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Diocese of Manchester Catholic School Standards for Technology/Computer Science 
 
 

“Computer science empowers young people to create peace in their communities. Everyone should learn 
how to harness technology, to use their creative power for peace.” – Pope Francis 

“The Church's interest in the Internet is a particular expression of her longstanding interest in the media 
of social communication. Seeing the media as an outcome of the historical scientific process by which 
humankind “advances further and further in the discovery of the resources and values contained in the 
whole of creation” the Church often has declared her conviction that they are, in the words of the 
Second Vatican Council, “marvelous technical inventions” that already do much to meet human needs 
and may yet do even more.” The Pontifical Council for Social Communications: The Church and 
Internet #1 

As the Church understands it, the history of human communication is something like a long journey, 
bringing humanity “from the pride-driven project of Babel and the collapse into confusion and mutual 
incomprehension to which it gave rise (Gen 11:1-9), to Pentecost and the gift of tongues: a restoration of 
communication, centered on Jesus, through the action of the Holy Spirit”. In the life, death, and 
resurrection of Christ, “communication among men found its highest ideal and supreme example in God 
who had become man and brother”. The Pontifical Council for Social Communications: The Church and 
Internet #2 

 
Basic Principles Underlying All Standards to be Used for the Planning of 

Curriculum for the                                                 Diocese of Manchester 
• A passion for mission should inform every curriculum decision. 
• All knowledge reflects God’s Truth, Beauty, and Goodness. 
• Curriculum and instruction enable deeper incorporation of the children into the Church, the 

formation of community within the school, and respect for the uniqueness and dignity of each 
person as created in the image and likeness of God. 

• Education fosters growth in Christian virtue and contributes to development and formation 
of the whole person for the good of the society of which he/she is a member, and in 
recognition of their destiny, an eternal life in Christ. 

• Each subject is to be examined in the context of the Catholic faith through Scripture and Tradition and is 
to be illuminated by Gospel values. 

• Learning and formation are interconnected, as are the natural and spiritual development of each 
student.  

• Curriculum and instruction seek to promote a synthesis of faith, life, and culture, forming students as 
disciples of Jesus. 

• All curricula must support a commitment to strong and consistent Catholic identity.  
• Curriculum will assist the student’s ability to think critically, problem solve, innovate, and lead 

towards a supernatural vision.  
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In a Catholic School, Curricular Formation… 
 

1. Involves the integral formation of the whole person, body, mind, and spirit, in light of his or her ultimate 
end and the good of society.i 

2. Promotes human virtues and the dignity of the human person as created in the image and likeness of God 
and modeled on the person of Jesus    Christ.ii 

3. Seeks to know and understand objective reality, which includes transcendent Truth, is knowable by 
reason and faith, and finds its origin, unity, and end in God. 

4. Develops a Catholic worldview and enables a deeper incorporation of the student into the heart of the 
Catholic Church.iii 

5. Encourages a synthesis of faith, life, and culture.iv 
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Gifts of CHRIST© at the Diocese of Manchester Catholic Schools 
 
 

The Gifts of C.H.R.I.S.T.© are dispositions made up of 4 Catholic virtues (humility, prudence, fortitude, 
and affability) and the three transcendentals (truth, beauty, and goodness) of the Catholic faith. CHRIST 
in the Gifts of C.H.R.I.S.T.© stands for Catholic Habits and Responses in School and on Teams. 
Through curricular and extracurricular learning experiences at a Diocese of Manchester Catholic school, 
PK-12th grade students will learn about the 7 Gifts of C.H.R.I.S.T.© and how to consciously think, 
behave, and respond to challenging situations using the moral and ethical values and virtues of the 
Catholic faith. 
 

Truth 
GC.T.1.0 I will seek to understand the truth in all situations. 
GC.T.2.0 I will be truthful in the way I act, and respond, and accept truth around me. 
 

Beauty 
GC.B.1.0 I will seek beauty in all things and in all situations. 
GC.B.2.0 I will find the beauty of God’s creation and wonders around me. 
 

Goodness 
GC.G.1.0 I will exhibit goodness as God’s example during my daily life. 
GC.G.2.0 I will seek goodness in learning situations and remember to see God’s likeness and 

goodness even in my opponents. 
 

Affability 
GC.A.1.0 I can be kind and treat others the way I would want to be treated. 
GC.A.2.0 I can treat others with respect, and I can be approachable and friendly. 
 

Humility 
GC.H.1.0 I embrace the wisdom and knowledge that my mentors and teachers have to offer, and I 

understand that I can learn from their knowledge and experiences. 
GC.H.2.0 I am humbled with the knowledge and talents I have, and I understand that I can always 

learn more. 
 

Prudence 
GC.P.1.0 I embrace learning from others, and I understand the importance of sharing my 

knowledge and talents by teaching others as well. 
GC.P.2.0 I can be prudent in making ethical decisions by using my Catholic faith and values as a 

moral compass. 
 

Fortitude 
GC.F.1.0 I can do all things through Christ who strengthens me. 
GC.F.2.0 I will seek courage in difficult situations in pursuit of what is true, beautiful, and good. 
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Grades 9–12         Standards for Technology/Computer Science 
 

COMMUNICATION AND COLLABORATION 
 

Communication and Collaboration  
_____________________________________________________________________________ 
 

9-12.TC.CC-1.0 Evaluate modes of communication and collaboration.  
9-12.TC.CC-2.0 Select appropriate tools within a project environment to communicate with 

project team members. 
9-12.TC.CC-3.0 Collect, analyze, and present information using a variety of computing 

devices (e.g., probes, sensors, and handheld devices). 
9-12.TC.CC-4.0 Develop a collaborative digital product using collaboration tools (e.g., 

version control systems and integrated development environments). 
9-12.TC.CC-5.0 Communicate and publish key ideas and details to a variety of audiences 

using digital tools and media-rich resources. 
9-12.TC.CC-6.0 Identify how collaboration influences the design and development of 

software artifacts. 
9-12.TC.CC-7.0 Evaluate program designs and implementations written by others for 

readability and usability.  
 

COMMUNICATION SYSTEMS AND COMPUTING 
 

Modeling and Simulations  
_____________________________________________________________________________ 
 

9-12.TC.MS-1.0 Analyze data and identify real-world patterns through modeling and 
simulation.  

9-12.TC.MS-2.0 Formulate, refine, and test scientific hypotheses using models and 
simulations.  

9-12.TC.MS-3.0 Explain how data analysis is used to enhance the understanding of 
complex natural and human systems.  

9-12.TC.MS-4.0 Compare techniques for analyzing massive data collections.  
9-12.TC.MS-5.0 Represent and understand natural phenomena using modeling and 

simulation. 
	
Problem Solving and Algorithms  
_____________________________________________________________________________ 
 

9-12.TC.PSA-1.0 Explain intractable problems and understand that problems exists that are 
computationally unsolvable (e.g., classic intractable problems include the 
Towers of Hanoi and the Traveling Salesman Problem -TSP).  

9-12.TC.PSA-2.0 Describe the concept of parallel processing as a strategy to solve large 
problems.  

9-12.TC.PSA-3.0 Demonstrate concurrency by separating processes into threads of 
execution and dividing data into parallel streams.  

9-12.TC.PSA-4.0 Divide a complex problem into simpler parts by using the principle of 
abstraction to manage complexity (i.e., by using searching and sorting as 
abstractions) using predefined functions and parameters, classes, and 
methods.  
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9-12.TC.PSA-5.0 Evaluate a classical algorithm and implement an original algorithm.  
9-12.TC.PSA-6.0 Evaluate various data types and data structures.  
9-12.TC.PSA-7.0 Explain how sequence, selection, iteration, and recursion are building 

blocks of algorithms. 
9-12.TC.PSA-8.0 Decompose a problem by defining new functions and classes.  
9-12.TC.PSA-9.0 Evaluate ways to characterize how well algorithms perform and that two 

algorithms can perform differently for the same task.  
9-12.TC.PSA-10.0 Design and implement a simple simulation algorithm to analyze, 

represent, and understand natural phenomena.  
9-12.TC.PSA-11.0 Evaluate algorithms by their efficiency, correctness, and clarity (e.g., by 

analyzing and comparing execution times, testing with multiple inputs or 
data sets, and by debugging).  

9-12.TC.PSA-12.0 Compare and contrast simple data structures and their uses.  
9-12.TC.PSA-13.0 Explain how automated software testing can reduce the cost of the testing 

effort.  
9-12.TC.PSA-14.0 Explain what tools are applied to provide automated testing environments.  
	
Digital Tools  
_____________________________________________________________________________ 
 

9-12.TC.DT-1.0 Describe digital tools or resources to use for a real-world task based on 
their efficiency and effectiveness. 

9-12.TC.DT-2.0 Evaluate different file types for different purposes (e.g., word processing, 
images, music, and three-dimensional drawings).	

	
Hardware and Software  
_____________________________________________________________________________ 
 

9-12.TC.HS-1.0 Describe a software development process that is used to solve problems at 
different software development stages (e.g., design, coding, testing, and 
verification). 

9-12.TC.HS-2.0 Describe the organization of a computer and identify its principal 
components by name, function, and the flow of instructions and data 
between components (e.g., storage devices, memory, CPU, graphics 
processors, IO and network ports). 

