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Abstract of Thesis

Using Case Studies for High School Students’

Learning of Abstract Concepts in Molecular Genetics
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Dr. April Maskiewicz, Chair

Disciplines such as law, business, and medicine liged case studies for decades to
teach students about their field through comprebengapplication, analysis, synthesis,
and evaluation skills. The case study method ire@bearning by doing where students
work through the problem of the case study to cameith possible solutions. Rarely
has this technique been used in high school sciéiieeaim of this study was to
determine if a case study is effective in promotingceptual change in high school
students’ understanding of molecular genetics ¢atre and function of DNA and
proteins) when compared with traditional textboalséd instruction. A mixed methods
approach was used which included a pre/post aseassmd interviews. The results of
the assessment revealed that case study instruitiggromote conceptual change in the
experimental group, but there was not a statisyisajnificant difference when
compared with the comparison group. However, whedents were interviewed about
their reasoning, students from the case study gnarp more verbal during their
interviews and showed greater understanding offelagionship between DNA, proteins,
mutations and resulting phenotypes. The mixed tesfithis study indicate the need for

further research into case study instruction aséssmnent.
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Introduction

One source of difficulty in learning certain contem high school biology is
when those concepts are abstract and intangilgitients. One such area of study that
students find difficult to learn is molecular genst When learning genetics, students fail
to understand the underlying processes that inMONA and proteins. In my experience
teaching high school biology for eight years, | &&und that students do not
appropriately understand or use molecular gentgiexplain various genetic
predispositions or phenotypes. In most classroteashing strategies focus on
standardized tests and students can be succeggtidtbmemorizing facts. Students
rarely have to use reasoning skills or make conmestetween what is being learned in
the classroom to real situations or to their divgs. Research conducted with high
school and college undergraduates showed that weneedifferences in the way that the
students and teacher viewed the difficulties ofrfiesy genetics (Bahar, Johnstone &
Hansell, 1999). The authors claim that it may resb much the difficulty of the topic,
but the way that the material is presented thas anldhe difficulty of the subject matter.

Research has shown that one successful strategyrmducing abstract concepts
so that students find relevance in the materiddrigugh problem based learning. Problem
based learning is an instructional strategy thasexd widely in medical schools. In the
context of clinical situations, students are présgmvith a problem or scenario and are
asked to work independently to solve the probleforeemeeting in small groups to
discuss their findings. The end result is that stusl acquire new knowledge as well as
communication skills, teamwork experiences, probdeming abilities, independent

responsibility for learning, and respect for oth@k&od, 2003). Presenting students with



the knowledge that they are required to learn tiinaacenarios or situations makes it
possible for students to find relevance in whay thee learning and makes the
information less abstract. It also provides a plaif for students to use reasoning skills
that are otherwise rarely used in the sciencerdass Additionally, working in small
groups can allow content to become more accedsilstidents as they discuss their
thoughts and negotiate understanding.

The purpose of this research project is to studyeffectiveness of problem-based
learning for high school biology students throulgé tise of a case study in molecular
genetics. An embedded mixed methods design wasiniseuch qualitative data was
collected subsequent to a quantitative phase tiaiexpr follow up on the quantitative
data in more depth. Two biology classrooms of apipnately 30 students each
participated in this study. One class was presentdgdconcepts in molecular biology, in
particular DNA structure, protein synthesis, andmpdtypic outcomes through traditional
lecture and worksheets. The second class was peesdry the same teacher, with the
same information through a case study. In the giaéine phase of the study, pre- and
post- scores from multiple choice and short angwesstions were collected. These
scores quantitatively assessed the effect on stlekeming of molecular genetics when
using a case study as an instructional strategyaosd to traditional instruction. The
gualitative phase was conducted in order to idgttifough interviews and written
responses how students processed information bingdhe case study and relating it to
the study of molecular genetics (DNA structure amtttion, protein synthesis,
expression of proteins). The qualitative data edu® explain the results of the

intervention.



Theoretical Perspective

According to educational research, knowledge dgremt is a social construct
(John-Steiner & Mahn, 1996; O’Loughlin, 1992). Whigsis means for science is that
science information is shared through various netevof individuals and labs in various
countries. Scientists do not isolate themselve® fother scientists, but rather collaborate
with other scientists to share practices and dgti®, new knowledge, and build upon
existing knowledge. In this environment there igidependence between individual and
social processes (John-Steiner & Mahn; 1996). Liegrabout scientific knowledge,
especially abstract concepts like molecular geseatould be treated the same way in the
classroom. Studies show that knowledge constructioars through the sharing of ideas
in collaborative groups where ideas are supponteldoa challenged by group members
(Chang-Wells & Wells, 1993). Richmond and Strilép96) also found that science
learning is more than a product of student iddds;also a result of the way these ideas
are introduced, debated, and accepted or rejestadesult of the interactions students
have with one another. As such, education mushdeght of in terms of transformation
where socially shared activities are transformed internalized processes that can be
used in new contexts (John-Steiner & Mahn, 1996).

Literature Review

Significance of Learning Molecular Genetics

In a study conducted by Organisation for Econo@ooperation and
Development (OECD) Programme for International 8tudssessment (PISA) (2006),
students in the United States have not shown @myfisiant gains in science as compared

to students in other countries in their study. Rithrd and Ahlgren (1989) insist that



scientific literacy is vital for students — or alimans for that matter — to develop the
understandings and habits necessary to be abkctphedr the world around them and
become better problem solvers. Specifically, thpdrtance of learning molecular
genetics, biotechnology, and Mendelian genetidtustrated by the interdependence of
science and society (Sadler & Zeidler, 2004). Relsgislation has led to the removal of
barriers to stem cell research and has thus reiraigd the need to understand the
science and decision making involved with new ddierinvestigation. Decisions about
stem cell research, cloning, transgenic organisimg,other modern technologies rely
heavily on one’s knowledge and understanding oeties (Tsui & Treagust, 2007). As
medical research and other scientific discovertksace, so does the need for students to
understand molecular genetics so that they may mmake informed decisions that will
affect both them and future generations.
Student Difficulties in Learning Molecular Genetics

Several studies have shown that students haveutti{f with understanding
genetics concepts (Bryce & Gray, 2004; Duncan &Bei2007; Johnstone & Mahmoud,
1980; Marbach-Ad & Stavy, 2000; Marbach-Ad, Roth&rStavy, 2008). One of the
reasons that studying molecular genetics is difficur students is the invisibility and
inaccessibility of genetic phenomena (Duncan & B®gi2007). In addition, Tsui and
Treagust (2003) explain genetics as a difficultcagt because of the different levels of
thought that are required to understand the coecéiderstanding genetics requires
students to traverse macro, micro, and symbolieltesf thought all at once (Johnstone,
1991; Mbajiorgu, Ezechi, & Idoko, 2007; Tsui & Torest, 2003, 2004). An example of

the macro level is the visible phenotype or whatdiservable in organisms. The micro



level is the genotype or cellular level where shidenay be able to observe structures
like chromosomes through microscopes, but not ggest Lastly, through symbols for
alleles, the student can represent the particeliae gising capital and lower case letters
for the trait in question. What adds to the diffiglof symbolic representations is that
some teachers fail to use mathematical or symbeficesentations consistently (Bahar,
Johnstone, & Hansell, 1999; Topcu & Sahin-PekmB@92. Students can learn to
manipulate these symbols in Punnett squares, bugytmbols may not have any meaning
for the student. In other words, it is possible #hatudent would not understand the
biology behind the Punnett squares even thougtotilkel complete the problems
correctly. Marbach-Ad and Stavy (2000) found thatlents struggle with distinguishing
the three levels of thought when they are taughukaneously. Kaptejin (1990) adds
that in order for students to have a better undedihg of macroscopic phenomena, they
have to understand concepts at both the celludibacthemical levels and recommends
that students be exposed to learning activitiestiget the integration and not
separation of the different levels.

Duncan and Reiser (2007) provide another explanddr the difficulty students
have when learning molecular genetics: ontologid&rences between levels of genetic
phenomena make learning genetics difficult. Acaogdb Duncan and Reiser, there is a
physical and informational level that must be ustiyd when learning molecular
genetics. Simply stated, one needs to understandature of the informational content,
the way in which information is revealed in spexjphysical elements of the system, and
the physical mechanisms involved in bringing alibatinformation’s ultimate effects.

For example, genes are the informational unitsdibe&trmine the structure of proteins by



specifying the order of amino acids within the piot The structure of the protein in turn
determines its function. This might present diffi@s for learners because the physical
entities, such as the genes and proteins, falinvitte micro level of thought that is not
readily observable by students, resulting in diffig grasping the informational content.

Another proposed explanation for the difficultegadents have in learning
biology focuses on student world views. Studentsro€ome to class with nonscientific
presuppositions stemming from culture, pop cultare] underlying philosophical or
theoretical principles (Mbajiorgu, et. al., 200Wjithin each community there exists a
particular view of the world that is strongly heldd influences the way its members
think and act. In turn, these views are used tdagxmatural phenomena. Mbajiorgu et.
al. (2007) found that students could explain thergdic principles involved in a
scientific phenomenon, but the students would tieéurn to non-scientific
presuppositions to explain the phenomena itselb aolve a problem. For example,
students in several African communities explainsaase, such as sickle cell or albinism,
by kinship, but when describing how the diseasdicoas to spread or treatments for the
disease, students often make reference to spilglefs (Mbajiorgu et. al., 2007; Nzewi,
2001; Okoro, 1975). Thus, nonscientific presuppasi#t must also be addressed in order
for knowledge construction in molecular geneticedour.
Molecular Genetics

Molecular genetics involves the study of the cdrdogma (DNA-> mMRNA >
protein) which describes the structure and functibgenes at the molecular level. DNA
contains the information, in small coding regioaied genes, for cells to construct

proteins. These proteins, in turn, shape the pgpeatf the organism, as coded by the



DNA. In order for cells to construct proteins, thayst perform two processes,
transcription—which converts information in DNA teessenger RNA—and
translation—which takes information from the mRNAdaassembles the primary
structure of the protein at the ribosome. Every; eslcept for the gametes, in a single
organism contains all of the genetic informatioeded to make all of the proteins, but
not every cell makes every protein. Cells only $@ibe the genes into proteins that are
required for their specific function, hence whypaaalized skin cell does not function as
a kidney cell.

