
dichotomous key bacteria

dichotomous key bacteria are essential tools in microbiology that enable scientists, students, and healthcare
professionals to accurately identify bacterial species based on their physical and biochemical characteristics.
These keys serve as systematic guides that simplify the complex process of bacterial classification, making it
easier to distinguish among the thousands of bacterial species present in nature. Whether used in clinical
diagnostics, environmental studies, or research laboratories, dichotomous keys are invaluable for ensuring
precise identification, which is critical for understanding bacterial roles, pathogenicity, and appropriate
treatment strategies. In this comprehensive guide, we will explore the concept of dichotomous key
bacteria, their structure, how they are developed, and their significance in microbiology.

Understanding Dichotomous Keys in Bacteria Identification

What Is a Dichotomous Key?
A dichotomous key is a step-by-step decision-making tool that guides users through a series of paired
choices based on observable traits. Each decision point presents two contrasting options, leading
progressively toward the correct identification of an organism. The term "dichotomous" derives from the
Greek words "dicha," meaning "in two," and "temnein," meaning "to cut," emphasizing the binary nature of
the choices involved.

The Role of Dichotomous Keys in Bacterial Identification
In microbiology, dichotomous keys are tailored to bacterial characteristics, including:

- Morphology (shape, size, arrangement)
- Staining properties (Gram-positive or Gram-negative)
- Cultural features (colony appearance, growth conditions)
- Biochemical behaviors (metabolism, enzyme activity)
- Molecular traits (when applicable)

Using these features, microbiologists can systematically narrow down possibilities until a specific bacterial
species is identified.

Structure and Components of a Bacterial Dichotomous Key



Basic Structure
A typical bacterial dichotomous key consists of a series of numbered steps, each offering two choices. These
choices are designed to be mutually exclusive and collectively exhaustive, ensuring that every possible
bacterial trait fits into one of the two options.

Common Elements
- Decision Nodes: Points where choices are made based on observed traits.
- Couplet: The paired options at each decision node.
- Outcome: The final identification of the bacterial species or group.

Example of a Dichotomous Key Step
1. a. Bacteria are Gram-positive — go to step 2
b. Bacteria are Gram-negative — go to step 3

2. a. Bacteria form spores — Bacillus anthracis
b. Bacteria do not form spores — Staphylococcus aureus

3. a. Bacteria are rod-shaped — go to step 4
b. Bacteria are cocci — go to step 5

This hierarchical structure simplifies complex identification processes.

Developing a Dichotomous Key for Bacteria

Selection of Traits
Creating an effective dichotomous key involves selecting traits that are:

- Observable: Traits that can be reliably identified using standard laboratory techniques.
- Consistent: Features that do not vary significantly among strains of the same species.
- Discriminative: Traits that effectively distinguish between different bacterial species.

Steps in Development
1. Gather Data: Collect comprehensive information on bacterial species, including morphology, staining
reactions, biochemical tests, and genetic markers.



2. Identify Key Traits: Determine which features best differentiate the bacteria.
3. Organize Traits Hierarchically: Order traits from the most general to the most specific.
4. Construct Decision Points: Develop paired choices based on traits.
5. Test and Refine: Validate the key with known bacterial samples and adjust for clarity and accuracy.

Challenges in Creating Bacterial Dichotomous Keys
- Variability within species
- Similarities among different species
- Changes due to environmental factors
- The availability of advanced molecular diagnostic tools that complement traditional methods

Examples of Bacterial Dichotomous Keys

Simple Bacterial Identification Key
1. Bacteria are Gram-positive — go to step 2
Bacteria are Gram-negative — go to step 3

2. Bacteria form endospores — Clostridium botulinum
Bacteria do not form endospores — Listeria monocytogenes

3. Bacteria are rod-shaped — go to step 4
Bacteria are cocci — go to step 5

4. Bacteria are motile — Salmonella enterica
Bacteria are non-motile — Shigella flexneri

5. Bacteria ferment lactose — Escherichia coli
Bacteria do not ferment lactose — Neisseria gonorrhoeae

This example illustrates how simple characteristics can guide toward bacterial identification.