9-12.TC.HS-3.0 Differentiate between multiple levels of hardware and software (such as 
CPU hardware, operating system, translation, and interpretation) that 
support program execution. 

9-12.TC.HS-4.0 Evaluate various forms of input and output (e.g., IO and storage devices 
and digital media). 

9-12.TC.HS-5.0 Develop and evaluate criteria for purchasing or upgrading computer 
system hardware (e.g., Wi-Fi, mobile devices, home and office machines). 

9-12.TC.HS-6.0 Develop criteria for selecting appropriate hardware and software when 
solving a specific real-world problem (such as business, educational, 
personal). 

9-12.TC.HS-7.0 Develop a software artifact (independently and collaboratively) in phases 
(or stages) according to a common software development methodology 
(e.g., Waterfall or Spiral model). 
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9-12.TC.HS-8.0 Evaluate the basic components of computer networks. 
9-12.TC.HS-9.0 Analyze historical trends in hardware and software to assess implications 

on computing devices for the future (e.g., upgrades for power/energy, 
computation capacity, speed, size, ease of use).	

 
Network Systems  
_____________________________________________________________________________ 
 

9-12.TC.NS-1.0 Identify and select the most appropriate file format based on trade-offs 
(e.g., open file formats, text, proprietary and binary formats, compression 
and encryption formats). 

9-12.TC.NS-2.0 Describe the issues that impact network functionality (e.g., latency, 
bandwidth, firewalls and server capability). 

9-12.TC.NS-3.0 Describe common network protocols, such as IP, TCP, SMTP, HTTP, and 
FTP, and how these are applied by client-server and peer-to-peer 
networks. 

	
Human-Computer Interactions and Artificial Intelligence 
_____________________________________________________________________________ 
 

9-12.TC.HCAI-1.0 Describe the unique features of computers embedded in mobile devices 
and vehicles. 

9-12.TC.HCAI-2.0 Describe the common physical and cognitive challenges faced by users 
when learning to use software and hardware. 

9-12.TC.HCAI-3.0 Describe the process of designing software to support specialized forms of 
human-computer interaction. 

9-12.TC.HCAI-4.0 Explain the notion of intelligent behavior through computer modeling and 
robotics. 

9-12.TC.HCAI-5.0 Describe common measurements of machine intelligence (e.g., Turing 
test). 

9-12.TC.HCAI-6.0 Describe a few of the major branches of artificial intelligence (e.g., expert 
systems, natural language processing, machine perception, machine 
learning). 

9-12.TC.HCAI-7.0 Describe major applications of artificial intelligence and robotics, 
including, but not limited to, the medical, space, and automotive fields. 

 
 

COMPUTER PRACTICES AND PROGRAMMING 
 

Data Analysis  
_____________________________________________________________________________ 
 

9-12.TC.DA-1.0 Evaluate effective uses of Boolean logic (e.g., using "not", "or", "and") to 
refine searches for individual and collaborative projects. 

9-12.TC.DA-2.0 Perform advanced searches to locate information and/or design a data-
collection approach to gather original data (e.g., qualitative interviews, 
surveys, prototypes, and simulations). 

9-12.TC.DA-3.0 Analyze and manipulate data collected by a variety of data collection 
techniques to support a hypothesis. 
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9-12.TC.DA-4.0 Collect real-time data from sources such as simulations, scientific and 
robotic sensors, and device emulators, using this data to formulate 
strategies or algorithms to solve advanced problems. 	

	
Computer Programming Basics  
_____________________________________________________________________________ 
 

9-12.TC.CPB-1.0 Explain the program execution process (by an interpreter and in CPU 
hardware). 

9-12.TC.CPB-2.0 Design and implement a program using global and local scope. 
9-12.TC.CPB-3.0 Implement a program using an industrial-strength integrated development 

environment. 
9-12.TC.CPB-4.0 Facilitate programming solutions using application programming 

interfaces (APIs) and libraries. 
9-12.TC.CPB-5.0 Explain the role of an API in the development of applications and the 

distinction between a programming language’s syntax and the API. 
9-12.TC.CPB-6.0 Describe a variety of commonly used programming languages. 
9-12.TC.CPB-7.0 Classify programming languages by paradigm and application domain 

(e.g., imperative, functional, and logic languages) and evaluate their 
application to domains such as web programming, symbolic processing 
and data/numerical processing. 

 
Programming Applications  
_____________________________________________________________________________ 
 

9-12.TC.PA-1.0 Create a computational artifact, individually and collaboratively, followed 
by reflection, analysis, and iteration (e.g., data-set analysis program for 
science and engineering fair, capstone project that includes a program, 
term research project based on program data). 

9-12.TC.PA-2.0 Create mobile computing applications and/or dynamic web pages through 
the use of a variety of design and development tools, programming 
languages, and mobile devices/emulators. 

 
 

PERSONAL, COMMUNITY, GLOBAL, AND ETHICAL IMPACT 
 

Responsible Use of Technology and Information 
_____________________________________________________________________________ 
 

9-12.TC.RUTI-1.0 Compare and contrast appropriate and inappropriate social networking 
behaviors. 

9-12.TC.RUTI-2.0 Describe and demonstrate ethical and responsible use of modern 
communication media and devices. 

9-12.TC.RUTI-3.0 Evaluate the impacts of irresponsible use of information (e.g., plagiarism 
and falsification of data) on collaborative projects. 

9-12.TC.RUTI-4.0 Explain the principles of cryptography by examining encryption, digital 
signatures, and authentication methods (e.g., explain why and how 
certificates are used with "https" for authentication and encryption). 

9-12.TC.RUTI-5.0 Implement an encryption, digital signature, or authentication method. 
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9-12.TC.RUTI-6.0 Describe computer security vulnerabilities and methods of attack, and 
evaluate their social and economic impact on computer systems and 
people. 

	
The Impact of Computing Resources on Local and Global Society 
_____________________________________________________________________________ 
 

9-12.TC.LGS-1.0 Describe how the Internet facilitates global communication. 
9-12.TC.LGS-2.0 Identify ways to use technology to support lifelong learning. 
9-12.TC.LGS-3.0 Discuss and analyze the impact of values and points of view that are 

presented in media messages (e.g., racial, gender, and political). 
9-12.TC.LGS-4.0 Analyze the positive and negative impacts of technology on popular 

culture and personal life. 
9-12.TC.LGS-5.0 Construct strategies to combat cyberbullying or online harassment. 
9-12.TC.LGS-6.0 Describe the impact of computing on business and commerce (e.g., 

automated inventory processing, financial transactions, e-commerce, 
virtualization, and cloud computing). 

9-12.TC.LGS-7.0 Describe how technology has changed the way people build and manage 
organizations and how technology impacts personal life. 

9-12.TC.LGS-8.0 Evaluate ways in which adaptive technologies may assist users with 
special needs. 

9-12.TC.LGS-9.0 Explain how societal and economic factors are affected by access to 
critical information. 

9-12.TC.LGS-10.0 Describe and evaluate the challenges (e.g., political, social, and economic) 
in providing equal access and distribution of technology in a global 
society. 

9-12.TC.LGS-11.0 Construct writings and/or communications using developmentally 
appropriate terminology. 

9-12.TC.LGS-12.0 Explore a variety of careers to which computing is central. 
9-12.TC.LGS-13.0 Predict future careers and the technologies that may exist based on current 

technology trends. 
 
Evaluation of Digital Information Resources 
_____________________________________________________________________________ 
 

9-12.TC.EDI-1.0 Evaluate the quality of digital resources for reliability (i.e., currency, 
relevancy, authority, accuracy, and purpose of digital information). 

9-12.TC.EDI-2.0 Evaluate the accuracy, relevance, comprehensiveness, appropriateness, 
and bias of electronic information resources. 

9-12.TC.EDI-3.0 Conduct research using peer reviewed articles, newspapers, magazine 
articles, and online books. 

9-12.TC.EDI-4.0 Analyze and evaluate public/government resources and describe how 
using these resources for communication can affect change. 
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Security, Privacy, Information, Sharing, Ownership, Licensure, and Copyright 
_____________________________________________________________________________ 
 

9-12.TC.SPI-1.0 Describe how different types of software licenses (e.g., open source and 
proprietary licenses) can be used to share and protect intellectual property. 

9-12.TC.SPI-2.0 Explain how access to information may not include the right to distribute 
the information. 

9-12.TC.SPI-3.0 Describe differences between open source, freeware, and proprietary 
software licenses, and how they apply to different types of software. 

9-12.TC.SPI-4.0 Describe security and privacy issues that relate to computer networks. 
9-12.TC.SPI-5.0 Identify computer-related laws and analyze their impact on digital privacy, 

security, intellectual property, network access, contracts, and harassment. 
9-12.TC.SPI-6.0 Describe security and privacy issues that relate to computer networks 

including the permanency of data on the Internet, online identity, and 
privacy. 

9-12.TC.SPI-7.0 Evaluate and use digital citation tools to cite sources. 
9-12.TC.SPI-8.0 Describe the impact of government regulation on privacy and security. 

 
 

COMPUTER SCIENCE TEACHERS ASSOCIATION STANDARDS— 
LEVEL 3A: GRADES 9–10 (AGES 14–16) 

 

Computing Systems  
_____________________________________________________________________________ 
 

9-10.TC.TACS-1.0 Explain how abstractions hide the underlying implementation details of 
computing systems embedded in everyday objects. 