Depending on the type that occurs, mutations iregenay or may not affect the
structure and function of proteins. When the progiucture is affected, the function of
the protein may be compromised resulting in an ababphenotype. Mutant alleles on
chromosomes can be inherited from parents as 4 ofsneiosis and fertilization or they
can randomly occur during DNA replication or tramgtton. In the case of genetic
disorders, an individual might inherit one copytlid mutant allele and be considered a
carrier of that allele. In order for the genetisatder to physically appear in an
individual, the individual must inherit two copieéthe mutant alleles, one from each
parent if the disorder is recessive. If the gendiSorder is dominant, only a single
mutant allele is required to result in the disorder
Students’ Alternative Conceptions of Molecular Gengcs

As a result of the difficulties in learning moldaugenetics, students often harbor
alternative conceptions about DNA, proteins, astilterg phenotypes. A number of
research studies have identified several recuglitggnative conceptions about molecular

genetics that biology students hold. One altereatonception is that students do not



understand the physical relationship between DNMgmosomes, and genes (Duncan &
Reiser, 2007; Friedrichsen & Stone, 2004; Lewi€f)®0In a study by Friedrichsen and
Stone (2004), when students were asked to draw N mosomes, and genes, a
majority of the students could not draw or identbmponents of the structures even if
they were able to draw basic representations ohti#dso, when asked to explain the
relationship between DNA, genes, and chromosonmesstudent indicated that a gene
was located on the rungs of the DNA ladder. A nuntbestudents also explained that all
chromosomes were either X or Y.

Another common alternative conception among stigdisrthat specialized cells
only contain the genes necessary to perform thertions. The correct concept is that
all cells, except for the gametes, contain theemg@enome and only the required genes
are transcribed into proteins and all other genesnactivated (Duncan & Reiser, 2007,
Friedrichsen & Stone, 2004). Duncan, Freidenrethinn, and Bausch (2009) found that
students explained genes as passive entitiesddatidor their traits. This explanation
leaves out and circumvents the need to explaimiehanism for how the proteins are
made that bring about observable features.

Topcu and Sahin-Pekmez (2009) identified diffiggdtin students’ ability to
explain functions of genetic structures and sitatienships. Additionally, the students
were not able to explain how genetic informatiorswansferred. Friedrichsen and Stone
(2004) also found that students had difficultiethvgiize relationships or scale changes
between DNA, chromosomes, and genes. One studmrted that the pictures of DNA
were always enlarged to show it much larger thanrabsomes and that when they drew

chromosomes, they were always drawn small. TopduSahin-Pekmez (2009) and



Friedrichsen and Stone (2004) both recommend dlaaters use multiple tools, such as
animations, tutorial games, and simulations to ppi®wnore accessibility and visibility of
genetic concepts. An alternative approach, althawaglwidely studied, is to help
students develop a scientific understanding of mdé genetics and other abstract
science concepts through the use of problem basedihg.
Problem-based Learning

Problem-based learning (PBL) is an instructiotr@tegy that was first developed
in the 1960’s for medical school education so thatlical students would be prepared to
deal with new information, think critically, andlge complex problems (Major &
Palmer, 2001). Today it has been widely applieshuttiple settings such as allied health
professions and various high school topics. PBls esenplex problems that serve as the
context and stimulus for learning (Major & Palm2001; McParland, Noble, &
Livingston, 2004). As students try to solve illtgttured problems, they have
opportunities to interact with their environment&a & Sungur, 2007). An ill-structured
problem is one that lacks the necessary informatatevelop a solution, mirrors real
world situations or problems, and is often openeehd he problem itself can have
multiple solutions and even as information is gegllghe definition of the problem may
change (Chinn & Chia, 2004), leading students tively participate in their own
learning. Thus, ill-structured problems provide ogipnities for students to assume the
roles of scientists as they assess what they kig@ntify what they need to know, gather
information, and collaborate with others to reagustified argument for their solution
(Stepien & Gallagher, 1993). In contrast, a wellistured problem presents students

with all the elements of a problem with the goayiglding a known solution. Well-



structured problems are the most frequent typgsaiflems found in textbooks, and a set
of well-defined parameters and principles are &oplo solving a well-structured
problem. When solving well-structured problemsgdstuts rarely access their alternative
conceptions as they search the textbook or thégsnor answers. The advantage of PBL
is that it utilizes ill-structured problems thatestt students towards meaning-making
over fact collecting (Rhem, 1998), which in molesuyenetics, can aid students in
making connections between different thought levels

Another aspect of PBL that promotes conceptual ghanthe use of
collaborative groups. During collaborative grouprkystudents can acquire new
knowledge and restructure existing knowledge awiidhdials with different viewpoints,
experiences, and level of knowledge engage imigsteconciling, and eventually
coming up with a new shared understanding of aqudatr topic (Cockrell, Caplow, &
Donaldson, 2000). In PBL, students are typicallyd#d into small groups, and if
properly facilitated, the members of the group wimdgether to define the learning issues
and decide how to approach the problem in ordéntba solution. Blumenfeld, Marx,
Soloway, and Krajcik (1996) suggest that in oraercollaborative groups to result in
positive learning outcomes, close attention mugidid to group norms, tasks, social and
academic structure of group members, and the s&illee learned. Another important
role within the collaborative group setting is tioée of the instructor as a facilitator or
coach. Dori, Tal, and Tsaushu (2003) revealedvitnain instructors encouraged students
to express their opinions and maintained clasodise, students of various academic

levels improved in their higher order thinking $kilknowledge, and understanding of
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biotechnology. The authors also concluded thatabi®n promoted students’ scientific
literacy and interest.

Araz and Sungur (2007) have shown that achievearhperformance skills
scores for students studying genetics through PBiewigher than students taught
through traditional instruction. Their study alssmtbnstrated knowledge through social
negotiation. Social negotiation happens when stisdgarking in small groups take
alternative points of view and strategies into ad&sation to construct new knowledge
and then apply that knowledge to new areas. McR@rldoble, and Livingston (2004)
found similar achievement results in psychologyletus when comparing traditional and
problem-based learning settings. However, theyicaudhat different subject areas may
produce different results.

Benefits of Using a Specific Type of PBL: Case Stigs

Zohar and Nemet (2002) claim that retention, urtdading, and the active use of
knowledge can be brought about only by learningrenments in which learners are
encouraged to be active thinkers about what theyearning. Case studies are a class of
PBL strategies that involve students in activekimg by giving them a part to play in the
case. The teacher presents the learner with agmothlat involves characters with
problems that mimic real life scenarid$iese scenarios can address students’ conceptual
understandings, ability to pose questions, critisaiking ability, and even motivation.

An example of a case study is one that uses arfiatistory about a couple that wants to
identify the cause of a disease in their childd8this assume the role of an outside
consultant to determine the cause of the childssa@se. To solve the case, students take

on the responsibility of understanding or explagnénparticular process or entire concept,
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and this activity can facilitate conceptual undengling. Case studies can also reinforce
the idea that there is interdependence betweencgend society, and can involve
ethical issues and values that motivate studergagage in the problem and improve
higher order thinking skills (Dori, et. al., 2008)ore importantly, the content to be
learned is put into a context that makes more senstidents as opposed to the
traditional textbook approach where a series otrary facts limits students’ ability to
traverse macro, micro and symbolic levels of thaugh

There are databases available that provide exaroptzse studies for the
purpose of learning science, for example the Nati@enter for Case Study Teaching in
Science. However, there are only a few cases deedlfor high school students that
address genetics and rarely do they address tleegtsnof DNA, protein synthesis,
mutations, and resulting phenotypes. In a studkrimdrichsen and Stone (2004), the
researchers used a case study pertaining to sieklsyndrome to specifically address
how mutations affected proteins. Additionally, Dat. al. (2003) used case studies to
teach biotechnology. Existing research on using sisdies do not, however, specifically
address the effect that they might have on stutdenterstanding of molecular genetics.
Therefore, the application of problem based learbinmolecular genetics should afford
students the opportunity to learn through the sigaoi knowledge from one individual or
group to another. The case study presented tdulderss in this study was developed to
afford them the opportunity to share ideas withheatber in order to gain a better
understanding of the material. The students wonkexbllaborative groups to solve ill-
structured problems based on real-life situatioits the intent that each group member

would, in some way, contribute to the clarificatemd explanation of the concepts to be
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learned by all the members of the group. As théyesbthe case study, students taught
each other about molecular genetics. Meanwhilénteuctor served as a facilitator,
intervening only to bring focus back to the problanthand. The purpose of my study
was to investigate high school students’ learniitgy @olving a case study relating to
molecular genetics. Specifically, my goal was teveer the following questions:

1. Can a case study effectively promote conceptuaighan high school students’
understanding of molecular genetics (structurefandtion of DNA and
proteins)?

2. Is a case study more effective than traditionaltesk-based instruction in
helping students apply their understanding of mdbrcgenetics to new or

unfamiliar contexts?

Methodology

Mixed Methods Approach

This study was conducted using a mixed-methods dddzeexperimental design
(see Figure 1) where the qualitative data provilguport for the quantitative data
(Creswell & Clark, 2007). Because the purpose ©f phoject was to assess the
effectiveness of case studies on students’ leamwifimgolecular genetics, students’
understanding of the subject matter was determeéare and after the instruction. The
gualitative data, in the form of interviews andaeted student discussions, was
embedded within the experimental design and aideélda examination of the
effectiveness of the case study intervention bgatating on student responses to the

pre- and post-assessment.
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Figure 1 Embedded Experimental Design

Participants and Setting

Interpretation
based on
QUAN (qual)
results

This study was conducted in a growing suburban kaliool in Riverside County

during the 2009-2010 school year. Based on the 32¢hdol Accountability Report

Card, there were a total of 3,121 students enrafiede school. Table 1 below provides a

breakdown of the school’s population by ethnicitiie high school’'s base API score for

the 2009-2010 school year was 814 with a stateWleof 8 and a similar schools rank

of 7. The school’s graduation rate was at 96% @415% completing all high school

graduation requirements. Science classes had argttateacher ratio of 30.4:1.

Table 1

Breakdown of 2009-2010 student enrollment

Student Enrollment by Ethnic Group

2009-2010
White 49%
African American 7%
American Indian or Alaska 1%
Native
Asian 3.97%
Filipino 6%

14




Hispanic or Latino 29%

Native Hawaiian/Pacific 0.77%
Islander

There were approximately 59 students, ages 14rdm two biology classes that
participated in the overall instruction, eithertige-format or case study, but only six
students—three from the comparison group and tinoee the experimental group—
were used for the pre- and post-interview portibthe study. All participants were
currently enrolled in a year-long high school bgptacourse taught by myself. A majority
of the students that participated were at the edldelevel (54/59, 91.5%) and had
already completed a unit in Mendelian genetics. fileeclasses were assigned to either
the comparison group or experimental group. Thidystvas approved by the Point Loma
Nazarene University Institutional Review Board (&pgix A).

Quantitative and Qualitative Data Collection

Overview. This study compared the learning in one biologg€l@omparison
group, n=29) presented with traditional instructioranother biology class (experimental
group, n=30) receiving problem-based learning utiton. Prior to the unit of
instruction, all students were given a pre-assessomnsisting of five multiple choice
guestions, a label the diagram question, and fpaneended questions that were
generated by myself and other biology colleagues fppendix B). One of the open-
ended response questions required that studenpgaislem-solving skills to answer the
guestion. Following instruction, students took siaene assessment as a post-test.

