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ALLAMA IQBAL OPEN UNIVERSITY, ISLAMABAD 

Course: Child Development (1651)  •  Level: PGDE (ECE) 

Semester: Autumn 2026 

Assignment No. 1 

Total Marks: 100  •  Pass Marks: 50 

SOLVED ASSIGNMENT GUIDE 

(For Study & Reference) 

Note: This guide is prepared for study and reference purposes. Students are advised to read the relevant 

units of the course book, understand the concepts, and then write the assignment in their own words. 

Question 1: Growth versus Development and the Three Domains of 

Child Development (20 Marks) 

Differentiate between growth and development. Explain the three major domains of child 

development (physical, cognitive, and socio-emotional) and describe how these domains are 

interrelated with examples. (20) 

Introduction 

Child development is the scientific study of how and why human beings change from 

conception through adolescence. In everyday speech the words “growth” and “development” 
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are often used as if they meant the same thing, but in psychology they have precise and 

different meanings, and confusing them leads to an incomplete picture of the child. A teacher 

who only measures a child's height and weight knows something about growth but almost 

nothing about development; a teacher who watches how the child thinks, speaks, makes 

friends and manages feelings is studying development in its full sense. This answer first defines 

and differentiates growth and development, then explains the three major domains into which 

developmental scientists organise change — physical, cognitive and socio-emotional — and 

finally shows, with examples, that the three domains are not separate compartments but 

interdependent parts of one whole child. 

The Meaning of Growth 

Growth refers to quantitative changes in the size and structure of the body that can be directly 

measured. It means an increase in height, weight, girth, and in the size of internal organs such 

as the heart, lungs and brain. At the cellular level growth takes place through an increase in the 

number of cells and an increase in the size of individual cells. Because it is quantitative, growth 

is expressed in units — centimetres, kilograms, number of teeth — and recorded on growth 

charts against age norms. Growth is rapid in infancy, slower and steadier in middle childhood, 

and rapid again in the adolescent spurt, and it largely stops when the body reaches maturity in 

late adolescence or early adulthood. Growth is therefore a part of development, but it is only 

one, purely physical, part of it. 
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The Meaning of Development 

Development is a much wider concept. Elizabeth Hurlock defined development as “a 

progressive series of orderly, coherent changes leading towards the goal of maturity.” 

Development includes growth, but it also includes qualitative changes — changes in kind, 

organisation and functioning — such as the emergence of language, reasoning, emotions, moral 

values, personality and social behaviour. Unlike growth, development cannot be measured with 

a scale or tape; it is assessed by observing behaviour and abilities. Development continues 

throughout life, from conception to old age, because even when the body stops growing, the 

mind, emotions and social life keep changing. It is the product of maturation (the unfolding of 

the genetic plan) and learning (the effect of experience and environment), and it follows an 

orderly, predictable sequence, although the rate differs from child to child. 

Difference between Growth and Development 

The main points of difference are summarised in Table 1. In short, growth is structural and 

measurable, development is functional and comprehensive; growth ends at maturity, 

development is lifelong; and every change in growth is a change in development, but not every 

developmental change is growth — a child's increasing honesty or vocabulary is development 

without any corresponding increase in size. 

Table 1: Difference between growth and development 

Aspect Growth Development 

Nature of change Quantitative — increase in size 
and number of cells 

Quantitative as well as 
qualitative — changes in 
structure, function, behaviour 
and personality 
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Measurement Directly measurable in cm, kg, 
etc. 

Not directly measurable; 
inferred from behaviour, tests 
and observation 

Scope One aspect of development, 
confined to the body 

A comprehensive term covering 
physical, cognitive and socio-
emotional change 

Duration Stops when the body matures Continues throughout the life 
span, from conception to death 

Direction May occur without 
improvement in functioning 
(e.g. gaining fat) 

Always implies progressive 
improvement and greater 
complexity of functioning 

Relation Growth is a part of 
development 

Development includes growth 
but can occur without it 

Influence Mainly determined by heredity 
and nutrition 

Determined by heredity, 
environment, maturation and 
learning together 

 

The Three Major Domains of Child Development 

1. Physical Development 

Physical development covers changes in the body, the brain, the senses, motor skills and 

health. It includes growth in height and weight, changes in body proportions, the development 

of gross motor skills (sitting, walking, running, jumping) and fine motor skills (grasping, 

scribbling, writing, buttoning), and the rapid growth of the brain — which reaches about 80 per 

cent of its adult weight by age three. Physical development provides the foundation for 

everything else: a child who cannot yet sit steadily cannot explore toys, and a child whose brain 

and senses are immature cannot perceive or think in mature ways. Health, nutrition, sleep and 

freedom from illness are the environmental conditions that support this domain. 
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2. Cognitive Development 

Cognitive development refers to changes in mental processes: perception, attention, memory, 

language, imagination, reasoning, problem-solving and creativity. Piaget showed that children 

do not merely know less than adults; they think in qualitatively different ways at different ages, 

moving from sensorimotor intelligence in infancy to logical and eventually abstract thought in 

adolescence. Language is the most visible part of cognitive growth in early childhood: the 

toddler's two-word utterances expand into the school child's fluent narration. Cognitive 

development determines how the child understands the world, performs at school and solves 

the practical problems of daily life. 