9-10.TC.TACS-2.0 Compare levels of abstraction and interactions between application 
software, system software, and hardware layers. 

9-10.TC.TACS-3.0 Develop guidelines that convey systematic troubleshooting strategies that 
others can use to identify and fix errors. 

	
Networks and the Internet  
_____________________________________________________________________________ 
 

9-10.TC.TANI-1.0 Evaluate the scalability and reliability of networks, by describing the 
relationship between routers, switches, servers, topology, and addressing. 

9-10.TC.TANI-2.0 Give examples to illustrate how sensitive data can be affected by malware 
and other attacks. 

9-10.TC.TANI-3.0 Recommend security measures to address various scenarios based on 
factors such as efficiency, feasibility, and ethical impacts. 

9-10.TC.TANI-4.0 Compare various security measures, considering tradeoffs between the 
usability and security of a computing system. 

9-10.TC.TANI-5.0 Explain tradeoffs when selecting and implementing cybersecurity 
recommendations. 
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Data and Analysis  
_____________________________________________________________________________ 
 

9-10.TC.TADA-1.0 Translate between different bit representations of real-world phenomena, 
such as characters, numbers, and images. 

9-10.TC.TADA-2.0 Evaluate the tradeoffs in how data elements are organized and where data 
is stored. 

9-10.TC.TADA-3.0 Create interactive data visualizations using software tools to help others 
better understand real-world phenomena. 

9-10.TC.TADA-4.0 Create computational models that represent the relationships among 
different elements of data collected from a phenomenon or process. 

	
Algorithms and Programming  
_____________________________________________________________________________ 
 

9-10.TC.TAAP-1.0 Create prototypes that use algorithms to solve computational problems by 
leveraging prior student knowledge and personal interests. 

9-10.TC.TAAP-2.0 Use lists to simplify solutions, generalizing computational problems 
instead of repeatedly using simple variables. 

9-10.TC.TAAP-3.0 Justify the selection of specific control structures when tradeoffs involve 
implementation, readability, and program performance, and explain the 
benefits and drawbacks of choices made. 

9-10.TC.TAAP-4.0 Design and iteratively develop computational artifacts for practical intent, 
personal expression, or to address a societal issue by using events to 
initiate instructions. 

9-10.TC.TAAP-5.0 Decompose problems into smaller components through systematic 
analysis, using constructs such as procedures, modules, and/or objects. 

9-10.TC.TAAP-6.0 Create artifacts by using procedures within a program, combinations of 
data and procedures, or independent but interrelated programs. 

9-10.TC.TAAP-7.0 Systematically design and develop programs for broad audiences by 
incorporating feedback from users. 

9-10.TC.TAAP-8.0 Evaluate licenses that limit or restrict use of computational artifacts when 
using resources such as libraries. 

9-10.TC.TAAP-9.0 Evaluate and refine computational artifacts to make them more usable and 
accessible. 

9-10.TC.TAAP-10.0 Design and develop computational artifacts working in team roles using 
collaborative tools. 

9-10.TC.TAAP-11.0 Document design decisions using text, graphics, presentations, and/or 
demonstrations in the development of complex programs. 

	
Impacts of Computing  
_____________________________________________________________________________ 
 

9-10.TC.TAIC-1.0 Evaluate the ways computing impacts personal, ethical, social, economic, 
and cultural practices. 

9-10.TC.TAIC-2.0 Test and refine computational artifacts to reduce bias and equity deficits. 
9-10.TC.TAIC-3.0 Demonstrate ways a given algorithm applies to problems across 

disciplines. 
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9-10.TC.TAIC-4.0 Use tools and methods for collaboration on a project to increase 
connectivity of people in different cultures and career fields. 

9-10.TC.TAIC-5.0 Explain the beneficial and harmful effects that intellectual property laws 
can have on innovation. 

9-10.TC.TAIC-6.0 Explain the privacy concerns related to the collection and generation of 
data through automated processes that may not be evident to users. 

9-10.TC.TAIC-7.0 Evaluate the social and economic implications of privacy in the context of 
safety, law, or ethics. 

 
 

COMPUTER SCIENCE TEACHERS ASSOCIATION STANDARDS— 
LEVEL 3B: GRADES 11–12 (AGES 16–18) 

 

Computing Systems  
_____________________________________________________________________________ 
 

11-12.TC.TACS-1.0 Categorize the roles of operating system software. 
11-12.TC.TACS-2.0 Illustrate ways computing systems implement logic, input, and output 

through hardware components. 
 
Networks and the Internet  
_____________________________________________________________________________ 
 

11-12.TC.TANI-1.0 Describe the issues that impact network functionality (e.g., bandwidth, 
load, delay, topology). 

11-12.TC.TANI-2.0 Compare ways software developers protect devices and information from 
unauthorized access. 

	
Data and Analysis  
_____________________________________________________________________________ 
 

11-12.TC.TADA-1.0 Use data analysis tools and techniques to identify patterns in data 
representing complex systems. 

11-12.TC.TADA-2.0 Select data collection tools and techniques to generate data sets that 
support a claim or communicate information. 

11-12.TC.TADA-3.0 Evaluate the ability of models and simulations to test and support the 
refinement of hypotheses. 

	
Algorithms and Programming  
_____________________________________________________________________________ 
 

11-12.TC.TAAP-1.0 Describe how artificial intelligence drives many software and physical 
systems. 

11-12.TC.TAAP-2.0 Implement an artificial intelligence algorithm to play a game against a 
human opponent or solve a problem. 

11-12.TC.TAAP-3.0 Use and adapt classic algorithms to solve computational problems. 
11-12.TC.TAAP-4.0 Evaluate algorithms in terms of their efficiency, correctness, and clarity. 
11-12.TC.TAAP-5.0 Compare and contrast fundamental data structures and their uses. 
11-12.TC.TAAP-6.0 Illustrate the flow of execution of a recursive algorithm. 
11-12.TC.TAAP-7.0 Construct solutions to problems using student-created components, such 

as procedures, modules and/or objects. 
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11-12.TC.TAAP-8.0 Analyze a large-scale computational problem and identify generalizable 
patterns that can be applied to a solution. 

11-12.TC.TAAP-9.0 Demonstrate code reuse by creating programming solutions using libraries 
and APIs. 

11-12.TC.TAAP-10.0Plan and develop programs for broad audiences using a software life cycle 
process. 

11-12.TC.TAAP-11.0Explain security issues that might lead to compromised computer 
programs. 

11-12.TC.TAAP-12.0Develop programs for multiple computing platforms. 
11-12.TC.TAAP-13.0Use version control systems, integrated development environments 

(IDEs), and collaborative tools and practices (code documentation) in a 
group software project. 

11-12.TC.TAAP-14.0Develop and use a series of test cases to verify that a program performs 
according to its design specifications. 

11-12.TC.TAAP-15.0Modify an existing program to add additional functionality and discuss 
intended and unintended implications (e.g., breaking other functionality). 

11-12.TC.TAAP-16.0Evaluate key qualities of a program through a process such as a code 
review. 

11-12.TC.TAAP-17.0Compare multiple programming languages and discuss how their features 
make them suitable for solving different types of problems. 

	
Impacts of Computing  
_____________________________________________________________________________ 
 

11-12.TC.TAIC-1.0 Evaluate computational artifacts to maximize their beneficial effects and 
minimize harmful effects on society. 

11-12.TC.TAIC-2.0 Evaluate the impact of equity, access, and influence on the distribution of 
computing resources in a global society. 

11-12.TC.TAIC-3.0 Predict how computational innovations that have revolutionized aspects of 
our culture might evolve. 

11-12.TC.TAIC-4.0 Debate laws and regulations that impact the development and use of 
software. 
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Grades 9–12                   Standards for AP Computer Science 
 

MODULARITY I 
Some objects or concepts are so frequently represented that programmers can draw upon 
existing code that has already been tested, enabling them to write solutions more quickly 

and with a greater degree of confidence. 
 

Suggested Skills 
_____________________________________________________________________________ 
 

9-12.TC.APSS-1.0 Determine an appropriate program design to solve a problem or 
accomplish a task (not assessed). 

9-12.TC.APSS-1.1 Determine code that would be used to complete code segments. 
9-12.TC.APSS-1.2 Determine code that would be used to complete code segments. 
9-12.TC.APSS-2.0 Apply the meaning of specific operators. 
9-12.TC.APSS-2.1 Determine the result or output based on statement execution order in a 

code segment without method calls (other than output). 
9-12.TC.APSS-2.2 Determine the result or output based on statement execution order in a 

code segment without method calls (other than output). 
9-12.TC.APSS-3.0 Write program code to create objects of a class and call methods. 
9-12.TC.APSS-3.1 Write program code to define a new type by creating a class. 
9-12.TC.APSS-4.0 Identify errors in program code. 
9-12.TC.APSS-5.0 Describe the behavior of a given segment of program code. 
9-12.TC.APSS-5.1 Explain why a code segment will not compile or work as intended. 
9-12.TC.APSS-5.2 Describe the initial conditions that must be met for a program segment to 

work as intended or described. 
 
