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General topic of the learning path Genetics and biology of mutations 

Specific name of the learning unit Mutations: Nature, Causes, and Effects on 
Organisms 

Age of the target users 14-18 years 

Requirements for the learner 
Basic knowledge of biology; understanding of 
DNA and genes; interest in science and science 
fiction 

Description of the learning unit 

This learning unit explores genetic mutations, 
their types, causes, and effects on living 
organisms. Students examine how mutations 
occur naturally or due to environmental factors 
and how they can lead to harmful effects, neutral 
changes, or beneficial adaptations. The unit 
connects scientific knowledge with popular culture 
by comparing real mutations to fictional 
“superpowers.” Augmented Reality (AR) activities 
in Delightex help students visualize DNA 
structures, mutation processes, and chromosomal 
changes, making abstract concepts more 
concrete and engaging. 

Subject: Parties involved Biology teachers, students 

Keywords 
Mutation, genetics, DNA, superpowers, evolution, 
genome, augmented reality (AR), Explore–
Execute–Enhance 

Key qualifications, skills and knowledge 
that can be acquired 

Understanding mutation types and causes; ability 
to analyse biological information; critical thinking; 
basic AR interaction skills; creativity; presentation 
and self-assessment skills 

Resources and didactic aids used 
Biology textbooks, short scientific texts, videos, 
superhero comics and movie clips, AR tasks 
created in Delightex, Explore–Execute–Enhance 
framework 

Assessment criteria and evaluation Knowledge checks and quizzes; AR-based tasks 
in Delightex; creative project (mutation-based 



 

 

 

 

Introduction: 
Mutations are an essential part of evolution and genetic diversity, but they can also 

cause diseases and developmental problems. A mutation is a change in the DNA 

sequence, and these changes influence how organisms grow, function, and adapt to 

their environment (Griffiths et al., 2019). By studying mutations, scientists gain a better 

understanding of how genomes change over time and how these changes affect 

biology and medicine. 

In this learning unit, students explore different types of mutations, including 

chromosomal changes such as deletions, duplications, inversions, and translocations. 

These mutations can alter the structure of chromosomes and influence how genes 

work (Alberts et al., 2015). The unit also explains how mutations can arise from errors 

during DNA replication, when DNA is copied before cell division, as well as from 

environmental factors such as ultraviolet (UV) radiation and chemical substances 

(Strachan & Read, 2018). 

In addition, the unit highlights the importance of DNA repair mechanisms. Cells have 

systems that correct many DNA errors, helping to protect genome stability. However, 

repair processes are not always perfect, and some mutations remain in the DNA, 

increasing genetic variation within populations (National Human Genome Research 

Institute, 2023). This balance between maintaining genome integrity and allowing 

genetic variation is crucial for both the survival of organisms and the process of 

evolution. 

 

 

 

character or scenario); short oral presentations; 
reflection on ethical aspects of mutations; self-
assessment during the Enhance phase 



 

 

1: Explore 
Mutations and Superpowers 

In modern science fiction and action movies, the words mutation and mutant are often 

used to explain superpowers. Popular characters from films and series such as 

Deadpool, Spider-Man, Heroes, and X-Men are shown gaining extraordinary abilities 

through genetic changes called mutations. These stories suggest that mutations can 

give humans special powers, such as super strength, regeneration, or the ability to 

change body shape. 

However, in real biology, the meaning of a mutation is much more specific. A mutation 

is simply a change in the DNA sequence of an organism (Griffiths et al., 2019). 

Scientists study mutations to understand how traits change, how diseases develop, 

and how evolution works—not to create superhumans. 

This raises important questions: What does a mutation really do in the human body? 

Can a person be born with dramatic abilities like those seen in movies, or gain powers 

after exposure to radiation or a genetically altered organism? Scientific research 

shows that while mutations can affect physical traits or health, they do not lead to 

sudden or extreme abilities like climbing walls or changing shape (Alberts et al., 2015). 

