Air Conditioning and Refrigeration

 Program Review Document

I. Where Are We Now?
A. Purpose and Goals and relation to institution

The current mission of the Air Conditioning and Refrigeration Program is to provide career training and continuing professional education leading to a certificate in methods of air condition and refrigeration maintenance and repair.  Program courses and curricula are designed to meet current industry standards and prepare students for employment as well as continued career growth and development.  The Program trains students in refrigeration repair of small appliances, domestic heating and cooling system and commercial reach-in units.  The Program’s  mission is consistent with the RCCD’s mission of providing post-secondary education for pre-professional, career preparation and occupational and technical education that leads to certificate or Associate’s Degree.   Consistent with the District’s vision of student centeredness and excellence, the Air Conditioning Program strives to provide an educational experience that meets industry standards for employment, and that serves the needs of students in course scheduling, learning styles, class offerings and industry expectations.  

B. History 

Prior to 2003,  the Air Conditioning discipline occupied 3 rooms in Technology Building A, of which 1 was used for lecture and  2 for lab.  These were:   Room 103A (lecture) 103B (lab) 109(lab).   The labs held large equipment and repair supplies to accommodate 30 students working at one time.  
There have been some significant changes that have impacted the Air Conditioning program since completion of the last program review in 2000.  
· The discipline’s physical square footage has been reduced by 25% as a result of space reallocation to the Gates High School Program.  Lab space in room 103B was cut in half to create an additional classroom for the Gates program, room 110.  This left the Air Conditioning program with no lecture rooms, and required that lecture and lab be conducted in the two remaining labs.  The loss of space required a corresponding reduction in class size from 30 students to 20 students in each of the labs.   For  safety considerations: each group of 3-4 lab students, working together on a project, require a minimum space of 7 X 7 ft or 49 square feet. 

· There is an ongoing concern that the Program will lose additional space due to space reallocation.  As an example, the Theatre discipline is requesting space in room 109, currently one of the remaining lab spaces assigned to Air Conditioning.  Space reallocation decisions are based on student enrollment data, yet loss of space directly diminishes the program’s ability to increase program enrollment.

· From 2003 – 2005, the Air Conditioning program provided career technical training to high school students on site at RCC.  The students were funded through a grant program that was operated in coordination with Alvord Unified School District and Community Education.  Twenty (20) non-credit students per semester were enrolled in the partnership program that created a natural career pathway for students to enter the college-credit certificate program.  The grant for this innovative program was lost and the pipeline to the Air Conditioning certificate program ceased to exist, also resulting in a reduction in enrollment.

Institutional Issues:  Space.  The space problems experienced by Air Conditioning and Refrigeration are directly related to the institutional issue of space limitations on the Riverside City Campus.  All disciplines, by necessity, are struggling to gain real estate for classes and labs.  However, limitation of space becomes a particularly critical issue for a technical occupational field such as Air Conditioning that requires:

· dedicated and specialized teaching and learning spaces;

· secure, accessible equipment and tool storage; and

· small class size (20 students per class) for reasons of safety and pedagogy. 

Institutional Issues:  Budget for Instructional Equipment and Supplies.   The Air Conditioning Program currently operates on an instructional supplies budget totaling $2,500.  From this allocation, the discipline purchases soldering supplies, refrigerant gas and electrical supplies to meet class requirements.  The Program acquires lab equipment (such as window air conditioning units, small appliances, commercial reach-in boxes, central air conditioning units) through student and industry donations.  Although the systematic acquisition of instructional equipment through budget allocations is a desirable goal, the lack of secure, weather-protected storage space in the area places any new equipment purchases at risk of damage or loss.     

The space and the equipment budget issues are related.  Without secure, weather-protected storage, instructional equipment cannot be properly stored or maintained and any equipment purchases would be subject to damage and loss.   A requisition for storage accommodations has been submitted and approved, currently awaiting delivery at this writing.  Once a storage facility has been secured, the goal of the program is to request budget allocations for an appropriate range and type of equipment  and supplies that supports the student learning outcomes of course and program. 

C. Programs and Curriculum

At present, the discipline offers a Certificate & Associate  Degree in Air Conditioning and Refrigeration.  The Certificate pattern has 28-29 units, of which 22 are required and 4-7 units are electives.  It is not typical of students who complete the program to transfer to 4 yr college. This may be because of the high demand and wages for air conditioning and refrigeration technicians relative to the short training required.  Most become business owners and technicians.  

The Air Conditioning and Refrigeration Certificate has no program prerequisites.  Required courses in the certificate pattern must be completed in a defined sequence beginning with AIR 50A, prerequisite for Air 50B.  Electives may be taken concurrently with either of the sequential required courses.  

CURRENT 
Air Conditioning and Refrigeration Certificate Program
Required Courses (28 – 29 Units)

	
	
	

	
	
	5
	

	AIR 50A
	Air Conditioning and Refrigeration
	5

	AIR 50B
	Advanced Refrigeration
	5

	AIR 51A
	Environmental Control
	5

	AIR 51B 
	Industrial Commercial Refrigeration
	5

	WEL 34
	Metals Joining Processes
	2

	Group A Electives
	Choose one course from list below
	4

	Group B Electives
	Chose one course from list below
	2-3

	
	
	

	Group A Electives                                                                                                 (4 units)

	AIR 53A
	Basic Electricity for Air Conditioning and Refrigeration
	4

	ELE 10
	Survey of Electronics
	4

	ELE 21
	DC-AC Electronics
	4

	Group B Electives                                                                                           (2-3 units)

	CON 62
	Blueprint Reading
	3

	ENE 51
	Blueprint Reading
	2

	Associate in Science Degree

The Associate in Science degree in Air Conditioning and Refrigeration will be awarded upon completion of the requirements for the certificate, plus completion of the graduation requirements as described in the catalog, as well as electives totaling 60 units of college work as required for the associate degree.  

	
	
	


PROPOSED 
Air Conditioning and Refrigeration Certificate Program

Required Courses (28 – 29 Units)

	AIR 50A
	Air Conditioning and Refrigeration
	5

	AIR 50B
	Advanced Refrigeration
	5

	AIR 51A
	Environmental Control
	5

	AIR 51B 
	Industrial Commercial Refrigeration
	5

	AIR 53
	Basic Electricity for Air Conditioning and Refrigeration
	4

	CON 62
	Blueprint Reading
	3

	Or WEL 34
	Metal Joining Processes
	2

	Associate in Science Degree

The Associate in Science degree in Air Conditioning and Refrigeration will be awarded upon completion of the requirements for the certificate, plus completion of the graduation requirements as described in the catalog, as well as electives totaling 60 units of college work as required for the associate degree.  