In addition to the assessment data, semi-strucinted/iews were conducted

both before and after instruction. Prior to theémmstional intervention, three students
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from each class were interviewed to provide furthsight into students’ conceptual
understanding and to clarify responses to openceqdestions (see Appendix C). The
interviews were recorded and then transcribedriahyais. The same students were again
interviewed after the post-assessment. The purmpiathe post interview was to identify
any recurring alternative conceptions, clarify @sges to open-ended test questions, and
to identify how instruction may have influenced ceptual change. All interview

subjects had given permission for their interviéavbe used as data in this study (see
Appendix D).

During the instructional time, additional qualitegidata in the form of recorded
small group or class discussions was also colledteese recordings were carefully
analyzed to look for any evidence that could supporefute the use of case studies in
teaching molecular genetics. The intent was alsth®recordings to provide
information about student engagement and/or reagdhat may not have come up
during the post-test interviews. After listeninghe recordings, however, the data was
not analyzed because a majority of the conversaiimrolved student sharing their
answers and repeating definitions to terminology.

Classroom Instruction

The intervention took place over a one week peigodboth classes
(approximately 5 hours of instruction) midway thgbuhe second semester of the school
year. The comparison group received traditionarusion in the form of lectures and
worksheets, while the experimental group receiwstruction in the form of the case

study which was adapted from Dion, Allen, and D(t998) (see Appendix E for
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summary of the case study). The learning objecfiseboth groups are summarized
below:
» Describe the structures and functions of DNA, closames, genes,
mutations
» Explain the relationship between DNA, chromosongeses, mutations, and
traits
» Explain why different cells have the same DNA bavé different proteins
and functions.

» Explain how a mutation could lead to a particulaemotype
» Explain how offspring could obtain mutations froariger parents

Experimental group. On day 1, students in the experimental class plae=d
into small groups and presented with the case sillaly students were assigned to small
groups of three or four based on their grades. lawlp had at least one high, low, and
average achieving student. Students were askezhtbthe case study, discuss the story
with their group, and generate questions aboutdise study story that may have needed
further research. They were also asked to creldgé @ terminology that they were
unfamiliar with. On the second day of instructitrese students were given time in the
computer lab to research their questions. Theuogir also provided a few focus
guestions that students had not generated theefayelto redirect students towards the
learning objectives (Appendix E). One focus grargmsisting of students that had given
permission for data collection, was audio recordieging their work in small group
discussions. Whole class discussions were condocidide following days and audio
recorded.

Comparison group.During the same week, students in the comparisoapyr
received traditional instruction in the form of shb5-20 minute lectures and worksheets
that outlined the information in the textbook fhetrest of the class period. Each day,

students were provided lecture notes on one dioll@ving topics: the structure and
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function of DNA, protein synthesis, mutations, astbchnology. A summary comparing
the instructional week for both the comparison exgerimental group is shown in Table
2 below. To address group work as being a poss#éiend variable in addition to the
difference in instructional approaches, studenthéncomparison were also allowed to

complete their worksheets in small groups.

Table 2
Summary of instructional week for comparison grand experimental group
Comparison Group Experimental group
Day 1 » Notes on S/F of DNA » Students independently read
» Worksheet chapter 11.1 case study
= Small group discussion with
focus questions
Day 2 = Review previous day’s work| = Review previous day’'s
» Notes on protein synthesis discussions
» Worksheet chapter 11.2 = Computer lab research
Day 3 = Review previous day’s work| = Review research from
» Notes on mutations computer lab.
» Worksheet chapter 11.3 = Discussion about DNA and
protein synthesis
Day 4 » Review previous day’s work| = Discuss genetic engineering
» Notes on biotechnology and screening of diseases
= Worksheet chapter 13 = Small group discussion on
final conclusions
Day 5 » Review previous day’s work| = Whole class discussion, tie up
loose ends

Data Analysis and Statistical Procedures

Quantitative. Both pre- and post-assessments were coded tofidne
concepts students understood as well as misunddistgs and alternative conceptions
regarding DNA, protein synthesis, and resultingnatgpes. Once the test had been
administered, one of the open-ended test questtasshot counted in student test scores
due to the difficulty of the question as surmisgdtie lack of student responses. Also,

one part of the diagram question was not countedus it was not addressed by the
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intervention. The remainder of the test was scariéidl each multiple choice question
worth one point and each correctly labeled pathefdiagram (three parts) worth one
point; no points were given for incorrect respon3ée open ended questions were
scored based on a rubric created by myself anfiecwith another biology teacher.
Any discrepancies were discussed and negotiatatlléast 90% reliability. See Table 3
for an example of how question 9 was coded and\ppendix B for additional open-
ended questions. The three open-ended questiansdhacounted in the students
overall score were worth a total of 15 points.

Table 3

Coding scheme and example of points assigned to-@peéed questions for pre- and
post- test scores

Points Possible 3 points 2 points 1 point
All statements were| Some statements | Most statements are
scientifically were scientifically | not scientifically
accurate with the | accurate but the correct
correct answer answer was unclear| (Informal/Naive
included (Scientific | or inaccurate understanding)
understanding) (Mixed
understanding)
Question 9: What is Genes code for Different genes Proteins build up/are
the relationship proteins; cause different in genes
between genes and instructions for proteins, genes
proteins assembling proteing make proteins

The first open-ended test question asked studemsgiain the relationship
between DNA and mutations, and genes and mutaf®psints). The second question
asked students to explain the relationship betwgeses and proteins (3 points). The final
guestion asked students to apply their knowleddeMA, genes, proteins, and mutations
(9 points). This question was similar to the prableund in the case study where
students were asked to identify how the trait iesfion was inherited, how the mutation

could have caused the phenotype of the individarad, how an individual might be able
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to identify the presence of the disorder. Thewest worth a total of 23 points (15 points
short answer and 8 points multiple choice and diegiabel).

The pre-test scores for the two classes weresttatly compared with the
expectation that there was no significant diffeeebetween the two groups of students.
After instruction, statistical analysis was perfedon the pre-and post-test scores within
and between each class to determine if case ststiyiction and/or traditional
instruction had any significant difference on knetge construction. Post-test score
differences between the comparison and experimgrtap were also analyzed. A paired
t-test was used to compare the pre- and postd¢estswithin the comparison and
experimental class. Pre- and post-test scores bathath groups were compared using
the two-tailed-test assuming unequal variances. Gains for eadest were then also
calculated and compared with-test, however, there is a limitation when statahc
comparing raw gains. Consider, for example, stuAenho scores a 15/23 on the pretest
and 20/23 on the post-test, resulting in a gaifivefpoints. Suppose student B scores
5/23 on the pretest and 10/23 on the post-testrafgdting in a gain of five points.
Because both students had a gain of five poinégpears that their learning improved by
the same amount which may not figure to be steéibyi significant. Student A actually
has a greater gain because she had less roomgmnement and raw gains do not take
this into account. Therefore, in addition to cadting student gain, normalized gain
(Hake, 1998) was also calculated to provide a elgaicture of each student’s improved
content knowledge. Normalized gain is defined asctange in score divided by the
maximum possible increase (Coletta & Phillips, 2005

g= Posttest — Pretest
Max Possible Score — Pretest
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Normalized gain takes into account differencegdunlent population and guessing on a
test and measures the fraction of the availableomgment that can be gained (Stewart
& Stewart, 2010). By using normalized gain, stud&im the example above had a
normalized gain score of g = 0.71 which meansghatimproved her content knowledge
by 71% of the total possible improvement. Studeh&B a normalized gain score of g =
0.27, which shows that he improved his content Kadge by 27% of the total possible
improvement. This tells us that student A had atgregain of content knowledge from
the pre-test to the post-test than student B.

Quialitative. Three students from each group, comparison andiexgetal, were
interviewed after the pre-tests, but before therirgntion. The interviews served as a
means to understand and identify students’ altefmabnceptions about DNA, proteins,
genes and mutations. During each interview, théestuwas asked to explain his or her
reasoning behind each answer provided on the pteA#ter the intervention, students
were once again given the same assessment andented to identify any enduring
alternative conceptions about DNA, proteins, geaad, mutations or any newly formed
ideas.

The interviews were transcribed and Table 4 dessribe rubric that was
designed by myself and verified by another bioltgpcher to produce a score for student
responses. Discrepancies in scoring student regpdren the interviews were also
discussed and negotiated to at least 90% religbfit-point rubric (0-4 points) was
used in order to distinguish between responsesmbi considered to have a high degree
of mixed reasoning (3 points) and a low degree i@ethreasoning (2 points). A score of

four was given for responses that included allrgdieally accurate statements and the
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correct answer. A three or high-mixed responsesgased as such when a student

provided the correct answer but may have usedaoriect scientific statement to

explain their answer. A two or low-mixed responsdi¢ated that some of the statements

were scientifically correct yet the answer to thestion was unclear in their explanation.

A one was given for responses that were not séiealty accurate or where students

restated their answer from the assessment. A zasaywen for no response or when a

student responded with “I don’t know”.

Table 4

Scoring rubric for interviews with example studesgponses for question 8. Italicized
phrases are provided by the researcher and araughedl in the rubric because there was
no available student response

Points 4-All 3 —Correct 2-Some 1 - Most 0-Does
Possible statements are | answer is statements are statements are not answer
scientifically included, but | scientifically | not guestion,
Interview accurate. some accurate, but | scientifically | No
Questions: | Correct answer| statements are correct answer accurate Response o
Please is included not is not clear or “I don't
explain why scientifically | accurate, or know”
you chose correct (high- | does not
your mixed) provide an
answer. explanation
Explain this for their
term or answer (low-
concept. mixed)
Question € | A mutation ma' | A mutation The mutatior | It just | don't
result in a gene| may alter a could cause | basically know
What effect | with a different | gene and the physical | could give a
will a coding hence appearance to new ability, a | |
mutation sequence which changing the | change. It new remembered
have ona | may positively | trait that could cause a| adaptation it | you said...
gene? On | or negatively | expresses it. A frameshift gets from the
DNA? affect the mutation can | mutation, mutation. It
protein alter only one | deletion, could
structure it base, um insertion, and | rearrange
codes for. For | nitrogen base,| translocation | everything in
DNA, a which can mutation, it, in the DNA
mutation can | alter the which could | structure
resultin a whole mess up the
change in sequence into| order of the
single base or | different DNA | nitrogen bases
several bases,
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coding for a
different amino
acid or the
same one.
Student malist
and explain
effect of
different types
of mutations

Student responses were scored based on their ¥pense or explanation of
each question on the test. Question 10 was coastéittee separate questions because it
was a three part question (12 points). The intarvias worth a total of 48 points (36
points for questions 1-9 and 12 points for questib®). Pre- and post-interview scores

for both groups of students were compared by cailitig normalized gain.

