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Abstract Lebanese educators claim that middle and secondary school students exhibit
poor understanding of genetics due to misconceptions and difficulties that hinder
progression in conceptual understanding of major genetics concepts and phenomena
across different grade levels. They attributed these problems to Lebanon’s ill-structured
genetics curriculum which needs a thorough revision in light of curricular reform
models that take into account student misconceptions, cognitive abilities, and past
experiences. Despite these claims, no empirical tests were done. Consequently, this
study aimed to investigate G7-12 Lebanese students’ misconceptions and difficulties in
genetics in an attempt to design a curriculum that would enhance student understanding
of genetics. Using quantitative and qualitative data collection methods, we obtained an
in-depth understanding of the nature of the misconceptions and difficulties encountered
by students in grades 7-12, determined the level of students’ genetics literacy, and
explored the progression of their level of conceptual understanding of major genetics
concepts across grade levels. A questionnaire was administered to 729 students (G7-12)
in 6 schools and was followed by semi-structured interviews with 62 students to
validate the questionnaire results, gain further understanding of students’ misconcep-
tions, and assess their level of genetics literacy. Findings showed that patterns of
inheritance, the deterministic nature of genes, and the nature of genetic information
were found to be among the most difficult concepts learned. Students also showed
inadequate understanding of many basic genetics concepts which persist across grade
levels. Furthermore, results indicated that students across all grade levels exhibited a
low level of genetics literacy. Implications for practice and research are discussed.
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Introduction

Recently, there has been a growing interest in research-based curriculum reform where
students’ correct conceptions and incorrect conceptions (misconceptions) are used as
resources for improving the design of curricular units and adopting more effective
pedagogical strategies in the classroom. Maskiewicz and Lineback (2013) argued that
any attempt by curriculum designers and writers to improve the quality of teaching
materials should primarily stem from research findings on what students know about a
topic, the difficulties encountered in learning, and the commonly held misconceptions
of that particular topic which might interfere in student learning. This recognition is at
the heart of several curricular reform models, one of which, learning progressions
(LPs), is currently receiving increasing attention among educators as a means to design
instructional materials that develop and support students’ understanding of core scien-
tific concepts and enhance their literacy. Several researchers noted that identifying
students’ misconceptions in a particular topic across different grade levels serves as the
basis for determining the lower and upper anchors of any learning progression,
sequencing core concepts meaningfully to foster learning, and creating assessments
that monitor students’ progression in understanding (e.g. Duncan & Hmelo-Silver,
2009; Hadenfeldt, Bernholt, Liu, Neumann & Parchmann, 2013).

Research on student understanding of genetics concepts has revealed that many
middle and high school students harbor misconceptions that impact their ability to
accurately describe genetically related life phenomena and explain complex genetics
processes. The concepts explored include: differences between genes, chromosomes,
and genetic information (Lewis & Wood-Robinson, 2000; Lewis & Kattmann, 2004),
mechanism of gene expression (Duncan, 2007), genetic origin of heritable traits and
diseases (Duncan & Reiser, 2007; Lewis, Leach, & Wood-Robinson, 2000a, b, ¢), the
relation of mitotic and meiotic models to biological inheritance (Chattopadhyay, 2005;
Venville, Gribble, & Donovan, 2005), the probabilistic nature of genetic inheritance and
Mendelian crosses (Haambokoma, 2007; Williams, DeBarger, Montgomery, Zhou, &
Tate, 2012), impact of genetic technology on improving the quality of humans lives,
plant and animal species, and the interaction of epigenetics and genetics on gene
expression (Mills Shaw, Van Horne, Zhang, & Boughman, 2008). Such misconceptions
were used by some researchers to design genetics LPs (e.g. Duncan, Rogat & Yarden,
2009). Also, of equal importance is the range of misconceptions identified by the project
2061 of the American Association for the Advancement of Science (AAAS) which
guided the development of learning progressions that aim to enhance student under-
standing of the molecular basis of heredity (Roseman, Caldwell, Gogos & Kurth, 2006).

Researchers attributed the aforementioned students’ misconceptions and difficulties in
genetics to several factors including: (1) the abstract nature of genetics phenomena and
processes; (2) the intrinsic complexity of genetics itself, where an adequate understanding
of its major processes and mechanisms requires “to and fro” thinking between molecular,
cellular, organismal, and population levels (Duncan & Reiser, 2007); (3) the incongru-
ence between the level of difficulty of most genetics concepts and the cognitive level of
students (Lewis & Wood-Robinson, 2000; Lewis & Kattmann, 2004); (4) the lack of
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prerequisite knowledge needed to promote the understanding of more advanced genetics
topics, especially by middle school students (Venville et al., 2005); and (5) the inaccurate/
incomplete understanding of genetics concepts received from previous instruction or
informal sources, such as media and family (Donovan & Venville, 2014).

Additionally, several researchers asserted that the textbook is a primary parameter
which can lead to major student misconceptions. For instance, some researchers attrib-
uted students’ inability to understand genetic processes and concepts to the low quality
of biology textbooks which lack coherence and include inaccurate vocabulary, unclear
images, and unnecessary concepts and details that hinder deep understanding (American
Association for the Advancement of Science [AAAS], 2006; Castéra et al., 2008;
Clément, 2007; Kedisou & Roseman, 2002; Kurth & Roseman, 2001; Marbach-Ad,
2001; Roseman et al., 2006). Moreover, a number of studies posited that student
misconceptions related to the gene-trait relations stem from the fact that genetics
curricula seldom consider the interaction between genetic, epigenetic, and environmen-
tal factors in determining human traits (e.g. Abrougui & Clément, 2005). Other
researchers related students’ improper understanding of the models of inheritance and
the genetic basis of diseases and their inability to apply learned concepts to daily life
experience to the inappropriate teaching methods used at the school level (Henderson &
Maguire, 2000; Lewis & Kattmann, 2004). Furthermore, other researchers considered
teachers’ spoken language and the expressions used during instruction as additional
sources of student misconceptions that lead to errors in explaining complex genetics
concepts and processes (Lemke, 1990). In the same realm, researchers (e.g. Clément,
Forissier & Carvalho, 2003; Leite, 2006) highlighted the influence of “simplifications”
of some genetics concepts occurring either in the textbook or often unintentionally
during instruction on creating misconceptions that could impair student learning.

