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FOREWORD TC "Foreword " 
This good practice was developed from examples of successful enhanced training approaches used by member utilities, other industries, and INPO.  It is recognized that other methods may be as good or better.  Accordingly, this good practice is offered to help member utilities improve their programs and methods.

Utilities are encouraged to selectively use this information as desired in developing or improving training programs, with no obligation to adopt all parts of the good practice.  For example, the information may be presented in instructor continuing development to enhance instructor familiarity with the methods and as a forum to pilot some of the methods.  Line managers and supervisors may also find selected methods described in the appendixes useful.

This good practice consists of two parts:

· summary of key principles of enhanced training

· appendixes describing various approaches that can make training more effective

Enhanced training approaches and performance-based training go hand-in-hand.  Performance-based training learning objectives that are based on job needs, when taught appropriately, result in the student mastering the knowledge and skills covered by the learning objectives.  Enhanced training methods encourage the use of more effective ways of developing and presenting information.

This good practice will be updated periodically with additional examples of successful training approaches.  Utilities are encouraged to contact their Academy training coordinators at INPO, who can provide additional examples and other feedback regarding the content of the good practice.

For further information, contact the INPO Training Activities Department manager at (770) 644‑8000.

Several utilities use the enhanced training approaches, and their training staffs are willing to share information on their programs.  Contact information is available from your Academy training coordinator.

 SUMMARY TC "Summary" 
Training and qualification of personnel are essential to plant safety and reliability.  This good practice assists utilities in enhancing training effectiveness by providing examples of successful training approaches.

Nuclear utility training programs are maturing, and personnel turnover is generally low at most stations.  Utility training departments are expected to present high quality training that is cost‑effective and adds value to personnel and plant performance.  Additionally, utility training personnel are challenged to motivate students to learn by making training interesting while increasing information retention.

Enhanced training approaches offer additional strategies for effectively facilitating a student's ability to acquire and retain the knowledge, skills, and attitudes related to job performance.  This good practice provides general discussions about the different methods being used by nuclear utilities, other industries, and INPO.  It includes considerations for designing, developing, and implementing training with enhanced training methods.  Appendixes provide specific examples and explanations for several training approaches.

Tangible benefits have been derived from the application of enhanced training approaches at some member utilities and in other industries.  Likewise, enhanced training approaches have limitations that should be considered before these techniques are adopted.

This good practice is primarily for utility training staff, supervisors, and managers.  Training staffs are encouraged to consider use of these methods in their training programs.  Line managers and supervisors may also find some of the enhanced training approaches described in the appendixes useful in conducting some of their department activities.  For example, some methods included in this document may assist line managers and supervisors when presenting training on plant modifications, operating experience, work practices, or communications or when conducting training with shift supervisor or maintenance supervisor candidates.

Some of the training approaches contained in this good practice depart from traditional concepts usually associated with performance-based training.  Implementation of these training approaches involves innovation and thoughtful planning.  This is a normal part of creatively enhancing training programs.  Many topics may be taught in different ways to achieve the learning objectives.
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1.  PURPOSE TC "1.  PURPOSE" \f C \l "1" 

This document is provided as assistance to member utilities and INPO participants who may choose to use parts or all of it to enhance nuclear utility training programs.  It should not be viewed as additional criteria or requirements.


This good practice provides amplification of INPO 88-002, Principles of Training System Development, Addendum IV:  Learning Objectives, which addresses how some enhanced training approaches can be used in developing learning objectives and implementing training.

Additionally, this good practice is intended to assist in improving training quality and effectiveness by encouraging instructor ingenuity and creativity and student participation.  Some of the approaches may be appropriate for use by line managers and supervisors when conducting in-plant training or as alternate methods for covering topics such as procedure changes, plant modifications, operating experience reviews, and teamwork development, or for enhancing communications.

2.  SCOPE TC "2.  SCOPE" \f C \l "1" 

This good practice provides examples of enhanced training approaches and their applications to nuclear utility training.


