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ABSTRACT

The study developed and determined the effects of the inquiry-based laboratory activities
on the inquiry skills, conceptual understanding and attitude toward Genetics of undergraduate
Biology and Biology major Education students. The quasi-experimental design for quantitative
methodology and qualitative data analysis were used to assess the (1) difference in the inquiry
skills and conceptual understanding among and between students exposed to inquiry-based
laboratory activities and those who are not; (2) change in the attitudes of the students toward
Genetics in inquiry-based laboratory activities; (3) correlation among students’ inquiry skills,
conceptual understanding, and attitude toward Genetics; and (4) impact of inquiry-based
laboratory activities in Genetics to students who use it. The students enrolled in Genetics class in
a state university in the Visayas for the 2" Semester Academic Year 2014-2015 served as
subjects of this study. The students were randomly assigned to two groups - the control and the
experimental groups. The control group consisted of one section of Bachelor of Science in
Biology (Premed and Biotechnology Track) students taught using the traditional cookbook
method in Genetics while the experimental groups consisted of two separate sections of Bachelor
of Science in Biology (Microbiology Track) and Bachelor in Secondary Education (major in
Biology) students utilized the researcher-made inquiry-based laboratory activities in Genetics.
Qualitative analysis was done using focus group interview to obtain an in-depth analysis of the
perceptions on the strategy and implementation of inquiry-based laboratory activities. This was
further triangulated through students’ laboratory reports, inquiry skills, conceptual understanding
results, attitude questionnaire responses and observation checklists. The quantitative data on

conceptual understanding, inquiry skills and attitude toward Genetics were assessed in a pretest-

posttest implementation of the strategy used. In the laboratory period, the control group used the




conventional laboratory method, the “cook book” method while the inquiry-based laboratory
method was employed in the experimental group. Statistical analyses of the study employed
both descriptive and inferential statistics.

Results showed that the pretest mean scores of the control (Inquiry Skills, M=12.20;
Conceptual Understanding, M= 11.58; Genetics Attitude, M=2.39) group and experimental
group (Inquiry Skills, M=12.42; Conceptual Understanding, M=10.78, Genetics Attitude,
M=2.39) were comparable and showed no significant difference (Inquiry Skills, p=0.807;
Conceptual Understanding, p=0.231; Genetics Attitude, p= 0.921) prior to the intervention.
Independent samples t-test on inquiry skills and conceptual understanding showed that the
experimental group had a significantly higher (inquiry skills, p = 0.043 and conceptual
understanding, p = 0.002) posttest mean scores than the control group after using the inquiry-
based laboratory activities in Genetics, respectively. The experimental group inquiry skills
(M=24.67) is two percent higher than the control group (M=22.76) suggesting that the inquiry
learning strategy helped students to construct and conceptualize the knowledge on Genetics
laboratory from basic principles to applications. Furthermore, the experimental group conceptual
understanding (M=22.73) which is four percent higher than the control group (M=18.80)
revealed that the approach has effectively improved the conceptual understanding of the
students. With better understanding of the concepts, students would be able to perform better in
their courses. The posttest mean scores in the attitude toward Genetics of the experimental group
(M=2.430) and the control group (M=2.433) were almost equal after the intervention. However,
the independent samples t-test result showed no significant change on the attitude mean scores
toward Genetics of the control (p=0.278) and experimental (p=0.104) groups exposed to inquiry-

based laboratory activities and those who are not, respectively. Attitude toward Genetics did not
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significantly vary in the two groups probably because they were all science majors and initially
they had a good attitude toward Genetics. Hence, inquiry-based learning (IBL) did not cause a
significant change in the students’ Genetics attitudes.

The correlation tests indicate that there is a significant relationship between students’
conceptual understanding and inquiry skills in the control (r=0.451, p=0.002) and experimental
(r=0.492, p=0.001) groups while attitude did not show any significant relationship with them
after the intervention. The non-significant negative correlation between conceptual
understanding and attitude of students in the experimental group could be attributed to factors
that had contributed to the high level of resistance to inquiry in this study. The impacts of
inquiry-based laboratory activities in Genetics were better retention of information, expertise in
inquiry skills, enhanced critical thinking skills, facilitated problem solving, drawing of

conclusion and prediction of possible outcomes, and lesson mastery.
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CHAPTER 1
INTRODUCTION

This chapter presents the background of the study, statement of the problem, significance

of the study, and scope and delimitation of the study.

Background of the Study

The competence of Filipinos is believed to be anchored on their educational attainment.
Quality of education is reflected through academic achievement which is a function of good
attitude towards learning, positive self-concept and favorable interaction of the learners with
adults in the society (Bacus, 2014). One of the indicators of quality education is the performance
of students in international comparison tests. One of the few standards for international
comparison of students’ performances is the Trends and International Mathematics and Science
Study (TIMSS 2003) which is jointly implemented by the Department of Science and
Technology (DOST), through the Science Education Institute (SEI), and the Department of
Education (DepEd). It is noted that Filipinos ranked second to the lowest in Grade 1V Science
and Mathematics among 25 countries, 43™ out of 46 and 34™ out of 38 countries in high school
Science and Mathematics (TIMMS 2003, 2008).

A study on “National Achievement Test Results Fourth Year (2005-2006)” (Benito,
2013) revealed that in the Total Test, almost 2/3 of the high school graduating students showed
performance within the Low Mastery Level (65.63%); slightly 1/3 had manifested Near Mastery
(33.24%); more than 1/10 exhibited Mastery of learning competencies (1.13%); and seldom that
1 out of 5 students showed Mastery in Science. To help students succeed in international

assessments and address students’ weaknesses, the national research coordinator for TIMSS in



the Philippines suggested that necessary intervention techniques should be used to teach beyond
memorization and expose students to tasks that require understanding and analysis
(Understanding the Trends in Math and Science Study (TIMSS): A Closer Look at Filipino
Student Functional Literacy in Math and Science, n.d., para. 1-3).

Inquiry-based learning is a dynamic and emergent process that builds on students’ natural
curiosity about the world in which they live. Teaching science through science inquiry is
considered the cornerstone of good teaching. Unfortunately, although inquiry-based science is
popular, many curriculum materials, textbooks, laboratory guides and other materials are still
prepared using traditional approaches. The inquiry-based approach to teaching science is not the
norm in schools as many teachers are still striving to build a shared understanding of what
science as inquiry means.

The idea of teaching science by inquiry methods is not a new one. In Dewey’s
Democracy and Education (1916), he states that it is not advisable to present the learner with just
the conclusions from scientific experimentation. Instead he proposed that students be allowed /
encouraged to explore and experiment to come up with their own conclusions about science
concepts, as well as the process and nature of science. Dewey’s philosophy on education was
widely accepted, and was used as an integral concept during the curricular reform in the 60°s and
70’s. Inquiry-based learning installed by Dewey is a type of problem-solving approach and based
on the students’ research and analysis.

For the last several years, there has again been a call for curricular reform in science
classes and laboratories in particular. The National Science Foundation (NSF) has put out a call
for instructors to educate students in the ability to formulate usable questions, plans, appropriate

experiments, conduct observations, interpret, and analyze data, draw conclusions, communicate
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their results, as well as coordinate and implement a full investigation (NRC, 2000; Thomas,
2005). Thus, it has been widely recommended that the learning approach should be changed
from a teacher-centered to a student-centered approach with a balanced knowledge, skills and
attitudes. These educational reforms recommend incorporating inquiry to classroom. In the
Philippines, the instruction on the new K to 12 science programs shifts from traditional methods
of teaching to a more innovative exploration that emphasizes the enhancement of the students’
critical thinking and scientific skills. The new curriculum utilizes learner-centered approach such
as the inquiry based learning pedagogy.

The interest in using inquiry-based teaching strategies has increased in recent years as
science teachers have become more critical about the efficacy of cookbook-type laboratory
activities and the purposes, practices, and learning outcomes of laboratory in general. It is
gradually being recognized that whereas cookbook labs can teach some laboratory techniques
and skills (Wu & Hsieh, 2006) or serve as visual aids for concepts already studied, they are
largely ineffective as a tool for teaching science concepts.

The science laboratory is important to science teaching and it offers an environment
different from the traditional classroom (Henderson & Fisher, 1998). Laboratories offer a unique
environment for immersion and participation in the scientific community of practice. The
laboratory work has the potential to engage students in authentic investigation in which they can
identify the problem to investigate, design procedures and draw conclusions. In a review study
on the role of laboratory instruction, Hofstein and Lunetta (1982) emphasize the tremendous
potential of laboratory instruction but they find prior research on the role of laboratory
instruction on student learning and growth to be inconclusive. In another review study, Nakleh,

Polles and Malina (2002) indicate a lack of evidence coming directly from students about their




understanding based on laboratory experiences. They suggest further investigation of
laboratory’s potential to contribute to the development of metacognitive skills of students
involved in the processes of problem solving, creative thinking, and scientific thinking. The
review also places an emphasis on conducting research studies that have a blend of both
qualitative and quantitative methods to further establish the relevance of laboratory instruction.
However, although interest in inquiry is on the rise, there are still relatively few contemporary
studies or learning from inquiry-based laboratories.

It has been suggested that laboratory activities be redesigned to center more on the
process of inquiry and open-ended discovery. By giving students control of their own learning
and opportunities to investigate problems in an open-ended way, they engage in the same kinds
of scientific procedures and reasoning that scientists use in their research, and can develop a
deeper and more lasting understanding of content (Bransford, Brown & Cocking, 1999).

The researcher believes that it is only through research that a teacher could really
understand, evaluate and find possible solutions that work for educational problems. Addressing
educational concerns especially those that are associated to student achievement, attitude, and
science process skills should start from the classroom. Therefore, it is in the hand of the teacher
to innovate or find effective solutions by exploring on teaching strategies to deal with such issue.
Thus, the study was conducted to determine the relationships between inquiry-based learning
approach and inquiry skills, conceptual understanding and attitude of undergraduate Biology and
Biology major Education students in order to build more evidence on the implications of

laboratory instruction for the learning of Genetic concepts in particular.



Statement of the Problem

One of the major challenges in teaching any college level Genetics course including a
laboratory component is having the students actively understand the research part of an
experiment as well as to develop the necessary skills. Most laboratory exercises published for
undergraduate biology courses fall under the traditional cookbook approach and do not provide
the students with the opportunity to design their own experiments.

Also, little progress has been made with respect to the inquiry process at the tertiary
level. College professors especially at the undergraduate level place less importance on
knowledge construction and inquiry skills than the school teachers (Australia Capital Territory
Parliamentary Counsel, 2004). Thus the obstacles to the incorporation of inquiry laboratories
may in part be due to science instructors’ lack of preparedness for inquiry and other constraints.

Studies on inquiry-based instruction mentioned in the literature review suggested that this
approach to laboratory work had a positive effect on students’ knowledge and attitudes toward
Science. Despite its important role in shaping students' mind and behavior, there exists a paucity
cf information on this subject matter especially in developing countries such as the Philippines.
Few institutions are also adopting the strategy mainly because of its low promotion by the
scientific and educational communities. This is critical for students in Genetics because it is one
of the most difficult subjects in the biology curricula at all educational levels (Chatopadhyay,
2005). Its understanding and appreciation require the use of inquiry skills. Studies in other
countries have shown that understanding and its various aspects are poor among students of
various levels and among the population in general.

Hence, the study was conducted to contribute to the existing conversation about the

approach and add more empirical evidences on the role of inquiry-based approach in teaching a
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laboratory course in Genetics. The study aimed to analyze the effects of inquiry-based
laboratory activities on students' inquiry skills, conceptual understanding and attitude toward

Genetics. To facilitate the implementation of the approach, an inquiry-based laboratory manual

was developed.

Objectives of the Study

The study aimed to develop and determine the effects of the inquiry-based laboratory
activities on the inquiry skills, conceptual understanding and attitude toward Genetics of
undergraduate Biology and Biology major Education students.

Specifically, it aims to answer the following questions:

1. Is there a significant difference in the inquiry skills among and between students

exposed to inquiry-based laboratory activities and those who are not?

2. s there a significant difference in conceptual understanding among and between
students exposed to inquiry-based laboratory activities and those who are not?

3. Can inquiry-based laboratory activities in Genetics change the attitudes of the

students towards Genetics?

4. 1Is there a correlation among students’ inquiry skills, conceptual understanding, and

attitude toward Genetics?

5. What is the impact of inquiry-based laboratory activities in Genetics to students who

use it?

Significance of the Study
This study contributes to the understanding of the educational theories of constructivism,

inquiry-based approach, and laboratory work as an active form of learning. A teaching strategy
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based on constructivism focuses on providing students with physical experiences that induce
cognitive conflict and encourage students to develop new knowledge schemes while inquiry-
based learning is a pedagogical strategy that uses the general processes of scientific inquiry as its
teaching and learning methodology.

For students. Inquiry at the undergraduate level is of importance because once they
graduate and serve in their respective professions, they will need to apply their knowledge and
their understanding. Unfortunately, most undergraduate instructions including laboratory
experiments are based on structured inquiry despite obvious benefits of more open inquiry
instructions (Buck et al., 2008; Roth et al., 1998). Inquiry teaching and learning methods affect
student performances in problem solving, reflecting on their work, drawing conclusions and
generating predictions. These qualities are necessary for a high-achieving graduate.

For teachers and curriculum designers and developers. The research findings could
guide teachers and/or curriculum designers and developers in preparing inquiry-based laboratory
for various Biology courses that will enhance the students' conceptual understanding, inquiry
skills and attitude toward Genetics.

For researchers, education specialist and administrators. It will also provide
additional information on inquiry-based laboratory for researchers which would direct the

education specialists and administrators in the improvement of student learning.

Scope and Delimitation of the Study

The study involved three intact classes of undergraduate Biology and Biology major
Education students enrolled in Genetics class in a state university in the Visayas for the 2™

Semester Academic Year 2014-2015. The study was limited to determining the effects of



inquiry-based laboratory activities on students' inquiry skills, conceptual understanding and
attitude toward Genetics.

The inquiry-based laboratory instruction material that was used in the study was
developed by the researcher, herself, though it was validated by three science professors in
Genetics. It was developed in the context of the current study’s participants. Thus, any attempt to
use the material in another classroom setting should consider this context. The researcher
conducted the study through the Genetics professor of the said university who implemented the
material in his classes.

The quasi-experimental method of investigation using pretest-posttest non-equivalent
control group design was used in the study. Thus, any secondary analysis of the data gathered in
the study should consider this. Since three intact classes were used, participants were randomly
assigned to groups as control and experimental group. For comparability of the two groups,
students with more or less same pretest scores were involved in the study.

A researcher-made pretest-posttest in Genetics was used to assess the effect of inquiry-
based laboratory on the students' conceptual understanding, whilst modified and adopted
questionnaires were developed to evaluate students’ inquiry skills and attitude in Genetics. These
instruments were validated and underwent reliability testing using Cronbach alpha. To evaluate
students' observation and feedback, an observation checklist for laboratory instruction and
inquiry instruction material and feedback questionnaire for interview were used. These

instruments underwent face-content validation but not reliability testing due to limited timing.



CHAPTER 2
REVIEW OF RELATED LITERATURE AND THEORETICAL FRAMEWORK

This section presents the related literature and studies to support the study, the theoretical

framework, conceptual framework, statement of the hypotheses and definition of terms.

Review of Related Literature and Studies

Educators around the world are seeking ways to prepare students for living and working
in the changing information environment of the 21 century. Inquiry is a way of learning new

skills and knowledge for understanding and creating in the midst of rapid technological change.

Inquiry-based learning (IBL) is student-directed and can be linked to John Dewey’s
philosophy that education begins with the curiosity of the learner. E. Lee May, Salisbury State
University, defines IBL as “a method of instruction that places the student, the subject, and their
interaction at the center of the learning experience. At the same time, it transforms the role of the
teacher from that of dispensing knowledge to one of facilitating learning. It repositions him or
her, physically, from the front and center of the classroom to someplace in the middle or back of
it, as it subtly yet significantly increases his or her involvement in the thought-processes of the
students” (The Academy of Inquiry Based Learning, 2013).

Inquiry-based learning provides students the opportunity to construct the understanding
necessary to produce deeper learning. Such understanding greatly increases the chances that
students will be able to apply the concept in new situations. This increases the likelihood that it
will be remembered. Inquiry-based learning strategies serve as a stimulus for learning, thinking

and questioning. In inquiry-based learning, students are presented with a challenge (such as a



question to be answered, an observation or data set to be interpreted, or a hypothesis to be tested)

and accomplish the desired learning in the process of responding to that challenge.

Inquiry has frequently been found to be more effective than traditional science instruction
at improving academic achievement and the development of thinking, problem-solving, and
laboratory skills (Haury, 1993; McCreary, Golde, & Koeske, 2006; Shymansky, Hedges, &
Woodworth, 1990; Oliver-Hoyo & Allen, 2005). Colburn (2006) recommends focusing inquiry-
based activities around questions that call for experimental investigation, involve materials and
situations somewhat familiar to students, and pose a sufficient level of challenge to promote skill
development.

Inquiry-based methods have been used in many different disciplines, including physics
(Fencl & Scheel, 2005; Thacker et al., 1994; Heflich, Dixon, & Davis, 2001), biology
(Londraville et al., 2002), and chemistry (Jalil, 2006; Lewis & Lewis, 2005; Oliver-Hoyo, Allen,
& Anderson, 2004; Oliver-Hoye & Allen, 2005).

Since late in the 19" century, science educators have believed that the laboratory is an
important means of instruction in Science. Laboratories play a significant role in effective
Biology education. Laboratory classes are supplementary to Biology education and make up a
crucial part of Biology courses. Laboratories are very important to comprehend abstract concepts
(Demirtas, 2006) in Biology like Genetics.

Laboratory instruction was considered essential because it provided training in
observation, supplied detailed information, and aroused pupils' interest. Often though, labs are
presented as mere recipes in which students follow precise instructions to arrive at a conclusion

and the importance of which is not clear. Typically, students work their way through a list of
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step-by-step instructions, trying to reproduce expected results and wondering how to get the right
answer. .

Interest in using inquiry-based teaching strategies has increased in recent years as science
teachers have become more critical about the efficacy of cookbook-type laboratory activities and
indeed the purposes, practices, and learning outcomes of laboratory in general. It is gradually
being recognized that whereas cookbook labs can teach some laboratory techniques and skills
(Wu & Hsieh, 2006) or serve as visual aids for concepts already studied, they are largely
ineffective as a tool for teaching science concepts. As stated by one teacher-researcher, “In the
same way as any scientist, students will see what their prior theories lead them to expect. More
significantly, they will not make the meaning that we as teachers expect them to make of
experimental evidence until they have already grasped the theoretical framework that allows
them to ‘see’ the evidence” (Wu & Hsieh, 2006).

Recent publications from the National Academy of Sciences have encouraged the need to
introduce research-driven exploration in lieu of “cookbook” exercises (National Academy of
Sciences, 2010). The term *“cookbook” refers to experimental procedures in which students
follow a step-by-step method reminiscent of a cooking recipe. The expected end result of the
experiment is often provided to the students before they even initiate the experiment. Evaluation
of student performance is often based on how well they follow the protocol. Because the
laboratory exercise was validated with repeated data output, any discrepancy in the results was
attributed to student’s inability to follow the protocol. Failure to obtain satisfactory results is a
common occurrence of the scientific research process and is acceptable. What is unacceptable
however is the inability to troubleshoot and explain the possible errors or circumstances that

yielded unexpected results. The students that do obtain the pre-determined results often lack the
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conceptual understanding and significance of individual steps of the experiment. For many
students this leads to frustration and often, for non-science majors from pursuing their education
within the natural sciences. Student perceptions and attitudes towards Science have been shown
to improve if laboratory instruction is taught with a connection to the real world and students are
provided an opportunity to participate in the experimental design (Mathews, 2010).
Unfortunately, an inquiry-based approach to teaching Science is not the norm in schools
as many teachers are still striving to build a shared understanding of what Science as inquiry
means. By including inquiry-based activities in the lab, the assumption is that students will
increase their scientific literacy and build creative problem-solving abilities through a more
challenging curriculum than is offered through traditional cookbook activities. However, there
has been little assessment td determine whether inquiry-based labs achieve these goals with
greater success than traditional labs. There is no clear consensus on the function and purpose of
laboratory instruction within an academic curriculum (Russell, 2008). Leading purposes include:
bridging the gap between theory and practice, illustrating material taught in lecture, increasing
enthusiasm and fostering scientific attitudes, and develop skills of observation, reasoning and

critical thinking (Waters, 2012).

Traditional versus Inquiry-based Laboratory

In a traditional science classroom, the teacher uses a textbook to transmit knowledge and
explain conceptual relationships to students. Students listen to their teachers and are later
responsible for memorizing the information to restate on a test. In this type of classroom, the
teacher and the textbook are the source of authority and students are passive receivers of
information. Students in these classes all complete the same teacher prescribed activities

(Anderson, 2002).
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An inquiry-based science classroom looks very different from a traditional science
classroom. Teacher and student roles change, as well as the work students complete. Teachers in
inquiry classrooms take on the role of a coach and model the learning process for students.
Students are responsible for naming the scientific question under investigation, designing
investigations to research their question, and interpreting findings from investigations. In this
classroom, students may be working on different research questions, or may be at different
phases in the research cycle. Students in inquiry classrooms are self-directed learners and there is
not one official authority of knowledge in the classroom.

There has been a recent and strong advocacy to introduce inquiry-based laboratory
instruction into biological science courses. It is believed that developing laboratory exercises that
have a research-oriented focus will not only teach science, but will develop students who think
like a scientist. In the traditional approach to laboratory work, students’ activities are focused
mostly in verifying information previously communicated in class by the teacher or in the
provided instructional material. Literature has encouraged the inquiry-based approach to
laboratory work over the traditional approach. A number of studies show that inquiry-based
laboratories generate more positive results than traditional laboratories.

Inquiry-based laboratories are inductive in nature and are used to explore, invent or
introduce, and apply concepts. In this laboratory format, students start with making observations
and collecting data to generate concept. Compared to traditional format, students in inquiry-
based labs are involved, receive less direction from instructor, and bear more responsibility for
designing procedure to answer questions they formulate. In inquiry labs, students’ activities are
focusing on collecting, processing and analyzing data to discover new concepts, principles, or

laws in much the same way and with similar tools as real scientists and practitioners conduct
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investigations. This means that students are given more control of their own learning and
consequently it is accepted when things go wrong or not as expected, as long as students learn
from mistakes and missteps through reflection and self-assessment; time and opportunity is
provided to students to make and recover from mistakes and/or dead-end explorations. Going
through activities in the laboratory may influence their attitudes about scientific enterprise
(Chiappetta & Koballa, 2006).

One study (Brownell et al., 2012) provides empirical evidence supporting the
recommendations for incorporating more authentic research components in laboratory courses.
The study found that students in the research-based lab had a) more positive attitudes toward
authentic research; b) higher self-confidence in lab-related tasks; and, c¢) increased interest in
pursuing future research compared with students in the cookbook laboratory course. This study
had twenty (20) students in the research-based lab matched with 20 students in the cookbook lab
on the basis of five demographic characteristics. The research-based lab course had several
hallmarks of authentic research: a single longitudinal research focus, research questions with
currently unknown answers, student-determined experimental designs, and collaboration among
lab peers.

In addition, Gormally et al. (2009) research on the effects of inquiry-based learning on
students’ science literacy skills and confidence demonstrated greater improvements in students’
science literacy and research skills using inquiry lab instruction. Inquiry lab students also valued
more authentic science exposure but acknowledged that experiencing the complexity and
frustrations faced by practicing scientists was challenging. On the other hand, gains in self-
confidence were true for students from both inquiry and traditional labs but traditional students’

gain was greater.
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Another study (Rissing & Cogan, 2009) measured student performances on a series of
objective and subjective questions on two different laboratory exercises on enzyme activity. The
first measurement was taken before and after completion of the inquiry-based, hands-on
laboratory exercise while the other measurement was taken before and after completion of an
existing, standard, “direct” laboratory exercise over the same topics. Results showed that student
performance on these questions increased significantly after completion of the inquiry exercise,
while student performance did not increase after completion of the control, standard exercise.

Results of another study (Hasan, 2012) revealed that implementing the guided inquiry
instruction in teaching the environmental biology subject has significant effect in improving
tenth grade students’ academic achievement. However, results also suggested that the guided
inquiry instruction alone seems insufficient in developing the nature of science (NOS)
conceptions in the students. Differences in the total average scores between pre- and post-NOS
scale are not statically significant for both the experimental and control groups. It is possible that
more explicit instructional approaches are needed to be investigated for their effectiveness in
achieving NOS understandings in students’ minds.

Hasan’s study investigated two things: a) Students’ views of the nature of science (NOS)
based on the newly implemented science curriculum, the Hartcourt International; and, b) Impact
of guided-inquiry instruction in teaching the environmental biology subject and the NOS aspects
with students. Seventy-six (76) tenth-grade students in UAE public schools, distributed amongst
four mutual exclusive classes, served as subjects of the study. The respective classes were
randomly divided into two intact groups: experimental and control groups. The experimental
group was taught using the guided inquiry instruction during theoretical classes and laboratory

activities were based on grappling with guided-inquiry questions and practicing science as
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process skills. The control group was taught using the traditional strategies, without

incorporating the guided inquiry instruction and the science process skills.

Waters (2012) evaluated the advantages and disadvantages of utilizing ‘cookbook and

‘inquiry-based’ laboratory within the life science curriculum as summarized in Table 2.1.

Table 2.1 Advantages and Disadvantages of Utilizing ‘Cookbook’ and ‘Inquiry-based’ Laboratory
within the life science curriculum (Waters, 2012)

Laboratory Type

Advantages

Disadvantages

Cookbook

. Laboratory exercises are easily designed to fit

into restricted student schedules

. The results of the exercise are predetermined

allowing assessment of the students
performance

. Conducive and manageable for courses with

large student enrollment

. Can cover multiple biological concepts within

a course

. Laboratory exercises can be created into

modular exercise that correspond with
classroom lecture

. Students easily lose enthusiasm for

science education and an interest in
ongoing and future scientific
achievements

. Students quickly learn what steps of

the procedure can be ignored or fail
to thoroughly read the protocol for
complete understanding

. Critical thinking skills are not

developed

. There are little opportunities to

apply problem-solving strategies

. Students feel disconnected from the

exercise and lack “ownership” of
the collected data

. Collaboration among peers is

discouraged

. Students do not plan the

experiments and results are not
properly interpreted

. Scientific concepts are “verified”

rather than “discovered”

Inquiry-based

. Students take “ownership” of the laboratory

exercise

. Students experience the scientific method and

acquire an appreciation and understanding for
scientific achievement

. Students become interested in ongoing and

future scientific achievements as it relates to
current events

. Students experience the successes and failures

of scientific research

._Students are encouraged to collaborate to

. Difficult to manage in courses with

large student enrollment

. Requires significant amount of time

that students must be in the
laboratory

. Students can become easily

frustrated
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obtain successful results

6. Students learn critical thinking and problem
solving skills

7. Students retain the learned concepts

It is clear that “cookbook” laboratory exercises persist mainly due to a logistic advantage.
The bottom line is that they are easier to manage and set-up. With limited budgets and laboratory
support personnel, these types of laboratory instructions are favored. They tend to be
advantageous to the instructor but place the student at a disadvantage for enhanced learning. The
major strength of “cookbook™ exercise is that numerous biological concepts can be taught by
using independent modules that can be interchanged and aligned with classroom lectures. In this
regard students are solely validating concepts learned from the lecture. Critical thinking and
reasoning skills are not developed and students easily lose enthusiasm for the process of
scientific investigation.

According to Waters (2012), students who are given the opportunity to design
experiments and execute them, regardless of whether or not the proper results are obtained, are
more likely to become “self-educators” and maintain curiosity and enthusiasm for scientific
achievement. These students are likely to pursue advance science degrees and become the next

generation of scientists.

Inquiry Skills

Inquiry has been viewed as an approach to learning science that involves a process of
exploring the natural or material world (Tamir, 1983; NRC, 1996). Inquiry is congruent with
constructivist teaching ideology which emphasizes students’ prior knowledge as the foundation
of further learning (Llewellyn, 2002). This calls for a type of scaffolding, in the Vygotskyan
(1978) sense, that involves taking students from where they are and, with just the right amount of

support from the teacher, guiding them to become more autonomous learners (McNary,
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Glasgow, & Hicks 2005). In science education, it is students’ experience with the natural world
that is viewed as forming the basis of their active engagement in attaining this understanding
(Llewellyn 2002). Students address teachers’ and students’ questions about natural phenomena
or events by conducting scientific investigations in which the collaboratively develop plans,
collect and explain evidence, connect the explanations to existing scientific knowledge, and
communicate and justify the explanations (Anderson, 2002).

The National Science Education Standards (NSES, p. 23) defines scientific inquiry as
“the diverse ways in which scientists study the natural world and propose explanations based on
the evidence derived from their work. Scientific inquiry also refers to the activities through
which students develop knowledge and understanding of scientific ideas, as well as an
understanding of how scientists study the natural world.”

Scientific inquiry is a powerful way of understanding science content. Students learn how
to ask questions and use evidence to answer them. In the process of learning the strategies of
scientific inquiry, students learn to conduct an investigation and collect evidence from a variety
of sources, develop an explanation from the data, and communicate and defend their conclusions.

Following NRC (2000) and Krajcik et al. (1998), there are seven phases in an inquiry
process: (1) asking and deciding questions, (2) searching for information, (3) designing
investigations (4) carrying out investigations, (5) analyzing data and making conclusions, (6)
creating artifacts, and (7) sharing and communicating findings. These phases are not steps to take
in a linear fashion and students can go through the phases in complex ways. For example,
students can reframe their research question and redesign their investigation after recognizing
that their data cannot answer their questions. Additionally, due to the nature of inquiry, some

scientific investigations do not involve all seven phases. For example, analyzing data from a
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weather database and constructing explanations of phenomena such as global warming and
climate change could be an interesting project for inquiry although students do not collect
empirical data by themselves, nor do they carry out hands-on experiments.

NRC (2000) indicates five essential features of classroom inquiry that emphasize
questions, evidence, and explanations within a learning context. The features include asking
scientifically-oriented questions, using evidence to formulate and evaluate explanations that
address the questions, considering and evaluating alternative explanations, and communicating
and sharing explanations. In classroom inquiry, one of the major knowledge productions
created through inquiry learning is explanations that address scientifically oriented questions and
are supported by empirical evidence. Students not only learn science from explanations provided
by teachers and textbooks but they also participate in explanatory activities that involve

formulating, evaluating, and communicating explanations.

However, students’ difficulties in constructing explanations are well documented. Part of
students’ difficulties stem from their lack of inquiry skills. Many students generate incoherent
explanation from personal ideas and are not able to make logical relationships between evidence
and explanations. Students tend to use linear causal reasoning and attribute the cause of a
phenomenon to the existence of an agent (Andersson, 1986). According to Abrams, Southerland
and Cummins (2001), a majority of students were not able to provide a causal explanation to a
why question about biological changes and could not make a distinction between explanations
that involve causal relationships in the changes and explanations that address the rationales of the
changes. Additionally, many students in the middle grades confuse explanatory claims with

evidence and have difficulty making logical inferences (Kuhn, 1989).
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When students engage in explanatory activities and inquiry learning, they are believed to
develop a set of intellectual skills that enable them to construct understandings about science
(Windschitl, 2000). If students lack these essential skills, inquiry learning may not be productive
and lead students to frustration, and students may generate conclusions that are not empirically
proved. Kuhn (1989) argued that these skills are the “most central, essential, and general skills
that define scientific thinking” (p. 674).

One factor that could affect students’ development of inquiry skills is teachers’
instruction (Eick & Reed, 2002; Rop, 2002). When using an inquiry approach to science
teaching, teachers are expected to support students’ exploration of phenomena and to engage
them in constructing meaningful scientific understandings (Hogan & Berkowitz, 2000). Teachers
need to shift the emphasis from textbooks to exploring questions and topics that are student-
centered (Keys & Kennedy, 1999). They also need to facilitate students building on their current
knowledge and revising their understanding (Eick & Reed, 2002; NRC, 1996). Thus, teachers
play varied roles in supporting students’ development of inquiry skills which include modeler, guide,
diagnostician, facilitator, mentor, and collaborator that indicate varied amount of structure and

scaffolding teachers build into an activity (Crawford, 2000; Osborne & Freyberg, 1985).

Conceptual Understanding

For generations, science teaching has relied on methods that train students to follow
directions with little connection to doing real science. Students have become accustomed to this
method of learning, but most do not form a deep conceptual understanding of science (National
Center for Education Statistics, 2001). As quoted by Grant Wiggins and Jay McTighe (1998),
“Knowing the facts and doing well on tests of knowledge do not mean that we understand’ and

associate the term knowing with facts, memorization, and superficial knowledge, whereas the
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term understanding signifies a more complex, multidimensional integration of information into a
learner’s own conceptual framework.

Concepts are like mental representation which, in their simplest forms, can be expressed
by a single word, such as “plant” or “animal”, “alive” or “dead”, “table” or “chair”, “apple” or
“orange” (Carey, 2000). Concepts may also represent a set of ideas that can be described with a
few words. Whereas the term “deep understanding” in the cognitive sciences generally refers to
how concepts are “represented” in the student’s mind, and most importantly, how these concepts
are “connected” with each other (Grotzer, 1999). To demonstrate understanding, students must
not only possess rudimentary knowledge, but must also be able to explain, interpret and apply
that knowledge, as well as have perspective on the information, possess self-knowledge of their
own understanding, and empathize with the understandings held by others.

Conceptual understanding, which permits one to transfer an explanation of a phenomenon
to different variants of a situation that have been previously analyzed, is clearly a goal to be
recruited under the label “learning science”, at any level. National science standards (National
Research Council, 1996) urge the use of inquiry teaching to help students develop deeper
conceptual understanding in science.

Striving for student understanding as a result of instruction, above and beyond
memorizing or knowing, requires that instructors take into account students’ prior knowledge
and support students in integrating new knowledge with their existing ideas. An explicit
confrontation between preknowledge and new knowledge is the critical element in teaching
toward understanding put forward by Posner and colleagues’ theory of conceptual change.
Posner et al., (1982) define conceptual change as a learning process in which an existing

conception (idea or belief about how the world works) held by a student is shifted and
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restructured, often away from an alternative or misconception and toward the dominant
conception held by experts in a field.

Thus, in teaching toward understanding of major concepts in biology and achieving
conceptual change for students, it is necessary to understand students’ prior knowledge, examine
it, identify confusions, and then provide opportunities for old and new ideas to collide. Inquiry-
based science teaching is seen as one strategy for teaching toward conceptual change, in that
inquiry engages students in the exact same questioning of one’s preconceptions and challenging
of one’s own knowledge that is characteristic of both conceptual change and scientific habits of
mind (Tanner & Allen, 2005).

In a study by Simsek and Kabapinas (2010) on students’ conceptual understanding of
matter in a 5™ grade science class using a teaching intervention designed on the basis of IBL
principles, findings indicated that IBL had a positive impact. Similar study by Ali Abdi (2014)
investigated the effect of IBL on academic achievement in the science lessons of 40 fifth grade
students and showed that students who were instructed through IBL achieved higher score than
those who were instructed through the traditional method.

Another study (Mc Neal et al., 2008) on the use of IBL and multiple representations to
support introductory students' conceptual model development of the complex and dynamic Earth
process, eutrophication, through the evaluation of student drawings and written reports has a
positive impact on students’ conceptual model development of eutrophication. A case study in
IBL by Power and Steel (2003) found out that students who completed the IBL task
demonstrated a better knowledge of anatomical topography and anatomical detail in their end-of-
semester assessment. They appeared to have acquired the ability to problem solve by providing a

detailed prognosis for the holistic effect of injuries. Through their IBL task, they showed an
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understanding of the consequences on the environment for anatomical structures and
physiological processes—for example, the reasons for the increase in the proportion of

juxtamedullary nephrons in animals in an arid environment.

Attitude toward Genetics

Regardless of one's major or profession, science plays an enormous role in everyone's
life. From discovering cures for diseases, to creating innovative technologies, to teaching how to
think critically, science has become an indispensable feature of modern society. Biology in
particular has generated its share of controversies, including evolution, cloning and genetic
engineering, global warming, premature species extinction, animal rights and animal suffering,
human overpopulation, and the right to determine the timing and means of one’s own death, to
name a few (Leonard, 2010). Science teaches people how to think critically about not just
scientific subjects, but all subjects.

Due to scarcity of specific studies about effects of inquiry-based approach on students’
attitude toward Genetics, this literature review on effects of inquiry-based approach on students’
attitude toward Science is considered relevant to Genetics as a branch of Science.

Ajzen (1988) defined attitude as a disposition to respond favorably or unfavorably to an
object, person, institution, or event (p. 4). The research on students™ attitudes toward science is
important for several reasons. First, science is often seen as being unpopular among students,
with negative attitudes developing as early as primary school level (Greenfield, 1996). Second,
attitudes toward science are believed to influence behaviors, such as selecting courses and
supporting scientific inquiry (Koballa & Crawley, 1985). Third, there is a strong relationship

between attitudes and achievement. For example, Bloom (1976) and Bandura (1986) highlight
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the impact of learners™ attitudes on their concept of discipline-related self-efficacy and
achievement. According to Bloom (1976), how students feel toward what they are studying, their
school environment, and their concept of self-account for 25% of the variance in school
achievement.

The investigation of students’ attitudes towards studying science has been a substantive
feature of the work of the science education research community for the past 30—40 years
(Osborne et al, 2003). The decline of interest in science remains a serious matter of concern for
any society attempting to raise its standards of scientific literacy. Whitfield (1980) argued that
the rejection of science was accounted for by the perception that it was a difficult subject but his
findings, based on data collected in the 1970s, now lack significance because of the considerable
changes that have occurred in the science curriculum (in particular, the move to balanced or
integrated science) since his study was conducted.

Studies report that the general public (that is, non-science majors) does not generally
have positive feelings toward science and scientists (Rogers & Ford, 1997). These findings are
unfortunate because such attitudes may have negative effects on the entire society. Since non-
science majors are potential lawyers, presidents and managers of companies, politicians, and
civic leaders, they will influence how research and development funds are spent, how scientific
discoveries and technological innovations are implemented, and how scientific evidence is used
in courts and other social organizations.

Several reasons have been suggested for these negative attitudes including students’
undesirable experiences in previous science courses and with instructors, lack of needed skills to
learn and apply scientific concepts, lack of motivation to work hard in science classes, home

backgrounds, school and classroom environments, biases of peer groups, the media’s portrayal of
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scientists, and students’ perceptions of rewards associated with learning, to name a few (Rogers
& Ford 1997). The way science is taught, both at the high school and college level, also plays a
major role in shaping students’ attitudes toward science. According to a study by Cherif and
Wideen (1992), which addresses the question of whether a problem exists for science students
moving from high school to the university, students are being presented with selected aspects of
scientific dogma at the high school and university levels rather than being taught the innovative
and visionary character of science and the value that such knowledge has to the educational
process. Some of the students in this study reported that they were confused because the
information they learned in college contradicted the information they gained in their high school
science classes. As the study concluded, this dogmatic approach to teaching science, coupled
with the drastic cultural changes that students undergo as they transition from high school to
college, affect students’ attitudes toward and performance in college-level science courses.
Though the development of desirable attitudes toward science is not the primary goal of
introductory science courses, such as biology, chemistry, and earth science, the instructors
usually recognize that attitude formation is one of the important aspects of instruction (Cherif &
Wideen, 1992; Garcia & McFeeley, 1978). Most instructors focus primarily on increasing the
students’ knowledge of the subject rather than increasing their favorable attitudes toward it.
Many instructors assume that students will naturally acquire positive attitudes toward science as
they learn more about it. However, a study by Garcia and McFeeley (1978) found that the
positive attitudes of students toward biology in 18 introductory biology courses at East Texas
State University decreased by the end of the term. This necessarily raises the questions of how to
improve students’ attitudes toward science, and whether the way one teachers science plays a

significant role in this challenge. In short, it is not only what the teacher teaches but also how
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he/she teacher that are important considerations in how to improve student success (Moore,
1989).

There is growing evidence that students who possess positive attitudes toward science
will perform better academically. Russell and Hollander (1975), who created the Biology
Attitude Scale - a tool designed specifically to measure students’ attitudes toward biology -
support this claim. “The tool was developed on the assumption that an important consequence of
instruction is a positive change in the student’s attitude toward the subject, and the authors argue
the importance of focusing on attitudes by stating that there usually exists a positive correlation
between attitudes and achievement” (Russell & Hollander, 1975).

A positive attitude toward science may improve students’ academic performance in not
only science classes, but in other classes as well because science is a way of knowing and
understanding through the exercise of reason, a construction of the mind based on actual
observation to explain natural phenomena. It is therefore in the interests of society, and the
responsibility of educators, to improve students’ attitudes toward science, and to prepare students
to live in a highly scientific and technological society. The future of society will be determined
by citizens who are able to understand and help shape the complex influences of science and

technology on the world (Ungar, 2010).