Importantly, many researchers attribute the failure of students to attain a deep
understanding of genetics to the lack of teacher’s knowledge in applying instructional
strategies that induce conceptual change. Hewson (1996) argued that conceptual
understanding can only occur when teachers provide learners with challenging tasks
that help them restructure or integrate new information into their existing schemata.
However, Blank (2000) claimed that, even with good instruction, some students might
resist to accommodate any new knowledge if it conflicts with their naive conceptions or
prior beliefs, and this fact is a strong barrier which inhibits deeper conceptual under-
standing. Undoubtedly, we assert that curricular reformers should design teaching
resources that encourage conceptual conflict for students holding misconceptions about
genetics to facilitate conceptual change essential for further learning.

Rationale, Purpose, and Research Questions

In Lebanon, students start studying genetics in grade 9, then resume this study in grades
11 and 12. The English language is the medium of instruction used in teaching science,
rather than Arabic which is the native language of all teachers and students. Over the
past 10 years, general meetings have been held by the Center for Educational Research
and Development (CERD) in collaboration with the Lebanese Ministry of Education
and Higher Education, where Lebanese biology educators, coordinators, teachers, and
curriculum designers from around the country evaluated the current curriculum.
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During these meetings, many Lebanese biology educators and teachers claimed that
students of all ages face difficulties in learning major genetics concepts, have many
misconceptions which they often carry from one grade to the next, and exhibit a low
level of genetics literacy—three major obstacles that impair students’ understanding of
genetics. These claims were attributed to the genetics units presented in the student
biology textbooks which include unnecessary concepts, display poor illustrations of
concepts and genetics mechanisms, and lack coherence and systematic connections
between genetics concepts that are essential to thoroughly explain the complex genetics
processes. Furthermore, these teachers strongly argued that the English language itself
is a major obstacle where the majority of students struggle to understand the sentence
structure that illustrates the genetics concepts.

Despite these contentions, no true empirical research has been conducted in Lebanon
to identify the misconceptions and difficulties encountered by students in learning
genetics or to investigate the progression in the level of students’ conceptual under-
standing of major genetics concepts across grades 7 to 12. Furthermore, the Lebanese
curriculum is under revision, and almost all Lebanese teachers are calling for the need
to select and sequence the curricular content using a research-based approach which
takes into consideration students’ misconceptions and the progression in their concep-
tual understanding of major genetics concepts across different grade levels.

In conjunction with other researchers, we believe that identifying the common
misconceptions and difficulties encountered by G7-12 Lebanese students in learning
genetics and determining their genetics literacy constitute the initial steps for develop-
ing a genetics learning progression that could be used to design more relevant and
comprehensive genetics units which foster better learning. Additionally, this study
considers the conceptual understanding, difficulties, and misconceptions that G7-12
Lebanese students encounter in studying genetics rather than building on research
investigated in Western countries. It is worth noting that this paper is part of a larger
research study whose purpose was to design and validate a genetics learning progres-
sion and an LP-driven genetics unit (to be presented in future papers). This study aims
to answer the following three questions:

1. What misconceptions and difficulties do grades 7-12 Lebanese students have
about genetics?

2. What is the level of conceptual understanding of students in major genetics
concepts? How does this differ across grade levels?

3. To what extent are grades 7—12 Lebanese students genetically literate citizens?

Methodology

Research Design

This study adopted a descriptive mixed-methods design. Quantitative and qualitative
data collection methods were used in order to obtain an in-depth understanding of the
misconceptions and difficulties grades 7-12 Lebanese students have in genetics,
determine their genetics literacy, and explore variations in the level of conceptual

understanding of major genetics concepts across the different grade levels.
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Participants

Three private and three public schools located in three geographic regions in Lebanon
and which use the same national biology textbook participated in the study. These
schools were assigned the letters A, H, M, N, R, and S for the sake of confidentiality. A
formal letter was sent to school principals asking for permission to conduct the study,
followed by a school visit to further discuss logistics that would ensure the proper
implementation of the study in accordance with school laws and policies. Two sections
were drawn randomly from each of the grade levels 7—12, resulting in a total of 729
students for participation in the study. Students of the selected sections were informed
by their teachers about the purpose of the questionnaire. Of those students, 53.9 % were
from public schools, 46.1 % from private schools, 52.7 % were female, 46.4 % were
male, and 0.9 % did not specify their gender. Students were almost evenly distributed
among the different grade levels, with the exception of grade 12 where only 8 % of the
students participated due to the fact that the study was conducted during the preparatory
phase for Lebanese public exams.

Instruments

Two instruments, a student questionnaire and interview question items written and
administered in English, were used in this study. A detailed description of these
instruments is presented in the following sections.

Student Questionnaire. The student questionnaire was designed by one of the re-
searchers and aimed at determining students’ level of understanding of core ideas in
genetics, their genetics literacy, as well as identifying students’ misconceptions and
difficulties. The questionnaire was constructed based on a comprehensive review of the
literature related to major misconceptions and difficulties students encounter in genetics
(e.g. AAAS 2006; Mills Shaw et al., 2008) and the learning outcomes associated with
teaching genetics for G9-12 as identified by the Center of Research and Development
in Lebanon (see Appendix for a description of the genetics curriculum for middle and
secondary students). A draft of the paper and pencil questionnaire was then piloted with
a sample of 100 students from grades 7 to 12 from four schools (two public and two
private) different from those that participated in the study. The students’ responses were
examined, and the biology teachers who administered the questionnaire were
interviewed in order to collect further data on the content’s validity, the applicability
of the questionnaire, and any major difficulties encountered by the students while
answering the questionnaire. Further modifications were made, and the final version
of the questionnaire was then administered to the whole sample of participants (729
students). The final version of the questionnaire consisted of 38 items: 9 items aimed to
collect bio-data on student background (school, age, gender, grade level, etc.), 12
assessed students’ genetics misconceptions using a 5-point Likert-type scale, 11
ordered-multiple choice (OMC) items identified students’ level of conceptual under-
standing in specific genetics concepts, and 6 open-ended items addressed students’
level of genetics literacy and understanding of some major genetics concepts. The
OMC items (see Fig. 1) feature a set of correct response options, where each response is
linked to a discrete level of conceptual understanding.
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A child suffering from Down’s Syndrome has 47 chromosomes instead of 46 chromosomes. He has an extra copy
of chromosome 21. How is this explained?
a.  This child inherited 2 copies of chromosomes 21 from one parent and one copy of chromosome 21 from
another parent.
b. The homologous pair chromosome 21 fails to separate during meiosis in one of the parent producing a sex
cell with two copies of chromosome 21.
€. The cells of this child underwent DNA duplication resulting in three copies of chromosome 21

Fig. 1 An example of ordered-multiple choice (OMC) items

Similar to previous studies which used OMC in assessing student understanding of
force and motion (Alonzo & Steedle, 2009), we designed OMC items to provisionally
classify students’ level of understanding of particular genetics concepts and help us
track any progression in conceptual understanding of genetics across different grade
levels. These items were constructed by the researchers based on standards identified
by AAAS project 2061 and the learning outcomes prescribed by the Lebanese Genetics
Curriculum.