3. Socio-Emotional Development 

Socio-emotional development covers changes in emotions, self-understanding, personality, 

moral values and relationships with others. It includes the infant's attachment to the caregiver, 

the development of trust, the toddler's striving for autonomy, the preschooler's initiative and 

conscience, temperament, self-concept and self-esteem, friendships, and the ability to regulate 

emotions and cooperate with peers. Erikson's psychosocial theory describes this domain as a 

sequence of crises — trust versus mistrust, autonomy versus shame and doubt, initiative versus 

guilt — whose successful resolution builds a healthy personality. A child may be physically 

strong and intellectually bright, yet fail to flourish if this domain is neglected. 
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Figure 1: The three domains of child development — physical, cognitive and socio-emotional — overlap in the 

whole child. 

How the Three Domains Are Interrelated 

Developmental scientists stress that the domains are divisions made only for convenience of 

study; in the real child they form one integrated system, and a change in one domain produces 

changes in the others. Laura Berk notes that each domain influences and is influenced by the 

others, and modern dynamic-systems theory treats development as the continuous interaction 

of all three. The following examples make this interdependence concrete. 
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 Physical → cognitive: A toddler who learns to walk (physical) can now reach, carry and 

examine objects, so exploration expands and cognitive learning accelerates. Conversely, a 

malnourished child whose brain growth is stunted (physical) shows poor attention and 

memory (cognitive) and low school achievement. 

 Physical → socio-emotional: The newly walking toddler feels pride and independence, 

which changes family relationships and sometimes produces the famous “terrible twos” 

conflicts. A child who is much smaller or clumsier than peers may develop low self-esteem 

and withdraw from games. 

 Cognitive → socio-emotional: As children's thinking matures, they can take another person's 

perspective, so empathy, sharing and friendship become possible. A child with delayed 

language (cognitive) often becomes frustrated, throws tantrums and is rejected by peers 

(socio-emotional), not because of bad character but because he cannot express his needs. 

 Socio-emotional → cognitive: A securely attached infant feels safe to explore and play, and 

exploration is the engine of cognitive growth; an anxious, insecurely attached child clings to 

the caregiver, explores less and learns less. Similarly, children who can regulate their 

emotions pay better attention in class and achieve more. 

 All three together: Consider learning to ride a bicycle. It needs leg strength and balance 

(physical), judgement of speed and distance and memory of instructions (cognitive), and 

confidence, persistence and pride in mastery (socio-emotional). Remove any one domain 

and the achievement collapses. 

Developmental “cascades” of this kind explain why early disadvantage spreads: poor prenatal 

nutrition affects the brain, which affects attention, which affects school performance, which 
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affects self-confidence and relationships. They also explain why early support spreads benefits 

in the opposite direction — a good preschool programme that feeds children, stimulates 

language and provides warm relationships improves all three domains at once. 

Implications for Parents and Teachers 

Because the domains are interrelated, assessment and teaching must be holistic. A child failing 

at school should be checked for vision, hearing, nutrition and emotional problems, not only for 

intelligence. The early childhood curriculum should give balanced time to physical play, 

cognitive stimulation and social-emotional learning, and progress reports should describe the 

whole child. Interventions are most effective when they target several domains together, as 

integrated early-childhood programmes do. 

Conclusion 

To conclude, growth is the measurable, quantitative increase in the body's size and it ends at 

maturity, whereas development is the lifelong, qualitative and quantitative unfolding of the 

whole person. Development is studied in three domains — physical, cognitive and socio-

emotional — but these are analytical divisions of a single integrated process. Each domain 

supports and constrains the others, as the examples of walking, language delay, attachment 

and malnutrition show. Anyone who cares for children must therefore think of the whole child, 

never of body, mind or feelings in isolation. 
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Question 2: Baltes' Life-Span Developmental Framework — General 

Principles of Child Development (20 Marks) 

Discuss the general principles of child development based on Baltes' life-span developmental 

framework. Explain the principles of lifelong development, multidimensionality, 

multidirectionality, plasticity, and context dependency. (20) 

Introduction 

For much of the twentieth century, developmental psychology was almost entirely the 

psychology of childhood: development was assumed to end when physical maturity was 

reached, and adulthood was treated as a long, unchanging plateau before decline. Paul B. 