In other words, the most successful students are usually the most highly motivated; they
are most likely to come to class, do extra-credit work, and attend help sessions (Moore, 2006). A
highly motivated student is usually one with a positive attitude toward the subject s/he is
learning. Therefore, in order to improve students’ attitudes toward science, faculty must motivate

students, which they can do through their teaching styles and by showing them the relevance of
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Findings of Arthur (1989) on the effect on inquiry-based instruction on students’
participation attitude in a third grade science classroom showed that inquiry-based science
experiences positively affected students’ attitudes in science and their participation. In addition,
students worked collaboratively, made connections to other experiences, and demonstrated
confidence in their ability to ask and answer their own questions through inquiry-based
experiences.

Results of Ergul et al. (2011) study on the effects of inquiry-based science teaching on
Turkish elementary school students’ science process skills and science attitudes showed that the
use of inquiry-based teaching methods significantly enhances students’ science process skills and
attitudes.

Hofstein and Lunetta (2004) add to this list by emphasizing the central role played by the
science laboratory in contributing to students’ perception of science and attitudes by stimulating
interest and enjoyment, and motivating students to learn science. There is indication that
students’ attitudes towards science are improved after having been involved in Inquiry-Based
Learning (IBL) environments (Gibson & Chase, 2002).

On the other hand, findings of a study by Simsek and Kabapinar (2010) indicated that
IBL had a positive impact on students’ conceptual understanding and scientific process skills, but
did not make any difference on their attitudes towards science. This finding is also parallel to the
results of the previous studies as research on attitudes indicates that attitude towards science does

not change over a short period of time (Neiderhauser, 1994; Unal & Ergin, 2006).

Effects of Inquiry-based Laboratory Activities on Students

Two studies by Cheung examined teachers’ perceptions regarding the implementation of

inquiry-based laboratory work. The first study (Cheung, 2008) found that chemistry teachers in
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Hong Kong secondary schools are having difficulty implementing inquiry-based laboratory
activities due to lack of class time, shortage of effective instructional materials, and large classes.
This study developed strategies, which include the use of guided inquiry rather than open
inquiry, development of ten examples of authentic inquiry, and inclusion of student oral
presentations as a key component of the inquiry process, to aid teachers in addressing the
enumerated concerns. Trials done in schools indicated that these strategies are useful.

The other study (Cheung, 2011) measured teachers’ beliefs about implementing guided-
inquiry labs in secondary schools using a researcher-developed guided-inquiry scale (GIS).
Results indicate that both users and nonusers of guided-inquiry labs of the 200 Hong Kong
chemistry teachers who served as subjects of this study valued guided-inquiry lab work and
recognized the limitations of cookbook-style labs. However, nonusers tended to believe that
students dislike guided-inquiry and that it is not feasible for students to design experiments. The
length of chemistry teaching experience and the level of student ability did not influence
teachers’ beliefs about implementing guided-inquiry labs. Construction of the guided-inquiry
scale was based on a model with three dimensions: the value of guided-inquiry labs, limitations
of cookbook-style labs, and implementation issues with guided-inquiry labs. The subjects
responded to the GIS items using a seven-point Likert scale. The GIS data were of adequate

reliability and confirmatory factor analysis indicated that a good fit exists between the

hypothesized model and data.

A separate study dealt with students’ perceptions regarding inquiry-based science
grams. This qualitative study (Kazempour, Amirshokoohi & Harwood, 2012) which was part
pro :
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integra
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positive perceptions regarding inquiry and considered it as a more effective way to learn science
and an excellent preparation for future science endeavors. These students who embarked on
inquiry projects were found to have greater understanding of the process of science and the type
of work done by scientists.

A related study by Alba (2002) determined the 36 General Botany students’ laboratory
performance using inquiry-oriented laboratory activities and traditional laboratory activities in
terms of acquired laboratory skills and scientific attitudes. The study shows that inquiry-oriented
laboratory activities can be performed successfully even in a not-so well equipped laboratory
room. It also shows that students using the inquiry-oriented laboratory activities do not only

acquire much needed laboratory skills but also scientific attitudes which are helpful in coping

with the cognitive demands of other science subjects.

In another study, Petilos (2002) compared the effects of the constructivist and traditional
models of teaching problem-solving strategies on the students’ problem-solving and critical
thinking skills. The students exposed to the constructivist model of teaching problem-solving
strategies posted higher but not significant posttest mean scores on the problem-solving test than
those exposed to the traditional model. Within the framework of the limitations of the study, the
constructivist model for teaching problem-solving strategies has a positive impact on the overall
critical thinking skills of the students. Although it did not differentiate the problem solving
performance between the experimental and control groups, the trend in the results was still in

favor of the experimental group and that it benefitted the low-ability students more than the high-
ability students in terms of problem-solving performance.

On the other hand, Torre (2002) study’s attempted to determine the effectiveness of

practicals in enhancing conceptual understanding about cellular respiration in relation to the
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functioning of six body systems, and enhancing inquiry skills. Findings show that students who
performed the practicals were able to learn more scientific concepts than those taught using the
traditional lecture method. However, the difference was not statistically significant. On the other
hand, students in the experimental group also performed better in the use of inquiry skills than
the control group. The difference in their mean scores was significant. They improved greatly in
their performance in the use of inquiry skills from pre- to posttests, specifically, in identifying
the problem, formulating hypothesis and seeing patterns or relationships in the data. The
difference was statistically significant for identifying the problem and seeing patterns or
relationships in the date, and nearly so for formulating hypothesis. The study provided evidence
that practicals are effective in enhancing students’ inquiry skills. It also identified tenacious
alternative conceptions on cellular respiration in relation to the functioning of six body systems
that urgently need to be addressed using conceptual change strategies. Lastly, it produced
instructional materials (the practicals) which teachers’ can utilize in their natural science classes

or use as a guide for developing their own practicals.

Theoretical Framework of the Study

This study is primarily based on the concept of human curiosity where it stipulates that
once stimulated, it would lead to positive learning outcomes; thus, students should be
encouraged to use their curiosity in learning. In 1954, Daniel Berlyne made a theoretical
distinction between perceptual curiosity’ involved when a stimulus has some property such as
novelty and attracts attention and ‘epistemic curiosity'. The latter is a term used only for human
behavior, and describes a desire for knowledge, which Berlyne described as “why certain pieces

of knowledge are more ardently sought and more readily retained than others”. Clearly,
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epistemic curiosity has a particular relevance to learning in an academic setting. Loewenstein
(1994) elaborated on the concept of epistemic curiosity and has theorized that ‘information gaps’
in an individual’s knowledge of a topic are of central importance. A prime example in the
classroom would be when a student knows the basic structure of a theory or concept, but lacks
specific details. Loewenstein’s theory suggests that the student would then be curious about the
missing information and be motivated to fill the information gaps Although traditionally
associated with the psychology of perception and illusions, it merges well with the information
gap theory of curiosity. It is further hypothesized that curiosity about a topic will not be invoked
when either there are no information gaps identified or if the individual feels that they already
know the information. In addition, it is suggested that curiosity becomes stronger, the closer the
individual feels that they are to achieving the knowledge, and that there is a pleasant feeling of

satisfaction when information gaps are resolved.

Zion and Sadeh (2007) described the role of curiosity as a motivating factor is probably a
key component of the success of inquiry-based learning, and there is evidence that it is a driving
force of dynamic inquiry in student learning. In a study about stimulating curiosity to enhance
learning, Pluck and Johnson (2011) have concluded that inquiry-based learning approaches such
as problem-based learning appear to be consistent with theories and evidence regarding the
effective stimulation of students’ curiosity. Even without switching paradigms, simple
techniques such as providing regular feedback and assessments of students’ current state of
knowledge may aid teachers in enhancing learning via increased curiosity.

Furthermore, this study is also rooted on constructivism which is based on “the
conception that we learn by relating new experiences to our prior knowledge; we construct new

understandings based on what we already know” (Sherman & Kurshan, 2005). Involvement in
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learning implies possessing skills and attitudes that permit students to seek resolutions to
questions and issues while constructing new knowledge. Hanauer et al. (2006) stated that when
students engage in inquiry and leamn to integrate their ideas, they are prepared to apply what they
learn in science classes to contexts beyond the classroom. Students gain interest and have a better
understanding when they use the skills and knowledge they have learned in the classroom and
apply it to activities or experiments. “Classrooms that are active, interesting, learner centered,
focused on real life, are social and provide time to learn, allow frequent and facilitative feedback,
and support both learning to be good learners as well as learning content have consistently been
shown to be more effective with all learners,” (Sherman & Kurshan, 2005).

Inquiry learning broadly includes science process skills and higher-order thinking skills,
as well as abilities in questioning, predicting, explaining, and communicating findings (NRC
2000). Inquiry-based instruction allows students to engage in open-ended, student-centered,
hands-on activities (Colburn, 2003). National Research Council (2000) defines scientific inquiry
as “the activities through which students develop knowledge and understanding of scientific
ideas as well as an understanding of how scientists study the natural world.” Educators think that
they can either stress inquiry learning, using lots of hands-on experiences, or stress content
knowledge, decreasing hands-on learning and proportionately increasing direct instruction
(Robertson, 2007).

Student perceptions and attitudes towards science have been shown to improve if
laboratory instruction is taught with a connection to the real world and students are provided an

opportunity to participate in the experimental design (Mathews et al., 2010).
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Conceptual Framework of the Study

Hof'stein and Naaman (2007) reviewed and reported several studies conducted in various
countries about laboratory applications. In their evaluation, they stated that laboratory
applications aimed to enhance students’ science process and problem-solving skills and their

interest in and attitudes toward scientific approaches in accordance with the objectives of basic

science education.

Garnett and Hackling (1995) argued that laboratories will contribute to improve students’
conceptual understanding, application skills and techniques, and ability to analyze inter-variable
relationships and biological analyses-syntheses. The authors highlighted the need to use student-
active laboratory approaches so as to enhance students’ research skills including problem
analysis, research plans, research management, data recording, and interpretation of the findings.
Besides offering scientific knowledge, laboratory classes also contribute to improve student
skills including, scientific thinking, observation, creative thinking, interpretation of events, data

collection and analysis, and problem solving (Ausubel, 1968).

It is undeniable that scientific skill, or more specifically science process skills such as

observing, hypothesizing, conducting experiments and so on are among the ingredients to

produce scientific society (Chiappetta & Koballa, 2006). Scientists do not use a specific, step-by-

step method in their research but through several ways to approach a problem (Martin et al.,

2009). The compilation of all these skills is what we call “science process skills” which are
always associated with scientific inquiry (Chiappetta & Koballa, 2006). Different researchers

provide different sets of skills that are to be included in science process skills. Friedl and Koontz

(2005) suggested six process skills — observing, inferring, communicating, classifying,

me i i wever, the more common definition of science process skills
i enting. However,
asuring and experim
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contains two levels of skills — the basic skills and the integrated skills (Abruscato, 2004;

Chiappetta & Koballa, 2006; Curriculum Development Centre, 2002; Martin et al., 2009).

This study is guided by the assumptions underlying the conceptual framework as shown

in Figure 2.1.

Independent Variable: Dependent Variables:

> Inquiry Skills - — -

Approaches used in Laboratory Testing:

— Conceptual Understanding
* Traditional Cook Book Method ,

* Inquiry-based Laboratory

— Attitude Toward Genetics e - -

Figure 2.1 Conceptual Framework of the Study

The designed laboratory activities in Genetics incorporate the constructivist features such
as learning by doing, use of relevant concepts that provide student background knowledge for
them to actively construct meaning by themselves and give the opportunity to relate concepts and
let students work independent research. Inquiry skills instruction is carried out to enhance
integrated science process skills.

Based on the aforementioned features of the lab manual, it aims to improve the

conceptual understanding, science inquiry skills, and positive scientific attitudes toward
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Genetics. The antecedent variables such as pre-conceptual understanding, pre-attitudes, and pre-
science skills could possibly influence the effect of Genetics lab manual for its implementation.
Thus, an effective laboratory environment requires the following conditions: teachers should be
prepared and must have planned for classes and have previous experience for the experiment to
be carried out in the class; students should have conceptual pre-knowledge about the experiment;
students should be provided an environment to use and reinforce such knowledge; basic and
higher-level science process skills should be used; links should be established between the
subjects taught in classroom and laboratory and their daily lives; and the laboratory environment

should introduce innovations. Furthermore, laboratory safety should be effectively maintained

and safety awareness should be raised among students.

Statement of the Hypotheses

Hofstein and Lunetta (2003) suggested that students work like technicians in “cookbook”
laboratory activities which focus on improving low-level skills and are still commonly used in
laboratories. Students are provided with very few opportunities to have experimental discussions,
to construct and test hypotheses or to design an experiment that is, to conduct an authentic
experiment (Lunetta & Tamir, 1979). Researchers reported that most laboratories at universities
still employ the traditional “cookbook” approach (Tiimay, 2001).

This study hypothesized that:

1. There is a significant difference in the inquiry skills among students who used

inquiry-based laboratory activities (IBLA) and those who use traditional cookbook method

(TCBM).
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2. Inquiry-based laboratory activities in Genetics significantly increase the science
inquiry skills of students who used IBLA over those who use TBCM.

3. There is a significant difference in the conceptual understanding of Genetics
among students who used IBLA and those who use TCBM.

4. Inquiry-based laboratory activities in Genetics significantly increase the
conceptual understanding of students who used IBLA over who use TBCM.

5. There is a significant difference in attitude toward science among students in the
traditional laboratory and inquiry-based laboratory.

6. Inquiry-based laboratory activities in Genetics significantly change the attitude

toward Genetics of students who used IBLA and those who use TBCM.

7. There is a correlation among the conceptual understanding of the students, science

inquiry skills and attitude in the traditional laboratory and inquiry-based laboratory.

The null hypotheses of the study were:

1. There is no significant difference in the inquiry skills among students who used
inquiry-based laboratory activities (IBLA) and those who use traditional cookbook method
(TCBM).

2. Inquiry—based laboratory activities in Genetics do not significantly increase the
science inquiry skills of students who used IBLA over those who use TBCM.

3. There is no significant difference in the conceptual understanding of Genetics

among students who used IBLA and those who use TCBM.

4. Inquiry-based laboratory activities in Genetics do not significantly increase the

conceptual understanding of students who used IBLA over who use TBCM.
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5. There is no significant difference in attitude toward science among students in the
traditional laboratory and inquiry-based laboratory.

6. Inquiry-based laboratory activities in Genetics significantly do not change the
attitude toward Genetics of students who used IBLA and those who use TBCM.

7. There is no correlation among the conceptual understanding of the students,

science inquiry skills and attitude in the traditional laboratory and inquiry-based laboratory.

Definition of Terms

The following terms are conceptually defined and operationally used in this study:

1. Attitude — It represents a summary evaluation of a psychological object captured in

such attribute dimensions as good-bad, harmful-beneficial, pleasant-unpleasant, and likeable-

dislikeable (Ajzen, 2001).

In this study, this refers to students’ responses in the science attitude questionnaire
obtained in the pre- and post-survey which is composed of positive attitudes and negative
attitudes and responses in the interview conducted after the intervention specifically in the
experimental group.

2. Conceptual Understanding — It means that students understand which ideas are keys
(by being helped to draw inferences about those ideas) and that they grasp the heuristic value of
those ideas. Thus, they are able to use them strategically to solve problems — especially non-

routine problems — and avoid common misunderstandings as well as inflexible knowledge and

skill (Wiggins, 2014).
In this study, this refers to students mean scores obtained in the pretest and posttest

ntrol and experimental groups in Genetics laboratory of the Second

administered in the co.
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Semester of the Academic Year 2014-2015. Both descriptive and experimental statistics were

employed to describe students’ conceptual understanding.

3. Cookbook-type Laboratory Activities — Sundberg and Moncada (1994) describe
several alternatives to traditional, didactic, “cookbook” type laboratories where students are told
what to do and learn.

In this study, this refers to the laboratory instruction in the control group that uses
the traditional lab instruction such as reading the procedures, doing the lab activities as

instructed, and answering the guide questions.

4. Genetics - the scientific discipline dealing with the study of inheritance and variation
of biological traits (King, Stansfield, & Mulligan, 2006).
In this study, this refers to one of the major Biology subjects BIO 207C: Genetics in

third year BS Biology with majors or tracks in Microbiology and Biology Education program

offered during the second semester at the University.

5. Inquiry-based Laboratory Activities — According to the National Research Council

(1996) refers to the activities of students and how they develop understanding of scientific ideas

and how scientists study the natural world.

In this study, this refers to the laboratory instruction in the experimental group that
uses the integrated science process skills such as formulating hypothesis, identifying variables,
defining variables operationally, describing relationship of variables, designing investigations,

organizing data in tables and graphs, and analyzing investigations and their data in completing

the activity in each lesson.
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6. Laboratory Manual — It contains all the information needed for the laboratory course.
Included is an overview of how the lab course is structured, lab scripts for all the introductory
sessions and most of the experiments to be done Handy guides on keeping a good laboratory
notebook and how to write a lab report are also included (Imperial London College, 2014).

In this study, this refers to the researcher-made laboratory activities in Genetics. It is
characterized as student-centered, provides opportunities for the students to be an active and
creative investigator, develops critical thinking by doing independent research, and develops lab

skills and scientific attitudes as measured using the conceptual understanding, science inquiry

skills and attitudes towards research instruments.

7. Skills — Different researchers provide different sets of skills that are to be included in

science process skills. Friedl & Koontz (2005) suggested six process skills — observing, inferring,
communicating, classifying, measuring and experimenting. However, the more common
definition of science process skills contains two levels of skills — the basic skills and the
integrated skills (Abruscato, 2004; Chiappetta & Koballa, 2006; Curriculum Development Centre,
2002; Martin et al., 2009).

In this study, this refers to the Genetic inquiry skills which are formulating
defining variable operationally, describing relationship of

hypothesis, identifying variables,

variables, designing investigations, organizing data in tables and graphs, and analyzing

investigations as described in science inquiry skills which were employed before and after the

intervention.
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CHAPTER 3

METHODOLOGY

This chapter describes the research design, sample, instruments, data collection, and data

analysis procedures used in the study.

Research Design

The study employed both quantitative and qualitative research design methodologies
For quantitative part, this study utilized three intact classes of block sections based on students

chosen track or major. The group design was quasi-experimental design as shown in Figure 3.1

Experimental Group 0,0, 04 X 0; 0,0
4 W5 Ve

Control Group 0,0,0; 0,050
5 Ve

Figure 3.1 Pretest-Posttest Non-equivalent Control Group Design

where

O, = Pretest on Conceptual Understanding;
O, = Posttest on Conceptual Understanding;
0O,= Pretest on Science Inquiry Skills;

Os= Posttest on Science Inquiry Skills;

O;- Pretest on Genetics Attitude;

Qg = Posttest on Genetics Attitude

The three intact classes were randomly assigned to either control or experimental groups
The control group consisted of one section of BS Biology (Premed and Biotechnology Track)
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students while the experimental groups consisted of two separate sections of BS Biology
(Microbiology Track) and B in Secondary Education (major in Biology) students. From the
three intact classes, students from the control group were match paired with the students in the
two experimental groups.

Students from the control and experimental groups with more or less comparable scores
in the conceptual understanding test along with their inquiry skills test and attitude
questionnaires were match paired based on the result of the pretest scores. There were about
forty-five students who match paired from their pretest scores in the pre-conceptual
understanding test, pre-inquiry skills test and pre-attitude questionnaire. These students were
used as the respondents of the study.

For the qualitative part, focus group interview in the experimental group was done to
obtain in-depth analysis of their perceptions on the strategy and implementation of the manual
used. This was further validated through triangulating students’ laboratory reports, inquiry skills,
conceptual understanding results, attitude questionnaire responses and observation checklists
with in-depth probing interview.

The summary of the research procedure is shown in Table 3.1.
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Table 3.1

Summary of the Research Procedure

Research Question

Instrument Used

Data Gathered

Data Analysis Used

1. Is there a significant Genetic Inquiry Skills Pretest scores of the control ~ Mean, standard
difference in the inquiry ~ Questionnaire consisted  and experimental groups deviation, Paired
skills among and of 40 items and a sample t test for pre-
between students reliability value of Date: November 20-21, posttest within groups;
exposed to inquiry-based  Cronbach alpha =0.8382 2014 Independent sample t-
laboratory activities and test between groups

Posttest scores of the control
those who are not? . for pretest and posttest
and experimental groups
of two groups
Date: March 12-13, 2015

2. Is there a significant Conceptual Pretest scores of the control ~ Mean, standard
difference on conceptual  Understanding and experimental groups deviation, Paired
understanding among Questionnaire consisted sample t test for pre-
and between students of 40 items and a Date: November 20-21, posttest; Independent
exposed to inquiry-based  reliability value of 2014 sample t-test between

ivitiesand  Cronbach alpha= 0.875 roups for pretest and
l:boratc;lry activi 9 P Posttest scores of the control gostt[;st o f:)wo rOUDS
those who are not: and experimental groups P group
Date: March 12-13, 2015
3. Can inquiry-based Attitude Questionnaire Pretest scores of the control  Mean, standard
laboratory activities in ] and experimental groups deviation, Paired
Genetics change the Consisted of 20 items sample t test for pre-
attitudes of the students and a reliability value of  Date: November 20-21, posttest; Independent
. 2014 sample t-test between
towart.is icnence or Cronbach alpha =0.9652 group s for pretest and
Genetics? Posttest scores of the control P P
. posttest of two groups
and experimental groups
Date: March 12-13, 2015
4. Is there a correlation Genetic Inquiry Skill Posttest scores of the control  Pearson r correlation
among students’ inquiry  Questionnaire, and experimental groups coefficient
skills, conceptual Conceptual )
understanding, and Understanding Date: March 12-13, 2015
attitude towards Science  Questionnaire, and
or Genetics? Attitude Questionnaire
5.  What is the impact of Interview Questionnaire  Student’s transcripts from Qualitative data

inquiry-based laboratory
activities in Genetics to
students who use it?

the interview of the control
and experimental groups

Date: March 5-6, 2015

analysis
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Sample/Respondents

The Biology major students enrolled in Genetics class in a state university in the Visayas
region for the 2™ Semester Academic Year 2014-2015 served as subjects of this study. The
letter requesting to conduct the request permission addressed to the Vice President for Academic
Affairs of the University is attached as Appendix A.

The control group consisted of 45 students from BS Biology (Premed and Biotech Track)
with 12 males and 33 females. The experimental group consisted of forty-five students from BS
Biology (Microbiology) and B in Secondary Education (major in Biology) with 11 males and 32
females. The sample size of the 2 groups was determined based on the result of the pretests on
conceptual understanding, inquiry skills, and attitude questionnaires through match pairing of the
individual students of the two groups with more or less equal scores. The assigning of the 2
classes to either control or experimental group was done through fish bowl method. The
equivalence of two groups in terms of pretests mean scores on conceptual understanding, inquiry
skills and attitude toward Genetics was tested using the paired sample t-test for equality of
means.

The Genetics Laboratory Course Outline, Sample Laboratory Lesson Plan and the
Laboratory Schedule of Intervention are attached as Appendix B.

Table 3.2 summarizes the results of the paired sample t-test and shows no significant
difference among the scores of the students. The paired samples t-test on Pretest Scores of

Inquiry Skills, Conceptual Understanding, and Attitude are attached as Appendix C.
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Table 3.2. Paired samples t-test results for the conceptual understanding, inquiry skills and

attitude toward Genetics

Test Group Mean N SD t df Sig. (2-tailed)
Pre- Control 11.5778 45  3.04876 1.216 44 0.231
Conceptual

Understanding  Experimental  10.7778 45  3.12533

Pre-Inquiry Control 122000 45  4.04295 -0.245 44 0.807
Skills

Experimental  12.4222 45 4.81234

Pre-attitude Control 2.3956 45 0.17672 1.00 44 0.921

Experimental  2.3922 45 0.14808

The Instruments

The major instruments used to assess the students’ inquiry skills, conceptual
understanding and attitude toward Genetics are Inquiry-based Laboratory Manual, Genetics’
Inquiry Skills Test, Conceptual Understanding Test and Attitude Questionnaire. The validators
used the scoring rubrics in validating the learning materials used, the observers used the
observation checklists to assess laboratory activities, and the instructor used the scoring rubrics

to evaluate students output and performance. The next sections provided the description for each

instrument used.

1. Inquiry-based Laboratory Manual. It is composed of 10 inquiry-oriented activities
developed by the researcher (Appendix D). It utilized student-centered approach that allows
students to create and perform an independent research. With the approach, it is expected that
would be able to develop their skills on critical thinking and laboratory, and gain positive

they
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attitudes towards the subject matter. Since the instructional material is the intervention, it
contains the essential features of an inquiry-based material.

Table 3.3 shows the comparison of the laboratory activities content of the traditional and
inquiry-based activities. Both traditional and inquiry-based manuals provided introduction of the
concepts. In addition, the inquiry-based manual introduces the problem in each activity. The
identified problem in Introduction is supported in the procedure part wherein students design
their experiment to confirm a given genetic mechanism or phenomenon. Thus, the manual is a
confirmatory type of inquiry-based approach because the students confirm a principle through

activities in which the results are known (Bell, Smetana & Binns, 2005; Herron, 19710.

Table 3.3 Comparison of Laboratory Activities Content

Part Traditional Manual Inquiry-based Manual
Introduction Concepts/ Introduction Concepts
Problem Introduced
Objectives Present Present
Materials Present Present
Procedure Present based on the manual Designing investigation and presentations
provided (Group activity) (Group activity)
Results Data to be completed in tables Data analysis, formulating hypothesis,
(Group Activity) identifying variables and relationships;
graphical data presentation (Group
Activity)

Individual Activity: Conceptual
Understanding (Student’s Learning
Progression Profile); Elaboration

(Concept Mapping)
Discussions Present: Guide questions Present: Guide questions
Conclusions Present Present

The result section of the manual is divided into two parts. The first part involves group

activity dealing with inquiry skills whilst the second part involves individual activity dealing
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with student’s conceptual understanding through concept mapping. The controlled group
followed the traditional manual used by the school. The students simply follow the procedure on
the things to do to complete the task, complete the data needed to arrive at a conclusion. In the
result part, it provides a space to complete the data and answer the guide questions. In general,
the inquiry-based manual provides with a research question, formulates protocol, and identify
what data to collect and analyze from an authentic inquiry where students choose the research
question, variables, procedures, and must explain their results in light of other studies and
theories.

Three experts who are teaching biology in a state university evaluated and validated the
instructional material for its content and accuracy using Validation of the Written Content
Questionnaire Form, researcher-made improvised scoring Rubric for Instructional Material and
Rubric for Evaluating Essential Features of Classroom Inquiry in Instructional Materials adapted
and modified from Council of State Science Supervisors (2001). Sample laboratory activities
from the traditional manual and inquiry-based laboratory manual are attached as Appendix D.

A researcher-made Validation of Written Content Questionnaire (Appendix E) was used
to evaluate the researcher’s formulated manual with seven criteria or indicators used. A four-
point scale ranged from “Excellent= 4 points” through “Poor=1 point” was used in the
evaluation. Three education experts reviewed and critiqued the instrument. Their comments and
suggestions were used in the revisions of the instrument. Appendix E also presents the sample
validation of written content questionnaire on inquiry-based manual.

A researcher-made improvised scoring rubric (Appendix F) was used to evaluate for the
developed instructional material in the laboratory. It consists of seven criteria with four-point

rating scale ranged from “Excellent= 4 points” through “Needs Improvement =1 point.” Three

47



education experts reviewed and critiqued the instrument. Their comments and suggestions were

used in the revisions of the instrument. A sample of completed Scoring Rubric is also attached

as Appendix F.

An adapted and modified scoring rubric (Appendix G) for Evaluating Essential Features
of Classroom Inquiry in Instructional Materials was also used to evaluate the inquiry-based
instructional material. It contains thirteen criteria with four-point rating scale ranged from

“Excellent= 4 points” through “Needs Improvement =1 point.” A sample of completed Scoring

Rubric is also attached as Appendix G.

The students’ laboratory report at the end of every laboratory experiment/activity was
individually assessed using a researcher-made scoring Rubric for Laboratory Report (Appendix

H). It is composed of four major parts such as the clearly identified hypothesis, written
procedure, and obtained materials. For full credit, the report contains the hypothesis, procedure

(with materials list), observations/data made during experiment, and conclusion. A sample of

completed scoring rubric is also attached as Appendix H.

In assessing student’s conceptual understanding based on what they have written on their

connecting ideas, a researcher-made improvised Rubric for Conceptual Understanding

(Appendix I) with three criteria or indicators was used. A four-point scale ranged from

“Excellent= 4 points” through “Poor=1 point” was used in the evaluation. Three education

experts reviewed and critiqued the instrument. Their comments and suggestions were used in the

revisions of the instrument. A sample of completed questionnaire for control and experimental

group are also attached as Appendix L.

Lastly, a Rubric for Concept Mapping (Appendix J) from Tantiado (2014) was used to

evaluate students’ concept map in every after each laboratory activity. It consists of three criteria
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with four-point rating scale ranged from “Excellent= 4 points” through “Poor=1 point.” A

sample of completed questionnaire for control and experimental group are also attached as

Appendix J.

2. Genetics’ Inquiry Skills Test. This is a researcher-made questionnaire test that
measures students’ pre- and post- implementation of genetic inquiry skills in the laboratory
course (Appendix K). The test was administered to both control and experimental groups. It is a
40-item multiple-choice type of test with four plausible choices and one correct answer. The
questionnaire is composed of the following integrated science process skills: formulating
hypothesis, identifying of variables, defining variable operationally, describing relationship of
variables, designing investigations, organizing data in tables and graphs, interpreting data, and
analyzing investigations and their data.

Three experts who are teaching Biology in a state university validated the test for its
content and accuracy using the same Validation of the Written Content Questionnaire Form
(Appendix E). Appendix E presents the sample validation of written content questionnaire on
Genetics’ Inquiry Skills Test. The result of the evaluation as well as the comments and notes
made by the evaluators was considered in the revision of the test questions. Items that were
considered unsuitable were revised to preserve their distribution in the table of specifications of
the course syllabus. After the face and content validation, a trial run was conducted, which
involved 120 fourth year BS Biology students who have already taken the course to determine

he reliability (Appendix L) value of the test. Table 3.4 shows the table of specifications for
the rehability

inquiry skills.
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Table 3.4  Table of Specifications for Inquiry Skills

Integrated Science Process Skill Item Number f %
1. Formulating Hypothesis 16,17,21,22,24,25,27,30,31,38 10 25.00
2. Identifying of variables 40 ] 2.50
3. Describing relationship of variables 23,28, 33,36 4 10.00
4. Designing investigations 7,15,26,29,32,34,35,37 8 20.00
5. Interpreting data 1,2,3,6,18,19,20 7 17.50
6. Organizing data in tables and graphs 12,13,14 3 7.50
7. Analyzing investigations and their data 4,5,8,9,10,11 6 15.00
Total 40 100

3. Conceptual Understanding Test. This is a researcher-made test that measured
students’ pre- and post- intervention achievement in the course. The test was administered to
both control and experimental groups (Appendix M). It is a multiple-choice type of test with
five plausible choices and one correct answer. Three experts teaching Biology in a state

university validated the test for its content and accuracy using the same Validation of the Written

Content Questionnaire Form (Appendix E). Appendix E presents the sample validation of
written content questionnaire on Conceptual Understanding Test. The result of the evaluation as
well as the comments and notes made by the evaluators was considered in the revision of the test

questi Items that were considered unsuitable were revised to preserve their distribution in the
uestions.

table of ifications. After the face and content validation, a trial run was conducted, which
able of speci .

involved 120 fourth year BS Biology students who have already taken the course to determine
involve

the reliability (Appendix N) value of the test. Table 3.5 shows the Table of Specifications for the
e reliability

Conceptual Understanding Test.
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Table 3.5 Conceptual Understanding Table of Specifications

Item Number

Topic Knowledge/ Application/ Synthesis/ f %
Comprehension Analysis Evaluation
1. Variations 19 1 2.5
2. Genetic concepts 28,31,34 15,18 29, 33 7 17.5
3.Cytology 5,32 27 26 4 10.0
4. Chromosomes 7 19,30 6.9 5 12.5
5.Cell Cyf:lej Mitosis, 8.11 14 23 6 15.0
and Meiosis
6. Chromosomal 25 10, 22 2324 5 125
Aberrations
7. Mendelian Genetics 12,14 17,21,39 13,16 7 17.5
8. Multiple Alleles 36 35,38,40 37 5 12.5
Total 13 15 12 40 100

4. Genetics Attitude Questionnaire. This is a 20-item researcher-modified questionnaire
(Appendix O) with four options adopted and modified from Test of Science Related-Attitude by
Fraser (1978). The questionnaire consisted of two parts, 10 positive and 10 negative attitudes
towards Genetics and scored in a Likert scale from 1 to 4. The rating ranges from one, with a
qualitative definition of “Strongly Disagree” to four “Strongly Agree.” The modified
questionnaire was used to identify the students” pre- and post-attitudes toward inquiry-based
instruction in the Genetics laboratory. The modified instrument was reviewed and critiqued by
three science instructors in a state university using the same Validation of the Written Content
Questionnaire Form (Appendix E). Appendix E presents the sample validation of written content
questionnaire on Genetics Attitude Questionnaire. The instrument was revised according to their
comments and suggestions. The instrument was pilot tested to 120 fourth year BS Biology

students to determine the language suitability of the items, and ease in following directions by
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the students and to determine the Cronbach alpha test of reliability value (Appendix P). Table 3.6

shows the Table of Specifications for the Genetics Attitude Questionnaire.

Table 3.6 Genetics Attitude Questionnaire Table of Specifications

Statement Description Item Number f %
1. Positive Statements 1,2,5,6,9,10,13,14,17,18 10 50
2. Negative Statements 3,4,7,8,11,12,15,16,19,20 10 50
Total 20 100

A researcher-made Teacher Observation Checklist Questionnaire was used to evaluate
the teacher’s behavior in handling the class as to either control or experimental for the given
laboratory period (Appendix Q). A two-point scale (i.e., yes or no) was used in the evaluation.
An observer was requested to conduct the evaluation using the questionnaire. Three education
experts reviewed and critiqued the instrument. Their comments and suggestions were used in the
revisions of the instrument. A sample of completed questionnaire for control and experimental
group are also attached as Appendix Q.

A researcher-made Students Observation Checklist Questionnaire was used to evaluate
students’ learning activities and behavior in the classroom during the laboratory period
(Appendix R). A two-point scale (i.e., yes or no) was used in the evaluation. An observer was
requested to conduct the evaluation using the questionnaire. Three education experts reviewed
and critiqued the instrument. Their comments and suggestions were used in the revision of the
instrument. A sample of completed questionnaire for control and experimental group is also

attached as Appendix R.

A researcher-made personal Genetics Interview Questionnaire for students’ reaction in

the control and experimental groups (Appendix S). The questions include the instructional
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strategies that they like and dislike most and attitude towards each activity during the lab session.
Three experts in a state university reviewed and critiqued the face value and content of the

questionnaire. A sample of completed questionnaire for control and experimental group are also

attached as Appendix S.

Data Collection Procedure

The questionnaires or checklists used to assess students’ pre-inquiry skills were rubric for
laboratory report and Genetics inquiry skills questionnaire; for pre-conceptual understanding
were rubric for conceptual understanding, rubric for concept mapping, and conceptual
understanding test; and for pre-attitude in Genetics were interview questionnaire, student’
observation checklist, teacher observation checklist questionnaire, and Science attitude
questionnaire on the first week class of the second Semester Academic Year 2014-2015. During
the intervention, the teacher’s and student’s inquiry observation checklists were used to identify
and guide the teacher’s strategy and students’ activities that conform to the implementation of
the strategy for the control and experimental groups. An alternate schedule for teacher and
student observation for the control and experimental groups was made for the entire intervention

by the two members of the validators of the questionnaires.

Implementation of Strategies. Similar method of instruction was used in the lecture part
of the control and the experimental groups, since they were handled by the same instructor. The
lecture utilized various teaching aids to enhance students’ learning. However in the laboratory
period, the conventional laboratory method, i.e. the “cook book™ method was used in the contro]
group. The inquiry-based laboratory method was employed in the experimental group. The

conduct of classes for the experimental and control groups is summarized in Table 3.7.
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Table 3.7. Summary of Laboratory Intervention

Phase Time Control Group Experimental Group
(Minutes)
Prelab 30 Attendance, Materials Attendance, Materials checking,
Instruction checking, preparation;  preparation; Overview of the topic
Overview of the topic
Activity Proper 60 Traditional Activities Inquiry-based activities (experimentation by
(Following procedure group)
in manual by group) Group Activity: Discussion about
experiment results (identifying variables,
hypotheses, data analyses and guide
questions)
Postlab 45 Gathering results within e Providing Students with Learning
the group; Answering Progression (LP) Profile Form
lab guide questions o Answering the LP Profile Form
The instructor collects the form before the
allotted time in this period ends.
Phase Time Control Group Experimental Group
(Minutes)
Assessment 30 Class discussion and Individual Activity:
manual checking e Providing Students with Concept
Mapping Form
e Answering the Concept Mapping form by
listing the learned concepts in the lab,
then each student constructs his/her own
concept map based on the activity.
The instructor collects the form before the
allotted time in this period ends.
Assignment 15 Request of materials for Request of materials for the next lab
the next lab
Total Time 180 minutes

The control and experimental groups have similar phases of laboratory activity. In the

experimental group pre-laboratory instruction, the students were taught how to make concept

maps as part of the intervention. This was further followed up in the assessment phase of the

laboratory period. In the assessment phase, the experimental group did concept mapping as part

of the student’s individual learning activity. The students were provided with individual learning

profile sheet t
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The student’s individual activity sheet is composed of student’s connecting ideas and concept
mapping form. The students’ connecting ideas identifies students’ learning or conceptual
understanding on a specific topic. It reflects the Genetic concepts in a specified Genetics
laboratory activity, e.g. topic on Genetic Variations. In one of the columns of the profile sheet,
connecting ideas, the students filled out the column based on their knowledge and conceptual
understanding of the said topic. The students interconnect the concept learned based on the
approaches or branches of Genetics which include the Classical or Mendelian Genetics,
Cytogenetics and Molecular Genetics. Students make scientific connections of the genetic
mechanisms underlying in each laboratory topic. To further enhance student’s conceptual
understanding, the students listed some concepts learned from the activity performed within the
laboratory period. The students connect the concepts based on what they have learned from the
activity. To assess students’ conceptual understanding of the topic, a scoring rubric was used to
evaluate their conceptual understanding and concept map. Students’ outputs serve as the sources
of acquisition/performance of inquiry skills as cited in the sample laboratory output of the
experiment done in Activities 1, 4, and 5. Appendix T presents sample of students’ completed
inquiry-based laboratory activities 1 to 10. Students were provided with the “backbone” of what
to be included in the write-ups. They were free to choose or further modify their setups of their

experiments to gather data in order to explain or confirm an existing genetic mechanism or

phenomenon.

One week before the semester ended, the students’ post-inquiry skills, post-conceptual

understanding and post-attitude in Genetics were assessed. This was followed with focus group

interview for an in-depth analysis of the intervention used in the laboratory. Appendix U presents

the photodocumentaﬁon on the conduct of the study.

55



Data Analysis Procedure

Data were analyzed by using both descriptive and inferential statistical tests. The
descriptive statistics used were mean and standard deviation. The inferential statistics include:
(1) t-test for independent samples; (2) t-test for dependent samples; and (3) Pearson r correlation
coefficient to measure the degree of significance of the difference of the variables between
groups and the relationships among variables, respectively. Inferential statistical tools were also
used to determine significant difference of the conceptual understanding, inquiry skills, and
attitude toward Genetics mean scores between the stage of implementation (i.e., pre-post
implementation) and between groups, respectively.

All statistical tests were computed through the aid of Statistical Package for Social
Sciences (SPSS) v11.5. The statistical level of significance was set at 0.05 alpha level.

The qualitative data were analyzed by using the coded responses of the focus group
interviews of the control and experimental groups. Coded responses were analyzed to identify
themes and patterns. A focus group interview was made for six respondents in the experimental
group to probe the themes used for qualitative data. Interpretation and analysis were done by
comparing themes and identifying interrelationships. Validity was enhanced through
triangulation of the interview responses with students’ narratives or reflections, actual

observations, and laboratory outputs. Furthermore, pseudonyms were used for students. The

summary of the data analysis procedure is shown in Table 3.1.
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CHAPTER 4

RESULTS AND DISCUSSION

This chapter presents the results of quantitative and qualitative data analyses of the study,

and findings which answer the research questions.

Students’ Inquiry Skills
Table 4.1 summarizes pretest mean scores on inquiry skills of the control and

experimental groups before the intervention.

Table 4.1. Independent samples t-test of the pretest mean scores on inquiry skills between the

control and experimental groups.

Test Group Mean N SD t df Sig. (2-
tailed)
Pretest Experimental 12.4222 45 4.81234  -0.245 44 0.807
Control 12.2000 45 4.04295

Results showed that there is no significant difference on the pretest mean scores of the
control and experimental groups prior to the intervention. This means that the two groups are
more or less equal. This is expected as the students do not have the necessary knowledge and
skills that the test is measuring during pre-test. However, both groups’ inquiry skills
significantly improved after the intervention. The experimental group is two percent higher than
the control group suggesting that the inquiry learning strategy helped students to construct and
conceptualize the knowledge on Genetics laboratory from basic principles to applications. The

results are further supported by the research on inquiry-based ecology laboratory courses by
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Beck and Blumer (2012), which showed that students exhibited a significant increase in overall

confidence and scientific reasoning skills. Interestingly, their study showed that students in the
lowest quartile at the beginning of the semester for each construct exhibited a significantly
greater gain in comparison to students in the highest quartile for the same construct. The pretest-
posttest scores of control and experimental group are detailed in Appendix V.