Instead, most mutations have small effects, no visible effect at all, or negative 

consequences for the organism. 

Understanding the difference between fictional mutations and real genetic changes 

helps students develop scientific literacy and think critically about how biology is 

represented in popular culture (National Human Genome Research Institute, 2023). 

What does mutation really mean? 

The genome is the complete set of DNA in a living organism. It includes genes that 

code for proteins, as well as non-coding regions such as introns and pseudogenes, 

which do not directly produce proteins but still play important roles in regulation and 

structure (Alberts et al., 2015). Every species has its own unique genome. For 

example, humans and chimpanzees share about 99% of their DNA, yet the remaining 



 

 

1% creates significant differences in appearance, behaviour, and abilities (Griffiths et 

al., 2019). 

A useful way to understand the genome is to think of it as a blueprint for a house. The 

blueprint explains how the house should be built—its size, structure, and materials. In 

living organisms, the “building materials” are proteins, lipids (fats), and sugars. The 

genome determines which proteins are produced, which versions of genes (alleles) 

are used, and how much of each protein is made. This process is called gene 

expression (Strachan & Read, 2018). 

However, genes do not work alone. The environment also strongly influences how an 

organism develops. For example, genes may provide the instructions for muscle 

growth, but muscles become stronger only with proper nutrition and physical activity. 

This interaction between genes and the environment explains why individuals with 

similar DNA can still develop different traits (Alberts et al., 2015). 

Although every cell in the human body contains the same DNA, different cells use 

different genes. Skin cells and muscle cells, for instance, produce different proteins in 

different amounts. This selective gene activity shapes physical traits such as eye 

colour, hair colour, height, and body structure (Griffiths et al., 2019). 

Because traits depend on DNA, any change in the genome can affect an organism. A 

mutation is a change in the DNA sequence that can occur randomly or be caused by 

environmental factors such as radiation or chemicals. Mutations can happen within 

genes or in non-coding regions of DNA. While some mutations have no visible effect, 

others can influence traits, health, or survival (National Human Genome Research 

Institute, 2023). 

How Can Mutations Affect an Organism? 

Living organisms can have many different kinds of mutations. Some mutations cause 

clear and serious changes, while others do not cause any noticeable effect at all. To 

understand this better, we can again use the house blueprint example. A random 

change in a carefully designed plan can lead to very different results (Alberts et al., 

2015). 



 

 

For instance, a small change might create a gap between a window and a wall, 

allowing cold air to enter the house. Another change could damage the plumbing 

system, making everyday life uncomfortable. In biology, similar small mutations can 

slightly affect how a protein works or how efficiently it is produced. 

Sometimes, a large random change can cause serious problems. Removing a load-

bearing wall from a house could cause the whole building to collapse. In the same 

way, some mutations strongly disrupt essential genes and can lead to diseases or 

developmental problems (Strachan & Read, 2018). 

However, not all changes are harmful. Some mutations have no effect at all, such as 

replacing one roof tile with another identical one. In genetics, these are called neutral 

mutations. Very rarely, a mutation can even be beneficial. An example is lactose 

tolerance in humans—the ability of adults to digest milk—which became 

advantageous after the domestication of cattle (Griffiths et al., 2019). 

The effect of a mutation mostly depends on: 

● whether it changes a gene that codes for a protein or RNA, 

● how important that gene is for the organism, 

● and how strongly the gene is expressed (how much it is “turned on”). 

Because genes interact in complex networks, even a small mutation can sometimes 

have wide effects, while other mutations remain unnoticed (National Human Genome 

Research Institute, 2023). 

Point Mutations 

The simplest type of mutation happens when one DNA letter, called a nucleotide, is 

replaced by another. This type of change is known as a point mutation or a single 

nucleotide variant (SNV) (Alberts et al., 2015). 

If a point mutation is passed from parents to children and becomes common in a 

population, it is called a single nucleotide polymorphism (SNP). A change is usually 

considered an SNP only if it appears in at least a small part of the population, for 

example in about 1% of people (Griffiths et al., 2019). 