Importance and Applications of Dichotomous Key Bacteria



Clinical Microbiology
- Rapid identification of pathogenic bacteria
- Determining appropriate antibiotic therapy
- Detecting outbreaks and epidemiological tracking

Environmental Microbiology
- Identifying bacteria in soil, water, and air samples
- Monitoring pollution and bioremediation processes
- Studying microbial diversity

Research and Education
- Teaching microbiology concepts
- Facilitating research on bacterial taxonomy
- Developing new diagnostic tools

Limitations of Dichotomous Keys in Bacterial Identification
While dichotomous keys are valuable, they have limitations:

- Dependence on Observable Traits: Some bacteria may have similar features, leading to misidentification.
- Labor-Intensive: Requires careful observation and testing.
- Not Always Up-to-Date: Rapid discovery of new species necessitates frequent updates.
- Complementary Molecular Methods: Modern techniques like PCR and sequencing are often used
alongside traditional methods for confirmation.

Advancements and Future of Bacterial Identification Keys

Integration with Molecular Techniques
Advances in genomics have led to the development of molecular dichotomous keys based on genetic
markers, offering higher accuracy and speed.



Digital and Automated Keys
Computerized keys and software applications now assist in bacterial identification, reducing human error
and increasing efficiency.

Personalized Diagnostic Tools
Customizable keys tailored to specific environments or clinical settings enhance practical utility.

Summary: The Significance of Dichotomous Key Bacteria
Dichotomous keys remain fundamental in microbiology for their simplicity, reliability, and educational
value. They provide a systematic approach to bacterial identification, crucial for clinical diagnostics,
environmental assessments, and research. As technology advances, these keys are increasingly integrated
with molecular methods and digital tools, ensuring they continue to be relevant in the ever-evolving field
of microbiology.

Conclusion
Mastering the use of dichotomous key bacteria is essential for anyone involved in microbiological work.
Whether you're a student learning bacterial taxonomy, a clinician diagnosing infections, or an
environmental scientist studying microbial communities, understanding how to utilize and develop these
keys enhances accuracy and efficiency. With ongoing technological innovations, the future of bacterial
identification promises even greater precision and speed, ensuring better health outcomes and scientific
discoveries.

---
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Frequently Asked Questions

What is a dichotomous key for bacteria and how is it used?
A dichotomous key for bacteria is a tool that helps identify bacterial species by guiding users through a
series of choices based on observable characteristics. It is used by systematically narrowing down options to
determine the specific bacteria present in a sample.



What are the main features assessed in a bacterial dichotomous key?
Features include cell shape (cocci, bacilli, spirilla), Gram stain reaction (positive or negative), oxygen
requirements (aerobic, anaerobic), motility, spore formation, and metabolic properties.

How accurate are dichotomous keys in identifying bacteria?
While dichotomous keys are useful for preliminary identification, their accuracy depends on the quality of
the key and the observer's ability to correctly interpret traits. Confirmatory tests like molecular methods
are often needed for precise identification.

Can a dichotomous key differentiate between pathogenic and non-
pathogenic bacteria?
A dichotomous key primarily focuses on phenotypic traits and often cannot distinguish pathogenic from
non-pathogenic bacteria unless specific traits related to pathogenicity are included. Additional tests are
usually required for pathogenicity assessment.

Are dichotomous keys for bacteria used in clinical microbiology labs?
Yes, clinical microbiology labs use dichotomous keys as part of the initial identification process to classify
bacteria based on observable traits before confirming with molecular diagnostics.

How does a dichotomous key aid in bacterial research and education?
It serves as an educational tool to teach students about bacterial diversity and identification methods, and
helps researchers classify unknown bacteria in studies by providing a systematic approach.

What limitations do dichotomous keys have in bacterial identification?
Limitations include reliance on observable traits that may vary under different conditions, difficulty in
distinguishing closely related species, and the need for expert interpretation of phenotypic characteristics.

Are digital or online dichotomous keys available for bacterial
identification?
Yes, several digital and online tools are available that incorporate dichotomous keys, making bacterial
identification more accessible and user-friendly for both students and professionals.



Additional Resources
Dichotomous Key Bacteria: An Essential Tool for Microbial Identification and Classification

---

Introduction

In the vast and diverse world of microbiology, bacteria stand out as some of the most abundant and
ecologically significant organisms. With over 10,000 known species and countless more yet to be classified,
accurately identifying bacteria is both a scientific necessity and a formidable challenge. To streamline this
process, microbiologists rely heavily on dichotomous keys—structured tools that facilitate the systematic
identification of bacterial species based on a series of choice-based steps. This article provides a
comprehensive overview of dichotomous key bacteria, exploring their principles, construction, applications,
limitations, and future prospects in microbial taxonomy.