Results

Quantitative Results

The comparison group consisted of 29 studentsctirapleted both the pre- and
post-test. With the test worth 23 points, studé@ntie comparison group showed an
average gain from pre to post of 3.41 points. Thjgrovement was statistically
significant €(28) = -5.09p=0.00002 (two-tailed)) (See Tables 5 and 6). Theraye
normalized gain between the pre- and post-testOa2; indicating a 22% increase in
understanding of content knowledge after instrurctio

The experimental group consisted of 30 studentsctirapleted both the pre- and
post-test. They showed an average gain from ppesbof 3.43 points(29) = -6.19,

p=0.0000009 (two-tailed)) (See Tables 5 and 6). 8Verage normalized gain between
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the pre- and post-test was 0.24, indicating a 24&enase in understanding of molecular

genetics.

Table 5

Summary of the means, standard deviation, gairg nanmalized gains for the
comparison and experimental group

Count StDev Mean Gain | Normalized

Pre Post Pre Post | Mean | Gain Mean

Comparison 29| 257 45| 6.66| 10.07 3.41 0.22
Group

Experimental 30| 3.62| 3.96| 8.70| 12.13 3.43 0.24
group
Table 6

Summary of t-values, degrees of freedom, and pesdbr within group pre- and post-
test

t df p value
(two-tailed)
Comparison Group -5.09 28 0.00002*
Experimental group -6.19 29 0.0000009*

* p<0.05

Comparison of the pre-test scores between the @osgm group and the
experimental group revealed a statistically sigatfit difference between the groups prior
to instruction. The comparison group scored lowethe pre-testt(52) = 2.51 p=0.02)
(See Table 7) suggesting that they came to the wldh less understanding than the
experimental group. Because the two groups werearaparable at the onset of the
study, difference scores (actual gain) and norredlgain scores were used to compare

the progress of both groups.

Table 7

Summary of t-value, degrees of freedom, and p-uz@ti@een groups

Comparison vs. t df p value
Experimental (two-tailed)

Pre-Test 2.51 52 0.02*
Post-Test 1.87 56 0.07

Gain 0.02 55 0.98
Normalized Gain 0.35 56 0.72
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* p<0.05

The comparison of the normalized gain of boths#agesulted in no statistical
difference between the two group&6) = 0.35p=0.72). Though both groups appeared
to have gained content knowledge as demonstratédtles 5 & 6, the experimental
group did not appear to have a significantly gregéen than the comparison group (See
Table 7).

Multiple choice. Table 8 and Figure 2 describe the percentage désta from
both the comparison group and the experimentalggveho answered questions 1-5
correctly on the pre and post-test. These quesfiomsde a comparison of which
concepts the comparison and experimental groupsrstobd well or still had difficulty
with. Students from the experimental group demaestr an increase in the percentage of
correct responses for questions 1-5. In the corspamgroup, the percentage of students
answering correctly increased for questions 1né,4& The experimental group answered
correctly 5-25% more often than the comparison grau all 5 questions.
Table 8

Percentage of correct answers for students in corapa group and experimental group
for pre- and post-test questions 1-5

Question 1 | Question 2| Question 3 Questiond Questid
Pre | Post| Pre| Post Pre | Post| Pre | Post| Pre | Post
Experimental group
# Correct responses 8 20 13| 19 19| 21| 12| 28 25| 26
Total # responses 30 30 30| 30 30/ 30| 30| 30 30| 30
% Correct 26.7| 66.7| 43.3| 63.3| 63.3| 70.0| 40.0| 93.3| 83.3| 86.7
Comparison Group
# Correct responses 8 15 10| 17 15| 14| 18| 20 22| 22
Total # responses 29 29| 29| 29 29| 29| 29| 29 29| 29
% Correct 27.6| 51.7| 34.5| 58.6| 51.7| 48.3| 62.1| 69.0| 75.9| 75.9
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Percentage of correct answers to Q 1-5 on post-test
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Figure 2 Percentage of students from comparison and erpatal group with correct
responses to questions 1-5.

Question 7.For question 7, students were asked to label DMAQraosome,
gene, and nucleotide on Figure 3. Nucleotide wasnatuded in the quantitative data
analysis because it was not specifically addredseidg instruction and very few
students correctly labeled it on the test. A méjaof students from both classes were
able to correctly identify DNA and chromosome oe tliagram before and after
instruction (see Table 9). Prior to instructiontbgtoups had difficulty with identifying
gene on the diagram. Even after instruction ondg 8tudents (16.7%) from the
experimental group and four students (13.8%) froendomparison group correctly
identified gene, indicating that students did retdéna clear understanding of what a gene
is and how it is related to DNA. A common altermatconception that persisted among

the students was labeling the nitrogen bases drdke pairs as gene.
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base pair

Figure 3.Labeling diagram for question 7

Table 9

Percentage of students correctly identifying chreame, DNA, and gene for question 7
Pre-Test Post-Test

Chromosome| DNA | Gene | Chromosome| DNA Gene

Experimental group

# of Correct 27 28 2 25 29 5

Total responses 30 30 30 30 30 30

% Correct 90.0 93.3 6.7 83.3| 96.7| 16.7
Comparison Group

# of Correct 28 25 5 26 25 4

Total responses 29 29 29 29 29 29

% Correct 96.6 86.2| 17.2 89.7| 86.2| 13.8

Open-ended questionsAnalysis of the open-ended questions revealedieat
experimental group performed slightly better tHag ¢comparison group students. The
experimental group had a higher point average bitltenl5 points possible (6.4
compared with 4.9). Analysis of question 8, whisked how a mutation would affect
DNA and a gene, and question 9, which asked foretaionship between genes and
proteins, resulted in the data presented in Tabl&bte that there was a large proportion
of students that did not answer either questiotherpre-test. After instruction, there

were fewer students from both groups leaving thestjons blank; however, there was
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still a large proportion of students with informadderstanding (1 point), especially for
guestion 9 (comparison group 65% and experimentaln57%). This data shows that
both groups had difficulty with the concept of tie¢ationship between genes and
proteins. Only 21% of the comparison group, whbéadlof the experimental group, held
mixed or scientific understanding. A common mis@ptmn help by students was that
proteins build or make genes.

Table 10

Percentage of students with informal, mixed, andnsific understanding for questions 8
and 9

1 point — 2 points - 3 points - No response

Informal/Naive Mixed Scientific

Understanding | Understanding | Understanding
Question 8 Pre Post Pre Post Pre Pos| Pre Pos
Comparison Group | 48% 34% 20% 45% | 0% 7% 31% 17%
Experimental group | 37% 27% 33% 56%| 7% 10% 23% 7%
Question 9 Pre Post Pre Post Pre Post Pre  Post
Comparison Group | 48% 65% 10% 14%| 0% 7% 41% 14%
Experimental group | 40% 57% 10% 3% 0% 13% 50% 27%

The percentage of students responding to quesfianith informal, mixed, and
scientific understanding is summarized in TableB\Men after instruction, less than 50%
of the students in the comparison group answeredtoun 10a compared to 30% of the
experimental group. Students with mixed understagndorrectly identified the parents
as carriers, but did not complete the pedigreeunnBtt square correctly, or students
generated a Punnett square or pedigree withouex@gsignation of the inheritance pattern.
Question 10b asked students to explain how a noatatuld result in the phenotype of
the individual in the vignette. The experimentalups performed slightly better than the
comparison group on this question. Although, itep that the comparison group had

greater improvement on this question in terms ofensdudents improving to have mixed
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understanding. The written responses for studeitbsmixed understanding explained
that the mutation changed the gene and that ldtetmability to digest lipids, not
explaining that that the mutation in the gene teslin a dysfunctional protein. Students
in both groups had difficulty relating gene to giatto phenotype. Question 10c asked
students to explain how a mutation could be idettiin an individual. Two common
responses were given by each group. The first camhngiven response was “you could
get tested,” which was a general statement ancawasded one point. The other
commonly provided response was to have genetimi¢gedone or check the DNA
sequence, which was given three points for scientiiderstanding. There were more
students in the experimental group that were abfgdvide a scientific answer to
guestion10c than the comparison group. At leastitbine of the students from each class
did not respond to question 10 on the post-testiglver, there were a greater percentage
of students in the comparison class than the tass that did not respond to the three
part question. Figure 4 summarizes the data bettfeecomparison and experimental
group for question 10 showing a greater percenthgeudents in the experimental group
with mixed or scientific understanding than the pamison group. Another difference
apparent in the graph is that there was a greateeptage of students in the comparison
group with informal/naive understanding for allg@mparts of question 10.

Table 11

Percentage of students in the comparison and exyatial group with informal, mixed,
and scientific understanding for question 10

1 point - 2 points - Mixed 3 points - No response
Informal/Naive | Understanding Scientific
Understanding Understanding
Question 10a Pre Post Pre Post Pre Post Pre  Past

o

Comparison Group | 10% 28% 7% 14% 0% 7% 83% 519

Experimental group | 17% 20% 30% 47% 7% 3% 46%  30%
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Question 10b Pre Post Pre Post Pre Post Pre  Post
Comparison Group | 7% 31% 3% 21% 0% 7% 90% 41%
Experimental group | 13% 27% 27% 33% 0% 7% 60% 33%
Question 10c Pre Post Pre Post Pre Post Pre Paost
Comparison Group | 7% 28% 3% 14% 0% 7% 90% 51%
Experimental group | 23% 17% 10% 0% 10% 40% 479 43%
Students with informal, mixed, and scientific
understanding for question 10
60
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3 40
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Figure 4 Percentage of students with informal, mixed, seidntific understanding on
post-test for question 10a-c.

Qualitative Results

As previously explained, following the pre-test gibr to instruction, three

students from each group volunteered to participateterviews. The comparison group

interviewees consisted of two male students andemale student. By the end of the

semester two of these students earned A’s in thledy course and the third earned a B.

The experimental group interviewees consisted efroale and two female students with

two students earning A’s and the third earninggr&le at the end of the semester. All

interviewees were in the ninth grade. Table 12 sanres the scores earned in the
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guantitative portion of the study for the intervistudents. All six students demonstrated
gains from the pre- to post-test.