 

 

For example, imagine that 98% of people have the DNA sequence: 

…acgtgcgAtgattg… 

but 2% of people have a slightly different version: 

…acgtgcgTtgattg… 

In this case, the DNA letter A is replaced by T at one position. This is an example of 

an A-to-T SNP. 

If this SNP is located inside a gene, it is called an allele or gene variant. Different 

alleles can lead to small differences between individuals, such as eye color, height, or 

the ability to digest certain foods (Strachan & Read, 2018). 

Most point mutations have no visible effect, but some can change how a protein works 

or how much of it is produced. In certain cases, point mutations are linked to genetic 

diseases, while in other cases they simply increase genetic diversity in a population 

(National Human Genome Research Institute, 2023). 

Why the Mutation’s Location Matters 

For point mutations, it is very important where the mutation happens in the DNA. A 

mutation can occur inside a gene or between genes. Mutations that happen outside 

genes often have little or no effect, because large parts of the genome do not directly 

code for proteins and contain repeated or regulatory sequences (Alberts et al., 2015). 

When a mutation occurs inside a protein-coding gene, its effect depends on whether 

it changes the protein. If the DNA change does not alter the amino acid sequence of 

the protein, it is called a synonymous mutation. This is possible because the genetic 

code is redundant, meaning that different DNA triplets (codons) can code for the same 

amino acid (Griffiths et al., 2019). 

For example, the codons TCA and TCG both code for the amino acid serine. If a 

mutation changes the last letter from A to G, the protein remains exactly the same. As 

a result, the mutation usually has no effect on how the protein works. 



 

 

Many synonymous mutations occur in the third position of a codon, also known as the 

wobble position. Changes in this position often do not affect the protein structure or 

function (Strachan & Read, 2018). 

There are also neutral mutations, where one amino acid is replaced by another with 

similar chemical properties, such as charge or size. Because the new amino acid 

behaves in a similar way, the protein can often still function normally. These small 

changes usually do not harm the organism and help explain why genetic variation can 

exist without causing disease (National Human Genome Research Institute, 2023). 

Silent Mutations 

If a mutation does not change the organism’s visible traits, also called the phenotype, 

it is known as a silent mutation. In many cases, silent mutations do not cause 

noticeable effects, but the difference between silent and synonymous mutations is not 

always clear (Griffiths et al., 2019). Although synonymous mutations do not change 

the amino acid sequence of a protein, they can still have small effects. For example, 

different codons that code for the same amino acid may use different amounts of 

matching tRNA molecules. This can influence how fast a protein is produced, which 

may slightly affect cell function (Alberts et al., 2015). In most cases, silent and 

synonymous mutations have very little impact on the organism. These mutations 

demonstrate that genetic systems are flexible and can tolerate small changes without 

losing their function. This flexibility is important for evolution and long-term adaptation 

(Strachan & Read, 2018). 

Figure 1 illustrates a synonymous mutation, where a change in the DNA sequence 

does not alter the amino acid sequence of the resulting protein. 

 



 

 

 

Missense Mutations 

 
Figure 2. Missense and nonsense mutations in a protein-coding gene 

In a missense mutation, one amino acid in a protein is replaced by another different 

amino acid. This change can affect the protein’s shape and function and may prevent 

it from working correctly. Many genetic diseases are caused by missense mutations 

because even a small change in protein structure can have serious effects (Alberts et 

al., 2015). 

A well-known example of a missense mutation is sickle cell anemia. This disease is 

caused by a point mutation in the β-globin gene. In this mutation, the second base in 

one codon changes from adenine (A) to thymine (T). As a result, the amino acid 

glutamic acid is replaced by valine in the hemoglobin protein (Griffiths et al., 2019). 

This small change has a large impact. The altered hemoglobin molecules stick 

together, causing red blood cells to become crescent-shaped instead of round. These 

abnormal cells cannot carry oxygen efficiently and break down more quickly than 

normal red blood cells. This leads to symptoms such as pain, fatigue, and increased 

risk of infections (Strachan & Read, 2018). 