This questionnaire was administered to the 729 students at their respective schools
during a 50-min biology class by the end of April to ensure that all students had studied
genetics by the time the study was conducted. The same questionnaire was purpose-
fully administered to students of all grade levels to identify whether students’ level of
understanding of major genetics concepts was progressing across grade levels. Even
though 7th and 8th graders do not study genetics, they were included in the sample to
uncover any prior knowledge they may have developed about basic genetics concepts
from informal sources such as family or popular media.

Due to the large sample of the study, the geographic distance between school
locations, and the principals’ preference to have their own teachers administer the
questionnaire, it was not feasible for the researchers to conduct this segment of the
study themselves. Instead, the questionnaire was administered by the school biology
teachers. To increase the reliability of the study, these biology teachers were provided
with guidelines and instructions on the use of the questionnaire prior to its administra-
tion. They were also required not to provide clues to any of the answers, except when
students failed to understand a question due to a language barrier. Additionally, teachers
were asked to draw students’ attention to the OMC items which consisted of a set of
correct response options where students were required to select the sentence that
matches their level of understanding.

Student Interviews. Two weeks after administering the questionnaires, semi-
structured interviews were conducted with 62 randomly selected students (8.5 % of
the sample). This percentage was identified by the researchers as a representative
sample that strengthens the trustworthiness of the study and ensures that schools
supported the implementation of the study. Interviews were carried out in English by
one of the researchers. Each interview lasted 25-30 min and consisted of 11 open-
ended questions: Seven questions assessed students’ level of genetics literacy by asking
them to explain the causes of the birth of Albino children, appearance of dark spots on
one’s skin as a result of sun exposure, impact of genetic engineering on humans, plants
and/or animals, impact of hybridization on plants, means of detecting abnormalities in
fetuses, and their positions with respect to induced abortion. Two open-ended questions
assessed their understanding of the concept of genetics and heredity, gene and trait, and
transmission of traits from parents to offspring, and two questions determined their
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opinion on the existing genetics curriculum and probed concepts they find difficult and
ways to improve their learning. It is worth noting that the design of the interview items
sought consistency in students’ answers to questionnaire and interview items to assess
understanding of similar genetics concepts, such as hybridization, and the impact of
genetic technology on society.

Data Analysis

Means, standard deviations, frequencies, and percentages of student responses on all
the multiple choice items of the questionnaire were computed. Then, the percentages of
responses were compared across the different grade levels. Also, a chi-square test for
each item was computed to determine whether there were statistically significant
differences in students’ responses across the grade levels. In addition, a one-way
ANOVA was performed to determine whether students’ levels of misconceptions
differed across the different grade levels.

Students’ responses to the open-ended items were classified in accordance with
Mills Shaw et al. (2008) categories of genetics misconceptions and sub-ideas,
which were perceived by the researchers as a simple and comprehensive guideline
for categorizing students’ responses. It is worth noting that the seventh category,
“Evolution and Natural Selection,” was not considered because this topic is not
included in the curriculum. Two researchers categorized and compared students’
responses based on this framework. Any discrepancy in the categories was
discussed until consensus was reached. Inter-rater agreement was calculated to
be 95 %.

Students at a certain grade level were considered to be highly genetically literate if at
least 80 % of them were able to answer more than 80 % of the questions correctly, or
having an average level of genetics literacy if the percentages were 60-80 %, or of a
low level of genetics literacy if the percentages were less than 60 %.

Students’ responses to the interviews items were tape-recorded, literally transcribed,
coded, and categorized by one of the researchers, a research assistant, and an experi-
enced biology teacher. Student responses were mainly in English. When students used
some Arabic terms, the coders faithfully translated these terms within the context of the
student responses. To ensure anonymity, each student was assigned a letter and a
number. The letter refers to the name of the participating school, while the number
represents the order in which the student was interviewed. For instance, RS represents
the fifth student who was interviewed in school “R.” Any disagreement on the
categories was discussed among the three raters until consensus was reached. Inter-
rater agreement was calculated and found to be 90 %. Then, the frequencies and
percentages of each category for each question were determined.

Data from both the questionnaire and interviews were used to explore existing
patterns of answers within a particular age level as well as patterns between different
age groups. Such an approach yielded more insight into how students develop under-
standing of major genetics concepts over time. Moreover, data drawn from students’
interviews helped uncover students’ abilities to connect several genetics ideas when
explaining daily-life genetics phenomena, which is also an indicator of their reasoning
skills and conceptual understanding.

@ Springer



1264 E. Osman et al.

Results

In this section, findings drawn from students’ responses to both the questionnaire and
interviews will be presented as they pertain to each of the three research questions.

Students’ Misconceptions

Students’ responses to questionnaire items 16-21 (Fig. 2) showed that G7-12 students
have high levels of misconceptions in several major genetics concepts as indicated by
the high percentage of incorrect responses (items 16, 18, 20, and 21). In contrast, a
higher percentage of students provided correct responses to item 19; comparison by
grade level did not reveal any clear pattern. Furthermore, results showed that the
percentage of correct and incorrect responses was almost the same in item 17 with an
observed increase in the percentage of correct responses from grades 9 (37.8 %) to 12
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(59.6 %). Also of significance, a high percentage of students in grades 7 and 8 also had
correct responses even though they did not study genetics.

In order to determine students’ level of misconceptions, the total number of correct
items out of all 6 (items 16-21) was determined. Students were then categorized as
having low (five or more correct responses), average (four correct responses), or high
(three or less correct responses) levels of misconceptions. Results showed that students
in all grade levels had high levels of misconceptions; however, this level decreased
across grade level from 94.0 % in grade 7 to 79.3 % in grade 12. A one-way ANOVA
among subjects indicated a statistically significant difference in the mean scores of the
six different grade levels at the p<.05 level [F (5, 723)=7.68, p<.01].

Post hoc comparisons using the Scheffe test also revealed that the mean score for
grade 8 (M=1.37, SD=1.13) was significantly different from grades 10 (M=1.96,
SD=145), 11 (M=2.25, SD=1.50, p<.01) and 12 (M=2.22, SD=1.83). Likewise,
there was a statistically significant difference between the mean scores of grade 9
(M=1.67, SD=1.34) and grade 11 (M=2.25, SD=1.50, p<.01).

Taken together, these results suggest that the mean number of correct responses (i.e.
level of misconceptions in genetics) is influenced by grade level. More specifically,
there is a significant difference between the levels of misconceptions of grades 8
compared to 10, 11, and 12 and between grades 9 and 11.