Baltes (1939–2006) and his colleagues at the Max Planck Institute in Berlin challenged this 

narrow view and built the life-span developmental framework, which today provides the most 

widely accepted set of general principles about how human beings develop. Although the 

framework covers the whole of life, its principles apply with full force to childhood and are 

essential for teachers, because they correct common errors — for example, the beliefs that 

early experience fixes a child's future permanently, that development always means 

improvement in every area at once, or that all children of the same age are alike. This answer 

explains the framework and then discusses its five principles: lifelong development, 

multidimensionality, multidirectionality, plasticity, and context dependency (historical 

embeddedness). 
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Paul Baltes and the Life-Span Perspective 

Baltes proposed that development must be studied across the entire life course, from 

conception to death, and that it is shaped jointly by three systems of influence: biological, 

environmental-historical, and individual. He classified influences as normative age-graded 

influences (biological and social events tied to age, such as puberty or school entry), normative 

history-graded influences (events shared by a generation, such as war, economic crisis, or the 

arrival of smartphones), and non-normative influences (unique events in one person's life, such 

as an accident or winning a scholarship). Against this background he stated the principles that 

follow. Each principle is explained with its meaning and a childhood example. 

Principle 1: Development Is Lifelong 

No age period holds supremacy over the course of development. Development is not 

completed in childhood or adolescence; it is a lifelong process of adaptation in which gains and 

losses occur at every age, including old age. Childhood is therefore not a mere preparation 

whose effects are finished by age five, nor is adulthood a static period. For the child specialist, 

the principle has two messages. First, early childhood is foundational but not final: what 

happens at three matters greatly, yet development at eight, thirteen or thirty continues to be 

real development, capable of confirming or correcting early patterns. Second, parents and 

teachers are themselves developing beings, and their own continuing growth in knowledge and 

patience is part of the child's developmental system. The lifelong principle also justifies lifelong 

education: because development never stops, learning opportunities should never be 

withdrawn on the ground that “it is too late.” 
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Principle 2: Development Is Multidimensional 

Development does not move along a single line; it consists of many interlocking dimensions — 

biological, cognitive, emotional, social, moral and linguistic — and even within one dimension 

there are many components with their own courses. A ten-year-old is simultaneously growing 

taller, losing milk teeth, expanding vocabulary, learning fractions, forming friendships and 

developing a conscience, and each of these changes has its own timing and mechanism. 

Multidimensionality explains why a child can be advanced in one dimension and backward in 

another: the brilliant mathematics pupil may be emotionally immature, and the physically small 

child may be the class's best reader. Teachers must therefore assess children dimension by 

dimension and avoid single global labels such as “slow” or “gifted” applied to the whole child. 

The principle also requires multidisciplinary study: biology, psychology, sociology and education 

each illuminate different dimensions of the same child. 

Principle 3: Development Is Multidirectional 

Because development has many dimensions, it does not move in only one direction. Within the 

same person at the same time, some capacities are growing while others are stable or 

declining; development is characterised throughout life by a joint expression of growth, 

maintenance and decline — of gains and losses. In childhood the gains dominate, but losses are 

already visible: the infant's ability to distinguish the sounds of all the world's languages narrows 

during the first year to the sounds of the mother tongue (perceptual narrowing); the 

preschooler's total dependence decreases as independence grows; and synapses are pruned as 

the brain specialises. Multidirectionality also means that the direction of change differs 
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between individuals and between skills: vocabulary keeps growing for decades, while speed of 

reaction peaks early. For education the lesson is that a loss is not always a failure — narrowing 

of phoneme perception is an adaptive specialisation — and that assessment should track each 

skill's own direction rather than expecting uniform progress. 

Principle 4: Development Is Plastic 

Plasticity means that development is not fixed; many abilities can be modified by experience, 

training and changed circumstances, within limits set by heredity and by earlier development. 

The child's brain is remarkably plastic: children who suffer early brain injury often recover 

functions that adults would lose permanently, and children deprived in infancy can make 

striking recoveries when adopted into stimulating homes, as the studies of Romanian orphans 

showed — especially when adoption occurred early. Plasticity is the scientific foundation of 

education and of intervention: remedial teaching, speech therapy, preschool enrichment 

programmes such as Head Start, and special education all rest on the fact that development can 

be redirected. Two cautions are needed. First, plasticity decreases with age and is never 

unlimited; there are sensitive periods, especially for language and attachment. Second, 

plasticity works in both directions — harmful experiences also shape development — which is 

why protection from adversity is as important as enrichment. 

Principle 5: Development Is Context-Dependent (Historically Embedded) 

Development always takes place within contexts — family, school, neighbourhood, culture and 

historical period — and it cannot be understood apart from them. Baltes emphasised historical 

embeddedness: each generation develops under conditions different from the previous one. 
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Today's child grows up with tablets, nuclear families, working mothers and urban life; her 

grandmother developed in a joint family, without screens, in a village economy; their 

developmental tasks, skills and even the timing of milestones differ in part because of these 

contexts. Bronfenbrenner's ecological model expresses the same truth in layered systems from 

the immediate family to the culture and the era. Context dependency demolishes the idea of a 

single universal timetable that fits every child everywhere: school-entry skills expected in one 

culture (early reading) are not expected in another, and norms collected in one decade or 

country must be applied cautiously elsewhere. It also means that changing the context — 

improving the home, the classroom or the community — is a legitimate and powerful way of 

changing development itself. 