---

What Is a Dichotomous Key?

Definition and Basic Concept

A dichotomous key is a diagnostic tool that guides users through a sequence of paired choices, each
describing specific morphological, biochemical, or genetic traits of bacteria. At each step, the user selects one
of two alternatives, progressively narrowing down the possibilities until the organism's identity is
determined. The term "dichotomous" emphasizes the binary nature of each decision point.

Historical Context

Originally developed for botanical and zoological taxonomy, dichotomous keys have been adapted for
microbiology due to their simplicity and effectiveness. Their inception dates back to the 19th century, with
early versions focused on macroscopic features; however, modern bacterial keys incorporate molecular and
biochemical data, reflecting advances in microbiological techniques.

---

Principles Underlying Bacterial Dichotomous Keys

Use of Observable and Measurable Characteristics

Bacterial dichotomous keys rely on traits that can be reliably observed or measured, including:

- Morphology (shape, size, arrangement)



- Staining properties (Gram stain results)
- Growth conditions (temperature, oxygen requirements)
- Biochemical reactions (enzyme activities)
- Molecular markers (16S rRNA sequences in advanced keys)

Sequential Decision-Making Process

The key operates as a decision tree, with each choice leading to subsequent options or directly to the
identification. The goal is to minimize ambiguity at each step, ensuring that the sequence converges
efficiently on the correct species.

Binary and Hierarchical Structure

Most dichotomous keys are hierarchical, with each node presenting two contrasting statements (hence
"dichotomous"). This structure simplifies decision-making and facilitates user navigation through complex
data sets.

---

Construction of a Bacterial Dichotomous Key

Step 1: Selection of Traits

Creating an effective key begins with selecting the most discriminative, easily observable traits. Traits are
prioritized based on:

- Consistency across strains
- Ease of testing
- Cost and time efficiency

Step 2: Structuring the Key

The key is organized into a series of paired statements, each leading to a subsequent step or an identified
bacterial species. The sequence often begins with broad traits (e.g., Gram stain) and progresses to more
specific features.

Step 3: Testing and Validation

A well-constructed key undergoes validation with known bacterial samples to ensure accuracy. Revisions
are made based on discrepancies or ambiguous results.

Step 4: Updating and Maintenance



As new bacterial species are discovered and classification systems evolve, keys require periodic updates to
incorporate novel data and improve reliability.

---

Types of Dichotomous Keys in Bacterial Identification

1. Classical Morphological and Biochemical Keys

- Focus on observable traits such as shape (cocci, bacilli, spirilla), staining properties, and biochemical
reactions (catalase, oxidase, fermentation profiles).
- Examples include the Bergey's Manual of Systematic Bacteriology, which contains detailed keys based on
phenotypic traits.

2. Molecular Keys

- Utilize genetic markers such as 16S ribosomal RNA gene sequences.
- Employ bioinformatics tools to compare sequences against reference databases.
- Provide higher resolution, especially for closely related species, but require specialized equipment and
expertise.

3. Automated and Digital Keys

- Incorporate computer algorithms and databases for rapid identification.
- Useful in clinical laboratories for prompt diagnostics.

---

Applications of Dichotomous Keys in Microbiology

Clinical Diagnostics

- Rapid identification of pathogenic bacteria to guide treatment decisions.
- Helps in distinguishing between antibiotic-resistant strains and sensitive ones.

Environmental Microbiology

- Identification of bacteria in soil, water, and air samples.
- Monitoring microbial diversity and bioremediation efforts.

Industrial Microbiology

- Ensuring quality control in food production, pharmaceuticals, and biotechnology.



- Identification of contaminant bacteria.

Research and Taxonomy

- Classification of new bacterial species.
- Understanding evolutionary relationships among microbes.

---

Advantages of Using Dichotomous Keys for Bacterial Identification

- Systematic Approach: Offers a logical, step-by-step process reducing guesswork.
- Cost-Effective: Especially classical keys, which depend on basic laboratory tests.
- Educational Value: Enhances understanding of bacterial features and taxonomy.
- Standardization: Facilitates consistent identification across laboratories.

