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Abstract 

The purpose of this study was to assess the implementation of 

principles taught at Human Genetics and Bioethics Education 

Laboratory (HGABEL) workshops into high school biology classrooms 

across the country. A survey was sent to all participants of the 

workshops in order to: 1) obtain a general profile of teachers 

participating in the study, 2) determine what human diseases are 

taught in high school biology classes, 3) determine what human 

genetics concepts are understood by the end of the term by high 

school biology students, 4) determine how teachers feel about 

controversial issues related to human genetics, 5) determine which 

of the laboratory exercises taught at HGABEL workshops have been 

implemented by the teachers, 6) determine the frequency at which 

teachers employ constructivistic teaching methods for different 

genetics topics. We found that overall, biology teachers who 

participated in HGABEL workshops report higher levels of genetic 

literacy of students than what the national average reports. 
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It is becoming absolutely imperative that individuals are 

genetically literate. Genetic technology is becoming far 

reaching and it touches all of us. Newspapers and magazines are 

filled with descriptions of new genes being identified by 

researchers. Genetic screening is becoming more widely 

available. Gene therapy for diseases like severe combined immune 

deficiency syndrome is a reality (Lee, 1993). Genetic counseling 

services are recommended for people who have a history of genetic 

disease in their families and for middle aged women who are 

pregnant. These are some of the benefits genetic technology is 

bringing to us. 

There is also a side of genetic technology that is bringing 

ethical dilemmas upon which we, both as a society and as 

individuals, will have to take a stance. How will a citizen who 

is predisposed to a genetic disease protect herself or himself 

from insurance or job discrimination? Is it discrimination or 

taking precaution when people with genes for a certain genetic 

disease are not hired for a job because the genes they possess 

might put peoples lives at stake? For instance, should a pilot 

be hired by a commercial airline if it is found that the person 

is predisposed to narcolepsy or an early heart attack? Lack of 

discrimination could prove to be fatal to the unlucky passengers 

that happen to be aboard the plane when the disease strikes, but 

is it an invasion of privacy if employers have access to personal 

genetic information? Does being an alcoholic make a person unfit 
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to be an elementary school teacher if that person chooses to 

drink alcoholic beverages? Who decides? 

Ought parents choose characteristics for their unborn child? 

Many people might agree that if there was someway to prevent a 

child from having a malformed heart by preselecting gametes which 

are known to be free from the disease gene, than it is an 

ethical, lifesaving procedure. But what if the trait of interest 

is poor eyesight or crooked teeth? Should parents be allowed to 

become involved in a role normally taken on by fate? Ought we 

choose our childrens' gender? What about choosing genes 

affecting chances of alcoholism, cancer, eye color, skin color, 

athletic or musical talent or the plethora of other genes genetic 

technology is allowing us to detect? Where will the line be 

drawn and who will have the knowledge to be able to draw that 

line? Certainly one person or one ethics committee is incapable 

of speaking for society as a whole. Society as a whole must 

acquire the knowledge through education in order to answer such 

urgent and compelling questions as these. If one desires to be 

able to make well informed, ethical decisions about oneself and 

about any reproductive decision one may have to make, then it 

will become necessary for one to become genetically literate. 

Does our public education system meet the need for the 

production of genetically and bioethically literate citizen? 

According to Richard Pauli, a clinical geneticist at the 

University of Wisconsin, as cited by Gordon Mendenhall (1995), 

the three most important concepts for secondary students to 
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understand are probability, cell theory and genotype/phenotype 

relationship. He said that his clients do not understand these 

concepts as a whole, and that the lack of understanding is rooted 

in the secondary level. 

There are groups of high school biology teachers who are 

highly trained in teaching genetics and bioethics. One such 

group is composed of individuals who participated in workshops 

provided by the Human Genetics and Bioethics Education Laboratory 

(HGABEL) at Ball State University. HGABEL aims to aid in the 

creation of a genetically and bioethically literate pUblic. The 

teachers who participated in these workshops represent an 

educated minority, and they give us some perspective on the 

improvement of genetic literacy of students if high school 

science teachers were trained on a large scale. This pioneering 

group may aid in pointing to some areas in which teachers could 

use additional support. 

Literature Search 

3-4% of newborn infants have birth defects, 80% of these 

have a major genetic cause. About 40% of all infant 

mortality is attributable to genetic disease. About 30% of 

pediatrics patients and 10% of adult patients are 

hospitalized because of genetic disorders. A significant 

proportion of major genetic disease is associated with gross 

chromosomal abnormalities (Robinson, 1988). 

These facts blow away the illusion that a child 1S born with 
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a genetic disease only rarely as an exception to Nature's perfect 

plan. 

Mendenhall, (1995) goes further to suggest that as the 

familiarity of the general public with these genetic diseases 

increases, the misconception that genetic diseases are rare 

occurrences will decrease. 

Tied to these misconceptions of the prevalence of genetic 

disease is the lack of scientific understanding as a whole by 

Americans. According to the Institute of Medicine (1994), 

studies supported by the National Science Foundation indicate 

that Americans have a problem with scientific literacy. A 1990 

survey reports that seven percent of Americans can be considered 

scientifically literate and less than one fourth of Americans 

understand how DNA relates to inheritance. The Institute of 

Medicine explains that decisions regarding genetic testing must 

be based on an awareness of the facts and of a preformed value 

system. They go on further to say, 

Without such knowledge, individuals are more likely 

to make uninformed decisions or to cede all decisions 

about genetic testing to their doctors. To prepare 

citizens for informed personal and societal decision 

making, school children will have to be taught the 

basics of the relevant science and technology, and the 

ethical, legal, and social issues stemming from that 

science and technology will have to be integrated into 
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the science instruction (Institute of Medicine, 1994). 

Integrating these concepts into a science class might seem out of 

place to some, but according to Paul Hurd (1978), 

The inclusion of genetic diseases as a part of formal 

education is most appropriately done in a course where 

genetics is currently being taught.... The major 

thrust, however, should be in high school biology where 

the largest percent of the total population can be 

reached. It is reasonable to expect that the 

biological, psychological and social concepts 

associated with genetic diseases can be acquired by 

high school students . 

One of the best methods for teaching more complex concepts 

is the constructivistic approach. This approach balances two 

very different methods of teaching, the mimetic and the 

transformative (Brooks, 1990). Mimetic places an emphasis on 

facts and skills attained by practicing and drilling and 

trans formative places an emphasis on the interests of the 

learner. In the constructivist approach, the emphasis is on how 

learning occurs. It occurs through the continual creating and 

modifying of hypotheses on the part of the student in order to 

explain what is observed. Student autonomy is encouraged and 

activities are created in order to stimulate the student to 
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,- construct her or his own understanding of concepts (Brooks, 

1990) . 