Students’ Conceptions of Major Genetics Concepts

Results of students’ conceptions of major genetics concepts are presented under the
major genetics concepts categorized by Mills Shaw et al. (2008).

Genetic Technology. Questionnaire findings revealed that students agree that genetic
technology can improve the quality of life (86.9 %). However, responses to open-ended
items of the questionnaire and interview questions showed low levels of understanding
of this topic by most students. For example, a high percentage of students failed to
provide examples on how genetically modified animals can improve human health
(69.8 %), protect the environment (86.8 %), and meet economic needs (89.6 %). Only
19.1 % of students stated that genetically modified organisms help in manufacturing
vaccines and medicines essential for human health.

When students were asked how genetically modified animals help the environment,
the responses “maintains food chain and substitutes endangered species” and “leads to
desirable traits that are less harmful to nature” were the second most common.
Responses regarding how genetically modified animals help meet economic needs
included saving money, making money, and increasing food availability.

These results were apparent in the entire sample and at each grade level and were
consistent in students’ responses to interview questions where almost two thirds of the
students (62.5 %) failed to give examples on how genetic engineering affects humans,
plants, and animals. However, most of those who provided examples argued that
genetic engineering can only have positive effects while offering no reasonable justi-
fication. Stated advantages of genetic engineering included: studying, modifying, and/
or improving genes (10.8 %), improving plant quality and production (9.9 %), reducing
diseases (8.4 %), and improving the economy (8.4 %). Below are examples from 10th
graders.
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R7: Genetic engineering increases plant productivity, and affects pollination in
plants so we can buy plants in non-growing seasons.

HS: Genetic engineering in plants leads to better plant quality and increases plant
crops. People will buy these good quality products and economy would increase.

More importantly, students had almost no understanding of plant genetics and
hybridization. Responses showed that most students did not know what plant
breeding is (88.9 %) or how genetic engineering and technology help in plant
breeding (90.9 %). Similar results appeared during the interviews where 87 % of
the interviewed students did not know what hybridization is and were not able to
explain its impact on plants.

Hybridization is making plants bigger by giving them hormones. [S7, Grade 10]
Hybridization means getting new species of plants with better quality. [A9, Grade 11]

This low level of conceptual understanding of plant genetics was consistent across
all the grade levels with a slight decrease in grades 10—12 compared to grades 7-9.
Furthermore, findings revealed that 63.8 % of students showed minimal understanding
of DNA technology when asked to explain why different individuals have unique DNA
fingerprints although they have the same genome and similar protein structures. This
observation was evident for all grade levels.

Despite students’ poor understanding of genetic engineering, the majority of stu-
dents (95.1 %) expressed high interest in studying biotechnology and the human
genome. They claimed that learning about genetic technology would help them know
more about their bodies, explain resemblances to their parents, explore how traits are
transmitted, and understand how manipulating genes can cure diseases and replace
damaged organs.

Reproductive Technology. Analysis of students’ responses to the questionnaire
items which probed their understanding of the benefits of cloning and gauged their
positions towards it showed that the majority of students in all grade levels (84 %)
demonstrated insufficient understanding of this concept. Although a frequent re-
sponse of the benefits was to “cure diseases,” students across grade levels preferred
to avoid cloning even with the intention of treating human diseases (M=2.93,
SD=1.50). Findings also revealed that the majority of students who were pro-
cloning (42.2 %) were grade 10—12 school students, while a high percentage of
students in grades 7-9 were “undecided.” Analysis by grade level showed no
substantial differences in the positions of students. Most students who oppose
cloning argued that errors in cloning may lead to harmful consequences and that
cloning contradicts God’s will. Similar views about cloning were reported by the
interviewed students where 14.6 % confused cloning with genetic engineering or
considered it another example of genetic engineering:

I know about cloning and I am against it because we are changing creatures
created by God. [R3, Grade 8]
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I have heard about genetic engineering and cloning, but I don’t have in depth
understanding about this topic and I like to know more about it. [M5, Grade 12]

When interviewed regarding prenatal testing and the possibility of abortion in case
of diseases, findings revealed that most students (87.1 %) claimed that abnormalities in
the fetus can be detected, 9.7 % stated that abnormalities cannot be detected, and 3.2 %
responded that they did not know. Of those who responded “yes,” a majority indicated
that detection of abnormalities occurs through echography (37.1 %) or karyotyping/
amniocentesis (30.6 %). Most of the students who mentioned “echography” were from
grades 7-9 whereas most of those who responded “karyotyping/amniocentesis” were
from grades 11 and 12.

As for their positions regarding abortion, findings revealed that 48.3 % of the
interviewed students were against abortion even after knowing the fetus was diseased,;
27.4 % reasoned that it is against their religious beliefs and 14.5 % asserted that it is
killing a soul:

I am against abortion because it is Haram (forbidden). [H2, Grade 7]
I am against abortion because we are killing a human. [A7, Grade 10]
I am against abortion because we cannot interfere in God’s will. [H12, Grade 12]

On the other hand, 9.8 % were advocates for abortion only if it is done during the
first 3 months of pregnancy, revealing that they would not want the child to suffer
during its life (14.5 %). Very few interviewed students (8.1 %), however, were both for
and against:

I'have two opinions: As a Muslim, I am against abortion because we are changing
God’s creation. But as a scientist | am with abortion if doctors assure the death of
this child. [S10, Grade 11]

It is worth noting that a grade-level analysis did not reveal considerable differences
among students’ responses.

Genetic Basis of Diseases. In exploring students’ understanding of the origin of
diseases and perception of whether genetic diseases are also inherited by offspring,
findings revealed that 54.2 % of students confused the terms “heredity” and “genetics;”
25.6 % indicated no differences and 20.2 % did not know or were undecided. For
example, while some students stated that genetics was a part of heredity (2.8 %), others
considered heredity as a part of genetics (6.8 %). Similar results appeared in the
responses of the interviewed students where (17.6 %) defined heredity as the transmis-
sion of traits from parents to offspring, and genetics as having to do with DNA, genes,
or chromosomes:

Genetics is confined and related to genes. Heredity means transmission of

hereditary characters. But Genetics diseases are the same as hereditary diseases.
[H10, Grade 11]
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I don’t know, usually we don’t differentiate between these two terms.
Heredity means studying traits and alleles. Perhaps genetics is related to
structure and function of DNA but not transmission of alleles. [N11,
Grade 12]