Call System Class Methods to Generate Output to the Console 
_____________________________________________________________________________ 
 

9-12.TC.APCS-1.0 System.out.print and System.out.println display information on the 
computer monitor. 

9-12.TC.APCS-2.0 System.out.println moves the cursor to a new line after the information has 
been displayed, while System.out.print does not. 

 
Explain the Relationship between a Class and an Object 
_____________________________________________________________________________ 
 

9-12.TC.APCO-1.0 An object is a specific instance of a class with defined attributes. 
9-12.TC.APCO-2.0 A class is the formal implementation, or blueprint, of the attributes and 

behaviors of an object. 
 
Identify, Using Its Signature, the Correct Constructor Being Called 
_____________________________________________________________________________ 
 

9-12.TC.APCC-1.0 A signature consists of the constructor name and the parameter list. 
9-12.TC.APCC-2.0 The parameter list, in the header of a constructor, lists the types of the 

values that are passed and their variable names. These are often referred to 
as formal parameters. 
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9-12.TC.APCC-3.0 A parameter is a value that is passed into a constructor. These are often 
referred to as actual parameters. 

9-12.TC.APCC-4.0 Constructors are said to be overloaded when there are multiple 
constructors with the same name but a different signature. 

9-12.TC.APCC-5.0 The actual parameters passed to a constructor must be compatible with the 
types identified in the formal parameter list. 

9-12.TC.APCC-6.0 Parameters are passed using call by value. Call by value initializes the 
formal parameters with copies of the actual parameters. 

 
For Creating Objects: a.) Create Objects by Calling Constructors without 
Parameters. b.) Create Objects by Calling Constructors with Parameters 
_____________________________________________________________________________ 
 

9-12.TC.APCP-1.0 Every object is created using the keyword new followed by a call to one of 
the class’s constructors. 

9-12.TC.APCP-2.0 A class contains constructors that are invoked to create objects. They have 
the same name as the class. 

9-12.TC.APCP-3.0 Existing classes and class libraries can be utilized as appropriate to create 
objects. 

9-12.TC.APCP-4.0 Parameters allow values to be passed to the constructor to establish the 
initial state of the object. 

 
Call Non-Static Void Methods without Parameters 
_____________________________________________________________________________ 
 

9-12.TC.APOP-1.0 An object’s behavior refers to what the object can do (or what can be done 
to it) and is defined by methods. 

9-12.TC.APOP-2.0 Procedural abstraction allows a programmer to use a method by knowing 
what the method does even if they do not know how the method was 
written. 

9-12.TC.APOP-3.0 A method signature for a method without parameters consists of the 
method name and an empty parameter list. 

9-12.TC.APOP-4.0 A method or constructor call interrupts the sequential execution of 
statements, causing the program to first execute the statements in the 
method or constructor before continuing. Once the last statement in the 
method or constructor has executed or a return statement is executed, flow 
of control is returned to the point immediately following where the 
method or constructor was called. 

9-12.TC.APOP-5.0 Non-static methods are called through objects of the class. 
9-12.TC.APOP-6.0 The dot operator is used along with the object name to call non-static 

methods. 
9-12.TC.APOP-7.0 Using a null reference to call a method or access an instance variable 

causes a NullPointerException to be thrown. 
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Call Non-Static Void Methods with Parameters 
_____________________________________________________________________________ 
 

9-12.TC.APWP-1.0 A method signature for a method with parameters consists of the method 
name and the ordered list of parameter types. 

9-12.TC.APWP-2.0 Values provided in the parameter list need to correspond to the order and 
type in the method signature. 

9-12.TC.APWP-3.0 Methods are said to be overloaded when there are multiple methods with 
the same name but a different signature. 

 
Call Non-Static Void Methods with or without Parameters 
_____________________________________________________________________________ 
 

9-12.TC.APTP-1.0 Non-void methods return a value that is the same type as the return type in 
the signature. To use the return value when calling a non-void method, it 
must be stored in a variable or used as part of an expression. 

 
Call Static Methods 
_____________________________________________________________________________ 
 

9-12.TC.APSM-1.0 Static methods are called using the dot operator along with the class name 
unless they are defined in the enclosing class. 

 
 

MODULARITY II 
Programmers use code to represent a physical object or nonphysical concept, real or 
imagined, by defining a class based on the attributes and/or behaviors of the object or 

concept. 
 

Designate Access and Visibility Constraints to Classes, Data, Constructors, and 
Methods 
_____________________________________________________________________________ 
 

9-12.TC.APAV-1.0 The keywords public and private affect the access of classes, data, 
constructors, and methods. 

9-12.TC.APAV-2.0 The keyword private restricts access to the declaring class, while the 
keyword public allows access from classes outside the declaring class. 

9-12.TC.APAV-3.0 Classes are designated public. 
9-12.TC.APAV-4.0 Access to attributes should be kept internal to the class. Therefore, 

instance variables are designated as private. 
9-12.TC.APAV-5.0 Constructors are designated public. 
9-12.TC.APAV-6.0 Access to behaviors can be internal or external to the class. Therefore, 

methods can be designated as either public or private. 
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Define Instance Variables for the Attributes to Be Initialized through the 
Constructors of a Class 
_____________________________________________________________________________ 
 

9-12.TC.APIV-1.0 An object’s state refers to its attributes and their values at a given time and 
is defined by instance variables belonging to the object. This creates a 
“has-a” relationship between the object and its instance variables. 

9-12.TC.APIV-2.0 Constructors are used to set the initial state of an object, which should 
include initial values for all instance variables. 

9-12.TC.APIV-3.0 Constructor parameters are local variables to the constructor and provide 
data to initialize instance variables. 

9-12.TC.APIV-4.0 When a mutable object is a constructor parameter, the instance variable 
should be initialized with a copy of the referenced object. In this way, the 
instance variable is not an alias of the original object, and methods are 
prevented from modifying the state of the original object. 

9-12.TC.APIV-5.0 When no constructor is written, Java provides a no-argument constructor, 
and the instance variables are set to default values. 

 
Describe the Functionality and Use of Program Code through Comments 
_____________________________________________________________________________ 
 

9-12.TC.APFU-1.0 Comments are ignored by the compiler and are not executed when the 
program is run. 

9-12.TC.APFU-2.0 Three types of comments in Java include /* */, which generates a block of 
comments, //, which generates a comment on one line, and /** */, which 
are Javadoc comments and are used to create API documentation. 

9-12.TC.APFU-3.0 A precondition is a condition that must be true just prior to the execution 
of a section of program code in order for the method to behave as 
expected. There is no expectation that the method will check to ensure 
preconditions are satisfied. 

9-12.TC.APFU-4.0 A postcondition is a condition that must always be true after the execution 
of a section of program code. Postconditions describe the outcome of the 
execution in terms of what is being returned or the state of an object. 

9-12.TC.APFU-5.0 Programmers write method code to satisfy the postconditions when 
preconditions are met. 

 
Define Behaviors of an Object through Non-Void Methods without Parameters 
Written in a Class 
_____________________________________________________________________________ 
 

9-12.TC.APBO-1.0 An accessor method allows other objects to obtain the value of instance 
variables or static variables. 

9-12.TC.APBO-2.0 A non-void method returns a single value. Its header includes the return 
type in place of the keyword void. 

9-12.TC.APBO-3.0 In non-void methods, a return expression compatible with the return type 
is evaluated, and a copy of that value is returned. This is referred to as 
“return by value.” 

9-12.TC.APBO-4.0 When the return expression is a reference to an object, a copy of that 
reference is returned, not a copy of the object. 
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9-12.TC.APBO-5.0 The return keyword is used to return the flow of control to the point 
immediately following where the method or constructor was called. 

9-12.TC.APBO-6.0 The toString method is an overridden method that is included in classes to 
provide a description of a specific object. It generally includes what values 
are stored in the instance data of the object. 

9-12.TC.APBO-7.0 If System.out.print or System.out.println is passed an object, that object’s 
toString method is called, and the returned string is printed. 

 
Define Behaviors of an Object through Non-Void Methods with Parameters Written 
in a Class 
_____________________________________________________________________________ 
 

9-12.TC.APBW-1.0 Methods can only access the private data and methods of a parameter that 
is a reference to an object when the parameter is the same type as the 
method’s enclosing class. 

9-12.TC.APBW-2.0 Non-void methods with parameters receive values through parameters, use 
those values, and return a computed value of the specified type. 

9-12.TC.APBW-3.0 It is good programming practice to not modify mutable objects that are 
passed as parameters unless required in the specification. 

9-12.TC.APBW-4.0 When an actual parameter is a primitive value, the formal parameter is 
initialized with a copy of that value. Changes to the formal parameter have 
no effect on the corresponding actual parameter. 

9-12.TC.APBW-5.0 When an actual parameter is a reference to an object, the formal parameter 
is initialized with a copy of that reference, not a copy of the object. If the 
reference is to a mutable object, the method or constructor can use this 
reference to alter the state of the object. 

 
Define Behaviors of a Class through Static Methods 
_____________________________________________________________________________ 
 

9-12.TC.APBS-1.0 Static methods are associated with the class, not objects of the class. 
9-12.TC.APBS-2.0 Static methods include the keyword static in the header before the method 

name. 
9-12.TC.APBS-3.0 Static methods cannot access or change the values of instance variables. 
9-12.TC.APBS-4.0 Static methods can access or change the values of static variables. 
9-12.TC.APBS-5.0 Static methods do not have this reference and are unable to use the class’s 

instance variables or call non-static methods. 
 