 

 

Nonsense Mutations 

Nonsense mutations occur when a point mutation creates a stop codon too early in a 

gene. As a result, protein synthesis stops before the full protein is made. This leads to 

a shortened (truncated) protein, which usually does not work properly or does not work 

at all (Alberts et al., 2015) (see Figure 2). 

Because proteins often need their full structure to function correctly, nonsense 

mutations are usually more harmful than synonymous or neutral mutations. The 

missing part of the protein can remove essential functional regions, making the protein 

unstable or useless (Griffiths et al., 2019). 

Several serious genetic diseases are caused by nonsense mutations, including 

Duchenne muscular dystrophy and cystic fibrosis (Strachan & Read, 2018). 

Example: Cystic Fibrosis 

Cystic fibrosis is caused by mutations in a gene that codes for an ion channel protein, 

which controls the movement of salt and water in certain tissues, especially in the 

lungs. When this protein does not function correctly, thick mucus builds up in the 

airways. This mucus makes breathing difficult and leads to frequent lung infections. 

Although cystic fibrosis cannot be cured, modern treatments can help manage 

symptoms and improve quality of life. This example shows how a single mutation that 

introduces an early stop codon can have serious effects on the whole organism 

(National Human Genome Research Institute, 2023). 



 

 

Insertion Mutations 

 

Figure 3. An insertion 

An insertion mutation happens when one or more nucleotides are added to the DNA 

sequence. Insertions can be very small or extremely large, sometimes involving 

thousands or even millions of nucleotides. Small insertions often occur during DNA 

replication or DNA repair processes (Alberts et al., 2015). 

If nucleotides are inserted into a protein-coding gene and the number of added 

nucleotides is not divisible by three, the mutation causes a frameshift mutation. This 

shifts the reading frame of the gene, changing all the codons that follow. As a result, 

the entire protein sequence is altered, and the protein usually loses its normal function 

(see Figure 3) (Griffiths et al., 2019). 

Frameshift mutations usually affect only one protein because genes are separated by 

long non-coding regions in the genome. However, the effects on that single protein 

can be very serious and often lead to disease. 

Insertions can also be caused by transposable elements (TEs). These are DNA 

sequences that can move to different locations within the genome. The most common 

transposable element in humans is the Alu element, which is about 300 base pairs 

long and occurs in hundreds of thousands of copies in the human genome (Strachan 

& Read, 2018). 

 



 

 

Transposable elements can move by two main mechanisms: 

● “Cut and paste”, where the element is removed from one location and inserted 

into another. 

● “Copy and paste”, where a copy of the element is inserted into a new location 

while the original remains. 

Scientific studies have shown that Alu insertions can disrupt genes and are linked to 

genetic disorders such as hemophilia and breast cancer (National Human Genome 

Research Institute [NHGRI], 2023). 

Deletion Mutations 

 
 

Figure 4: Chromosomal Deletion, Duplication, and Inversion 

A deletion mutation happens when one or more nucleotides are removed from the 

DNA sequence. Unlike insertions, deletions are usually irreversible, because the lost 

DNA cannot be restored once it is removed (Alberts et al., 2015). Although some 

transposable elements can move out of the genome, deleted DNA sequences are 

permanently lost. 

Deletions can have serious effects, especially when a large section of a chromosome 

is removed. This can lead to loss of heterozygosity, meaning that only one copy (allele) 

of a gene remains. If the remaining allele is faulty and the deleted allele was healthy, 

the organism may experience severe biological consequences (Griffiths et al., 2019). 



 

 

Small deletions inside protein-coding genes can also cause frameshift mutations, 

which change the reading frame of the gene and usually result in a non-functional 

protein. 

Duplication Mutations 

In contrast to deletions, duplication mutations occur when a segment of DNA is copied 

one or more times. These mutations often happen because of errors during genetic 

recombination (see Figure 4) (Strachan & Read, 2018). 