According to Brooks (1990) there are four "critical 

dimensions" of a constructivist classroom. They are: 

-curriculum structured around primary concepts; 

-students solving real problems 

-instruction uncovering alternative conceptions or 

misconceptions in the learner's thinking. 

-instruction encouraging conflict as the source of 

developmental progress within the context of growth and 

cooperation. 

If these dimensions are met, it allows for a much more thorough, 

deeper understanding of concepts than simple memorization and 

drilling. This method may be the best way to teach human 

genetics and bioethics, as it allows for integration of new ideas 

into personal philosophy. 

Before school children can be taught, their teachers must be 

taught. This survey aims to evaluate the success of the HGABEL 

training programs in terms of genetic literacy of students as 

viewed by their instructors and to determine future direction of 

the laboratory in order to better meet its clientele's needs. 

Methods 

The researchers decided to evaluate the type of genetics 

education high school students receive in their general biology 

classes and in specified genetics courses. Survey responses from 

148 high school biology teachers who participated in HGABEL 
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workshops between the years 1978 and 1993 were obtained. The 

questions asked in the survey sought responses to such items as: 

how much class time is devoted to human genetics? What kind of 

genetic diseases are discussed? What level of genetic vocabulary 

is mastered by the end of the term? What are some teaching 

methods of particular genetic topics? What are some of the 

opinions of highly trained individuals on sensitive issues such 

as abortion and role of federal government in genetics? 

The survey that was devised was based in part on a similar 

survey published in 1979, (Mertens, T.R., J.R. Hendrix and L.W. 

Hendrickson) and then modified to meet our research goals. 

Techniques and principles from Berdie and Anderson (1986) were 

implemented, in hopes of attaining a valid survey instrument and 

the highest response rate possible. There were six main sections 

to the new survey. The first five sections used a scantron sheet 

for participant responses. The sixth section used a table that 

allowed participants to check appropriate boxes. 

The first section was designed to obtain basic information 

about respondents to generate a profile of each in terms of such 

categories as years teaching experience, region, gender, 

classroom size and year of participation in the workshop. There 

were twelve such questions and they were multiple choice. 

The second section of the survey was a list of thirty-one 

genetic diseases. Respondents were asked to mark yes or no on 

the scantron to indicate whether or not the disease was used as 

an example when teaching human genetics. Sixteen of the diseases 
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listed were the same as those listed in the Mertens et al. survey 

(1979). Additionally, Rh factor from the Mertens et al. survey 

was changed to Rh incompatibility in order to clarify. The 

survey was expanded to include fourteen diseases were not part of 

the Mertens et al. survey. 

The third section of the survey was a list of twenty-two 

genetic terms with their definitions. Each definition was agreed 

upon by three different professors of genetics at Ball State 

University. The respondents were to state whether or not they 

believed their students could give an acceptable definition of 

each term. They had three choices: yes, no and not sure. 

Eleven of the terms were the same as those used in the Mertens 

et. al survey (1979). One was updated and ten were new terms all 

together. 

In the fourth section, teachers were asked to indicate the 

degree to which they agreed or disagreed with nineteen 

genetically relevant, value laden statements using a five-point 

Likert scale for each item. Five statements were taken directly 

from the Mertens et al. survey (1979). Eight statements were 

updated or elaborated and five statements were original. 

In the fifth section, teachers were asked into which 

classes, general biology, human genetics, both or neither had 

they incorporated five specific labs that were taught at the 

workshop in which they participated. The five labs were: face 

lab, fingerprint lab, DNA based diagnosis, karyotype, and DNA 

extraction. The objectives of the labs are as follows: 
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Face lab 

1. Define and properly use the terms: (a) dominant, (b) 

recessive, (c) incomplete dominance, (d) genotype, (e) 

phenotype, (f) allele, (g) locus, (h) epistasis 

2. Apply Mendel's law of segregation and law of independent 

assortment to the solution of problems involving human 

traits. 

3. Apply the following principles of probability to the 

solution of human genetics problems: (a) The probability of 

two independent events occurring simultaneously is equal to 

the product of their separate probabilities. (b) The 

probability of either one or the other of two events 

occurring is the sum of their individual probabilities. 

Fingerprint lab (dermatoglyphics) 

1. Define and use properly the following terms: (a) 

polygenes, (b) continuous variation, (c) quantitative or 

metric trait, (d)monozygotic twins, (e) dizygotic twins, 

(f) correlation coefficient. 

2. List some of the general characteristics that make 

polygenic traits difficult to study. 

3. Develop and/or apply a three or four gene model to 
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explain the inheritance of a polygenic trait such as total 

ridge count in dermatoglyphics. 

DNA based diagnosis 

1. Distinguish between basic and applied research using 

examples from recombinant DNA investigations. 

2. Defend your position on the use or nonuse of recombinant 

DNA procedures such as restriction fragment length 

polymorphisms. 

3. Diagram and describe in written form or recognize and/or 

label drawings of the Watson-Crick model of the DNA 

molecule. 

4. Define and/or explain the functions of DNA, mRNA, tRNA, 

nucleotides, codons, anticodons, amino acids, peptides and 

polypeptides in protein synthesis. 

5. Determine the amino acid sequence in a polypeptide chain 

given (a) the base sequence in the DNA strand and (b) the 

mRNA genetic alphabet. 

Karyotype lab 

1. Construct a karyotype of a fictitious organism having a 

chromosomal aberration. 
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2. Analyze the karyotype constructed and determine 

similarities to, or differences from, this karyotype and the 

one of a normal member of the species. 

3. Experience some of the problems encountered by 

cytogeneticists in karyotype preparation. 

4. Identify the chromosomal disorder the organism has from a 

description of several chromosomal aberrations given. 

DNA extraction lab 

1. Practice sterile techniques when properly handling 

bacterial colonies. 

2. Use bacteriological laboratory equipment including 

inoculating loop, petri dishes, bunsen burners, incubator 

and micropipet. 

3. Make cells competent. 

4. Describe a plasmid, its origin, and its importance as a 

vector in biotechnology. 

5. Explain why identifying the bacteria phenotypically will 

indicate the genotype of transformed bacteria. 
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6. Predict the growth of bacterial colonies on plain agar 

and on agar with antibiotic added plates. 

(HGABEL staff, 1994) 

The last section of the survey was arranged in table format. 

Thirty-three genetics topics were listed down the left side. 

Across the top, were eight teaching methods: lecture/discussion, 

computer simulation, lab, case studies, demonstrations, games, 

audio visual and worksheets. This section was intended to help 

the researchers determine how often constructivistic psychology 

is employed in the respondents' teaching. Respondents were asked 

to mark the appropriate boxes to indicate which teaching methods 

were used for each of the topics. 