Table 12
Summary of quantitative scores on written testrftarview subjects

Pre-test | Post-tesf Gain | Normalized Gain

Comparison | Student 1 12 15 3 0.27
Group Student 2 2 17 15 0.71
Student 3 17 16 4 0.36

Experimental | Student 4 13 20 7 0.70
group Student 5 4 9 5 0.26
Student 6 6 11 5 0.29

The interviews consisted of students being askedpain their reasoning behind
the answer they chose for each question on thpgselfest. Table 13 and Figure 5
summarize the scores that students earned dumigptte- and post-interviews. For the
comparison group, pre-interview scores ranged ftéro 24 points and 14 to 21 points
on post interviewThe comparison group scored an average of 1.29tpdnts on each
guestion during the pre-interview and an averaggeaf 1.17 to 1.75 points on each
guestion in the post-interview. For the experimegtaup, pre-interview scores ranged
from 12 to 20 and post-interview scores ranged fignto23 points. Pre-interview scores
for the experimental group ranged from an averdde@to 1.67 points on each question
and 1.33 to 1.95 points per question on the pdstuiew. Two of the interviewed
students from the comparison group had no gaindmivthe pre-interview and post-
interview, and in fact, did worse on the post-iniew although they had gains on the
guantitative portion of the study. The third stuidienthe comparison group had gain of
three points, which equated to a normalized gaig#10.10 or an increase in content

knowledge of only 10% of the possible gain. Allgdrstudents from the experimental
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group had positive gains between the pre- andiptatview ranging from two to eleven
points, which equated to a normalized gain ranfiiogn g = 0.07 to g = 0.28.
Table 13

Summary of scores for pre- and post-interviewsémparison and experimental group
students.

Pre-Interview Post Interview Gain | Normalized
Total Mean Total Mean Gain
Points Points
Comparison | Student 1 24  2.00 21 1.75 -3 -0.13
Group Student 2 15 1.25 14 1.17 -1 -0.03
Student 3 18§ 1.50 21 1.75 3 0.10
Experimental | Student 4 12 1.00 23 1.92 11 0.28
group Student 5 2( 1.67 22 1.75 2 0.07
Student 6 12 1.00 17 1.42 5 0.14
Interview Normalized Gain for Comparison and
Experimental Group
0.35
0.28
0.3
0.25
0.2
0.14
% 0.15
S 0.1
-c 0-1 0.07
()
No.o5 .
®
§ O T T T T
S s1 |—32J S3 s4 S5 S6
-0.05
-0.03
-0.1
-0.15 o013
-0.2

Figure 5 Normalized gains between pre- and post-intervi&ds3 are the students from
the comparison group. S4-6 are students from tper@rental group.

Question 1.0ne notable difference between the intervieweesthatduring the

post interview, students in the experimental graepe better able to explain some of the
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concepts and meanings behind their responses tilndenss in the comparison group. For
example, in question 1, when asked to explain wfigrént proteins in cells make a
kidney cell different from a skin cell even thouthiey have the same DNA, Student 5
explained that “proteins do different things foclea&ell, like a kidney cell might have to
do with a specific function and it needs specifiotpins to do that specific function.”
Student 5 related the function of proteins to fhectic cell and the cells to the specific
tissue. None of the students from the comparisassalvere able to describe this
connection between protein, cells, and tissuesle®iiL8 had chosen the correct answer
on the test, but explained: “they have differemt@n and those different proteins
control different parts of the body.” This studendtvided the reasoning that proteins
control the body parts, but not the hierarchy discar tissues specifically; therefore this
student’s idea of specialization or differentiatmfrcells was not complete.

Question 10.Each interview question was scored on a 0-4 suale and the
scoring rubric used for the interviews is foundable 4 (see Methods). An example of
the scoring of pre- and post-interview responsesjfiestions 10a and 10b from the
comparison group and experimental group are suraethin Table 14. Scores for each
student’s reply are found below each responsehfidrgarticular student. A comparison
of responses further reveals some of the differentéhe quality of student responses
and explanations between groups during the interszie
Table 14

Scored pre- and post-interview responses for comparand experimental group for
guestion 10a and 10b. Underlined statements indikay student responses.

Question 10: Assume that a particular genetic contion in humans causes an inability to
digest lipids that accumulate in the brain. The lipds build up around the brain and
eventually results in death of the offspring. Thiglisorder occurs equally between males and
females. In all cases, the parents of the affecteffspring will not have the condition.

Question 10a: Describe the most probable patteimheftitance for this condition. Explain you

=
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reasoning. Include a pedigree or cross to demaestra inheritance patte

Comparison Group Post Interview
Responses

Experimental Group Post Interview
Responses

T: You did the sarr drawing again, can yc
explain how you got to your answer this
time, because you didn't answer last time
S1...silence...so if they don't have, if the
offspring have the condition but the parent
doesn't, they are both probably recessive

S
(0]

the trait cause the Punnett square shows the

offspring could be the last box which mear
that both he or she got both the recessive
trait

T: and both parents have to be...
S1:recessive

S1: yeah probably

SCORE =2

S

T: First of all. is tlis trait dominant o
recessive

S4:Um, it doesn’t say, like this reminded n
of the case study because you said that it
depends on whether it is dominant or
recessive so | did two charts

T: Okay tell me about your two charts. Wh
are those called?

S4: Okay those are pedigrees...If it is
recessive then don't both of the parents ha
to have the condition, what's it called, the
thing the disease, the disorder both of the
parents have to have the disorder (uses fir
to show quotes) in order for the kid to have
and if it is dominant then only one parent h
to have the disorder (again in quotes) for it
the genetic disorder in order for it to be
passed on

T: Okay my question for you for this one
though, is this is dominant also, right?
(referring to student’s pedigree)

S4:Um, dominant, what are you talking
about

T: Big r big r, isn’t that also having a
dominant trait

S4: 0Oh was that supposed to be little r littlg
r? | forgot...That was supposed to be little
little r because this person, no wait no,
(mumbles to self)...l don't remember what
did

T: Want to draw it out again and try?
S4:Yeah

T: So which of your two Punnett squares
should it be

S4: (Mumbles parts of question to self) So
they won't have it, it won't be expressed, h
they will still have the trait, no wait the
disorder, so they have to be carriers, so it
should be recessive, so isn'’t that one right
This is right then? Okay then this one was
just doodling

T: Okay. So describe the probable pattern
inheritance, and you are saying that the
disease is recessive?

S4:Yup

SCORE =2
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S2: 1t is inheriting by both parents, but | re
it wrong cause it says will not have the
condition, but they said will have the
condition...so my guess will be that it is ju
a mutation that occurs...through
reproduction...that’s it

T: Do you know if the trait is dominant or
recessive?

S2: 1 think it's dominant because it will
affect both females and males and...

T: Ok

SCORE =1

S5: If both parents were big h little h th

they would have one affected offspring, little

h little h, if both parents were big h big h
none of the children will be affected and th
if both parents were little h little h then all g
their children will be affected

SCORE =3

S3:1 put every other generation, beca
they can be carriers that carry on to their
offspring, like mom and dad could be both
carriers, so they give it but they don’t have
it, but they give it to their offspring and the
offspring has it and then their offspring eng
up being carriers

SCORE =2

S6: | put e mutation in the offspring’s gen
T: Okay. Can | ask you, do you think that
this trait is dominant or recessive?

S6: Recessive

T: Why?

S6: Because the parents don’t have it, | dg
know if that right

T: Well if the parents don’t have it how is i
that the kid could have it?

—

S6: That's what | didn’'t understand. Because

it's dominant. But how did the kid get it? O
from something else huh?
T: What do you mean something else?

S6: Nothing, the parents like, something else

that’s dirty, disease filled, like a rusty
nail?...maybe

SCORE =1

Question 10b: Explain how a mutation could caugeitfability to digest lipids

S1: It probably coulc the mutation turne
off the function or the ability to turn off that
um digestion of lipids so probably that
mutation cause him to not be able to breal
lipids down or something

S4: Okay mutation in a DNA seguence ¢
cause a fault in the protein production, so
this means that a protein might not be mag
and then like if the protein is not made the
can cause like a disorder. Right? Yeah

SCORE =1 SCORE =3

S2:Its would just....pause it messes up S5: The mutation caused a mutation on

protein....that will....I don’t really know gene and now it can’t digest lipids. | don’t
really know how to explain that one, that's
the only way | really know how to explain i

SCORE =1 SCORE =2

S3: A frameshift mutation could cause tt
so shifting to a different code of DNA (in
written response: “a code for a protein”)

S6: A mutation could mess up tl
chromosomes and mess up the body not
letting it digest lipids
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T: So a mutation could mess up-
chromosomes?
(S6 Nods Yes)

SCORE =1 SCORE =1

Question 10a asked students to explain how thieitrguestion was inherited.
Students in the comparison group were not ableséocappropriate scientific terms to
describe how the trait in question was passedam frarent to offspring. Student 1
correctly identified the pattern of inheritanceresessive, but used the phrase “recessive
trait” throughout his response instead of the phfascessive alleles,” as well as referred
to the parents as both being recessive for theitistead of carriers. He was not able to
attribute alleles as the material that was transfefrom parent to offspring; but rather;
the trait itself was passed on to offspring. Stidestated: “if the offspring have the
condition but the parents doesn’t, they are botihably recessive to the trait” (see Table
14). Student 2 did not relate the idea that in ofdean offspring to have a particular set
of alleles, the offspring must inherit the allefesm the parents. He also assumed that
because the parents did not have the diseaseaittrti@t they did not have any genetic
material that could be passed onto the offspring #ae reason that the offspring
developed the trait was due to a random mutatitrde®it 3 was correct in saying that
the parents had to be carriers to not be affeggetido“it”, but went on to say that the
offspring had “it” and were carriers. Her respongs vague in explaining exactly what
was being passed on from parent to offspring becatithe lack of scientific
terminology that she used. Student 3’s belief thatrait was inherited every other
generation did not change.

Unlike the comparison group, two of the three stisién the experimental group

were able to explain the passingatielesfrom parent to offspring. They also used their
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diagrams of pedigrees or Punnett squares to exiptainthe trait was inherited. Student 4
redrew her Punnett squares from her post-testglaiexthe inheritance pattern for the
disorder. During her explanation of the inheritapaéern, she could not recall the
correct term to describe what the parents weregaes, but used quotation fingers
every time she used the term “disorder.” Althougid®nt 4 did use the term “disorder”
instead of “alleles” when describing the parentsasiers, a majority of her response
included the explanation of alleles. Student 5 diradvn the same Punnett square in both
her pre and post-test. In her initial interviewp@sse, she had concluded that the trait
was dominantly inherited. When questioned about thieyheterozygote was only a
carrier and not affected like the homozygous domtig@notype, she could not explain
why. In her post-interview response, she corradiytified the pattern of inheritance as
recessive and provided three different scenariehitov that both parents had to be
carriers. Student 6 had a similar response to &tWlan that the development of the trait
in the offspring was due to some outside factoabee the parents did not have the
disorder or trait. He initially responded with tineit being recessively inherited, but
could not explain how that could result from twaepbtypically normal parents. In
Student 6’s case, he said that the child must Haveloped the condition from a “rusty
nail.”

Question 10b asked students to explain how a noatéd to the phenotype in
guestion. Again, the comparison group did not n@keect connections between the
concepts. Student 1 claimed that the mutation &droff” the ability to digest lipids.