Relevance of the Framework for Child Development and Early Education 

Taken together, the five principles give teachers a balanced professional outlook. The lifelong 

principle protects older children and adults from fatalism (“nothing can be done now”); 

multidimensionality and multidirectionality demand multidimensional assessment and patience 

with uneven profiles; plasticity justifies investment in remediation and early intervention while 

warning that early harm also leaves marks; and context dependency directs attention beyond 

the child to the family, school and society that produce developmental outcomes. Baltes also 

added that development is a co-construction of biology, culture and the individual, and that 

with age the biology-based gains weaken while culture-based supports become more important 

— a reminder that good environments matter more, not less, as children grow. 
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Conclusion 

To conclude, Baltes' life-span framework replaced the old picture of development as a 

childhood staircase ending at maturity with a richer account: development is lifelong, 

multidimensional, multidirectional, plastic and context-dependent. For the student of child 

development these are not abstract slogans but working tools. They explain why children differ, 

why change remains possible, why contexts must be improved alongside children, and why no 

single score or single age can ever summarise a developing human being. 

Question 3: Basic Issues and Controversies in Child Development (20 

Marks) 

Explain the basic issues and controversies in child development, including the continuous versus 

discontinuous debate, single versus multiple courses of development, and the nature versus 

nurture controversy. What is your stand on these issues? (20) 

Introduction 

Behind the facts of child development lie deeper questions about the nature of development 

itself, on which theorists have disagreed for centuries. These disagreements are called the basic 

issues or controversies of developmental science, and every theory of development — Piaget's, 

Vygotsky's, Erikson's, the learning theories — takes a position on them, openly or silently. Three 

issues are fundamental: (1) Is development continuous or discontinuous? (2) Does 

development follow a single universal course or multiple courses? (3) Is development 

determined by nature (heredity) or by nurture (environment)? This answer explains each 
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controversy, weighs the evidence, and concludes with my own reasoned stand, which — as the 

evidence will show — is an interactionist and balanced position rather than an extreme one. 

Issue 1: Continuous versus Discontinuous Development 

The continuity view holds that development is a smooth, gradual process of accumulating 

quantitative changes: the child becomes more skilful, knowledgeable and experienced by slow 

increments, much as a sapling grows into a tree by adding a little height every day. Learning 

theorists and information-processing theorists favour this view: vocabulary grows word by 

word, and memory and speed improve steadily. On this account the adult is simply the child 

with more of the same abilities, and earlier development accurately predicts later 

development. 

The discontinuity view holds that development proceeds through distinct stages — qualitatively 

different ways of functioning that appear in a fixed sequence, so that the developing person at 

one stage is genuinely different in kind, not only in amount, from the person at the previous 

stage. The caterpillar–butterfly transformation is its favourite metaphor. Piaget's stages of 

cognitive development and Erikson's psychosocial stages are the classic examples: a 

preoperational child does not merely know less than a concrete-operational child; she reasons 

differently, failing conservation tasks that the older child finds obvious. 

The evidence supports elements of both. Many changes are genuinely gradual (height, 

vocabulary size, knowledge), and skilled performance usually improves smoothly with practice. 

Yet some reorganisations do look stage-like: the sudden appearance of first words followed by 

a vocabulary explosion, the emergence of object permanence, and the shift to abstract 
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reasoning in adolescence. Modern developmental science therefore treats continuity and 

discontinuity as complementary descriptions: development is continuous at the level of 

underlying processes (learning, brain maturation) but can appear discontinuous at the level of 

behaviour, when gradual changes accumulate and reorganise the whole system — as water, 

heated continuously, suddenly boils. 

Issue 2: One Course of Development or Many Courses? 

Closely related is the question whether all children everywhere follow one single, universal 

course of development, or whether there are multiple, equally valid courses. Stage theorists 

such as Piaget assumed a universal course: the sequence of stages is the same for all children 

because it is rooted in our common human biology and in universal features of experience, 

although timing may vary. This view predicts, correctly, that no child masters formal operations 

before concrete operations, and that motor milestones everywhere appear in the same order 

— sitting before walking. 

