° .160 .148 .367088

a. Predictors: (Constant). 9:::;!0111 pretest logit , VRT logit. PKCCT logit

Model Squares df Mean Square F sig.
! Fegression 26 4L 1eo7 13408 000
Regdual ___ . 38,001 282 135 '
Tota! 45227 286 -
a. DependemVaﬁabla cmpcsmsnouu
b. Predictors: (constam). gender. CiTl pteias(wgﬂ.VRT Iogit.PKCCT logit
Coefficients’
Stendardized
standnrduzed Coefiicients Coefficients
std. Ermor Bels t Sig.

1 (Constant)__ LS 401 68
pKCCT logit 't 053 207 3429 001
JRT@L o - o P 1601 110
i pretest o fogit___ /04“ J_—Jﬁ‘ﬁ _.ooo

Coofﬁcionts
85.0% Confidence Interval for B Cotiinearity Stalistics
Lower Bou Bound ,,petaound Tolesance VIF

Model ___/

-149 - B [——

1 (conswml_’___,, e T
L w62
VRT‘:‘// 014 . R L

- 267 857 1.045
it 103 e 3 T
cm prel»stlogl T oc4 115 852 1.050
gander /
a. Dependen 1 +/ariablez CIT! postiest 105
T -~
;gy—based instruction” Effects oN CIT, CTC and CbHLT 244



Regression Standardized Residual

Histogram
Dependent Variable: CITI posttest logit

Mean =3 75E-16
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Critical Thinking in Chemistiy, Mereology-based Instruction Group
Model Summaly"

Adjusted R Std. Ervor of the
Estimate Durbin-Walson

Mcodel R R Square _§_quare
1 604° .364 .355 .462350 1.482
ANOVA®

Coefﬁcientsa
Standardized
Unstandardized Coefficients Coefficients
B std. Error Beta t sig.
Model "
Hode ) 5. e
[ Yeshtnate oy —-—.‘-""-""" 165 ’072 -._13?_‘ 2:’2‘89 023
prccT ’lq_g_ﬂ,_,,_,..,..--——_-,./—’-"""'—“*“"‘“" e
Rrogt__ 34 fw-,,.,__ﬂ_ﬁi.,,,ﬁf:"i-__.,;@i_
gt . Tas__Tes | L0
o 075 _os5  -1.724 086

-.130

’ cTTC pretesl

gender
Coefficients
95.0% confidence interval for B Coltinearity Statistics
Lower Bound Upse’ gound _Tolerance VIF
Model — /‘06
-048 06 B
! (Constant)__———~ o8 T
KeCT fogit 023 ’_‘____'____74_____1_;5 _
5;T loght ~ P L
"-—"‘”—’“" 644 ]
380 _ X A E
o prtest 092 278 018 926 1080
gender P
™ lt
pependent variablé cT11C posttest 09
i : on CIT, CTC and CbHLT
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Regression Standardized Residual

Histogram
Dependent Variable: CTTC posttest logit

Mean =-1.G9E-1
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ntical Thinking in Chemistry, Conventional Instruction Group

Model Summary
Adjusied R Std. Error of the
Modet R R Square Squaie Estimate
1 562° 316 308 452401
ANOVA’
Sumof
Mode! Squares dr Mean Square F Sig.
T g w4t B ooc?
_Residual _._S1.Te s
Total 84.330 286 i
a. Dependent Variabie: CTTC pastiest logit
b. Prediciors: (Constar), gendes, PKCCT log:t.VRTlog‘i.crGCteswlogﬂ
Coefficients”
Standardized
Unstandardized Coslficients Coefficients
Model 8 std. Error Beta t Sig.
e K — .133 894
L SO -5
067 235 417 000
.002

(Constant)__
.280 S
70 3065 002

4
"pKCCT logt
s M
070 e 442 X0
003

VRTlogh
45t -28%8

___-_—-—-‘—-
Coafﬁciems

95.0% Confidance Interval fur 8
upper Bound Tolerance VIF

Lower Bound
Mode! M
R -
ey a1
1.270

(cmstanL/_,/
s
e S ey
veTht , 78

1

nstﬂjdlon Eff

ects on CIT, CTC and CbHLT
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Chemi; ;
hemistry-based Health Literacy, Mereology-based Instruction Group

Mode! SUmmaryb

Adjusted R Std. Error of the
Estimate Durbin-Walson

Model R R Square Square
1 .486° 236 228 583293 1.571
a. Predictors: (Constant), gendef. CBHLT pretest fogit, VRT logit , PKCCT logit
b Dependen Variable: CBHLT postlest logit
ANOVA‘
Sumof
Model Squares df Mean Square F Sig.
1 Regression so00t 4 . 7500 22045 o0
Resifua! _ o - 285 . 340
Total 128.887 289
a. Dependent Variable: CBHLT posttest fogit
b. Predictors: (Constant). gender, CBHLT protest ogit, VRT logit . PKCCT togit
Coefficients
Standardized
Unstandardized Coefficients  Coefficients
N Bela s
1 (Constant) __,___;s_qg,,___-'lﬁ______———ﬁ_-’:l“ __000 _
(Constznl)
PKCCT logit .,,-EL_,.-—;UEG,_...-.._W‘ 1521 29
“VRT logit T e - TR —
“oaHLT protastiogt .~ T e 7389 000
""""""""" — . 094 .27 2392 017
/
Coefficients