This student did not directly relate mutation wgénes and protein production and

function or explain how the mutation could turn tfé ability to digest lipids. Student 2
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identified that a mutation could “mess up the preg but could not explain how the
mutation would change the gene or how that incidernuild lead to the disorder. Student
3 gave an example of a type of mutation and inNréten response explained how a
frameshift mutation leads to a different DNA cobreher written response she wrote that
the DNA code was a code for protein.

Students 4 and 5 from the experimental group botimectednutationto DNA
or gene, but Student 5 did not associate the coéepe mutated gene to a mutated
protein. Student 4 stated “mutation in a DNA se@eeran cause a fault in the protein
production, so this means that a protein mightogotnade, and then like if the protein is
not made then it can cause like a disorder.” Thudent was more direct in her
explanation of the relationship between mutation$ genes, and that a mutation in DNA
could lead to the production of a non-functionimgtpin, which in turn leads to a
disorder. Student 6 reasoned that the chromosoraavasle was mutated and that was
the reason for the body not being able to digpgldi Because the question was so
general, it appears that the students did not kermough about the disorder and therefore
could not specifically point to the protein thafasilty in the disorder. However, two out
of three students in the experimental group maelar @ssociations between the concepts
of mutation, gene, and proteins.

Concept map.Question 6 was not included in the quantitativeiporof the
study due to the lack of student responses, yistjntportant to consider because of the
types of responses students were able to provideh©pre- and post-test, students were
asked to create a concept map using the follovangd: DNA, gene, protein, amino

acid, trait, transcription, translation, mutatichromosome, and cell. Rather than make a
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concept map, which is what students seemed to diffiulty with, during the post-test
the question was modified and instead students asked to explain how they thought
the terms provided were related.

In the comparison group 14 out of 29 students gitechto answer this question
on the pretest. Of these 14 students, 11 drew pbmeaps or lines to connect terms but
did not explain how the terms were related. Studemés one of the 14 that answered
this question and when asked to explain his drawinghg the interview (see Figure 6),
he said:

“Well | could start here [pointing to chromosomé&famosome, DNA...as you

dig in deeper, it goes down like um it goes smadleat smaller until the end.

[Regarding the terms cell, translation, trait, niot® My guess was like, every

single one has a trait and if it's mutated it afiéeitie cell and everything else here,

until it goes down to the smallest level.”
For Student 1, there seemed to be a lack of uradwlisig of size and hierarchical
relationship. Student 1 claimed that a mutation trfit caused a change or affected

everything at lower hierarchical levels, rathemthiae mutation affecting the gene and

then the expression of the gene.

6. Inthe space below, draw a concept map using the following terms:

% DNA =" Transcription

-~ Gene ~"8 Translation

" Protein _—&" Mutation

=" Amino acid = Chromosome
& Trait & Cell

s g 0% z i \ ‘}
- e |
{

Figure & Student 1's response to question 6 on the ptedtgout of 14 students in the
comparison class had similar responses.
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On the post-test, 23 out of 29 students in the @ispn group provided an
answer to question six. 15 of the 23 students a@veept maps or lines connecting
terms similar to what was seen in the pre-test fsgere 6), without explaining the
relationship between the terms. Five of these siisddrew and labeled pictures for the
terms that they knew or the process of transcmpaiod translation. Figure 7 depicts
Student 1's response to question 6 on the postfhststudent was able to draw out the
events that take place during transcription anastedion. When asked to explain how a
mutation or trait was related to the process hdaaxgd:

“Well | remember at the lunch that we did [refegito reviewing the process of

transcription and translation] so yeah...basicalg/¢kll like in the human skin,

So it's expressed so it's a trait, it's the outdl@inting to far right of drawing on

paper] and this is like a cell. A mutation affeatsell. The chromosomes are

gonna be in here and this is the process of trgotgor and translation and
whatever happens here is gonna affect the celttetrait.”
Student 1's drawing looks very similar to the tedk depiction of transcription and
translation. Therefore, it is likely that this seid remembered or memorized the drawing

of the process of transcription and translatiorhauitt necessarily understanding how a

mutation can affect this process or how the trais wxpressed as a result of the process.

6. In'the space below, draw a concept map using the following terms:

e ~DNA e Transcription

e _Gene e—-Translation

e—DProtein—— e —Mutation

e Amino acid e Chromosome
e Cell

[ ie e Trait

~

e {

Figure 7. Student 1's response to question 6 on the psSt'te
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For the experimental group, on the pretest 6 o30astudents attempted to
answer question 6, and one student wrote: “I dewein know what a concept map is.”
Another student in the class answered using a \deagram (see Figure 8). Student 5
drew lines between the terms listed (see Figurél®hther responses to question 6 in
the pre-test were similar to the comparison grougnat they did not include any text to
explain the lines they drew from one term to anotkiéhen asked during the interview
about her lines, Student 5 explained:

“| did DNA to chromosome...because like DNA, likeealt chromosomes,

there's DNA in chromosomes or something. That'stwhas thinking that there's

DNA in chromosomes or chromosomes, they kinda getteer, | don’t know if |

did that one first, because | think I did them ofubrder, but um then | did gene

to mutation because a gene can get mutated. Tloégirpto translation, | don’t

know why | did that one, | kinda guessed on pratémtranslation and amino

acid to transcription. Then trait to cell becaussytwere left over.”

Student 5 attempted to answer question 6, butalith@wve complete understanding of the
terms listed. Later in her response, she addedst®adid not think that words could be

used more than once and because words were writtetwo columns the student

thought that one column paired with the other calum

Figure 8 Sample response to question 6 from Student Karekperimental class on pre-
test.
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6. In the space below, draw a concept map using the following terms:
% --="e Transcription
e Gene ™ ——0 } Translation
o Protein. .—— Mutation
—ay .
e Amino acid Chromosome
p—Trait ' e Cell

Figure 9 Student 5’s pre-test response to question 6.

On the post-test, 26 out of the 30 students irekperimental group attempted a
response to question six, a substantial increase dnly six on the pre-test. Of the 26, 19
students attempted to make associations betwems.t&tudent 4 did not answer
guestion 6 on the pre-test, but the following ist@sponse on the post-test:

“Transcription is the process where DNA is conveilitéo mRNA in the cell.

Then the information in MRNA is used to create ananids in translations. Then

the amino acids create a large chain called polygethen eventually form a

protein. The proteins determine genes which maktstrBut mutations in the

sequence of nitrogen bases can effect which poti® produced. This means

that means that genes and traits are subject twelia
Although a majority of her response was concepjuaitrect, when asked to elaborate
on what a gene was, she could not provide a deimibr gene which likely leads to her
statement about proteins determining genes instete other way around. For the most
part, students in the test class were able to cyreonnect a majority of the concepts
about DNA, genes, proteins, and mutations togethdércould not necessarily provide
meanings for terms. On the other hand, studerttgicomparison group could provide
basic definitions, but not relationships betweendbncepts.

Opinion question. At the end of the interview, students from the ekpental
group were asked for their opinion about the casgydesson. Two of the three students

commented that the case study had made them nterested in learning about DNA.

Student 4 commented “DNA is boring, it is like, fdmpart from atoms it's the most
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boring thing in the whole entire book, and thag[tase study] was the main thing that
made me interested.” Another student that wasmetviewed before the intervention,
but was interviewed after said, “I think | founcethesearch [for the case study] the most
interesting, because all of our questions that atewe answered. It helped us learn the
relationship [between proteins and genes] by shgwinow the DNA being mutated
could cause different proteins and making Huntingtalisease.” Two out of the three
interviewees from the comparison group said thetule notes were most helpful to their
understanding of molecular genetics compared wighatorksheets that supplemented the
notes.
Conclusion

Clyde Freeman Herreid, director of the National €€efor Case Study Teaching
in Science, stated the following about case sty (The goal in...case study teaching
is not so much to teach the content of scienckdafih that does clearly happen) but to
teach how the process of science works and to devegher-order skills of learning”
(Herreid, 1994, p.222). Case studies emphasize mrapsion of ideas rather than
memorization of facts because students are reqtoregsearch answers to their own
guestions and collaborate on solutions to probbkskg. In order for students to come up
with a solution, they have to understand the cdrdaéthe case and decipher the
dilemma, background information and the effectthefsolutions that they propose. As
students work through the case study problem, ¢éssgntially teach themselves and each
other, through collaboration and discussion, thensgiéic knowledge. The aim of this
project was to determine whether or not case snstyuction was effective in promoting

conceptual change in high school students’ undailgtg of molecular genetics and
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whether or not case studies were more effective titzlitional textbook-based
instruction in helping students understand moleogdmetics. The results obtained from
this study are mixed. Students in the experimegr@lp performed similarly to the
comparison group on the post-test; however, whamirewed about their answers,
students in the experimental group had more tarstyeir responses and were more
likely to use correct terminology and concepts.

The pre- and post-test results provided evidenemswver the first research
guestion which examined whether or not case stustyuction was effective in
promoting conceptual change. The results showddhbacase study instruction did in
fact promote conceptual change in the experimegnmtalp. Calculation of the normalized
gains revealed an increase in content knowledgaifeafor the experimental group.
Although there was no significant difference betw#ee experimental group and the
comparison group on the post test, the experimgnbalp still showed significant gains
between the pre and post-te$29) = -6.19 p=0.0000009). This suggests that case study
instruction can promote conceptual change.

Why is there no difference between the comparisongand the experimental
group? One possible reason may be the test ifd@ftest given to both groups only
consisted of 10 questions, one of which was throutrbecause of the lack of student
responses, making it difficult to find a significahfference between group scores with
so few questions. As such, the test questions raalgave been an accurate measure of
what the students actually learned from the cas#yshstruction. It would have been
ideal to have a concept inventory specific to thdipular topics the case study

promoted. Concept inventories are research-basédiments that measure students’
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conceptual understanding of topics that can prowiftemation about what students do
not understand and identify which alternative catioms students hold after instruction
(D’Avanzo, 2008; Elrod, 2010). Concept inventori@stopics in biology are still being
developed and for the most part are used at thergratiuate level. An appropriate
concept inventory for the concepts addressed icdbe study for this project was not
available, and therefore, the similar scores betvggeups is likely the result of the
challenge of writing test questions that can measanceptual understanding. Concept
maps have been suggested as an assessment toevemaaptual understanding (Rigby,
Dark, Ekstrom, & Rogers, 2008; Tastan, DikmenliC&rdak, 2007; Smith & Dwyer,
1995); however, Rigby et. al. (2008) note thateherdifficulty in scoring concept maps
unless a rubric can be created for what would lgglorihat particular map, as suggested
by Novak and Gowin (1984). Even with a rubric, ogpicmap scores do not always
correlate with traditional testing measures (Rya8ainson, 1998). Also, as
demonstrated in this study, students had difficatBating concept maps, even though
they had been used earlier in the school yearaaradresult, that question was not
counted in the scoring.