The multiple-courses view, associated with contextual theorists such as Bronfenbrenner and 

with cultural psychology (Vygotsky, Rogoff), argues that development is shaped so deeply by 

culture, family structure, schooling and historical circumstances that different contexts produce 

genuinely different developmental pathways. Children in communities where formal schooling 

begins late develop literacy-related skills on a different timetable; children raised in collectivist 

cultures develop self-identity interdependently, while those in individualist cultures develop an 

independent self; and what counts as the desirable end-point of development — obedience 
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and interdependence, or autonomy and self-expression — itself differs between cultures. On 

this view there is no single ladder; there are many paths up different hills. 

Again the truth lies in combination. Sequences constrained by biology (motor milestones, 

puberty, the order of Piagetian stages) appear universal, whereas the timing, the rate, the 

valued outcomes and the specific skills mastered are strongly context-dependent. One course 

at the level of sequence; many courses at the level of timing, emphasis and final form — this 

formula best fits the cross-cultural evidence. 

Issue 3: Nature versus Nurture 

The oldest and most famous controversy asks whether development is determined by nature — 

heredity, genes, maturation, temperament, innate predispositions — or by nurture — 

experience, learning, family, culture, nutrition and schooling. Extreme naturism is illustrated by 

the preformationist idea that the child unfolds a ready-made plan; extreme nurturism by 

Locke's “blank slate” and Watson's boast that he could train any infant into any kind of 

specialist regardless of heredity. 

A century of research has refuted both extremes. Behaviour-genetic studies (twins and 

adoptions) show substantial hereditary influence on intelligence, temperament and even 

susceptibility to mental illness: identical twins resemble each other far more than fraternal 

twins. Yet the same studies show large environmental effects: adopted children gain in IQ, 

enriched environments raise achievement, and severe deprivation (as in understaffed 

orphanages) depresses every domain of development. Modern epigenetics goes further, 

showing that experience can switch genes on and off, so nature and nurture are not even 
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independent. The useful question today is not “which one?” but “how do heredity and 

environment interact?” — through gene–environment correlations, ranges of reaction, and 

sensitive periods in which particular experiences are required for normal development. 

My Stand on These Issues 

My stand is interactionist on all three issues, and I defend it as follows. On nature–nurture, I 

hold that every trait develops through the continuous interaction of genetic predispositions and 

environments: genes set ranges and tendencies, environments determine where within the 

range a child lands and can sometimes alter the range itself. A teacher who believes only in 

nature gives up on weak pupils; a teacher who believes only in nurture blames families and 

children for limits they did not choose; the interactionist teacher provides the richest possible 

environment for every child while respecting individual differences. 

On continuity–discontinuity, I hold that development is both: gradual learning and maturation 

underneath, with periodic reorganisations that look like stages on the surface. Practically, this 

means I respect stage descriptions (they stop teachers from demanding formal-operational 

reasoning from seven-year-olds) while also expecting progress to be uneven, with spurts and 

temporary regressions. On one course versus many, I hold that the sequence of development is 

broadly universal because our biology is shared, but its pace, content and valued outcomes are 

culturally variable; teachers in Pakistan should therefore use international norms cautiously, 

respect local family values, and never label a child abnormal merely for developing along a 

culturally different path. In short: universal sequences, multiple pathways; gradual processes, 

stage-like outcomes; nature and nurture in constant partnership. 
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Conclusion 

To conclude, the three basic issues — continuity versus discontinuity, one course versus many 

courses, and nature versus nurture — are not puzzles with a single winner. In each case the 

extreme positions have been falsified and the balanced position confirmed: development is 

gradual yet reorganises in stages, universal in sequence yet plural in pathways, and the joint 

product of hereditary and environment. Adopting this interactionist stand is not evasion; it is 

the position the evidence supports, and it is the position that best serves children, because it 

combines high expectations, respect for individual and cultural differences, and confidence that 

good environments genuinely matter. 

Question 4: Genetic Foundations of Development and Gene–

Environment Interaction (20 Marks) 

Describe the genetic foundations of development. Explain the concepts of chromosomes, DNA, 

genes, and dominant-recessive inheritance. How do genes and environments interact to 

influence a child's development? (20) 

Introduction 

Every child begins life as a single cell formed by the union of the mother's ovum and the 

father's sperm, and within that cell lies the entire genetic plan that will guide development — 

influencing not only eye colour and blood group but also growth rate, temperament and 

vulnerabilities to disease. Understanding this genetic foundation is essential for students of 

child development, provided we remember from the start that genes never act alone: they 
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operate within cells, bodies and environments. This answer explains the basic structures — 

chromosomes, DNA and genes — then describes dominant-recessive inheritance and other 

inheritance patterns, and finally explains the main ways in which genes and environments 

interact to produce the developing child. 