Deterministic Nature of Genes. When students were asked to explain the cause of
albinism in some individuals, 35.5 % correctly said that albinism is due to a genetic
mutation/abnormality or to the presence of a defective gene. Of those students, 25.8 %
were from grades 11 and 12. A lower percentage of students, ranging from 1.6 % (grade
7) to 4.8 % (grade 10) also provided correct answers. The excerpts below represent
some of the students’ responses:

Albinism is due to the absence of the gene that determines skin color. [H9, Grade 10]

Albinism is a genetic abnormality which results from the absence of an enzyme
needed to form melanin. [M3, Grade 11]

Several students (30.6 %) considered albinism a disease inherited from parents.
Most of these students were in grades 9 (6.5 %) and 10 (9.7 %). The third most frequent
response, “I don’t know” (17.7 %), was restricted to students in grades 7 (6.5 %), 8
(9.7 %), and 9 (1.6 %). Furthermore, grade 7-9 students provided other reasons such
as: albinism may be due to a lack of absorption of sunlight by skin cells (6.5 %), an
excess or lack of vitamins, nutrients, and hormones (6.5 %), or an error in chromosome
structure (3.2 %).

In examining students’ conceptions on whether human traits could be deter-
mined by one or several genes, most interviewees (29 %) responded “I don’t
know.” However, this percentage slightly decreased by grade level from 9.7 % in
grade 7 to 4.8 % in grades 11 and 12. A lower percentage of students (27.4 %)
believed that each body trait is coded by only one gene, while 16.1 % stated that a
trait could be determined by more than one gene. There were no apparent grade
level differences for these two responses. The interviews further revealed that
students confused the “gene” with “allele” as illustrated in responses from grades
10 and 11 respectively:

AS8: Traits are determined by multiple genes because one is inherited from the
mother and one from the father.

S9: Each trait is determined by two genes, one from the mother and the other
gene from the father.

Interaction Between Environment and Genes. Analysis of students’ responses to
interview questions showed that 12.9 % of students were unable to see any link
between the environment and genes. However, a majority of the interviewed students
(67.8 %) recognized that the environment can affect the function of a gene. Of those
students, 27.4 % could not provide a valid justification for their response and an equal
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percentage (27.4 %) stated that certain environmental factors can cause mutations/
abnormalities at the level of a gene:

Yes, the environment influences an organism’s traits. For example nuclear bombs
can cause mutations and children are born with abnormalities. [R4, Grade 8]

Yes, for example, chemicals can cause mutation of genes leading to different
traits. [H8, Grade 10]

In addition, several students mentioned that pollution (6.5 %) and environmental
factors such as physical activity, weather, and geographic location (6.5 %) may
influence phenotypes such as height and skin color. As for the remaining students
who claimed that the environment cannot affect gene function, 19.3 % claimed that
there was no interaction between the environment and gene function.

Patterns of Inheritance. When students were interviewed about whether a boy with a
nearsighted father would be nearsighted, knowing that the gene for nearsightedness is
found on the X chromosome, most responded “no” (47.6 %). A majority justified their
response by stating that a boy takes the X chromosome from his mother and the Y
chromosome from his father.

No, the son won’t be affected because he takes Y chromosome from his father
and not X chromosome which carries the nearsighted gene. [H7; Grade 9]

An analysis by grade level further indicated that the percentage of interviewed
students who provided this explanation increased gradually from 3.2 % in grade 7 to
11.1 % in grade 12. The second most frequent response was “I don’t know” (34.9 %).
Results also showed that this percentage of students decreased with an increase in grade
level from 12.7 % in grade 7 and 15.9 % in grade 8 to 0 % in grades 11 and 12.
However, a small percentage of grade 10—12 students (7.9 %) were aware of the fact
that the birth of a nearsighted boy will also depend on whether the mother is carrying
the dominant or recessive allele for such a trait.

Students’ Level of Genetics Literacy

Conceptions coined by Mills Shaw et al. (2008) were also used to explore the level of
students’ genetics literacy as they assess students’ understanding of several genetics
issues related to their daily lives such as: cloning, hybridization, DNA fingerprinting,
causes of genetic diseases, the influence of the environment on genes and trait
alteration, the impact of genetically modified animals on health, environment and
society, biotechnology, and plant breeding. Students’ answers to open-ended question-
naire items and interview items pertaining to these concepts (previously discussed)
revealed that a high percentage of students (63.8 to 90.9 %) at all grade levels failed to
answer these questions (I don’t know answer) or to provide accurate and/or complete
explanations. Such results reflect that Lebanese students exhibit a low level of genetics
literacy.
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Students’ Level of Conceptual Understanding of Major Genetics Concepts

To determine the level of conceptual understanding of students across grade levels, the
answers to the questionnaire (ordered multiple-choice) OMC items 23-33 were used.
Each response in the OMC items was categorized as low (level 1), average (level 2), or
high (level 3) based on their corresponding levels of conceptual understanding. The
option “I don’t know” was also included. Results revealed that for a majority of the
OMC items, students showed a high level of conceptual understanding as indicated by
the highest percentage of level 3 responses. Only item 24 (relationship between a gene
and trait) showed level 1 responses (Table 1).

A comparison by grade level indicates that students’ level of conceptual understand-
ing tends to increase with an increase in grade level. Chi-square analyses on each of the
items were significant (p<.05), indicating a statistically significant difference in stu-
dents’ levels of conceptual understanding across grades 7 to 12.

On the other hand, findings from interviews revealed a low level of progression in
the conceptual understanding of major genetics concepts, specifically the microscopic-
macroscopic relation between gene and trait, the difference between genetics and
heredity, and the interaction between environment, genotype, and phenotype and the
cause of albinism. This was evident in the answers of students from different cohort
groups who provided similar explanations to the same genetics concepts without
showing much in-depth understanding of these concepts. Examples are illustrated in
Tables 2 and 3, where major common misconceptions are in italics.