	


Students Served. The total number of students served in AC classes between 2001 – 2005 was 698 students.  The class composition is overwhelmingly male, with 98% male and 2% women.  The largest age group served is 35 – 54 years old at 32%, with only 12% below 19 and 3% over 55.   The largest group of students, 13% percent, identify their educational goal as 2 yr. vocational certificate without transfer and 12% identify new career preparation as their educational goal.  12% of students are updating job skills.  .  Together, these groups constitute 37% of the student body, with another 20% undecided. Only 11% of the total student identified the BA degree, with or without AS, as the educational goal.  Only 4% of students identified the AS degree as their educational goal.     This data indicates that Air Conditioning is a program in which students are preparing for employment rather than degree or transfer.  48% of the students are continuing students.  Although there are no data to provide exact numbers, a percentage of students are ex-offenders who have chosen the field because of its high earning potential relative to 
the time required to prepare for employment.  Over the last 5 years, the program has averaged 45% Hispanic, of which a great number are limited English speakers.  
The student demographics have implications for planning curriculum and scheduling.  As a program that is preparing students to meet an industry shortage of workers, program pattern, course sequencing and schedule all should allow for students to complete courses that get them into the workplace as quickly as possible without sacrificing instructional integrity.   

· Courses must have extensive hands-on lab requirement. 

· Courses must be scheduled in the evenings and on weekends.

· Program pattern must be organized into smaller, sequential and modular certificates.

Limited English students would benefit from the availability of a technical reading and writing class.

Curriculum and Measures of Student Success.  Data indicate that students enrolled are achieving a success rate of 78% in reaching their stated educational goal.  Despite this commendable level of student achievement, it is difficult to quantify student success by some traditional measures used such as the number of program completers.  The demand for workers is so great that students easily find employment with sustainable wages after completion of just a few classes, sometimes as few as one class.  Employers recruit from classes and through word-of-mouth in the class.  Therefore, significantly more students begin the program than complete the program because they have achieved their objective after one or two classes, that is, to find gainful employment.  As students mature in their careers, they return to take advanced classes that will qualify them to work on more complex AC systems.  The fact that completing the program is not their goal or priority works against the discipline in the planning and budgeting process.  The statistics appear to indicate that the discipline is failing students because of the completion rates, when in fact, students are successful before completing the program.  This circumstance then results in reductions in space and budget allocations, as have been experienced over the past years.

This indicates a need by the discipline to break the existing 28 unit certificate into modular and progressive certificates that consist of one to three classes. These smaller unit certificate patterns would enable students to achieve completion of one level of training at a time and would enable the discipline to more accurately reflect student success.  The discipline would also like to work with Institutional Research to devise a  student survey that can be administered at the end of each class section to determine the effect that class completion has had on students’ job outlook and salary.  

Another factor that increases the difficulty of measuring student success is that there are currently no established industry certification requirements against which student performance can be measured.  Some industry testing is in development but is not yet complete.  The only requirement for working in the industry is a federal certification for handling refrigerants.  AIR 50A, the first class that must be completed in the program sequence, has been revised to add the Section 608 License certification requirement as a student learning outcome in the Course Outline of Record.   This industry-standard certification is a pre-requisite for working in the industry and would make an excellent future assessment project in the AIR 50A class since all classes could be measured against the same tool.  

Recent Curriculum Changes.  The following changes to the AC certificate program are awaiting submission and approval of the Curriculum Committee.  ENG 51 Blueprint Reading, ELE 10 – Survey of Electronics and ELE 21- DC-AC Electronics were eliminated from the certificate program; it was found that the courses were not offered in a place and frequency that best served the students.  The electronics classes were replaced with AIR 53A – Basic Electricity for Conditioning and Refrigeration.  CON 62 – Blueprint Reading replaced the ENG 51 class. The course outlines and certificate changes currently pending Committee Approval are included on the CD attachment. 

Based on an analysis of enrollment trends and working characteristics of the industry, additional curricular changes are under consideration by faculty and Industry Advisory Committee.   These include:

· Domestic Appliance Certificate pattern- a certificate that consists of 3 of the required courses in the existing pattern, AIR 50A, 50B and 53A.  Students would be able to complete this pattern in 2 semesters and the courses are sufficient to prepare students for immediate employment.  Subsequent coursework would build on this basic pattern.
· Two additional modular levels of one-three classes in a progressive sequence and include the remaining courses in the existing certificate pattern. 

· Air Conditioning Instructor Training Certificate and Associate’s Degree– Following the pattern of Cosmetology, create a program that prepares seasoned professionals to teach in the AC program.  Finding instructors who meet the minimum qualifications for community college teaching is a challenge in this industry where most practitioners have not achieved the Associate’s Degree due to the employment demand and ability to work without such certification.

Interdepartmental Cooperation.  The discipline maintains an effective working relationship with related disciplines Welding and Construction.  Courses from both disciplines are included in the Certificate pattern.
Enrollment Trends.  The enrollment in the program was at its peak in 2002 with 176 students, followed by a decline to an average of 114 students in 2003 – 2005.  This decline in enrollment directly coincides with 
· the loss of lecture and lab space that forced a reduction in class size, and

· the discontinuance of the high school career program.

The demand for refrigeration and heating technicians is expected to rise by 27% in the next 7 years.  The employee shortage can only be met by more aggressively marketing the program to students and informing them of the benefit of salary and demand.   However, the discipline must be very careful to balance increases in enrollment with available facilities.  Every increase in enrollment directly impacts scarce resources such as space, equipment and instructional operating budget.  The discipline would like to expand enrollment within the context of a comprehensive plan that includes planning for space, equipment and operating expenses.  
D.  Student Outcomes Assessment

Student Learning Outcomes for General Education.  The Air Conditioning classes, AIR 50A, AIR 50B, AIR 51A, AIR 51B are well aligned to meet the critical thinking, information skills, communication and application of knowledge requirements for Group C2 of the CSU General Education requirements.  Each of these courses has SLOs that require students to research content from various industry sources, consider and present alternative points of view and use applied technical skills to analyze and solve problems.  These courses prepare students to provide an essential service in the community and as such, there is a strong emphasis in the classes on civic responsibility to provide an ethical level of service to customers.  In addition, students must learn to communicate effectively with clients and suppliers in completing repairs and acquiring parts and supplies.  At present, none of the courses in the Air Conditioning program are included among the list of classes accepted to meet general education requirements. 