Copies of the survey were sent to three Mentor Teachers 

(high school teachers who helped conduct the HGABEL workshops) 

and two Ball State University students for a trial run and 

evaluation. Their suggestions were taken into account and the 

survey was adjusted to accommodate for the reviewers' concerns. 

The response group represents teachers who participated in a 

HGABEL workshop, so they represent a group highly educated in the 

field of human genetics and bioethics and this fact should be 

kept in mind when interpreting these data. This study describes 

where the well educated teachers of human genetics and bioethical 

decision making are taking the next generation. 

The survey was composed of 122 items and was sent to 753 

high school teachers who had participated in an HGABEL workshop. 
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148 teachers responded, for a final response rate of 19.65%. 

Data must be interpreted in light of this low response rate. 

However, one of the researchers who has visited workshop 

participants in over 800 schools in almost every state in the 

u.s. feels this is a representative sample. The authors could 

not do a follow up survey to increase the number of responses 

because of lack of funds. Since the survey was anonymous, a 

reminder could not be sent out to those who didn't reply. 

However, in the next HGABEL newsletter, we asked that people 

complete the survey and send it in, even though it was past the 

due date. This improved our response rate slightly over the 

original response rate. 

The survey responses came in two parts, a scantron sheet and 

a completed table. Both parts of the survey received a three 

digit identification number to match the two, as everything was 

done anonymously. The tables were keyed into a data base by Ball 

State University's Computing Services and frequency counts and 

correlations were made for both sections by Judy Wirick of 

Computing Services. 

Results/Discussion 

In trying to develop a general profile of participants, the 

researchers found that the vast majority of the responding 

teachers have more than twenty years teaching experience (68.7%) 

An additional 12.2% had sixteen to twenty years experience. 

Seven and five tenths percent had eleven to fifteen years 
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experience. Nine and five tenths percent had 6-10 years 

experience and two percent had five years or less experience. 

Forty-seven and six tenths percent of participants were female, 

and the remaining 52.4% were male. Most teachers were from the 

midwest (42.9%), reflecting the prevalence of HGABEL workshops ln 

that region. The east contributed 21.1% of participants, 

followed by the far west (15.6%), the south (12.2%) and the west 

(8.2%). The majority of teachers' highest degree was a masters 

degree (79.6) followed by those that had a bachelors degree 

12.9%). Most teachers had two to three preparations for an 

average class assignment (85%). For a normal assignment, 27.9% 

teachers taught three general or honors biology classes, 22.4% 

taught four and 24.5 taught more than four. Sixty-one and two 

tenths percent of teachers instructed between 101-150 students 

per term on average and 29.2% instructed between 50 and 100 

students per term. Thirty-seven and four tenths percent of 

respondents spend 5-7 weeks on topics related to human genetics 

and an additional 39.5% spend between three and four weeks. No 

one claimed to not teach a human genetics unit. Eighty-eight and 

four tenths percent of respondents include bioethical decision

making lessons when teaching human genetics. The majority of 

teachers do not teach a specialized human genetics class (86.4%), 

but of those who did, most taught a semester long course (8.2%). 

Sixty-six and seven tenths percent of respondents participated ln 

an HGABEL workshop that was two weeks long, while 32% 

participated in the four week workshop. Two percent did not 
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respond to this item. Finally, a majority (60.5%) of the 

responding teachers participated in the most recent workshops, 

those conducted since 1991. Nineteen and seven tenths percent 

participated in workshops between 1986 and 1989, 12.2% 

participated l.n workshops between 1981 and 1985, and 4.8% 

participated in workshops between 1978 and 1980. 

The authors found that there were four genetic diseases that 

virtually every teacher used in instruction. These diseases 

were: hemophilia, sickle cell anemia, color blindness and Down 

Syndrome. There were also some diseases that were rarely used in 

instruction, especially xeroderma pigmentosum and retinitis 

pigmentosa. Less than a fourth of the teachers use deafness as 

an example. School is the place students are most likely to 

learn about the genetic implications of such diseases. Students 

will be less familiar with diseases that are less commonly taught 

in the classroom upon graduation. It is interesting to note that 

prevalence of a genetic disease does not correspond to the number 

of teachers using it as an example in instruction. (See Table 1) 

For example, every teacher surveyed used hemophilia as an example 

of X-linked inheritance, but hemophilia only affects one in ten 

thousand males (Mange and Mange, 1994). Muscular dystrophy is 

much more common affecting one in 3500 males, (Volpe, 1993), yet 

less than two thirds of responding teachers use muscular 

dystrophy as an example of X-linked inheritance. A similar, but 

less pronounced pattern can be seen throughout the table. The 

suggestion is not that teachers should strictly stick with the 
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Genetic Diseases Taught in the Classroom as Compared to Their Frequencies in the U.S. 

Percent Disease 
100 hemophilia 
99.3 sickle cell anemia 
99.3 Down Syndrome 
99.3 colorblindness 
96.6 Turner Syndrome 
95.9 Klinefelter Syndrome 
95.2 cystic fibrosis 
93.9 PKU 
93.2 Tay-Sachs Disease 
93.2 Huntington's Disease 
87.8 albinism 
85.0 Rh incompatibility 
77.6 polydactyly 
67.3 cancer 
65.3 muscular dystrophy 
64.6 cri du chat 
61.9 Edward Syndrome (Trisomy 18) 
60.5 spina bifida 
58.5 Patau Syndrom (Trisomy 13) 
55.1 fragile X 
55.1 Marfan Syndrome 
53.7 diabetes mellitus 
51.0 cleft liplpalate 
44.2 achondroplasia dwarfism 
39.5 immune deficiency disease 
36.1 Jacob's Karyotype 
23.1 deafness 
18.4 galactosem ia 
15.0 syndactyly 
11.6 xeroderma pigmentosum 
9.5 retinitis pigmentosa 

M M= Mange & Mange. 1994. 
R L= Lewis, Ricki. 1994. 
V = Volpe, E. 1993 
F C = Cohen, Felissa. 1984. 
can=American Cancer Society 
sb= The Spina Bifida Association of America 