Table 4.2 shows the t-test results on the difference in pretest-posttest mean scores on

inquiry skills within the control and experimental groups.

Table 4.2. t-test results on the difference in pretest-posttest mean scores on inquiry skills within

the control and experimental groups.

Test Group Mean N SD t df Sig. (1-

tailed)

Control Pretest score 12.20 45 404 -11.61 44 0.000*
Posttest score 22.76 45 4.60

Experimental  Pretest score 12.42 45 481 -12.62 44 0.000*

Posttest score 24.67 45 4.21

The result shows a significant difference (p = 0.000) between the pretest and posttest
mean scores of the control and experimental groups after the intervention. This is expected since
students do not have the necessary knowledge that is being measured during the pretest. Table
4.3 shows the t-test results on the difference in posttest mean scores on inquiry skills between the
control and experimental groups. As indicated in Table 4-3, the experimental group (M=24.67)
showed a significantly higher (p = 0.043) posttest mean score than the control group (M=22.76)

after the intervention. Appendix W presents the results of independent samples t-test on inquiry

skills.
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Table 4.3. t-test results on the difference in posttest mean scores on inquiry skills between

the control and experimental groups.

Test Group N Mean SD t df Sig. (1-
tailed)
Posttest Experimental 45 24.67 422 -2.054 88 043+
Control 45 22.76 4.60

Rissing and Cogan (2009) reported similar results where they found significant gains in
student performance and attitudes in an inquiry enzyme laboratory. Brickman, Gormally,
Armstrong & Hallar, (2009) also reported a significant improvement in science literacy skills and
process skills of students working in an inquiry based laboratory for an entire semester. The

improvement was found to be consistent with the manner in which an average citizen would use

them.

The higher inquiry skills mean score of the experimental group after the intervention
indicates that the experimental instructional technique has a positive influence on the students’
direct understanding of the items in the Genetics Inquiry Skills test. The students’ were able to
develop a focus on the tasks required in the activity after the instruction. Though laboratory
investigations allow learners to reach their own conclusions (Tifi et al., 2006), inquiry-based
laboratory approach helps students gain process skills that are necessary to perform learning
activities. As these activities were done in groups, they give the students the opportunity to allow
their gained process skills develop their social skills of collaboration, sharing, debating and
extending ideas in the group. The benefits of collaboration were also reflected by the student

responses on the survey given at the end of the semester. Most students reported that they felt
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that their group members were well prepared for laboratory and that they were able to
collaborate well. Most students also agreed that when they did not understand a laboratory
procedure their group members explained it. However, most of them did not agree with the
statement that they did not need to prepare individually because their group members already did
the laboratory procedures. The data from this research suggest that in these laboratories, the
students collaborate their efforts to compensate for individual weaknesses. Working in groups
provides the opportunity for cooperative learning. Travis and Thomas (2004) demonstrated that
group interaction increased the level of student involvement in the laboratory. They showed that
students working in groups were able to recall and apply the information learned in laboratory
better than students that did not participate in a group.

Collaborative group interactions encourage a commitment to working as a group, valuing
each other’s participation, being mindful and caring of others, and showing appreciation for team
members (Preskill & Torres, 1999). Students work together in groups had the opportunity to take
different roles, sharing responsibility, active listening, developing consensus, and reflecting on
one’s own and the group’s work (Johnson & Johnson, 1991).Unfortunately, this opportunity is
absent in the control group, and may have limited the development of their process skills. As
indicated by Waters (2012), the traditional cookbook type laboratory could make students easily
lose enthusiasm or quickly learn what steps of the procedure can be ignored or fail when they
thoroughly read the protocol for complete understanding. Consequently, their critical thinking
skills are not developed or they had little opportunities to apply problem-solving strategies. They
also feel disconnected from the exercise or lack “ownership” of the collected data. Collaboration
among peers is discouraged and they do not plan the experiments and results are not properly
interpreted (Waters, 2012). Recent studies have indicated that students believe that “cookbook”
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laboratory formats are trivial and are executed for unknown reasons (Luckie, Maleszewski,
Loznak & Krha, 2004). Students want to be challenged in the laboratory and therefore
“cookbook” laboratory exercises fail both the student and the intent of a scientific education.

On the other hand, the inquiry-based approach in the experimental group helped the
students demonstrate superior practical performance skills. This is attributed to the fact that the
experimental group did more of the equipment setting than their control group counterparts.
According to Dillon (2008), good quality practical work helps develop pupils’ understanding of
scientific processes and concepts. There is strong evidence that: ‘When well-planned and
effectively implemented, science education laboratory and simulation experiences situate
students’ learning in varying levels of inquiry requiring students to be both mentally and
physically engaged in ways that are not possible in other science education experiences’
(Lunetta, Hofstein & Clough, 2007, p. 405). Moreover, White and Gunstone’s (1992) study
indicates that ‘students must manipulate ideas as well as materials in the school laboratory’
(Lunetta, Hofstein & Clough, 2007). Furthermore Dillon (2008) added that there is a growing
body of research that shows the effectiveness of ‘hands-on’ and ‘brains-on’ activities in school
science inside and outside the laboratory. It reveals that practical work can increase students’
sense of ownership of their learning and can increase their motivation.

Results from the study of Ketpichainarong, Panijpan, and Ruenwongsa (2009), inquiry-
based laboratory showed enhancement of students’ knowledge as reflected in tests for
ate students’ improvement in scientific skills, including

understanding. They also indic

hypothesizing, data handling and analysis. The inquiry-based approach boosted the development
ypo )

f critical thinking and problems solving skills in students. Furthermore, inquiry-based exercise
of critica

tes scientific curiosity (Haury, 1993). Curiosity is the foundation of the scientific method
promotes S
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(Waters, 2012). As part of the experimental intervention in the study, students were allowed to
make their own inquiry questions, observations, and formulate their own hypotheses. Students,
who were given these opportunities, regardless of whether or not the proper results were
obtained, are more likely to become “self-educators” and maintain curiosity and enthusiasm for
scientific achievement (Waters, 2012).

In addition, students in the experimental group were given the opportunity to reflect more
on their work, drew conclusion, and even came up with some predictions. According to Colley et
al (2012), reflection is an important driver for the development of critical thinking. As
emphasized, they considered “reflective writing focuses learners’ attention on their thinking by
asking them to delve into their thoughts about specific topics as well as their individual learning
methods.” Allowing the students to reflect on their work, it is possible that the inquiry approach
has enhanced their understanding and develops their critical thinking skills. As indicated by
Brown et al. (2006) and Howard and Miskowski (2005), inquiry-approach seemed to enhance
students understanding on the topic and to develop their critical thinking and problem solving
skills. The current study was able 1o receive the following unedited responses of the students

under the experimental group:

It enhanced my ability in thinking skills in comprehensive and
understanding and also in problem solving. - Ginina

Yes. Because lab activities widens our knowledge and practice
our learned lessons in the lecture area and being able to do it
personally or apply our skills and knowledge on hands-on activities.-

Vhanilyn

Jt enables me to learn and appreciate science experiments. - Joy

1 gain deeper insights and understanding about Genetics. -

Pauline
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It boosts my critical thinking skill especially in answering the
questions and problems. - Paulo

1 learned to think more critically because the cases in genetics are
not easily deciphered that it must be analyzed very well in order to
understand the questions. I also learned to think beyond what is
normal because in Genetics there are a lot of things you thought not
possible but it does exist and that every gene, cell, chromosome
present in your body matters. And lastly, it taught me to follow
instructions, steps because if 1 did otherwise I would never come up
with an accurate result. - Vincent

Yes. I learned to think in a step by step process to ensure that I am
doing right. By using the right methods, I can make sure that I can
work safely in the laboratory and that I am not missing something that
can affect negatively on my work. -Claire

Makes me appreciate science more and understand why I am and
who I am. - Job

As indicated in their responses, students learn to think critically, develop an
understanding of the concepts, gain deeper insights of the topic, and apply their learning in the
lecture. Thus, these observations supports the results of the studies conducted by Pandey et al.
(2011) and Akpulluku and Gunay (2011) that inquiry training model have statistically significant

effect over conventional teaching method on academic achievement of students.

Students’ Conceptual Understanding

Table 4.4 shows the pretest means scores on conceptual understanding of the control and

experimental groups before the intervention.
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Table 4.4. Independent samples t-test of the pretest mean scores on conceptual understanding

between the control and experimental groups.

Test Group Mean N SD t df Sig. (2-
tailed)
Pretest Experimental 11.5778 45 3.04876 1.216 44 0.231
Control 10.7778 45 3.12533

Results showed that there is no significant difference on the pretest mean scores on
conceptual understanding of the control and experimental groups prior to the intervention. This
means that the two groups are comparable. This is expected as the students do not have the
necessary knowledge that the test is measuring during pre-test. However, both groups’ inquiry
skills significantly improved after the intervention.

Table 4.5 shows the mean scores of the pretest-posttest of the students in the control and
experimental groups on conceptual understanding. As indicated in Table 4.5, post test scores are

higher than the pretest scores for both groups. This difference is significant at 0.05 level.

Table 4.5. t-test results on the difference in pretest-posttest mean scores on conceptual

understanding within the control and experimental groups.

Test Group Mean N SD t df Sig. (1-

tailed)

Control Pretest score  11.58 45 3.04 -9.38 44 0.000*
Posttest score  18.80 45 5.57

Experimental  Pretest score 10.78 45 3.12 -11.63 44 0.000*
Posttest score  22.73 45 5,85
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In addition, the mean score of the experimental group after the intervention is higher than
the mean score of the control group. As Table 4.6 indicates, the difference in the posttest mean
scores on conceptual understanding between the control and experimental groups is highly
significant (p = 0.002). Appendix X presents the results of independent samples t-test on

conceptual understanding.

Table 4.6. t-test results on the difference in posttest mean scores on conceptual understanding

between the control and experimental groups

Test Group N Mean SD t df Sig. (1-

tailed)

Posttest Control 45 18.80 557 3265 88 0.002*
Experimental 45 22.73 5.85

The results indicate that inquiry approach has effectively improved the conceptual
understanding of the students. With better understanding of the concepts, students would be able
to perform better in their courses. Several studies (Basaga, Geban, & Tekkaya, 1994; Hall &

McCurdy, 1990; Luckie, et al., 2004; Sundberg & Moncada, 1994) have demonstrated better

performance of students under inquiry laboratory classrooms. The impact of inquiry-based

instruction encourages students to adopt different approaches in the service of developing a

better understanding of the subject, helps students familiarize themselves with on-going

experiments and areas of inquiry, and enables them to obtain better scores on examinations

(Wang et al 2013). The learning activities involved in scientific exploration may benefit

students by helping them develop critical thinking skills and individual knowledge structures
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(Schneider et al., 2002). Thus, inquiry-based instruction may help students understand how to
identify problems, seek answers independently, and develop and verify solutions through
collaborations. Students had become active learners where they answer research questions via
data analysis (Bell et al., 2005). This is also consistent with the study by Sesen and Tarhan
(2013) revealing that instruction based on inquiry-based laboratory activities caused a
significantly better acquisition of scientific concepts related to electrochemistry and laboratory
The higher mean score of students under the experimental group could also probably be
due to their newfound or gained ability to apply their learned concept to real-life situation. As
indicated in their responses, students in the inquiry laboratories repeatedly mentioned their
newfound abilities as learners and their ability to apply the material to the real-world. They also
commented on how the collaborative aspects of struggling together were both rewarding and
frustrating. Some of the unedited responses of students on the topics that improve their

conceptual understanding at the end of the intervention are as follows.

It is clear to me now how the possibility to predict possible
outcome of the offsprings. I also know that blood types of a child is based
on what blood types the parents have.-Charina

Karyotyping, it helps us to predict what possible diseases and
syndromes that can emerge in just a mutation of a chromosome. - Faith

The concept of Mendelian Genetics and inheritance. I can now
cross and predict the genotypes of the offspring given the genotype of the
parents.- Heaven |

Multiple Alleles . Because it teaches you how to trace something
on your family especially genes that you could acquire. And also that of

your blood type. - Leigh

How the gene or traits passed. - Joy
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The use of a variety of inquiry-based activities in Genetics laboratory was observed to be
more helpful in understanding Genetics concept. Students reported that allowing them to
discover things on their own and using real-life materials in the activities have helped them
understand genetic processes. They were also able to conceptualize genetics concepts through
the use of such activities as concept mapping and pedigree analysis. Some oflthe students’

unedited responses on this are shown below:

In Chromosome morphology. I never seen a real chromosome
before. In this activity, I had the chance to observe the different stages
of mitosis in onion root tips. I am quite amazed and truly understand
how things are going inside the cell of an onion during mitosis.- Neil

Students can picture out the real scenario.- Bea

It is when you did on your own to experience the feeling of
discovering something that you do not know somehow. With learning

by doing. I can apply my skills in performing such activities. - Xianne

The concept mapping helps me in understanding Genetics more
because it breaks down complex ideas into simple ones which enables

us to understand the topic more. - Shane

For me, pedigree is what 1 like the most, for it can be illustrated
well and just by having a legend you can apply it on your own family
tree and you will be amazed. - Catherine

Activities which allow us to apply it in real life such as pedigree

analysis. -Griggy

In addition, the various activities in the inquiry laboratory helped students gained comfort

and confidence in learning Genetics concepts. These are indicated in the following unedited

responses:

This course only gives us enough knowledge that fits to the
capacity of our intellect and skills. By this we are not pressured and
can handle well the activities in set schedule. - James
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It is because the activities are not difficult to work and I easily
understand the concepts and principles underlying on it. - Zoie

I was able to gain knowledge and worthwhile experiences out of
the activities. - Zendi

The required work is on the right track of our course and it is
really needed for our subject. - Zarah

It is quite manageable and tackles topics needed to learn in
Genetics. With probably other matters, the research proposal for
Drosophila and Onion are satisfying. - Ella

I can handle the activities very well and also we can work without
any stress or pressures. And this level of required work, students could

really learn on their best. - Cherry

It is challenging and exciting. It can solve mysteries that I can’t
understand about genetics.- Ann

Yes because they have stated clearly the procedures as well as our
professor explains or discusses it further. - Yehlene

It challenged me on how to solve things when book cannot provide
ample information. It made me use my time properly and made me
realize how every steps of the activities are important. - Faye

It helps me to be more critical thinker and understanding things.

- Cherry

Jt enhances our cognitive skills and those knowledge-based

concepts can be pul into action by doing our lab activities. - Ann

Yes. Because enhanced thinking and accuracy which are
ities are all needed in order to master the

displayed in genetic activ
this course. - Marinelle

level of required work for

Yes, because it is very satisfactory. Not to busy, not to happy go

lucky. - Allysa
This course is a bit challenging but 1 like the thought that it

Yes.
gives as moreé than enough knowledge we should have been acquiring.
- Joyce
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1 Some of the laboratory works are in need of higher thinking. -
Alec '

Yes. It challenges one’s mind to understand stuff in science
because laboratory activities are not that easy. - Gen

In a dissertation study on the effects of the inquiry-based learning (IBL) on college
students’ concept of proof, Dhaler (2008) found that IBL had a positive effect on student’s
conceptualization of mathematical proof, as well as on self-confidence in their abilities, their
appreciation of the relevance of proof, and their ability to be independent thinkers. The study
supports the claim that inquiry laboratory students demonstrated small but significant gains in
science literacy and science process skills compared to students enrolled in the traditional
cookbook laboratory. Brickman, Gormally, Armstrong, and Hallar (2009) documented
significant improvement in students’ confidence to use science literacy skills after participation
in the inquiry labs. The inquiry lab students were required to write numerous reports describing

their findings that they had higher gains in confidence in writing or critiquing a lab report.

Students’ Attitudes toward Genetics

Most students enjoyed working in groups and agreed that their group members explained

laboratory procedures if they did not understand them. Other studies have also found that

students enjoy working in groups in the laboratory (Pratt, 2003, Travis & Lord, 2004). One

student eloquently wrote that he/she enjoyed this aspect of the course because “it (working in
groups) helped when there were many minds over just one.” Thus, this shows that inquiry-based

laboratory activities motivate students to work joyfully and ignite their interests.

Table 4.7 shows the pretest means scores on attitude of the control and experimental groups

before the intervention.
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Table 4.7. Independent samples t-test of the pretest mean scores on attitude toward Genetics

between the control and experimental groups.

Test Group Mean N SD t df Sig. (2-
tailed)
Pretest Experimental 2.3956 45 0.17672  1.00 44 0.921
Control 2.3922 45 0.14808

Results showed that there is no significant difference on the pretest mean scores on
attitude of the control and experimental groups prior to the intervention. This means that the two
groups are comparable. This is expected as the students do not have the necessary knowledge
that the test is measuring during pre-test.

Table 4.8 shows t-test results on the difference in pretest-posttest mean scores on

attitudes toward Science within the control and experimental groups.

Table 4.8. t-test results on the difference in pretest-posttest mean scores on attitudes toward

Genetics within the control and experimental groups.

Test Group Mean N SD t df Sig. (1-
tailed)
Control Pretest score  2.395 45 0.184 1.099 44 0.278

Posttest score  2.433 45 0.176

Experimental ~ Pretest score 2.392 45 0.160 1.660 44 0.104

Posttest score  2.430 45 0.148
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However, the result shows no significant difference on attitude mean scores toward
Science between the pre- and post-test of the control and experimental groups (p=0.278) and
(p=0.104), respectively. Despite the motivation there is no sj gnificant change in the attitude of
the students within or without inquiry approach. Student responses were almost equal towards
feeling they should be rewarded for completing science work. A study on the use of inquiry-
based instruction, the majority of student responses indicated they were motivated by the variety
of activities and a few specifically mentioned a topic they studied. Many students indicated mini-
lectures and note taking were least motivating items but they learned a great deal while the need
to do well for college is most crucial.

Furthermore, Table 4.9 shows no significant difference of the t-test (p=0.927) on the
difference in post-attitude mean scores toward Science between the control and experimental

groups. Appendix Y presents the results of independent samples t-test on attitude toward

Genetics.

Table 4.9. t-test results on the difference in posttest mean scores on attitude toward Genetics

between the control and experimental groups.

Test Group N Mean SD t df Sig. (1-
tailed)
Posttest Control 45 2433 0.184  0.091 88 0.927

Experimental 45 2.430 0.160

Attitude towards science did not significantly vary in the two groups probably because
they were all science majors and they already have a good attitude towards it. Hence, inquiry-
based learning (IBL) did not cause a significant change in the students’ science attitudes. If this

is the case then this finding both contradicts with Gibson and Chase (2002), who reported that
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IBL could change students’ attitude towards science and a higher interest in science careers. On
the other hand, it is also possible that teaching time was not enough in changing students’
attitudes towards science. This finding is also parallel to the results of the studies of
Neiderhauser (1994) and Unal and Ergin (2006) that showed no significant change in students’
attitude towards science over a given period of time. However, the higher value of standard
deviation (Table 4-7) observed in the control group indicated persistence of variegated thinking
due to teacher-centered instruction (Musasia, Abacha, & Biyoyo, 2012). For every concern, the
experimental group had more respondents scoring “High* compared to the control group. This
implies that the experimental group had a more positive view concerning a particular attitude
though they were not significantly different from those in the control group. Furthermore, a

positive change in attitude towards science is drawn from the unedited positive responses of the

experimental group during the class interview.

I became more enjoyable in doing science experiments, wanted to
know everything by doing experiment by myself, and by lab activities,
it really answers the question that was formed in my mind by the help
of doing of activities. - Conni

It makes me experience how interesting, challenging, and my
mind opening towards science. - Kaneesha

Yes and these are like you should research of find out more about
something that you have a doubt to confirm its authenticity. You
should be more open-minded to others opinions in order to generate

better ideas. — Mary Ann

Yes, because when you are under the lab activities, you may able
to manipulate things and while you are doing that you are learning
already. So when you are applying what you have learned, it also

enhances your skills. - John
] know how to become careful in handling things, keeping my
work neat and clean, observant, and following procedures.-Mikee
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1t made more become interested in science world. - Johhny
Yes. Being more studious and critical thinker. - Cristel

Now, I'm more responsible in doing my assignments and lab
works. - Pam

Yes, because I'm a lazy person and I don’t want to wait because of
it, we all know that science experiments requires patience so I became
patient enough now and 1 enjoy the activities and experiments we right
now that I thought before it will be boring and I got a wrong thinking
about it. - Jacin

By becoming organized and systematized in my works,
assignments and exam in science related courses.- Ave

Yes. I become more observant, patient, curious and optimistic. —

Gracie

Yes. I am more attentive and industrious in lub works because
they aren’t that boring. —Fely

Correlation Among Students’ Inquiry Skills, Conceptual Understanding, and Attitude

toward Genetics

Table 4.10 shows the correlation among students’ inquiry skills, conceptual

understanding, and attitude towards Science.
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Table 4.10. Pearson r Correlation Among students’ Inquiry Skills, Conceptual Understanding,

and Attitude toward Genetics.

Group Area Correlation Area
Inquiry Skills _Pcarson Correlation  0.451 Conceptual
Sig. (1-tailed) 0.002* Understanding
N 45
Attitude Pearson Correlation  -0.225
Control Sig. (2-tailed) 0.137 Skills
N 45
Conceptual Pearson Correlation  -0.029
Understanding Sig. (2-tailed) 0.852 Attitude
N 45
Conceptual Pearson Correlation  -0.109
Understanding Sig. (2-tailed) 0.477 Attitude
N 45
Inquiry Skills _Pearson Correlation  0.492 Conceptual
Experimental Sig. (1-tailed) 0.001* Understanding
N 45
Attitude Pearson Correlation  -0.019
Sig. (2-tailed) 0.902 Inquiry Skills
N 45

As indicated in Table 4-10, there is not much difference between the control and

experimental groups in terms of the relationship between inquiry skills and conceptual

understanding. The results showed that inquiry skills of the control and experimental groups

significantly correlate with the conceptual understanding, p = 0.002 and p = 0.001, respectively.

This is consistent with the result of Uwaifo (2012) which found a statistically significant

relationship between theory and practical scores on all science subjects. Lunetta et al (2007) have

suggested that engaging in scientific practical work provides simulation experiences which

situate students® learning in states of inquiry that require heightened mental and physical

engagement. This engagement leads to better understanding and improved performance.

Feyzioglu (2009) has reported a positively significant and linear relationship between science
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process skills taught to students in laboratory applications and their achievement in a current
electricity course. This is observed in both the control and experimental groups.

Below are some unedited responses of the students in the experimental group that relate
their skills with their understanding:

The skills gave me knowledge to the concept that unclear to my
mind. —Daniel

Yes, in doing activities we are applying the concept and learnings
that we learned. By this activities we are experiencing hands-on
activities and we can really appreciate the essence of experiment. -
Palomaria

The activities stimulate my mind to uncover challenging concepts
in the subject matter. - Elihon

I enjoy doing experiments/ activities. For me science is not only
Jfocus on the concepts but also on the hands-on activities that promote
better understanding of concepts. - Carmi

Hands-on activities have a long term effect on ny memory. -
Addy

I clearly understand the concept through learning by doing. It’s
not easy to forget those learning experiences I once participated in the

process of learning. - Joanne

Lab activities is the time we can apply the concepts or fact that we
learned during our lecture. - Vitlos

The result of the correlation implies however that regardless of the approach, whether
inquiry or cookbook type, inquiry skills and conceptual understanding work together to allow

better performance of the students. However, it should be noted that inquiry-based laboratory

activities could lead to a higher student achievement.
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The implementation of the inquiry-based laboratory has also improved students’ attitude
towards Genetics. Rissing and Cogan (2009) observed the same findings among students who
participated in an inquiry enzyme laboratory. But the improved attitudes did not show a
significantly favorable relationship with conceptual understanding and inquiry skills. Below are
sample responses of the students in the experimental group, which show some unfavorable

comments regarding the approach:

No because I prefer important concepls that are unclear to me and
it gave me lot of works to do.-Issa

We are not comfortable with the fact that we don 't have an ample
amount of time to be with our group to talk about our work because of
the other activities we have, but I think it is just a matter of time
management.- Faye

Not so. Because sometimes I find the activity too hard that s why
I'm not motivated and 1 find it boring.-Cammile

Sometimes no because the work requires a lot of time and effort to
finish. It contains a lot of question that is not easily understand and

left unanswered.- Tommy

Sometimes I found it hard and stressful. - Hannah
No because sometimes they are tedious and tiring. -Leny
Not really. I procrastinate and it is my fault. - Josy

Sometimes I am not. There are laboratory activities find taxing
and very time consuming. - Robby
As indicated in these responses, there is a need to revise some of the laboratory activities
and consider the number of activities and the amount of time that is needed to do them. This is
critical because student’s perception of the purposes of a laboratory activity affects thejr
decision-making process. According to Campell et al. (2000), students’ perceptions of the

of laboratory procedures greatly influence their

ratory task and understandings
purpose of a labo y o



decisions on what to report and on how much detail to include in a report. If needed, the teachers
should provide students with an environment in which they will feel interested in facts, events
and subjects; briefly, an environment in which they may think and discuss like a scientist.

In addition, negative impressions of the inquiry laboratories focused on frustrations,
failures, and workload. Students participating in inquiry laboratories often cited experiencing
frustration with the process of struggling to “Figure out” what they were doing without directions
when they were accustomed to being provided with exact details. They also commented that the
inquiry laboratory was “too much work,” especially when compared to other laboratory classes
they had taken. These issues combined together to create a feeling of inadequacy and insecurity
that every student in the interview group mentioned.

Students in the traditional laboratories also expressed feelings of frustrations, but their
complaints revealed a lack of enthusiasm (in themselves and a lack of real learning) rather than
frustration due to struggling to learn. This was also revealed in their positive comments that
focused solely on the brevity, ease, and “cool” scientific materials they found in laboratories, as
well as how laboratories helped reinforce the content knowledge they could use for the lecture
class rather than what they had learned for their own lives. For example, student attitude toward
the “I- labs” curriculum developed by Sundberg and Moncada (1994) was similar to what we
observed, reporting pride in their ability, mixed with some frustration and poor self-evaluation.
They interpreted students’ very strong initial negative reaction to the course as stemming from
the increased demand for them to learn in a new and more rigorous way that was ameliorated
over time, very similar to the results of the study.

The non-significant negative correlation between conceptual understanding and attitude

f students in the experimental groups could be attributed to other factors that may have
of students
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contributed to the high level of resistance toinquiry in this study. Statistically, negative
correlations reveal a very weak correlation between variables being tested. The most commonly
mentioned impediments to inquiry implementation are the challenges faced by students
(Anderson, 2002; Sundberg, 1992; Sundberg et al., 1992). Students do not like the extra work
required to think through problems on their own (Loughran & Derry, 1997) and reveal a
preference for memorization and regurgitation of knowledge rather than deep understanding
(Hughes & Wood, 2003; Watters & Watters, 2007).
The existence of relationship between students’ performances and attitudes has also been
confirmed by the research findings of Eslava (2001), Tomelden (1995), Urmatan (1992) and
i DePaolo and McLaren (2006) found out that attitudes do
Sherman and Wither (2003). Moreover,
' d to the effects of abjlity.
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Impact of Inquiry-based Laboratory Activities in Genetics

The impacts of inquiry-based laboratory activities in Genetics based on the modified
class group interview of the experimental groups are retaining or remembering information,
demonstrating the process, triggering critical thinking skills, solving problem in a convenient
way, concluding and predicting possible outcomes, finding the probability, showing relationships
and connections and promoting better learning as shown in Table 4.11. These were also revealed

based on the unedited responses of the students’ focus group interview.

Table 4.11. Themes of Students’ Responses Based on Qualitative Data Analysis

Theme f Percentage
N=45 (%)

Retaining information 9 10.59
Demonstrating the process 15 17.65
Triggering critical thinking skills 11 12.94
Solving problem in a more convenient way 12 14.12
Concluding and predicting possible outcome. 13 15.29
Finding the probability 11 12.94
Showing relationship and connections 7 8.24

7 8.24

Promoting better learning

Yes, 1find the lab activities helpful in retain information for the

lab. During the final exam especially the concept maps helps me
unc}erstand some of the questions that are related to the lab activities

that we have. Although not all information go into my brain, and yet
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very useful gid ang tana ngas gintudlo mo sir. Maski somehow I feel
sleepy( na natuyo ako) but I was able to retrieve information from the
lab acts(pero my nahawiran gid ako sa mga activities sir). — Daniel

While doing the activity, you are demonstrating the process if how
things happen. In slide preaparations on Activity 4 on alteration of
mitotic activity, as you demonstrated sir, they were so amazing to look
at. At first, I can’t imagine if I can prepare on my own. But there is a
need for patience in preparing the slides...gosh (Pero gale Sir
kinahanglan gale ang patience mo sa pag prepare sang slides....gosh
dapat haba ng patience....) There are times that they were so frustrating
but if you will see under the microscope worth effort done, sir (Daw
kaulogot man kung ka isa pero pag nakita mo na sa microscope na ikaw
gid nag prepare worth it gid ang effort ko sir). Thank you sir sa help. -
Pammy

The activities in DNA investigation and multiple alleles on blood
types. It triggers my critical thinking skills at solving problems. At firstif
you were about to read the problem, they are quite confusing. But with
the activity that you have given us, sir, I was surprised to know that
there are some techniques on how to deal with the problem. You do it in
a step by step manner. You don’t just simply procrastinate and just wait
for others to do it. That won't help solve the problem. You gave au sir
problems that are truly challenging that helps my brain to squeeze out
informations needed to be analyzed properly. Problems provided in the
lab activity truly need some extra effort before you can solve them. It's
not just read and write but you need to think critically (indi man gale
basta basta sir mag patuga tuga nga abe mo hapos lang gid... dapa
manumdum ka gid) - Cresta

In the activities by finding the probabilities of a certain
phenomena to happen. Also in finding the blood type of certain people.
We could solve the problem in a more convenient way. Prior to the lab
activity on “Bloody Mystery” we have that before in Gen. Bio 1.
However, insufficient information were provided. But after learning this
activity ... hmmmm....I think that was Activity 9, sir..hehehe...I forgot
already (nalipat na ako)...your lab activities really help (nakabulig gid
sir nag lab mo)I was able to perform the necessary steps and skills
needed to solve problems like that. At first, it was difficult to try even I
read in books, But with your help sir, I was able to make it. And also,
sir... hmmm... The information about blood types and using fork line
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method and Punnett square we can conclude or predict possible
outcome. -Nene

Yes because according to Confucius, what I hear, 1 forget, that I
see, I remembered, what I do, I understand and what I teach I mastered.
For example, finding the probability of a certain trait. Genetics is one of
the subjects that uses probability aside from the Statistics that we had
before. It seems that the subject is the extension of Statistics. Even
though it’s hard, 1 don’t have the choice (Maski budlay gina kaya ma
gihapon kay wala naman ko choice. But to pass the subject sir.
Haaaaay.) Anyway, the use of Mendelian Genetics and probability
helped solve problems of better chances of the possibilities. Sooner I
may apply what I have learned in the lab that I did everytime we have
lab with you sir. -Hensa

Concept mapping, it shows us the relationship and connections of
ideas. It is very helpful in retaining ideas and concepts because it is
easy to understand. Helping me in retaining information is somewhat
difficult but because we have been doing concept maps it’s easier for
me to understand and to master in a certain topic. Yes, because we are
able to work out of the problems on our own and the activities
stimulates not only cognitive memory but also physical memory thus
promoting better learning - Chucky

Yes specifically the tossing of coins for polygenic traits with that 1
was able to remember that it follows a continuous variation and exhibits
bell-curved when graphed and I was also inculcating in my mind that if
ever I've seen a child which is different from its parents color does not
mean he/she is not a real/true child instead it’s a product of polygenic

inheritance. - Leslie

Yes because by working hands on, I can remember the lecture and
use them in answering the lab questions. I have a photographic
memory. Because during the lecture, you can'’t listen very well since its
very noisy. But during the lab activity, information can be gathered and
remembered easily since we are hands-on on how fo do such analysis.
Hands —on help us in retaining information through manipulating
things and underscore some impossible events that cannot be seen by
the naked eye. We were able to show the mechanisms by applying them
in the actual lab activity and based on some research articles. We were
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able to connect and prove some theories in the actual setting. - Kim and
Jon

Yes. The pedigree analysis helped me to retain the concepts of sex
linked and sex-influenced genes. Through concept mapping [ was able
1o connect concepts on the different types X-linked genes. The part on
the concept map of the activity gives me the opportunity to express what
1 have learned in each of the activity. Even though I got bored in our
lecture class, but I was able to practice it on the lab section of our
class. The part of the lab sir that we try to enumerate and make concept
maps were so useful, that I was able to use during the final exams
especially if the exam is a multiple choice type. -Angelyn

Laboratory activities such as genetic mutation allow me to
remember things faster and better. Based the activity I that we had,
though time consuming to wait for the possibilities and if ever mutation
will occur, and yet patience and cooperation from the group helps me
learn. I was able to see and apply the theories introduced in the lecture.
1 and my group mates were given the chance to make or design our own
experimental set up and the amount of mutagen to be given to our
Drosophila. Even though it was so tiring in catching those fruit flies ,
and yet 1 still enjoy together with my group mates. I'm fond in
segregating the males form the females fruit flies. (Maski makapoy sang
dakop sang mga Sruit fly, nag enkoy man kami gihapon sang akon
groupmaltes Sir. Nasadyahan ko isip sang mga lalfzki kag babae na fruit
). Ireally understand what has been discussed in the lab as our

lecture prior to the actual experiementation - Marry
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CHAPTER 5

SUMMARY, FINDINGS, CONCLUSIONS, AND RECOMMENDATIONS

This chapter presents the summary of the findings, the conclusions, and

recommendations drawn from the findings.

Summary

The study aims to develop and determine the effects of the inquiry-based laboratory
activities on the conceptual understanding, skills, and attitude toward Genetics of undergraduate
Biology students. The quasi-experimental method of investigation using pretest-posttest non-
equivalent control group design was used in the study. The students in the control group utilized
the laboratory manual in Genetics of the professors in the university while the students in the
experimental group utilized the researcher-made laboratory manual in Genetics that include
inquiry-based laboratory activities integrating inquiry skills used in laboratory classes with
students’ conceptual profile and concept mapping techniques to enhance conceptual
understanding.

The study included three intact classes of BS Biology (Premed and Biotech Tracks) as the
control group and BS Biology (Microbiology Track) and B Secondary Education (major in
Biology) as the experimental groups enrolled in Genetics class in a state university in the
Visayas region for the 2™ semester Academic Year 2014-2015.

The study used both quantitative and qualitative methods of data analyses. Data
collection included pretest-posttest questionnaire in Genetics to assess students' conceptual
understanding; a Genetic inquiry skills questionnaire to evaluate students' science skills; attitude

g inquiry-based laboratory; students’ and teacher

questionnaire towards in science usin ;"




observation checklist questionnaire for laboratory instruction: and feedback questionnaire for

interview were used.

Findings
The study revealed the following results vis-a-vis the objectives and hypotheses:
I There a significant difference in the inquiry skills among and between students whao

were exposed to inquiry-based laboratory activities than those we were not. The result showed a
significant difference between the pretest and posttest mean scores of the control and
experimental groups after the intervention. As expected, posttest mean scores were signiﬁcantly
higher than the pretest mean scores of the two groups. After the intervention, the experimental

group showed a significantly higher posttest mean score than the control group (p=0.043< 0.05).
2. There is a significant difference on conceptual understanding among and between

students who were exposed to inquiry-based laboratory activities than those who were not. The
result showed a significant difference on conceptual understanding in the pretest-posttest mean

scores of the control and experimental groups exposed to inquiry-based laboratory activities and

those who were not (p=0.000 < 0.05). After the intervention, the experimental group showed a

significantly higher posttest mean score than the control group (p=0.002< 0.05).

3. The result showed no significant difference and change on attitude mean scores

toward Genetics of the control and experimental groups exposed to inquiry-based ]aboratory

activities and those who were not (p=0.278>0.05) and (0.104>0.05), respectively. However,
esult of the study, the use of inquiry-based laboratory activities changed

based on qualitative 1
tude towards Genetics drawn from the responses of the experimental

students to a positive attl

group during the class interview:
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4. There is a significant correlation between students’ inquiry skills and conceptual
understanding of the control and experimental groups (0.002) < 0.005 and p (0.001) < 0.005,
respectively. However, inquiry skills did not significantly correlate with attitude towards
Science in control and experimental groups, p (0.137) > 0.05 and p (0.902) > 0.05.

5. The impact of inquiry-based laboratory activities in Genetics to students who use jt
are retaining or remembering information, demonstrating the process, triggering critical thinking
skills, solving problem in a convenient way, concluding and predicting possible outcomes,
finding the probability, showing relationships and connections, easy understanding and mastery,

and hands-on activity. These were also highlighted based on the unedited responses of the

students.

Conclusions

1. Inquiry-based laboratory activities in Genetics significantly improved the Genetic

inquiry skills of the students in the experimental group.

2. Inquiry-based laboratory activities significantly increased the conceptual

understanding of the students.

3. Inquiry-based laboratory activities in Genetics change towards positive attitude of the

students towards Science based on students responses.

4. Students’ Genetic inquiry skills significantly correlate with conceptual understanding

in learning Genetics concepts. However, students’ Genetic inquiry skills did not significantly

late with attitude. Also conceptual understanding did not significantly correlate with
correlate w . ’

. triggering critical thinking skills, solving problem in a
i i strating the process,
information, demon e



convenient way, concluding and predicting possible outcomes, finding the probability, showing

relationships and connections and promoting better learning.

Implications

The implication on the use of inquiry-based activities in the K to 12 curriculum provides
the students with the opportunity to achieve three inter-related learning objectives. These
objectives are to develop general inquiry abilities, acquire specific investigation skills, and to
understand science concepts and principles (Edelson, Gordin, & Pea, 1999). The opportunity to
develop general inquiry abilities involves the pursuit of open-ended questions and driven by
questions generated by learners (Welch et al., 1981; Blumenfeld et al., 1991; Linn, Songer &
Eylon, 1996). General inquiry abilities include posing and refining research questions, planning
and managing an investigation, and analyzing and communicating results. The opportunity to
acquire specific investigation skills include controlled experimentation (Schauble et al., 1995),
modeling (Jackson et al., 1996; Penner et al., 1997; Resnick, 1994; Wilensky, 1995), synthesis of
primary sources (Linn, Bell, & Hisi, in press; Wallace et al., 1997), and exploration of
quantitative data (Hancock, Kaput, & Goldsmith, 1992; Tabak et al. 1996).' Each of the form of

i tioation has its own specific procedures and skills which engages the learners the
investigati

N ices. The use of the developed inquiry-based laboratory

i these scientific practices.

opportunity to learn
) ic inquiry skills, increased conceptual understanding

iviti i he students’ Genetic inquiry skills,
activities that improved t
. . Genetics will provide the opportunity to
ositive attitude towards
and changed students to a2 p

dev v r i ience concepts which is a meaningful context for
i derstanding of scienc
evelop an improved un

learning.
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Recommendations

Based on the results of the study, the following recommendations are drawn and
presented:

1. For teachers, curriculum designers/ developers. Teachers should use inquiry-based
strategies in combination with some traditional methods in teaching Sciences. But first, they
need to re-conceptualize their role as facilitators in the development of the students’ science
constructions rather than the sole source of science knowledge while employing inquiry in the
classrooms. Teachers should continue on working for innovative changes especially on the
development of intervention materials and strategies and the integration of instructional
technology in the Science classroom to help them explore and discover science concepts on their
own for better retention and develop higher appreciation and positive attitudes toward Science.
As indicated in some of the students’ responses, there is a need to revise some of the laboratory
activities and consider the number of activities and the amount of time that is needed to do them.
This is critical because student’s perception of the purposes of a laboratory activity affects their
decision-making process.

2. For administrators. Teachers are encouraged to attend seminars and trainings on the
use of inquiry-based strategy. Likewise, administrators should support and provide avenues for
teacher advancement especially on the use of instructional strategies and software.

3. For researchers and education specialists. The upshots of the inquiry-based strategy
t understood when studied quantitatively and qualitatively since academic and non-

can be bes

and extensive use of the strategy-
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Appendix A
Letter of Permission

November 4, 2014

DR. LUIS A. ABIODA
Vice President for Academic Affairs

This University
Through Channels

Dear Dr. Abioda,

Greetings! lam a contractual faculty member of the Biological Science Department of this University. |
would like to ask permission from your kind office to be allowed to conduct a research study entitled.
“Inquiry-based Laboratory Activities: Effects on Students’ Conceptual Understanding, Inquiry Skills, an.
Attitude Toward Science” on the 3" year BS Biology and BSEd (Biology major) students under my '
Genetics Laboratory class together with Ms. Nenita delos Santos, my research partner from the
University of the Philippines Open University. Rest assured that informed consent will be obtained anc

that all the data gathered from the students will be treated with utmost confidentiality.

Your kind and immedlate approval regarding this request is greatly appreciated. Thank you very much

Very truly yours,

REY G. TANTIADO, PhD.
Researcher

Recommending Approval:

GERARD L. PENECILLA, EdD.

Department Chair, Biological Sciences

NANCY S. SURMIEDA, PhD. '
Dean, College of Arts and Sciences

D.