Assessment Efforts.  AIR 50A is first in the sequence of required courses in the certificate pattern with 3-4 sections of the class being offered each semester.  The SLOs for the course are prerequisites for student success in subsequent courses since this course includes the basis of operation of refrigeration.  The following Student Learning Outcome for AIR 50A was chosen as the outcome to be assessed:  

Accurately explain the basic chemical and engineering principles 
applicable to refrigeration.

This SLO was chosen because of the prerequisite nature of the content.
A student must be able to explain how refrigeration works and identify critical components in order to complete diagnostic and repair functions learned in subsequent classes.  Students in all sections of AIR 50A complete a common assignment as part of  each course’s examination requirements.  The assignment is to draw a 16 part, 2-temp evaporating system and identify and define the 16 parts of the system.   The exam is worth 100 points, with the drawing worth 20 points of 100 and 5 points for each definition.   
The sample used for the assessment was sections of AIR 50A in Fall, 2005.  With 54 students enrolled, 43 achieved a grade of C or better; 11 students were unsuccessful with a grade of D or F.  The assessment sample was consistent with the data for Student Enrollment Success Rates for 2005 in the Air Conditioning discipline.  72% of students achieved success.  Since the assessment instrument represented only one of the exams required to meet SLOs, the decline from 80% student success in the assessment sample to the lower overall success rate would account for other exams and assignments. 
A significant observation in the student success data for the discipline is that student success was lowest at 72% for the first class in the program sequence.  Student success rates in subsequent required classes, AIR 50B, and AIR 51A rose consistently by as much as 12% in each class.  Student success rates in AIR 51A averaged 96% from 2001 – 2005.  The increasing success rate indicates that students who successfully complete AIR 50A have achieved the requisite knowledge to be successful in subsequent classes. 
E.  Collaboration with Other Units

The Air Conditioning and Refrigeration certificate pattern includes classes from related disciplines, Construction and Welding, as electives in the program.  Because of the specialized nature of the curriculum and teaching/learning spaces, there is limited opportunity for collaboration between Air Conditioning and other disciplines.  However the discipline remains open to opportunities for collaboration.  One possibility is to enable students to work alongside air conditioning and refrigeration technicians at RCC to gain on-the-job experience.  While this does not represent a traditional collaboration between teaching disciplines, it does represent an opportunity for the discipline to work with facilities support staff in a collaborative manner.
F. Outreach
The discipline regularly participates in career day activities hosted on campus.  Printed materials include a program brochure, career data sheet (in the Transfer Career Center), program description and overview in the RCC Occupational Handbook.  

Most class enrollment is a result of direct enrollments from industry employers in AC repair companies of approx 20 employees.  This results in some 48% of students identified as continuing students. 
G. Resources

The most significant resource that challenges the growth and development of the program is lecture and dedicated lab space.  At least 1/3 of the space once occupied by Air Conditioning has been reassigned.  The loss of a lecture space requires that lecture and lab now take place in the same room.  Because of the space requirements of the teaching and lab spaces, the discipline is essentially unable to add more students to classes without jeopardizing the safety of the lab environment.  In the absence of secure, weather-protected storage, the large pieces of air conditioning and refrigeration equipment, tools and even chemicals are kept in the lecture/lab space at all times and students must work on them during labs.  Further, since most students work full time, classes are scheduled for late afternoons, evenings and Saturdays.  With most classes scheduled at these times, it appears that the classroom space is available for scheduling other unrelated classes during the times that the space is not in use by AC, but the presence of equipment and chemicals make the room unsuitable and even dangerous for students from other disciplines.

Acquisition of equipment is also an issue that is closely related to space resources.  Without adequate secure and weather-protected storage space, the discipline is unable to maintain any equipment.  As a result, the discipline has refrained from requesting budget allocation for equipment that cannot be stored safely.  Most equipment used in the lab has been donated by students and industry partners, a situation that is haphazard and unpredictable, but that eliminates the inevitable weather damage and loss of expensive equipment that would occur in the absence of secure storage.   The discipline is hopeful that the equipment storage issues will be solved with the acquisition of a modular storage unit.  
The total budget allocation for instructional equipment and supplies currently is $2,500, adequate to purchase consumable supplies, but not instructional equipment.  As resource allocation is being considered, it is important to note that space is a determining factor as to how much the discipline can grow.  Any significant expansion of course sections, acquisition of equipment and tools would require additional faculty and staff to teach and supervise labs, and to store and distribute tools.
Assuming a resolution to the storage issue, a more appropriate budget allocation for instructional equipment and supplies for the coming fiscal year would be $30,000.  The list of equipment items over $200. follows.
	Instructional Equipment Item Description
	Number Requested
	Purpose/Classes Served
	Per Item 
Cost
	Total

	Air Conditioning equipment with the new refrigerant, 410A
	6
	AIR 51A
	2,000
	12,000

	New refrigerators with new refrigerant 134A
	6
	AIR 50B
	1,500
	9,000

	Refrigerant recovery equipment
	4
	AIR 50B, 51A, 51B
	800.
	3,200

	Heat pumps – new refrigerant 410A, high efficiency 14 SEER
	2
	AIR51A, 51
B
	2,000.
	4,000

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


H. Other Comments

The Air Conditioning discipline has been significantly impacted by the institutional issue of limited space.  In addition, the unique nature of the program and its requirements for space and scheduling have not been consistently factored into planning and resource allocation.  The District has used standard means of assessing space utilization data such as program completers and class size to identify underutilized space.  Consequently, the District has looked to Air Conditioning spaces to meet some of its growing space needs and the Air Conditioning discipline has lost space.  As a small program with a high need for large, dedicated teaching spaces, these measures alone paint a distorted picture of the discipline’s use of and need for space as well as its success in preparing students for industry employment.  While evening and weekend utilization of space is very high, the space is not used during the day, which at first glance, appears that the discipline is not making good use of its physical resources.  To the contrary, the discipline is offering classes to students who are overwhelmingly working full time during the day.  And, the presence of equipment in these combined lecture/lab teaching spaces makes them inappropriate for classes outside of the discipline. Few sections are offered during the summer because this is the industry’s peak period of demand, making skilled practitioners unavailable for a teaching assignment and other workers unavailable to take classes. 
These circumstances have created an environment in which the discipline labors under a constant threat of additional loss of space, reductions in budget allocations and even the discontinuance of the program.  The Air Conditioning discipline, with one full time faculty member and no support staff, has had little available time to effectively advocate for the program due to the demands of curriculum, reporting, facilities, and of course, teaching.  This discipline is preparing students to meet a growing demand for skilled laborers in the Inland Empire, but needs the understanding, support and guidance of District and Campus administration to reach its goals. 
I. Overall Assessment of Discipline Performance