Define the Static Variables That Belong to the Class 
_____________________________________________________________________________ 
 

9-12.TC.APBC-1.0 Static variables belong to the class, with all objects of a class sharing a 
single static variable. 

9-12.TC.APBC-2.0 Static variables can be designated as either public or private and are 
designated with the static keyword before the variable type. 

9-12.TC.APBC-3.0 Static variables are used with the class name and the dot operator, since 
they are associated with a class, not objects of a class. 
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MODULARITY III 
When multiple classes contain common attributes and behaviors, programmers create a 

new class containing the shared attributes and behaviors forming a hierarchy. 
Modifications made at the highest level of the hierarchy apply to 

the subclasses. 
 

Designate Private Visibility of Instance Variables to Encapsulate the Attributes of 
an Object 
_____________________________________________________________________________ 
 

9-12.TC.APPV-1.0 Data encapsulation is a technique in which the implementation details of a 
class are kept hidden from the user. 

9-12.TC.APPV-2.0 When designing a class, programmers make decisions about what data to 
make accessible and modifiable from an external class. Data can be either 
accessible or modifiable, or it can be both or neither. 

9-12.TC.APPV-3.0 Instance variables are encapsulated by using the private access modifier. 
9-12.TC.APPV-4.0 The provided accessor and mutator methods in a class allow client code to 

use and modify data. 
 
Create an Inheritance Relationship from a Subclass to the Superclass 
_____________________________________________________________________________ 
 

9-12.TC.APIR-1.0 A class hierarchy can be developed by putting common attributes and 
behaviors of related classes into a single class called a superclass. 

9-12.TC.APIR-2.0 Classes that extend a superclass, called subclasses, can draw upon the 
existing attributes and behaviors of the superclass without repeating these 
in the code. 

9-12.TC.APIR-3.0 Extending a subclass from a superclass creates an “is-a” relationship from 
the subclass to the superclass. 

9-12.TC.APIR-4.0 The keyword extends is used to establish an inheritance relationship 
between a subclass and a superclass. A class can extend only one 
superclass. 

9-12.TC.APIR-5.0 Constructors are not inherited. 
9-12.TC.APIR-6.0 The superclass constructor can be called from the first line of a subclass 

constructor by using the keyword super and passing appropriate 
parameters. 

9-12.TC.APIR-7.0 The actual parameters passed in the call to the superclass constructor 
provide values that the constructor can use to initialize the object’s 
instance variables. 

9-12.TC.APIR-8.0 When a subclass’s constructor does not explicitly call a superclass’s 
constructor using super, Java inserts a call to the superclass’s no-argument 
constructor. 

9-12.TC.APIR-9.0 Regardless of whether the superclass constructor is called implicitly or 
explicitly, the process of calling superclass constructors continues until the 
Object constructor is called. At this point, all of the constructors within the 
hierarchy execute beginning with the Object constructor. 

9-12.TC.APIR-10.0 Method overriding occurs when a public method in a subclass has the 
same method signature as a public method in the superclass. 
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9-12.TC.APIR-11.0 Any method that is called must be defined within its own class or its 
superclass. 

9-12.TC.APIR-12.0 A subclass is usually designed to have modified (overridden) or additional 
methods or instance variables. 

9-12.TC.APIR-13.0 A subclass will inherit all public methods from the superclass; these 
methods remain public in the subclass. 

9-12.TC.APIR-14.0 The keyword super can be used to call a superclass’s constructors and 
methods. 

9-12.TC.APIR-15.0 The superclass method can be called in a subclass by using the keyword 
super with the method name and passing appropriate parameters. 

 
Define Reference Variables of a Superclass to Be Assigned to an Object of a 
Subclass in the Same Hierarchy 
_____________________________________________________________________________ 
 

9-12.TC.APRV-1.0 When a class S “is-a” class T, T is referred to as a superclass, and S is 
referred to as a subclass. 

 
Call Methods in an Inheritance Relationship 
_____________________________________________________________________________ 
 

9-12.TC.APMI-1.0 Utilize the Object class through inheritance. 
9-12.TC.APMI-2.0 At compile time, methods in or inherited by the declared type determine 

the correctness of a non-static method call. 
9-12.TC.APMI-3.0 At run-time, the method in the actual object type is executed for a non-

static method call. 
 
Call Object Class Methods through Inheritance 
_____________________________________________________________________________ 
 

9-12.TC.APOC-1.0 The Object class is the superclass of all other classes in Java. 
9-12.TC.APOC-2.0 The Object class is part of the java.langpackage 
9-12.TC.APOC-3.0 The following Object class methods and constructors—including what 

they do and when they are used—are part of the Java Quick Reference: 1) 
Boolean equals(Object other) 2) String toString( 

9-12.TC.APOC-4.0 Subclasses of Object often override the equals and toString methods with 
class-specific implementations. 

 
 

VARIABLES I 
To find specific solutions to generalizable problems, programmers include variables in 

their code so that the same algorithm runs using different input values. 
 

Suggested Skills 
_____________________________________________________________________________ 
 

9-12.TC.APVS-1.0 Determine an appropriate program design to solve a problem or 
accomplish a task (not assessed). 

9-12.TC.APVS-1.1 Determine code that would be used to complete code segments. 
9-12.TC.APVS-1.2 Determine code that would be used to complete code segments. 
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9-12.TC.APVS-2.0 Apply the meaning of specific operators. 
9-12.TC.APVS-2.1 Determine the result or output based on statement execution order in a 

code segment without method calls (other than output). 
9-12.TC.APVS-2.2 Determine the result or output based on the statement execution order in a 

code segment containing methods calls. 
9-12.TC.APVS-2.3 Determine the number of times a code segment will execute. 
9-12.TC.APVS-3.0 Write program code to create objects of a class and call methods. 
9-12.TC.APVS-3.1 Write a program code to define a new type by creating a class. 
9-12.TC.APVS-3.2 Write program code to create, traverse, and manipulate elements in 1D 

array or ArrayList objects. 
9-12.TC.APVS-3.3 Write program code to create, traverse, and manipulate elements in 1D 

array or ArrayList objects. 
9-12.TC.APVS-4.0 Use test-cases to find errors or validate results. 
9-12.TC.APVS-4.1 Identify errors in program code. 
9-12.TC.APVS-4.2 Determine if two or more code segments yield equivalent results. 
9-12.TC.APVS-5.0 Explain why a code segment will not compile or work as intended. 
 
Create String Literals 
_____________________________________________________________________________ 
 

9-12.TC.APSL-1.0 A string literal is enclosed in double quotes. 
 
Identify the Most Appropriate Data Type Category for a Particular Specification 
_____________________________________________________________________________ 
 

9-12.TC.APAD-1.0 A type is a set of values (a domain) and a set of operations on them. 
9-12.TC.APAD-2.0 Data types can be categorized as either primitive or reference. 
9-12.TC.APAD-3.0 The primitive data types used in this course define the set of operations for 

numbers and Boolean values. 
 
Declare Variables of the Correct Types to Represent Primitive Data 
_____________________________________________________________________________ 
 

9-12.TC.APVC-1.0 The three primitive data types used in this course are int, double, and 
Boolean. 

9-12.TC.APVC-2.0 Each variable has associated memory that is used to hold its value. 
9-12.TC.APVC-3.0 The memory associated with a variable of a primitive type holds an actual 

primitive value. 
9-12.TC.APVC-4.0 When a variable is declared final, its value cannot be changed once it is 

initialized. 
 
Define Variables of the Correct Types to Represent Reference Data 
_____________________________________________________________________________ 
 

9-12.TC.APVR-1.0 The keyword null is a special value used to indicate that a reference is not 
associated with any object. 
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For String Class: A.) Create String Objects. B.) Call String Methods 
_____________________________________________________________________________ 
 

9-12.TC.APSC-1.0 String objects can be created by using string literals or by calling the 
String class constructor. 

9-12.TC.APSC-2.0 String objects are immutable, meaning that String methods do not change 
the String object. 

9-12.TC.APSC-3.0 String objects can be concatenated using the + or += operator, resulting in 
a new String object. 

9-12.TC.APSC-4.0 Primitive values can be concatenated with a String object. This causes 
implicit conversion of the values to String objects. 

9-12.TC.APSC-5.0 Escape sequences start with a \\ and have a special meaning in Java. 
Escape sequences used in this course include \\”, \\\\, and \\n. 

9-12.TC.APSC-6.0 Application program interfaces (APIs) and libraries simplify complex 
programming tasks. 

9-12.TC.APSC-7.0 Documentation for APIs and libraries are essential to understanding the 
attributes and behaviors of an object of a class. 