Difficulties Encountered During Genetics Instruction

Data from the questionnaire showed that the majority of students (89.5 %) agree
that genetics concepts are interesting and meaningful. However, 38.6 % stated that

Table 1 Percentages for the level of conceptual understanding for items 23-33

Item Level 1 (%) Level 2 (%) Level 3 (%) Don’t know (%)

23. Which statement is true about these body 27.3 19.5 453 7.8
cells?

24. Relationship between a gene and a trait 38.8 213 26.3 13.6

25. Cause of muscular dystrophy 14.8 20.3 20.3 8.4

26. Concept of alleles on homologous 12.5 20.6 583 8.6
chromosomes

27. What determines height 26.9 24.6 38.1 104

28. Genetic predisposition of breast cancer 11.8 21.1 59.3 7.8

29. Relationship between chromosomes, DNA  26.7 26.6 235 232
and molecules

30. Genetic information in the body cells of son 16.5 30.0 43.9 9.6
and parent

31. Heritable mutation 24.1 344 25.7 15.8

32. Explaining Down Syndrome in a child 17.7 28.8 36.2 17.3

33. Creation of “Dolly” sheep 17.7 31.0 343 17.0
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Table 2 Students’ conceptions of DNA, chromosomes, genes, and traits across grade levels

Grade Students’ conceptions and misconceptions

level
7 - DNA contains information about one’s body. - Genes show the characteristics or traits of a person
- Chromosome is something carrying - DNA determines person traits
information inside a DNA - DNA is a test. It helps identify paternity hood and
- Genes form chromosomes family relations
8 - DNA is used to identify the identity of - DNA is a test for our origin
individual - Different DNA determines different traits
- Genes determine eye color, body form - Chromosomes mean abnormalities
- Brain determines my traits - Traits are determined by Go or parents
- My height is determined by glands - DNA helps show relation with relatives
- DNA is a structure in the cell. It helps us
determine blood group
9 - DNA is a test - A gene is found on a chromosome and carries
- Chromosomes and karyotype determine my information
traits - Genes determine traits & DNA determines
- Karyotype is used to determine whether we identity
look like our mother or father - Each cell exists in a location that changes its
- Alleles are inside genes function
- DNA is a blood test to detect parenthood - Finger print is part of skin
- Different traits are determined by different
alleles
10 - Gene is one pair of chromosome, while DNA - DNA is a sequence of genes
is all the chromosome - DNA is related to characteristics, but I don't its
- Chromosomes carry DNA & Genes hold structure
alleles - DNA is information from parents
- DNA is the test used to determine paternity - Genes determine traits but I don’t know how
hood and relationship - Gene is a trait found on a chromosome and
- Height is inherited from my father chromosomes make DNA
11 - DNA is a double helix containing nucleotides - DNA is a small part of chromosomes and gene is
coiled around an axis of chromosomes part of DNA
- Gene is a segment of DNA - Genes make DNA, DNA makes proteins and
- Chromosomes hold the genes and DNA holds  proteins form the genotype and the genotype
specific characteristics determines phenotype
- Each chromosome codes for one molecule - DNA is found in the gene
of DNA - Gene is inside chromosome, DNA is inside gene
- DNA is a section of chromosome. A gene is and alleles are formed of genes
the trait on chromosome and it's a DNA - DNA is a protein and DNA identifies pedigrees
segment
- DNA is a protein and chromosomes are made
up of DNA
12 - Genes make up DNA and DNA makes - Gene is part of DNA and DNA is part of
chromosomes chromosome

genetics concepts are difficult, and the remaining half (49.9 %) reported that they
rely on memorization to learn genetics. Findings from analysis of interviews
revealed that a higher percentage of students (79.6 %) find genetics concepts
difficult to learn, with 32.2 % citing “patterns of inheritance” as the most difficult
concept to study (Fig. 3).
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Table 3 Conceptual change on the cause of albinism: statements expressed by students

Grade level Statements

Grade 7 v I don’t know
v Its inherited from parents
v It’s due to a white gene
v Albino people don’t sit in the sun.
v These people have cells different from ours, they have no color but I can’t explain why
v These people have excessive vitamin C

Grade 8 v 1 don’t know
v 1t’s inherited from parents
v Due to lack of calcium and nutrients taken by the pregnant mother
v Due to weak immunity.
v Skin cells of albino people don’t absorb sunrays when exposed to UV radiations

Grade 9 v I don’t know
v It’s due to a gene inherited from parents
v It’s due to an allele
v Wrong medication taken by the pregnant woman
v Errors in the chromosome
v Due to influence of nuclear bomb on genes

Grade 10 v I don’t know
v Maybe, but I don’t know how
v Yes, for example sport and physical exercises (environment) can affect my height
v Yes, sometimes, the food taken by my father might affect a gene, and this is transmitted
to me.
v Yes, skin cancer is induced by UV radiations. UV light weakens the skin which becomes
more prone to infections

Grade 11 v No, except during fetal development where mutation might occur
v Yes, But [ can't explain how
v Yes, some chemicals in polluted areas can cause lung diseases. However, I can’t explain the
mechanism
V' Yes, cold environment can cause bigger noses
v Yes, insufficient food supply can harm people
v Probably, because X-rays and nuclear weapon can cause changes but on the long run

Grade 12 V' No, there is no effect
v Yes, environment affects genes. Exposure to sun can cause skin cancer by affecting the genes
v Yes, X-rays, pollutants... can cause mutation and lead to abnormalities
v Yes, African people have dark skin, Lebanese people have white skin
v’ Yes, moth which have a dominant white color turns black under the effect of pollution in the
environment!!!!!!!!!

Grade-level analysis further showed that grade 10—12 students consider most genet-
ics concepts, with the exception of the meiotic model, easy to understand, while almost
half of 9th graders (52.6 %) viewed genetics as a tough subject and reported that
patterns of inheritance is the most difficult.

I found mitosis and meiosis very confusing and difficult. [R5, Grade 9], [A7,
Grade 8] [M4, Grade 11][A11, Grade 12]

I face problems in locating genes on the chromosomes of gametes during
fertilization. [H7, Grade 9][R6, Grade 9][Al, Grade 12].
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Fig. 3 Percentage of students identifying difficult genetics concepts in decreasing order of difficulty

The second most difficult reported concept was the deterministic nature of genetics
(16.1 %), with 12.9 % of students being in grade 11. Student N8’s response illustrates
this point:

I found the process of protein synthesis difficult to understand because it is not
illustrated well in the biology book.

Students attributed these difficulties mainly to the content and teaching methods:
The content is weak in activities, exercises and experiments. [S5, Grade 9]

The content is not organized; it includes many figures but lacks information
necessary to explain the schemes, I depend on teacher’s notes to study. [N7,
Grade 11]

How we learn genetics is somehow boring. I think if teachers use lab activities
and animations, students will love studying genetics and understand better. [N10,
Grade 12]

Discussion

This study sought to explore the difficulties and misconceptions that G7-12 Lebanese
students encounter in learning genetics, determine levels of genetics literacy, and
investigate any conceptual change in students’ understanding of major genetics con-
cepts across grade levels. These initial steps are crucial in any attempt to design
curricular units that could enhance student understanding of genetics.