---

Limitations and Challenges

Dependence on Observable Traits

- Some bacteria are difficult to culture or observe morphologically.
- Certain traits may vary under different environmental conditions, leading to misidentification.

Ambiguity in Traits

- Overlapping characteristics among species can complicate decision points.
- Some bacteria exhibit atypical features, confounding the key.

Limited Resolution

- Classical keys may not differentiate closely related species or strains.
- Molecular methods are often required for precise identification.

Requirement for Skilled Personnel

- Accurate interpretation of tests (e.g., staining, biochemical assays) necessitates expertise.

---

Advances and Future Directions



Integration of Molecular Data

- Combining phenotypic and genotypic data enhances accuracy.
- Development of hybrid keys that incorporate genetic sequences alongside traditional traits.

Automation and Artificial Intelligence

- Machine learning algorithms capable of analyzing complex data sets for rapid identification.
- Smartphone-based applications and portable devices expanding field diagnostics.

Global Databases and Open-Access Resources

- Public repositories like the Ribosomal Database Project (RDP) facilitate comparison of genetic data.
- Collaborative efforts to update and standardize dichotomous keys worldwide.

Personalized Microbial Profiling

- Potential for personalized medicine and microbiome analysis through advanced, user-friendly tools.

---

Conclusion

Dichotomous key bacteria represent an indispensable component in the microbiologist's toolkit, bridging
traditional morphological and biochemical identification with modern molecular techniques. Their
structured, decision-tree format simplifies the complex task of bacterial classification, enabling clinicians,
environmental scientists, and researchers to make informed decisions swiftly. While classical keys remain
foundational, ongoing technological advancements promise to enhance their precision, speed, and
applicability. As microbiology continues to evolve with the integration of genomics and bioinformatics,
dichotomous keys will adapt, maintaining their relevance in the dynamic landscape of microbial taxonomy
and diagnostics. Recognizing both their strengths and limitations, future developments aim to create
comprehensive, user-friendly identification systems that will underpin microbiological research and public
health efforts for years to come.
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  dichotomous key bacteria: The Prokaryotes Stanley Falkow, Eugene Rosenberg, Karl-Heinz
Schleifer, Erko Stackebrandt, 2006-10-11 The revised Third Edition of The Prokaryotes, acclaimed
as a classic reference in the field, offers new and updated articles by experts from around the world
on taxa of relevance to medicine, ecology and industry. Entries combine phylogenetic and systematic
data with insights into genetics, physiology and application. Existing entries have been revised to
incorporate rapid progress and technological innovation. The new edition improves on the lucid
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presentation, logical layout and abundance of illustrations that readers rely on, adding color
illustration throughout. Expanded to seven volumes in its print form, the new edition adds a new,
searchable online version.
  dichotomous key bacteria: Modern Bacterial Taxonomy F. G. Priest, B. Austin, 1993-11-30
This second edition of Modern Bacterial Taxonomy has been completely revised and expanded to
include detailed coverage of molecular systematics including relevant aspects of nucleic acid
sequences, the construction of phylogenetic trees, typing of bacteria by restriction fragment length
polymorphisms, DNA hybridization probes and the use of the polymerase chain reaction in bacterial
systematics.
  dichotomous key bacteria: Cowan and Steel's Manual for the Identification of Medical
Bacteria Samuel Tertius Cowan, 1993 A practical manual of the key characteristics of the bacteria
likely to be encountered in microbiology laboratories and in medical and veterinary practice.
  dichotomous key bacteria: Wastewater Microbiology Gabriel Bitton, 2011-06-09
Wastewater Microbiology focuses on microbial contaminants found in wastewater, methods of
detection for these contaminants, and methods of cleansing water of microbial contamination. This
classic reference has now been updated to focus more exclusively on issues particular to
wastewater, with new information on fecal contamination and new molecular methods. The book
features new methods to determine cell viability/activity in environmental samples; a new section on
bacterial spores as indicators; new information covering disinfection byproducts, UV disinfection,
and photoreactivation; and much more. A PowerPoint of figures from the book is available at
ftp://ftp.wiley.com/public/sci_tech_med/wastewater_microbiology.
  dichotomous key bacteria: Bacterial Systematics N. A. Logan, 2009-07-06 This is the first
book on bacterial systematics at the undergraduate level. The first part explains why bacteria are
classified and how they are named. It also covers the practice of classification, including
evolutionary studies and identification. The applications of these methods are illustrated in the
second part of the book, which describes progress in the classification and identification of the
spirochaetes, helical and curved bacteria, Gram-negative aerobic, facultative and strictly anaerobic
bacteria, Gram-positive cocci, rods and endospore formers, mycoplasmas, and actinomycetes, and
outlines the importance of these organisms. The first book on this topic at undergraduate level
Includes evolutionary studies and the Archaea Covers theory and practice of bacterial classification
and identification User-friendly style and profuse illustrations
  dichotomous key bacteria: Understanding Bacteria S. Srivastava, 2013-03-14 The discipline
of microbiology that deals with an amazingly diverse group of simple organisms, such as viruses,
archaea, bacteria, algae, fungi, and protozoa, is an exciting field of Science. Starting as a purely
descriptive field, it has transformed into a truly experimental and interdisciplinary science inspiring
a number of investigators to generate th a wealth of information on the entire gamut of
microbiology. The later part of 20 century has been a golden era with molecular information coming
in to unravel interesting insights ofthe microbial world. Ever since they were brought to light
through a pair of ground glasses by the Dutchman, Antony van Leeuwenhoek, in later half of 17th
century, they have been studied most extensively throughout the next three centuries, and are still
revealing new facets of life and its functions. The interest in them, therefore, continues even in the
21 st century. Though they are simple, they provide a wealth of information on cell biology,
physiology, biochemistry, ecology, and genetics and biotechnology. They, thus, constitute a model
system to study a whole variety of subjects. All this provided the necessary impetus to write several
valuable books on the subject of microbiology. While teaching a course of Microbial Genetics for the
last 35 years at Delhi University, we strongly felt the need for authentic compiled data that could
give exhaustive background information on each of the member groups that constitute the microbial
world.
  dichotomous key bacteria: Science Educator's Guide to Laboratory Assessment Rodney L.
Doran, 2002 The book opens with an up-to-date discussion of assessment theory, research, and uses.
Then comes a wealth of sample assessment activities in biology, chemistry, physics, and Earth