Small duplications cause certain DNA sequences to appear repeatedly, leading to 

changes in copy number variation (CNV). This means that some genes may be 

present in more or fewer copies than normal, which can affect how much of a protein 

is produced. 

Changes in repeat numbers can cause genetic disorders. A well-known example is 

Huntington’s disease. The huntingtin gene (HTT) normally contains 27–35 repeats of 

the three-nucleotide sequence CAG. When the number of repeats exceeds 40, it leads 

to a progressive neurodegenerative disorder affecting the central nervous system 

(NHGRI, 2023). 

Large duplications involving whole genes or chromosome segments can increase 

gene expression and are often associated with diseases such as cancer, where 

excessive cell growth occurs. 

Inversion Mutations 

An inversion mutation happens when a segment of DNA breaks and is reinserted in 

the opposite direction within the chromosome. Although this sounds dramatic, 

inversions often do not cause major harm, because no genetic material is lost (Griffiths 

et al., 2019). 

In many cases, the order of genes on a chromosome does not strongly affect how the 

organism functions. However, problems may occur at the breakpoints, where the DNA 

breaks and rejoins. Important genes can be disrupted at these locations. 

There are two main types of inversions: 



 

 

● Paracentric inversions: occur within one arm of a chromosome and do not 

include the centromere. 

● Pericentric inversions: include the centromere within the inverted segment. 

Chromosomal Translocation 

A chromosomal translocation occurs when a segment of one chromosome breaks 

off and attaches to another chromosome or to a different location on the same 

chromosome. This type of mutation changes the position of genes, which can affect 

how they function (Griffiths et al., 2019). 

There are two main types of chromosomal translocations: 

Balanced Translocation 

In a balanced translocation, no genetic material is lost or gained—DNA segments 

are simply rearranged. In many cases, individuals with balanced translocations do not 

show visible symptoms. However, problems may appear during reproduction, as 

balanced translocations can increase the risk of infertility or genetic disorders in 

offspring (Strachan & Read, 2018). 

Unbalanced Translocation 

An unbalanced translocation occurs when genetic material is lost or duplicated. This 

often leads to serious biological consequences because the normal balance of genes 

is disrupted. Unbalanced translocations are associated with conditions such as 

cancer, infertility, and genetic disorders including Down syndrome (NHGRI, 2023). 

Translocations can also result in gene fusions, where parts of two different genes 

become joined together. These fused genes may produce abnormal proteins that 

interfere with normal cell function and can contribute to disease development, 

especially in certain cancers (Alberts et al., 2015). 



 

 

  

Figure 5. Chromosomal translocation 

How do mutations occur? 

Mutations arise from changes or errors in the DNA sequence, such as breaks, 

mismatches, or missing bases. These errors happen mainly for two reasons: external 

environmental factors or random mistakes during DNA replication (Alberts et al., 

2015). 

Environmental Factors 

Environmental factors that cause mutations are called mutagens. They include 

different types of radiation and chemical substances. 

For example, ultraviolet (UV) radiation from sunlight often causes point mutations by 

changing one DNA base into another, such as replacing guanine (G) with thymine (T). 

This type of damage is common in skin cells and is strongly linked to skin cancer 

(Griffiths et al., 2019). 

Certain chemicals can also damage DNA. One example is ethidium bromide, a 

substance that inserts itself between DNA bases. This distorts the DNA structure and 

increases the chance of replication errors (Strachan & Read, 2018). 

DNA Damage and Repair 



 

 

DNA damage does not always result in a mutation. Cells have several DNA repair 

mechanisms that constantly check and fix errors in the genome. However, DNA repair 

is not always perfect. Sometimes, the repair system inserts the wrong nucleotide 

opposite a damaged base. When this happens, a mutation—a permanent change in 

the DNA sequence—can occur (Alberts et al., 2015). 