9-12.TC.APSC-8.0 Classes in the APIs and libraries are grouped into packages. 
9-12.TC.APSC-9.0 The String class is part of the java.langpackage. Classes in the java.lang 

package are available by default. 
9-12.TC.APSC-10.0 A String object has index values from 0 to length– 1. Attempting to access 

indices outside this range will result in an IndexOutOfBoundsException. 
9-12.TC.APSC-11.0 A String object can be concatenated with an object reference, which 

implicitly calls the referenced object’s toString method. 
9-12.TC.APSC-12.0 The following String methods and constructors—including what they do 

and when they are used—are part of the Java Quick 
Reference:§String(String str) — Constructs a new String object that 
represents the same sequence of characters as str§int length() — Returns 
the number of characters in a String objectString substring(int from, int to) 
— Returns the substring beginning at index from and ending at index to − 
1§§String substring(int from)— Returns substring(from, length())§int 
indexOf(String str) — Returns the index of the first occurrence of str; 
returns -1 if not found§boolean equals(String other)— Returns true if this 
is equal to other; returns false otherwise§int compareTo(String other)— 
Returns a value < 0 if this is less than other; returns zero if this is equal to 
other; returns a value > 0 if this is greater than other. 

9-12.TC.APSC-13.0 A string identical to the single element substring at position index can be 
created by calling substring(index, index + 1). 

 
For Wrapper Classes: A.) Create Integers Objects. B.) Call Integer Methods. C.) 
Create Double Objects. D.) Call Double Methods 
_____________________________________________________________________________ 
 

9-12.TC.APWC-1.0 The Integer class and Double class are part of the java.lang package. 
9-12.TC.APWC-2.0 The following Integer methods and constructors—including what they do 

and when they are used—are part of the Java Quick Reference:§Integer(int 
value) — Constructs a new Integer object that represents the specified int 
value§Integer.MIN_VALUE — The minimum value represented by an int 
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or Integer§Integer.MAX_VALUE — The maximum value represented by 
an int or Integer§int intValue() — Returns the value of this Integer as an 
int. 

9-12.TC.APWC-3.0 The following Double methods and constructors—including what they do 
and when they are used—are part of the Java Quick 
Reference:Double(double value) —Constructs a new Double object that 
represents the specified double value§§double doubleValue() — Returns 
the value of this Double as a double. 

9-12.TC.APWC-4.0 Autoboxing is the automatic conversion that the Java compiler makes 
between primitive types and their corresponding object wrapper classes. 
This includes converting an int to an Integer and a double to a Double. 

9-12.TC.APWC-5.0 The Java compiler applies autoboxing when a primitive value is:§Passed 
as a parameter to a method that expects an object of the corresponding 
wrapper class.§Assigned to a variable of 

the corresponding wrapper class. 
9-12.TC.APWC-6.0 Unboxing is the automatic conversion that the Java compiler makes from 

the wrapper class to the primitive type. This includes converting an Integer 
to an int and a Double to a double. 

9-12.TC.APWC-7.0 The Java compiler applies unboxing when a wrapper class object 
is:§Passed as a parameter to a method that expects a value of the 
corresponding primitive type.§Assigned to a variable of the corresponding 
primitive type. 

 
Explain Where Variables Can Be Used in the Program Code 
_____________________________________________________________________________ 
 

9-12.TC.APVU-1.0 Local variables can be declared in the body of constructors and methods. 
These variables may only be used within the constructor or method and 
cannot be declared to be public or private. 

9-12.TC.APVU-2.0 When there is a local variable with the same name as an instance variable, 
the variable name will refer to the local variable instead of the instance 
variable. 

9-12.TC.APVU-3.0 Formal parameters and variables declared in a method or constructor can 
only be used within that method or constructor. 

9-12.TC.APVU-4.0 Through method decomposition, a programmer breaks down a large 
problem into smaller subproblems by creating methods to solve each 
individual subproblem. 

 
Evaluate Object Reference Expressions That Use the Keyword This 
_____________________________________________________________________________ 
 

9-12.TC.APKT-1.0 Within a non-static method or a constructor, the keyword this is a 
reference to the current object—the object whose method or constructor is 
being called. 

9-12.TC.APKT-2.0 The keyword this can be used to pass the current object as an actual 
parameter in a method call. 
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VARIABLES II 
To manage large amounts of data or complex relationships in data, programmers write 

code that groups the data together into a single data structure without creating 
individual variables for each value. 

 

Represent Collections of Related Primitive or Object Reference Data Using One-
Dimensional (1D) Array Objects  
_____________________________________________________________________________ 
 

9-12.TC.APOD-1.0 The use of array objects allows multiple related items to be represented 
using a single variable. 

9-12.TC.APOD-2.0 The size of an array is established at the time of creation and cannot be 
changed. 

9-12.TC.APOD-3.0 Arrays can store either primitive data or object reference data. 
9-12.TC.APOD-4.0 When an array is created using the keyword new, all of its elements are 

initialized with a specific value based on the type of elements: 1) Elements 
of type int are initialized to 0 2) Elements of type double are initialized to 
0.0 3) Elements of type Boolean are initialized to false 4) Elements of a 
reference type are initialized to the reference value null. No objects are 
automatically created. 

9-12.TC.APOD-5.0 Initializer lists can be used to create and initialize arrays. 
9-12.TC.APOD-6.0 Square brackets ([]) are used to access and modify an element in a 1D 

array using an index. 
9-12.TC.APOD-7.0 The .valid index values for an array are 0 through one less than the 

number of elements in the array, inclusive. Using an index value outside 
of this range will result in an ArrayIndexOutOfBoundsExceptionbeing 
thrown. 

 
Traverse the Elements in a 1D Array  
_____________________________________________________________________________ 
 

9-12.TC.APEA-1.0 Iteration statements can be used to access all the elements in an array. This 
is called traversing the array. 

 
Traverse the Elements in a 1D Array Using an Enhanced for Loop 
_____________________________________________________________________________ 
 

9-12.TC.APEL-1.0 An enhanced for loop header includes a variable, referred to as the 
enhanced forloop variable. 

9-12.TC.APEL-2.0 For each iteration of the enhanced for loop, the enhanced for loop variable 
is assigned a copy of an element without using its index. 

9-12.TC.APEL-3.0 Assigning a new value to the enhanced forloop variable does not change 
the value stored in the array. 

9-12.TC.APEL-4.0 Program code written using an enhanced forloop to traverse and access 
elements in an array can be rewritten using an indexed forloop or a while 
loop. 
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Represent Collections of Related Object Reference Data Using Arraylist Objects 
_____________________________________________________________________________ 
 

9-12.TC.APRO-1.0 An ArrayList object is mutable and contains object references. 
9-12.TC.APRO-2.0 The ArrayList constructor ArrayList() constructs an empty list. 
9-12.TC.APRO-3.0 Java allows the generic type ArrayList, where the generic type Especifies 

the type of the elements. 
9-12.TC.APRO-4.0 When ArrayList is specified, the types of the reference parameters and 

return type when using the methods are type E. 
9-12.TC.APRO-5.0 ArrrayList is preferred over ArrayList because it allows the compiler to 

find errors that would otherwise be found at run-time. 
9-12.TC.APRO-6.0 The ArrayList class is part of the java.util package. An import statement 

can be used to make this class available for use in the program. 
9-12.TC.APRO-7.0 The following ArrayList methods—including what they do and when they 

are used—are part of the Java Quick Reference: 1)int size() -Returns the 
number of elements in the list 2) boolean add(E obj) - Appendsobjto end 
of list; returnstrue 3) void add(int index, E obj) - Insertsobj at 
positionindex (0 <=index <= size),moving elements at positionindexand 
higher to the right (adds 1 to their indices) and adds 1 to sizeE 4) get(int 
index) - Returns the element at positionindexin the list 5) E set(int index, 
E obj) — Replaces the element at positionindex withobj;returns the 
element formerly at positionindex 6) E remove(int index) — Removes 
element from positionindex, moving elements at positionindex + 1and 
higher to the left (subtracts 1 from their indices) and subtracts 1 from size; 
returns the element formerly at positionindex. 

 
For Arraylist Objects: Traverse Using a For or While Loop, Traverse Using an 
Enhanced For Loop 
_____________________________________________________________________________ 
 

9-12.TC.APAO-1.0 Iteration statements can be used to access all the elements in an ArrayList. 
This is called traversing the ArrayList. 

9-12.TC.APAO-2.0 Deleting elements during a traversal of an ArrayList requires using special 
techniques to avoid skipping elements. 

9-12.TC.APAO-3.0 Since the indices for an ArrayListstart at 0 and end at the number of 
elements − 1, accessing an index value outside of this range will result in 
an ArrayIndexOutOfBoundsExceptionbeing thrown. 

9-12.TC.APAO-4.0 Changing the size of an ArrayListwhile traversing it using an enhanced for 
loop can result in a ConcurrentModificationExceptionbeing thrown. 
Therefore, when using an enhanced for loop to traverse an ArrayList, you 
should not add or remove elements. 
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Represent Collections of Related Primitive or Object Reference Data Using Two-
Dimensional (2D) Array Objects 
_____________________________________________________________________________ 
 

9-12.TC.APRP-1.0 2D arrays are stored as arrays of arrays. Therefore, the way 2D arrays are 
created and indexed is similar to 1D array objects. 

9-12.TC.APRP-2.0 For the purposes of the exam, when accessing the element at 
arr[first][second], the first index is used for rows, the second index is used 
for columns. 

9-12.TC.APRP-3.0 The initializer list used to create and initialize a 2D array consists of 
initializer lists that represent 1D arrays. 

9-12.TC.APRP-4.0 The square brackets [row][col] are used to access and modify an element 
in a 2D array. 