Chromosomes 

Chromosomes are rod-shaped structures found in the nucleus of every cell, made of a long 

molecule of DNA coiled around proteins. They carry the hereditary information from parents to 

offspring. A normal human cell contains 46 chromosomes arranged in 23 pairs: 22 pairs are 

autosomes, similar in both sexes, and the 23rd pair consists of the sex chromosomes — XX in 

females and XY in males. Each parent contributes one chromosome of every pair, which is why 

a child resembles both parents and why siblings differ. The egg and sperm are produced by a 

special cell division, meiosis, which halves the number to 23 so that fertilisation restores 46 in 

the zygote. Errors in this process matter developmentally: an extra chromosome 21 produces 

Down syndrome, the most common chromosomal cause of intellectual disability — a first 

illustration that genetic foundations shape development from the very beginning. 

DNA 

DNA (deoxyribonucleic acid) is the chemical substance of which chromosomes are made. 

Watson and Crick (1953) showed that it has the shape of a double helix — two twisted strands 

joined by rungs made of four chemical bases: adenine (A), thymine (T), guanine (G) and cytosine 

(C), paired strictly as A–T and G–C. The sequence of these bases along the molecule is a code of 

instructions for building proteins, and proteins are the working molecules that build cells, 
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enzymes, hormones and neurotransmitters — that is, they build the body and regulate its 

functioning. DNA can copy itself exactly (replication), which allows growth by cell division and 

the faithful transmission of the code to every cell of the child's body, so that each of the trillions 

of cells in the older child carries the same genetic instructions present in the original zygote. 

Genes 

A gene is a specific segment of DNA occupying a fixed position (locus) on a chromosome, whose 

base sequence instructs the cell to make a particular protein. Humans have roughly 20,000–

25,000 genes. Different forms of the same gene are called alleles: for example, the gene 

affecting earlobe form has an allele for free earlobes and an allele for attached earlobes. A 

person's complete genetic make-up is the genotype, while the observable characteristics that 

result — appearance, physiology, measured behaviour — form the phenotype. The phenotype 

is never a photograph of the genotype, because environment participates in translating one 

into the other. Some traits are governed by a single gene pair; most developmental 

characteristics that teachers care about — intelligence, temperament, height — are polygenic, 

influenced by many genes acting together, which is why they vary continuously in the 

population rather than falling into neat categories. 

Dominant-Recessive Inheritance 

Gregor Mendel's experiments established the principle of dominant-recessive inheritance. 

When the two alleles inherited from the parents differ (the heterozygous condition), only one 

— the dominant allele — is fully expressed, while the other — the recessive allele — is masked, 

though it is still carried and can be passed on. A recessive trait appears in the phenotype only 
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when the child inherits the recessive allele from both parents (the homozygous recessive 

condition). Examples of dominant traits in humans include brown eyes, free earlobes, a widow's 

peak hairline and the ability to roll the tongue; recessive traits include blue eyes, attached 

earlobes and straight hairline. 

The pattern is easily followed with a Punnett square. Suppose both parents carry one allele for 

brown eyes (B, dominant) and one for blue eyes (b, recessive); each is phenotypically brown-

eyed (Bb). Table 2 shows their possible children. 

Table 2: Punnett square for two heterozygous brown-eyed parents (Bb × Bb) 

 B (from father) b (from father) 

B (from mother) BB — brown eyes Bb — brown eyes (carrier of 
blue) 

b (from mother) Bb — brown eyes (carrier of 
blue) 

bb — blue eyes 

 

Thus each child has, on average, a 3-in-4 chance of brown eyes and a 1-in-4 chance of blue eyes 

— which explains how a trait can skip a generation and surprise brown-eyed parents with a 

blue-eyed child. The same logic governs many inherited disorders: phenylketonuria (PKU), cystic 

fibrosis and thalassemia major are recessive conditions that appear only in homozygous 

children, while Huntington's disease is a dominant disorder expressed in every carrier. This is 

why carrier screening and genetic counselling are practical applications of genetics. Two 

refinements complete the picture: in incomplete dominance (e.g. sickle-cell trait) the 

heterozygote shows an intermediate form, and in sex-linked inheritance recessive genes on the 

X chromosome (colour blindness, haemophilia) are expressed more often in boys, who have 

only one X chromosome. 
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How Genes and Environments Interact 

The most important modern conclusion is that genes and environment do not add together like 

separate ingredients; they interact, so the effect of each depends on the other. Several forms of 

interaction are recognised. 

 Range of reaction: Each genotype sets a range of possible phenotypes, and the environment 

determines the position within the range. Two children with similar genetic potential for 

height will end up at different heights if one is well nourished and the other is chronically 

malnourished; no diet, however, can push a child beyond the genetic ceiling. 

 Canalisation: Some traits are strongly canalised — buffered so that they develop along a set 

path despite varied environments. Babbling, early motor milestones and basic language 

emergence appear in almost all environments; only extreme deprivation disrupts them. 

School achievement, by contrast, is weakly canalised and highly environment-sensitive. 