science. Keyed to the National Science Education Standards, the activities include reproducible task
sheets and scoring rubrics. All are ideal for helping students reflect on their own learning during
science lab.
  dichotomous key bacteria: Food Microbiology M. R. Adams, M. O. Moss, 2008 This is the
third edition of a widely acclaimed text covering the whole field of modern food microbiology.
  dichotomous key bacteria: Trends in the Systematics of Bacteria and Fungi Paul Bridge, David
Smith, Erko Stackebrandt, 2020-12-09 Methods in microbial systematics have developed and
changed significantly in the last 40 years. This has resulted in considerable change in both the
defining microbial species and the methods required to make reliable identifications. Developments
in information technology have enabled ready access to vast amounts of new and historic data
online. Establishing both the relevance, and the most appropriate use, of this data is now a major
consideration when undertaking identifications and systematic research. This book provides some
insights into how current methods and resources are being used in microbial systematics, together
with some thoughts and suggestions as to how both methodologies and concepts may develop in the
future.
  dichotomous key bacteria: Medical Technicians Bulletin , 1954
  dichotomous key bacteria: Microbiology Jacquelyn G. Black, Laura J. Black, 2019-07-23
Microbiology: Principles and Explorations is an introductory product that has successfully educated
thousands of students on the beginning principles of Microbiology. Using a student-friendly
approach, this product carefully guides students through all of the basics and prepares them for
more advanced studies.
  dichotomous key bacteria: Alcamo's Fundamentals of Microbiology Jeffrey C. Pommerville,
2010-03-08 The ninth edition of award-winning author Jeffrey Pommerville's classic text provides
nursing and allied health students with a firm foundation in microbiology, with an emphasis on
human disease. An educator himself, Dr. Pommerville incorporates accessible, engaging pedagogical
elements and student-friendly ancillaries to help students maximize their understanding and
retention of key concepts. Ideal for the non-major, the ninth edition includes numerous updates and
additions, including the latest disease data and statistics, new material on emerging disease
outbreaks, an expanded use of concept maps, and may other pedagogical features. With an inviting
Learning Design format and Study Smart notes to students, Alcamo's Fundamentals of Microbiology,
Ninth Edition ensures student success as they delve into the exciting world of microbiology.
  dichotomous key bacteria: Alcamo's Fundamentals of Microbiology ,
  dichotomous key bacteria: Microbiology: Laboratory Theory and Application, Essentials, 2nd
Edition Lourdes Norman-McKay, Michael J Leboffe, Burton E Pierce, 2022-01-14 This newest
addition to the best-selling Microbiology: Laboratory Theory & Application series of manuals
provides an excellent value for courses where lab time is at a premium or for smaller enrollment
courses where customization is not an option. The Essentials edition is intended for courses
populated by nonmajors and allied health students and includes exercises selected to reflect core
microbiology laboratory concepts.
  dichotomous key bacteria: Fundamentals of Microbiology Pommerville, 2017-05-08
Pommerville’s Fundamentals of Microbiology, Eleventh Edition makes the difficult yet essential
concepts of microbiology accessible and engaging for students’ initial introduction to this exciting
science.
  dichotomous key bacteria: Practical Zoology I Mr. Rohit Manglik, 2024-07-06 EduGorilla
Publication is a trusted name in the education sector, committed to empowering learners with
high-quality study materials and resources. Specializing in competitive exams and academic support,
EduGorilla provides comprehensive and well-structured content tailored to meet the needs of
students across various streams and levels.
  dichotomous key bacteria: Scientific and Technical Aerospace Reports , 1968
  dichotomous key bacteria: VOLCANOES NARAYAN CHANGDER, 2024-02-04 If you need a
free PDF practice set of this book for your studies, feel free to reach out to me at