Several member utilities have reported success in using many of the enhanced training approaches described in this good practice.  These utilities were consulted to document their experiences and lessons learned in applying enhanced training principles and methods.  Additionally, National Academy for Nuclear Training courses and seminars conducted by INPO, such as the Senior Nuclear Plant Management Course,  the Control Room Teamwork Development Course, and the Shift Manager Professional Development seminar, use many of the methods described in this good practice.
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4.  DISCUSSION
 TC "4.  DISCUSSION" \f C \l "1" 
4.1  
Overview TC "4.1  Overview" \f C \l "2" 


This chapter presents the following:

· background information about how enhanced training approaches can be used to meet the learning needs of adults and improve the learning process (Section 4.2)

· a summary of the enhanced training approaches for review and use in selecting possible implementation techniques (Section 4.3)

· factors for consideration when implementing an enhanced training approach (Section 4.4)

· alternative methods for evaluating student mastery of learning objectives (Section 4.5)



The following enhanced training approaches are discussed in detail in the appendixes:

· accelerated learning techniques

· experiential lecture

· discussion/seminar

· case study

· role-playing

· structured experience

· individualized instruction

· laboratory

· simulator

· distance learning



Appendix content is organized in the following general format:

· an overview of the technique

· details describing the technique

· factors to consider when selecting a technique

· applicability to various training programs

· benefits of using the technique



Each appendix was written to stand alone.  Thus, there is some redundancy in content, especially regarding the application of experiential learning techniques and adult learning theory.

4.2  
Adult Learning and Enhanced Training Approaches
 TC "4.2  Adult Learning and Enhanced Training Approaches" \f C \l "2" 


Enhanced training approaches can "fine-tune" an adult learning environment to increase student interest, maximize information retention, and yield cost-effective training.



Effective adult learning can be characterized by the following broad principles:

· active, participative learning situations

· subjective matter that is relevant to the student's life, work, or personal situation

· variety in learning method, pace, and evaluation

· credible, enthusiastic facilitators who demonstrate a respect for the adult student's knowledge and life experiences


Enhanced training approaches can be used to address each of these broad learning needs of adults while simultaneously accelerating the learning process and increasing retention.

4.2.1  
Enhanced Training


Enhanced training approaches are principles and methods used to increase learning and motivate students to welcome further learning.  Some principles and methods may seem to conflict with many traditional training practices used in the commercial nuclear industry.


Enhanced training is used with success in computer software and hardware and telecommunications industries, government, and higher education.  Most utilities have successfully integrated enhanced training into their training activities and express support for the use of these approaches.


Commercial nuclear power is a sophisticated technology that requires a well-trained, qualified workforce.  Personnel are expected to acquire, maintain, and upgrade complex knowledge and skills to safely and reliably operate nuclear power plants.  This requires large time and resource allocations to train the workers.  Therefore, it is important for training to be effective, efficient, and of high quality so that personnel and plant performance are enhanced.  Enhanced training approaches can help accomplish these goals.


Enhanced training is based on assumptions and principles that differ from traditional methods.  The underlying assumption is that individuals typically use less than their full potentials to assimilate and retain information.  Enhanced training methods produce an environment that maximizes the learning potential of the student.  Some of the tenets of enhanced training are described below.

4.2.2  
Student Well-Being


Enhanced training focuses on student physical, mental, and emotional well-being.  The major premise is that the learning experience should be enjoyable and rewarding.  This is accomplished by creating a positive, comfortable, and stimulating environment that encourages creativity, relaxation, and learning among participants.


Training must focus on enhancing the participant's self-esteem to maximize learning in a minimal amount of time.  Techniques are used to facilitate enthusiasm, creativity, and motivation among participants by frequently encouraging and rewarding student successes.  Fatigue is minimized during instruction by providing stimulating activities, encouraging active student participation, and taking frequent breaks.

4.2.3  
Student-Centered Environment


An ideal student-centered environment is colorful, interesting, and stimulating.  The senses (sight, hearing, smell, taste, and feeling) are stimulated to reinforce the instructional material.  This encourages the individual to go beyond the normal learning boundaries.


The training environment allows students to make mistakes as part of the learning process.  Fear of failure is minimized, and learning is maximized.  The controlled training environment uses mistakes as learning tools so the student does not make the same mistakes on the job.  In this way, mistakes can be made during the learning of the skill rather than in settings where they could jeopardize personnel and plant performance or safety.


The effectiveness of student-centered environments can be reduced when students rotate from back shift to a daytime training schedule.  Individual fatigue and sleep adjustment can vary.