Mutation Rate During Cell Division 

Every time a cell divides, the entire DNA sequence must be copied. In humans, this 

means copying about 12 billion nucleotides (both DNA strands of a diploid cell). The 

enzyme responsible for this process, DNA polymerase, is extremely accurate and 

makes only about one mistake per 100 million nucleotides (Griffiths et al., 2019). 

Even with this high accuracy, the large size of the human genome means that 

hundreds of new mutations can appear during each cell division. Most of these errors 

are corrected by DNA repair systems or by the proofreading function of DNA 

polymerase, which fixes about 99% of mistakes. 

Types of Errors Made by DNA Polymerase 

DNA polymerase can make different kinds of errors: 

● Mismatches: incorrect nucleotides are added, forming wrong base pairs (for 

example, A–C instead of A–T). 

● Slippage: the enzyme slips forward or backward along the DNA strand, 

causing insertions or deletions of nucleotides. 

If these errors are not corrected, they may become permanent mutations. 

 

Fixation of Mutations 

A mutation becomes fixed when DNA repair mechanisms fail or repair the damage 

incorrectly. During the next round of DNA replication, the mutated strand serves as a 

template, and the mutation is copied into new DNA. At this point, the cell no longer 

recognizes it as an error (NHGRI, 2023). 



 

 

Mutations in somatic cells (body cells) are passed only to daughter cells and are not 

inherited by offspring. Mutations in germ cells (sperm or egg cells), however, can be 

passed on to the next generation. 

Why Imperfect Repair Is Important 

Although mutations can be harmful, perfect DNA repair would stop evolution. Without 

mutations, there would be no genetic variation, no natural selection, and no adaptation 

to changing environments. Genetic variation is essential for populations to survive and 

evolve over time (Griffiths et al., 2019). 

How Many Mutations Occur? 

Mutation rates vary greatly between organisms: 

● Viruses have very high mutation rates, about 1 mutation per 10,000 nucleotides 

per infection cycle. 

● Humans have much lower mutation rates, about 1 mutation per 30–40 million 

nucleotides. 

Despite this low rate, humans pass approximately 100–200 new mutations to each 

child because of the large size of the human genome (Strachan & Read, 2018). 

Are All Mutations Harmful? 

Most mutations are harmful or neutral, because protein sequences have been highly 

optimized through evolution. Studies in fruit flies show that about 70% of 

nonsynonymous mutations—those that change amino acids—are harmful (Griffiths et 

al., 2019). 

Beneficial mutations are rare, but they play a key role in evolution. A real example is 

lactose tolerance in humans. Mutations that allow adults to digest milk became 

beneficial after humans began domesticating cattle. However, whether a mutation is 

useful often depends on the environment. If conditions change, a once-beneficial 

mutation may no longer provide an advantage (NHGRI, 2023). 

Hollywood vs Reality 



 

 

In movies and comics, mutations often give characters superpowers. In reality, this is 

not possible. Dramatic abilities would require many complex mutations occurring at 

the same time in all body cells—and in germ cells to be inherited. Such changes are 

biologically unrealistic (Alberts et al., 2015). 

For example, Spider-Man’s abilities would require coordinated changes in muscles, 

bones, nerves, and metabolism across the entire body—something that cannot 

happen through normal mutations. 

When Are Mutations Passed to Offspring? 

● Mutations in most adult body cells are not inherited. 

● Mutations in stem cells affect only the cells that develop from them. 

● Only mutations in germ cells (sperm or egg) can be passed on to future 

generations. 

 

 

 

 

 

 

 

 

2: Execute 
Curriculum Implementation 

In this phase, students apply their knowledge about genetic mutations through hands-

on, AR-supported activities created in Delightex. The focus is on identifying, 



 

 

categorizing, and understanding different mutation types by interacting with visual and 

interactive elements rather than only reading text. 

Using Delightex, students explore 3D models of DNA and chromosomes, observe how 

mutations affect genetic sequences, and simulate changes caused by replication 

errors and environmental factors. These activities help learners connect theoretical 

knowledge from the Explore phase with practical visual representations. 