Table I 

Mode of inheritance Frequency in the U.S. 
X-linked 1110,000 
autosomal recessive 11400 African Americans 
chromosomal 11770 
X-linked 1112.5 males have some form 
chromosomal 112,500- III 0,000 females 
chromosomal 1/500-1/2,000 males 
autosomal recessive 1/2,000 European Americans 
autosomal recessive 1110,000 
autosomal recessive 116,000 Ashkenazi Jews 
autosomal dominant 1/20,000 
autosomal recessive 1/28,000 African Americans, 1/39,000 European Americans 
autosomal recessive 15% Americans are Rh-
autosomal recessiveldominant 1/100-1/300 African Americans 
polygenes 1/3 women and 112 men will develop some type 
X-linked 113,500 males 
deletion 1150,000 
chromosomal 1/4,000-1/8,000 
polygenes 111,000 
chromosomal 1115,000 
chromosomal 111,000 
autosomal dominant 116250 
autosomal recessive 1/18 (both Types I & II, diagnosed and undiagnosed) 
polygenes frequency varies 
autosomal dominant 1/26,000-1/40,000 
autosomal recessive 1/1,000,000 
chromosomal 111,000 males 
autosomal recessive frequency varies 
autosomal recessive 1175,000 
autosomal recessive frequency unknown 
autosomal recessive 1/250,000 
autosomal recessi velX -linked 112,500 

mf=National Marfan Foundation 
diab=American Diabetes Association 
jhu=Greenberg Center for Skeletal· Dysplasias 
mssm=The Jeffrey Modell Foundation 
xps=Xeroderma Pigmetosum Society 
bli=Foundation Fighting Blindness 

) 

Source 
MM 
MM 
RL 
V 
RL 
RL 
MM 
MM 
MM 
MM 
MM 
RL 
FC 
can 
V 
MM 
RL 
sb 
RL 
RL 
mf 
diab 

jhu 
mssm 
RL 

MM 

xps 
bli 



most commonly occurring diseases as examples of different modes 

of inheritance. Rather. perhaps teachers should make more of an 

effort to include a wider variety of diseases used as examples. 

Many of the very basic vocabulary words of genetics were 

mastered by students by the time they completed a course taught 

by an HGABEL instructed teacher. However, it appears that most 

teachers do not attempt to teach some of the more intermediate 

concepts of human genetics, though the concepts are important for 

understanding genetics as a whole. (See Table 2) For example, 

such intermediate concepts as eugenics, transgenic animals, RFLP 

markers and epistasis are understood by less than a third of 

classrooms, so there is need for improvement in this area. 

Further, nearly three-fourths of students understand genetic 

counseling and genetic screening, services which they may need to 

seek out some day, but that leaves over one fourth of students 

who do not understand these terms. Less than two thirds of the 

responding teachers thought their students understood what gene 

therapy is. This is another area that could use improvement. 

Nearly 90% of responding teachers thought their students 

understood DNA fingerprinting, which could possibly reflect the 

media coverage of this topic stimulating student and teacher 

interest. However, under 80% of the students understand the 

Human Genome Project. Interestingly, a similar percentage of 

teachers (74.8%) saw the Human Genome Project in an optimistic 

light, bringing more benefits than dilemmas to our society. One 

must keep in mind that these classrooms represent those with 
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Percent of Teachers Who Believe the Majority of their Students Understand Selected 
Genetic Topics 

Table 2 

Vocabulary word % Agree % Disagree % Not sure %No respsonse 

deoxyribonucleic acid 99.3 0 0 0.7 

meiosis 99.3 0 0 0.7 

mitosis 98.6 0 0.7 0.7 

ribonucleic acid 95.2 1.4 2.7 0.7 

amniocentesis 92.5 4.8 2.0 0.7 

DNA fingerprinting 89.8 3.4 6.1 0.7 

genetic engineering 85.7 3.4 10.2 0.7 

multiple al1eles 85.0 4.1 10.2 0.7 

cloning 82.3 6.8 10.2 0.7 

gene pool 81.6 10.2 7.5 0.7 

crossing over 81.6 11.6 6.1 0.7 

artificial insemination 81.0 12.9 5.4 0.7 

Human Genome Project 78.9 9.5 10.9 0.7 

recombinant DN A 78.2 12.2 8.8 0.7 

genetic counseling 71.4 13.6 12.2 2.8 

genetic screening 71.4 17.7 10.2 0.7 

gene therapy 66.0 16.3 16.3 1.4 

mitochondrial DNA 40.8 37.4 21.1 0.7 

eugenics 29.9 53.7 15.6 0.7 

transgenic animals 27.2 51.7 20.4 0.7 

RFLP markers 21.8 65.3 12.2 0.7 

epistasis 12.9 70.1 15.6 1.4 



teachers highly trained in human genetics and bioethics. These 

teachers are purposely focusing on these topics because as highly 

trained individuals in the area of human genetics and bioethics, 

they know the impact these areas will have on t~e future. Not 

everyone is preparing their students so thoroughly, and even 

these highly trained teachers have room for improvement. 

When teachers were asked how they felt about certain value 

laden statements, they mirrored general population views in that 

they revealed through their answers some topics that have 

supporters on both sides of the issues, as well as topics on 

which a some respondents had no opinion or simply did not answer. 

(See Tables 3-8) Lack of opinion on certain topics may imply 

that less reflective thought has been spent on these topics. 

Topics which elicited no opinion or no answer in a significant 

percentage of the population included employers rights to 

personal genetic information to ensure job fitness, 

implementation of gene surgery, and use of transgenic animals to 

produce antibiotics for commercial use to name a few. 

In cases where teachers tend to hold conflicting opinions, 

it is important that individuals clarify their own values so that 

they are able to approach instruction of the material without 

unconscious bias. This self-understanding will help teachers to 

limit the amount they impose their own personal values on 

students (Mertens & Hendrix, 1978). This will allow students to 

incorporate new knowledge into their personal philosophies 

without having to first filter out bias from their instructors. 
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Questions of Confidentiality 
Table 3 

Agree Disagree 
(%) (%) 

Personal genetic information should be 94.5 0.7 
kept confidential to avoid insurance 
discrimination. 

Employers should have access to a 6.8 64.2 
potential employee's genetic information 
to ensure job fitness. 

Questions of Eugenics 
Table 4 

Agree Disagree 
(%) (%) 

Scientific research designed to develop 20.4 60.5 
knowledge necessary for producing 
humans with special abilities/traits should 
be encouraged. 

Scientific knowledge ought to be utilized 5.5 82.4 
to produce individuals designed to 
provide superior service. 

A couple with a 25% chance of producing 13 54.4 
a child with a genetic defect should not 
have any children. 

Individuals with inherited mental 25.2 46.9 
retardation with IQs between 50 and 70 
should be sterilized. 

Neutral (%)No 
(%) response 

3.4 1.4 

12.1 16.9 

Neutral (%)No 
(%) response 

18.4 .7 

11.4 .7 

31.9 .7 

17.2 .7 
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Questions on the Role of Federal Government 
Table 5 

Agree Disagree 
(%) (%) 

Federal tax dollars should be used in 85.7 4.1 
medical genetics research. 