. BELARGA, Ph
i d Quality Assurance

Director of jnstruction an
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Genetics Laboratory C Appendix B
s Laboratory Course Outline Sample Laborato
; L
and Laboratory Schedule of Interventionry esson Plan

WEST VISAYAS STATE UNIVERSITY
COLLEGE OF ARTS AND SCIENCES
Department of Biological Sciences
La Paz, lloilo City

BIOLOGICAL SCIENCE
Course Outline

?
f
I
1

| l. Course Number: Bio 207C

Il Course Title: Genetics
. Course Credit: 4 Units (3 Hours Lecture, 3 Hours Laboratory per week)

Iv. Course Description: This course in genetics includes the study of genetic structure

and composition (Cytogenetics) and the three br. i e >
Mendelian Genetics, Molecular Genetics and a p?)r;t(izgr?so?;g;z?a?t?:ﬁ gass@' or
Topics on genetic mutations and their role in evolution are also includec? netics.
V. Course Objectives:
At the end of the course, the student should be able to:;
1. Discuss basic gene structure and composition, mutations and their les i
evolution. foles in

2. Develop skills in solving problems in Mendelian and Po ulatio i
3. Compare and contrast the different modes of heredity. P " Genetics.

4. Describe the nature of the genetic material.
5. Discuss the implications of the knowledge of genetics to the welfare of man

VI. Laboratory Content Outline:
1. Variations
2. Introduction to Some Genetic Concepts
3. Ultrastructure of the Cell
4. Chromosome Morphology
5. Mitosis
6. Meiosis
7. Chromosomal Abberations
8. Mendelian Genetics
9. Non-Mendelian Genetics: Multiple Alleles
10. Non-Mendelian Genetics: Polygenic Inheritance

VII. Course Requirements:
Laboratory: 40%
. Attendance ' .
g Lab. Outputs and other lab extensions ;g 02
' Evaluation ‘ _
g' (Ssgzlcj:?al problem on Drosophila Mutations and Allium Test 15%
" (Proposal: Chapters 1,23 for Midterm: Complete Study for Finals) 20%
e. Midternv Final Exams 20%
Total 100%
AL ubidvs Genetics by Klug and Cummings

Essentials of
Genetic Analys
IX. Prepared by:

is and Principles by Brooker
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I; Activity Number: 9

Sample Laboratory Lesson Plan

II. Topic: Multiple Alleles

I1. Concepts

In classical Mendelian Genetics, each i
. gene has two possible allel
. : es. Howe
th?:a til1]an two alleles. In human blood typing (A, B, AB, and O), the gene for the b\lfir,dSome genes‘have
e alleles (A, B, and O). One eye color gene in fruit flies has many alleles 0 1ype protein has

Human blood types are determined by proteins on the su
]z:nd B, for A type and B-type glycoproteins, are co-dominant; (hartf?sc,eaogc::;;ei}?;oiof CE?”S' A‘I‘lel‘t’:s A
rom one parent and a “B” allele from the other parent will have type AB blood. Th n“]e‘l:]ts i 'A' allele
recessive. The “o0” allele produces no glycoproteins. Thus a person with the en.0 N ‘? al]el.e .
some type A glycoproteins, and have type A blood. A person with the genot)%pe “tgtl)j’? wﬁrmglil] mi.ﬂ;']e
<e neither

the A-type nor the B-type glycoproteins, and will have type O blood.

IV. Objectives:

To perform Punnett Square crosses for blood type, a multiple allele trait

o

To apply this knowledge to mystery scenario.
To explain what a multiple allele trait is.
To identify blood type as a multiple allele trait.

V. Laboratory Teaching Strategy:

Experimental Group: Inquiry-based Lab

nﬁ’hases and Allotted
Time

Pre-lab Instruction
(15 minutes)

Lab Activity Proper
(75 minutes)

N
Post Lab Activity (30
minutes)

T

Control Group: Traditional

]
2

Lab Instruction

Instruction

Giving Instruction

Checking students
individual lab manual

w

Giving Instruction
Providing Students Lab sheets

Review on the concept of

Multiple Alleles

Do Problem Solving on
blood types

Follow the procedure as
indicated in the manual
such as survey of blood
types in a given population
and construct a pedigree of

Students determine the possible
phenotypes and genotypes involved in
blood typing.

Students solve Multiple Alleles Punnett
Square for blood typing

Students were given a A Bloody
Mystery, a mystery scenario in which
the.y apply their knowledge of blood
typing and Punnett Squares to solve the
mystery.

one’s own blood type.
Answer the Guide
Questions as indicated in

the lab manual
Lecture Discussion on the

Providing Students with Learning
Progression (LP) Profile Form
Answering the LP Profile Form
The instructor collects the fo

T col rm befi
the allotted time in this period endsOre

result of the lab
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Time

Phases and Allotted

Lab Instruction

Control Group: Traditional

Experimental Group: Inquiry-based Lab

Instruction

Assessment (60
minutes)

e Provide students with
problem set on multiple
alleles

on Multiple alleles
problem set.

form before the allotted
time in this period ends.

o Answer Practice Exercises

e The instructor collects the

* Providing Students with Concept

Mapping Form
Answering the Concept Mapping form
by listing the learned concepts in the
lab, then each student constructs his/her
own concept map based on the activity.
The instructor collects the form before

the allotted time in this period ends.

L

Genetics Laboratory Schedule of Intervention

L Groups Control Groups Experimental Groups
LMonth BS Bio (Premed and Biotech) BS Bio (Micro) BSEd (Biology)
b 21- Orientation and Lecture; 20 — Pretest Lab; 20 - Orientation and
e e Pretest Lab Orientation and Lecture | Lecture; Pretest Lab
a4 28-Activity 1 No Class 27- Activity 1
[ s 4 — Activity 1 4- Activity 2
Decem ber' 5-Activity 2
2014 12- Activity 3 11- Activity 2 and 3 11- Activity 3
: 8- Activity 4 8- Activity 4
i 4
january, g-Activity
2015 Activity 5 15-Activity 5 15-Activity 5
16-Activi
ity 6 22-Activity 6 22-Activity 6
23- Activity
lab 29- Midterm lab 29- Midterm lab
- Midterm —
2 M.Id.t 7 5- Activity 7 5- Activity 7
February, 6- Activity .
7. " ; 12- Activity 8 12- Activity 8
015 13- Activity 8
19- Activity 9 19- Activity 9
20- Activity 9

March, 2015

6-Seatwor

of post-attitUde

Questionnaire;
Interview

13- posttest LaP

///Jmﬁ

Class

26- Activity 10

26- Activity 10

5- Seatwork;
Implementation of
post-attitude
Questionnaire; Class
Interview

5- Seatwork;
mplementation of
Post-attitude
Questionnaire; Class
Interview

12- Posttest Lab
Zx

12- Posttest Lab




) Appendix C
Paired Samples t-test on Pretest Scores of Inquiry Skills, Conceptual Understanding and Attitude

Paired Samples Statistics

Std. Error
: Mean N Std. Deviation Mean
Pair 1 Pre attitude 23956
Control : 45 17672 .02634
Pre attitude
Experimental 2.3922 45 .14808 .02207
Pair 2 Preskills Control 12.2000 45 4.04295 60269
Preskills .
Experimental 12.4222 45 481234 71738
Pair 3 Preconceptual
Control 11.56778 45 3.04876 45448
Preconceptual
Experimental 10.7778 45 3.12533 46590
Paired Samples Test
Paired Differences
95% Confidence Interval
of the Difference
Std. Emor
Mean | Std. Deviation Mean Lower Upper 1 df Sig. (2ailed)
Pair 1 Pre attitude
Control - Pre 0033 2447 03346 - 0641 0708 00 4 921
attitude '
Expenimental
Pair2 Preskils
Control - .99 6.07487 80559 -2.0473 1.6029 -245 4 807
Preskills
Experimental
Pair3 Pregoncepiual
Control - 8000 441382 65197 -.5261 21261 1.216 4 2
E&Qﬂﬂ&ﬁﬂwal
Experimental
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. Appendix D
Sample Laboratory Activities — Traditional and Inquiry-based

Sample Laboratory Activity from Traditional Manual

ACTIVITY NO. 1
VARIATIONS
INTRODUCTICN
OBJECTIVES:
1. To observe and camprehend the concept of variation in plants and in
animals.

2 To understznd that variations occur not only between different species but als.
within species of plants and animals. Hie Wt also

MATERIALS:
10 branches of different plants of the same species
5 male and female specimens of Drosophila melanogaster
Digitzal camera (optional)

Photomicrograph (cptional}
Survey of heights and weights of 25 male and female college students

PROCEDURE:

£ ‘arations in Plants

Collect one kranch of at least ten plants of the same species.
Ohserve for the following traits: # of leaves, length of leaf stem, leaf color,
Draw or take piciures of your specimens and attach the pictures on the space

ided. i i
%?cv;rd your resuits in the summary table (table 1) in the activity sheet.

AWM

!

sNOTES FOR PROPER D!

5POSAL OF WASTE
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B. Variations in Animals

B.1. Between sexes of the same species in Drosophila melanogaster.

1.

o wn

5.

Make a stock culture of Drosophila melanogaster (see Appendix 1 for

procedure).
Etherize some flies from the culture and place them on a sheet of white paper.

Using a compound microscope {use LPO) or hand lens, distinguish between a

male and a female frujtﬂy (see Appendix 2 for descriptons).
Study at least S specimens for each sex. Choose 1 representative from each

sex anq draw and jabel the !mpommt parts (if a digital camera or a
photomncmgraph is available, pictures may be taken and copies may be

atiached on the space provided and labeled).
Complete tabie 2.

/’NOTES FOR PROPER DISPOSAL OF WASTE (BOX)

N\

J

B.2. Between sexes of the same

1.

species in humans

d record in table 1.3, the height and weight of 25 male and female

Ask an
5 between 16 to 18 years old. _
i ta and report results of the survey in table 3.

2. Combine class da
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RATING:

COURSE, YR. & SEC.

NAME:
GROUP NO. DATE PERFORMED:
ACTIVITY NO. 1
VARIATIONS

DATA:

Table 1. Variations in 5 samples of

Sample Number Number of leaves in | Length of leaf stem Leaf color
one branch

olt]os|~ja]|n|a]win] =
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Figure 1. Drawings/Pictures of Variations i

Table 2. Average Characteristics in Male and Female Drosophila melancgaster

Characteristics Male Femal
aie

a. Overll size

b. Size of abdomen

c. Banding on abdomen

d. Sex combs of forelegs

e. Shape of tip of abdomen

T Extemal reproductive

organ
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Figure 2. Drawings/Pictures of male & female Drosophila metanogaster

Table 3. Raw Data for Variations in Height and Weight of College Students at WvSU

Name of

Sex

Age

Height

Weight

subject

o|om|~lo || s feoln]
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QUESTIONS:

1. What is the importance of varations?

What are the possible causes of genetic variations? Give specific examples.

[N

How would you find cut if the causes of vanations is genstic or environmental?

le for individuals within the same species to naturally have no

4. s it possib o : ]
If such individuals exist, what tem is used to

varations between them?7
describe them?

CONCLUSIONS:
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Sample Laboratory Activity from Inquiry-based Manual

ACTIVITY NO.

Mutations on Fruit Fly
(Drosophila melanogaster)
as Sources of Variations

CORCEPTS

Lanshor it 2 ubiquitous featue of natural populanons. All organizm: exhibit
<anation for 2 agrificant number of morpholompcal, biochemical, and behatioral
charactensno:. Genenic vanaton i exzential for the process of natural selecnon to produce
evolunonay chanze Thisi: a teaching chebe thourht but amway-look around the claszroom
2nd you vall immediately ponce 2 great deal of vanahoz among members of thrs claz: Some
of thiz vaIianon s marpholozical: hau coler. height, eve color. etc. Some 1z behanoral:
ence for certan foods. knowledge of lanzuage:, choice of clothinz. etc. For centunes.
bioloziot: have sought an explanation fou the existence of vanation Muchof sthaz abazi i
our g:a:tz. 3 fact that is of memendous evolutionary nigmbcance. Other vanaton 1 prmanly
due to esvuonmental influences oo owr developmert. For pearly every ot howeven. both
emiromment praract to some extent to produce the orgamim’s phenotype

prefer

geres axd

Crenehc YvANAROD 12 e-ential to brodrieszity and the stability of a populanon Genenc
en-ured by the formation of gametes 2nd thewr combnation to form 2 rygote
sepetic Vananen alzo occur dunnz cell drnasion when chromosomes
czuung permanent changes in the DNA zequences of the

wananoen s
Qppornuzaties for
excharnge ger2nc matenal
chromyosomes. Rapdom mufahons 1n DNA -tructure caused by the ermyonment are another
Lource of genshic Vananon.

Without genetic vananon, some of the basic mechamom: of evelunonary chanze

cappot operate
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There are three primary sources of ] 13t i
e . Y of genetic vanaton, which yvou will leamn
1 bl\:ut.zﬁom are changes 1n the DNA. A single mutation can have a large eff;
t m'm:my cazes, evolutionary change is based on the accumntan i,
e on of many
Geze flow 15 any movement of genes from one populati
( ane . another 1
impartant source of genetic vananon one mdisam

19

3. Sexcan intzfzuiuce pew gene combinations into a population. This gepetic
shufBing (Figure 1) 1z another important source of genetic vananon.
Mutation is a change mm DNA. the bereditary matenal of Lif
: ) ) - e. An organism’s DN,
gﬁ'ect bovg it looks, how it behaves, and its physiology — all aspects of its life. So L:
manorgam:m'sDNAczncamechmgainaﬂnpectsofitlife. SO e
Mutanors are random. Murzhozs can be beneficial, peutrz!, or harmful for thy
5 e

orgarism. but mmtations do not "try"” to supply what the orgamem “needs.” In this re
murnons sre random —whether 3 particuiar mutation happens or ot 12 urrelated to ;:m\ )

u-eful that mutation would be.

Wy > Wy

Frowre ] Dungee
Fuve I Cewne facamy s anoe

PROBLEM

Design 1 experiment to
pherotypes of fut fiv

examine the effects of expozwre to chenieal mutagen on the

OBIECTIVES
To idennfy the sowrce of vananons w Drosophila melanagaster.

1

7 To develop 2 hypothecis to predict the effect; of chemical nutagen on the
phenotypes of fruit By.

3, Todeugn 38 experiment to et this hypotheziz.

4. Toemploy? statisheal too] i the data,

5 Todw conclusions from the expenment.

e T 2
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MIATERIALS

Fruur flies, 3 pes. wade mouth bottle, botled sweet potato (camote), ether, magnifing
lens, dissecting nucrocope )

Prevas ACTiviTy

Stadent: will be onented on the differerces between amale and 3 female fwnr Ay a:
abulated in Table | and thonm in Fipure 2, They mall alzo be mnroduced on how to rear :md
mairean their srock culnue unnl the desired geperanon: wall be artaimed

1 [nFesesces betwesn male and femels front fiy

! Tre mazure ﬂ-;.cimv;gzo..ﬂ&t‘d darker 35EOMEN, a0E ‘m.x:e :'m..e a‘:ﬁo::w.u pate i color and

amaes £k ;t-"a fa o :'t'."-'.‘\’.t.\ w\
D Nale A ave 2 s.eca-_:'.:.-" s charasiense cealied !Sétta.-bua*-m_
| ey pamb, whizk iz 3 gnesll rueft of 2l 10 Bk ;
bamivies artha frans of the larg tpzmact (B3 counnny
drpms b hody which 1 inble even D ITTANTE

|

EalEs

CTreeaed se.:_w:.' Tk Sﬂﬁ pare romded "n-c-e 2w 7 segmenns, , seversl darh ¢ S
| beminy pigeenmedp In frnaynere pealas, | 3nd iz printed 3t the T
| PR EmEronio DY po? he developed !

e } Fe:._.:.lecdwhé

Grudents wall complete the acnviny copninng of the following parts:

« Inpoducoen
Backeround of the Srudy {About the murinon, the mutagen wied)

. Objectiver’ Statement of the problem:
., Significance of the Srudy
s Scope and Delutanons

. Rewew of Related Literature

+  Methodolozy

Results and Diseusiion

| . o
. Conchuions, Implications, and Recommendanions

e ——T 3
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PROCEDURE

Culturing the Fruitilies
| Put the mashed baznana or sweet potato 1o the culnue bottle

Carefully brush into the bottle the ethenzed flies. De
H = =, Deposit themn nie;
the bottle to aveid theu gettng stuck to the food e i diouth of

-

Leave the cultue bottle om 3t xide uzti! the flies have revzind form ether o
. - . " eT or
chisoform and crawlzg about actively, Once the flies are awakie. the botl

- 2

-hotdd b stored tn xm upnght poution

4 Label the culhwe bostles

centration ot the Mutagen to be Used

ation of the Lon

Wesgh 100z of the mazhed sweat patato (camote) or riped banana

2 define mumbe: of grams of the omutagen fo te wed. Thes wall determune the

+ Mix
final concestration of the pmstagen to be wied to foed vour parent flies.

frhpsizing Ehe fiies

1o be ethenzed from the culture to the ethenzing bottls to

1 Traxsfer the fhes
-tuck to the focd.

thom Gom geltaE
5 Jar the bave of e culture bottle oz the palm of the hand so that the fhies will
pather at 2 bottom of the bottle.

of the bottle and quackly seplace it with empty ethenzing

prevent

Remes the cover

3
bottle.

4 Revessetbe poution of the two bottles zo that the culture battle 13 now the one ox
top

_’//-4
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S. Hom'ﬁebmde:ﬁm}ytogethﬂandshaketbeﬁesﬁum&eculmbotﬂe
etherizer Tapping the sides of the culture bottle borizontally will facilita -
transfer of the flies into the etherizing bottle. ) e the

6. Rm?tteamimplugthécn]nmbouieaﬁertheﬂieshwemfm:dtothe
eﬂ;amngbonhs:;mlammﬂypluethem&wuhtbeeonmmmmdnith
ether over the ethenzer Do not saturate the cotton pad, since hquid ether
chloroform coming in contact with flies kalls them *

7. Subject the flie: to ether for only 10-20 seconds after they have ceased to walk
Do not over etherize the flies. Over-ethenized fhes with obhiquely extended wing .
and stiffered leg: seldom recover. :

S. Tramsfer the fhes on a clean sheet of white paper for examination

Care of Cuttures
Pbscedxeboule:mapmnilhwaxartopro(ectthemﬁommsandmmm' m
lowes temperature.

Bemmdemm&yomworhngm and al) wtersils wsed in the

g to prevert the growth of Labaratory contaminants.

1

19

cultmn

3 The bottles muct be discarded when the mold: spread over the entire focd

surfzce.
Ore month old culfures must be discardad

CoMlecting Virgio femaies

adult flies 10 or more days after the start of the culture or whan |

ipa i already produced. This must be done 33 exly as pozsble in the
flie~ yemain in the bottle.

1. Discard all

mmber of P

morning. Be sure 2O

Within 8§ bowrs from the time the adult flies were releaced. etherize the newly

emerged flies ard separate the males from females. .

3 Cgefull’ybmsh’th&mﬂ%imo: frech bottle of food, label it, and write tha data_
Do the same with the males in another culture bortles.

4 Mwwwwaﬁmummsmmtbe dizcarded in the

- mornme. Collect again pewly emerged flies m the afternoon. Conhnme collecting

qmtil you bave what is needed for the crosses assignad to you

For greater 6cUm
dsvs. The appearance

,hgboﬁlemﬁb’&“
onginal culiTre:

]

ey, it is well to keep the virgin flias in the botile for at leazt 4
ofhn'aens:lﬂgndmﬂ:efemalesmnoraﬂﬁrgmmd
srded Starta fiezh culture by using the flies from your

gl

// s
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5 {Fur=t filial and Second Filial Generations) for Mutatons

1. Mazke a tally count for all the flies that wall be obtamed 1n the culture afler
releaang all the parent flie.

2 Tzke note of the following mutations bazed on the eyes, body and wirz: of the
progenes (Figure 3).

3. Make a separate count for the wild type and mutant fhes.

*
ey Sgi ki e "
e b i e { .. 5
- I Cut wirgs | vetigianweegs | Curty wons:

i Pl TeC WSS ! Cicheste wirgs __.l-.___., [

Carmine 'mnmm’[ Agricat

3 =
2 A3 . o [ S |
{eps | v ] oy | o
| 2= ) A !
| 5 wiisttye 303 SEHECIES A sgme Prenaeyoss of Frua Sy {Drssconida mewsnagaste i
% ‘5"’"‘" 5 ¥ae |
{ e . L B
l JE— P
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Table 2 Fi= quency and Pl‘ftr‘.!!bﬁt {or o Mumber of Mutonr and 'Wid tyhe Fhes Obty 4]
[T

Mutars

Murars
\Wild

Meaars

2

C+D

£ f | EeF
| At , B-0~F | aebeceDitaran 1

from Table 3 to caleulate the expected value (¢) fom Table 4.

1. Use the total
Calewlate the chi-squne walue for the dara by adding together the numbers in the

gl columen.

Compare thiz vaiue 10 the enncal value in Table 6

12

Table 4 labie of faperted walues (2

[AeBRASCHEN | (AB BTy

(DB

B

Bady e crrer—— ,{c_'oll&f*f?i{- e ammre st
(EofIaeC-BVN

WIPEE e

Table & (siculatan ot Clar sgueast ASUNES

LT L L « i
Wile-Type ﬂ“ B IS Bt S S

B b e

f.&u'.ﬁﬁliﬁ?df_ N -

ilgerype WITEE |

phoant B SAIE

M 7
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Tabie §. Cratscal Vihoes of the CharSquare Drtnbution

662 521 | 13 B2 181 1621 *

I oo

e —

i. The degrees of freedom (df} equals the number of teatment goups puru: one
mulophed by the number of phase group: amus one. In this case, (e-1)3-1)=
R-LR-D=1

The p value 12 0.05, and the enncal value 13 3.84. If the caloulated chiesquare

value 12 greater than or equal o thus entical value, then the null hypothestz 1
resected If the caleulated chi-square value iz lezs than this entical value, the rull

hypothen: 12 not rejected

)
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N. :
i Group No. :

Date Performed: Activity No..

GENETIC INQUIRY SKILLS
1. What xve the independent and dependent variablas?

What 15 the bypothe=is?

™

3. How will the expernment be done to test your hypothes?

Whar ave the data and statisneal tool to be used? What type of graph iz uzed?

GUIDE QUESTIONS
What happens in 2 pormal cell in the DNA which has mutanons?

L
2 That would happen if cells with mutated DNA sephicate?
3. Howdocells monitor integrity?

ConcLusion/s

; o1
GEMETIC (HOUIRY @ ACTIVITY
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For INDIVIDUAL ACTIVITY

Conceptus! Understanding

Students’ Connecting ldeas on Variation

PMutations result to genetic
wariationz,

Mutations [changezin an
organizm’s DNA) sre the
origina! source of genetic
diversity

PAutations create differant
wersiors of genes calied
aleles

Reshufing of alleles cunng
seaual reproduction produces

geretic vanaven

Oganma! evel) |

Moleculs-
Genetics (Explain |
| 3t the moleaular
level) i

[Explzin it 5t the j
|

I SRS

Concept Mapping

Elaborzton

.

e e

JP—— MW"‘"—

Lizt dont the concepts (swvords’ phrases) yvou leamed m thus actvaty

Cocnect these ideas throuzh concept mapping

Student’s Concept Map

5 Wt
GENETH [ERDACHE

vy & AT
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ey . Appendix E
Validation of the Written Content Questionnaire Form and Completed Samples

Nzme of Evalustor:
Highest Educational Attainment:
Institution:
Addrezs of Institution:
Position/ Aczdemic Rank:
Hame of Questionnazire Validated:
Description of the Questionnaire:

Guided by the foilowing zcale, kindly rate each statement by putting a check {/) mark or, the

corresponding column.

4 - Strongly Agree
3 - Agree

2—-Diszgree

1 - Strongly Dizagree

No. | Criteria/ Indicator T3S

1 Stucents wil! essily comarehend the instructior:z without much help from the
tescher. . . .

2 Stucents will have no difFicutty with the sngus e used in the guestiornzire.

3 Stucents will essily comprehend the questions without much help from the
tes cher. . __

4 The ztstements are appropriate to determine conceptual urderstandirg/ irquiry
skills/ attitude of stucents towsrd Genetics. .

3 The itemsz represent the coOVerage of the resesnch acequately. The number of
...-t:mer:» perareaisre presentative enough for the questions needed in the
research. - __ :

§ ;’::ir"trumcnt a5 a whoe fulfills the objectives for which it is constructecl

7 No a';ect of the giuestionnzire suggests bizz on the gart of the researcher.

Comments/ Suggg_-:tfonsmemm,meﬂ datians:

Signature over Printed Name
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Name of Evaluator: Vuze P. Tap
Kigkest Educatons] Arammen::
In-ttuhon We:t Vizavas State Umiveraity Extention Canous m Himamavlhin Crry
Acdrezs of Iesituhor. Himsmavlan Citv. Negros Ocadental
Pozmnor’ Academ:c Rank: In-tructor 1/ Recearch Coordinater

Name of Quetioncare Validated: Gerzeties Lsb Manual Irquny Activities

De:c1pnoa of the Questhonnure:

Sample of Completed Validation of Written Questionnaire on Inquiry-based Manual

Validztien of Wnitten Coztent Queztiomaire

Gizded by the follomng scale. kindly rate each statement by putting a cheek (‘) mask oz the corresponding columm.

4-Szorgly Ages

- Azee
2 - Dizagree
| - Szorzlv Dizazee
1 bl

+ | Comment:* Sugzestion: Recommardsnen::

No. | Crzenz Indicate:
1 | Srudect: wall eazuly compreherd the menustion: without muck help from the IE page 4. pli provade 1mfo about the differences
teacher vet mle and female drozophuiy D:fYerence: bt
the wo pichme: canzot be observed by purt
loakirg at the pisture: alore
2| Srudest: wall Bave no &fficulty with the lazguape uzed in s questionnaire Deerive zome term ike: buibler:, etherize
Ozly nurmms)
3| Sradezt: will easily compreherd the que:nozs witkout cuch belp om the litem: mll be properiy defizad teacher mall
only ther be a faciluator
teacher
3| The -tatement- are appropiste to deterzune concepral wnder:tancing’ 1IZqReY V| Very mce choice of Lab actrime:’
Jalls srtiruds of studest: toward Gezenc:
2 mreesty The nium® £
5 [ The nex: 1epresect the covanzze of the 1esench adequarely. The pumder of
-13temen” l-;r are3 I Teplesentarive en uzh for the guaihen: needsd 12 ke
12zenck e '
6 The o-trumert 2; 2 nhole Fulfilis the objectives for which 112 consured '
¢ rearch v
7 | No azpect of the questiopnare SUEZ2E bias on the part of the rezearczer.
Mo azpe:t of the ques ==
P i
Evaluated by: ' N
VIRGIEERTAN =
f Evaluatol

Name and Signature 0
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Sample of Completed Validation of Written Content Questionnair,
on Genetics Inquiry Skills Test :

Validation of Written Content Questionnaire

Name of Evaluator: AERMIE P 4Ly AO
Highest Fducational Attainment: MS  Llulosy
Institution: s -

Address of Institution: Lurmpt 7., er' /52 ojw Gor

Position/ Academic : e g e

Name of Questionnaire Validated: _ JA{RA 9723 /ﬂQ’MA'\a %m—ﬁ%nq DB
"7

Description of the Questionnaire:

Guided by the following scale, kindly rate each statement by putting a check (/) mark on the

corresponding column.
4 - Strongly Agree
3 - Agree
2 — Disagree
1-Strongly Disagree

Crxtena/ lnducator
Students will easily comprehend the instructions ons without much help from the

tecacher.
Students will have no difficulty with the language used in the questionnaire
3 Students will easily comprehend the questions without much help from the
teacher. il
4 The statements are appropnate ‘to determine conceptual understandmg/ inquiry
Genetics. e
skills/ attitude of students toward
5 The items represent the coverage of the research adequately. The number of
statements per area is representative enough for the questions nceded in the / 2
research. |
T sawhole fulﬂlls the ob;ecnves for whlch Il ls constructed. %
o lnstrument : ts bias on the part rtof the researcher J
7 No aspect of the quesllonnalre sugges ]
0 aspect O -

. - tions:
Comments/ suggestnons/Recom"‘"‘:"da ! : e

) Moke Fra- B!
& Bubis

Signature over Printed Name
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Sample of Completed Validation of Written Content Questionnaire
on Conceptual Understanding Test

Validation of Written Content Questionnaire

Name of Evaluator: @f? an Op&/ 4q

Highest Educational Attainment; Med (on going)

Institution: wisu
Address of Institution: la %L_M# N
InSpicdy |

Position/ Academic Rank:
of Questionnaire Validated:

Name
Description of the Questionnaire:

XL A’ AN v e f-b=ddo— N a4

Guided by the following scale, kindly rate each statement by putting a check (/) mark on the

corresponding column.
4 - Strongly Agree

3-Agree
2 - Disagree
1 - Strongly Disagree
No. Criteria/ Indicator ‘ . NERE —
1 Students will easily comprehend the instructions without much help from the P
teacher. ' . .
2 Students will have no difficulty with the language used in the questionnaire. —
3 Students will easily comprehend the questions without much help from the >
4 ':":lzc:tea:ements are appropriate to determine conceptual understanding/ inquiry /_
i ] students toward Genetics.
1 SRI"S'/ ath!mmﬂt_,’f_of_ the coverage of the research adequately. The numl:_;er of
’ T:;z::::\sts per area is representative enough for the questions needed in the e
3
B i jecti hichit is constructed ~
the objectives forw
i ent as a whole fulfills :
& E:Jea:::«r: r:f the questionnaire suggests bias on the part of the researcher.

jons:
Comments/ SUggestions/Recommendatno

odd__epon fr  O=tiy
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Sample of Completed Validation of Written Content Questionnaj
on Genetics Attitude Questionnaire e

Validation of Written Content Questionnaire

Name of Evaluator: BEANMICE P MALIAD
Highest Educational Attainment: _ M7<  A/oLoc sy —_—
Institution: wvid

Address of Institution: lomn 9., LA PAZ . Jeo)eo ey

Position/ Academic Rank:  /p/ 7Xucyte / .
Name of Questionnaire Valldated: —-,HﬁhdL@L%‘ﬁmrQ) —
~ _

Description of the Questionnaire:

Guided by the following scale, kindly rate each statement by putting a check (/) mark on the

corresponding column.
4 - Strongly Agree
3 - Agree
2 — Disagree
1 - Strongly Disagree

No. | Criteria/ Indicator —_
Students will easily comprehend the instructions without much help from the P

teacher.
B [ Students will have no difficulty with the language used in the questionnaire.

Students will easily comprehend the questions without much help from the

NONR

1
3
teacher. : __
1 The statements are appropriate to determine conceptual understanding/ inquiry
skills/ attitude of students toward Genetics.
5 The items represent the coverage of the research adequately. The number of

i r the questions needed in
statements per area IS representative enough fo q the i P

research. — —
The instrument as a whole fulfills the objectives for which itis constructed.
Stionnaire suggests bias on the part of the researcher.

6

7| No aspect of the que

Comments/ Suggestions/Recommendations:
Sehle -

I Place a leqert ﬁ'éh chorcet ]
7. Some 0f T guuatind see coducdenl .
R

Signature over Printed Name
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Appendix F

Rubric for Instructional Material

Scoring Rubric for the Instrucdonal Material

Crtena Excallest |V
«y Satisfic | Below | Ny
=5 good=4 | wry=3 [ Avenge ,,:::‘ ement Score | Comment
panrs pets poinu al al) peint

1. Information 15 accurate. s ] 3 M’;’ ]
curent. and research-
based.

2 Provides assessment type 5 3 3 3 I
questions and’or performance-
based tasks.

3 Focuses on the knowledge. skills, and 5 ] 3 3 1
abilines appropnate to the year level

7. Information and decticns are clearly 5 4 3 3 1
written and explaned.

3 Tads apply to tbe diversity of students and 3 4 3 3 T
ther abulities. interests, and learning stvles.

6 Questions and tasks encourage (e s 4 3 H 1
development and application of higher-level
thinking skills

7 Provides access to oF demonsirates concepts 5 9 3 N 1
m multple ways. allowing for a variety of
student responses

Total (35 points)

leted Rubric for Instructional Material

Sample of Comp
Scoring Rubric for (he Instrucrional Material
—-——'——/‘ Excellent | Vey Sansfrc | Blow | Needs Score | Co
Crtenz Exelel | poot=4 w3 [ Avenge | Improvemen: mment
pans peiats | poiofs zli'nu = ] point
po! .
1. Information 15 accurate. K 4 Needs some further
. Information me §
explanations in
tc’aurtexm and research- b some parts of
sed. | —— ] s manual
3. Provides assessment fype v
questions and/or pesformance-
| basedtaks. g | 1 | 3
3 Focuses on the koowledge. skills, .a:;d
abilities appropriate 10 the year leve
d directions are clearly Y 4 g:g :;e other t::bles which
4. Information an M
written and explained. .
T Jems and |V
5 Tacks apply o ihe drversity of studet™
ther abpxll':ties. interests. and Iear:;ng styles. T/———— 3
8 Ouestons and tasks emouBEe L
(?E‘t'elopmem and applicatien of higher level
thinking skills -
s concepts i
7. Provides acoess to of demb?::f:‘:;ﬂm' of

in multiple ways. owmg
Total (35 points)
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Appendix G
Rubric for Evaluating Essential Features of Classroom Inquiry in Instructional Materials

Cnterion 1 2 3 Y
1. Provides content aligoed Does bo match standards Matches the topac of the waodud | Matches the topic of the standxrd | Matcbes the speaf of
with the goals, objecaves (displayvs no evidence of but got the specilic outcome of | and addsesses at Jeast 2 partofibe | the standasd
and’ standards alignment) the dewred \fic outcome desired
Focuses on the specific coocepts | Focuses on the specific concepts

Covers too many concepls and | Focuses on several important

2 Prow ity to 1 i
d:; ]gpd“ Opvcghmm £ abilities; Coverage(time) 13 concepts 20d abilitics, several of | and abilities that are ceatral to each | and abilitics that are central to
understandmg of the subject | insufficient to develop which are peripheral to each inquiry although 3 few peripberal | each quary. Material provides
ing of concepts and | inquiry. More coverage (time) ideas are present. More coverage ample opportunity to develop
mitter abmihnmu may be necded to develop tave may be needed to develop enduwriog understanding of the
c understauding eaduriug unders: rtast content.

Conans gunos maccuracies that | Is scicutifically acwate but may Is saeatifically accurate There 13

3 Centams accurate coutent [ Contaius mu3jor i3cCiTacies are evideut  st3tements and’ | contain the potential for ounionl potential for
represeatations nusconceptions 10 otcwr fom misconceptions 10 occur fom
implied statements or unplied statewnents o5
representations fepresenntions
why Provides a dnncussion of why Provides a discussien of why Provides real world exsmples
; ::onde: au opportumty to PM'I;“;"I‘:‘:’:::::‘;‘; acd | i 5 are condnered bus are conductedand | chowing ooe or more reasons for
o that scieststs conduct | investig no examples (seasons for some examples. No connections the wvestigation(s) and facilimtes

a1¢ qude to the lexrners work

unesiganon for a vanety of inveshganons) the sudeats in conuectmg the
feas0ns mples to the learser's work
- : vides a discussion of how the | Provides e discussion of how the | Provade real wozk exacples of
S Provides an opporunntyto | Provides no mmc‘;g how m ase exiended but no senses are extended but no how the seases are extended to
leara that scientists use 3 the senses e €Xien! examples conaections are made to the gather evadence. guide 1aquiry.
vanety of tools, technology learer's wosk aud analyze data Facilitates
and ruethods to extend the stadents m connecting the
senves examples t the learner’s work
Matenal demonstrates thar the
acuracy and precision of data
depend upon the quality and
choice of tools
rrunity to clanfy | Allows an opportumty to select Allows an opp for
6 Provides an opporumty 10 | Allows learer to answes Allo:‘;:‘:‘z mpoms . among provided questions and leamers to pose new (;\usuons for
ak N . ;’;t can be provided questions ps pose niew questious for avesagation relevant to theyr
:xls\:‘:::dwl!:‘ou gh scienfic investigation mda'\uudmn {interests)
noas, duects tie Provides questious. engpes Requires learner to self direct the
103 estigatous Frovides a procedue for the Provides ques
7 Engages learuer 1u (AL
- v dure and | 1 m deterninng what full mvestigation based o thew
— leames regaIding P! coustrtutes comect procedure and | determusanon of necessary
" 1fies what data to collect : . sary
couducting the 1oveshg = spec appropriate dara apd in conducting | evidence and appropriate
the investigation to collect the darv | methodologies
- - = learpets 10 use Requires leasness to
ides exact guidclines for Encourages fouse L orures oAy
= ot allow for learner the ::‘:::m <o use malvtical skills, | analyticat skills. s , and dep use analyiecal
§ Engages Jramet 10 the u £ analytical skalls tics and technology to | techuology to gather and analyze | cklls, mathemaancs and
of ambyncal slalls use O nmbn::d aualyze data data. Mininul guidelines may be | techuology to gather and analvze
gatbet ¥ provided. data.
Requaes learuers to analyze (use)
: +ks leamers to | Encourages leamer o collect and equ yze (use)
H Provides 00 oppontumty for ;:]‘:f: :ll::\mdspeﬂa'ﬁc questions | analyze cemmaiu dal':::: :a::wvr ;::ﬁxezg:um g n'ib e %z::" -
9 Engages learuers in 56 FUSVETS * questions ansug i A ve13 and explauations
Proposiag answers and i;m,;;&m to questious i.m'mi!ﬂ“”; ::;‘“.&f";m theis in
explanations to questions e level - araers | E 3TDers 10 [equies feamets to
P o above the kmonlede g Provides pudelnes f?‘:;-ﬁt current scicatific knowledge and | independently exanune cusrent
Does not meation Linkung 10 examine Cuvent s form hnks to expl ientific knowledge and form
IlO Engapes leamers m"ll explanations with scientific koowledge and form links o form P ripapi
o wi
kg g wih | B o o
100 Provides ufoll ow prescribed fearners to communicate some le to clearly commuaicate
Does not meats i leagoers 10 ) aspects of the inquery o their own | all aspects of the inquiry 1n ieir
11 Engages !”"'”;" m ge e g nquery communscation proceduses fm: ° own fornat including the
N o o procedures. evidence proposed
procedures and explanatio explanations, and the review of
alternative explanations
- Engages learoers in amalyzug the | Promspts learners to reflect on the
amine .
Prompts leasoers 0 €X fic | basis for conclusions i other seasontmg leading to thew own
o s o | Contaias 0 xefgrcnccz"; z‘ previously csub;x:!ﬂ’ seientie o igations or i considenag the | cench and to defead their
2 Presears science as op! idea of challenging P! ideas, and provases €Xp chow | cousequences of the lack of thinking process
2ad subject to modification scicatific kpowledze a1 exaimples thatilustrate. opermess to modification in
based on communication of pew information u:uow!ed.ge scienuiic knowledge i
new knowledge aud methods accepted scxdﬂmf“; Ges camples | Engages leamers 1o analyzing the | Prompts lc:m;ers to reflect on the
and prov e in other importauce of rting and
/Docw ?:g‘:::; e ::e of bonest 'l_ﬂd m‘:‘&;fod:si:n; considering the | recording obsu‘:!.::onsgxcume\v
— e N . -
13 Promotes respect for data dusbonest dawy GO0 scientific consequences of diskonest data in | and to articulate the bias aud
(Honesty) data investigations scrence linutations of their data
Tolal (52 poivts)

&______-J—/J

te Science Super

(2001). Rubric for Evaluating Essential Featuses of Classroom Inquiry in Instructionat Marerials,
jsors g

_ i1 of S1a
Adapred and modified front! Counct
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Sample of Completed Rubric for Eval

F Critcrion 1=Nceds

bl Improvement

| I .Provides content | Does no match

| aligned with the standards (displays

i poals. objectives no evidence of

| and/ standards alignment)

|

‘@ 2 Provides Covers 100 many
opportunity 1o concepts and
develop enduring abilitics:

understanding of
the subject matter

|
|
! 3.Contains accuralc
f conlent

4 Providesan
opportunity to lcamn
that scientists
conduct

i investigation for a

| variety of reasons

1 I
e mention

| 5 Provides an
opportunity to leam
that scientists us¢ a
vancty of tools,
tecinology and
methods 1o extend
the scnses

6.Provides an
opporiunity to ask
questions that can
be answered
through scientific
investigations

?’.Engagcs Jearner
in conducting the
investigation

Coverage(time) is
insufficient (0
develop
understanding of
concepts and abilitics

Contains major
inaccuracics

—ﬁra'ri-dzs— ‘no mention
of why investigations
are conducted

________,.._-..——'——‘-_'——'
Provides a

in Instructional Materials

I

2=Good

P
Matches the topic of
the standard but not
the specific outcome

of the desired

I
Focuses on several
impartant concepls
and abilitics, several
of which arc
peripheral to cach
inquiry. Morc
coverage (time) may
be needed 10
develop enduring
understanding.
Contains minor
inaccuracics that arc
cvident in
statcments
mprcscmmions

—
discussion of why
investigations are
conducted but no
cxamples (reasons
for investigations)

uating Essential Features of Classroom Inquiry

3=Satisfactory 4=Excellent Score
Matches the topic of Matches the specific
the standard and outcomc of the standard
addresses at lcast a part
of the specific oulcome 4
desired

Focuscs on the specific
concepls and abilitics
that are central fo cach
inquiry although a few
peripheral ideas are
present. More
coverage time may be
needed to develop
enduring

[s scicntifically
accurale but may
contain the potential
for misconceptions [0
occur from implied
statemenis or

T ntations
“Provides a discussion
of why investigations
are conducted and
some examples. No
connections are made
to the learmers wark.

understanding. B

Focuses on the specific
concepts and abilitics
that are central to each
inquiry. Matcrial
provides ample
opportunity to develop
enduring understanding
of the important
content.