The Air Conditioning discipline is doing a commendable job of preparing students for high-wage, high-demand careers locally and nationally.  Students who participate in Skills-USA competitions consistently excel in statewide competitions.  Students consistently find and maintain employment upon completion of as few as one class, and they return in large numbers to continue their education by taking progressively more advanced classes.  Industry advisors speak very favorably about the quality of student to complete RCC courses.  However, the discipline falls short of collecting the appropriate data to reflect the success of its students and of conveying the unique requirements and resource needs of the discipline.

J. Insights Gained

The greatest insight gained in this process is that it is critical for all levels of the District-- from department to campus to District administration, to understand the nature of the Air Conditioning discipline and industry if it the discipline is to be appropriately supported by resource planning and budget allocation.  Likewise, it is essential for discipline faculty to understand the planning and budget allocation process.  Increasing understanding will require open and honest dialogue, fair assessment and cooperative efforts to build and maintain a program that serves the students and the community.  
It is very difficult for a one-person discipline to balance the requirements of a faculty member outside the classroom without neglecting the needs of the students and the instructional process inside the classroom.  This situation likely has added to the feeling of isolation on the part of the discipline as well as the appearance of discipline stagnation on the part of the administration.
II. Where Do We Want to Be?
A.  Environment Scan

The air conditioning and refrigeration industry is experiencing a shortage of qualified technicians in Southern California and throughout the country.  Greater than average growth is expected in this high-wage career field.  As the industry is moving to put more standards and certifications in place for technicians, increased coordination between industry leaders and career preparation colleges will be required.  It is this discipline’s hope that the industry will take a more proactive and aggressive approach toward informing the general public of the opportunities that exist in this career field and perhaps provide incentives and/or corporate programs that will help to attract students.  

The industry traditionally has been overwhelmingly male dominated, however, the industry may need to consider initiating recruitment efforts to attract more women into the field. 

B. Internal Review
In the next 5 years, topics that need to be addressed in order to build this program include:

· A comprehensive facility plan designed to provide effective teaching and learning spaces to meet the requirements of this career technical field with specialized space requirements and an industry demand for growth; 
· Full-time tool crib person (support staff to monitor and maintain tools and equipment)

· Lecture and lab facilities that are appropriate in size, storage, ventilation and security;

· Acquisition of instructional equipment in a systematic planning process;
· Expansion of the program to meet industry demand for qualified workers;

· Increased outreach, recruiting and career exploration efforts to attract students;

· Career pathways with area high schools;

· Curriculum planning that includes smaller, progressive certificate options.

· Teacher training program to meet the demand for qualified faculty members.

C. Revised Vision/ Summary
Over the next 5 years, the Air Conditioning and Refrigeration discipline would like to continue to implement its existing mission:   to provide career training and continuing professional education leading to a certificate in methods of air condition and refrigeration maintenance and repair.  However, the discipline envisions an expansion of this mission to include the following:   to prepare industry-seasoned professionals to assume teaching roles in air conditioning and refrigeration and to provide  career awareness and career pathways in air conditioning to a diverse population of high school students.   

III.  What Do We Need to Do to Get There?

A. Planning
During this self study, planning emerged as an area of critical need for the Air Conditioning discipline.  The discipline would like to engage in a systematic planning process that addresses industry needs, student demographics, facilities, human resources (instructional faculty and support staff), and equipment and supplies.  Most immediately urgent among these is facilities because of its direct impact on teaching , learning and capacity.     

Because of the critical shortage of qualified instructors, it is also essential to include a means to prepare additional faculty to assume teaching responsibilities.  Such a teacher preparation program can be marketed to the student population that is approaching early retirement age since they will have years of industry experience and may be seeking new opportunities.  Planning this program would require cooperation and coordination with the academic disciplines and other disciplines with similar programs such as Cosmetology.  

The discipline also needs to plan to expand its outreach activities to populations that are currently underrepresented in the student body, such as women.  Although AC is a hard and sometimes dirty job, it is possible that women will be attracted to this high wage, high-demand career field because of its job security.   If more women were aware of the possibilities through targeted outreach and career exploration, it’s possible that more women would enroll.   

B. Resources
· Dedicated laboratory teaching space with secure storage;

· Lecture classroom with secure storage that is separate from the laboratory;

· Secure and weather-protected storage for large equipment;

· Budget resources for instructional equipment, tools and teaching equipment;
C. Student Learning Goals

The Discipline’s goals with respect to student learning are:

· To ensure students receive training that is consistent with industry standards and expectations;

· To ensure teaching faculty bring industry experience to the classroom;

· To include industry career awareness in the curriculum at the high school and college levels.  

· To provide training that enable students to enter the workplace and continue to build a knowledge base throughout their career. 

III. What Evidence Do We Need to Track Progress?

A. Documentation

To effectively tract student success in the AC program, the discipline will need to work with Institutional Effectiveness to devise accurate means of assessing student outcomes as they relate to employment in the industry.  This is critical because the largest percentage of students enrolled in the program express their educational goal as certificate without transfer.  Further, if planning is to be the basis for resource allocation, it is essential that characteristics of the industry, student demographics and the teaching and learning requirements of this specialized technical discipline be factored into the process. 