Interactive Exercises 

1. Visualising DNA replication and errors 

 Students interact with a 3D DNA model in Delightex that shows the DNA replication 

process. At specific points, the model highlights possible replication errors, such as 

mismatches or slippage. Students are asked to identify what type of mutation could 

result from each error and explain its potential effect. 

2. Simulating environmental factors 

 Through interactive scenes, students observe how environmental factors such as UV 

radiation or chemicals can damage DNA. By activating different AR elements, learners 

see how these factors increase the likelihood of point mutations or larger DNA 

changes. This helps them understand the link between environment and genetic 

change. 

3. Modelling chromosomal rearrangements 

 Using Delightex objects and scenes, students explore insertions, deletions, 

duplications, inversions, and translocations. Chromosome segments can be moved, 

flipped, or removed to visually demonstrate each mutation type. Students then discuss 

how these structural changes might affect gene function and organism health. 

4. Mutation identification quiz 

 Students complete an AR-based quiz in Delightex where they classify mutation types 

based on short descriptions, diagrams, or animated sequences. This reinforces 

terminology and conceptual understanding in an interactive way. 

Feedback Collection 

Feedback is integrated directly into the Delightex activities. 



 

 

● After each interactive task or quiz question, students receive immediate 

feedback indicating whether their answer is correct or incorrect. 

● Short explanatory messages clarify why a specific mutation type is correct 

and what biological effect it may have. 

● Teachers can use quiz results and student interactions within Delightex to 

identify misconceptions and adjust instruction accordingly. 

Through these AR-based activities, students actively engage with mutation concepts, 

strengthen their analytical skills, and develop a deeper understanding of how genetic 

changes occur and why they matter. 

 

 

 

 

 

 

 

 

3: Enhance 
Augmented Reality (AR) activities created in Delightex significantly enhance the 

learning process by transforming abstract genetic concepts into clear, interactive, and 

visual experiences. By immersing students in simulations of DNA structure and 

mutation processes, AR supports deeper understanding and active exploration of how 

mutations occur and affect organisms. 

Deepening Understanding 



 

 

Through Delightex, students interact with 3D models of DNA strands and 

chromosomes, allowing them to observe how replication errors, insertions, deletions, 

and chromosomal rearrangements change genetic information. Visualising these 

processes helps learners understand cause–effect relationships in genetics, such as 

how a single nucleotide change can alter protein function or disrupt gene regulation 

(Alberts et al., 2015; Griffiths et al., 2019). 

Unlike static textbook images, AR models can be rotated, zoomed in on, and 

manipulated, which supports spatial thinking and long-term retention of complex 

biological processes. 

Accessibility of Complex Concepts 

Mutation types such as frameshift mutations, chromosomal inversions, or 

translocations are often difficult to understand through diagrams alone. In Delightex, 

students can explore these mutations step by step, visually following how DNA 

segments are added, removed, duplicated, or flipped. This interactive approach 

bridges the gap between abstract genetic theory and concrete understanding, making 

challenging concepts more accessible to diverse learners (Strachan & Read, 2018). 

Increasing Engagement through Gamification 

Delightex enables the integration of gamified learning elements that increase 

motivation and sustained engagement: 

● Students earn points or badges for correctly identifying mutation types or 

explaining their effects. 

● Progressive challenges allow learners to move from simple point mutations to 

complex chromosomal rearrangements. 

● Optional collaborative tasks encourage peer discussion and shared problem-

solving. 

These elements promote active participation and encourage students to take 

ownership of their learning process. 

Building Connections to Real-World Applications 



 

 

AR-based simulations in Delightex help students link mutation concepts to real-world 

biological and medical contexts. For example, learners can explore how mutations 

contribute to genetic diseases, antibiotic resistance, or evolutionary adaptation. By 

visualising these connections, students better understand why mutations matter 

beyond the classroom and how genetic variation shapes life on Earth (National Human 

Genome Research Institute, 2023). 