Is scientifically
accurate. There is
minimal potential for
misconceptions to
occur from imphed
statcments or
representations

Provides rcal world
examples showing onc
or more reasons for the
investigation(s) and
fucilitates the students
in connecting the
examples to the
learncr's work.

Provides the discussion

Provide real work

132

Provides n0 . mesm:gsf,: of how of how the senscs arc examples of how the
of how the are e senscs Are extended bul no scnses are extended to
extended extended but 1o connections are made | gather evidence, guide
examples to the leamer's work inquiry, and analyze
data. Facilitates
students in connecting 3
the examples to the
learner’s work. Material
demonstrates that the
accuracy and precision
of data depend upon the
quality and choice of
tools.
Aflows an Allows an opportunity Allows an opportunity
Allows leamncr 1o opportunity © to sclect among for learners 1o posc new
answer pmvldcd clarify pro.\'id provided questions and | questions for
questions qucstioﬂs new gucﬂions for invgstiga!ion‘rclcvam 10 L/
investigation their understanding y
o (intcrests)
= Frovides questions, Provides qucstion_i R_equircs Icarner to self
rovides 4 P u directs the fearner engages learncrs in direct the full
{or the i[lVCS“guuons regarding proccdum determining what investigation bascd on
and specifics what constitutes correct their determination of L{,
a6 6 collect procodt{rc anq ) necessary evidence and
approprialc data and in | appropriate
conducting the methodologies
[ investigation (o collect




the data

8.Engages leamer
in the usc of
analytical skills

Docs not allow for
leamicr the usc of
analytical skills

Provides exact
guidclincs for
lcarners 1o usc
analytical skills.
mathcmatics and
technology to gather
and analyzc data

Encourages Icamers to
usc analytical skills,
mathcmatics and
technology to gather
and analyzc data.
Mininal guidelines
may be provided.

Requires leamners to
independently use
analy tical skills,
mathematics and
technology to gather
and analyzc data.

9.Engages lcarncrs
in proposing
answers and
explanations to
questions

e
| 10.Engages lcamers
|

| n linking

| explanations with
scientific
knowledge

In communication
of scientific
procedures and
cxplanation

12 Presents science
as open and subject
to modufication
bascd on

| communication of
new know ledge and
mcthods

for data (Honesiy)

(Adapted and modificd from:
Inquiry in Instructional Mat

Comments/ Su

71 Engages Icamcrs |

R ——
13.Promoics respecl

Providcs no
opportunity for
|lcamcrs (0 propose
answers and
cxplanations to
qucstions abovc the
knowlcdge level
Docs not mention
linking cxplanations
with scicntific
knowlcdgc

Docs not mention
communicating
inquiry

Contains no
references 1o th
of challenging

revious scientific
knowlcdge

c i1dca

Docs not promolc
I'CSpcc‘ for data

pgestions/Reco

crials)

\

L |
Provides guidclincs

JE—
1 Prompts lcamcrs 10

/ _.___________.._.-
———uparvisors. 2001 Rub

Council of Staic Seicnce Su

mmcndations:

Provide data and
asks Icarncrs to
analyze them
specific qucstions

for lcamcrs 0
cxaminc current
scientific knowledge
and form links to
cxplanations
Providcs an
opportunity for
Icamcers to foliow
prescribed
communication

prochUl’CS

cxaminc previously
cstablished sci;nuﬁc
jdcas, and pros ides
cxplanations of
examples that
illustratc how ncw
information can
modify accepted

- rific knowledgc -

| Explains

and/| rovides
cxamples dctailing
the use of honcst
and dishoncst data
from scicntific
invcsligalions

Encouragcs leamer to
collect and analyzc
certain data (o answer
qucstionsarising from
their investigation

Requires Iearncers 1o
analyzc (use) cvidence
from data they gather to
proposc answecrs and
cxplanations arising
{rom thcir investigation

Encourages lcamners to
examinc current
scicntific knowledge
and form links to
cxplanations

Requires lcamncers to
independently examine
current scicntific
knowledge and fonn
links to explanations

Provides an
opportunity for
lcairners 10
conminunicalc some
aspects of the inquiry
in their own forinat

Providcs an opportunity
for lcamers 1o clearly
communicatc all
aspects of the inquiny in
their own format
including the
procedures, cvidence
proposcd explanations,
and the revicw of
alicrative explanations

Engages learners
analyzing the basis for
conclusions in other
investigations or in
considering the
conscquences of the
lack of opcnncss 10
modification in
scientific knowledge

analyzing the validity
of data in other
investigations or in
considering the
conscquences of
dishonest data in

| science

—

Signaturc Over Printed Name

133

Prompts lcamers to
reflect on the reasoning
Icading to their own
conclusions and to
defend their thinking
process

Prompts leamcrs to
refleet on the
importance of reporting
and recording
obscrvations accuratcly
and 1o articulate the
bias and limitations of
their data

2

48

ric for Evaluating Esscntial Features of Classroom




. Appendix H
Scoring Rubric for Laboratory Report

134

GroupMumber.__ Course, Year and Section: Date: Activity:
Criteria 1 2 3 4
Score
1.Purpose/ Objectives | The purpose of lhe labor the question | The pfxrposeohbe laborthe The purpase of the sb o the The pupose of the b
to be answered is absent. question tobe answered during the ) questionto be answered duringthe | question to be Ol'lbe'
The purpose of the kb or the question | labis undear or incomplete lbis cleady identified and stated ?helsbisc?ead;;m;d during
10 be answered is erronesus or but someshat dsorganied. ol entified and
imelevant ,
1.Hypothesis No hwot!lesis has'been ftamd. Hypolh.esized relatonship between | Hypothesized elationsh'p between | Rypothesized o
Hypothesized relationship between the variables and the predicted the variables and the predicted betwoen th varizbls 2nd the
the varizbles ard the predicted resufts has been stated but the logic [ results is reasonzble, based on predicted results is cle
esults has been stated but thelogic [ onwhich1t is based is incomplete. | general knaviecge and reasonable, baseds d a;u and
on which it is based is lacking. ohservations e nudie'd, on what has
3.Procedure No procedure has beenstated. Procedure isEisted but s incomplete | Procedure s Gsted ina logical order, | Procedure is complete, listed in
Procedure does not acouratelylist the | o difficu' to follow. Safety but parts mat not be clear., Safety | clear steps and intlude's et
steps of the activity. considerations may be absent. considerations are inchuded. Aflow | considerations. A flow chart o'r
chartor numbered steps are used | numbered steps are useg
throughout. thioughout
4 Design No experimental design was satedor | Experimenta! design is relevantto | Experimental design s adequateto | Experimental design i a welk
absent. the hypothesis, but is nota test the kypothesis, but leaves constructed test of the stated
Experimental design i not relevart to | complete test. some unanswered questions. hypthesi.
the hypothesis.
SQuaniatveand | Neither dlear datalabels nof Sﬁghtf;disorgani.zefi data. 0% or | Organized but fewdata abels are | Organized and complete with
observational Data organized. Data are missing more data are missing uf\dear o sour:e of data are clearly abeled detaNo data gre
Slightly disorgarized data with SO%ofacomp!ete andconecf dnso{ganized BX¥ormoredataare | missing.
absence of data soutces. 755 or more analysic and answers to questions lmsiis;;g ens Fully anses dts andanayss
of data are missing. ~of acomalete ang correct Answeers lead to questions.
No data analysis or answersto analysis and answers to questions
questions. Missing significant parts.
25% of  complete and comect
analysis and answers toquestions
- st Tete summary 26d 5% of complete summary and 75% of complete summary and Summarizes findings and draws
esunmannd B conclusions conclusions conclusions andfor notes ch
i i ¢ anges
Conclusion wﬂd-lﬂ?nf d reflection shown in Conclusion includes what was Conclusion includes whetherthe | in procedures, i appropriate
e c:,:ef . ;i:niﬁ:ant parts are learned from the activity but does findings support the hypothesisand | Conclusion includes whether the
:; :ing ps. ot refer tothe hypothes what was leamed from the activity ﬁndi;ﬁ: supportthe hypothess
) ssible sourc
Conclusion shows ftte efh?rt'and :/:: _— ﬁ:‘m 0: heerr:ru anduhat
reflection s incomplete. Missing parts ity
L |opoetporn Totl {28 i)




Sample of Completed Scoring Rubric for Lab Output

of proficlent partion.

Scorjrg Rubyic for Lab Output
Group Number:, Course, Year and Sectlo: Date: . ActMty: WZ’ W i (1999 KZZ; . 4 .
Crtrorla [2) |74
1 2 + 3 _ {) ‘{l 17/
4
1 Pubase] Cbjeaives | Tha purpose of the b or the
question | The purpose of tha lab or the The Score
10 be enswered s sbsent. quettian 10 be answered during the Purpese of thalab or tha Tha puipowo of the GB o the
Th;'wm of the lab or the quesdon | lab Is usclesr or Incamplete lab Is clearly identificd and M the | Guestion to be snswered during
10 be erswervd s erTonecan or . but so ot stated the leb b dloarty derelfied and
trelevant. sorganired. stated. 3
2.Mypathess NG hypothcab has been stetod. Yoo oo — -
the rwhlam:l!hep:d;ﬁ :::m:hnum‘m.; he logic the sndthe : . the
een stated but resuhts . s
e S ot e logc | on which & & bated I Incomaiets. | ponoral bnowiedgy ond Oredited et s ear w0
on which ts 18 based 1s lacking. obsarvations * reasanable. based an what has %
3.Promdure WO procrdura hes been stated. Fure s Isted DA 3 ol — b lied s logical been studled.
dows not yiistthe | or difficsit to follow. Sefoty but parts mat not be clea W:mv o3 :':‘ﬁdun b compiote, tisied In
steps of tha activity. considerations may bo staent. ations sre Inckuced, " &7 1teps and thdudar sataty
cnartor numbered steps sceused | num! A flow chart o1
bared steps a
throughout. " hout Ps are used
4.001ign No expodmentsl Cedgn was ssted o | Exp I design bs rek to detign b 0. m
roping the hypothesis, bua i not e test the hypotheste. but lesves Experimasl deugn & & weir
| destpn s not nt to P test. some « ':':‘Dd tast of the stated
T the hes!s.
Quantitative and Nother desr dsta tabels nor Slightly dbsorgsnized data. S0% or Crganiznd but few dat
. Labet:
1Oata organited. Dsta sre mising more dats are missing uncioar or source of d:u are‘ ore Organized ond completr wikh
Sitghtly cisorgantzed dota with 0% of 3 complets and correat dhorgsnized. 25% or more dats are m"'"v" tabeled data.No dsta are
absence of data soufTes. 75% or moro | snalysis and answers to questons missing . Fu;, ng.
of dets are missing. 75% of » complote snd comect Mm:mzlﬂl dats snd snatyus.
No data analysls of answers to anahyils snd answers 10 questions 7 lead to questions.
questions. Missing significant parts.
25% of a complate and correct
snatysls snd snswets 10 questiond
6.Summary and 25% of complete summary snd SO% of complete summary snd 75% of >3 yand = ;
Canctusion conctnions conctusions conclusions conthusions m":;"ﬂ and drewy
No contluston and reflection shown in | Conchusion Indudes what was Conclusion Intiudes whether tho In procedures, if ‘cr Notes changes
the write-ups. Significant parts are tesrmod from the activity but does | findings supoort tha and | € ures. H spproprate
sin, not rafer to tha hypothes!s what was loamed {rom tha whether the
missing. sctivity | findings suppor the A
Condluston shaw: little cﬂqn and passible sources of ":'mne;u.
refiection Is lncamplete. Misting parts wat keamed from the .m;:\, what
Jotal ints] . ’l‘-n\
7 /4’"
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. Appendix |
Scoring Rubric for Conceptual Understanding
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Name: Date:
Topic: Section:
Critena Excellent (4 pomts) | Very Satisfactory (3 Good (2 pot
) V. V 2 pownt R
P e ( (2 pounts) Poor (1 point) Total
. [
Buding Connecls previously Connects previously Connects sonx Limuited ability to =
Concepts learned knowledge to leaned knowledge to previously learmed connect previously
pew concepts pew concepts knowledge to new learned knowledge to
. flexible wavs _ concepts new concepts
Reasoning Explanations Explanations include Explanations Explamations
demonstrate guﬁ?cmm support to demonstrate some demonstrate lntle or
insightful balanced jUS“f}'COBC]lISlOnS and | flexibility in thinking | no flexibility in
{hinking. detailed. generally complete. and are partially thinking and lack
and accurate detailed. and accurate coumplete. contam completeness. detail
some detai] but oy | and‘of accuracy
have lapses in ’
E— accuracy’
Commmpication | Jdentifies and Tdentifies and explams Identifies and Does not identify
explains sources of | some sourcesof error epluns a few sources of error
error and €0 osistently and makes corrections sowsces of esvor and
makes corrections atrenypts 1o make
R cosrections
| I ——
Toral (12 points)
Sample of Completed Scoring Rubric for Conceptual Understanding
. ¢ for Concept ual Understanding o
W e Z/ WA Datc: ___,_’v:‘_é_/—/—é_._
Name “ g\ﬂ‘/ /14//' r D he
¥ ___-l——-é- = - [’ Section: __ 7 Al )?"_1*@1“?_ |
e (2 8T o Do ' -
———— v 0
_ - v su:isrncm,;.T_z"_" Good (2 points) Poor (1 paint) Totl |
Criteria ~Excclion (4 points) J&yﬁ.”/l — - Points
e | n.cClS PrcviouSW Conncects sz]:mc y Limited ubmgy to
REFTHITTS = = mviously onl 3 P prcviOUS'Y cam¢ connect previously
- - oncepts in new concepts concepls .| .newconcepts
Pexible ways o ruTnede | Lxplanaite ST B
Reasonit Ex Janations Exp.ln.r::‘; suppon 10 dcm.Ol‘lS.lfM.e Thinki dcl?’ongr.a‘lc e
Foning dchr)xonstmw s conclusions and | flexibility finw n|0' ity
O il pulanced ustify cone e, and ore partially thinking and luck 3
ins Bl 'dc(uilcd» Bcngm ¥ O accurate complete, contain completeness. detail,
thinking, detailed, 01 somne detail but may und/or necurscy
| and accurate have lapses in
| | acourieY. .1 5555 ot identif ===
| "_‘__‘__,:,,,... Tdcntities and oes not wdentily
_/"///1&7,5’625 and cxplains ci;lnlins a few sources of error /
Communication | 1dentifies and some 50wrces of error P e of crror and
; explaing sourcF:wmw and makes corrections | 1 ots to make
cons! & eCti " \
:*:r:::c::: l¢‘-,4-;rrccli0rls — | comrecuiont _——— // < \
i " T
L ) . e e i 12 oin -
Towal (12 e e ,.( _,7§_
L______—_--_-_-_-_._._._F’-._._.-.-.-.--.--’_-_.____Nw_/
L &



Scoring Rubric for Conceptual Understanding
Na 2 gt
me _fm% 70 Date: 22 b /g

Good (2 points) ‘ Poor (1 point)

Very Satisfactory (3

Criteria Excellent (4 points)
Buildi i pe i
ing Connects previously | Connects previously Connects some Limited abili
learned knowledge to | learned knowledge to previously learned conn:cl ;relvlilg u;
knowledge to new learned knowlc:isgz 10

Conccpls
new concepts in new concepts
flexible ways concepts
i - . - - new concepts
Reasoning Explanations Explanations include Explanations ExPlarmtioﬁs
demonstrate sufficient support to demonstrate some demonstrate little or
insightful, balanced justify conclusions and flexibility in thinking | no flexibility in
thinking, detailed, generally complete, and are partially thinking and lack
and accurate detailed, and accuratc complete, contain complcteness, detail (
some detail but may | and/or accurscy 5
have lapses in ] .

accuracy
Identifies and explains Identifics and
some sources of error explains a few
d makes corrections sources of error and
_attempts to make ;
|

corrections

Does not identify
sources of error | Z/

Identifics and
explains sources of
error and consistently [ an

makes corrections

Communication

Total (12 points)
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Scoring Rubric for Concept Mapping
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Name: A .
Class, Year and Section. Title of Concept Msp
- Date;
Critegia Excellent=4 Veay Good=3 -
points points ;S;::f ctary=2 | Poor=1 paim Score
Tems and
fked in web s e,
nw 3 1 with v ,
e e e
Co ioms mzlt.zple ) mitiple other ions connections to
& relaionships | jorne inking that link Telate terms,
Relationships | peprens words describe | Pltpleidess, | NI words
coacepts and relati S linking words | =° 75%
idaas, linking 25,,“ onships with are 50% inscaurate in
words accurately | ° SO insccurate relaring
describe all contepts ar are
relationships gbsear
Concept: and | Shows an Makes 25% Makes 50% Shows o
Terminology | understanding of | mistakes n mistskes in mmrcno:i'
the topic’s terminology or teminology of the topic’-g
concepss and s a few and shows a concepts :m:;
principles and misunderstandings | lack of principles
nses appropriate | of concepts understanding
terminology and of many
notagons Concepts
Hiezarchy Each conceptis | 25% of the 509 of the 73% o mare
corzectly concepts are con.cepts are concepts ate
assigned to & removed froman | removed fom | removed Hom
level assizned level the assizned the assizmad
Concepis OB 8 Jevel level
msp can be
represented 2s 2
hierarchical
struchze 1
which the mose
geseral, mare
inclusive
comcepis are at
the top of the
map; the specific
and exchestve
concepts are at
the lower end of
themep
ol | o PoES
| —




Sample of Completed Concept Map Scoring Rubric

st Lt v
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e PR
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Dare,
Critesia Excellont=y fary/Good L]
=1a. ) I f % Ey .
ts baines p Score
TaDis and
fi:itw'“ are Acsdy Linear
£ oy Prasented os 8 wep, | iostly linear, B S
um::, glhowm; rarms are loked ro | DUt bas some mulriple
C'onnections 1P.e wudnple ctler connectioas connactons to
. Ee.ltuuomths tamis, Huking hnt Lok rglac. terq:s,
Pelnrions wps c&:':;l' % o e BriCE winliiple sdeas, | Luking words
2 R nnk are 75¢
tdeos. linking :;-elnno.ulups wich ,’:’3{ Yuarids v Al
' 259 emars are 500, ina¢curate m
words sccusaTely macqurnze Telaung
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Concapts and | Shows on . Aakas I3F, Ylakes 507, Chow
Temunology | undesstanding of naiseaket in nalimkes in de s ::c“
e topic’s tenuloology or tesviinelogy “;L:b o nE
coacepts and shows a fes a.nd shox gy - SR
d w30 cobcepns and
prnciples and nusunderstandiags | 1ack of principles
e A PpPFOPTIae of coucepts wadersennding d
ternuoology aud of many
p——— C onceprs
Hierazc by Eoch coboepl s | a3°oefthe 50% of the 5% ©f more
correctly concepts are councep are couceprs are
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taval astagued. level the nttigoed the astigned
Jevel jeval

e
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gm; Titla . ‘
lass, Year ant S e g .171
— fdd— Dase. 514 i r// C
Criteria: Excellent=1 Very Good=3 »atis : 2
Exce] S clory=?2 Poor=1 point Scor
Tmc?s and
I apts are
cosen s " N M.:!hﬂy linsar,
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berueen - vo g wor ' are 754%
ideas, liokiog 350 noos hips with are $0% @ insccurate i
words accurately o armens faccurate concens .
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t hows 88 Toiakes 2% Makes 507 '
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un: wp‘c.‘ ploolofy ot ‘mﬂ‘y of:b:-‘: ' s
concepts shows o few and shoows o conc ' ;p oy
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erazc hy Each concept 3 335% o cacepns & :
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pssigned [0 8 removed frou an removed from | TeMOVAd (o
level asesgned leval the astignad the "‘“‘"Mm
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Appendix K
Genetics Inquiry Skills Test

Shade the letter of the correct answer.
Questions 1 and 2: A student calculates the recombination frequency of genes A, B, C, and D on
one chromosome. The recombination frequencies are as follows: C-D: 25 map units; Ai-B- 12

map units; B-D: 20 map units; and A-C: 17 map units.

1. Assuming the student’s calculations are correct, how many map units apart are genes A

and D?
3. 5
4. 8
5. 10
6. 12.5

2. Which gene map best r%ﬂects the student’s data?
C 8

AgB 12 el
A CsP
A 8 B 20 :—‘J-
® ;3 17 c 122
A B 2

c. p— o

Cg B 12 feeierd

D. bt

zed several DNA samples to determine the relative proportions of

. . sentist anal LI
Question 3: A scientis 4 Her data are summarized in the table below.

purine and pyrimidine bases-
Percentage of Bases in 3 Samples

C A T
15 15
40 10
25 25

3. Which sa mple(s) support(s) the base-pairing rules?
a. Sample A only

b. Sample B only

c. Samples A and c

d. Samples A,B and

graph below shows the number of accurate copies of DNA produced by

Questions 4 and 5 The TPCR).

polymerase chain reaction
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§,§ 10,000 |
£ 1oco4 I‘ o~
g 100 Y S
|
Bg 10 - R
 LJ L
14 18 2 26
CYnhHumber % J

What can you conclude about cycles 18-267
A. PCR produced accurate copies of template DNA at an exponential
1al rate,

B. The amount of DNA produced by PCR doubled with each cycle of th
e reaction.

C.Aand B
D. None

Based on the graph, which of the following mi
5 g might have happened betw
tween cycles 26

and 287

a. Thera
b. The template D
c. PCR stopped pro
d. BandC

te of reaction slowed down.

NA was used up.
ducing accurate copies of the templéte.

controlled by a dominant allele on a si
ngle gene. :
her husband Alberto and son Pedro do not. What\i?::::?}i has
! ance that

Whitney and Alberto's next child will have smile dimples?
a. Next child has a 159 chance of having smile dimples
b. Next child hasa 50% chance of having smile dimples
c. Next child hasa 75% chance of having smile dimples
d. Next child has a 100% chance of having smile dimples

If a horticulturist breeding gar@enias §ucceeds in having a single plant with
particular]y desirable set of traits, which of the following would be her mos‘?pr e

and efficient route to establishing a line of such plants?
Breed this plant with another plant with much weaker traits.
ually to produce an identical one.

Smile dimples ar¢
smile dimples, but

a.
b. Clone the plant aseX : : _
c. Force the plant to self-pollinate to obtain an identical one.
d Backtrack through her previous experiments 1o obtain another plant with the s
" ame
traits.
Marfan syndrome in humans is caused by an abnomjality of the connective tissue
rotein fibrillin. patients ar¢ gsually very tall and thin, with long spindly finger
he spine sometimes weakened arterial walls, and sometimes oculz,
: r
f the following would you conclude about

vature of t : :
eur dislocation. Which o

roblems, such as Jens disloc .
Marfan syndrome from this information?
a. Itis recessive: »



b. Itis dominant.
c. Itis pleiotropic
d. It has a late age of onset (> 60).

Questions 9-10: Refer to the life cycles illustrated in Figure, overleaf, to answer th
? ’ er the

following questions.
1 1)

Gametes Gametes
>

@ LD
4@ ‘,,w -é%@

Muiticellular

ol - T \
Mitosis 1 oy
Gametes
. N)
W '
Multicelfular baploid
stage (gn‘:n"g;ephyzc) Zygote
2! /s
SPWQS‘) f Mul!gellfnr
@ diploid strge
9. Which of the life cycles is typical for animals?
a. lonly
b. Ilonly
c. llonly
d. Tandll
10. Which of the life cycles is typical for plants and some algae?
a. lonly
b. 1l only
c. Il only
d. 1and1l
11. Which of the life cycles is typical for most fungi and some protists?
a. lonly
b. Ilonly
c. Illonly
d. land 11

i from three different cell types of :
. _14: You have isolated DNA yp an organism,
Questions 12 14 Lative DNA content for each type, and plotted the results on the graph shown in

g?;rrn:igzg thne Rr:fer to the graph 10 answer the following questions.
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12.

13.

14.

15.

16.

DNA content (n)
QO = N W & wn o N ®

' " |
Sample "

Which sample of D i v y
p NA might be from a nerve cell arrested in Gg of the cell
e cell cycle?

a. |
b. II
c. Il

d. eitherlorll
Which sample might re i
present an animal cell in the G
2 phase of the cell
cycle?

a. |
b. 11
c. Il
d. bothIandll

Which sample might represent a zygote?

a. 1
b. II
c. 1
d. eitherlorlIl

knows that one of her patients i
( : s a pregnant
disorder that is bdetectable biochcmicflly in‘:;za;]\;vhc;?e fetus is at
. s.
ly offer which of the following procedurl:s toh
er

An obstetrician
risk for a serious
obstetrician would most reasona

patient?
amniocentesis

a.
b. blood transfusion
¢. chorionic villi sampling
d. ultrasound imaging
Phenylketonuria (PKU)isa recessive human disorder in which an indivi
appropriately metabolize a particular amino acid. The amino ac-gn. individual cannot
produced by humans. Therefore, the most efficient and effectiv:e trl:a':,?: otherwise

ent is which of

the following?
Feed them the substrate that can be metabolized into this ami :
jients with blood from unaffected donors mino acid.
Regulate the diet :
Feed the patients the missing enzymes in a regular cycle, such as twi
, Ice per week.

e o
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17. Hutchinson-Gilford progeria is an exceedingly rare h
- ™ u i i i i
tal:,z:z ;, \;erey :?;ly sen{llty and death, _usuall%r )fl'rom corg:;?ygzlrlteet:; g;:::sj: r:l?:r\;hwh
averag l.epgmduc epp\;)}:(.lrzat?ly 13. Patletnts look very old even as children e;nd do not
pive to reproc mus.t M ich o the followmg represents the most likely assumption?
> Allcasesn cur in relatwes'; ther.efore, there must be only one mutant il |
. : generations of a family will continue to have more wos
Sucoess and more cases
7. The dlSOE‘del‘ may be due to mutation in a single protein-codin
8. Each patient will have had at least one affected family membeg ina previ
o rin a previous
18. Qne o_f two major forms of a human condition called neurofibromatosi i
inherited as a dominant gene, although it may range from mildly to AN
expressed. If a young child is the first in her family to be dia d dvery. e
following is the best explanation? gnosed, which of the
a. The condition skipped a generation in the family.
b. The mother carries the gene but does not express it at all
c. One of the parents has very mild expression of the gene '
d. The child has a different allele of the gene than the pare;lts

Questions 19-21: Use Figure 14.1 and the following description to answer the questions bel
ow.

In a particular plant, leaf color is controlled by gene locus D. Plants wi

, . . s with at |
have dark green leaves, and plants with the homozygous recessive dd genoty;aes;gsz f’llile -
leaves. A true-breeding dark-leaved plant is crossed with a light-leaved one, and the FI]gotff%re?n
pollinate. The predicted outcome of the F2 is diagrammed in the Punnett Pre

is allowed to self-
re below where 1, 2, 3, and 4 represent the genotypes corresponding to each

square shown in Figu
box within the square.

D d
D 1 2
d 3 4

19. Which of the boxes marked 1-4 correspond to plants with dark leaves?

a. 1 Only
b. land2
c. 2and3
d. 15 23 and 3
20. Which of the boxes correspond to plants with a heterozygous genotype?
a. 1
b. 1and2
C. ]a 2’ and 3
3
b. 2and 145



21. Which of the plants will be true-breeding?

a. lonly
b. 1and 4 only
¢. 2and 3 only

d. 19 2, 3, and 4

Question 22: Use the pedi

Quest : pedigree below for a family i i

y ( ! y in which dark-

;nd!vgualvs with one of: the two major types of colon cancer T\;ur:ll;aded DL represent
ndividual's age at the time of diagnosis. . ers under the symbols are the

!

22. In each generation of this family after generation I, the age at diagnosi
’ sis is

23.

24.

significantly lower than would be found in nonfamilial (sporadic) cases of thi
of this cancer

(~ 63 years). What is the most likely reason?
This cancer requires mutations in more than this one gene

a.
b. Members of this family know to be checked for col
. - o -

c. Hereditary (or familial) cases of this cancer typicallyno(c:?:rlllie;t ear]¥ in life.

nonfamilial forms. earlier ages than do
d. This is pure chance; it would not be expected if

family. P you were to look at a different
One species of green plant, with frondlike leaves, a spine-coated

; > st
cup-shaped flowers, is found to be self-pollinating. Which of the fs;ro’\:ir:?ggul;ple )
is true o

this species?
8. The species must be haploid.

9. Its reproduction is asexual.
10. All members of the species have the same genotype.

11. Some of the seeds would have true-breeding traits.

ntal parameters (independent variables), such as temperature
here, sunlight, and so on, are mostly Earthlike, which of th )
xpect of its types of leaves, stems, and flowers (dependen:

If the environme
humidity, atmosp
following do you €
variables)?
a. Such plants could be safely eaten by humans.
b. The genes for them wouldlga}:/e originated on Earth.

nes for these traits would have a common ancestor with
I(’}lfenotypes would be selected for or against by these envir;:(lz::nig(;n;aii?:l.

oo
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25. Duchenne muscular d
ystrophy (DMD) i
e Y is caused by a gen
chromos dei r;l;l;z c};e:jtnezts hal.ve muscles that weaken ive(:j gizhsehuman ~
s ystrophin, a muscle protein. They rarely li A A
1 y is it for a woman to have this condition? Y rarely live past their 20s. How
2. E))Vom;r; fcan never have this condition .
. One-half of the daughters of an aff: :
2 - { ected man could h i iti
One-fourth of the children of an affected father and aa::rrtihelrs ;%rtll?mon. 1
er could have

this condition.
4. Very rarely would a i
. woman have this conditi
ion; the condition w
ould be due to
a

chromosome error.

26. A phenotypically normal prospective cou :
man knows tl}at he ha§ a transFl)ocation of ZI;;:SI;S) i?ﬁili}(:ounse]ing because the
exchangeq w1'th a portion of his chromosome 12. Although ;On:losome 4 that has been
tre}nslocatlon is balanced, he and his wife want to know t|g1 ey nc?r.mal because his
will be abnormal. What is your prognosis regarding his s . prgbablhty that his sperm

All will carry the same translocation as the father perm’

None will carry the translocation since abnormal ;.penn will di

sterile and the couple might consider ado til:

I, 1/4 will have the translocation, and 1/2 \E’ulill];;ave duplicati

ications

a.

b.

c. His sperm will be

d. 1/4 will be norma
and deletions.

27. Abnormal chromosomes are frequently found in malignant tumors. E
translocations may place a gene in close proximity to different con.trolir?;;.s uch ;s}
ions. Which

of the following might then occur to make the cancer worse?

an increase in nondisjunction
expression of inappropriate gene products
a decrease in mitotic frequency

death of the cancer cells in the tumor

.o g

n syndrome. The mother is 39 years old at the time of

ild with Dow
f the following is the most probable cause of the child's condition?
ion?

herited this tendency from her parents.

f the couple carried a translocation.
f the couple underwent nondisjunction in somatic cell producti
ion.

ple underwent nondisjunction in gamete production

28. A couple has a ch
delivery. Which o

The woman in
One member 0
One member 0
One member of the cou

oo o

. : dents decided to repeat th
29. For a science fair ' vo sty i peat the Hershey and C
experiment, with modifications. They decided to label the nitrogen of the Dl;\?,ie
rather than the PhOSphate' They reason ed that ?aCh nucleotide has only one pho; h
and two t0 five nitrogens: Thus, labeling the nitrogens would provide a stron phate
phosphates. Why won't this experiment work? st

. than labeling the pho: X
Slgn’lai:lcre is no radioactive isotope o.f nItrogen.
a. ' ive nitrogen has a half-life of 100,000 years, and the material would b
e

ous for t00 long. Luded that thi
ady conclude that this experiment showed in
conclusi
47 clusive

project, tWo0 st



results.
d. Amino acid
s(a i
(and thus proteins) also have nitrogen atoms; thus, th
; thus, the radioactivity

would not distinguish between DNA and proteins

30. An experimenter has
altered the 3' end of the tRN
- - - A i
methionine in such a way as to remove the 3' AC. Wlﬁ?cr}rle:?(t)l?g lf?)%l o t_he e acid
owing hypotheses

describes the most likely result?
8. tRNA will not form a cloverleaf.
9. The nearby stem end will pair improperly
10. The amino acid methionine will not bind '
11. The anticodon will not bind with the mRi\JA cod
31. In prophase I.of meiosis in female Drosophila, studi;nl.lave h
?l}.)osphory]atlon of an amino acid in the tails of histones of Sown that there is
ies that interferes with this process results in sterility. Whiiﬁn;?’ttise. ? llln ation in
ollowing is the

most likely hypothesis?
These oocytes have no histones.

a.
b. Any mutation during oogenesis results in sterility.
c. All proteins in the cell must be phosphorylated.
d. Histone tail phosphorylation prohibits chromosome condensatio
n.
32. You are given an experimental problem involvi
ing control of a gene's
expression in the

species. One of your first questions is whether the g
ene's

embryo of a particular
expression is controlled at the level of transcription or translation. Which
. ich of the

following might best give you an answer?
hether there has been alternative splici
plicing by examinin .
g amino acid

a. You explore W
sequences of very similar proteins.
b. You measure the quantity of the appropriate pre-mRNA in vari
va
find they are all the rious cell types and
You assess the position

d. An analysis of amino aci
increase at this stage of embryonic life.

same.
and sequence of the promoter and enhancer for this
gene.

d production by the cell shows you that there is an

d a new plastic model airplane. He pl
E ) . a
he positions in which they will be lgcai::l iyhte]:,etlp;arts
e

33. Your brother has just purchase
analogous to which process in development?

on the table in approximately t

model is complete- His actions are

a. Determination

b. Induction

c. Morphogenesis

d. Pattern formation

method she could use to manipulate and quantify
embryonic cells in culture. In one set of

thylation in
hosphorylatio me . .
phosphory s using this procedure in Dro.s0phl’la, she was readily successful j
f amino acids adjacent to methylated amino ac':i] .
Jlowing results would she most likely see? ids in

histone tails.
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35.

38,

37.

38.

increased chromatin condensation
decreased chromatin condensation
abnormalities of mouse embryos
decreased binding of transcription factors

oo o

r wants to speed up the production of tomato plants to meet th

rdeners. She plants tomato seeds in several trays. H :

e moisture seeds receive the faster they sprout. How ce.m s}fr
. e

A greenhouse manage
demands of anxious ga
hypothesis is that the mor

test her hypothesis?
a. Count the number of days it takes seeds receiving different amounts of water to
sprout.
the tomato plants a day after each watering.

b. Measure the height of
¢. Measure the amount of water used by plants in different trays.
d. Count the number of tomato seeds placed in each of the trays

ces that his squash plants are being attagked by aphids. He needs to get
1ids. His brother tells him that “Aphid-Away™ powder is the best
gent says “Squash-Saver” spray works the best. The

The county @ '
ants and applies the powder to three and the spray to

A gardener noti
rid of the apl

insecticide to use -
ardener selects S1* squash p ' )
g he number of live aphids on each of the plants. How is

three. A week later he counts th ve ap
the effectiveness of the insecticides measured in this study?
r powder used.

a. Measuringt f spray ©

duces.
o i AR plant pro )
E. I\;V:t;%‘};?rﬁng the condit lants after spraying or dusting.
o o

d. Counting the number 0 the plants.

squash each
ion of the p

f aphids remaining on

reater the amount of vitamins given to rats the

pothesis: the g
w fast rats will grow?

: his h )
gist tests £ yo (he biologist measure ho

A biolo w can
faster they will grow- 6
3. Measure the speed of the rat> .
4. * re the amount of exercise the rats receive.
easu
’ 3 day.
the rats every deJ- | :
2. xelgl}; the amount of vitamins the rats will cat
L el
2 dded to soil have an effect on tomat :
see if leaves 2 o production.
A Stl.ldy was doné to i N four largc tubS. EaCh‘tUb had the same kind and amount
mixed in the soil and a second had 10 kg

0
Tomato P ]an:i we;fj %rS ke of rotted leaves
of sqll. Oneh 45kg and the fourth had no
A third twb 72 nt. The number of

watered the Same}-fmtqis the hypothesis being tested?
a £ sunshine the greater the amount of tomatoes produced

was recorde¢: g
mount O
11. The greater ¢ 6t jb ihe greater the amount of leaves added.
12. The [arger the U9 "¢ wwater added, the faster the leaves rotted in the tubs
ded, the greater the amount of tOm-atoe
S

ter
13. The gred™” "o amoun

Jeaves added. Each tub was kept in sun and
kilograms of tomatoes produced in each tub

t of leaves ad

produced-
149



39. What is a controlled variable in this study?
A. Amount of soil in each tub.
B. Amount of leaves added to the tubs.
C. Number of tubs receiving rotted leaves.
D. Amount of tomatoes produced in each tub.

40. What is the dependent or responding variable?
a. Amount of soil in each tub.
b. Amount of leaves added to the tubs.
¢. Number of tubs receiving rotted leaves.
d. Amount of tomatoes produced in each tub.
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. Appendix L
Inquiry Skills Reliability — Cronbach Alpha Value
of Genetics Inquiry Skills Questionnaire

**¥%4+ Method 1 (space saver) will be used for this analysis ******

RELIABILITY ANALYSIS

BRSNS BRI NN s o
l'-l-l-.hu- m-hww-_‘oomuh-—.—_.‘—._
T TN IR NS LA Lo —

!

SPXNALA L~

VARO00001

VAR00002

VARO00003

VARO00005

VAR00006

VARO00007

VAR00008

VARO00009

VAR00010

VARO00011
VARO00012
VARO00013
VARO00014
VAR00015
VAR00016
VAR00017
VARO00018
VAR00019
VAR00020
VAR00021
VAR00022
VAR00023
VAR00024
VARO00025
VAR00026
VAR00027
VAR00028
VAR00029
VAR00033
VAR00034
VAR00035
VAR00036
VAR00037
VAR00038
VAR00041
VAR00042
VAR00043
VAR00044
VAR00045
VAR00046

- SCALE (ALPHA)

151



RELIABILITY ANALYSIS - SCALE (ALPHA)

Mean Std Dev Cases

1.  VAR00001 1.0333 1803 120.0
2. VAR00002 1.1833 3886 1200
3. VARO00003 1.1417 3502 120.0
4. VARO00005 1.0750 2645  120.0
5. VARO00006 1.0667 2505 1200
6. VAR00007 1.0583 2354 1200
7. VAR00008 1.1250 3321 120.0
8.  VARO00009 1.1083 3121 120.0
9.  VAR00010 1.1000 3013 I270.0
10.  VAR00011 1.1000 3013 1;0.8
1. VAR00012 1.0917 2898 1;8.0
12. VAR00013 1.1250 3321 1150_0
13.  VARO00014 1.1167 .3224 o
14, VARO000I5 1.0667 2505 e
15.  VAR00016 1.1000 3013 100
16. VAR00017 1.0417 .2223 !;0-0
17.  VARO00018 1.1167 .3258 o
18.  VAR00019 1.0250 .1-803 190:0
19.  VAR00020 1.0333 .;4 5 12 A
20. VAR00021] 1.1333 e 1200
21.  VAR00022 1.1500 S 1200
22.  VARO00023 1.0917 2 1200
23, VAR00024 1.0667 -374? 120.0
24.  VARO00025 1.1667 -332; 13010
25.  VAR00026 1.1250 T 1200
26. VAR00027 1.1417 -3015 120.0
27. VAR00028 L1009 a5 1200
28.  VARO00029 1.0583 a5 1200
29.  VAR00033 1.0750 5898 120.0
30.  VARO00034 1.0917 Jig6 1200
31. VAR00035 1.1500 -3013 120.0
32, VAR00036 1.1000 i 1200
33.  VARO00037 1.1500 21 120.0
34, vARr00038 11250 iigr 1200
35, VAR00041 1.1417 Toai 1200
36.  VAR00042 i-(‘];‘;g 2645 53.8
37.  VARO00043 1750 645 }20.0

38.  VAR00044 3321
39.  VAR00045 1.1250 gog  120.0
40.  VAR00046 1.0917 :

Statistics for
SCALE 44.0583
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RELIABILITY ANALYSIS - SCALE (ALPHA)
Item-total Statistics

Scale Scale  Corrected

Mean Variance Item- Alpha

if tem  ifltem  Total if Item

Deleted Deleted Correlation Deleted
VAR00001  43.0250 19.5204  .1572 8377
VAR00002  42.8750 18.3456 3926 .8322
VAR00003 429167  18.2451 4799 8296
VAR00005  42.9833 18.9577 3368 33‘;;
VAR00006  42.9917 193193  .1913 -3376
VAR00007 43.0000  18.8908 4190 pe
VAR00008  42.9333 18.4829 4238 g
VAR00009 429500 189723 2698 oo
VAR00010 429583  18.7630 3638 o
VAR000]] 429583  18.7966 3506 o
VAR00012 429667 190745 .25;!]3 8293
VAROOOI3 420333 182812 497 8338
VAR0OO14 429417 18745 30 ey
VAR0001S 42,9917  18:9999 ';93 8365
VAR00016  42.9583  19:0823 -k 8374
VAR00017  43.0167 19.4451 BT .8345
VAR0O01§ 429417 188117 o 8377
VARO0019  43.0333 1935619 o 8390
VAR00020  43.0250 19.6548 2905 8353
VAR00021 42,9250 18.826§ 5681 8361
VAR00022 429083 188403 Tcng 8384
VAR00023 429667 193098 oy 8336
VAR00024 429917 18949 T, 8367
VAROO02; 428017 188369 0o 8359
VAR00026  42.9333 18.9199 56 8350
VAR00027  42.9167 18.760] 3441 8338
VAR00028  42.9583 18.8131 2689 8357
VAR00029  43.0000 ]9‘1936 4266 -832;
VAR00033  42.9833 '3-756] 2750 2 54
VAR00034  42.9667 19-0225 4189 '83: 9
VAR00035 429083 1835 5 4169 '8§66
VAR00036  42.9583 ‘8'6'3—; 2513 '3351
VAR00037 420083 188 073 8342
VAR00038  42.9333 ]3-3221 3299 g
VARooo41 420167 1800 3174 e
VARooo42 429417  188LL o046 gy
VAR00043 429833 1900 3293 gass
VAR00044  42.9833 ]8'2346 3512 g307
VARODo4s 429333 135 4670
VAR00046 429667 18 GCALE (A

A LYSES ~
RELIABILITY AN
Reliability Coefficients ~ 40
-
N of Iter
Nof Cases= 1200
3

Alpha = 8382 ¥

LPHA)



_ Appendix M
enetics Conceptual Understanding Test

Shade the letter of the correct answer.