B. Student Learning Outcomes Assessment

The next steps in assessing student learning outcomes will be to devise an assessment for AIR 50B, the second course in the sequence of classes.  Since there are fewer sections of this course offered each semester than AIR 50A, a smaller student sample will be used.  Since AIR 50B is an applied knowledge course, the assessment is likely to be very different and will need to involve a practical exercise related to the following SLO:
Repair domestic refrigeration equipment and control devices.
Because so many of the students in the program are working full time, it would also be very informative to include employers in the assessment of student learning outcomes in courses beyond the first course in the program sequence.  
IV. How can We Improve the Discipline Self-Study Process?
The discipline self-study process can be improved by removing some of the redundancy in the topics.  Too much of the information had to be said more than once in different ways.  As an example, Topic VI. Summary of Goals, Activities and Findings seems redundant of the introductory information.  Additionally, it would be very helpful for disciplines with only one full-time faculty member to have assigned help from another faculty member.  One of the greatest benefits of self-study is to have discussions and dialogue with colleagues and to consider multiple perspectives.
VI.  Summary of Goals, Activities, and Findings

Air Conditioning Discipline Goals. 
· Acquire and maintain adequate lecture and lab facilities that are appropriate in size, storage, ventilation and security;

· Work with District and/or Campus administration to implement a systematic planning process;

· Expand the program to meet industry demand for qualified workers;

· Increase outreach, recruiting and career exploration efforts to attract students;

· Develop career pathways with area high schools;

· Plan new curricula that include smaller, progressive certificate options.

· Implement a teacher training program.
Findings.  
· The discipline is effective in preparing students for industry employment.
·  More curriculum work needs to be done to give students faster routes from school to work.

· There is a critical need to develop a comprehensive planning mechanism that will accurately identify and assess student success factors so that the allocation of facilities and resources can be equitable and functional to meet the needs of the teaching and learning process. 
· Cooperative arrangements with industry leadership and/or professional organizations are critical in preparing for the greater-than-average growth anticipated in the air conditioning industry in the next 5 years.  
· It is essential that a curriculum be put in place to prepare additional faculty members to assume teaching roles that bring seasoned professionals into the classroom.   
· The discipline must plan to expand facilities and resources in order to meet the growing demand for workers.

·  Outreach activities should be extended to non-traditional student populations.

· Career education and career pathways must be initiated at the high school level.  
Air Conditioning and Refrigeration

Course Outlines of Record

The following course outlines of record have been updated and are pending approval by the Curriculum Committee.

Disciplines:
Air Conditioning and Refrigeration


   

                                                                                                  Degree Credit _X_

    


                                                                                                  Non Credit ____

    



       Non-degree Credit ____     

    


                                                                                                 Comm Service ____

RIVERSIDE COMMUNITY COLLEGE DISTRICT

INTEGRATED COURSE OUTLINE of RECORD




                               AIR CONDITIONING 50A  
COURSE DESCRIPTION
 


Air Conditioning and Refrigeration
5   units


PREREQUISITE: None


This class introduces the fundamentals of basic refrigeration.  It helps the student to define the nomenclature and terminology used in relation to basic refrigeration systems.  The physics, 

chemistry and engineering of refrigeration systems, and system components will be studied in 

depth.   90 hours lecture.  


SHORT DESCRIPTION FOR CLASS SCHEDULE

This class focuses on the fundamentals of basic refrigeration systems as used in any cooling cycle.

STUDENT LEARNING OUTCOMES

    Upon successful completion of the course, students should be able to:

    
1.  
Accurately explain the physical laws that apply to refrigeration.

2.    
Accurately explain the basic chemical and engineering principles applicable to refrigeration.

3.
Accurately explain the operations, uses, and repairs of compressors.

4.  
Accurately explain the operation of refrigerant controls.

5.
Identify and describe the classes of refrigerants and the associated laws of CFC use and The Environmental Protection Agency control regulations.

6.  
Successfully complete the EPA Section 608 License certification for refrigerant handlers.

6.
Define and use terminology specific to the principles of refrigeration, refrigerant controls and compressor operation.

7.
Apply the elements of critical thinking to discuss and analyze issues of air conditioning and refrigeration.

COURSE CONTENT


TOPICS


1.
Physical Laws




a. Heat Energy




b. Heat Transfer




c. Heat Measurement




d. Pressure




           i. Force




          ii. Gas laws


2.
Physical, Chemical, and Engineering Principles




a. Absorption System




           i. Solid absorbent




          ii. Multiple gas cycle




b. Mechanical Compressor System




           i. Water-cooled




          ii. Air-cooled


3.
Compressor Construction




a. Reciprocating (piston/cylinder)




b. Rotary




c. Scroll




d. Screw-type




e. Centrifugal


4.
Refrigerant Controls




a. Metering Devices




           i. Capillary tube




          ii. Automatic Expansion Valve (AEV or AXV)




         iii. High-side float



                    iv. Low-side float




          v. Thermostatic expansion valves (TEV or TXV)




b. Flow Controls




           i. Solenoid valves




          ii. Pressure-regulating valves.




         iii. Check valves




         iv. Hand valves


5.
Refrigerants




a. Groupings and Classifications




b. Properties of Refrigerants




           i. pressure relationship




          ii. temperature relationships




c. Refrigerant numbering and color codes




d. Safety Procedures




e. Environmental Protection Agency (EPA)




            i. Hazards




           ii. Laws




          iii. Disposal




          iv. Reclamation

Students are also assigned reading, writing and other outside assignments equivalent to two hours per one hour lecture.

METHODS OF INSTRUCTION


Methods of instruction used to achieve course objectives may include, but are not limited to

· Presenting class lectures, discussions and demonstrations by instructor or guest speakers in order to introduce students to principles, concepts, tools and equipment.
· Utilizing multi-media presentations to demonstrate and simulate complex concepts. 

· Assigning homework that reinforces concepts presented in class lecture and gives students an opportunity to conduct research on a variety of air conditioning systems. 

METHODS OF EVALUATION
Students will be evaluated for progress in and mastery of learning objectives by methods of evaluation which may include, but are not limited to:

· Frequent quizzes and tests that enable instructor to assess students’ comprehension of key concepts and principles of refrigeration.

· Homework assignments that reinforce content and reflect students’ ability to conduct research.

· Final exam that assesses students’ overall comprehension of content material. 

COURSE MATERIALS
All materials used in this course will be periodically reviewed to ensure that they are appropriate for college level instruction. Possible texts include: 

Althouse/Turnquist/Bracciano.  Modern Refrigeration and Air Conditioning, 
18th edition.  Goodheart-Wilcox Publishers,  2004.
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                               AIR CONDITIONING 50B 
COURSE DESCRIPTION
 


50B Advanced Refrigeration
      5   units


PREREQUISITE: Air Conditioning and Refrigeration 50A

          Troubleshooting, diagnosis, and repair of domestic refrigeration equipment to 

          include refrigerators, freezers, and window air conditioners.  Also includes preventative 

          maintenance and repair.  72 hours lecture and 54 hours laboratory.