What differences arose between the pre- and psssteres of the comparison
group and the experimental group as a result odliffierence in instructionAnalysis of
the percentage of correct responses for questidnetealed that a greater number of
students in the experimental group were able totifyethe correct answer (see Table 8).
One of the significant differences between theqremance of the comparison and
experimental group was question four which askadestts to identify what attributed to

the different amino acid sequences for proteindifférent organisms. The experimental
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group had a 50 percentage point jump in the nurobeorrect responses between pre-
and post-test as compared with the comparison {googager six percentage point
difference. This result suggests students in tipexental group had a better
understanding of the concept of how different pgrigt@re a result of different DNA
sequences than the comparison group. This condeptdarstanding can be attributed to
the nature of the story of the case study. In #szcstudents were given background
about a genetic disorder in which the DNA sequenaed-protein production as a result
of that sequence—was a factor in the disorder.esexperimental group student
commented at the end of his interview, “It [theecatudy] helped us learn the
relationship [between proteins and genes] by shgwinow the DNA being mutated
could cause different proteins and making Huntingtalisease.” By making the
information about protein synthesis relevant talstis, it allowed students to understand
the relationship between DNA sequences and amikis.ac

Question 3 on the test, which asked for the ratatip between a gene and a trait,
also revealed another difference between the conaleypnderstandings of the two
groups. The experimental group outperformed thepasison group by over 20 percent
on this question. The difference in performancddde explained by the alignment of
instruction for the comparison group with the Gatifia Science Content Standards
(2000). Content standard 4 states, “Genes ared setructions encoded in the DNA
sequence of each organism that specify the sequéreeino acids in proteins
characteristic of that organism.” None of the standards under this content standard
specifically states that students understand howegeesult in specific traits, but rather

only how genes lead to specific amino acid sequefareproteins. Instruction for this

46



standard to the comparison group was very speatioeit how a sequence of DNA leads
to an amino acid and a protein. Duncan and Re2¥)7) claim that instruction needs to
engage students with genetic phenomena in itseynd not just the process involved
with the central dogma. The case study instructitowed students in the experimental
group to be exposed to genetics concepts in itseegntnot just the central dogma,
because they had to explain inheritance and analyeethe DNA in Huntington’s
patients led to that particular phenotype or taid not just the process of protein
production.

Analysis of the open-ended questions, question3, 8el/ealed that both groups
showed gains; however, the experimental group Hagdher point average. One of the
open-ended questions that students from both groagslifficulty with was question 9
which asked students to explain the relationshipréen genes and proteins. In the
comparison group, students that answered the questi the post-test described the
relationship between genes and proteins in one@fitays. A majority of the written
responses stated that “genes make proteins” otéjmobuild the genes.” Similarly,
students in the experimental group that answered|tiestion had similar answers. This
indicates that neither the traditional instructimr the case study approach specifically
addressed or clarified this concept for studerttsdéht 4 from the experimental group
had difficulty with the definition for the term gerthroughout the majority of the
interview. During Student 4’s interview she saidkiow what a gene is, but | can’t
explain it...I need to know the definition of a genleater, she was eventually able to
define the term gene, but only after further prangpaind questioning. Students’

difficulty with the concept of gene was also seamaestion seven, where only a handful
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of students correctly identified the relationshgiieeen gene and DNA on Figure 3.
During the interviews only Student 1, from the camgon group, was able to correctly
identify and define gene.

Further analysis of the open-ended questions resle@ncepts that students held
informal or naive, mixed, and scientific understagd for. Data from question 8—which
asked students what the effect of a mutation wbeldn a gene and on DNA—and
10b—which asked how a mutation could result in gi@#ar phenotype—showed that
one-third of the students in both groups still fdrmal or naive understanding of the
concept after instruction. Instruction for both gps resulted in slightly fewer students
with informal or naive understanding on the post-tad at least a 20 percentage point
increase to mixed understanding. Students with dhixederstanding for both groups had
similar responses to question 8. Some of theiraresgs included mutations making
changes to the DNA, gene, or nitrogen base sequesa#ing in a disease, change in
human health, the trait, the protein, or makinggeee or DNA different. A majority of
the statements were vague as students did notiexp&r statements about how these
events took place. It can be suggested that irtgiruof this concept needs to be more
specific about the immediate effect of mutations.

Question 10 provided an opportunity for studentagply knowledge of DNA,
genes, protein synthesis, and mutations to a pétiphenotype. Part A of question 10
asked students to describe the probable pattanhefitance and in their response
include a pedigree or Punnett square. Prior tautfiton molecular genetics, both groups
had already completed a unit on Mendelian gendticen be assumed that students in

both groups would be able to create a pedigreaionétt square to show how a trait
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might be inherited. However, that was not the ckseer than 50% of the students in the
comparison group answered this question on thetpestompared to 27% who did not
answer from the experimental group. The differémee is the case study in which
instruction tied the Mendelian genetics and molacgenetics units together. Students in
the experimental group were afforded the opponuireview Punnett squares and
pedigrees during the case study instruction bectiesehad to research the inheritance
pattern of the disease. As a result, studentseiexiperimental group were better able to
provide more complete responses to question 10a.prbvides support for instruction

of molecular and Mendelian genetics to be taugipttoer rather than as two separate
units (Duncan & Reiser, 2007; Kaptejin, 1990; Maitib& Stavy, 2000).

After analysis of the pre- and post-test resultstlaer possible reason for the low
gains (see Table 5) could be that the length ofthdy may not have allowed enough
time for students to develop mastery of the coreeptudents may have only had enough
time to be exposed to or memorize certain factseMdnly provided minimal time on a
difficult topic, students could have difficulty uastanding the “why?” and the “how
come?” Rigby et. al. (2008) state that time foti&hilearning—mastery over a particular
topic—is important for students to store facts ilmiog term memory and organize the
information in order to be able to apply it to neiwations, or what is called “transfer.”

The second research question in the study asketharh& not case studies were
more effective than traditional textbook-basedringion in helping students understand
molecular genetics and results were determinethteaviews. When asked during the
interviews to explain their answers to questionshenpost-test, students in the

experimental group were better able to articulatkrmake associations between
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concepts. The experimental group used the termyyatorrectly and they quantitatively
talked more when explaining their answers comptyetle students in the comparison
group. Two of the three interviewees from the comnsgpa group had no gains between
the pre and post interview, whereas all three wegrees from the experimental group
had gains. Students in the experimental group hatkd more points overall from their
interview responses, whereas the comparison gasipbints. Although the average
points earned per question (see Table 13) seem®lavof four points for each question)
for both groups, there was a gain in the averageeguer question for all three students
interviewed from the experimental group. An inceeasscores indicates correct usage of
terms and correct identification or explanatiorcohcept relationships between DNA,
genes, amino acids, proteins, and traits. For el@mpestion 8 asked students to explain
how genes and DNA could be affected by a mutagbadent 5 from the experimental
group responded by listing the types of mutations lzow each “messes up the order of
the nitrogen bases.” In contrast, Student 1 froenctbmparison group answered by
saying that a mutation on DNA would change “the way will look in the future or
your health.” Where Student 1 related mutationatiyeo phenotype—where a mutation
may not always affect the phenotype of an indivigdatudent 5 related the concept of a
mutation to what would be immediately affected oy mmutation, the sequence of
nitrogen bases. All three interviewees in the expental group had positive gains from
the pre to the post-interview (see Table 9 andrei@un Results).

On average, experimental group post-interview®thiree minutes longer (12.6
minutes versus 9 minutes) than the comparison grdapviews. Students 4, 5, and 6

(experimental group) were more likely to add tartke&planations and think out loud
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during the interviews than students 1, 2, and &f@arison group). For example, Student
4 had difficulty explaining her answer to questidhand when offered the opportunity to
work it out again, she worked out the problem whilkembling through the work. When
Student 3 was asked to explain her answer foraheegjuestion and for several of her
other answers she would reword what she had andwerker test instead of explaining
whyshe chose that answer or what had led her tonthse. Although Student 1 could
explain the concepts he was thinking about whewliggussed each question, his
responses were succinct. Student 2 responded Wdbn°t know” or “I don’t know how
to explain it” to seven of the ten questions wheked to elaborate on his answers.
Similar to Student 2, Student 6 gave an answel @dbfi’t know” or “just because” six
times during the interview, but he continued tottrgxplain what he could remember
rather than end his answers with | don’t know. Nthedess, students in the experimental
group seemed to have more confidence in their r@agahan students in the comparison
group as demonstrated by their ability to spedifyagcall the work that they had
completed in class that helped them answer thetesttions. Student 5 commented that
she had “thought of the case study and then | ikakay so | had to think back on
what we did and how we figured out if...um, the patead it or whatever the deal was.”
These students referred to the case study activign responding to the interview
guestions.
Limitations of the Study

Several limitations presented themselves durin@ttaysis of the results. One of
the limitations of this study was sample size. Bseathere was no significant difference

between the two groups on the post-test, it woelthteresting to see if a larger sample
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size might make a difference. | would also recoman@ore students be interviewed
before and after instruction as this would proviare information about students’
comprehension and reasoning.

Another limitation of the study was the test its&€he test given to both groups
only consisted of 10 questions, and more questoasieeded to accurately assess one’s
conceptual understanding. At the time of the stdpncept inventory was not available
for molecular genetics. A conceptual inventory, rpayvide very different results.

For this study, students were exposed only oncade study instruction.
Throughout the rest of the year traditional indiimrcwas used to deliver information to
students. Students may not have been comfortaliteting format of the new instruction
and that may have hindered learning. Herreid (189p)ains that as students become
more comfortable with the instruction, they devedpeaking, analytical, and decision
making skills as well as confidence in themselves @eer relationships.

Finally the case study itself could have been exl/t® focus more specifically on
the objectives for the molecular genetics unitmdty have had too much information for
students to process. Vocabulary on the case stadyray have been too difficult for the
level of students in the course. Vocabulary pragpidor to the case study instruction
may have helped students better define the parasratéhe problem presented in the
case study.

Future Research

The case study instruction sought to promote stuctamprehension of the

process of science and along the way the studeatsdd the content by teaching

themselves. Based on the mixed results of thisysthdre exists a need for this study to
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be replicated in order to determine the effectigsn® case studies not only for this
particular topic, but in other areas of biologyisTstudy also opens the door for
developing, implementing, and testing more casgiesithat can be used on a regular
basis in the science classroom.