4.

10,

Starting wi ili
g with a fertilized egg (zygote), how many cells will a zygote with a series of fi
of five cell divisions
of an

early embryo produce?

A) 4

B) 8

C) 16

D) 32

E) 64

At whic i ; P
i anap:aosithe following phases are centrioles beginning to move apart in animal cells?
B) metaphase

C) prophase

D) prometaphase

E) telophase
e arrested if cells in the process of dividing are subjected to colchici
ICine, a drug tha
t

At which stage will mitosis b
f the spindle apparatus?

interferes with the formation 0
A) anaphase

B) prophase

C) telophase

D) metaphase

E) interphase
cted from the Pacific yew tree which stops mitiosis. In animal
: al cells, Taxol

Taxol is an anticancer drug extracted ir ;

disrupts microtubule formation by binding t0 rplcrotut?ules and accelerating their assembly fro

precursor, tubulin. Surprising]y, this stops mitosis. Specifically, which of the following does THXOi]nag;e R?rotein
ect?

A) Anaphase

B) Chromatid assembly

C) formation of the centrioles.

D) the S phase of the cell cycle.

E) the formation of the mitotic spindle.

Which of the following are primarily responsible for cytokinesis in plant cells but not in animal cells?

A) kinetochores

B) actin and myosin

C) centrioles and centromeres

D) cyclin-dependent kinases

E) Golgi-derived vesicles

Which of the following €* llains r\gy chr
i i tial ene

A) to increase their poten e with

B ¢ chromosomes t e
) to allow th osomes 10 fit within th
<1< 1o remain attached

C) to allow the chrom o
D) to allow the sister chromati ? e
E) to provide for the structur® of't

genome minimally contained?

0mosomes coil during mitosis?

out becoming entangled and breaking
e nuclear envelope

In which is the huma?

A human cel
) every P54



11.

12.

13.

14,

15.

16.

17.

B) each human gene

g) each ht.Jman chromosome

E)) tt:e entire DNA of a single human
e entire human population

At which itosi
stage of mitosis are chromosomes usually photographed in the preparation of
ionora karyoty 0}
pe:

A) anaphase

B) interphase

C) metaphase

D) prophase

E) telophase

Which of the following i si ; :
A) It must be hu:g:r’:?g is the best conclusion for an organism which has 46 chromosomes in its k
B) It must be a primate. Ayonpe?
C) It must be an animal.

D) It must be sexually reproducing.

E) Its gametes must have 23 chromosomes.

Which of the following best describes 2 karyotype?
he genes for a species

g) a pfctorial representation of all t
) a display of each of the chromosomes of @ single cell
C) the combination of all the maternal and paternal chromosomes of a species

D) the collection of all the chromosomes in an individual organism
E) a photograph of all the cells with missing or extra chromosomes

When does the synaptonemal complex disappear?
A) during fertilization or fusion of gametes
B) early anaphase of meiosis |
C) mid-prophase of meiosis 11
D) late metaphase of meiosis 11
E) late prophase of meiosis
nt assortment of chromosomes occurs?

In which of the following does independe
¢ for mitosis only.

A) The statement is tru i
B) The statement is true for meiosis I only-
for meiosis 11 only.

C) The statement is true : -
D) The statement is trué for mitosIs and melosis ]l]
osis 1.

E) The statement is true for mitosis and met
produced through independent assortment by an individual with
with the

How many unique gametes could be
genotype AaBbC' CDAEE?
A)4
B) 8
)16
D) 32
witha3:1 ratio fora particular trait. What does this suggest?

E) 64

Two plants are crossed, resulting in offspring ting traits
A) that the parents T

B) that the trait sho ncomple

has occurre ) )

us for a single trait

C) that a blending ©

D) that the parents Were f two traits

E) that each offspring has the same @ °
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18.

19.

20.

21,

22.

23.

24,

A sexually re i
producing ani i
genotype is HhT1. Whi%h g}rr::; lf!alsi i o Soe, Ome for head sh
ollowing genotypes is possible ina gamete from thie o '8 (7.1
om this organism? -t

A)u
B) Hh
C) HhTt
D)r
E)HT
Whi i

ch of the following phases of cell division does Mendel's observation of th

€ segregation of alleles in

gamete formation has its basis?
A) anaphase of mitosis
B) anaphase | of meiosis
C) anaphase I of meiosis
D) metaphase I of meiosis
E) prophase I of meiosis
In certain plants, tall is dominant to short. What is the probability that the offspri
spring will be short if a

heterozygous plant is crossed with a homozygous tall plant?

A)0

B) 1

C) 172

D) 1/4

E) 1/6

What i o . L

A) ;1; 4!5 the probability of producing the genotype AABBCC in the cross AaBbCe x AaBbCc?
B)1/8

C) 1/16

D) 1/32

E) 1/64

A woman is found to have 47 chromosomes, including three X ch .

describes her expected phenotype? romosomes. Which of the following
A) sterile male

B) normal female

C) enlarged genital st
D) excessive emotiona
E) masculine characteris

ructures
| instability

tics such as facial hair

linked recessive trait in hum
pes of the parents?

ans. Two people wi
ith normal
color visi
on have

Red-green color blindness is a s€X-
a color-blind son. What ar¢ the genoty
A)X®Xband XY
B) X® X" and XBY
C) X® X® and X°Y
D) X® XBand X°Y
E) X® X® and X°Y
¢ in fruit flies. What percentage of the F males will h
ave

haracteristi
ssed with a wild-type male?

recessive €

x-linked '
g cinnabar eyes 15 cro

Cinnabar eyes is a 5¢
cinnabar eyes if a female havin
A) 0%
B) 25%
C) 50%
D) 75%
E) 100%
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25.

26.

27.

29,

28,

31.

32,

What do you call the alteration when one possible result of chromosomal breakage is for a fragment to join a

nonhomologous chromosome?
A) deletion

B) duplication

C) inversion

D) translocation

E) transversion

Which of the following human aneuploidies has the most severe impact on the health of the individual?

A) 45, X
B)47, +21

C) 47, XXY

D) 47, XXX

E)47, XYY

What is the source of the extra chromosome 21 in an individual with Down syndrome?

A) nondisjunction in the mother only
B) nondisjunction in the father only
C) duplication of the chromosome
D) nondisjunction or translocz}uon in either Iparf]:gt
E) It is impossible to detect with current technology.
. an inversion in a human chromosome that has no demonstrable phenotypic effect in the
What else may occur 1n
v idual? Jater in life
: deletions later .
A} There may be B formed.

B) Some abnormal gametes mai/e ;4 g
i 1es a -
C) All inverted chromoson r o of mutation.

D) There is an increased freque 5 oG
E) The individual is more likely to g -
‘e in the nucleotides in the sample where Cytosine makes up 42% of the
ine

of Thym

fDNA from an organism?

What is the percentag€
nucleotides in a sample ©
A) 8%

B) 16%

C)31% . o
D)427% rmined from the information provided.

E) It cannot be dete nucleotide composition of DNA?

nd in an analysis of the

Which of the following will be fou
A)A=C

B)A=GandC=T
OA+C=G+T
D)G+C=T+A

E. None of the above 5' — 3' direction?

Jongation of a DNA strand in the
on

ee
Which enzyme catalyzes th

A) helicase

B) primase

C) DNA ligase I

D) DNA popymerase II

E) topoisomerase osome, the sequence Of
hrom ’

ucleotides below is present where the chain opens to
n

At a specific area ofkff c
form a replication fork: .



33.

34,

35.

36.

37.

38,

An RNA 1 i e %
primer 1S form d i i
ed starting at the underlined T (T) of the template. Which of the foll
. olloy mg re
presents

the primer sequence?

A)SGCCTAGG3Y
B)3GCCTAGGS
C)SGCCUAGG3
D)SACGTTAGG3
E)SACGUUAGGY

s of Drosophila salivary glands e
Id these arise?

ach consist of multiple identical DNA strands th
at are

Polytene chromosome
aligned in parallel arrays. How cou
A) replication followed by mitosis
B) replication without separation
C) meiosis followed by mitosis

D) fertilization by multiple sperm
E) special association with histone proteins

e DNA strands apart while they are being replicated?

Which of the following help(s) t0 hold th
A) ligase

B) primase

C) exonuclease

D) DNA polymerase

E) single-strand binding proteins

Which of the followin strands is 100 ed into domains by scaffolding in a linear euk : )

A) DNA with HI onlyg P aryotic chromatin sample?
B) the 10-nm chromatin fiber
C) the 30-nm chromatin fiber

D) the metaphase chromosome
E) DNA without attached histon€s
ring rules in analyzing the number of different bases i
mna

1t with the pase-pai

Which result would be consister
DNA sample?

A) A = G

B)A=C

I G=ET

D)A+G:C+T

all members?

e nitrogenous base adenine is found 1n

A) ATP,RNA,and DNA
DNA

B) proteins, ATP, and

C) aglucose, ATP, and D

D i drates, an
i e d {estosteront

E) proteins, triglycerides:

Which group of th

or that her baby has equal chances of being blood
and her husband? group A or

i counsel
woman

By prezga an is told by 2 genetiC
blo%dggr:’or']ltl;j’ﬂan.] W hat aré p055ib]e genotypes of the
A) AA and BO

B) AB and BO

C) AO and BB

D) AB and AO

E. None of the above s



39. Which blood group genotype is homozygous dominant?
Aj P12
B) l.-\lU
C)1%1®
D) lf)l()
E. None of the above

40. A man is blood group A and his wife is blood group AB. What are the possible blood groups of their children?

A) A only

B) AB only

C) A, Band AB

D) A and AB only
E) None of the above
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Appendix N
Conceptual Understanding Reliability- Cronbach A.lpha Value
of Conceptual Understanding Questionnaire

RELIABILITY ANALYSIS - SCALE (ALPHA)

-b-Lo-)L»JL»JL:JL»JL.JMWMMMNMNNMP\JMI\JM—-—.__.__.._._._.
e R e b I RV S S el C R RN T vl e

/

S 1B P8 N PO B L O

Cl
C3
C4
G5
Ceé
C7
C8
C9
Cll
Ci12
C13
Cil4
Cl15
Cle
C17
Cl19
C20
C21
C22
C23
C24
C25
c27
C28
C29
C30
C31
C32
C33
C34
C35
C36
C37
C38
C40
C41
C42
C43
C44
C45
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RELIABILITY ANALYSIS - SCALE (ALPHA)

Mean Std Dev Cases

. €] 1.3833 4882 1200
2. C3 1.6917 4637 1200
3. 4 1.5917 4936 1200
2. Cs 1.4667 5010 120.0
5. Ceé 1.6750 4703 120.0
6. C7 1.5500 4996 120.0
7. C8 1.6417 4815 120.0
8. C9 1.6333 4839 1200
9. Cll 1.4250 4964  120.0
10. CI2 1.6750 4703 1200
. 13 1.7000 4602 120.0
12. Cl4 1.5833 4951 1200
13. CI5 1.6750 4703 1200
14. C16 1.3667 4839 120.0
15. €17 1.4417 4987 1200
16. C19 1.5583 4987 1200
17. C20 1.3750 4862 1200
18. €21 1.6000 4920 1200
19. C22 1.7083 4564 1200
20. €23 1.5000 5021 1200
21. C24 1.6667 4734 1200
22. C25 1.2750 4484 1200
23. (27 1.5417 5004 1200
24. (28 1.5250 5015 1200
25. C29 1.5083 5020 1200
26. (€30 1.5000 5021 1200
27. C31 1.5167 S018 1200
28. (32 1.3750 4862 1200
29. (33 1.5250 5015 1200
30. €34 1.4417 yog7 1200
3. €3 1.3667 4839 120.8
32, C36 1.5750 4964 11720-0
33, 37 1.3583 4815 '53-0
34, (38 13833 882 i
35. C40 1.2667 4441 }20- i
36. C41 1.3083 4637 b
37. c42 o833 P2 500
38, 43 13333 ADE 100
39, 44 1.4083 AL 1200
40, 45 Vogsn AW

yariables
Statistics for Mean Variance SI'(; ;386;3
SCALE ~ 59.6250 s
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RELIABILITY ANALYSIS - SCALE (ALPHA)

Item-total Statistics

Scale Scale  Corrected

Mean Variance  Item- Alpha

if Item if Item Total if Item

Deleted Deleted Correlation Deleted
Cl 582417  61.3445 2854 8742
C3 579333  59.3064  .5942 ggzsg
C4 58.0333  60.7720 3574 g
Cs 581583  61.1764 2984 A740
C6 579500 602160 4560 g1
C7 580750  60.2380 4227 416
C8 570833  60.6720 3815 L
C9 579917  60.9663 3395 e
Ch 582000  61.9933 .195; 8758
Ci12 579500  60.1319 .4%‘0 Lo
CI13 579250  60.4901 .3799 yite
Cl4 58.0417  60.2924 Ak gk
C15 57.9500  58.7370 o6 g
Cl6 582583 625125 oz peiel
C17 58.1833  62.6720 e o
C19 58.0667  59.0039 b o Pt
€20 582500 613151 20 4710
C21 58.0250  60.0750 g o
C22 s79167 594384 B g3
€23 sgi2s0 609002 IR gg
C24 57.0583 594856 o 2750
€25 533500 619437 2o ‘8747
C27 58.0833 61.4552 ] 9752
C28 581000 616706 oo, s
C29 58.1167 60.2552 g 8771
C30 58.1250 62.4632 ‘5375 8693
€31 s5.0083 59337 ) 8739
C32 58.2500 61.2310 3739 .87~:5/
€33 58.1000 60.5957 2607 .3738
C34 58.1833 6].47?8 2514 _3721
C35 552583 616218 Sgrs .3340
C36 580500 604513 g, o
37 sso667 61322 g 8T
C38 sg2a17 0720 ye AT
C40 583583 6].6690 2368 873
el ssat67 611090 oy ST
C42 553417 6194 4232 ke

60.4268 4 87

55 .l gor4 457 8727
C44 58.2167 59. e 3669 :
C4s sg.4000 611
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RELIABILITY ANALYSIS - SCALE (ALPHA)

Reliability Coefficients
Nof Cases = 120.0 N of Items = 40

Alpha= .8755
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Name:

' Appendix O
Genetics Attitude Questionnaire

Track: Date:

Pleas : ;
se check the appropriate response of your choice based on your perception. B
: 1. Be honest'

SA=Strongly Agree; A = Agree; D=Disagree; SD = Strongly Disagre
2 5ag ‘ee

Legend:
Statements ]\ﬁ
SA D | sD
1. I would prefer to find out why something happens by doing an experiment i I
Genetics than by being told ntin
i 3 = .
3. Genetics laboratory activities are fiu. ——
3. Doing experiment in Genetics is not as good as finding out information from I
teachers.
T 1 dislike Genetic lab actvities. -
5. 1 would prefer to do experimients in Generics than to read abour them. —
6. School should have more Genetics 1ab activities each week I
7. T would rather agree with other people than do an experiment in Genetics 1o ]
find out for myself.
S Genelics lab activities bore me. L
9. 1 would prefer to domy own experiments in Geneties than to find out —1
information froma teaclier. _ i T
. . . Y < el o
10, Genetics lab activity 1s one of the most et esting school subjects. —
11. 1 would rather find out about things bY asking an expert than by domg an = p—
experiment i Genetics. = ]
15 Genetics lab activities ared waste of time. —
13 T would rather solve 8 problem DY doing an experiment in Genetics than be —
told the answer. . —— |
14, Ireally enjoy gome 1 Genetics lab activitie>
15 Tt is better fo ask the reacher the ansWel han fo find it out by doing =
speriments in Genetics. _ e feresling. L
— ;I:gel];u];ei'i’ll ~overed in Genetics lab activ jties 15 uninterestng
i e = 4 2 -
: T Genetics ona 1pIc than to read about it
— periment 1
17. 1 would prefer © doan €
i I q0aZ11Es ——
13 = SCI_C;:CE I::d to Genetics [ab activilie>:
- Tlgoh —qrific facts than to find them out from Genetics
19, It is better to be told sc1en —
experiments. e if there were no Geneties Jab activities. j
30. [ would enjoy school
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Appendix P

Genetics Attitude Reliability — Cronbach Alpha Value of Genetics Attitude Questionnaj
ionnaires

¥rxkxxkx Mothod 1

RELIABILTITY

S S R
el =
O W W~Jo U bW NIS

FJ@ ~NOoO s W N e

=
F)F)w N oUW =

VARO0O0O1
VAR0D0002
VAROO0O3
VAR0OO00O04
VARO0O005
VAR0O0006
VAROO0O07
VAR00008
VAR0O0009
VAR0OO0O0O10
VAROOOL1
VAR0O0O012
VAR0O0O013
VAR0Q0O014
VAR0OO0O15
VAR00016
VAR0O0O017
VARQO0O18
VAR00019
VAR00020

VAR00001
VAR00002
VAR00003
VAR00004
VARQ0005
VAR00006
VAR00007
VAR00008
VAR00009
vAR00010
vAR00011
VAR00012
VAR00013
vAR00014
YAR00015
VAR00016
VvAR00017
YAR00018
vAR00019
vAR00020

ANALYSTIS

N W
WLWMDMNWWLWNWWWNN W WNWww

Mean

.7667
.7583
.0833
.7917
L6667
.5583
. 9250
.7583
.3333
.6833
_0667
.3750
.5583
. 6250
.9833
6667
3667
5583
,1083
.7500
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(space saver) will be used for this analysis ***x#x

- SCALE (A LPH A)
std Dev Cases
.4804 120.0
.4299 120.0
1.0174 120.0
1-3022 120.0
_5551 120.0
6324 120.0
1.1893 120.0
1.3221 120.0
_8335 120.0
_5183 120.0
9143 120.0
1.4027 120.0
,6711 120.0
,5807 120.0
11226 120.0
1 1976 120.0
6602 120.0
.5469 120.0
5684 120.0
| 3237 120.0



N of

Statistics for Mean Variance Std Dev Variables
SCALE 64.3833  213.0451 14.5961 20

RELIABILITY ANALYSIS - SCALE (ALGPEa
Item-total Statistics

Scale Scale Corrected

Mean Variance Item- Alpha

if Item if Item Total if Item

;ileted Deleted Correlation Deleted

7 206.1039 .4865 .9661
VRAR00001 60.61° .7994 .5725 .9658
VAR00002 60.6250 205
VA 61.3000 186.6655 .9117 .9614
v R00003 61 5917 178.3949 .9474 .9609
AR00004 0. 7167 203.0283 .6137 .9652
VAR00005 0. 8250 199.6414 .7276 .9641
VAR00006 6 4553 182.2335 .9155 .9613
VAR00007 61. 250 177.9674 .9449 L9610
VAR00008 61.6500 193.3420 .8201 .9628
VAR00009 61.0 00 203.5563 .6234 .9652
VAR00010 60-7067 190.9913 .8397 .9624
VAR00011 61-3183 182.5798 .7518 .9647
VAR00012 62.095° 199.9775 .6648 . 9646
VAR00013 60.8283 202.2688 .6320 .9650
VAR00014 60-7500 183.7042 .9228 L9612
VAR00015 61.200, 185. 4989 .8005 L9631
VAR00016 61.7 199.4955 .7032 -9643
VAR00O17 61.0167 206.0784 .4246 .9665
VAR00018 60.8258 187.2767 .9369 .9611
VAR0O0O19 61.2723 177.8980 .9458 . 9610
VAR00020 61.63
, icients
Reliability Coeffic N of Items = 20
.0
N of Ccases = 120
.9652

Alpha =
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Activity Observed:

Date and Time of Observation:

Section: BS Biology (Microbiologv/ Premed-Biotech)/ BSEd (Major in Biol gv)
o J * olooy

. Appendix Q
Genetics Teacher Observation Checklist Questionnaire

Please check (/) the appropriate box.

167

Observation Y
: es No
1 | Didthe (enf:her encourage the lganlers to use their senses (sight. touch. smell
taste, and listen) to collect data in a practical situation? i ) )
2 pld t!le t.eacl.ler’ encourage {lle learners to describe an event in general or to
identify its similarifies or differences? N
3 | Didtbe teacher promote student independence in contributing an investigable
question to develop their thinking? N
3 | Did the teacher encourage the learners to ask an mvestigable question?
5 | Did the teacher encourage the learners to make any predictions to respoud to
what if " questions?
6 | Did the teacher promote student independence to carry out instructions. follow
procedures and collecting data?®
7 | Did the teacher encourage the students to record the results that they obtained
from the jnvestigation?
S | Did the teacher employ strategies 1o motivate the leamers to reflect, or
construct meaning 10 their ideas? To evalnate and comumuaicate their findings?
9 | The metaphor “teacher as listener” was very characteristic of this classroom.
10 | Intellectual rigor, constructive criticism. and the challenge of ideas were
valued.
Comments:
1.
2.
3.
Observed bY: ” -
Name and Signature




S .
ample of Completed Genetics Teacher Observation Checklist - Control G
- Lontrol Group

Activity Observed: ﬁﬁ/ﬂl"ﬁ; ,#\5
Date and Time of Obsewﬁhﬁ:@{ﬂmﬁfﬁ B;W " lpﬁ\ ﬂf 0(/07

Section: BS Biolog Microbiology/

Please check (/) the appropriate box.

Observation Y N
1 | Did the teacher encourage the leamers to usc their senses (sight, touch, smell p .
data in a practical situation? ' ' /

taste, and listen) to collect
2 | Did the teacher encourage the learners to describe an event in general or to

identify its similarities or differences?
3 | Did the teacher promote student independence in contributing an investigable

question to develop their thinking? i /
ourage-the-Jeamers to ask an investigable question? S

4 | Did the teacher enc

Did the leacher encourage the learners to make any predictions to respond to
“what if” questions? )
6| Did the teacher promote student independence to caTy out instructions, follow
rocedures and collecting data?
7 | Did the teacher encourage the students to record the results that they obtained
from thc in vestigation?

MY

1os to motivate the learners to reflect, or

8 [ Did the teacher employ stratcgies
ideas? To evaluate and communicate their findings?

construct meaning 10 their id /
3p acher ! listener” was very characteristic of this classroom. /
7

9 | The metaphor “te as listener 2 ! .
10 | Intellectual rigor, constructive criticism, and the challenge of ideas were

valued.

Comments:

1 ——
: ///

//____’_——

;.

Observed by:
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Sample of Com i
pleted Genetics Teacher Observati
vation Checklist - Con
trol Group

Activity Observed: ﬂdﬂ”%_A) 0- %
Date and Time of Observation: _f'e/é : ‘2' ! _M/(ﬁ’ /ﬁm ML@

med-Biotech)/

Section: BS Biolo Microbiology/ Pre

Please check (/) the appropriate box.
No j

Observation

heir senses (sigﬁi;fouch, smell,

the learners to use€ t
cal situation?

1 [ Did the teacher encourage
Did the teacher encourage the learners to describe an event in general or to
W

student independence in contributing an investigable

3 [ Did the teacher promote
¢ thinking? . ————ery
vestigable question?

3%}

question to develop thel - i
4 | Did the teachcr encourage the learners 0 ask an 0
S | Did the teacher encourage the learners t© make any predictions o respond to -
/_’d_' ry
ence 1o carry out instructions, follow

“what if” ugs!ions? [
te student independ

6 | Did the teacher promo n
d collectin, dag’—'/-’—
llectE ) dents t0 record the results that they obtained

rocedures an co ala:
e the stu

7 | Did the teacher encourag
i 'gation?
’ to motivate the leamers 10 reflect, or
te their findings?

ploy stratcgies .
e and communica

\ \\\\ \\ \‘L\\ \ 'g

her as listenc!
- . ° andt

om e IF-=
8 | Did the teacher em g T uat
construet mcanin W L .
The me M this classroom.

he challenge of ideas were
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Appendix R

Genetics Students Observation Checklist Questionnaire

Activity Observed:

Date and Time of Observation:

Section: BS Biology (Microbiolo / Premed-Blotechi)/ BSEd (Major in Biology

Yes

Please check (/) the appr
Areas

Lesson Design and
Lplementation

R
Content:

Propositional
Knowledge

I —
Content; Procedural
Knowledge

Communicative
Interaction

Student-T eacher
Relationship

I

Comments:

2.

Statenient o

Qheuomeua were explored and
[ = Sudents used a variety of means (models, drawings.
ves, etc.) to represent

opriate box.

f Observation

1. The lesson was designed to engage student as members of a
1

learning community.

Tn this lesson. student exploration preceded formal

19

presemarion.

3. This lesson encouraged students 10 seek and value alternative

jon or of problem solving.

modes of investigat

4. The focus and direction of the lesson was often determined

ating with students.

by ideas origin
5. Elements of abstraction (i.e. symbolic representations.
d when if was important to

theory puilding) were encourage

do so.

. Connection other content disciplines and‘or real world

s with
valued.

graphs,

als. manipulati

concrete materi

shenomena. . __
8. Inrellectual rigor. constructive crincisn and the challenging

of ideas were valued.
omnnuication of their ideas

vere involved in the ¢

9. Students? - i
o others using a variety of means and media.
1 proportion of student talk and a significant

10. There was a hig
of it occurred benveen and among students.
d conunents often determined the focus

amount
tions an !
discourse.

[

11. Srudent ques
-0 of classroont
-as encouraged and valued.

and direction
articipation of students W
uraged t0 generate conjectures, alternative
ting evidence.

Y
Ll
»
<
n
o)

(2]

es. and wa

s were enco ]
strategi .5 of interpre!

3.
Observed bY: /M

Namt
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Sample of Completed Genetics Students Observation Checklist - Contro] G
- ol Group

Activity Observed: 61( @{L\fﬁ?ﬁ Nﬂﬁ

Date and Time of Observation:

Section: BS Biolo

Please check (/) the appropriate box.
Arcas Statement of QObscrvation v
Lesson Design and 1. The lesson was designed to cngage student as members of a =%
lcarning community.
ol

Implcmentation
2. In this lesson, studcnt cxploration preced

prescatation. e
3. This lesson cncouraged students to scck and valyc alternati ve

modcs of investigation or of problem solving.
4. The focus and dircction of the lesson was often determined

r by ideas originating with students.
Contcnt: 5. Elcments of abstraction (i.c., symbolic represcntations, —
Propositional ) theory building) were crcouraged when it was important to
Knowledge do so. o L
6. Connections with other content disciplines and/or real world |
f phenomena were explored and valucd.
Content: Procedural 7. Students used a varicty Qf means (models, drawings, graphs. -
Knowledge [ concretc matcrials, manipulatives, etc.) to represcnt /
phcnomena.
8 Infollectual rigor, constructive criticism, and the challenging
{— of idcas were valued.
9. Studcnts were involved in the communication of their jdeas |

Intcraction -
10, There was a highp
amount of it occurrcd between and among studcnts.
ns and comments often detcrmincd the focus"

71, Student questio: .
t and dircction of classroom discoursc.
12. Active participation of students was cncouraged and valucd.
. couraged to gencrate conjecturcs, alternative

3 S udcﬂ s were €
i 2 mte rctln eVldenCC_
solution stmgg!es and ways of rp! g

Communicativc 1o others using a varicly of means and mcdia.
roportion of student talk and a significant

Student-Teacher
Relationship

Comments:

I

3.
Observed by:

171



Sample of Com i
pleted Genetics Students Observati
on Checklist - Experi
Perimental Groy,
p

Activity Observed: (A ﬂ%/;\/ﬁ é[ [p
[ =
Dﬂif‘ and Time ofObsewation:é’M K/’ m/ Z’ E ﬂjﬂ M é_/ﬂ’

Please check (/) the appropr

A_rcfls Statement of Observation
TR N - T ——
Lesson Dcsign and 1. Thc Icsson was dcsigned to cngage student as members of a

Implementation leaming community.
In this Icsson, student cxploration preceded formal

2
~_____prescntation.
3. This Icsson encouraged students to seck and valuc altemaryo
modcs of investigation or of problem solving.
The focus and direction of the lesson was often determined |
by idcas originating with studcnts. /
Elements of abstraction (i.¢., symbolic represcntations,
thcory building) wcre cncouraged when it was impogtant to

T T

W

Content:

Propositional
Knowledge do so. s
6. Conncctions with other content disciplines and/or real world

phcnomena were cxplorcd and valued.
7 Students used a varicty of means (modcls, drawings, graphs,

concrete matcrials, manipulatives, etc.) 1o represent

Content - Proccdural
Knowledge

hcnomena. ; e
“Intellcctual rigor, constructive criticism, and the challenging

8.
of idcas werc valucd. _ |
9. Students were involved in thc communication of their ideas

to othcrs using a varicty of means and media.
oportion of student talk and a significant

d between and among studcnts.
d comments often determincd the focus

Communicative
Intcraction

70. Therc was a high pr
amount of it occurre
~Studcnt questions an .
! and direction of clagsroom dlsc(,—llL -
students was cncouraged and valued. 5

pation of :
“ncouraged to gencrate conjecturcs, alternative ! 4

and ways of intcrpreting cvidence.

N
7

“72. Active partict
13. Students were ¢
solution stratcgics,

o~
Student-Tcacher
Relationship

Comments:
] e
. =
e —
5 /// —

Ob _d b PR AT A
Serve H J y
Y Name an?Slé’"ﬁ“

172



Appendix S
Genetics Interview Questionnaire

Name of the Student Track:

1. What are your responses to the overall lab activities? Check (/) one for each.
Criteria 1 : 2 -3 4
(Strongly Disagree) | (Disagree) (Agree) (Strongly Agree)

Challenging
Interesting
Overwhelming
Intellectually
stimulating

Do lab activities enhance your conceptual understanding?
What concepts are now clear to you based on the lab activities you performed? (Please

specify)

Do lab activities enhance your science skills in Genetics? Explain.

b activities change your attitudes towards science? If yes, what are those changes that

Do la
occur? (Please elaborate)

3. A comfortable with the level of required work for this course? Explain.
. Are you

in understanding Genetics concept?
T find more helpful in un pt’
4. What activities did you

tivities helpful in retaining information for the lab? Explain by citing

he lab a¢ he information.

. t .
5 Did you finc es that help you retain t

the lab activiti
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Sample of Completed Genetics Interview Questionnaire — Control Group

What arc your responses to the overall 1ab activitics? Check (/) onc for each,
Critcria 1 2 3 a
i (Strongly Disagree) (Disagrec) _(Agree) (Strongly Agrec)

. JfChallenging Vet
2 _Interesting —
["*‘* " Overwhelming ” ; =
71 Intellectually /
stimulating |
2. Do lab activitics cnhance your conccptual understanding? R/

What contepts arc now clear to you based on.thc. lab activities you performed? (Please specify)
I onderdted mon  abwt mitais o Muioce. | lamatr  Quger V'»{mw(\'w
oint By o Mo T et B ppa del b g bt e
Ml Gw of Augeias A faro L .[men' .

nhance your science skills in Genctics? Explain

Autbo whins & eppts oty e o .
a it r attitudcs towards scicmc?f}r yes, what arc those changes that 7 (Please

Do lab activitics change you
ly p{,%,m' e I fumd #&ww%

claboratc)

Q/pmm#}» pmie - huan o '
N pmall Auteds” MM,,;V'? drw Bl e o o

n';fonablc with the level of required wark for this cow se? Explain,
col :

powse B o it iy plhe duiey fap ikl
ful holigy A HL ke th‘%,,,

3. Arcyou
‘}'u J o
bt Lin  Henk
g pra P lwt (uine
> ’L&M’

Givitics did y:)u find more helpful in undcr;tanding Gcgctim‘ :conccpt'[
4 What activitic 4 . . . ' fi

P adivitis  pmibeng Yo I":;’a t;::dm %Mw?

ot o o sk ank oob we,  Hie g ‘wonly et pusty*
, b B . Hy amk

ng jnformation for the 1ab? Explain by citing the Jab activities that

. aini
lab activitics helpful 18 retal

3 Didyou ind 'm‘ihc information,
' wn . - . . ,
help you 1 ” aliin it b o han #* muw e
that Fho hease P o b W [ ”me
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Sample of Completed Genetics Interview Questionnaire — Experimental Group

» | What arc your responses to the overall lab activities? Cneck (/) onc for cach.

- 1 2 3 4

Critena {Strongly Disagree) {Disagree) (Agree) (S;»u?ng_lx_égm)
Challenging N \‘; -
Intcresting = —
Overwhelming - :
Intcllcctuall}- . \/
stimulating . _ ‘
2, Do Iab achvitics cnbance your conceptual undcrstanding? Yes

the lab activitics you parformed? (Please specify) .
What concepts arc now clear o you based on the ' f‘.f 0 ) T8

atlelsa
an Bandlian gl.,owzw. { TR q

oy xplal . .
Do 'H‘Z:c“\a‘::s cnhance yous sc-lgcnre skills in Gmwc:;%,wﬁﬂ)% - Mo ke CaMA’
. . - 2 ons :‘?1'1‘-5’ : mesph’ acd L
tn M o‘l’«‘“j(':;d. %N”', ocluanlee O:fb.a” me% P'VO!‘ ‘th
u"‘:tﬂ. . w2 Lo ’ X Hhy A0 “ MY.D\LM
edunfbes a~d € € Mcs towards scicncc? If yes, what are those changes that occur? (Please

IMOAS. .zmdkb.w ‘iwm M&%-

Do lab activitics change your attitud

claborate) Aau"l 10/" a{t/\mw

M C’Ylﬂél oM 2 b"'(w,ougw ‘M
{" bons) % %4 4 ar RN Hhe
n Y L o o o L g

with the leve of requires o 7 wef '{

3 Are you comfortable {abls . wo  drau
A} R . Wu
. lﬁu’.‘zﬂ\ bf ‘, 1R conn® Mﬁ {bw ke dloc !
W coUNAR - 6‘1’ £r w Ca"’ ':) (; 0/*0' cn ‘ffu\d,ﬂ(' ULQU
frovlidap A ‘o o pro fau
e MW ful in undcrstanding Genetics concept? : r oo
e did you find moré help - u‘t‘ ) ‘W ‘a'tt‘uwu -ug
4 What activitics a0 MO« ’ L olfMM‘ﬂJ'\ .
e ey T S At AR ST B
it M el
‘ CLMOJ, ' ”Aﬂ w f { ; i iting the lab activities that
Cown BLAMN YLk o forma o8 for the lab? Explain by citing .
< activitics helpful " roraimifs . . e “"4"’ malan .
g, A o SR e el
ta foh T4, ot l Sadiple ety i



Appendix T
Sample of Students’ Completed Inquiry-based Laboratory Activities 1 to 10
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Sample of Student’s Laboratory Activities, Learning Progression, and Concept Mapping

Activity No. 1

s e .
se!
L}

- . . é
. Activity No. 1: Mutations on Fruit fly (Drosophila melanogaster) as Y——

]
.

. Concepts:
0 Variation is a ubiquitous feature of natural populations. All organ; ibit variati
e number of morphological, biochemical, and behavyioral characteristicsE.; glc;?ts;: f':.lrli);:i;?]qatl o
‘_:..::}: - Pprocess of natural selection to produce evolutionary change. This is a teaching cliché thotig essb
around the classroom and you will immediately notice a great deal of variation among mém é r: rway-look
Some of this variation is morphological: hair color, height, eye color, etc. Some is behaviorg): : r:f‘ s clag,
certain foods, knowledge of [anguages, choice of clothing, etc. For centuries, biologists hav s hercncc tor
explanation for the existence of variation. Much of it s a basis in our genes, a fact that is f'r.rtzjrﬁc:x :jm
cvolutionary significance. Other variation is primarilyglue to environmental influences on our deveII:) e
nearly every trait, however, both genes and environmdht interact to some extent to produce the Organilzm?sm- For

phenotype.
Genelic variation is essential to biodiversity anl the stability of a population. Genetic variation

ensured by the formation of gametes and their combin 50“. to _f"“'“ a zygote. g

Opportunitics for genetic variation also occur during cell division when chromosomes exchange genetic

material causing permanent changes in the DNA sequences of the chromosomes. Random mutations in DN A

structure caused by the environment are another source of gf_:nctic van‘atim}
Without genetic variation, some of the bfmc n?ec_hamsmf of‘evo]ghonary change cannot operate.
There are three primary sources of genetic variation, which we will learn more abour:
Mutations are changes in the DNA. A single mutation can have a large effect, but in many cases,

T Y HiGg ;
: evolutionary change is based on the accumulation ofm.any mutations. )
Gene flow is any movement of genes from one population to another and is an important source of
enetic variation. . : ; . L
g ene combinations into a population. This genetic shuffling is another importang

3. Sex can introduce new g
source of genetic variation.

U ial of life. An organisin's DNA affects how j
the hereditary materia i ism" kbt
DJ_I;JA,.a” aspocts ofts life. S0 a change in an organism's DNA can cause

”’& . Mutation is .é,'nk_l.angc_ in
b Bow it behaves, and its phys:'olog .
‘j #'i;{ ey a]l‘ il o :;Srlrllfidutations can be beneﬁf_iiﬂ]. neutral, or }}“rmﬁal for :Jhc organism, but mutations
B iry to supply ra;ato th;': organism wneeds.” In this respect, mutations are random — whether a particular
s o lo=pry “; is unrelated to how useful th

ntation happens or no

at mutation would be.

: pblem: o examine the effccts of exposure to chemical mutagen on the phenotypes of fruit

Design an experiment t

jecti ] aster.
bjectives: : - in Drosophila malfmog '
1. To identify the source _Of va:raet:i?;i;c effectsof chemical l‘l.'lutagen o8 the phenotypes of fruit fly,
T hypothesis to Predis il
‘ § ,;_S g(‘;’;‘;’:‘;ﬁ eggerimeﬂ‘- to test 11_:;::]3{;)0
3. Toidentify a conurol i 10 SXFE 0
5. To draw conclusions from

nsisting of the following parts:

b Activity: fivity €O
2 the ac
Students will complete ) ]
tation, the mutagen used)
Introduction £ the Study (About the mu

‘ Bra;(‘:kcﬁfis: ﬂds?zlemcm of the problem:
» Obje
»

Sjgnificance ofthc Sftudy |
S:fipsand Delimitations PR
g}avdw i

S apedeiad
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~ What is/are the Independent variables?
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: {

o] is/are the Dependent variables?

¢ omupence of mata] fwiffer
‘ 7 ! * }W.frd' 7%;!{ hiﬁ/”/ﬁ': ‘

_ o s/are the Hypothesis (-s)? _ : i
| o mategen il pae mttageiie ety mo be fuitfly .

i

o How will fhe experiment be done to fest your hyp_othesis‘? ‘ '
cal b medig  wlth  the

'r ¢ fuitfles will be 0 buckd B fhe ‘
mm“agu’) n i p s frr i muts gemt {j}émf’.
ke o W

4t are the different components of the setup(s)?

e wil] te me o il 9P and ¢ txpen meniy group.
S phe e pd 0 e BeEof fe gbdp will have e
" 4 wg_m /a1

the materials needed? ) : -
: ejm Fradt (pregeamidy L) miwrosspe , pein desh
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i d?
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Activity No. 2

Activity No. 2: Determination of Genotypes from Phenotypes ;n Hum
ans

Cancepts:
An organism can be thought of as a large collection of phenotypes. A h notype is the ap
pearance of a

trait and is determined by pairs of genes. The pai
. pairs of genes represent the genoty i
a large enough number of phenotypic traits that belong to another person E)grorllzo Y dolicﬂ:f)l‘:f:; o e ol
? Iecognize thar

person.

ns" [e.for a particular trait. In g
ndividual. In contrast, the

r measured. For example, the
¢ milk or a classification s,core

The genotype ‘of an animal represents the gene or the set of genes res
more general sense, the genotype describes the entire set of genes inherited Ky
phenotype is the value taken by a trait; in other words, it is what can be ob,
phenotype may be an individual cow's milk production, the percentage of fat

for conformation.