SHORT DESCRIPTION FOR CLASS SCHEDULE


Troubleshooting, diagnosis, and repair of domestic refrigeration equipment.

PREREQUISITE/ENTRY SKILLS 
    
Before entering the course, students will be able to: 

· Explain basic air conditioning and refrigeration principles including the physical laws, chemical and engineering principles.

· Utilize appropriate terminology used in the air conditioning and refrigeration industry.

 STUDENT LEARNING OUTCOMES

    Upon successful completion of the course, students should be able to:

    
1.  
Troubleshoot and diagnose domestic refrigeration equipment and refrigeration control devices.

2.    
Repair domestic refrigeration equipment and control devices.

3.
Perform routine preventative maintenance on air conditioning and refrigeration equipment, and control devices.

COURSE CONTENT


TOPICS


1.
Safety in the refrigeration shop.


2.
Measuring AC parts.


3.
Tools and their uses and fitting nomenclature.


4.
Types of tubing connections.




a. flared tube joints




b. swaged joints




c. copper fittings





5.
Fittings




a. Types of fitting and their uses




b.  Making a soldered and silver-brazed assembly


6.
Installing manifold gauges to check a refrigeration system. 


7.
Measuring temperatures.


8.
Identifying and assembling refrigeration devices



9.
Installation or change-out of a hermetic compressor.


10
Functions and use of electrical test equipment.




a. ohmmeter




b. ammeter




c. capacitor tester




d. compressor tester




11.
Schematic diagram utilization.


12.
Electrical systems




a.  Testing procedures for electrical connections.




b.  Tracing and checking electrical circuits




c.  Types of electric motors





       i.  open motors




       ii. repulsion-start induction motors




      iii. shaded-pole motors


13.
Installing fan belts and service valves.


16.
Testing for refrigerant leaks.


17.
Using a vacuum pump/recovery machine.


18.
Using a charging cylinder.

Students are also assigned reading, writing and other outside assignments equivalent to two hours per one hour lecture.

METHODS OF INSTRUCTION

Methods of instruction used to achieve course objectives may include, but are not limited to

· Presenting class lectures, discussions and demonstrations by instructor or guest speakers in order to introduce students to principles, concepts, tools and equipment.
· Utilizing multi-media presentations to demonstrate and simulate complex concepts. 

· Assigning homework that reinforces concepts presented in class lecture and gives students an opportunity to conduct research on a variety of air conditioning systems.

· Assigning small group and individual class exercises that enable students to work cooperatively as a team to solve system problems under the supervision and guidance of the instructor. 

METHODS OF EVALUATION
Students will be evaluated for progress in and mastery of learning objectives by methods of evaluation which may include, but are not limited to:

· Frequent quizzes and tests that enable instructor to assess students’ comprehension of key concepts and procedures used in refrigeration.

· Hands-on problem-solving exercises that demonstrate students’ ability to troubleshoot system problems, formulate repair strategies and apply content.

· Homework assignments that demonstrate students’ individual ability to problem solve and apply content knowledge.

· Final exam that assesses students’ overall comprehension of content material. 

COURSE MATERIALS
All materials used in this course will be periodically reviewed to ensure that they are appropriate for college level instruction. Possible texts include: 

Johnson, William M., Tomczyk, John and Whitman, William C.  Refrigeration & Air Conditioning Technology, 4th Edition.  Delmar, 2000.
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                               AIR CONDITIONING 51A 
COURSE DESCRIPTION
 


51A Environmental Control
      5   units


PREREQUISITE: Air Conditioning and Refrigeration 50B

Air Conditioning design, including air filtration, humidity control and load calculations.  Covers electronic air cleaners, humidifiers, dehumidifiers, mechanical media air filtration, air conditioning design and load calculations.  Also includes preventative maintenance and repair.  Total of 72 hours lecture and 54 hours laboratory. 

SHORT DESCRIPTION FOR CLASS SCHEDULE


Air Conditioning design, including air filtration, humidity control and load calculations.

PREREQUISITE/ENTRY SKILLS 
    
Before entering the course, students will be able to:   



1.       Diagnose domestic refrigeration equipment and refrigeration control devices.


2.    
Repair domestic refrigeration equipment and control devices.


3.
Perform routine preventative maintenance on air conditioning and refrigeration 



equipment, and control devices.

STUDENT LEARNING OUTCOMES

   
 Upon successful completion of the course, students should be able to:

    

1.  
Identify the components of motors and motor controls and describe their functions.


2.    
Select and apply appropriate diagnostic methods, safety procedures, and preventative 



maintenance plans and environmental control systems.


3.
Design environmental systems and perform related load calculations to meet system 



design requirement.

COURSE CONTENT


TOPICS



1.
Air measurements




       a. Humidity




       b. Dew Point




       c. Air Velocity




       d. Pressure Drop




       e. Air Balance



2.
Safety Review



3.
Heating System Design




       a. Gravity: Wall, Floor and Ducted




       b. Forced Air: Upflow, Downflow and Horizontal




       c. Fuels: Oil, Gas and Electric



4.
Heating Service and Maintenance




       a. Electrical:  Safety, Controls and Loads




       b. Mechanical:  Valves, Fans, Regulators, Pumps and Burners






5.
Heat Pump Service and Maintenance




       a. Electrical Controls




       b. Mechanical Compressors and Refrigerant Charge



6.
Mechanical and Electronic Air Filtration



7.
Humidifier/Dehumidifier design and Service



8.
Cooling System Design




        a. Mechanical




        b. Electrical



9.
Cooling System Service




        a. Mechanical




              i. Safety




             ii. Procedures




        b. Electrical




              i. Safety




             ii. Controls




             iii. Loads



10.
System Design:  Heating and Cooling Load Calculations

Students are also assigned reading, writing and other outside assignments equivalent to two hours per one hour lecture.
METHODS OF INSTRUCTION


Methods of instruction used to achieve course objectives may include, but are not limited to

· Presenting class lectures, discussions and demonstrations by instructor or guest speakers in order to introduce students to principles, concepts, tools and equipment.
· Utilizing multi-media presentations to demonstrate and simulate complex concepts. 