 Gene–environment correlation (Scarr): Genes influence the environments children 

experience. In passive correlation, parents provide both genes and environment — musical 

parents give a child both musical genes and a home full of music. In evocative correlation, 

the child's genetically influenced traits evoke responses: a cheerful baby receives more 

social stimulation, a difficult child more discipline. In active correlation (niche-picking), older 

children select environments matching their tendencies — the athletic child joins sports, 

the reader haunts the library — so genetic influences grow stronger with age. 

 Epigenetic effects: Experience can chemically modify gene expression without changing the 

DNA sequence itself. Severe early stress, toxins or poor nutrition can switch genes involved 
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in stress regulation off or on, with effects sometimes transmitted to the next generation — 

direct evidence that nurture reaches into nature's machinery. 

The practical consequence is the end of fatalism. A genetic risk is a probability, not a destiny: 

the child with a recessive PKU genotype develops normally on a special diet — an 

environmental treatment for a genetic disorder, and newborn screening programmes in many 

countries do exactly this. Conversely, identical genes do not guarantee identical outcomes, as 

identical-twin differences show. 

Conclusion 

To conclude, development rests on a genetic foundation of 46 chromosomes carrying DNA 

whose base sequences constitute some 20,000–25,000 genes. Single-gene traits follow 

Mendel's dominant-recessive principle, illustrated by the Punnett square, while most 

developmental traits are polygenic. Above all, genes and environments interact through ranges 

of reaction, canalisation, gene–environment correlations and epigenetic modification. The child 

who enters the classroom is therefore neither a prisoner of heredity nor a blank slate, but the 

unique product of a lifelong conversation between the two. 

Question 5: Prenatal Development, Teratogens and Environmental 

Risks (20 Marks) 

Explain prenatal development and the three periods (zygote, embryo, and fetus). What are 

teratogens? Discuss the major environmental risks that can affect prenatal development, 

including drugs, tobacco, alcohol, and maternal health factors. (20) 
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Introduction 

The roughly 40 weeks between conception and birth constitute the most rapid and the most 

vulnerable period of the entire life span: a single cell weighing almost nothing becomes a fully 

formed infant of about 3–3.5 kg capable of breathing, sucking and responding to the world. 

Because so much construction happens so quickly, prenatal development is also the period in 

which environmental disturbances can do the most permanent damage. This answer describes 

the three periods of prenatal development — zygote, embryo and fetus — then defines 

teratogens and explains the principles governing their effects, and finally discusses the major 

environmental risks: drugs, tobacco, alcohol and maternal health factors. 

The Period of the Zygote (Germinal Period): Weeks 1–2 

Prenatal development begins at fertilisation, usually in the fallopian tube, when sperm and 

ovum unite to form the zygote. The zygote divides repeatedly by mitosis — two cells, four, 

eight, sixteen — becoming a hollow ball of cells called the blastocyst as it travels towards the 

uterus over about a week. Around days 10–14 the blastocyst implants itself in the uterine wall; 

this is a critical hurdle, and a substantial proportion of zygotes fail to implant and are lost 

without the mother ever knowing she conceived. During this period the outer cells of the 

blastocyst begin forming the support structures of pregnancy — the placenta, umbilical cord 

and amniotic sac — while the inner cell mass will become the embryo proper. Because organ 

systems have not yet begun to form, harmful agents acting in these first two weeks tend to 

have an “all-or-none” effect: either the zygote is destroyed, or it survives essentially 

undamaged. 
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The Period of the Embryo: Weeks 3–8 

From the third to the eighth week the developing organism is called an embryo, and this is the 

most critical period of all, because the foundations of every major organ system are laid down. 

The inner cell mass differentiates into three layers: the ectoderm (which becomes the nervous 

system, skin and sense organs), the mesoderm (muscles, skeleton, circulatory and excretory 

systems) and the endoderm (digestive system, lungs, liver and glands). The neural tube — the 

forerunner of brain and spinal cord — closes by about day 28; the heart begins to beat in the 

fourth week; buds that will become arms and legs appear; and by the end of the eighth week 

the embryo, only about 2.5–3 cm long and weighing a few grams, has a recognisably human 

form with eyes, ears, fingers, a beating heart and the beginnings of all internal organs. Precisely 

because so much is being constructed, the embryo is maximally sensitive to teratogens: insults 

at this stage produce major structural malformations of whichever organ is then forming. 

The Period of the Fetus: Week 9 to Birth 

From the ninth week until birth the organism is called a fetus, and the tasks of this longest 

period are growth and maturation rather than new construction. Organ systems refine and 

begin to function: the fetus swallows, moves, responds to sound, opens its eyes and practises 

breathing movements. Growth is dramatic — from a few centimetres and grams at week 9 to 

about 50 cm and 3.4 kg at birth. A crucial landmark is the age of viability, around 22–26 weeks, 

when the lungs and nervous system have matured enough for the fetus to have a chance of 

surviving outside the womb with medical support; chances improve steeply with each 

additional week. In the final weeks the fetus gains protective fat, receives antibodies from the 
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mother, and the brain undergoes rapid growth. Insults during this period cause less dramatic 

structural deformity but can stunt growth, damage the brain and produce functional and 

behavioural problems. 