Problem:
You will determine some of your own phcnorypic_traits. From these you will be able to determine h
your genotypes are for some of the traits. If a trait is dominant and you possess that trait, you will not be al\;]eatt
? 0

determine your exact genotype because you could be either homozygous or heterozygous for the gene
determined by incomplete dominance, you can tell if you are homozygous or

of recessive traits can be identified. By comparing your genotypes and phenotyne
Jass, you will see why you are unique individual. Given the almost limitless ,i,pmicr

st impossible that anyone would have all the same traits as you.

However, if a trait is
heterozygous. Genotypes
with other people in your ¢
of gene combinations, it is almo

henotype for nine different characteristics
otypes for the nine different characteristics.

d genotypes with those of other students in the class.

individual.

Objectives:

1. Determine your p
2 Determine your possible gen
3 Compare your phenotypes an
4. Evaluate your uniqueness as an

observe and record your phenotype in the table. Then record your

Procedure:
1. For each of the fo

possible genotypes.

a. Hairline — The wid e
Individuals that lac};jﬂfa l'zd oyes (AN Aa) are dominant to rourd eycs (aa).
ong-Snap dominant to short eyelashes (ee).

b Eye shape - Alm hes (EE/Ee) are
Long eyelas (I the tongue (CC/Cc) is dominant to the lack of this ability

llowing traits,
ow’s peak hairline comes to a point in the center of the forehead (WW/ Ww),

WW.

. Eyelash length — ¥
j Tgngue rolling — The ability to ol
(cc) b - One whose thumb tip bends backward more than 30 degrees (hitch-hiker’s thumb) is
€. Thur,n. t (BB/Bb) 102 straight thumb (b?;}mam I
dominan Thick lips (LL/LI) are do hin lip e
f Lip thickness ‘—C rly hair (FTH) is incompletely dominant to straig air (SS). Those that have
, —Cu H) is,
g. Hair texture ‘ — | |
o is cen the eyes is an example of incomplete dominance.
wavy hai ce— The distance betw medium-set eyes are DF.

ter-eye distan  apart are FF, and ; .
b (I?I;ose-syet eyes are i, iﬂzslsi,ggfg’ﬂparc incompletely dominant to nonprotruding lips (NN).
i = s o - Protru
i, Lip protrusion Jips are PN

Slightly protrudiog
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Table 1. Human Phenotypes and Genotypes

. ) Your Yo ;
Trait phenotype genl:;}?:;?b]e
: : Dominant ~ Recessive
Widow’s peak Straight line traiakt line

=k Almond Round Mg"_d-_
- sh length Long Short &Dn_-
s :mgc_dextengy Can ro}l Unable to roll Uﬂc*bk%-lﬂ?l_ﬁ
ot Hitchhiker’s thufnb Straight thumb _[Jtekiuker Jhy 2,
= ) thickness Thick / Thin _‘ﬂf{\]—-\‘p .}
I air tcxlur.c Curly Wavy Straight oV ;\d_f\’—1 -
nter-eye distance | Close Medium Far apart Medinm-ge1 | -
I i togeyfier distance Y - %

Ip protrusion Protruding Slightl)t Not protruding | £l SL“‘J o

protruding protruding Jipe i

o Which traifs do you have that are dominant?

Imond eye shape, Jong u,jdmh, Mitch wkexs Yaumb, Wavy ke,
edinm-cet s, Slightly piotruding lips

Which tfaits do you have that are recessive?

Stroigwt hatrline, unable e (el teoghe, Hin lip thidkpeg

Q

Which/of your traits are govel ned by incomplete dominance?

O
Wavy  hair lexure, meddnm€ef e, Clightly protruching lips

h one or more of your classmates?
M ege shape, unable fo i deegne
meclinn- et 2y =~

Which/4f your traits do you share wit
Straiqht hairkres Almo
T Wrtchhiker's thumb,

Whieh of your traits aré unique to you?

i A ~
vy Rl Hun LY
ared all of the same traits examined in this activity, what traits co id
: u

If yoy/and your classmate sha! eness?
yo describe 10 HY ' -
Fu‘n kd poce

Yeeth ciructTe;

: trait?
What determines your )
- both  yowr e iher oind Fa bher

6’3“65,11 (Fn‘

an, how can a person’s genotype be determined?

fa hum
; tedpe of phenotypeo A .
L “""“:,Uf O e the fmilt pom it plher
apily mombee- We ceb creake  a pedis e
Pr\\al“jgﬁ T Lonfl rmabign
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Year and Section: 8164 36 CRiviory)

Name:_ Odmarat Ao 'K/Q
: 14

Activity On !

Concepts/ Idédas

Mutations on
Fruit fly
(Drosopinla
melanogasier) as
Sources of
Variations

i
]
|
|

V

f |
!

Mut:ztions result 1
genstc vanalions.

*  Muiations
(changes in an
osganism’s DNA)
arc the onpinal
sousce of genene
diversiry

*  Mutations
create diffcrent
v rsions of genes
culled allcles

«  Reshuffling
of allcics during
sexual reproduction
produccs genctic

Laaninoen.

/) - “Connming Tdess
/
Clasﬁml Gofctics’ Mendelrn Cito
an genetics (Explai
Zkplain how the trait it celiular lc\d)( it ot the ::;),l;:‘ll: S::;"“ ‘E‘PL‘WI at the |

ttzmsmmcd) ’
Law -Ivdcyadml; !

| Ehromogomes bewavior | 414 of N
Amm bawser ! dudng meisis. lM o OF base
Segregation, | It con ‘nhm,(m ’SCqucnceﬂ Pom{
Dominancef recessivencss!  pavtnt Awits du w9 ah o, ercor
op a tait ; Inciegis of the basc parring oy

P .h : can k C‘kd ‘ d“‘.

Theery Op Tahen ce Hheic 8 « Prc!cncc . r;:‘/-t\qhmhm; '

| op mutant. ! ’%m‘f‘“\”“‘" or

//’7

,,

/

[
J

i

! Kot y

. u&w\ on the

? \in op

¢hromoshmes ; A ¢

+he cmscing oser
D Cours.

|
!
i
J

|
|
|
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Namne: .,g-e.n.&u a"“"
<

(S

Year and Section: ,b&'?'v( -
¢

/e

. Activity On Coficepts/ Ideas // 1 JAY Conaecting 1deas —
Activity No. 2: !L/ — - ‘
Determination | Genotype - s¢t jcal Geneyés? Mlendclian stogenctics (Explam it at the Molecukr Genetics (Explai —
of Genotypes | of alleles fr a Genatid nhow thetrautis | cellular level) molccular kevely (Explain at the

from given trait transmitted) _ —oim .
Phenotypes in. | carried by an Qenetic *"'A‘.‘ ) SIA5E ChromosD nas and Yhe™ Aloag Hu PIA ) bage
Humans | organism Gied as dominat (atonys| wooy in OWich Wy |feguinces por-de ha |
er.qruu)) Trecersive o\u?\&uv\e ond fegaroddeo de Vit ding aippes
Phenolyps = t‘“bﬁd:mﬂ-e do adeni-i Auving cetl Alvgion rent  Qarieing, o eh !
tefcf.s to the ':mn-\ Avath )J wriceme o ‘R’,w\' 44 same qhen Aelermine Y"'*: o

' physical diote (P"‘."'F““.ﬂ- x { gime Yhot genelicists oo tar Jeatnres. <ijle i

! ypp.ca‘ranceoflhc oc solugemc (due 4o ib‘;ﬂ"‘ 4o wndersiord g ectons oy —\‘ho. > A ;

i individ E yauldiple amff> 3 arc i _’*‘ WMU‘;' op .sue& ‘{g-}um\n:“c:\i\:.ci;.:)\“ j

H ; ; —\-«unm-ﬁ'\eo‘ n Dlanis ’ at AN eeltular \cu\-'f“""’“"’ ek f .

| ! ond onimall - ' colot .Nansdieat in ;

H 7 - tow oY S%UE%O'FD'\ “ Are ﬁ,.-\nﬂ are due 4o’
/ . - Law oy Xedependend | tigpereme et n Fequance
’/i / Of3orimens) 0% Qaa \omLes mabng
“g a ~e .
. - Yorminonce [ gecesiion g «@ A
-7 » oo wntivé wne¥ .
/ wachort responei i por
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Year and Section:  OSEd~ DF ( Biclagy)

Sha’\ ro
Heredity

Name:

Topic:

A. Concept Mapping

o List downthe concepts (

heredity .
‘A

nomolo 9
hetemzyqoms chy

ene¢

alieleC
pPhenotype
genotype

t mapping.

2
7

\
words/ phrases) you learned in this activity.
o Connect these ideas throu
- Heredity
. \
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Activity No. 3

!\Ctivity No. 3: Usi X
- . 3; Using DNA Evi . N .
Concepts: ) g DNA Evidence: Who did it? -
An individual®
s DNA ft ;
torms a unique pattern of bands that can be used
ed 10 identifiy thd petst,
o persofi. This

unique bandin
: nding pattern produce s
help identily the difﬂ:rc;l:c dLlla d by fragments of your DNA is called DN
s between two DNA samples. Genetic marker A fingerprinti tneli
s are specific s * markers ¢
hes oD an

vary indivi
¥ amfn?g individuals.
cientists use pol i
[ merase acti 3 ;
polymerase chain reactions (PCR) and gei electrophoresis i
oresis 1o make a
S fingerpri
print.

PCR
allows m =
- any copies O sertain se "
:nulluplc copies 0_';_ ong partii:ﬂl?r 52;; -‘ai.g.tnz_t.m orlI.)NA to be inade without using livi
separated b nent from within a larger ic - iviny
y gel electro osis PR ger iength of DNA, The I a0 make
phoresis. In this process, the molecules ur_}))ortiunt: nf-‘;n] lllt Df awulll,ukn.
E: clecaler are se en
e Separgsat] hecordi
werording

A Trapgnzng

1o length
These two t i
s : cchniques, wh d
evidence a ; S, en used together. Allow law ¢ Foitee
tac ey B nforcemen <
r[me scene DNA gathered from a blood or hair sumple can[;;?f?,u'e' the smallest fimor i
en be compared to lfN mt o
A from a

susnect's o
nect's blood or saliva.

NA patterns made by gel electrophoresis derived froin a I
¢ Aroin a DNA

Problem:
ked nnd if any of sus i o r
y of the suspects now in custody are 1l i
> the guilty partices.

s The figure shown is an example of D
ase A series of bank robberies were lin

Objectives:
1. T .
5 _:_0 use models to represent DNA fingerprinis.
. o infer why DNA pattcrms differ between individuals.
»ns about which suspect was present in a erime scene

3. To draw conclusic

e of DNA paticrns made by pol electrophoresis dorived Fom
1 during the pas: [oue day e
posk fousdage Yourjeb will b

rics took place in onz tow

is an exampl
finked and.if any of ihe suspests now in custody arc 11
: the guii

ank robbe
s robberies wWere

oo on Monday, The baok robber zan up to the drive

. The robhcx;,n?dc oﬂ'wx_th an unspeciiied amount of
ra. Police detectives analyzad the bload r'”m’:“mc;
sumpic. The

Figure 1. v is labeled Mank /

xhing, reillance camc
IDNA r the sample shown in the first column in
The Second National Bank was robbed at 11 AM. ©
the bank and handed the teller 2 note for an unspecili
money but Kept 1he envelope Luckily for dciex;uvus,“ﬂa
1is sample iy in the second cohimin o3 Tigure

DNA-sample. T

n Tuesday. This time, the by

» ank robber
ed amount rffmonoy The teller ]J‘;:‘:;ct.nlc:‘-:,d
< robber llr:-.kcd the envelope aud [c.fidb"v‘?,- the
1. 1t is labeled Bank 2. chind a

A S TaEe | O
I robber desenndad oo,
BalEzy G

YRR GO

ank wis robbed at 10 And @it Wednesday,

evidence at the weller’s station. Howd

1o the teller, dropped the guiml in the trash bacrel. Obseveanct bud :
analyzed. DNA was extracted, and “llisji;r\(:,i WG

was collec:ed and
mn ol Figure 1 1t is labeled Bank 3.

The Third National B
left without leaving any
and, just before stepping up
aleried the police, and the gum

in the third colu

“samplc is seel int
pects have consented i
to give DNA sumples.

have found three possihlu suspecis, and the sus
of the suspects should be arrested foc the crime .
b the crime o5 coimes,

s and see if an
ancd answ

a Table 1. A
igpeot Was found ot

stions that follow Indicate in the tal-le
€ ‘-

DNA gtrand
Use an X to indicate a pesitive mate!
h,

) . or the quc
7. Record your conclusions 1 @ Crimg scenc.
or o ot the DA from ench st
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Figurel. DNA Gel Electrophore.sis Re;xlt

.

s
. (,onstruetfr/lg hypothesis’
g 1%6 Vbﬂhat is the hypothesis?
avk | i
| s guapeet i Ju:peef ¢ while the Bank K
Table 1. D TuspRe O e
. Data and @bservations =
DNA Data

Suspemi ’

beries cominiited by the sa
ame pers-n? Explair
R e 1 how you k
now.

o Werc any of the banic rob
o, peosuse the DO gt Aoker i ghe e bants o iy
fom each P ve ho gnalank
¢ Isdherea definite suspect for each bank robbery? Should a ¢
b ? ih o he DA ny of the suspects be released?
Ju, Suspech mothts Wi gl lleid in Boat 3 :
m _Pont Y, Gusptct A Shf’"‘“f be phased beeouse Mﬁlhcr ; S'ug?“g. ¢
[es htr t ¢ Pank. WA Camgle did
to gather more eidence in any of the cases? Explain ¢ hot
Mk W#""U“d with 'H\Q Uf\m Sﬂmf‘\!' ﬁum’gankﬂ_

ctectives Nee

Yas. The Paark e’wfléjcei: D

pect A has an identical twin. How will this chavge i
s change thor

clives learn that Sus

Supl 0se d {,, i ¢ M ;l F- -

'ﬁesﬁguﬂon? ‘
o 'ﬂm, will fetfigate _bak: of Aiuw- They
 hiewe 4:;2 e |8 .|dW'1 & qechy  oHMr. fufur, By wl jw i :
o A i bt 8 e
different DNA fingerprint. Why do DNA ﬁﬂ‘c';ﬁq;rims vary &
50 much

ct had a very
rson?
71124 '{v F{nm bteause

asch  from
omd depforent Mpes of  genss.

Each suspe
" fromperson 0 P¢
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[Activiry On____ | Concepts/ Idens \_/ Connecting 1deas 1
i Activity No. 3: | Deoxyribonucleic = - = . !
Using DNA the . cal ctics! Mendchian viogenetics (Explan it at the Moloculor Genctics
I I-:vi;::ic: \Who f,f;g‘,omohm]e, Gcm:tvcs(&pbmm\\ the trait ts cellular level) ! molecalar kvel) {Explain J\thﬂ
P did it? usually W"‘"‘“‘““ U
[ °°m°‘°d°“w° ses D ""‘""“P :‘, M:&fm"’ w,g‘d"" ¥ cans with mdvé;.ﬁm i
‘ p()lynucleondc pem DNA ic $ ot !
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Year amd Section: _BED B¢

0y

Name: Youel Am Fciordoo
T ..
Topic: DN Tildeng: Who ddd 17

A. Concept Mappin R
Pt c~p'l,,istg down the concepts (words/ phresgs) yo Jearned in this activity.

o Connect these ideas through concept ing.
AoeED -ttt

o
o TWF'/ AN s
d : informa i on rowrs| FonblE
kbl P
m:;w" ) Sml
o S inkonatioy
o d;nnsb-rzw . ke (VD &'ﬂ:‘ — Wtdedwﬂolﬁﬂlhagh
DK Gameie Fomatin < sate Cipe) epicztion o
meiess
b s iquall T
%‘x ‘ ad MmanTouna of He Oganon o i
awmﬂ 9:5;9 By Gy NI~ ;’3‘*‘3;
1MP ) ' . .
. mg'o?in
kgt
fepsin
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! ! ] Cm [ ] Dhls;r]- .
/ Qmw’% ’ 51, Qiiigen

Activi . s
ctivity No. 4: Genotoxicity on Chromosome Morphology using Alli
: g Allium Tes /

Concepts:
A chrom i -
osome is a structure that occurs within cells and that contains the cell'
s geneti

genetic materi . p
terial, which determines how an organism develops, is a molecule of deoxyrib
Xyribon

A molecu ; ¢
le of DNA is a very long, coiled structure that contains many identifiable sub
a nucleus, the chromosome is merely a circle of DNA s;; :uk

es are much more complex in structure.
was first suggested in 1888 by the German anatomist Heinrich Wilhel
ilhelm

921). Waldeyer-Hartz used the term : ;
A chromosome is an organized gzx;thOdUC??)%A d fordiesbes cortam St gt

s = 3 1 5 rc O an p[‘o[ein that is fi %

E{Eﬂ?ﬂ 1:::;:; of clcnled DNA containing many genes, regulatory elements and 2]:;; ’li‘u‘:f;:jcﬁt‘»hmmosome isa

e es also contain DNA-bound proteins, which serve to package the DNA and conuglegucnces._

Sy sire lzrom?sgdme comes from the Greek chroma - color and soma - body due to their pro its funcliqns,

b e gly stain by;pMmUJa..r dyes. Ch:on}osomes vary widely between different or| a:]:i perty of being

youc cells (cells with nuclei) have large linear chromasomes and prokaryotic cell g Tymelly
nuclei) have smaller circular chromosomes, although there are many exceptions to thisi‘gg s liants ey

prokaryotes, or cells without s

a distinct nucleus, chromosom i ci;nes‘. "
o The term "chromosome T
: ottl‘ncd‘ von Waldeyer-Hartz (1836-1
orm during the process of cell division

the effects of exposure to chemical agents on the increase of th
e

Problem:
Design an experiment t0 examine
d morphology of chro

number of cells in mitosis an

moSsOmes.

some morphology as induced by different chemical agent
nts

Objectives:
1. To identify the normal and abnormal chromo
. used.
hesis to predict the effect of chemical exposure on the rate of mitosis and

2. To develop a hypot
morphology of chromosomes.
¢ this hypothesis.

To design an experiment to t€S
To identify a control in the experiment.

h
draw conclusions from the experiment.

Jtion of the reagents needed:

’s fluid: .
Farmer's ';l Mix 3 parts ethanol and 1 part glaci

al acetic acid

acial acetic acid
for 5 to 10 minutes. Cool for 6 hours to

About the rr_mtation, the mutagen used)



or Group Activity:
What is/are the mdepcﬂdcm vanabl ?
/ 5O CONEMIGHON &k nAagen @f“PCJ"“ )

What is/are the dependent variables?
ugmam\fg w1 morphology of Cirombsome &f enion (oot A

e o rsh;t és/fare thetgrpotheSls (-e9)? < e morphaogy on onen (Al cepd ot
S QeAOKoIC @\c\edm om0t morPhotdy: an enion (i eepa) root th.mos“

ow will the experiment be done to test your hypothes
A TSON of $he convol and S MEVRA e efﬁ o Yindr diromosomc.

are the different oomponents of thé setup(s)?

;,F[um jMH{A mrbo\i’-ug&uﬁ- Oiﬂ‘l’omfmm

h I ded
s ey the matenls e adies glass o MACeERe
onoN” ufe

yses: Acquiring and Processing Data, Constructing graph, and Analyz:ng Investigati
ons

'hat will be the data involved? What kind of graph will be constructed
m oo o onoN ook YipS , the obsa wdﬂpdﬁlfd yames

ency
ok Ton of R sare Maf%m@ﬂﬁwmgww.

hat statistical tool(s) involved?

&a UR©

L ifi amdﬂ"crencebetwcen the ouﬂs‘?

M?W?mm jmdw wgm 7 qrowps CRIOTDML
0 w’!‘-‘ hcIcas mberofcx:lls in nulosx?? ('6'{ ﬂ]‘ewﬂ{\@“

ify your fi ndings?

iments should you do to veri
Whg.t/ other expen o Fg aﬂd gmnwg 9

(;HO 0
¢lls in mitosis mean that these cells are dividing faster than the cells

in mitosis?

ou dctcrmmc how fa;;;;‘?;hrate of m;ttoms is oceurring in root tips?
ey -

. ‘ o at other WaY Co" id

om0 A

)

Guide ueslionsi _ ancer cells different from each other?

7 How are oA ﬂ%‘(‘)‘j\‘a“ 0“ Shion Of awner s aro fasker

fmf/. {OH = ‘_m\ 5@\\5 ,
hat are the main causes of cancet , ey AR
© gmg e & =
[ ncer cells
sth"g"fﬁy . el'f_l camgf, mﬂﬁ are ekroneck for
awm

enain cancers?

for mcreased rlsk of c
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Connecting Ideas

Activity On Coucepts/ lgg-a.s:_
Activity No. 4; | Clromosonies are ) _ .
Genotoxicity on | Stwstures e Classical Genetics/ Mendehan Cyiogenctics (Explain it at the Molecular Genetics (Explaie 2 the
y cantyn the gzuctie 1cs (Explaim how thie trastis ceflular level) molcealat kvel
Chromosome watcrial, whech s Grenct :d P )

Morphology | pNA transmitted) B‘\:“—_—.THEOM oF | Uwomasmit iwads Bu ah oyl oo .
using Allium | n cuhanohc "eHROMOSOM Tow ax B upis shouplc uls o Qi B pm
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s i3 ol
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nm aoin bost 200 iw -#w [vp)
wmw Mn‘vmr St h l
4 u}dﬁ sk Ao tode 5“‘ apcwnd e e
powld asiut ax * eemids ',ﬂm,u mMntM ‘”u..w.' ot % quurel
dasir. #,‘L (‘.‘wi\wml chacmalid , vu“‘?iw Aufts;!;w\ nuclu
o avnrfs walioddt DNA. Stz | ¥ ) duwma‘ B @t com e
R e o
p ok f"“ + 4" [Wm
| NPT e o ued
: hmiw ‘}‘ & wﬂﬁ‘“&u d Ao atl b umd. Cw
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.. CONNIE C. DURYIN L C \mrandSmion BLAr - »p
&m{m o m Chomewmy MMMM weing Albin Yut

- fopic:
B. Concept Mapping
o List down the concepts (words/ phrases) you lcarned in this activity.
o Connect these ideas through concept mapping ) .
Yor (rerogy,
&)

W &9\" ) JePeid(s) W

1 HROMOSOME ‘ :
haplord  diploid cggn?g“‘

chromadin : \
hisione  Allivum’ ce \ I Mt o4em
DNA genes w\oW‘"W’ class O\v’\OSOMf g“d‘”’%
Mmilows mefoms wm%:\l’”ﬁdw"c“‘l ‘b'b; L D

[ ’
o eentromer€ % )
telomere %y A

humber

¢

cendvomere | I
acaenfiic . morpholcgy e

nutl ¢ oML
w‘agen mt“a centh
?arﬁ:

eulb et cont /
.70 centiC
oc nucleosom: k\{m ch\ X Mromere

gt
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Activity 5

A
Activity No. 5: Altering the Rate of Mitosis !

GRoup 4 - PSED-3§

Concepts:
All biological systems are affec
ted by complex biotic and abiotic i
interactions involvin,
g the

matter and energy.
. Mitosis is the division of the nucle wed icion
vt divi us of cukaryolic cclls fo! fvisi
‘(;ygl?nkax:mﬁ)g‘f: the division proceeds correctly, it produces two ml:; dmby Mmd"v' g dd u'f
o c.ef . Mitosis is responsible for the growth of an organism from a f:ﬁmd esgly identical
cssary for the repair and replacement of tissue. Anything that influcuces mitosis o it f
can
>

contimity of cclls and the health of orgunisms.

Problem: '
Design and conduct an investigati i joti
gotion to detenmine what abiotic -(salind
the rate of mitosis in anion roots. facturs (salinity, temper s sind
and quality of mitotic division? Scicntists are/ficrha

might increase or decrcase
keenly _Htcvw docde:wiromncnml factors affect the rate
interested in this question from the perspective of discase, specifica

known as cancer. This investigation wi ' i iy, tho uncontrolled divisi u:m

! . n will allow you to muke a i . ision of cells
environment and mitosis. & 4 simplificd study of the rclationship between the
that will change thc rate of mitosis.
to tést the hypothesis.

£ abiodc Eactor on mitosis.

cscribe the cfficct ©
and in other factor.

n roots in water

Objectives:
1. To determine the factors

2. To dcsign an experiment
3. To make a hypothesis to d
4. To compare growth of onio.

Prelab Activity

Students will complete the activity consisting of the following parts:
» Background of the Study
tives/ Statement of the problent
cance of the Study

e Introduction

» Objec

> Signifi
Revicw of Related Litcrature
Mecthodology

Results and Discussion )
Implications and Recommendations

Conclusions,

Procedure Growih
Comparing Rates of Growlit. 1 the small glass jars ARC andD
ron and goggles. Label the glass . B, X
1. Putona lubom:i"’i'n?op opposite sides of cach oi0n bulb so that cach bulb can be balanced over the
in Figure 1 below.

2. Inserta toothpi
mouth of a jar, 85 shown i
Toothpick

ea of the bulb is jmmersed. Wash your hands
that emerge from each bulb and the average

i1 just the root ar

he pumber of roots
pour the water out o

igure 1. The Setup .
3. Ifl&hcﬂ pour water into each Jar unt
" t
4. ;?{‘;)al:::x?rﬁd t.)l'w pulbs each d2Y- Record
oot ’ wnto 1 cminlcnst.h,
5. When the roots hsve gro s i nt
. (mmtagen 0 use) solutions ©

£ jars B, C, and D. You prepare-

193



/ —~

6. Fill jar B with the 1% ion, j
- solution, jar C with the 3% solutio j
X and i
7 aﬁa;is,‘:l:hn:c mtl;; bf:lbs-over the mouth of jars B, C, andnl,J so ti;g:rnit&s‘ :ri% oy One
Mot ot B e e escovoratios of s Fypoc e
3 ¢ three concentrations of sodium hypochlorite in %t:bt;or]a;ch of
able 1.

For Gr;::p Activity: Genetic Inquiry Skills:
e Identify the variables and describe the relationshi between
3 - i
hat is/are the independent varinbles? e these variables
./ S wp A wih e oniem and wafer,

¢t is/are the, dependent variables?
,g, an min and a MMMM. lf’”"', vakr mfxe/ with 1m) piga
conaninAm  of Joveml pafe mixed With gn4 -2(.;’::&
L/ .

Jet up B VI
R o e
oy with an eem and & Gre . :
tructmg hypothesis: " e o gvo il bty #EA T Imt bn e
o \g"hmiszmmlb; hypothesis (-¢5)? : (i
- s o‘f«fﬁ wrdd hnre o fmotr Nn .
../""H frwr $¢t up 2,6 and P ontd bare A J:f:ﬁ‘oﬁ:c‘”it otvp 8,¢ and D.
o Designing investigations and Expcrimentation Vel
o How will the experiment be done to test your hypothesis?
paminias  WARE aden
¢, Jb‘-ly) B,Cord D ecowtrig

e

Thet Wil bt ofir SIS Set-vp 4
g [:ir;*) will b mersured  fir 9 :
. F”“”ﬂl e ok u,’//"“

w1
Fvoml waktr. fef-yp C . ‘"“:7 of S §
wiph B . odile.
g -~ ,6‘-0..4/? ¢

. L .o
14 .
t are Miﬂé?érﬂ ‘components of the setup(s)? )
wader anth h ovim il m g

Hrord e ;‘:ﬁ.’f’.}” i) _
o‘y%nu'r’n’cratc ::r&:atcﬁalgvx,chcclcc: 7 fnﬂ:, .‘3 "'7" “"8""#‘ """‘ S ml ahe
‘ pims  wivh ke Sl 744, 1, Awr glnts br#la, olpars . _
MM".”? 797/[{ hder ¢ WFMW#:O) 9 ) rtfe or o "‘“”‘3‘.»’

Data Analyses: Acquiring and processing data, Copstructing graph, and Analyzing Investigations
* o What will be the data involved? ]

/ _ he  mamsured Jength
’ ¢ statistical to01s involved?

o
- J"‘f&/ "’J Manr ﬁ/h.fh‘y 7“7'
Table |, Number of Roots and AVETRES Length in Watet
Day b A (Wale) | BubB (% Bulb C (3% Bl D 6%
mutagen) nutagen) outagen)
Number | Averast Number | Average Number | Average Number | Average
of Length of Leogth |of Length |of Length
Roots Roots Roofs . Roots
Day 1
Day 2 ‘ '
Day 3
_._”J___.,——F""—’——"‘"-_"
tosis .
creting a TOROSIS promotcr?

cptal Effects o7 Mjc o ox
. lont pathogen from ¢serehng o mio 13

Guidc Questions: Environm i

o What benefit would 2 plant pathoge?
“° The possitle bene? fhal cen be derived bI ap e from
P "!f(MJ‘ neldfd fof heir fffﬂ?Mon 2 W"ﬂ‘

Pmmokr ave nv

che ow@'mgt“}ePh?tf : -
; combmaons  mprhe adiely

. -1 cell division @ €
o Explain cerms of rapid ¢ o
i i, i PO ity
- dn & 37 st il 3 pro
in  undsimble WALl W aeh
eeldular

y sed
Mf’f‘yfophw ohnwy in bdr

< mm——— e
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Name:_ Joven J. Lém@ - Year and Scetion: __ 35¢d 3E

Activity On Concq\lsi Idea /{/ { !f Connecting Ideas
ivity No. §: [ Muosis ijthe / ' _
A::::::’, é :;C division ok¢he / Genetics/ Meadcharl_" /] Cytogeaetics (Exphain it at the Molecular Genetics (Explain at the
Rate of Mitosis nuclcusof Gptiics (Explain how the teait B }llularlm:l) molecular level)
cukaryatic cells transnitted) 2 A
fp!l'oprd by the ,’ Seoteprnclal f/[ ,ﬂ.{/ ") milods , Perunt aJ:tw:bm A mitaais |
?:;:Q"s?.mc Onacrtmend omd xwa;  cetd [ 2n) diwols omd Emw‘w ioﬁemax Ahe!
(é}1okins|s) if 3 on / /{Agm & ddﬁto{dﬁ,}l el i
the division e gat 2he du ¢ all. f Iﬂ :
preceeds coretly, e Jo ArR a} .PnM (Mwm M
it produces tho mei s al’b. ﬁ'eaqu miboare J“Vd“&qi Wb”'_
cclls that arc nARarL Mdﬂﬂﬁatﬂ ‘ cu\xmx
Bcw'z'l" X amaﬁ-‘al-l. onol ‘Bhoghors | ""‘M Lu—(mm) X,t
identical to the Lur Fherone, :
originat ecll 4 cﬂw‘ Ao ul (4 ately | au.w 8o prosrears st:‘
Mitosss is LRemBAcnLL (] ! 2o U € mearnct Gows
responsible for the | Chnsmatiole FGwrg , koed of fau,
owth of an ':ﬁ»!m'g M,‘idmo Fur Y elong )
3 organism from 3 T o | fole oo S gt
fetitized cgg o 11S hd‘i wor ; s ﬁa-(u;d
final st2e a;ld I;t & i M _m_
neccssany for L u.'u ! .
vepair and MA;QM‘- (4 Mdmmaﬂd) U‘L Md"d%
replacemient of wponolis om0l pracucte | offect [touly,
L. : | g% actcle ot 0tk |l “‘@“ ——
th ng i . .
m‘:]t,c::ccs muosis Jaﬁm' %
can impact d“.,. " Burng Adophans T
enctic conlil .
of cells asd the : we Jus lunhlin ol
health of Cﬂnﬂcw-:,,y 9 chnamatidy
e 1

S N B
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Year and Section: PSid 3f
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Topic: Aljeciog the Rate of Mripsis

A. Concept Mapping

o List down the concepts (words/ phra
o Connect these ideas through concept psmi

‘you learncd in this activity.

Milasis — does act Gppb Merdetiap

9ene
Mitoss
porset ceh ' comolw(loodycen
} i
J"‘ughvac:l Pf o Nclphow, Aplc Wi Ebrerrt
hijhe o L /
: ’ )
aﬂap‘:bsf ‘13""&;’;5“ @ sisk;ohro b omiils -;bler dau
te¢loohest oligaot i i"i::eq Moot )
condes Mm‘aw
onA Ateradion < el
Pro’(c{n |
¢ o rogxs molewdar leve)
alteation "
chromatrgs P ”‘\
Comht celt . ack  acarresd bose Fa{ri»j
_/———_’J wwﬁ protein
' abnof molity
vn cell
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Activity No. 6

f‘ .
i

’

|
g
H

|
t
|

—
! Stage of Prophase )’

—

PN

-

Activity No. 6: tdentifying the Stag&s of Meiosis in Diﬁ‘grent Specimen

Concepts: .
-~ Meiosis is a special type of zell division that occurs if i
Meiosis reduces the chromosome number by halﬁr:r::b?i’:;zgur:r :::;J:::.g organisms.
Meiusis of diploid calls produce. haploid daughter cells, which mam?‘:,lon'to ooeur.
o Gamcetes undergo fertilization, restoring the diploid'num’bcr ofchroy fetion as gametes.
Meiosis and fertilization introduce genetic variation in three ways: mosomes in the zygote
tween homologous chroimosomes at prdpi\asc L. .

Crossing over be
ment of homologous pairs at metaphaze I:

.
<
(<)
L)

“

o Independent assort
. Each homologous pair can orient in either of two
! ! . ways at the P
= The total number of possible outcomes = 2n (n = number of hg::giedOflfell division
o Random chance fertilization between aty one female gamete with any othe ° almosomes),
- € gamete,

Problem:
different when

Honw doces the process ol me
they are coming trom the same person?

iosis result in gametces (egg and sperm) that are géne {

f meiotic division.
f meiotic division.

ifferent specimen.
d of each stage of meiosis.

Ohjectives:
1. To comprehen
To difterentiate th
To describe the stages of
“To determine the chromos

d the mechanism ©
e different stages 0
meiosis in d
ome number at the en

-

v 1D

4
Prelab Activity . S e
_ St dents will be providcd with the necessary materials foy this activity. Lecture in meiosis will al

ciscussed : . . . so be
Procedure: 3 . ' . . e s .

vou will label the vided on the diffcrent stages of meiosis, cite evidences for such stage, and

. . . , an

complete gnalysis question

ges of Prophase i

pictures pro
s at the end.
n Meiosis, Lof the grasshopper testié (If n=i2):

s

Identify the following sti ”/

Sta{’of ophase 1?7
_ fachynema, .

Sh?osomc Number=___ (7|
Evidences:.

Umomasonts
do coit cmol

-
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- L. _ M,‘ /

Stage of Prophase 17 .} Stage of Pro h
ne O rop L= -h,-\»@/ I ophase u%
2 r

Chromosome Numbu - Chromosomc Numbeyi 24
Lvidcncc:;'

Fwvidences: - / S
| HENEeR, Anint Hni O‘S The  Chrwy
A Z. Fne P Nowita

; enmmiditme A4 wiin
] nutledt

' _ oiugrestive  Lofiglensadion’ ' .
N daihin -o-}-—(,wﬂmom"

i .on
ta ft i
Identify tl-e following siages o Mu-ulsw 11 in lily anther: (If n=12)
"4

(’Ja

4N
o

- B

+ Al
5
| g \. ),J
; ; . Stage of Meiosis? Sipge of Meiosis?
U Stage of Kleiosis? A
' ,r\ny{ _\ .
i ﬂ'/ . ’ - ]elbﬂ . D
I IAnate - ] 3 me Number nos NI
v e Number | “Chl onr‘/\n"’ osome umber
{ Chrdmosdanie Number } < “”"“':,2‘ ome I
=2 B Rl S e wdcncm Zvi 5
" fr-‘.'n:f(-nc':.-'-;f - 2 r_f\qdcnc"-’\ E
! I +—. ) - f okl e D — N
v it e s ! .
reevhicned aré w\}tc’f
I appott L
n-..rlul,.\-ux i L&
| —

ving st vaes of than 1 in |

Cldentify 1the follov .

e TR

Stage of Meceidsis? ’
eioprdng :j
| Chromosome Numbcr = 24
N

M Evidences.

Pz
Loty Ny £
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6‘.

& (nvestigations: -
* If there are only three chromosomes in an or;,dmsm 's ccll like in this Skp‘lulat:on h
combinations of chromosomes would there bc in their gametes? ow many possible

."X&osib\r_‘ Oom‘p‘MJnm EF dmww; U.}'\Ll‘ bey 99 Olﬁv“’.

here in human gamete formation?

)
5

many possible combinations are t

Brypon @\w w| 43 s c,hmmos.om; NS —
?a»m covmbinattns T 230 o sarsf WY

How does the pracess of meiosis form cc[lq {hat are genetically different?
v ‘éhﬂ en o haploid gpencias Q—-—,;?bw

')

or clyombs mer

\‘LUU’JS op I -‘,u\
;‘m, T Jf“ P of, s
oh\'t‘f"hﬂ"H' an e w?r&s e o o ) g
I gt erchage

Ou{.n
a:::aﬂﬁ chipmaS™ ad (v

botweon | mambet ﬂ&' erch WWOW“’ G churmotartt
4 How is meiosis different from mitosis?
gy OCOutt n cex\lm\ produu mganum Mugﬁ“ &%ei glahmmfvm
fver 0y et a M{o\m a{ (ﬁmﬂ Sertization -
=al m?\dﬁ NO- !'W
Wil W M ame Lpr Cede .prln ju” dlp W
eay  miks rduter SAvY
G l month, what aboutthe other three cells produced?
5. “Females only produce onc eggam
: ’ mAungd O oolld - pelav” h—‘”%
defento?Uia.

“H'\Yu-’:/ Cbus ,E . M MV"W

during meies:is and how might these events affect the
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" outeo
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Activity On Concepts/ Ideas " Connecting fdens \x
Activity No. 6: | Meiosis is a type : ] & e —— \____
A o e el et e
Stages of that reduces e : 7
s e | f transmitted) 4
l[\)l‘:;:::sn;n ::gbmc;szmcsto The PMQC o Cll diviioh T eucceside clivieioy rang J/}é \ }
Spccimen ha!th? nUﬂcllbcf |\(\ @;tmdb ﬂ(fl‘i or Of dl‘p‘o;d (f" Or 0 .YR g
| Bt | gperogenent gldng vie Uy cepoducs  [ephican,
cells This b a pually (ool el caton.
© freduion® Al cipod Aumber aen dhat cesult \
hromasome AN N A 6 DNA
ot 1 ocers |6 chomofespeC” 3 r Napbid "
during gamete Cduf(d . _\).,. mn Eed
production andis | ¢ ny ¢ (({ S/
necessary ".‘ . \]C\?lo\‘ d,. nu \‘9‘0Yo f )B .
o eac | talp
stable num) . -, _
Zf’chmn‘;zsomes ~ Mendiel§ ‘F"M‘P)“ a- -\‘L( 9€ netic
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Year and Section:
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Topic: | dealipng the chages of Meiotil in Derecent Speamen

A. Concept Mapping
o List down the

o Connect these ideas through concept mepping.

w5 el /
me s 1 Ooe,:\:: wabeytt
[ al P;”oé,,j’“@mxﬁ
fo w. .CfétMW‘

phare > to?0N
foprax [ f?(mm "
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M&A;N(WIK' Gewr ™7
hne pna st o ovd
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tcchm:( 1
Wierkines ¥
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2ok B
ftachy fo0¢ *
Dpetrar "
iGame Hs
Cpan

4

201

concepts (words/ phrases) you learned in this activity.
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Activity No. 7

‘ ‘At y No. 7: 1Hlow Can K l -
; § L 7: How Can Karyotype Analysis E i
4 ysix Expluin Genelic D ’ )
B IIDME%

. s a piclure in \A'hl-i.‘l. 1 " .
patiern of the chromoso 1 the chromosomes of a cell hav
o i e b i
c:‘rnnm:smncs lhcncllsn::s: :ﬁ?:f::? l( o |In g‘claphasc of cell dis sion ar:i:‘a?;:;n:d ‘:‘hﬂ inct
chromuousumes arecast i otographed through the microscope 0 show disti
; : om the photo h : . ; ; pe, and the photo i
position, and bandi P wraph and arranged in pairs accordi . graphed is enl
disorders and di ing patterns Karyotypes have become of increasi ling to sizc, urm length
. isease have been traced t ific visi increasing importance to PRl
Ilie gludy s | o specific visible abnormalities of the genetic counselory’
B anered dudd yotypes is made possi-le by staining Usuall ol
40 : '\ a . 1
during cell division by a solution of colchicine. Far hu:nunfl:h‘;:: :re is applied after cells he
; ood cells are used C.a
most a

frequentl
y because they are casily induced ivi
g | ced ta divide and grow in tissue cul
account of a karyotypc may therefore include the mml;::c.w h
. , shape and bandj *
ng of the

chromo
somes, as wcll as other cytogenetic information. Variation is often found:

2'- g::wccn the sexes

w .
) bqwicr: the germ-line and soma (between gamcles and the rest of the body) -
3 e il l:ncml}c::s of a pupulation (chromosome polymorphism} Y
P ’glﬂplncal variation betweer races
5 muosales or otherwise abnonnal individa Iy

i. Objectives:
he metaphase chromosomes ol three individuals

e ‘Construct a karyotype fromt
: Analyze prepared karyotypes for chromosome abnormalities.
® ldeptify the normal and genetic disorders of three individuuls by using the provided Y

sed 1o explain the presence of a Sénﬂim:x:"

o . Hypothesize how karyotype analysis can be u
L
standard format or arrangement of the chromoso
mes a3

Prelab Activity:
o The studznts will be provided with the
shown in Table 1.
11 also vbtain copies of the metaphase chromosomes of
the bod
: three iNlelcr.ula and

The students wi
arrange them as shown in F

write a hypothesis t0 descri
genetic disorder. Write your hypc_nhcsis int
me groups in the human karyotype

#r 8
;7 Table 1. General characteristics of the different chromosome §
¢ | Group [ Cho mosome Numbel__1—— Description
B T A “_/,_Ll—-/ Large metacentrics
1 _j._.._—-——’/’_;/ Large submetacentrics
3.5 — Medium submetacentrics
] Medium acrocentrics with satellites

]

igure 1.
be how karyolype analysis can be used t
he?space provided. °‘°"P1-in the presence of &

o

Fea C ;.
- _..D_ - I 6"_;:.:5_ e e 4

4 e “3-15 ~~ | Small submetacentcics
TR fo" 7T T Small submetacentrics

1 iy BRWEY v - —— o —.__.——'—_—._._ i .

sz Dot riiome " 0 13 Small acrocentrics with satellites

it ———— iy e ‘l‘d—--_‘——'—'-_.‘.—TH. -
v | Gmall scrocentric without satellites

0 —
Y e i :
| Sk & §o #d

[ -3}
- 2 *
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e 0

1 12
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G

a MO eb pa b wr
. fﬁ,é/‘j‘ —L b 19

t4

13 : .
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L//L al 29

q 40
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. e -~

R ..Hp Activity: Genetic Inquiry Skills
*% e+ |dentify the Variables
¢ What i5 the independent variad)

‘f What is the dependent v, Nable?  (hrompSonal  mutations | :
2. e  What is/ are the hypothesis (-e5) ~ / i

fy dulthm in fe gmchve of fhe dvomoome b bma) md  phiockon gn fh Anstbey -
L Sy N vmmoent  an ndiatmg ¢f  mnlmhm  thet wnld fead 0bE diperdes
‘.‘ . . f W .
Bl 7 . obstr gk K nalysis. ‘
= ﬂulyzﬁlgyfm'estigalinnsMj”"“ anaiyr

that such set of chromosomes belong to that person i.e. either nornial or abnormal?