9-12.TC.APRP-5.0 "Row-major order” refers to an ordering of 2D array elements where 
traversal occurs across each row, while “column-major order” traversal 
occurs down each column. 

 
For 2D Array Objects: Traverse Using Nested Loops, Traverse Using Nested 
Enhanced for Loops 
_____________________________________________________________________________ 
 

9-12.TC.APNL-1.0 Nested iteration statements are used to traverse and access all elements in 
a 2D array. Since 2D arrays are stored as arrays of arrays, the way 2D 
arrays are traversed using forloops and enhanced for loops is similar to 1D 
array objects. 

9-12.TC.APNL-2.0 Nested iteration statements can be written to traverse the 2D array in 
“row-major order” or “column-major order.” 

9-12.TC.APNL-3.0 The outer loop of a nested enhanced forloop used to traverse a 2D array 
traverses the rows. Therefore, the enhanced for loop variable must be the 
type of each row, which is a 1D array. The inner loop traverses a single 
row. Therefore, the inner enhanced forloop variable must be the same type 
as the elements stored in the 1D array. 

 
 

CONTROL I 
The way variables and operators are sequenced and combined in an expression 

determines the computed result. 
 

Suggested Skills 
_____________________________________________________________________________ 
 

9-12.TC.APCK-1.0 Determine an appropriate program design to solve a problem or 
accomplish a task (not assessed). 

9-12.TC.APCK-1.1 Determine code that would be used to complete code segments. 
9-12.TC.APCK-1.2 Determine code that would be used to complete code segments. 
9-12.TC.APCK-2.0 Apply the meaning of specific operators. 
9-12.TC.APCK-2.1 Determine the result or output based on statement execution order in a 

code segment without method calls (other than output). 
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9-12.TC.APCK-2.2 Determine the result or output based on statement execution order in a 
code segment without method calls (other than output). 

9-12.TC.APCK-2.3 Determine the number of times a code segment will execute. 
9-12.TC.APCK-2.4 Determine the number of times a code segment will execute. 
9-12.TC.APCK-3.0 Write program code to create objects of a class and call methods. 
9-12.TC.APCK-3.1 Write program code to define a new type by creating a class. 
9-12.TC.APCK-3.2 Write program code to create objects of a class and call methods. 
9-12.TC.APCK-3.3 Write program code to create, traverse, and manipulate elements in 1D 

array or ArrayList objects. 
9-12.TC.APCK-3.4 Write program code to create, traverse, and manipulate elements in 2D 

array objects. 
9-12.TC.APCK-4.0 Use test-cases to find error or validate results. 
9-12.TC.APCK-4.1 Identify errors in program code. 
9-12.TC.APCK-4.2 Determine if two or more code segments yield equivalent results. 
9-12.TC.APCK-5.0 Describe the behavior of a given segment of program code. 
9-12.TC.APCK-5.1 Explain why a code segment will not compile or work as intended. 
9-12.TC.APCK-5.2 Explain how the result of program code changes, given a change to the 

initial code. 
9-12.TC.APCK-5.3 Describe the initial conditions that must be met for a program segment to 

work as intended or described. 
 
Evaluate Arithmetic Expressions in a Program Code 
_____________________________________________________________________________ 
 

9-12.TC.APPC-1.0 A literal is the source code representation of a fixed value. 
9-12.TC.APPC-2.0 Arithmetic expressions include expressions of type int and double. 
9-12.TC.APPC-3.0 The arithmetic operators consist of +, −, *, /, and %. 
9-12.TC.APPC-4.0 An arithmetic operation that uses two intvalues will evaluate to an int 

value. 
9-12.TC.APPC-5.0 An arithmetic operation that uses a doublevalue will evaluate to a double 

value. 
9-12.TC.APPC-6.0 Operators can be used to construct compound expressions. 
9-12.TC.APPC-7.0 During evaluation, operands are associated with operators according to 

operator precedence to determine how they are grouped. 
9-12.TC.APPC-8.0 An attempt to divide an integer by zero will result in an 

ArithmeticException to occur. 
 
Evaluate What Is Stored in a Variable as a Result of an Expression with an 
Assignment Statement 
_____________________________________________________________________________ 
 

9-12.TC.APAS-1.0 The assignment operator (=) allows a program to initialize or change the 
value stored in a variable. The value of the expression on the right is 
stored in the variable on the left. 

9-12.TC.APAS-2.0 During execution, expressions are evaluated to produce a single value. 
9-12.TC.APAS-3.0 The value of an expression has a type based on the evaluation of the 

expression. 
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9-12.TC.APAS-4.0 Compound assignment operators (+=, −=, *=, /=, %=) can be used in place 
of the. Assignment operator. 

9-12.TC.APAS-5.0 The increment operator (++) and decrement operator (−−) are used to add 
1 or subtract 1 from the stored value of a variable or an array element. The 
new value is assigned to the variable or array element. 

 
Evaluate Arithmetic Expressions That Use Casting 
_____________________________________________________________________________ 
 

9-12.TC.APUC-1.0 The casting operators (int) and (double)can be used to create a temporary 
value converted to a different data type. 

9-12.TC.APUC-2.0 Casting a double value to an int causes the digits to the right of the 
decimal point to be truncated. 

9-12.TC.APUC-3.0 Some programming code causes int values to be automatically cast 
(widened) to doublevalues. 

9-12.TC.APUC-4.0 Values of type double can be rounded to the nearest integer by (int)(x + 
0.5) or (int)(x - 0.5) for negative numbers. 

9-12.TC.APUC-5.0 Integer values in Java are represented by values of type int, which are 
stored using a finite amount (4 bytes) of memory. Therefore, an int value 
must be in the range from Integer values in Java are represented by values 
of type int, which are stored using a finite amount (4 bytes) of memory. 
Therefore, an int value must be in the range from Integer.MIN_VALUE to 
Integer.MAX_VALUE inclusive. 

9-12.TC.APUC-6.0 If an expression would evaluate to an intvalue outside of the allowed 
range, an integer overflow occurs. This could result in an incorrect value 
within the allowed range. 

 
Evaluate Expressions That Use the Math Class Methods 
_____________________________________________________________________________ 
 

9-12.TC.APMC-1.0 The Math class is part of the java.langpackage. 
9-12.TC.APMC-2.0 The Math class contains only static methods. 
9-12.TC.APMC-3.0 The following static Math methods—including what they do and when 

they are used—are part of the Java Quick Reference:§int abs(int x) — 
Returns the absolute value of an int value§double abs(double x) — 
Returns the absolute value of a double value§double pow(double base, 
double exponent) — Returns the value of the first parameter raised to the 
power of the second parameter§double sqrt(double x) — Returns the 
positive square root of a double value§double random() — Returns a 
double value greater than or equal to 0.0 and less than 1.0. 

9-12.TC.APMC-4.0 The values returned from Math.random can be manipulated to produce a 
random int or double in a defined range. 
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Evaluate Boolean Expressions That Use Relational Operators in Program Code 
_____________________________________________________________________________ 
 

9-12.TC.APBP-1.0 Primitive values and reference values can be compared using relational 
operators (i.e., == and !=). 

9-12.TC.APBP-2.0 Arithmetic expression values can be compared using relational operators 
(i.e., <, >, <=, >=). 

9-12.TC.APBP-3.0 An expression involving relational operators evaluates to a Boolean value. 
 
Evaluate Compound Boolean Expressions in Program Code 
_____________________________________________________________________________ 
 

9-12.TC.APBE-1.0 Logical operators !(not), &&(and), and ||(or) are used with Boolean 
values. This represents the order these operators will be evaluated. 

9-12.TC.APBE-2.0 An expression involving logical operators evaluates to a Boolean value. 
9-12.TC.APBE-3.0 When the result of a logical expression using && or || can be determined 

by evaluating only the first Boolean operand, the second is not evaluated. 
This is known as short-circuited evaluation. 

 
Compare and Contrast Equivalent Boolean Expressions 
_____________________________________________________________________________ 
 

9-12.TC.APCB-1.0 De Morgan’s Laws can be applied to Boolean expressions. 
9-12.TC.APCB-2.0 Truth tables can be used to prove Boolean identities. 
9-12.TC.APCB-3.0 Equivalent Boolean expressions will evaluate to the same value in all 

cases. 
 
Compare Object References Using Boolean Expressions in Program Code 
_____________________________________________________________________________ 
 

9-12.TC.APEP-1.0 Two object references are considered aliases when they both reference the 
same object. 

9-12.TC.APEP-2.0 Object reference values can be compared, using == and !=, to identify 
aliases. 

9-12.TC.APEP-3.0 A reference value can be compared with null, using == or !=, to determine 
if the reference actually references an object. 

9-12.TC.APEP-4.0 Often classes have their own equals method, which can be used to 
determine whether two objects of the class are equivalent. 

 
 

CONTROL II 
Programmers incorporate iteration and selection into code as a way of providing 
instructions for the computer to process each of the many possible input values. 

 
Represent Branching Logical Processes by Using Conditional Statements 
_____________________________________________________________________________ 
 

9-12.TC.APBL-1.0 Conditional statements interrupt the sequential execution of statements. 
9-12.TC.APBL-2.0 If statements affect the flow of control by executing different statements 

based on the value of a Boolean expression. 
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9-12.TC.APBL-3.0 A one-way selection (if statement) is written when there is a set of 
statements to execute under a certain condition. In this case, the body is 
executed only when the Boolean condition is true. 