Our findings revealed that a large percentage of Lebanese students, similar to their
peers in other countries, had high levels of misconceptions in basic genetics concepts
including: the nature of DNA, differences between gene and allele, proteins-phenotype
relation, polygenic inheritance, role of the environment in modifying phenotypes, and
plant genetics. Like other researchers (e.g. Henderson and Maguire, 2000; Mills Shaw
et al., 2008), we argue that these types of misconceptions, if not properly addressed,
could impair students’ understanding of more complex genetics concepts and
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processes. For example, the monogenic view of inheritance dominating students’
explanation of traits is a major obstacle which might hinder student understanding of
the gene-trait relationship.

Results also revealed that the most difficult genetics topics were, in decreasing
order of difficulty: patterns of inheritance, reproductive technology, deterministic
nature of genetics, genetic technology, nature of genetic information, and genetic
basis of disease. These difficulties might be due to the abstract nature of genetics
concepts, the cognitive demands of the genetics content, or the lack of a solid prior
knowledge base that is essential for understanding new and more advanced genetics
concepts.

Additionally, this study showed that a majority of G7-12 Lebanese students
(especially G9 students) in both public and private schools encountered difficulties
in understanding the meiotic and genetic models and schematizing gametes
resulting from independent and dependent genetic recombination. Such findings
are compatible with results of previous studies (Collins & Stewart, 1989; Stewart,
Hafner & Dale, 1990). Our findings also suggest that students achieve a deeper
understanding of the meiotic model after they acquire a complete understanding of
the genetic and molecular models. Consequently, we propose that it would be
easier to start with the genetic and molecular models in grades 7-9 and then
introduce the meiotic model either at the secondary or college level where an in-
depth understanding of genetics is required. This is contradictory to the proposal
of Duncan et al. (2009) who argued that student understanding of genetics and
their level of genetics literacy increase when the three models (genetic, molecular,
and meiotic) are introduced simultaneously at an early stage and then continuously
revisited and elaborated in subsequent years. We also recommend focusing on the
relatedness of mitosis and meiosis to biological inheritance rather than putting
middle school students under the added pressure of understanding the behavior of
chromosomes during mitosis and meiosis. However, these suggestions and rec-
ommendations need further validation.

Another potential source for students’ misconceptions can be attributed to the
fact that students bring misconceptions from previous instruction or from infor-
mal sources of information such as family members, media, and personal expe-
riences. This was evident in the responses of G7 and 8 students who do not
study genetics.

I know about DNA because one of my relatives who have a health problem
performed a DNA test but I don’t know why. Also, I have heard from TV that
DNA is a test for our origin. [S3, Grade7]

Moreover, our findings revealed that 7th and 8th graders have incomplete or
incorrect genetics knowledge which might hinder the acquisition of new knowl-
edge when genetics is introduced in grade 9. This issue of preconceived erroneous
ideas of genetics interfering with acquisition of new scientific knowledge and
impairing student learning was previously reported in research by Banet and
Ayuso (2000). We believe that students’ misconceptions and prior knowledge
could be organized into conceptual schemes that would guide teachers in their
instruction to accommodate students’ different levels of thinking, and direct
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curriculum writers in developing teaching materials that are appropriate to student
cohorts of different ages.

Importantly, our findings depicted that students of various age groups did not show
any progression in their understanding of similar conceptions with time. For instance,
albinism is introduced in G9 and retaught elaborately in G11&12. However, responses
to interview questions revealed that students across all grade levels had limited
understanding of the concept of albinism. Several explanations could be put forward:
(1) students tend to memorize concepts associated with the mechanism of albinism,
rather than linking them logically to demonstrate deep understanding of the genetic
basis of diseases, (2) the failure of the majority of G12 students to explain the
mechanism of albinism revealed that previously learned concepts were not retained,
and (3) the belief of G7 and G8 students that albinism results from a white allele or lack
of vitamins is a serious threat to subsequent learning. Collectively, these findings
could be a driving force for LP-curriculum designers to reconsider the selection and
sequencing of concepts at every performance level along the designed LP in an
attempt to enhance the acquisition of scientific conceptions which fosters deeper
understanding.

Moreover, our findings depicted that students of same age groups across all
grade levels in both public and private schools have more or less the same
misconceptions and difficulties in genetics. This suggests that the nature of
these misconceptions and difficulties originates mainly from external factors,
such as curriculum content and teaching methodology, and not from the
students themselves. Similar findings were reported by Haambokoma (2007)
who revealed that inadequate explanations made by teachers is the most
important factor that impedes student understanding of genetics in Zambia. In
fact, most interviewed Lebanese students claimed that classroom instruction is
mainly teacher-centered which adversely influences their learning. These stu-
dents argued for the use of more interactive and hands-on methods, such as
problem-solving activities, classroom discussions, interactive videos, animations,
lab experiments, research projects, and science fairs/exhibition to promote a
deeper understanding of genetics concepts and increase motivation for learning.
Similar suggestions were provided by researchers who advocate for the use of
interactive laboratory simulations to promote in-depth understanding by provid-
ing students with the opportunity to work with real data, experience discrepant
events, and construct their own learning (Bell & Trundle, 2008; Gorsky &
Finegold, 1992).

Also of significance is that the results of this study are aligned with the
substance of discussions initiated among biology teachers, including one of the
researchers, during meetings held at the Ministry of Education and Higher
Education in Lebanon to plan for biology curriculum reform. These teachers
reported that middle and secondary students indeed hold many misconceptions
and encounter difficulties in understanding the abstract relation between genes,
chromosomes, proteins, DNA, and traits; they struggle to understand the differ-
ence between mitosis and meiosis, and face problems in explaining the mecha-
nisms of inter and intra-chromosomic recombination and schematizing the loca-
tion of several genes/alleles in gametes. They attributed such deficiencies to
major factors including the genetics curriculum which lacks coherence and unity
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within the same grade level and among grade levels, the absence of lab activities
in classroom teaching, the insufficient instruction time that is essential to pro-
mote student critical thinking skills, and the unintentional use of simpler lan-
guage by novice teachers and/or oversimplification of difficult and abstract
concepts appearing in the student biology textbook or during instruction, similar
to arguments emphasized in other studies (Gericke, Hagberg, dos Santos,
Joaquim & El-Hani, 2014; Meyer, Bomfim, & El-Hani, 2013; Falk, 2012).

More importantly, these teachers claimed that Lebanese students across all
grade levels are unable to explain daily-life genetically related phenomena. This
exceptionally low level of genetics literacy exhibited by both middle and
secondary Lebanese students is grave. In fact, it calls into question the extent
to which genetically related phenomena are addressed in the student textbooks
and/or during instruction. Such a concern was the driving force for analyzing
the level of genetics literacy in the Lebanese genetics curriculum before de-
signing the learning progression-driven genetics unit. Results will be reported in
future papers.