# What are the proofs fof ow (. 13 palre of ML, wo sl
iis Norp ¢ should M ¢ normal ¢4 mosomeS . 13 paire ef chomojpon( e chymo " '
3 o | = S e e f of Ak Ovpmofomes &Y o ’.‘rrmql / ot han
; el et farts of g udd 1atkirg Ghrpmesamer

. ) haqp o dbmermal sthof chamosomes pan bl of  Chromiogome( (M) b menocon "
;;/Abmrrnf Pepe  ghenid o) mataben in the straere of sy of dhe ChomMosemas i Lo ‘:a ﬂmf;#‘so"‘ﬁ'

,» » What kind of information would be required if karvotype analysis were (o l_»c used to detect the genetic

disorders of real organisms’ ‘ . .
fqhypa}'c; unfaing e writpﬂ ad infopation hethd 0 Kagulype andlyc | Ad gl g
te stvdan , panber and  poprtics o The Grvmagomes panly b vital. '

g

Rl
i g -

oy ‘.\']m)/&i;racwristics did you use 1o match up similar chromosomes known as homologous
1::5105(Jm¢fshc e, Whbe? paaptac | arwane of feloveame | Fiit 8 the chomogeme; v
il ¥ 3 Can th o hish wed b otk ap hemolo o chmmosong.

bmery fdftmr ¢ eaih

(o mesomdf

.

Down f;;romc is know as trisomy 51 What does this mean in terms of the numbc@ of chromosome
- & a i f) - . )
angthe type of abnormality’ i an adbigmal chomogre 1 pe st paic of theomesongg

iamy 21 cons et e aneit phoidy

;-'MJ e dpe g/.abam!;/y wmid e

' iy OF irisomy of the autosomes is more detrimental to survival than
G S ' that monos
ity do you think of the sex chromosomes?

monosomy OF trisomy Jece Lhanss of suryival than Th mowgmy o ﬁvkmy o the
- s ¢

g et b BN e R il agpa- |
th g Wz failure dhal conid ke frful.

wl fmg - Ron wd  phat cudes Be Dan Sypdomg
gnri
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Name: Mo. MCM foce B. ﬂodn‘gue,z ‘ . .
’ Year and Section: BIH 3-¢
. Aclivity On [ Concepts/ | :
t oncepts/ Ideas
A ; N - D n
c;:;i:y(;: " Af‘"’ lls play of ezch Connecting Idcas
. ot the ["Classtcal Genetics/ Mendeli ‘ .
'f“"‘!"o')_lit c.hlomosomcs ofa | Genelics (Etplalin ho\f:hcl:: | Cytogenctics (Explaun f atthe Mol i
eol '_!al(’:., single ccll | is transmitted) it | celtular level) m l::::”f"”“'“ (Explain at the
plain Genelic | Somc of the [ The dedt that [ Meleesrined
Dj o poced &
isorders? :f:;c(xmcl‘;x.u s siveation in DVA ov x’;]:mﬁ € o cob Jmm, 9“?‘ otion @
Chmn:o:“son::,“h ones 2 m::me 1 Mmmeg or th hg;,“ o chio-) occuir m\vhefpe?o > ;\M
1 ¢o o (4 - "0 e
e anb T aetac i ok Pl r‘l - i bk e d't*‘"m\;
dc(cclc:icl:_\na :cs[ va w:)l’:‘fl m& 9, D\ec ;:gng g I:!':?‘:"]
called o koryotpe. ukghont o *f cuch < konces.
A kanofype c,,f atieles affew an O'Ww‘ru Ww sy M; l’n Re oo ofe hot
show prospectne | end twibs o€ dmﬁowme Jonakion oriot ffol’f oNA  pudakon
gﬂa:gg;;l::lhcrﬂxc) fom pote ¥ lac a oo dop cor dunno ard in gome care’ .
abmorasales ha ‘P""ﬁ dwxe e |podueton 7 coker. THE gmm t hereditey |
could be passed on F goreL'e rm‘" gl pormad " |dieores wdh as frogte”
tfﬂnurbc;ffsp (;15 of ﬁoﬂmqmon r}wM:om? duhnk;hdﬂ o drposImes ::' tt
it may be uscd to fs i
Jeam (e Cause ofa WION/ Wof'i'o“ '"ta ?Mn*fvjlmm[w:dw bj W“v l.bg Ofl
' child’s disability bt ather L,Ni’e"k eequence "‘
1t can also roveal the r9 in o pre redie - » oy the Q"‘h‘ “n U'»‘d‘ﬂg RQID
nder of a fetus oF :Ic‘r ro[vfhfg me of Mme af @l fonome N th b@[ll
test fior certan defects IThe vaugho! Ghradendrc o I
through exzunmation i "oy 9 'rn’l? gphf:qv(oﬁw‘ are QJNW ‘“M oi’
of cells From utetize | gukeomes - med  duang meohe W@ ‘?-M)N'IC VA Mq(gm
Nurd - a procedure these ‘, ;o;, {
called auuno.unws It ! oS A & qa}" I
- or through sampling qe"d' !
of pl..ccw il s ‘
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B 3F

Year and Sectron:

'Name “0 “aﬁ) KIDSF B ane7 (
Topie: fow Can k% kﬁﬂl‘y‘l’ F'Ifbu\\ GMO Deocderc

B. Concept Mapping L
o List down the concepts (words/ phrases) you lcarncd in this aciivity. \
« Connect these ideas through concept mapping Chﬂ)mﬁw‘ie Mutotion / A%mﬁaqr
ka e.
(Womosome Mutoition o o
' Nbesotiore
:::g:?fe {2 chrompcome b(dﬂoﬂ n ChomoSme \'m‘.% " Qj,m i
e ber number‘ e \
Chromotomal Anwpladws / / ’ ‘ 1
Autocomes T version
bown (ft)ndtvme " ¥ tuplody Dupheation Snison
Eduword trsony Syrdme | chomodmal 3 ,
E:t;;l d;'(’vdﬂ)v"e hneuywid«?" ‘0‘9‘)\06&, Dd("hcq :
pey plol) / ' o dv O
;\]opi:\gp\ﬁ idy J Ig’lopgyladf) olopdyploicly ?N‘mme \
opolyploicls Lo \ RSy fsome eoer) (ST Todoonton
Sexr chmrwﬁ’"“’ f“""mﬂa - : 4
Tumem $ wn SydrO? bt dmmwmaf—azz -7 aSwW
revelters ndmm :fnso 4'(*’) - Tusner S\J“d ‘fm-;i'“l
*/fovole” - Mongpiel s g 4.(' n+ x0 fown  Syndrome
Uoﬂaﬂo' «:;,;kro Zzn-l' 11/"/71’ glteff xgnowme .
orronfye
e or  trisony ¢ 2t 14 5
;j— (?‘;w - 1 nm,,\g ‘g/)f‘/"' ‘13 4 Tobs [00ible y Syndgowe
G dw chot SyrdIme - )(,;Wrongl fyez2 117
T o 4 "W%me a6

Miia\u?ow Syndme 22 oot T axfry 417
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Activity No. 8

8: Menidclian Genetics: What ary -.‘u‘ chances?

?UJM;I]’“ Activity No.
Caoncepts: ’
1al conditions thai are inherit
A I : cd through genes
s or chromosomes. S
s. Some

Cienetic disorders arc abnors
venett i il g e pee S5 . 5
- .l ¢ disorders are g«nusud by mutations in the DNA of genes. Others are ce
C e o numiber of chromosomes. ) - caused by changes in the overall
l‘bl" o 1e = attdc A1 H 1
m{cs:lid llhl:ﬁ:‘:ﬂ:‘ is a penetic disorder in which the body produces unusually thick m i
nes This makes it difficult for a person with cystic fibrosis to breathe or digigu: mdthé lungs and
s of cys:ic fi i - Eystictibrasls |
ys:ic fibrosis can be controlled, but there igsriils
cure

caused by a recessive allele. Al this time. the symptom

lor this disease

Problem
In “IiS |ﬂ.h you V\‘il[ dClEl'ﬂ?iH t h'd i[lt ‘ i 1 i
3 b ¥ that cystic librosis will appear i
ro ! PP in the children
e the p - of a COllp[e

W S ¢ :
ho carry the traits for the diseasc

Objectives:
Construet a pedigree for at

‘ By amily
ctermine the prababihty of 12 a child with the genetic disorder

a couple havir

Prelab Activity:
o Each group wi
Procedure:
1 Read the following family history:
Anthony and Emma have a daughter named Kathryn. Kathryn has been diagnosed w
Ithy. Anthony’s parents arc both healthy. Emma’s parents Ir

Anthony and Emma arc both hea
Anthony has a brother. nd med Corbin, who 138 cyslic fibrosis.
‘ons section, draw a pedigree that shows it il
’ Y members

2 In the space in the fald and Ohservati
mentioned™nere Use circles 10 represcnt the females and squares to represent the maley
circles or squares representing the people who currently have cystic fibrosis, B PRASATLIE

3 Use the index cards 10 creatd a set of cards to represent the alleles. Cut three index ¢
into fourths On the 12 blue cards. write /- lo represent the dominant normal allele. On t}s Of'eac:h color
write / for the recessive allele ) ‘ ) 1e 12 pink cards,

4 Use the cards (0 represent Kathryn s. Write her genotype next to the pedigree symbol f
Kathryn ‘ O

S lise the cards to show C cnotype next Lo his symbol.

1d Emma must have. Write their genotypes next
H Xt to

¢ se the cards Lo Jetermine

their pedigres s_vmlml . -
7 . Use the indc;: cards 10 determint the genotypes of the
heir symbol in the pedigrec. Write in

penotype next 1o t

Il be provided with a passage for cach group to analyze

's allele

nd write the g

es Anthony ar

¢ othei family members. Fill in each person®
s

all possible genotypes.

orbin’s alleles a
what genotyp

For Group Activity:. o
hypothests: yp othesis for the situation given?
st} - rECE@e 4ot -

e Constructipg 5
? \What is your hyi

(g
(ycho cposic 16 A a
L aesing ata’ ‘ e g n
o Acquiring and Processiis oo nany and Emma’s Family :
Dy 111_(}_1_1051_!,‘:'-! ge Of ANUIOTE == S ~_ Emma’s Family
— : ) ] ‘

Anthony Family
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r.
Analys ' | "
alyses and Conclusions: ' )

e Analyzing Investigations
) %
| What wept the Lcnotypt“‘ of Anthonv’s mrcms" Whal were the genotypes of Emma’
s parents?

A R L
.

e o o
A kot

smu.r Zoe. What.is the probability that she has cysuc fibrosis? Explain.

2. Anthony also Aa§a

A ha 76 Mscz;zloohma«/b"‘w@ o
ha) ad eprier of Yo fn\ms%

Theie ¢ o Prﬁm‘?‘"ﬂ $at 20e wil hale ¢éh .
wt e wd b a w‘fk;ir of c‘:l{(huc flbmm

-y pibons. Goe aledled  dhe gor ot qond -

v that Anthony and Lmm: will have another child with cystic fibrosis?

a5 oy, et eip ot g il o
(A{(,’ﬂ(; \,\bmﬂ( Cand Kathynt gt A omiygont vocartve
' PPN I O S wi iy

ol Ve a @t d Tt

of family members necessary 1o get a good idea about

.V Whatis the pmhdblht

) of
4 Whyis mlormalmn about several ¢ generations

jtary cond! 7 Explail X Y
a hereditary © ndition” EXP " yﬁhbk ot hond o[’ Jhet! WY&
o e gwar® O o geneht

inked genetic disorder? Txplain.

i i gt Modir.
: i dw b W oesadd

5 Do vou
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. i postui et that unit
\lrl.l(l(‘hnll famers sepropate
isencticg: What

duang gamele
are the chances? | fonmunon. such that

exh gamete roccives
' { one ot the other
facter with equal
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e - - .-

&

« s

Year and Section:

lopic:
B. Concept Mapping

1 Mendcl@n genhic
¢hromesemet

= owittomes

. Vn: (fjpm (rlh

Etives

BV 77N
twMeor) rocn
D""? b
ONA barv

- S64 ¢ hromogomed -

e

o List down the concepts (words/ phrases) you learned in this activity.
o Connect these ideas through concept mapping .

Mondeid Ginetiy
Goeini ke i
3

cwvmosvn\ﬂ ~ b1 0 gecon
vrayor plid

CN‘!”'“‘ ~ \Phnnlgn «P orPANY
/ \ ' ?ﬂhk oF chrmiomad
M‘-’""‘@ R
J& cMmoama o aw"ﬁef\ ced§ amﬁ.z.\mu
M\‘H
i R b A
I8 pria
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Activity No. 9

' ’ BSse - Ml IPID UGy
Activity No. ¥: Multiple Allcles: Using Elood Types 1o Solve a Mystery
Conceplts . .
K In classical Mendelian genetics, cuch gene has two possible alleles. However, some genes have mo.e
> Y n

“than two alleles. In human bloud typing (A, B. AB. and O), the . ;
(A, 3, and O). One eye color gene in fruit flies has mahy a)l.lcles.scne for the blood type protein has three alleles

tiuman blood types are determined by proteins on the surface of the red blo
A type and B-type glycoprptcins, arc co-dominant; that is, a person who in‘lz't:i(:sb:.:oi\oiﬁzllt'f;;"elcs ,A and B, for
ull‘l allele from the ot her parent will have type AB blood. The o allele is recessive. The o a]lelc"l on(;. parent and
TL:I ,\.cc;prolcmsv 1 hu's a person with the genotype Ao will make some type A B'Ycol;mleins ” hl3'l‘0 uces no
aud. A person with the genotype oo will make neither the A-type nor the B-type glycop‘rzz,insa \;e ‘tjyp e'l‘l‘\h
. : eins, and will have

tvpe O blood *

Problem
Yau arc a lawyer for the following;: .
N C : . . . .
1 Cash died and leil all of his moncy to his two children. Because of Mr. Cash’s prominent rolc i
- rolc in

saciety, his death made headlines. Shortly -after, a young man n i i
L(;sf ,if".‘ larrwcs E?d demands his share of the inhcritancﬁ. Mr Ce:;;)e‘c; Fw:':r:;ﬁld\:,g? :tl:i"t!:\i“olbc pr. Cash’s long
;\4:! ({::h 'an:l rc p sc tl.us young man the money, so he sues. The judge orders blood tests fc;: ;:Vg: ::: ;_c .
e ‘childr:no lypcl, a; it appears on his hospital rct_:ot:ds. is AB. His wifc had blood type A. Mr. C th?:ly,
o chi were both type B. The young man qlmmmg to be a long lost son had blood t ; o' ased ano
vrod wests, prave to the judge whether or not Charlie could be a child of Mr. Cash Ype O Based on the

Objectives:

I To perform Punnest Squarce crosses for bluad type, a multiple allele trait

2 Toapply this knowledye to mysiery scenario. '

i To explain what a multiple allele trait is. i

4 Toidentify.hood type as a multiple allcle trait.

For Group Activity: "
= Constructing Hypysiesis
jat is your hypothesis from the given situation?

3
1= vob agpn .@{-' Ur Cosh

and Processing Data and Analyzing Investigations

reate a case (1 pumgr:zph) detending your coaclusion
{ M. Cash «mr M-€ash has a Blood fype A2 anot- we clodt 14acw

Charlre 1s s0f @ s00 0
Tooct Hype of the modner of eharlic . Seace hes deaadh  made beadli'n es moany prophe
arer plood fype aD re atare kind Of Dlooddyp ¥ o

have rajéres b 1A b mosey,
e cruce e wiood fyp e Ad ae A (4 wrll w! preauce blood dype 0.

e Acquirin,

olved. and usc at least two Punnett Squares as

for cach individual inv 5t
1° . re 'y J_I A L -]
it T°{z 4L e

A
Wl 3P 1o | 1419 T41°
for the cross between a man with type O blood and a woman with

have a baby, whai possible blood types could the baby
y will have cach of these blood types?

Determine the genotypes
wvadence

Construct 4 Pupnett Square

-type AB
have? W

blaod. I this man and woman
the bab

7

hat is the probA:'nbility "Tl;“

T oot ype s e for
(gqrr'\ Q< O‘F Mr'Ca M are

B hod Ape GEFEB L L
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Yenr and Section:_DCEO3E

Nnme:\}ﬁCQ(]ﬂJNE' B Varrh ;
Activity On Concepts/ Ideas_ (& ting Id :
Activity No. 9: lnapopulmli;n of . onn(ec 10 fceas
Multipl orgamswis. the Classical Genetics! Mendcl Cytogenctics (Expl s : = 5
'Mlcl:s:lll}:ing presence of Gcm:hc;s (Ecx:ln‘icn&howthc(mixis cc‘l}:ﬁ:nlgﬁj Sl ath :f:ffﬁ:ﬂfr'mciﬁ'“'s“m‘““ i
Blood Types to "l‘,"f or more ) l
Solve a Mystery | 27 %0 ST | goen gere Yo oo i The dops i Aot When  Wladuale oot Bekd |
Olfetey - Roee gy wote | oditke ¢ 0wk Aot
Anindvidul may | 3O foo alieler. e \«-wm!:r He adocdve odlekr o b 0‘:“'“ " .‘,‘”%“”E
cany oaly 2 alicles | EWftd YA Oy QAT ¥ g -Ove ne oA Pe

} for 2 given gene. fa 0ad eayodiorr con Jor ago ge W \anes ashqer ) our P“-‘B\ 0 B
. apopulationthere  Wwhemrpchoh W MM wiowe, Eoch o groue ‘a tor b 1% * ek dedhei [
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C ¢ '
Year and Secuon: PSEOSE

Name: JACOUTLINE  § - WAfuLh
MULTIOLE AWELES © UTINL $LO00 TS TO  folvE A WTERY

Toi)ic:

B. Concept Mapping
o List down the concepts (words/ phrases) you learned in this activity.
o Connect these ideas through concept mapping
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Yhaste Micker . !
A0 Blead qruer mode of inhefPAe |
. b o - 25O Ehou,
P oteus whea dhfee Bioed gnupr —
oudibedy aldersofiec  alldy 3 ~* faple cac & nu
hronopac o " s otc aleker
hgateraniy gere cod - ‘ Kl Lddldie
Boakny  Preachipe : )
FEO gheastyec ot poesoipe of- osforn 160 ghes ‘t
tode of \hedtze g w '&EWU 4 o & ..&,.AW:@ a.a.bh'cdq
oxieg a  blasd
Prion e con \L ¥ s
oy ey W il "oy oot 0 et
cal R . SR
Acter & HeRed  atde 0 ' Tk s 8
o \ 1 f e 77” 0
frod¥ gotger 4 o+ Y
qc“\/ MJWF‘ MRS oA e el
Bood ga e PPl T
r—- Sorwisol Py R
o} o0 e . .
k:‘g;l.\‘bbu jw\p
vfﬁ
% cupoleat,

213



Activity No. 10

—— -

. . yEem , ~
7 A ch cHBILLLA i m&dlivity No. 10: Polygenic Inheritance: Toss.ug Coin

Concepts:
Polygenic traits are traits (iat arc controlled by more than one gene, i.e. height, weight, hair color, skin

calor (basically. anything that deals with size, shape and color). This allows for a wide range of physical traits. i
as controlled by one gene A and it AA= 6 feet and aa= 5 fect, then people would be

For example, if height wi
one of twa different heights Since height is controlled by more than one gene, a wide range of heights is
‘ je <

passible

-
MMost human traits are conirolled by several genes. Some, such a skin color, eye color, and hair colar, are
iy 1

controlleu by multiple copies of the same genc In skin color, for example there are several pairs of genes that
code for the pigment melanin. The more copics of the dominant allele a person has, the darker their skin. Some
traits, such as human height, are controlled by the activities of many different genes.

v
-

Problem:
Why are there so many different for:ns of the characteristics of height, eye color, and hair color?

Objective:

To understand polygenic trait
Prelab Activity:

Use coins {0 represent genes
this can be shown 1o studenis on how pecop
other traits) arc passed on to children

s, how they work, and how parents determine the polygenic trait of a child

5
(heads are dominant or active alleles, tails are recessive or inactive alleles)
le fall into a bell curve arrangement and how ditferent heights (or ’

Procedure:
Once the coins have been handed out (six per each group) and the procedures have been reviewed, the
that the class can collect the data. Each group will record':_he

class result table will be posted on the board, so
number of times the following situations occurred when the coins were flipped. Each coin represents a different

cene that height is inherited tfrom.
| Each group will carefully flip all six coins on the lab table. One person will shake the coins in their

hand and have them gently spill onto the toble. One person will record the heads and tails.

5> Record the number af heads and tails that result from the flip in table 1
3 Continue to 1lip the six coins and continue to record the number of heads :md/kils that result fiom the

ip until table | s complete. . i . i i ;
4. Complete table 2 by adding up the number of times the following situafigng occurr

i g Tails and 6 Heads !
1 Tailand 5 Hf';z;ds h *

2 Tails and 4 Heads ‘ _ . . g
Tails and 3 Fieads . ' " ’ L }j

3

4 Tails and 2 Heads

< Tails and 1 Head

e O Tails and O Heads

5 Record your results from table 2 on th
G. I(cf;ord theeclass results in table 2

& board with the class results.

Results: s
Table | ',l.’flfoup results
iroup) 1 2 __1—4—————»—'—4——_ 2
nber of tails & A S 2 &
‘ umber’ of heads | ) d 3 l

Table | continued —

;FLTQ_((iroup) i 6 7 ] [5) : 10
Number olAfils : i 3 7] 3

;—.:;1_1_1'59_(_ oiﬁ"_hcud? b3 2 2 ] < 3

| Zd” Group and class results
X Suupation
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For Group Activity: T <
e Acquiring and Processing Dat i
a, Constructing a Tabl
o Const g a Table of Data, and i
( t:: an;? :nza" 8raP!' from the class data. The number ot hez’dsr:mdc‘t):i?m?mg 2 Graph
! pendent variable), while the number of times the situati s will go on the X axis
axis (the dependent variable). ' ation occurred will go on the Y

s Results: Tabulate the result of » in fli ]
e your coin flips and the coin fli nstru
for both your results and the class resuits. P e coin flips of your group. Co ct a Graph
. 4 :

. %ing,lhvcsiigations '
0 t 3[)3/ parents give h(AII or Half) of their genetic material to their children?
{ (23 Pﬂré’n vt the; al ] et | .
. Portnl g hei haly - geqetic _makdal o fHis Childre

2 If a maleAs S feet 9 inches tall, it means that he has 4 dominan
3 wenesA® his child. Wha' are the possible combinations of genesttizriseﬁz‘rmssm' He will only give
le can give _ o dominantand __} recessive give?

He can give __2_dominant and __O recessive

He can give ___y  dominant and ___Q__recessive

Al

1L{
=

3 The male is 5 feet 7 inches and the female is 5 feet S inches, Is it possibl
: - s . - e fc i Lo
necessdry genes so the child can be 5 feet 11 inches tali? Explain youl::) answerorl;]ifgram lxﬁss re Il::xr child the
) are often useful.

v oot 1 depends on W geres adqunce by e dbi | den

pifrcﬁts arc 5 feet 7 inches, is it possible 10 have a child that is 6 feet 1all? Explai .
\ xp[a .
\/95, beaawit humar Arads e (00410”3({' bj ceveral ;ﬂ how this is
We g Zown hadt LaV0in AL 4, e £ AhA
genes . ' or M prvents
es tall and the female is § feet 3 inches tall, what is the tallest height that their

hemale is 8 feet 3 inch

‘ in? Explain. .
h:no\zld ﬂl]a,lln ch\?\‘g\ml‘b & feek ffﬂﬁ 4 in cher 44l becanse his pev ek
iches tall and the mother is § feet 3 inches tall, what is the shortest hé@, #;i’ru“‘ A
dall  gm'\av 4o ug

e male is 3 feet l’/_il
anain? Explain. . .
. k'}fi{fc-h\ VA conle % 4.

(4 beamise FYE

{1d coul

. - . "
ropt from trais that only require 2 genes’
o i N SN A oy more Han

Al .ﬂl( A - .
R T ey 2 e
Y 4 o nd{vid nal

n~e, ¥ > p : )
en n;q(iren are taller than their parents: can . 5 : "
‘e tdo ) P w,/
Lo M e of 27 y + mdt;{., ) v el
eavt 101N evt 4,‘ , pn'e gt o )
)

we;“ f“:’]’{"‘ IR st Wt ey
Py wwfher 85 Juere € A pocaallyy
. v

Lo o X | CCome Mo
coflar i Oirent

¢
i o\l
& e are pol

veenic traits dif
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Year and Section:

BVSED €

Name: AHESHA GARL &. DESOART N
Activity On Concepts/ Ideas Connecting 1deas
Activity No. 10: rt;',:_;r:ic::c
Polygenic nheritance is 2 Classical Geneucs/ Mendelian Chtogenctics (Explain i at the Molecuiar Genetics (E: s
Inheritance: teon u;:d 10 where Genetics (Explain bow the tat is cattotar evel) o :;nh' lcvcl“:) ics (Explatn at the
| Tossing Coin :m"" ) s:mm“ ::mmcd! "
! contribuae to 2 prneiple of Rgreqation e oot MerSevy
A obscrved phenatype. 87 Atenclesian 6"“*{‘ Re ¢ of cech e‘”""""”'a/ ’Mm'!r
e i‘t:m:s&:‘mns Srater prpt For #2y pmw‘u-,u,m Aaring olfveat AR sormaf phre ]
desribedas Pk feltes o ea ;, Phenctgpes Phad ¥ acsocdid Tt of & soll g :
polygenically oar of alle o ~y :ﬂ&(Jgk ancleor fe qavie op gencw. co nA‘i’; X
tnrmsmwa e beig ’.m*/c:wr'ﬁ 4:' Yy ) Wh Preveace of VR o ”&'Q
: : " . monph
zﬂrﬂm p::-flﬂ :r :éfq:'vJ- J'»oK:r f"' M"‘””"_Lv aseiaved ofch (-'M_;le nuciaritde oy morhhi
and skin color. it WA Ialt ’m;‘ e N indieave m SR K-~ Iiref ” 0;:/“",?»’ -
Whaa thie really L et M"* rhas Vs ettt proclcad :‘; L Al
means is that taits <r 4‘.«? Ip ”,/ e
under polygenic /&lmf pries of alieks Chisaic a2 14 TS 15 satedt E"“‘
e |27 pssed St o ghromesomal
fall into discrete /asse dﬁ"m’ olpae regrca.
categorics, i.c. they epe ncken IV, j i
show contimious shar, The~ ,Iompj,.‘r
vunation a? Phat /5 po,
. Expression of asociared s, .mq. 07
poly genic traits is Avede
often markedly ,;;""" e /v.@w wa»u- )
affected by the % ";7 o ade perron '
environment, "él oA m it |
causing them to be ,g?:j ﬂ% : '
referred (o as
multifactorial /ﬂe‘dfe‘l in "4"""\’-”»‘«(
teaits rgics Aore % a _generc | |
rarangt (””f’%"”b | |
Trat !
o i s »ﬂ/«m,,c V¥ | UL
| | ;
i ' | ‘
N S SRS ) R ;
Y BSEO 3€
Year and Secucn.
amer ____AYSnA wﬂ__——-———
v
Topic: __ okppenic Forteeifdrance .
'B. Contep! ou h,amed in this activity.
nccpls (words? phrases) ¥ cate Inheritance

anm
o

List down the ¢!
o Connecl these ideas througt

h concept mapping

Genome - wxﬁ;

Sosogiation studies (Gwa

9
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Appendix U
Photodocumentation

Activity 1: Mutations and Variations

— wimiime e acim Dok —vee gellemy 3 dvin St 8 i pam Ty
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\ i -
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TR SR

a4 et & CompuEd R LR
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Activity 4: Genotoxicity on Clromosome Morphology using Allium Test

e Rate of Mitotic Activity
| L 4
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Sample Photos of Control and Experimental Groups Laboratory Activities

Activay No |
Variations Mumntions on Frutt fly (Drozop#iia
meianogazser; as Sources of Vararwons

) .'-'.ﬂ' No 2 . _ _
Introductiorn 10 Some CGenztx Corcepts Determination of Genotypes Tom Phenotypes
in Huaman:

Conrrol Gru

g of[{;mg:zll o Tz DNA Evidence: Who did it”
rastrucrure Lo — L -
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AanarvNo 4

Contra: Group Experimertal Group
Chromosore Morphology Genotoxxiry on Chromosome Morphology
usmg Ailm Test
oo ?;\ *-‘- .
"}'hf "N ; ¥ -

Actviv No.

Altering the Rate of Mitosis
Contro. Grow . Expermental Grop
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ActvtyNo. 6

Meiosis Identifymg the Stages of Mewsis m Different
Specimen
Exper: 1 Group

Actvity No_ 7

Chromosomal Abemations

How Can Earvotype Analysis Explam Genatic

Control Group
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ActatvNo 9
Nop-Mendeliar Genenics: Multiple Alleles | Muinpe Alleles: Solving a Blood Mystery
Control Growp §

Expermental Croup

! ' | _.I_...u".t T
Actvay No 10
Nor-Merdelian Genetics: Polyzemic Polyzenic hertance: Tossing a Com

Inb=ntance

Experimeantal Group
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Sample Photos of Control and Experimental Groups Posttests

Postiest: Exderimertal Groups Postiest: Control Groups

Sample Photos of Control and Experimental Groups Class Interview

Cocz: irza—.iem Zxparimantal Growa Ciazz IFtemiea Control Group
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Appendix V
Pretest-posttest Scores

Control Group

225

Prezcore:z Prezcored Prezcored Post=cores |Pozt=core:z |Postscores

Courz= Student Conceptial |Skilis Azzitude |Conceptual |Skillz Attituce
Biotecn Binueza 7 7 2.15 15 19 2.35
Biotecn Casero 12 9 2.4 11 7 1.95
Botech Delariarte 11 14 2.4 20 21 225
Ewotech Diaz 11 11 2.4 21 19 255
giotecn |Errcuez S 12 2.2 11 18 2 .35
Biotech  |Grino 7 16 2 65 11 22 2.65
Eiotech  |Mueda 15 10 255 28 27 25
Siotecn | Secozes 10 17 2.3 10 23 32
remec |Alzg. 7 z 22 22 32 235
premec Alcudis 10 7 2.35 16 21 2.1
premec  |Acerete 11 10 2.25 12 25 2.35
premec  |A mossra 12 11 2.55 13 15 2.55
oremec tenza 15 11 2.15 15 22 2.4
oremec |Ba-rids 11 13 2.2 17 3o 2.6
premec s-ruela 16 3 2.45 i? 24 22

A 2.2
gremec |Bereber 16 15 : ‘l‘é :i =

pramec |Be-ral 11 13 2.2 € 26

12 12 2.6 7 21 2.2
premec  |Cssurcac N = -

— Do 10 g 2.7 12 19 2.65
ErETEs - = 15 205 16 21 25
premec Dela Criz : —= =

12 11 2.7 23 23 2.5
gremec Delfin = . 15 T 5 4%

s = 12 14 A 2 A

premec (=S 3pC ¥ 11 25 17 20 2.65
pramec Gubaton = 35 3 25 5a 30 335
premec Guu-'to = — 27 17 20 355
premec Heata B 2.4 13 22 2.4
premec |Jabagst .___-—;-—-—— 16 375 16 12 2.35
premec |legay3€3d L ——" T 10 2.5 19 23 7.25
premec Libo—on | 15 72 32 27 245
premec Li_______—._-———ll—:———-"-—_fsf 2.6 26 33 23
premec Mavarra __._..-;E———-' 15 2.25 20 31 2.3
premec |Nufus” —34 | 19 2.55 22 25 2.55
premec padilia _______1—‘;———— 11 2.25 33 26 2.55
premec Parci3 __._———i—{'-__‘ 11 2.45 17 20 22.‘65
premec pensflonds —-—"‘{6——_- 10 2.6 29 26 ....
cremec 533 t———T 9 | 22| 21 31 22
"“"——E' Segoviz |13 5 225| 18 22 23

remec = 2.

ramec Ser.sndo ,._--—"‘-2—-—'—‘*'—'9 2.55 15 16 2.4
e ————T5oraz0 [ 14 L =T 3225 19 21 225
.remec = 11 11 —3 >0 2 2.65
= 1 5 2 -
Er_?_-.n_e—c———' Tab{l -_-___._3_3___________.}-2——-—'-—-—‘5"1'3“ 18 19 19
premes 72537 6 . - : 35 25 2.65
Tacurca | 13 2.45
remec | P3¢ ——— 14 | 3 35 32 19 2.45
irsnt ] :
premec |Tir3m=e — 10 | 10 75| 22 21 2.6
» /] '____-—-’-_-d-—- -

e T 7| 12 a2 | 22 255
premec |Vel32cS —8 | 2 -
premec villanueys s

Total

Aversge - 25 45 [E—
S = R
L




Experimental Group

Prezcorez Prezcored Preccores{Posztscores |Postzcorez |Pozt=core:
Courze Courze Conceatual [Skiils Atutuce |Conceptial|Sk:ils Atttide
Educ Durar 11 9 2.5 17 23 24
Educ Genciana 13 16 2.55 25 30 2.4s
Educ Frsjillo ] 9 2.35 29 30 25
Educ Loja 13 18 2.35 28 30 2 35
Educ Pagdato 6 11 2.5 35 28 2.45
Educ Palomar:a 11 3 2.5 30 7 25
Educ Redriguez 8 & 21 33 25 2 35
Educ Gum:ior 10 9 2.35 20 29 23
Micro Alminazs 11 15 2.45 25 25 2.7
Micro Azcona 13 i0 2.55 17 22 2 45
Micro Babayer-or 5 fra 245 25 26 2 45
Micro Banabatac 15 12 2.6 20 7 2 65
Micro Bartolame 8 18 2.4 25 2a 2 25
Micro Belar o 10 13 24 22 25 26
Micro Bermejo 9 20 2.6 22 27 2 65
Micro Benal 11 10 2.35 13 22 245
Micro Bezare: 19 12 2.35 16 25 255
Micro Budzy 17 < 2.4 30 238 23
Micro BLera-o-o a 10 225 11 21 245
Micro Cer lo 10 21 23 22 30 2 65
Micro  |Corillo 7 11 2.7 11 23 24
Micro Dayon 12 | 13 215 23 20 24
Micro Dursra 13 3 2.5 37 22 26
ticro Ferrariz 2 20 24 20 28 2.3
Micro G to 15 8 225 21 19 2.55
- - ) 12 25 25 26 23
M,'cro ey s 33 2.4 20 27 24
Micro jardeieza = e 332 37 >4 T
Micro Lega_!:‘o — 15 235 15 29 215
Micro  |Lentys —1 12 215 16 19 2 25
Micro NMagallanes s s 315 73 19 35
Micro _|Margate 7| 16 215| 22 23 2.1
Micro haws'lasca _______1_2-}_____ 11 315 14 18 3
Micro P=¢=:=? _._.-—1-,——-- 5 2.25 24 27 235
Micro  |Par3guror = 31 23 24 23 25
Micro Es:f‘_"_‘i‘——-—-———%-—" 12 25 16 25 2.45
Y T B 3i5] 30 30 25
Micro_ |Raymance L ——— 1 15 23 25 19 25
Micro 5agido 3 255 i5 15 235
Micro Suiaday : 2.3 26 30 2.2
Micro__|oumblia 24 29 29 255
Aicro |5uaetrsn 325 23 27 2.4
Micro | 1303033782 235 27 32 2.4
Micro T=mpus 2 25 20
Micro |Teneb™®  — 20
”—-——_‘-_- v .
Micro Ve o -
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Appendix W
Results of Independent Samples t-test on Inquiry Skills

Group Stafistics
Sid Enmor
Group N Mean | Std Deviation | Mean
Skill PosttestScore  Coniral 45| 22755 460314 | 68620
Experimental 45| 246667 421571 | 62845

Independent Samples Test
Levene's Testfor
Equality of Variances t{estfor Equalily of Heans
95% Confidence
Interval of the
Hean Std. Emor Difference
F Sig. t & | Sig.(Mailed) | Diflerence [ Difference | Lower Upper
Skl PostiestSoare  Equal variances 08| 80| -2084 8 03| a9m1 | 93049 | 376027 | -06196
assumed ’
Equal variances 2054 | 81329 043 19111 93049 | -376046 | -06176
not assumed
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Appendix X
Results of Independent Samples t-test on Conceptual Understanding

Group Statistics
Std. Emor
Group N Mean | Sid.Desiation | Hean
Postscore Conceptual ~ Contro! 45 | 188000 557429 | 83097
Experimental $1 22731 585196 | 87236

{ndependent Samples Test
Levene's Testfor
Equalty of Variances Hest for Equalily of Means
95% Confidence
Interval of the
Mean | Std.Emor Diference
F Sig. t d | Sig.(24ailed) | Diference | Diffierence | Lower | Upper
Posiscore Conceplal - Equalvarances | gcp | 551 | 3265 8 02| s |t | s32760 | 453007
assumed
Equal variances 3265 | 8779 02| 39333 | 120479 | 632768 | -1538%9
not assumed
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Appendix Y
Results of Independent Samples t-test on Attitude toward Genetics

Group Statistics
Std. Emor
Group N HMean | Std. Deviaion | Mean
POSTTATT  Control 45 24333 .18433 .02748
Experimental 45 2.4300 .16075 102385
Independent Samples Test
Levene's Testfor
Equality of Variances t-test for Equality of ieans
95% Cenfidence
Interval of the
Mean Std. Emor Difference
F Sig. t af Sig. (2-tailed) | Difference | Difference | Lower Upper
POSTTATT  Equalvariances 0| aee| 00t 8 o7 | 0033 | o036es | -oear2 | o7s7e
assumed
Equal variances 091 | 86401 927 0033 | 03646 | -06914 | 07581
not assumed
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Appendix Z
Results of Pearson r Correlation on Inquiry Skills, Conceptual Understanding and Attitude

++ Correlation is sig

230

Control Group
Postskills Postconceptu | Post attitude
- Control al Contro} Control
Postskills Control Pearson Correlation 1 451(*) 226
Sig. (2-tailed) .002 137
N 45 45 45
Postconceptual Control Pearson Correlation 451(*) 1 029
Sig. (2-tailed) 002 852
N 45 45 45
Post attitude Control Pearson Correlation -225 029 | 1
Sig. (2-tailed) 137 852
N 45 45 45
«+ Correlation is significant at the 0.01 level (2-tailed).
Experimental Group
Postskills Postconceptual | Post attitude
Experimental Experimental Experimental
Bostskills Experimental Pearson Correlation 1 492(*) -.019
Sig. (2-tailed) . .001 .902
N 45 45 45
n Correlation 492(**) 1 -109
Postcgnceptual P.earso o 001 . 77
Experimental Sig. (2-tailed) .
N 45 45 45
i -.109 1
. son Correlation -.019
Post attitude Pfear o 002 e
Experimental Sig. (2-tailed)
N 45 45 45
ot the 0.01 level (2-tailed)