Recombinant DNA research should be 47.7 33.3 
regulated by federal law . 

Questions of Abortion 
Table 6 

Agree Disagree 
(%) (%) 

A fetus should be aborted if severely 56.5 20.4 
genetically defective. 

A fetus should have the the same rights as 29.9 53.8 
an infant under law and should be 
protected. 

Parents should have the right to abort a 9.5 85.8 
fetus that is of the gender they do not 
prefer. 

A fetus with a chromosomal anomaly 30.0 37.4 
should be aborted. 

Neutral 
(%) 

9.5 

17.6 

Neutral 
(%) 

21.8 

15.6 

4.0 

31.9 

(%)No 
Response 

.7 

1.4 

(%)No 
Response 

1.4 

.7 

.7 

.7 
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Questions on the Implementation of Genetics for Medical Purposes 
Table 7 

Agree Disagree 
(%) (%) 

Extraordinary medical procedures should 17.7 63.2 
be used to keep newborns with seriously 
debilitating inherited defects alive. 

Transgenic animals should be used to 62.9 4.1 
produce antibiotics for commercial use. 

Gene surgery should be implemented for 64.8 4.1 
diseases. 

Questions of Responsibility 
Table 8 

Agree Disagree 
(%) (%) 

Physicians should be responsible for 91.1 1.4 
informing their patients of medical genetic 
discoveries that could affect the well being 
of their yet-to-be born children. 

Biology teachers have the responsibility of 90.5 3.4 
informing their students of genetic 
information that will impact future 
decisions regarding marriage and family. 

The Human Genome Project will create 74.8 6.1 
more benefits than dilemmas in our society. 

Humans currently lack the wisdom to direct 32.4 37.8 
our own genetic destinies. 

Neutral 
(%) 

17.7 

16.6 

14.2 

Neutral 
(%) 

6.8 

5.4 

18.4 

12.9 

(%)No 
Response 

1.4 

16.9 

16.9 

(%)No 
Response 

.7 

.7 

.7 

16.9 



Topics that divided teachers included sterilization of 

individuals with mental retardation, regulation of recombinant 

DNA research by federal law and questions of abortion. 

The results of this survey indicate that most teachers found 

that the five labs taught at the workshops were useful in 

instructing students in human genetics. Laboratory exercises are 

a good tool for constructivist teaching. The karyotype lab and 

the face lab seem to be especially popular, whereas the DNA base 

diagnosis lab seemed to be the least popular. Differing 

popularity could be the reflection of a combination of many 

factors. Not all labs were taught at all workshops. Some labs 

might be easier to conduct than others when it comes to obtaining 

the required materials. Also, not all teachers teach all of the 

concepts, so it makes sense that they wouldn't use a particular 

laboratory exercise if they don't teach that particular concept. 

Something worthy of noting is that in each of the five 

questions pertaining to these five laboratory exercises, between 

16.9% and 23.0% of teachers did not respond to each of these 

questions. Perhaps teachers did not respond because they did not 

understand the questions or because they did not want to admit 

that they weren't using the laboratory exercises. 

Lecture and discussion seem to be the most common method of 

teaching all of the genetic topics listed in the table, followed 

by use of worksheets and then laboratory. (See Table 9) Computer 

simulation was used for a wider range of topics than games. Case 

studies were used in some cases about two thirds of the time. 
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Teaching Methods Employed 
Table 9 

Topic 

90. Mitosis/Meiosis 95.3 23.6 85.1 4.7 
91. Mendelian Inheritance 95.9 30.4 76.4 27.7 
92. Nucleic Acids in Protein Synthesis 90.5 24.3 51.4 3.4 
93. Principles of Probability 90.5 12.2 63.5 11.5 
94. Genetics of Plants/ and or Animals 81.8 8.1 48.6 13.5 
95. Human Genetic Diseases 93.9 10.8 31.8 68.2 
96. Genetic Screening 73.6 0.7 6.1 37.2 
97. Genetic Counseling 75.0 0.7 6.1 40.5 
98. Sex linked Defects 91.9 10.1 27.7 40.5 
99. Genetic Engineering 89.2 6.1 25.7 18.2 
100. Recombinant DNA 83.1 6.1 33.1 5.4 
101. Ethics of Human Genetics 85.1 .7 11.5 66.2 
102. Prenatal Diagnosis d Genetic Disease 81. 8 1.4 8.1 37.8 
103. Genes and the Environment 77.7 1.4 12.8 14.2 
104. Genes and Mental Retardation 64.9 0.7 4.1 23.6 
105. Genes, Race, and IQ 41.9 0.7 3.4 9.S 
106. History of Genetics 85.8 2.7 4.1 2,.7 
107. Rosalind Franklin 59.5 2.0 0.7 0.0 
108. Herman Muller 29.1 0.0 1.4 0.0 
109. Alfred Hershey 41.2 0.7 0.7 0.7 
110. Barbara McClintock 52.7 0.0 2.0 2.0 
Ill. Transgenic Plantsi Animals 50.7 0.7 0.7 6.1 
112. DNA Fingerprinting 85.1 4.1 50.0 15.5 
113. Gene Therapy 79.1 1.4 2.0 15.5 
114. Populations Genetics 

73.0 10.1 41.2 4.1 
liS. Hardy Weinberg Principle 62.2 6.1 34.5 3.4 
116. Nontraditional ModesofInheri~~ 45.9 0.0 2.7 5.4 
117. Sex Limited Traits 75.0 2.0 18.2 10.8 
118. Epistasis 33.8 0.0 10.8 1.4 
119. PeR (polymerase Chain Reactions) 44.6 1.4 6.8 1.4 
120. Molecular Genetics 64.2 8.8 24.3 5.4 
121. Hwnan Genome Project 87.2 0.0 5.4 10.8 
122. Mitochondrial DNA 62.2 1.4 3.4 4.7 

52.0 14.2 77.0 82.4 

42.6 10.8 62.8 83.1 

48.0 14.2 67.6 73.6 

38.5 21.6 25.0 67.6 

25.7 6.1 45.3 50.7 

20.3 6.8 67.6 54.1 

8.8 4.1 28.4 14.2 

6.1 7.4 29.7 12.8 

19.6 2.0 41.2 54.1 

14.2 10.8 51.4 35.8 

18.2 8.8 43.2 36.5 

4.7 5.4 25.7 28.4 

4.1 1.4 42.6 16.2 

4.1 0.0 21 6 17 .6 

3.4 0.0 18.2 12.2 

2.0 n.n 8A 7 d 

5--,,4 0,7 3A.S 17 .6 

0.7 0.0 20.3 6.8 

0.0 0.0 6.8 2.7 

0.0 0.0 7.4 4.7 

1.4 0.0 11.S 34 

0.0 0.0 24.3 6.~ 

20.9 7.4 34.5 32 4 

2.7 0.0 24.3 9 5 

10.8 8.1 1~.2 405 

9.5 5 4 10 1 41 2 

2.7 1.4 7.4 12.2 

6.1 1.4 17.6 37.2 

1.4 0.7 3.4 8.8 

3.4 2.0 14.2 68 

16.2 3.4 29.7 32A 

7.4 0.7 39.2 14.2 
1.4 0.0 13.5 7.4 
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Games were rarely used. In terms of constructivist teaching 

methods, there 1S room for improvement. Although in some cases 

constructivist teaching modes were used for certain topics, the 

teachers tended to rely heavily on lecture. Lecture when 

combined with discussion can be a constructivist teaching 

technique, but very often, it allows the majority of students to 

sit back passively interacting with the concepts being taught. 