 

Figure 1: The three periods of prenatal development and their chief characteristics. 

What Are Teratogens? 

A teratogen is any environmental agent or condition — a drug, chemical, infection, radiation or 

maternal state — that can cross to the developing organism and cause physical malformations, 

growth retardation, brain damage or death. Teratology, the study of such agents, has 

established general principles that every health worker should know. (1) Timing: effects depend 

on when exposure occurs — the embryonic period is most dangerous for structural defects, and 

each organ has its own critical period. (2) Dose: the greater and longer the exposure, the 

greater the damage. (3) Heredity: genotypes differ in susceptibility, so the same exposure does 

not affect all fetuses equally. (4) Cumulative and interacting risks: several mild risks together 

(poor nutrition plus smoking plus stress) do more damage than any one alone. (5) Damage may 
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be sleeper-like: some effects, especially on learning and behaviour, only become visible years 

later at school. 

Major Environmental Risks 

Drugs 

Many drugs cross the placenta. Prescription history gave the classic warning: thalidomide, given 

in the 1960s for morning sickness, caused severe limb deformities when taken during the 

embryonic period. Illegal drugs are equally dangerous: cocaine restricts blood flow and is linked 

to premature birth, low birth weight, strokes in the newborn and later attention and behaviour 

problems; opioids produce newborn withdrawal syndrome, in which the baby is born addicted 

and suffers tremors, irritability and feeding difficulties. Even common medicines should be used 

in pregnancy only on medical advice. 

Tobacco 

Cigarette smoke contains nicotine and carbon monoxide, which reduce the oxygen and 

nutrients reaching the fetus. Maternal smoking is firmly linked with miscarriage, premature 

birth and low birth weight — babies of smokers average 200 grams or more lighter — and with 

higher rates of sudden infant death syndrome (SIDS), respiratory illness and later attention 

problems. Passive smoking carries the same risks in smaller degree, so smoke-free homes are a 

genuine prenatal protection. 
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Alcohol 

Alcohol is among the most dangerous teratogens because it passes freely to the fetus, whose 

liver cannot break it down. Heavy drinking produces Fetal Alcohol Syndrome (FAS): a 

characteristic pattern of facial abnormalities (small head, flat mid-face, thin upper lip), growth 

retardation and irreversible brain damage with intellectual disability and behaviour problems — 

one of the leading preventable causes of intellectual disability worldwide. Lesser exposures 

produce the milder but still serious fetal alcohol spectrum disorders (FASD), affecting learning 

and self-control. Because no safe threshold has been established, the medical advice is 

complete abstinence during pregnancy. 

Maternal Health Factors 

The mother's body is the fetus's environment, so her health is a developmental factor. 

Infections matter: rubella (German measles) in early pregnancy can cause deafness, blindness 

and heart defects; HIV can be transmitted to the child; untreated diabetes and high blood 

pressure disturb growth. Nutrition matters: folic acid deficiency in the first weeks causes neural 

tube defects such as spina bifida, which is why supplementation before and during early 

pregnancy is recommended; severe malnutrition produces low birth weight and smaller brain 

growth. Maternal age matters at both extremes — teenage mothers face nutritional 

competition with their own growth, and mothers over 35 face higher risks of chromosomal 

abnormalities. Rh incompatibility, in which an Rh-negative mother's antibodies attack an Rh-

positive baby's blood, and prolonged severe stress, which exposes the fetus to stress 
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hormones, complete the list of maternal risks. Radiation and environmental pollutants such as 

lead and pesticides should also be avoided. 

Protection: Antenatal Care 

Most prenatal risks are preventable. Regular antenatal check-ups, folic acid and iron 

supplementation, a balanced diet, immunisation (especially rubella, before pregnancy), 

complete avoidance of alcohol, tobacco and non-prescribed drugs, screening for infections and 

diabetes, and prompt treatment of maternal illness convert the prenatal period from a time of 

danger into the foundation of a healthy life. Educating prospective parents about teratogens is 

therefore one of the highest-yield investments in child development. 

Conclusion 

To conclude, prenatal development proceeds through the zygote period (weeks 1–2: cell 

division and implantation), the embryonic period (weeks 3–8: formation of all major organs, 

and the time of greatest vulnerability) and the fetal period (week 9 to birth: growth, maturation 

and viability). Teratogens — drugs, tobacco, alcohol, infections, radiation and adverse maternal 

conditions — can disturb this construction at any point, with effects governed by timing, dose, 

heredity and cumulative risk. Because the damage is largely preventable through antenatal care 

and abstinence from known hazards, knowledge of prenatal development is a practical duty for 

parents, teachers and health workers alike. 
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