Another area of future research is the developrokatbetter measure for
conceptual change for this topic. As this studyeeds, there exists a need to develop a
library of conceptual questions for molecular gersetguestions that require students to
apply, analyze, synthesize, and evaluate informadtiat they discover through solving
case studies. Test banks that accompany textboekgmcally full of fact-based
guestions that only require students to recallrmttion, thus the need for more research

into the development of concept inventories foloseary education.
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Appendix A Point Loma Nazarene University IRB Approval Form
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in accordance with PLNU's IRB and federal requirestag@ertaining to human subjects
protections within th&ederal Law 45 CFR 46.101 bYour project will be subject to
approval for one year from the March 8, 2010 d&tpproval. After completion of your
study or by March 8, 2010, you must submit a sungro&our project or a request for
continuation to the IRB. If any changes to youdstare planned or you require
additional time to complete your project, pleasgfpthe IRB chair. The IRB approved
and officially stamped Consent and Assent formshakee been mailed via campus mail
to Dr. Maskiewicz.

For questions related to this correspondence, @leastact the IRB Chair, Leon M.
Kugler, Ph.D., at the contact information below.aczess the IRB to request a review
for a modification or renewal of your protocol,toraccess relevant policies and
guidelines related to the involvement of human sciigjin research, please visit the
PLNU IRB web site.

Best wishes on your study,

Leon M. Kugler Ph.D., ATC
Director, Exercise Science
Advisor, Pre-Physical Therapy
Chair, IRB

Point Loma Nazarene University
3900 Lomaland Dr.

San Diego, CA 92106
619.849.2376
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Appendix B Pre- and Post-Assessment

DNA and Protein Synthesis Assessment
1. Every cell, except for the gametes, contains theesBNA. So why is a kidney
cells different from a skin cell?
a. The have different nucleotides in the DNA
b. They have different proteins in the cells
c. They have different genetic material
d. They have different genes

2. Your muscle cells, nerve cells, and skin cells hdifferent functions because
each kind of cell
a. Contains different kinds of genes
b. Is located in different parts of the body
c. Activates different genes
d. Contains different numbers of genes
e. Has experienced different mutations

3. What is the relationship between a gene and &trait
a. The gene is a trait
b. The trait exists inside the gene
c. The gene physically builds the trait
d. The trait is an expression of the gene

4. The differences in the sequence of amino acidsarptotein molecules of
different organisms is due to
a. The sequence of nitrogen bases in the DNA molecule
b. The types of nitrogen bases in the DNA molecule
c. The proportion of different nitrogen bases in ti¢/AOmolecule
d. The types of amino acids that the organism consumes

5. Which of the following may result from a mutationDNA?
a. A change in the sequence of mMRNA
b. A change in the structure of a protein
c. A change in the phenotype
d. A change in human health
e. All of the above

6. Draw a concept map using the following terms:

* DNA * Transcription
« Gene e Translation

e Protein e Mutation

* Amino acid  Chromosome
e Trait  Cell
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7. On the diagram below, label the following things:
a. Chromosome
b. DNA
c. Gene
d. Nucleotide

Adanina

Cytosing

base pair

Thymine
Guanine

8. What effect will a mutation have on a gene? On DNA?
9. What is the relationship between genes and pr&eins

10. Assume that a particular genetic condition in husneauses an inability to digest
lipids that accumulate in the brain. The lipidsl®wip around the brain and
eventually results in death of the offspring. Téhisorder occurs equally between
males and females. In all cases, the parents cffteeted offspring will not have
the condition.

a. Describe the most probable pattern of inheritancehis condition.
Explain your reasoning. Include a pedigree or ctosfemonstrate the
inheritance pattern

b. Explain how a mutation could cause this inabildydtgest lipids

c. Explain how you could determine whether the muédiele is present in
an individual.
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Appendix C Interview protocol

Pre-Assessment
1. For identification question:

2.

3.

a. Why did you label this part ?
b. What is the function of this part?
c. How are these structures related?
For concept map question:
a. Can you explain how these terms are related?
For Open-ended scenario question:
a. Can you explain why or how your diagram descrilbesimheritance

pattern?
b. What does each part of your picture do or mean?
c. What did you mean by ?

d. Can you elaborate or give me more detail about goswer here?

Post-Assessment

1.

o g

You answered on the pre-test and then you ardwe __ on the post-test.
Can you explain to me why?

2. Do you still have questions about this topic?
3.

For concept map question:
a. You said drew your concept map this way initiallhy did you do it this
way?
b. How are these terms related?
For Open-ended scenario questions:
a. Can you explain why or how your diagram describesimheritance

pattern?
b. What does each part of your picture do or mean?
What did you mean by ?

Can you elaborate or give me more detail about gogwer here?
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Appendix D Student Consent Form to be a Research Subject

,.?L!
Project Titles Using Case Studies for High School Students’ Learning of Abstract Concepts in Molecular Qappbigsy WLMQ_ . i

Point Loma Nazarene University
Assent To Be A Research Subject

What is this study about? Ranew by m Vi
1 (Ms. Michelle Baun), am a biology graduate student at Point Loma Nazarene University, Iam haz\]erg&t%d i J@ﬁ;ntifyi‘ﬁg
the effects of case studies on student content learning. Specifically I am atfempting to answer the followitg guestions,
1)Are case studies effective in promoting conceptual change in high school students’ understanding of molecular
genetics? and 2)1s a case study more effective than traditional textbook-based instruction to help students apply their
understanding of molecular genetics to new situations? Because you are a teenager in high school, you are being asked
Lo participate in this study.

What will happen to me if I am in this study?

1. First, [ will give you two copies of a different form to have your parent/guardian read, sign, and return if
vou are allowed to participate. Then, [ will read this form to you. Please follow along with me, because [ want to
make sure you sign this paper only if you know what you are signing. Then, I will ask if you want to volunteer to
be a part of this study. If so, [ will ask you to sign this paper and to keep a second copy. When you and your
parent/guardian have given permission, you will volunteer for an interview time with me,

2. During a specially designed lesson, you and other participants will be audio-taped during class discussions
lead by your teacher, Ms. Baun. The recordings will only be reviewed by me as I write my final reportand | am
the only one who will know your identity and specific responses. Your responses will have no effect on your
class grades.

3 At an interview time that is convenient for you, you will participate in a one-on-one, video-taped interview
with me. The interview will be 20-30 minutes long. The interview will be repeated approximately 1 week later.
Your name will never be used in the report that I will write, and [ am the only one who will know your specific
respenses. Also, your responses will have no effect at all on your class grades.

What will it feel like?

Usually kids like to give their opinion on what they think about things. In this interview, you will be giving your
opinion about molecular genetics topics. You will provide your answers while being as honest as possible about what
you know. Tt is possible that you may feel some discomfort or unease if you do not know an answer to some questions,
but this is not any different than the experience in a typical classroom.

Do I get anything?
Yes, an opportunity to gain additional scientific knowledge about DNA and gene expression following the completion of
the lesson and interview.

What if I have questions?

You can ask me questions at any time about the study in sufficient detail for you fo clearly understand the level of your
participation as well as the significance of the research. If after the interview, if you have any more questions or want a
summary of the results, you can call or email me and ask questions any time at mbaun100@pointloma.edy and/or Dr.
April Maskiewicz, my supervising professor aprilmaskiewicz@pointloma.edu.

What are my choices?

You have three choices:

e You can be a part of this project if you want to — sign below,

e You can choose to not be involved in this project. If you decide to not participate, that is OK. Nobody will get mad at
you if you don’t want to do this, and it will not affect your grades in any way.

o If you decide to be a part of this project and you change your mind later, that is OK too. You just have to tell one of
the people in charge of the study — sign below.

Signature of student Date

Name of student (printed)

Name of principal investigator Date

Please keep one copy of this letter and return the other copy to Ms. Baun
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Appendix E Case Study Summary — Adapted from Dion, Allexd Buch (1998)
Thinking Towards Solutions

Genetic Testing
Part 1 — The Meeting

You and your partner are having your first chilchuvcome across an
advertisement about genetic testing. You are istedein having genetic counseling and
testing because of your father. Your father hasurantrollable twitches for the last
year and was recently diagnosed with Huntingtorseake. Huntington’s is a genetic
disorder that causes destruction of brain cellxlvleads to uncontrollable movements,
memory loss, and slurred speech. In 1993, it wesostered that the cause of
Huntington’s was an abnormal number of repetitived3sequences in the DNA.

Redirect Questions:
1. What is the problem?
2. Draw the possible pedigree for this family
3. Why would this mutation make any difference in aspe’s phenotype?
4. Suggest how a mutation like this would have ocalrre

Part 2 — The Gene

A protein called huntingtin is produced from thertington’s gene. In the
mutated form, it is believed to interact with arzyme called GAPDH and inhibit its
function, possibly causing the Huntington’s phepety

You are worried about your unborn child. Thereayeut 30,000 people in the
United States with Huntington’s disease and yothefiawas diagnosed when he was 45
years old. You are afraid that you could have phse gene to your unborn child, but
you don’t have the disease and wonder if you sheuéh worry.

Redirect Questions:
1. What is an enzyme?
2. What could lead to a mutated huntingtin proteircboromosome 47?
3. How is it possible that the huntingtin gene is fdum cells all over the body?
4. Why would mutant huntingtin have an effect on te# when it binds to
GAPDH?

Questions to Ponder:

1. Why is the counselor’'s explanation that brain cedlg mostly on glucose for
energy relevant to your question about why theamloells are most affected by
huntingtin?

2. Should you be concerned about getting Huntingtonabout passing the gene on
to your child? Why or why not?

3. Considering that afflicted people eventually denfrthe disease, why do about
30,000 people have it? Why has the gene not beeoved from the population?
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Part 3 —To Test or Not to Test

For genetic testing a blood sample is taken frara@ult and for an unborn child,
the doctor must perform an amniocentesis or chariafii sampling to get a sample of
the fetus’ cells. DNA is extracted and amplifiediie desired amount and then cut with
enzymes for specific lengths. The DNA pieces ofedént sizes are then separated by
size and stained so their pattern can be seen séparated.

People of different genotypes (Hh or hh) for Hugton’s produce different
fragment patterns. The different patterns are dabstriction fragment length
polymorphisms or RFLP. RFLP determines if an indiil has the genotype Hh or hh.
The genetic counselor says, “each one of you cdadted or not. The choice is yours
and yours alone.” You feel overwhelmed by the dotiflg opinions you have about
testing and you know that this will not be an edsgision

Redirect Questions?
1. What is an amniocentesis? Chorionic villi sampling?
2. What are the risks of genetic testing?
3. How is it possible that an enzyme that cuts DNAggizes some DNA
nucleotides but not others?
4. Why does someone with Huntington’s disease havi#aaeht RFLP than a
normal person?

Questions to Ponder:
1. Suppose the test came out positive and you findythaare heterozygous for
Huntington’s disease. Complete the pedigree yow dreDay 1.
a. What are the benefits and pitfalls of having tmewkledge?
b. How would this be different from learning that yare heterozygous for
cystic fibrosis, another genetic disorder?
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