More hands on techniques may be more successful in making a true 

impact on the way students think. Using case studies, labs, 

games, simulations, interactive multimedia programs and the right 

types of worksheets may be more successful in achieving this 

goal. 

Conclusions 

The evolving genetic technology requires that people 

understand what is going on and what choices they are offered. 

This need for genetically literate citizens grows as our wealth 

of knowledge grows. The best way to ensure that the most 

individuals are reached with this new found scientific knowledge 

so that they are competent in making decisions is to include 

human genetics and bioethics in high school biology classes. 

This will require that the teachers in high school biology 

classes are trained 1n these areas and employ the best teaching 

methods possible so that students are able to intermix new 

knowledge with personal beliefs. 

The HGABEL training workshops have been training such 
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teachers, and judging from the responses obtained from this 

survey, the majority of the teachers are teaching the major 

genetic concepts. Compared to the seven percent of Americans who 

are scientifically illiterate, (National Institute of Medicine, 

1994) these high school teachers have made a big difference. 

Compare that percent to the over 90% of classrooms that 

understand DNA, RNA, amniocentesis" mitosis and meiosis. It 

would also be interesting to compare the national averages of 

people who understand the modes of inheritance associated with 

PKU, cystic fibrosis, Tay-Sachs disease, sickle cell anemia, 

Huntington's disease, hemophilia, color blindness, Down Syndrome, 

Turner Syndrome, and Klinefelter Syndrome to the over 90% of 

classrooms surveyed who understand them. There is no doubt that 

the difference would be similarly remarkable. 

Though the impact made by HGABEL-trained teachers is 

significant, there is room for improvement. A greater variety of 

diseases taught would be helpful, especially when taking into 

account their comparative frequencies in the u.S. Some of the 

genetics topics like transgenic animals, epistasis and 

nontraditional modes of inheritance needed a little more 

emphasis, as not enough teachers are teaching them. Lastly, 

constructivist teaching methods should be employed more often. 

HGABEL wprkshop participants are pioneers in their 

purposeful focus on human genetics and bioethics. They are 

making headway and doing important work in preparing their 

students for future personal and societal decisions. 

26 



-

-

-

Works Cited 

American Cancer Society. (1997). [Online]. Available: 
http://www.cancer.org/97facts.html. 

American Diabetes Association. (1997). [Online]. Available: 
http://www.diabetes.org/ada/c20f.html 

Berdie, Doug R., John F. Anderson,& Marsha A. Niebuhr 
(1986). Questionnaires: Design and Use. Second Edition. 
Metuchen, NJ: The Scarecrow Press, Inc. 

Brooks, Jacqueline Grennon. (1990) Teachers and Students: 
Constructivists forging new connections. Educational Leadership, 
47 (5), 68-71. 

Cohen, Felissa L. (1984). Clinical Genetics in Nursing 
Practice. Philadelphia: J.B. Lippincott Company. 

Foundation Fighting Blindness. (1997). [Online] Available: 
http://www.blindness.org/RP_Background.html 

Greenberg Center for Skeletal Dysplasias. (1997). [Online]. 
Available: http://www.med.jhu.edu/Greenberg.Center/achon.htm 

HGABEL Staff. (1994) Unpublished teaching manual for HGABEL 
workshops. 

Hurd, Paul D. (1978). The historical/philosophical 
background of education in human genetics in the United States. 
Biological Science Curriculum Study Journal, 1, 3-8. 

Institute of Medicine. (1994). Assessing Genetic Risks: 
Implications for Health and Social Policy. Washington D.C. : 
National Academy Press. 

The Jeffrey Modell Foundation. (1995). [Online]. Available: 
http://www.mssm.edu/peds/modell/scid.html 

Lee, Thomas F. Gene Future: The Promises and Perils of the 
New Biology. (1993). New York: Plenum Press. 

Lewis, Ricki. Human Genetics: Concepts and Applications. 
(1994). Dubuque, Iowa: Wm. C. Brown Publishers. 

Mange, Elaine Johansen & Arthur P. Mange. Basic Human 
Genetics. (1994). Sunderland MA: Sinauer Associates, Inc. 

Mendenhall, Gordon. A Model for the Assessment of In-Service 
Education Using Data on the Acquisition of Human Genetics 
Concepts by Secondary Biology Teachers and Their Students and 

27 



Implementation of Selected Teaching Strategies. (1995). 
Muncie, IN: Ball State University. 

Mertens, Thomas R. & Jon R. Hendrix. (1978). A Survey of the 
Genetics Educational Needs of Indiana School Biology/Life Science 
Teachers. Hoosier Science Teacher, 4 (1), 5-12. 

Mertens, Thomas R., Jon R. Hendrix & Larry Hendrickson. 
(1979). Biology Teachers: Their Genetics Educational Needs and 
Related Value Stances. Journal of Heredity, 70 (3), 161-165. 

National Marfan Foundation. (1997). [Online]. Available: 
http://www.marfan.org/voI04/factsheet.html 

Robinson, A. (1988). Introduction: Genetics and the health 
professional. In J.A. Scott (Ed.) Genetics Applications: A 
Health Perspective. (pp 1-3). Lawrence, KS: Learner Managed 
Designs. 