cbsenet4u@gmail.com, and I'll send you a copy!THE VOLCANOES MCQ (MULTIPLE CHOICE
QUESTIONS) SERVES AS A VALUABLE RESOURCE FOR INDIVIDUALS AIMING TO DEEPEN
THEIR UNDERSTANDING OF VARIOUS COMPETITIVE EXAMS, CLASS TESTS, QUIZ
COMPETITIONS, AND SIMILAR ASSESSMENTS. WITH ITS EXTENSIVE COLLECTION OF MCQS,
THIS BOOK EMPOWERS YOU TO ASSESS YOUR GRASP OF THE SUBJECT MATTER AND YOUR
PROFICIENCY LEVEL. BY ENGAGING WITH THESE MULTIPLE-CHOICE QUESTIONS, YOU CAN
IMPROVE YOUR KNOWLEDGE OF THE SUBJECT, IDENTIFY AREAS FOR IMPROVEMENT, AND
LAY A SOLID FOUNDATION. DIVE INTO THE VOLCANOES MCQ TO EXPAND YOUR VOLCANOES
KNOWLEDGE AND EXCEL IN QUIZ COMPETITIONS, ACADEMIC STUDIES, OR PROFESSIONAL
ENDEAVORS. THE ANSWERS TO THE QUESTIONS ARE PROVIDED AT THE END OF EACH PAGE,
MAKING IT EASY FOR PARTICIPANTS TO VERIFY THEIR ANSWERS AND PREPARE
EFFECTIVELY.
  dichotomous key bacteria: Fundamentals of Microbiology Jeffrey C. Pommerville, 2017-05-02
Pommerville’s Fundamentals of Microbiology, Eleventh Edition makes the difficult yet essential
concepts of microbiology accessible and engaging for students’ initial introduction to this exciting
science.
  dichotomous key bacteria: 500 ACT Science Questions to Know by Test Day Anaxos Inc.,
2014-08-22 Publisher's Note: Products purchased from Third Party sellers are not guaranteed by the
publisher for quality, authenticity, or access to any online entitlements included with the product.
500 Ways to Achieve Your Highest Score We want you to succeed on the Science section of the ACT.
That's why we've selected these 500 questions to help you study more effectively, use your
preparation time wisely, and get your best score. These questions are similar to the ones you'll find
on the ACT so you will know what to expect on test day. Each question includes a concise,
easy-to-follow explanation in the answer key for your full understanding of the concepts. Whether
you have been studying all year or are doing a last-minute review, McGraw-Hill: 500 ACT Science
Questions to Know by Test Day will help you achieve the high score you desire. Sharpen your subject
knowledge and build your test-taking confidence with: 500 ACT science questions Full explanations
for each question in the answer key A format parallel to that of the ACT exam
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