Educational Impact 

By integrating AR through Delightex in the Enhance phase, students move beyond 

memorisation toward conceptual understanding, critical thinking, and reflection. The 

immersive AR environment supports different learning styles, reinforces scientific 

literacy, and encourages curiosity about genetics, evolution, and biotechnology. This 

approach lays a strong foundation for future studies in biology while helping students 

critically evaluate both the benefits and risks of genetic change. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 

Conclusion:  
This training unit provided learners with a clear and structured understanding of genetic 
mutations, including their causes, types, and biological significance. Students explored 
how mutations arise through DNA replication errors and environmental factors, and how 
these changes can have harmful, neutral, or beneficial effects on organisms. By 
connecting scientific explanations with familiar examples from popular culture, such as 
“superpowers,” the unit helped learners critically distinguish between Hollywood fiction 
and biological reality. 

The integration of Augmented Reality (AR) activities in Delightex played a key role in 
supporting understanding. Through interactive 3D models and simulations, students 
were able to visualise DNA structures, mutation processes, and chromosomal 
rearrangements that are difficult to grasp through text alone. These AR-based 
experiences made abstract genetic mechanisms tangible and supported deeper 
conceptual learning. 

Across the Explore, Execute, and Enhance phases, learners developed not only 
biological knowledge but also analytical, reflective, and creative skills. They practiced 
identifying mutation types, analysing their effects, and linking genetic variation to real-
world contexts such as disease, evolution, and biotechnology. Gamified elements and 
collaborative tasks increased engagement and motivation, while reflection activities 
encouraged students to think about the broader implications of mutations. 

Overall, this unit successfully connected the initial learning objectives with meaningful 
learning outcomes. By combining scientific accuracy, AR-supported exploration, and 
bio-inspired thinking, the unit encourages continued curiosity and provides a strong 
foundation for further study in genetics, medicine, and biological sciences. 
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Phase Description 

Explore 

- Research and Discovery: Students study key mutation types (point mutations, insertions, 
deletions, duplications, inversions, and translocations). They explore mutation causes, 
including DNA replication errors and environmental influences such as radiation and 
chemicals. 
 
- Content Development: Learners work with adapted scientific texts, diagrams, and visual 
materials explaining mutations, genetic diseases, DNA repair mechanisms, and the role of 
mutations in evolution. Visual and AR-ready content is introduced to prepare students for 
interactive exploration in Delightex. 
- Needs Analysis:Teachers assess prior knowledge through short discussions or diagnostic 
questions. Learning needs and misconceptions are identified to adjust explanations and AR 
tasks for better understanding. 

Execute 

- Curriculum Implementation: Students engage in hands-on lessons using Delightex to explore 
3D DNA and chromosome models. AR scenes simulate mutation processes such as replication 
errors, frameshift mutations, and chromosomal rearrangements. 
 
- Interactive Exercises: Learners observe how mutations form and affect genes by interacting 
with AR models. They classify mutation types, analyse their biological impact, and explain 
outcomes using visual evidence from the AR environment. 
- Feedback Collection: Embedded AR quizzes and interactive checkpoints provide immediate 
feedback. Teacher-guided discussions and short reflections help consolidate understanding 
and address errors. 

Enhance 

- AR Integration: Delightex is used to create immersive environments where students 
manipulate DNA and chromosome models independently. Learners revisit complex concepts 
through self-paced AR exploration, strengthening retention and confidence. 
- Interactive Learning: Students participate in dynamic simulations showing mutation 
consequences and DNA repair processes. Reflection tasks encourage learners to connect 
mutation mechanisms to real-world biological and medical contexts. 
Gamified Content: 
- Points and Badges: Awarded for correctly identifying mutation types and explaining their 
effects. 
Quests and Levels: Students progress from simple mutations to complex chromosomal 
changes. 
Collaborative Gamified Tasks: Small groups work together to analyse mutation scenarios and 
present findings. 

AR-Based Assessments: AR quizzes and visual explanations are used to assess understanding 
in real time.Results help teachers identify knowledge gaps and support personalised feedback. 
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