· Assigning homework that reinforces concepts presented in class lecture and gives students an opportunity to conduct research on a variety of air conditioning systems.

· Assigning small group and individual class exercises that enable students to work cooperatively as a team to solve system problems under the supervision and guidance of the instructor.

· Assigning special projects outside of class that expose students’ to environments, tools and methods not available in class.  The projects may include field trips or research projects. 

· Assigning reading outside of textbook material; these may include building system descriptions, industry publications or equipment manuals.  

METHODS OF EVALUATION
Students will be evaluated for progress in and mastery of learning objectives by methods of evaluation which may include, but are not limited to:

· Frequent quizzes and tests that enable instructor to assess students’ comprehension of key concepts and principles of refrigeration.

· Hands-on problem-solving exercises that demonstrate students’ ability to troubleshoot system problems, formulate repair strategies and apply content

· Homework assignments that reinforce content and reflect students’ ability to conduct research.

· Final exam that assesses students’ overall comprehension of content material. 

· Final applied project that demonstrates students’ proficiency in troubleshooting, repair and system design. 

COURSE MATERIALS
All materials used in this course will be periodically reviewed to ensure that they are appropriate for college level instruction. Possible texts include: 


Johnson, William M., Tomczyk, John and Whitman, William C.  Refrigeration & Air Conditioning   
          Technology, 4th Edition.  Delmar, 2000.
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                               AIR CONDITIONING 51B 
COURSE DESCRIPTION
 


51B Industrial & Commercial Refrigeration
      5   units


PREREQUISITE: Air Conditioning 51A

Design and application of commercial and industrial refrigeration systems.  Covers pneumatic control systems, hydraulic systems, and electronic systems that are currently in use in the industry today.  Also includes special applications covering expendable refrigerant, absorption, thermal-electric, cascade, and low temperature exotic systems.  Design and applications of all of these systems include preventative maintenance and repair.  Total of 72 hours lecture and 54 hours laboratory.

SHORT DESCRIPTION FOR CLASS SCHEDULE


Design and application of commercial and industrial refrigeration systems including air filtration, 
          humidity control and load calculations.

PREREQUISITE/ENTRY SKILLS 
    
Before entering the course, students will be able to:   



1.  
Identify the components of motors and motor controls and describe their functions.


2.    
Select and apply appropriate diagnostic methods, safety procedures, and preventative 



maintenance plans and environmental control systems.


3.
Design environmental systems and perform related load calculations to meet system 



design requirements.

 STUDENT LEARNING OUTCOMES

    
Upon successful completion of the course, students should be able to:

    

1.  
Explain the design and application of commercial and industrial refrigeration systems.


2.
Demonstrate necessary skills for the applications and preventative maintenance of 



industrial systems.


3.    
Identify and demonstrate the methods of testing and selecting commercial and industrial cooling coils.



and systems.

COURSE CONTENT


TOPICS

1. Thermostatic expansion valves and water valves

a. Removing

b. Testing

c. Installing

d. Adjusting

2. Two-temperature Valve

a. Inspecting

b. Assembling

c. Testing

3. Commercial-type motor control

a. Removing

b. Inspecting

c. Installing

d. Adjusting

4. Capacitor-start/capacitor-run fan motor, testing and operation

5. Evaporator fan motor 

a. Dismantling and assembling

b. Operating and testing

6. Commercial Systems

a. Tracing the electrical circuits

b. Drawing the wiring diagram for commercial systems

7. Servicing a water cooling system

a. display case system

b. reach-in cabinet system

c. frozen food system,

d. multiple-system and evaporative condenser or a cooling tower system

e. Remote air-cooled condenser system and a hot gas defrost system.


8. Troubleshooting a commercial system

a. ice maker system, 

b.  multiple temperature system 

c. pneumatic control system, hydraulic system, electronic system 

d. expendable refrigerant system 

e. absorption system 

f. thermal-electric system 

g. cascade system 

h. low-temperature exotic system


Students are also assigned reading, writing and other outside assignments equivalent to two hours 

per one hour lecture.
METHODS OF INSTRUCTION


Methods of instruction used to achieve course objectives may include, but are not limited to

· Presenting class lectures, discussions and demonstrations by instructor or guest speakers in order to introduce students to principles, concepts, tools and equipment.
· Utilizing multi-media presentations to demonstrate and simulate complex concepts. 

· Assigning homework that reinforces concepts presented in class lecture and gives students an opportunity to conduct research on a variety of air conditioning systems.

· Assigning small group and individual class exercises that enable students to work cooperatively as a team to solve system problems under the supervision and guidance of the instructor. 

· Assigning special projects outside of class that expose students’ to environments, tools and methods not available in class.  The projects may include field trips or research projects. 

· Assigning reading outside of textbook material; these may include building system descriptions, industry publications or equipment manuals.  

METHODS OF EVALUATION
Students will be evaluated for progress in and mastery of learning objectives by methods of evaluation which may include, but are not limited to:

· Frequent quizzes and tests that enable instructor to assess students’ comprehension of key concepts and principles of refrigeration.

· Hands-on problem-solving exercises that demonstrate students’ ability to troubleshoot system problems, formulate repair strategies and apply content.

· Final exam that assesses students’ overall comprehension of content material. 

· Final applied project that demonstrates students’ proficiency in troubleshooting, repair and system design. 

COURSE MATERIALS
All materials used in this course will be periodically reviewed to ensure that they are appropriate for college level instruction. Possible texts include: 


Johnson, William M., Tomczyk, John and Whitman, William C.  Refrigeration & Air Conditioning Technology, 4th Edition.  Delmar, 2000.
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                               AIR CONDITIONING 53  
COURSE DESCRIPTION
 


Basic Electricity for Air Conditioning and Refrigeration
4   units


PREREQUISITE: None


Introduces basic electrical theory, beginning circuit design, and electrical parts identification on air 


conditioning and refrigeration equipment.   Includes hands-on preventative maintenance, and minor 


repair on electrical circuits.   54 hours lecture and 54 hours laboratory.
SHORT DESCRIPTION FOR CLASS SCHEDULE


Basic electrical circuit design and repair for air conditioning and refrigeration systems.

 STUDENT LEARNING OUTCOMES

    Upon successful completion of the course, students should be able to:

    
1.  
Read, interpret and design electrical circuits for air conditioning and refrigeration.

2.    
Explain basic electrical theory and define related terminology.

3.
Apply concepts of electrical circuit design to air conditioning and refrigeration systems.

4.  
Demonstrate preventive maintenance of electrical components.

5.
Demonstrate proper electrical safety procedures and practices required for technicians in air 


conditioning and refrigeration.  