The Spina Bifida Association of America. (1996) [Online]. 
Available: http://www.infohiway.com/spinabifida/facts.html 

Volpe, E. Peter. Biology and Human Concerns. Fourth 
Edition. (1993). Dubuque, Iowa: Wm. C. Brown Publishers. 

xeroderma Pigmentosum Society, Inc. (1997). [Online]. 
Available: http://www1.mhv.net/-xps/xps.htm#XP 

28 



-

-

Network Teachers' Genetic/Bioethics Education Practices Survey 

1. How many years teaching experience do you have? 
a. 0-5 
b. 6-10 
c.11-15 
d. 16-20 
e. more than 20 

2. Are you 
a. XX 
b. XY 

3. On an average class assignment, how many preparations do you have? 
a. 1 
b.2 
c.3 
d.4 
e. m ore than 4 

4. In which region of the U.S. do you teach? 
a. far west (CA OR AK HI WA) 
b. west (NV CO ID AZ NM OK MT UT WY NE) 
c. midwest (MN WIIA IL MO IN AR KY TN OH M I KS) 
d. east (WV VA DE PA NJ NY CT RI MA ME NH VE MD DC) 
e. south (FL AL M S LA TX GA NC SC) 

5. How many general biology (or honors biology) classes (9th or 10th grade) do you teach for 
your normal assignment? 

a. 1 
b. 2 
c. 3 
d.4 
e. more than 4 

6. How many students do you instruct per semester (term) for your average teaching 
assignment? (total) 

a.50-75 
b. 76-100 
c.101-125 
d.126-150 
e. more than 150 

7. In your general biology classes, what is the length of time spent on topics related to human 
genetics? 

a. 1-2 weeks 
b. 3-4 weeks 
c. 5-7 weeks 
d. m ore than 7 weeks 
e. I do not teach this unit 

1 



--
8. If you teach human genetics concepts, do you include bioethical decision-making lessons? 

a. yes 
b. no 
c. I do not teach human genetics concepts 

9. How long was the human genetics workshop in which you participated? 
a. 2 weeks 
b. 4 weeks 

1 O. What is the highest degree that you hold? 
a. bachelors 
b. masters 
c. specialist 
d. doctorate 
e. other (please list) _________________ _ 

1 1 . How long is the specialized human genetics course you teach? 
a. I do not teach a specialized human genetics course. 
b. 1 semester 
c. 1 trimester 
d. 1 full school year 
e. Other (please explain) _______________ _ 

12. In what year did you participate in the human genetics workshop? 

a. 1978, 1979,1980, 
~ 1981, 1984, 1985 
c. 1986,1987, 1988, 1989 
d. 1991, 1992, 1993 

Directions for items 13 - 25 
Please indicate whether or not you usually use the following genetic diseases or 
defects as examples when teaching a unit on genetics in a general biology class, 
an A response = Yes I include this disease or defect as an example and a B 
response = No I do not include this disease or defect as an example when teaching 
genetics; Mark your response sheet accordingly. 

13. PKU 
1 4. CYSTIC FIBROSIS 
15. TAY-SACHS DISEASE 
16. Rh INCOMPATIBILITY 
1 7. SICKLE CELL ANEMIA 
1 8. HUNTINGTON'S DISEASE 
1 9. HEMOPHILIA 
20. COLORBLINDNESS 
21. MUSCULAR DYSTROPHY 
22. DIABETES MELLITUS 
23. DOWN SYNDROME (TRISOMY 21) 

- 24. TURNER SYNDROME 
25. KLINEFELTER SYNDROME 
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Directions for items 26-43 
Please indicate whether or not you usually use the following genetic diseases or 
defects as examples when teaching a unit on genetics in a general biology class, 
an A response = Yes I include this disease or defect as an example and a B 
response = No I do not include this disease or defect as an example when teaching 
genetics; Mark your response sheet accordingly. 

26. PATAU SYNDROME (TRISOMY 13) 
27. EDWARD SYNDROME (TRISOMY 1 8) 
28. CRI DU CHAT 
29. SPINA BIFIDA 
30. CLEFT LIP/PALATE 
31. POLYDACTYLY 
3 2. SYNDACTYLY 
33. JACOB'S KARYOTYPE 
34. FRAGILE X 
35. ACHONDROPLASIA DWARFISM 
36. MARFAN SYNDROME 
37. ALBINISM 
38. CANCER 
39. DEAFNESS 
40. GALACTOSEMIA 
41. IMMUNE DEFICIENCY DISEASE 
42. RETINITIS PIGMENTOSA 
43. XERODERMA PIGMENTOSUM 

Directions for items # 44-65; Darken the appropriate circle on the. response sheet to 
indicate your choice when A= Agree; B= Disagree and C= Not sure. 

Most students could give an acceptable definition of the folloWing terms upon 
completion of my general biology class: 

44. DEOXYRIBONUCLEIC ACID- A class of nucleic acid characterized by the presence of the sugar 
deoxyribose and the pyrimidine thymine. It is the basis of inheritable characteristics. 

45. RIBONUCLEIC ACID- A class of nucleic acid characterized by the presence of the sugar ribose and 
the pyrimidine uracil; includes mRNA, tRNA, rRNA. 

46. CLONING- Producing a group of genetically identical individuals or cells all descended from a single 
common ancestor. 

47. EUGENICS- An approach that proposes to improve the hereditary qualities of a population 
(especially of the human species) by the application of genetiC principles and social controls. 

48. AMNIOCENTESIS- The procedure to extract fetal cells from the amniotic fluid that surrounds the 
fetus in order to test for certain inborn errors. 
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49. GENETIC COUNSELING- A communication process which deals with the human problems 
associated with the occurrence, or the risk of occurrence, of a genetic disorder in a family. 
This process involves an attempt by one or more appropriately trained persons to help the 
individual or family to (1) comprehend the medical facts; (2) appreciate the way heredity 
contributes to the disorder, and the risk of recurrence in specified relatives; (3) understand 
the alternatives for dealing with the risk of recurrence; (4) choose the course of action which 
seems to them appropriate in view of their risk, their family goals, and their ethical and 
religious standards, and to act in accordance with that decision; and (5) to make the best 
possible adjustment to the disorder in an affected family member and/or to the risk of 
recurrence of that disorder. 

so. GENE THERAPY- The insertion of a functioning gene into the cells of a patient to correct an inborn 
error of metabolism or provide a new function to a cell. 

51. RECOMBINANT DNA- Fragments of DNA spliced together in the laboratory into a single molecule and 
put back into the cell. 

52. GENETIC SCREENING- The application of widespread genetic testing to large populations, 
prenatal to adult. 

53. ARTIFICIAL INSEMINATION- The technique which places donated sperm in a woman's reproductive 
tract. 

54. GENE POOL- All the alleles in a defined reproductive population. 

55. GENETIC ENGINEERING- Manipulation of genetic material, including altering an organism to suppress 
or enhance activity, or combining genetic material from a different species. 

56. MULTIPLE ALLELES- More than two alternative forms of a gene at a single locus. i.e. ABO blood 
groups. 

57. TRANSGENIC ANIMAL5- Animals whose genetic information has been manipulated so that they 
possess a gene belonging to another organism (such as a human) which causes them to produce 
proteins prescribed by that gene. 