In the remaining section of the discussion, we will focus on some aspects related
to the design and methodology used in this study, in particular, the use of OMC
items in measuring the progression in the level of students’ understanding of major
genetics concepts. After analyzing students’ responses to the 11 OMC items of the
questionnaire, we recognized that many students tended to choose the longer
phrase, others resorted to guessing the correct answer, and some were assisted by
their biology teachers during administration of the questionnaire. More importantly,
we noticed that many students, particularly 7th and 8th graders who did not study
genetics, ticked a correct choice. Consequently, the reliability of such items might
be questioned. As a result, such a finding should be addressed in future studies that
rely on multiple-choice objective test items as the sole criterion to assess student
knowledge. Thus, we should be very cautious in using OMC in assessing concep-
tual understanding.

We also argue that the construction of OMC items is very challenging and
time-consuming. Researchers who are inclined to use OMC need to consider
other parameters that would increase the validity and reliability of such test items
in probing and assessing student understanding in genetics. Possible solutions
could be the use of open-ended questions items which measure students’ under-
standing of the same genetic concepts assessed by the OMC items as in the case
of the study conducted by Hadenfeldt et al. (2013). Other useful data collection
tools that determine students’ levels of conceptual understanding include analyz-
ing students’ responses to written assignments about genetics questions (e.g.
Lewis & Wood-Robinson, 2000) and face-to-face semi-structured interviews
(Lewis et al., 2000a).

Other issues to be cautiously considered are the mode of administering the ques-
tionnaire and the value of interviews in gauging student understanding. We claim that
administering a questionnaire should be done by the researcher herself/himself or by a
group of researchers so that any exchange of information or ideas among students is
avoided. We also found that interviews were more reliable in exploring how students
think, and in identifying misconceptions and difficulties that did not appear during
students’ response to questionnaire items.
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Conclusion

It is apparent that G7-12 Lebanese students (G9-12 in particular) demonstrate poor
understanding of genetics, similar to their peers in other countries. More importantly,
students at all grade levels exhibit a low level of genetics literacy that is essential to
becoming responsible citizens who are capable of taking appropriate decisions to solve
genetically related life problems. It is thus not surprising to see Lebanese students
facing difficulties, holding misconceptions that impair their understanding of genetics,
and showing very limited progression in their understanding of genetics as they move
from intermediate to secondary levels.

Fortunately, and based on our experience, biology educators in Lebanon are
aware of such impeding circumstances and are calling for the adoption of more
valid and reliable means for curriculum reform which is mainly driven by research
on: student misconceptions/difficulties and levels of performances, teachers’ exper-
tise, logical analysis of disciplinary knowledge, and cognitive development theo-
ries, that is the central features in the design of any learning progression, yet no
such attempt has emerged in Lebanon to date. We believe that findings from our
study constitute the corner-stone for designing better curricula and instructional
units that are developmentally and academically appropriate for the student cogni-
tive levels we yearn for.

Consequently, we urge curriculum developers to consider the following practices
when designing a genetics curriculum:

1. Determine, through research, the types of difficulties and misconceptions encoun-
tered by Lebanese students at each cycle (age-group cohort), and pilot tests to
validate results.

2. Draw on other research findings, especially the conceptual strand maps designed
by AAAS project 2061, to set useful guidelines that help refine curricula.

3. Consider students’ prior knowledge as the starting point in designing teaching
activities.

4. Draw on student misconceptions and difficulties reported in the literature, in
particular, misconceptions identified by AAAS project 2061, to identify the lower
and upper anchors of the expected learning progression that would enhance student
understanding of genetics across all grade levels.

5. Design a teacher manual that highlights students’ difficulties and commonly held
misconceptions in genetics, and possible means of addressing them.

6. Conduct training sessions/workshops that acquaint teachers with effective tech-
niques to probe students’ misconceptions and understanding prior to, during, and
after instruction.

7. Identify meaningful contexts that present the genetics concepts in innovative ways
to enhance student learning and increase their motivation.

Last but not least, we strongly recommend a serious collaboration between
academic research centers and schools in an attempt to bridge the gap between
theory and practice and translate research findings into classroom practices that
would in turn guide curriculum reform through the lens of both teachers’ and
students’ perspectives.
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Appendix

Overview of genetics curriculum learned by middle and secondary students (grades
7-12) in Lebanon

Grade 7

Grade 9

Chromosomes, Carriers of Genetic
Information

-Transmission of Hereditary Characteristics
-The Laws of Heredity

“The carriers of genetic Information
-Chromosomes and Traits of the individual
-The Genes, Units of genetic information

Conformed Reproduction of Genetic
Information

-Transmission of Genetic Information
-Conformed Reproduction of Chromosomes

Sexual Reproduction and Genetic Diversity
-Gametes, Specialized Cells with 23
Chromosomes

-Genetic Diversity of Gametes

-Ferti aNew Genetic Combinati

Microorganisms and Biotechnology

The World of Microorganisms

-The Usage of Microorganisms

-Production of Useful Substances by Genetic

Engineering

N

of organisms and the

Grade 12 Life Science

Basic

of the individual (Suspended)
-The diversity of the living World
-Polymorphism within a population
-Biological Identity of organisms
-Renewal of cells and maintenance of their
Characteristics

DNA, genetic information and cell cycle
-The karyotype

-Mitosis, an equational division of the
chromosome set

-The structure and the chemical of

~Male and female reproductive systems
-Diploid and haploid cells

-Meiosis

-Spermatogenesis

-Oogenesis

-Fertilization

Transmission of genes and genetic
recombination

-Hereditary traits and genes
~Transmission of allelic genes

chromosomes
-Identical reproduction and cell cycle

Protein synthesis and enzymatic activity
-Proteins, an association of amino acids

-The gene, structure and information unit
-Transcription, first step of protein synthesis
-Translation, second step of protein synthesis
-Fates of synthesized proteins

-Enzymes, proteomic biological catalysts
-Reaction rate and optimum conditions
-Specificity and mechanism of enzyme action

Biological Identity and Genotype
-Phenotypes and proteins

-Genes and alleles

-The genotype

Grade 10

-Intrachromosomic recombination

Genetic variations and polymorphism
-Mutations and the environment
-Mutations and multiple alleles
-Polymorphic genes in a population
-Detection of genetic polymorphism
~Genetic Identity of individuals

Genetic Diversity of populations
-Population and gene pool

f sexual Reproduction

dulation of allele frequency in a
-Human populations and genetic variations

Human genetics
-Inheritance of genetics traits
-Autosomal diseases
-Gonosomal diseases
-Sex-linked diseases
-Chromosomal mutations

Qaunl diagnosis

J
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