9-12.TC.APBL-4.0 A two-way selection is written when there are two sets of statements— 
one to be executed when the Boolean condition is true, and another set for 
when the Boolean condition is false. In this case, the body of the “if” is 
executed when the Boolean condition is true, and the body of the “else” is 
executed when the Boolean condition is false. 

9-12.TC.APBL-5.0 A multi-way selection is written when there are a series of conditions with 
different statements for each condition. Multi-way selection is performed 
using if-else-if statements such that exactly one section of code is 
executed based on the first condition that evaluates to true. 

 
Represent Branching Logical Processes by Using Nested Conditional Statements 
_____________________________________________________________________________ 
 

9-12.TC.APNC-1.0 Nested if statements consist of ifstatements within if statements. 
 
Represent Iterative Process Using a While Loop 
_____________________________________________________________________________ 
 

9-12.TC.APWL-1.0 Iteration statements change the flow of control by repeating a set of 
statements zero or more times until a condition is met. 

9-12.TC.APWL-2.0 In loops, the Boolean expression is evaluated before each iteration of the 
loop body, including the first. When the expression evaluates to true, the 
loop body is executed. This continues until the expression evaluates to 
false, whereupon the iteration ceases. 

9-12.TC.APWL-3.0 A loop is an infinite loop when the Boolean expression always evaluates 
to true. 

9-12.TC.APWL-4.0 If the Boolean expression evaluates to falseinitially, the loop body is not 
executed at all. 

9-12.TC.APWL-5.0 Executing a return statement inside an iteration statement will halt the 
loop and exit the method or constructor. 

 
For Algorithms in the Context of a Particular Specification That Does Not Require 
the Use of Transversals: Identify Standard Algorithms, Modify Standard 
Algorithms, Develop an Algorithm 
_____________________________________________________________________________ 
 

9-12.TC.APPS-1.0 There are standard algorithms to: 1) Identify if an integer is or is not 
evenly divisible by another integer 2) Identify the individual digits in an 
integer 3)Determine the frequency with which a specific criterion is met. 

9-12.TC.APPS-2.0 There are standard algorithms to: 1 )Determine a minimum or maximum 
value 2) Compute a sum, average, or mode. 
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Represent Iterative Processes Using a For Loop 
_____________________________________________________________________________ 
 

9-12.TC.APIP-1.0 There are three parts in a for loop header: the initialization, the Boolean 
expression, and the increment. The increment statement can also be a 
decrement statement. 

9-12.TC.APIP-2.0 In a for loop, the initialization statement is only executed once before the 
first Boolean expression evaluation. The variable being initialized is 
referred to as a loop control variable. 

9-12.TC.APIP-3.0 In each iteration of a for loop, the increment statement is executed after 
the entire loop body is executed and before the Boolean expression is 
evaluated again. 

9-12.TC.APIP-4.0 A for loop can be rewritten into an equivalent while loop and vice versa. 
9-12.TC.APIP-5.0 "Off by one” errors occur when the iteration statement loops one time too 

many or one time too few. 
 
For Algorithms in the Context of a Particular Specification That Involves String 
Objects: Identify Standard Algorithms, Modify Standard Algorithms, and Develop 
an Algorithm 
_____________________________________________________________________________ 
 

9-12.TC.APIS-1.0 There are standard algorithms that utilize String traversals to: 1) Find if 
one or more substrings has a particular property 2) Determine the number 
of substrings that meet specific criteria 3) Create a new string with the 
characters reversed. 

 
Represent Nested Iterative Processes 
_____________________________________________________________________________ 
 

9-12.TC.APNI-1.0 Nested iteration statements are iteration statements that appear in the body 
of another iteration statement. 

9-12.TC.APNI-2.0 When a loop is nested inside another loop, the inner loop must complete 
all its iterations before the outer loop can continue. 

 
For Algorithms in the Context of a Particular Specification That Requires the Use 
of Array Traversals: Identify Standard Algorithms, Modify Standard Algorithms, 
and Develop an Algorithm 
_____________________________________________________________________________ 
 

9-12.TC.APAT-1.0 There are standard algorithms that utilize array traversals to: 1) Determine 
a minimum or maximum value 2) Compute a sum, average, or mode 3) 
Determine if at least one element has a particular property 4) Determine if 
all elements have a particular property 5) Access all consecutive pairs of 
elements 6) Determine the presence or absence of duplicate elements 7) 
Determine the number of elements meeting specific criteria. 

9-12.TC.APAT-2.0 There are standard array algorithms that utilize traversals to: 1) Shift or 
rotate elements left or right 2) Reverse the order of the elements. 
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For Algorithms in the Context of a Particular Specification That Requires the Use 
of Arraylist Traversals: Identify Standard Algorithms, Modify Standard 
Algorithms, and Develop an Algorithm 
_____________________________________________________________________________ 
 

9-12.TC.APAL-1.0 There are standard ArrayList algorithms that utilize traversals to: 1) Insert 
elements 2) Delete elements 3) Apply the same standard algorithms that 
are used with 1D array. 

9-12.TC.APAL-2.0 Some algorithms require multiple String, array, or ArrayList objects to be 
traversed simultaneously. 

 
Apply Sequential/Linear Search Algorithms to Search for Specific Information in 
Array or Arraylist Objects 
_____________________________________________________________________________ 
 

9-12.TC.APAL-1.0 There are standard algorithms for searching. 
9-12.TC.APAL-2.0 Sequential/linear search algorithms check each element in order until the 

desired value is found or all elements in the array or ArrayList have been 
checked. 

 
Apply Selection Sort and Insertion Algorithms to Sort the Elements of Array or 
Arraylist Objects 
_____________________________________________________________________________ 
 

9-12.TC.APIA-1.0 Selection sort and insertion sort are iterative sorting algorithms that can be 
used to sort elements in an array or ArrayList. 

 
Compute Statement Execution and Informal Run-Time Comparison of Sorting 
Algorithms 
_____________________________________________________________________________ 
 

9-12.TC.APSA-1.0 Informal run-time comparisons of program code segments can be made 
using statement execution counts. 

 
For Algorithms in the Context of a Particular Specification That Requires the Use 
of 2D Array Traversals: Identify Standard Algorithms, Modify Standard 
Algorithms, and Develop an Algorithm 
_____________________________________________________________________________ 
 

9-12.TC.APTD-1.0 When applying sequential/linear search algorithms to 2D arrays, each row 
must be accessed then sequential/linear search applied to each row of a 2D 
array. 

9-12.TC.APTD-2.0 All standard 1.D array algorithms can be applied to 2D array objects. 
 
 
Determine the Result of Executing Recursive Methods 
_____________________________________________________________________________ 
 

9-12.TC.APRM-1.0 A recursive method is a method that calls itself. 
9-12.TC.APRM-2.0 Recursive methods contain at least one base case, which halts the 

recursion, and at least one recursive call. 
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9-12.TC.APRM-3.0 Each recursive call has its own set of local variables, including the formal 
parameters. 

9-12.TC.APRM-4.0 Parameter values capture the progress of a recursive process, much like 
loop control variable values capture the progress of a loop. 

9-12.TC.APRM-5.0 Any recursive solution can be replicated through the use of an iterative 
approach. 

9-12.TC.APRM-6.0 Recursion can be used to traverse String, array, and ArrayList objects. 
 
Apply Recursive Search Algorithms to Information in String, 1D Array, or 
Arraylist Objects 
_____________________________________________________________________________ 
 

9-12.TC.APOA-1.0 Data must be in sorted order to use the binary search algorithm. 
9-12.TC.APOA-2.0 The binary search algorithm starts at the middle of a sorted array or 

ArrayList and eliminates half of the array or ArrayList in each iteration 
until the desired value is found or all elements have been eliminated. 

9-12.TC.APOA-3.0 Binary search can be more efficient than sequential/linear search. 
9-12.TC.APOA-4.0 The binary search algorithm can be written either iteratively or 

recursively. 
 
Apply Recursive Algorithms to Sort Elements of Array or Arraylist Objects 
_____________________________________________________________________________ 
 

9-12.TC.APAR-1.0 Merge sort is a recursive sorting algorithm that can be used to sort 
elements in an array or ArrayList. 

 
 

IMPACT OF COMPUTING 
While programs are typically designed to achieve a specific purpose, they may have 

unintended consequences. 
 
Explain the Ethical and Social Implications of Computing Systems 
_____________________________________________________________________________ 
 

9-12.TC.APES-1.0 System reliability is limited. Programmers should make an effort to 
maximize system reliability. 

9-12.TC.APES-2.0 Legal issues and intellectual property concerns arise when creating 
programs. 

9-12.TC.APES-3.0 The creation of programs has impacts on society, economies, and culture. 
These impacts can be beneficial and/or harmful. 

 
Explain the Risks to Privacy from Collecting and Storing Personal Data on 
Computer Systems 
_____________________________________________________________________________ 
 

9-12.TC.APPY-1.0 When using the computer, personal privacy is at risk. Programmers should 
attempt to safeguard personal privacy. 

9-12.TC.APPY-2.0 Computer use and the creation of programs have an impact on personal 
security. These impacts can be beneficial and/or harmful. 

 