58. HUMAN GENOME PROJECT- The characterization of the human genome; a complete collection of the 
sequence of the bases on human genetic material, including an estimated fifty thousand to one 
hundred thousand genes contained in human DNA. 

59. DNA FINGERPRINTING- a method used to distinguish individuals from each other based on differences 
in DNA sequence. 
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60. RFLP MARKER5- a detectable piece of DNA that is closely linked to a gene of interest whose precise 
location is not known. 

61. CROSSING OVER- the reciprocal exchange of genetic material between homologous chromosomes 
during prophase of meiosis I. 

62. MITOSIS- Nuclear division by means of which two daughter nuclei receive identical chromosome 
complements of the parent nucleus. 

63. MEIOSIS- cell division that halves the genetic material. 

64. EPISTASIS- Interaction between products of nonallelic genes for the production of a phenotype. 

65. MITOCHONDRIAL DNA- (mtDNA) The DNA found in a mitochondria which differs from the genomic 
DNA of the organism itself. All mtDNA in mammals is inherited maternally. 

Please indicate the degree to which you agree or disagree with the following 
statements using the Likert scale below: 

Responses 

SA= Strongly Agree; A= Agree; N= Neutral; D= Disagree; 
SD= Strongly disagree: These responses are for items 66 - 84. Please indicate 
your response by darkening the appropriate letter on your answer sheet. 

66. Your fetus should be aborted if by medical tests in the first trimester of pregnancy, it is 
shown to be severely genetically defective (i.e., the child would die prior to its fourth 
birthday). 

67. The developing human from conception to birth should have the same rights under the law as does a 
human infant from the moment of birth, and therefore ought to be protected. 

68. Scientific research which is designed to develop the knowledge and skills necessary for producing 
humans with special abilities or physical, mental, and behavioral traits should be encouraged and 
supported. 

69. If available, society ought to make use of scientific knowledge to produce individuals with 
certain inherited traits that will enable these individuals to provide exceptionally superior 
service to society. 
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70. Extraordinary medical procedures such as the transplantation of donated organs should be used to 
keep newborns with seriously debilitating inherited defects or diseases alive. 

71. If a couple has knowledge that they have a 25 percent chance (one out of four) of producing a child 
with a severe genetiC defect, they should not have any children. 

72. A married couple should have the right to use modern scientific technology to detect the sex of 
their fetus in the first trimester of pregnancy and abort it if the fetus is not of the sex the couple 
prefers. 

73. Physicians have the responsibility of informing their patients (prospective parents) of how recent 
medical discoveries related to human genetics could affect the well-being of their yet-to-be-born 
children. 

74. Federal tax dollars should be used to support research in medical genetics. 

75. Individuals who have an inherited form of mental retardation making their IQ's between 50 and 70, 
should be sterilized. 

76. Biology teachers have the responsibility of informing their students of genetic information that 
could affect future decisions of these students regarding marriage and having a family. 

77. A fetus should be aborted if by medical tests in the first trimester of pregnancy it is shown to have 
a chromosomal anomaly, which results in physical defects moderate mental retardation (IQ below 
55), and shortening of life expectancy (less than five years). 

78. Research on recombinant DNA in bacteria should be regulated by federal legislation. 

79. The Human Genome Project will create more benefits than dilemmas in our society. 

80. Personal genetic information should be kept confidential to avoid insurance discrimination. 

81 . Employers should have access to a potential employee's genetic information to ensure fitness 
for the job. For example, a pilot would not be hired if she or he had the genes for an early 
heart attack. 

82. Transgenic animals should be used to produce antibiotics for commercial use. 

83. Gene surgery should be implemented for diseases such as immune deficiency syndrome. 
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84. I believe that the human species currently lacks the wisdom to direct our own genetic 
destinies. 

Directions for items 85-89 
Please indicate which of the following labs, often demonstrated at the human 
genetics workshops in which you participated, you include in general biology 
classes and or specialized human genetic classes. 

85. Face lab 
a. I include this lab in general biology classes only. 
b. I include this lab in specialized human genetics classes only. 
c. I include this lab in both general biology and specialized human genetics classes. 
d. I include this lab in neither general biology nor specialized human genetics classes. 

86. Fingerprint lab 
a. I include this lab in general biology classes only. 
b. I include this lab in specialized human genetics classes only. 
c. I include this lab in both general biology and specialized human genetics classes. 
d. I include this lab in neither general biology nor specialized human genetics classes. 

87. Extract DNA lab 
a. I include this lab in general biology classes only. 
b. I include this lab in specialized human genetics classes only. 
c. I include this lab in both general biology and specialized human genetics classes. 
d. I include this lab in neither general biology nor specialized human genetics classes. 

88. Karyotype lab 
a. I include this lab in general biology classes only. 
b. I include this lab in specialized human genetics classes only. 
c. I include this lab in both general biology and specialized human genetics classes. 
d. I include this lab in neither general biology nor specialized human genetics classes. 

89. DNA base diagnosis lab 
a. I include this lab in general biology classes only. 
b. I include this lab in specialized human genetics classes only. 
c. I include this lab in both general biology and specialized human genetics classes. 
d. I include this lab in neither general biology nor specialized human genetics classes. 

Instructions for items for items 90-122 
Please indicate how each item is taught by placing an x in the appropriate boxes 
on the survey itself. Mark all that apply and leave blank the items you do not 
include in your lessons. Leave the scantron sheet blank for these items. 

Lecture/Discussi on 
Computer Simulation 
Lab 
Case Studies 
Demonstrations 
Games 
Audio Visual 
Worksheets 
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Topic 

90. Mitosis/Meiosis 

91. Mendelian Inheritance 

92. Nucleic Acids in Protein Synthesis 

93. Principles of Probability 

94. Genetics of P1antsl and or Animals 

95. Human Genetic Diseases 

96. Genetic Screening 

97. Genetic Counseling 

98. Sex Linked Defects 

99. Genetic Engineering 

100. Recombinant DNA 

101. Ethics of Human Genetics 

102. Prenatal Diagnosis of Genetic Disease 

103. Genes and the Environment 

104. Genes and Mental Retardation 

105. Genes, Race, and IQ 

106. History of Genetics - 107. Rosalind Franklin 

108. Herman Muller 

109. Alfred Hershey 

110. Barbara McClintock 

111. Transgenic Plants/Animals 

112. DNA Fingerprinting 

113. Gene Therapy 

114. Populations Genetics 

115. Hardy Weinberg Principle 

116. Nontraditional Modes of Inheritance 

1I7. Sex Limited Traits 

lIS. Epistasis 

119. PCR (polymerase Chain Reactions) 

120. Molecular Genetics 

121. Human Genome Project 

122. Mitochondrial DNA 
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