Cottinearily Slatistics

6.0% Confid ‘
Mode! Lower gound Uppefsamd Tolerance /IF
= 1.145 o
e S a1
_QPL(C_Q" "‘lg_'t — ,.,-/,-——;oz—-—"—'—"--—‘;;" w,,7_57 _1?—21 -
VRTRGL e "3’38/”'”‘ e69 1032
T pretestlogit__ - —— [ 9 S
,Q;B;:[; = . 410 -040 846 1.057
_____.—-—-“g " =
. Dependent Variable: CBHLT pesttest logit
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C ity .
hemistry-based Health Literacy, Conventional Instruction Group

Model Summary
M Adjusted R Std. Ermor of the
odel R R Square Squsre Estimate
1 542 204 284 454199
ANOVA"
sum ol
Mods! Squsares df Mean Square F sig.
1 Regression 24.174 2 eou  2ms 00
Residud’ . . . soq76 282 208 T
Totsl 82250 286
a. oepmdenwanable: CBHLTposueﬁ!ogil
b. Predictors: (Constant). gender, CBHL1 pretest logit, PKCCT logit . VRT logit
Coefficients’
Standardized
Unslandardimd Coefficients Coefficients
Model e B std. Emror Beta v se
1 _(Constanl) -136 LT 413 256
prcoTIogt___ s 3B o0t
" URT logt o2 T TR T
“eprLTpreestiogt - R R 455 8810 o
gender 033 068 026 498 619
Coefﬁcients"
95.0% Confidence Intenval for B Collinearity Statistics
Model Lower Bound upper Bound Tolerance ____\_/If___
'M e
1 Lif;‘i‘;“{;—’;r ™ PR
_proCTIogh _ —— 1.240
VRT logtt /,,._:yl,,ﬁ_ﬁ/_.-&._w
test Iogit '341/_.4521', — 937 _ 1087
gender -
- Dependent Varabl carLT pusttest o1
. . e on CIT. CTC and CbHLT
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Appendix Y

Sample Rubric Tools

Rubric for the Evaluation of Laboratory Notebook and Laberatory Report

Modified Hoyo Critical Thinking Evaluation Rubric for Written Reports.

Criterion for obtaining levels (scores) of the rubric

Trait Coguitive Skill Applied Levelor
Evaluated Score
3 All main points of information are succinctly presented. The

Abstract Synthesis
title/ purpose. hypothesis’ research question is clearly stated.
The purpose IS written in a professional way in less than 100
words long and contains a clear anticulation of thesis

statement or argument.

2 Some points of information or keywords are missing. but all
the criteria are addsessed.

| One or more criteria are absent

3 Sources of informasion are appioprirtely cited in the

Knowledge and
document. A thorough research of the literature was
conducted. The nature of the sources is judged o0 be

appropriate. Citations are consistently formatted.

An effort on all criteria is shown.

One or more criteria are absent.

Organization Analysis Clear section headings are used in the document. Material is
presented under tac appropriate heading. Information is
presemed in reasonable amounts. There is a logical and

colerent flow of information throughout the documient.

2 Either one of the last WO criteria not met. Contains clear

section headings with relevant material in each section.

1 Requires major improvements on all criteria.

s used. The writing in the
ass. lecture and activities
vide a link between

Sources of
Information Evaluation

5 5 Appropriate scientific terminiology i
ﬁ;;::::iﬁz ad report integrutes information from cl
into new material. The studzn? can pro
theory and applications.
2 One criterion is {acking. but efforts on (he other twc aré
shown.
Scientific terminology is used. b

are met.

Relevance

ut none of the other criteria

. . . L L e
i The student’s wriling conveys new information 0 t
Comprehensio™ students ‘own words. Concepts ar¢ comectly undfn_'sloqd. An
iate depth of content is present- The writing in the
nple and direct. The students write 10 the active
han passive voice. ‘
e i nderstood. Lt effort is

‘>

Content

mprchcnsion. p
broad. The fucus is not on scientific aspect

(]

The content is tov
of the topic.

s Wi in English and has prochSiomll
The report ous
i i . : d easy 10 read. All previou!

Pres: Evaluation rance: en, neat an °
eniation ?onmﬁvc evaluations were addressed. The present tion
: uired format. .
conforms 10 - re made. but 10! fully achieved.

——

Efforts on :e of the criteria are not met. -

o o assignment to

ﬂs- M ” b M T Oliver-
A . hcmls“'y coul’s 23 y et .

troductory ¢ soht 2003 by American

-
=]
1
o
o
2

Note: Rubric for evaluating written report:
E[mmote the use of critical thinklflgISlggz‘;‘ﬁaol:’ in D, 900 Copri
oyo, 2003, Journal 0 _ e
Chemical Society- Reprinited with permissiof
d CbHLT
Mereology-based instruction- Effects oN ciT, cTC an



Rubric for Arguments using Toulmin Argumentation Pattern

. Validily of Data in Argument
Actual data is used; valid assurnpti

on- or inference-based, sophisticated — 2 points

Assqmptign— or inference-based, but simplistic — 1 point
Invalid/ Misinterpretation of data — No point

. Quality of Links in Argument

Correct, chemistry-based or mechanisti
Correct but non-mechanistic chemistry reasonir
Incorrect reasoning/ simplistic or naive reasoning

. Validity of Data in Rebuttal
Actual data is used; valid assumpti

Assumption- or inference-based, but sim

¢ reasoning — 2 points
-1 point
-- 1 point

on- or inference-based, sophisticated — 2 points

plistic — 1 point

Invalid/ Misinterpretation of data — No point

. Quality of Links in Rebuttal
Correct, chemistry-based or mec
Correct but non-mechanistic chem

Incorrect reasoning/ simplistic or naive

hanistic reasoning )
istry reasoning - 1 point

-2 points

reasoning — 1 point