COURSE CONTENT


TOPICS


1.
Basic Electricity




a. AC/DC Theory




b. Ohm’s Law




c. Capacitance




d. Inductance


2.
Electrical Circuits




a. Series




b. Parallel


3.
Solid-State Devices




a. Diodes




b. Transistors




c. Resistors




d. Light-emitting Diodes


4.
Motors




a. Single Phase




b. Three Phase


5.
Primary Controls




a. Relays




b. Contactors




c. Magnetic Starters




d. Variable Speed




e. Solid-State


6.
Secondary Controls




a. Thermostats




b. Fan-Limit Switches




c. Flow Switches




d. Solenoid Valves.




e. Motor-Starting Relays




 f. Timers


7.
Safety Controls




a. Limit Switches




b. Overloads




c. Circuit Breakers




d. Fuses


8.
Control Circuit Design Schematics




a. Room Air Conditioners




b. Heat Pumps




c. Ice Machines




d. Central Heating




e. Refrigerators




f. Industrial Chillers


9.
Control Schematics Diagnosis, Repair, and Preventative Maintenance


10.
Solid-State Board Diagnosis


11.
Electrical Safety



Students are also assigned reading, writing and other outside assignments equivalent to two hours per one hour lecture.

METHODS OF INSTRUCTION

Methods of instruction used to achieve student learning outcomes may include, but are not limited to: 

· Presenting class lectures, discussions and demonstrations in order to introduce students to principles, concepts, tools and equipment.

· Assigning laboratory and special projects that enable students to practice skills on a variety of electrical trainers.

· Assigning small group activities that give students experience in working in a team environment to create and problem solve.

· Inviting guest lecturers to share industry perspectives and expectations.

· Taking field trips to expose students to state-of-the-industry tools, equipment, and technical installation and repair procedures.  

· Showing multi-media presentations.

· Assigning homework.

METHODS OF EVALUATION
Students will be evaluated for progress in and mastery of learning objectives by methods of evaluation which may include, but are not limited to:

· Class and small-group exercises that give students an opportunity to demonstrate     mastery of skills in a real or simulated electrical environment.

· Frequent quizzes and tests that enable instructor to assess students’ comprehension of key concepts and principles of electricity.

· Laboratory projects and special laboratory projects.

· Ability to adapt to laboratory situations.

· Special projects as assigned outside of class.

· Final Exam 

COURSE MATERIALS
All materials used in this course will be periodically reviewed to ensure that they are appropriate for college level instruction. Possible texts include: 

Herman, Stephen L. and Sparkman, Bennie L.  Electricity and Controls for Heating, Ventilating, and Air Conditioning, 5th edition.  Delmar, 2004.
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                               AIR CONDITIONING 60 
COURSE DESCRIPTION
 


AIR 60 Electrical and Mechanical Diagnostic Lab Procedures
        1 unit


PREREQUISITE: Air Conditioning and Refrigeration 50A

Application of the procedures used to design, build, diagnose, troubleshoot and repair electrical and mechanical circuits in air conditioning and refrigeration equipment.  Subsequent enrollment in additional semesters will provide the student an opportunity for additional skill and competency development within the subject matter.  This course may be taken a total of 4 times.  54 hours laboratory.

SHORT DESCRIPTION FOR CLASS SCHEDULE


The principles of electric circuit design, building, diagnosing, troubleshooting and repair of air conditioning and refrigeration equipment.

PREREQUISITE/ENTRY SKILLS 
    
Before entering the course, students will be able to:   


1.  
Accurately explain the physical laws that apply to refrigeration.

2.    
Accurately explain the basic chemical and engineering principles applicable to refrigeration.

3.
Accurately explain the operations, uses, and repairs of compressors.

4.  
Accurately explain the operation of refrigerant controls.

5.
Demonstrate a thorough knowledge of classes of refrigerants and the laws of CFC use and 


The Environmental Protection Agency control regulations.

6.
Apply the elements of critical thinking in the study of air conditioning and refrigeration.

 STUDENT LEARNING OUTCOMES

    Upon successful completion of the course, students should be able to:

    
1.  
Demonstrate the competencies required to perform electrical and mechanical analysis.

2.    
Troubleshoot, diagnose, service, adjust, and repair a variety of air conditioning and refrigeration systems and equipment.


3.
Design and build electrical circuits for air conditioning and refrigeration systems.

COURSE CONTENT


TOPICS


1.
Electrical circuit design:




a. reading and interpreting.    




b. drawing and designing.




c. building


2.
Electrical circuit malfunctions:




a. short circuits.




b. open circuits.




3.
Repair procedures:




a. safety:




     i. refrigerants.



              ii. electricity.




   iii. equipment.




b. repairs:




     i. compressors.




    ii. motors.




   iii. electrical components.




   iv. refrigeration circuits.

METHODS OF INSTRUCTION
· 
Presenting demonstrations by instructor or guests on diagnostic and repair procedures.

· Utilizing multi-media presentations to demonstrate and simulate complex concepts and procedures. 

· Assigning small group and individual class exercises that enable students to work cooperatively as a team to solve system problems under the supervision and guidance of the instructor. 

· Assigning special projects outside of class that expose students’ to environments, tools and methods not available in class.  The projects may include field trips or research projects. 

· Assigning reading outside of textbook material; these may include building system descriptions, industry publications or equipment manuals.  

METHODS OF EVALUATION
Students will be evaluated for progress in and mastery of learning objectives by methods of evaluation which may include, but are not limited to:


Grades are based on demonstrated proficiency in the subject matter.

· Hands-on problem-solving exercises that demonstrate students’ ability to troubleshoot system problems, formulate repair strategies and apply content.

· Practical exercises and laboratory assignments to demonstrate students’ comprehension and application of procedures and techniques.

· Final applied project that demonstrates students’ proficiency in troubleshooting, repair and system design. 

COURSE MATERIALS
All materials used in this course will be periodically reviewed to ensure that they are appropriate for college level instruction. Possible texts include: 

Althouse/Turnquist/Bracciano.  Modern Refrigeration and Air Conditioning, 18th edition.  
Goodheart-Wilcox Publishers,  2004.
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