4.2.4  
Traditional Instruction


Enhanced training is distinguished from traditional training approaches in a number of ways.  An example comparison of enhanced training characteristics to traditional training characteristics is given below.


Enhanced Training
Traditional Training

Student-centered
Instructor-centered


Active participation
Passive learner


Learning
Pass/fail


Multisensory
Auditory


Spontaneous, creative
Rigidly planned


Reduce anxiety
Unnecessary tension


Interest, enthusiasm
Anxious to succeed

Enhanced training and performance-based training go hand-in-hand.  In performance-based training, learning objectives are based on job needs and are covered appropriately, and the student then masters the knowledge and skills covered by the learning objectives.  Enhanced training methods encourage the use of effective ways of developing and presenting information.

4.2.5 Theory and Research


The foundation and techniques of enhanced training are based on research, theory, and applications from education, psychology, physiology, neurology, and philosophy.  Selected portions of this theory and research are summarized below.

4.2.5.1  
Right-left hemispheric brain model


The right-left hemispheric brain model describes the functions, characteristics, and differences between different areas of the brain.  For simplicity and in keeping with the current terminology, in this document the areas will be called the right and left hemispheres of the brain for conceptual purposes.


The following list summarizes the characteristics of the right- and left-brain hemispheres based on research conducted by Nobel Prize winners Robert Sperry and Robert Ornstein.

	Left Brain
	Right Brain

	Logical
	Creative

	Systematic
	Intuitive

	Linear
	Holistic

	Verbal
	Visual

	Judgmental
	Playful

	Mathematical
	Artistic



Traditional approaches to training and education appeal to the left brain.  Enhanced training seeks to involve the right brain in learning as well.  This is accomplished through the use of activities and methods that appeal to the right brain.  There are various advantages to right-brain involvement in the learning process, most notably that the right brain can process information much faster than the left brain.


Enhanced training does not attempt to alienate the left brain at the expense of involving the right brain in the learning process.  Rather, the methods seek to facilitate cooperation between both hemispheres to provide maximum learning.  This is called whole-brain learning.  Whole-brain involvement increases learning potential by increasing the percent of the brain that is used above the normal 4 to 10 percent.

4.2.5.2  
Memory reinforcement


Memory of a learning activity will fade rapidly unless the material is reinforced soon after the learning activity, according to memory research.  Enhanced training helps to avoid the memory decay by reviewing and reinforcing learned material.


Material review and reinforcement require only a brief session that outlines the highlights of the material previously presented.  This can be accomplished through self-study, participatory exercises, and other creative methods.

4.2.5.3  
Seven intelligences


Research on multiple intelligences has resulted in a model that identifies the seven intelligences.  Enhanced training emphasizes training approaches that stimulate as many of the seven intelligences as possible.  Traditional instruction typically focuses only on linguistic and logic/math.  The seven intelligences are listed below.  (The numbering is for convenience and does not imply order of importance.)

1.  Linguistic -- relates to written and spoken language, meaning of words, and word relationships

2.  Logic/Math -- relates to deductive thinking, reasoning, numbers, abstract thoughts, precision, and logic

3.  Music -- relates to rhythm, sounds, pitch, and sensitivity to emotions

4.  Visual/Spatial -- relates to sight, images, sense of integrated patterns, and metaphor

5.  Kinesthetic -- relates to physical movement, body control, and timing

6.  Interpersonal -- relates to relationships, sensitivity to others, and influencing

7.  Intrapersonal -- relates to self-knowledge, self-awareness, and self-concept

4.2.5.4  
Memory effect


Memory research shows that people are more likely to retain and recall information if it stands out in some way.  Items tend to stand out and can be memorable whenever they are colorful, bizarre, humorous, sensory, exaggerated, moving, or vivid.


Several enhanced training methods can be used to make information stand out and be more memorable.  These methods are described in the appendixes.

4.2.5.5  
Learning states



Student self-esteem, motivation, performance expectations, and attitude toward learning are examples of learning states.  Research has been conducted on how learning states may affect instructional success.  To maximize instructional success and achieve enhanced training, the learning states should be recognized in the design and delivery of training.  The following are some conclusions drawn from this research:

· The instructor is a strong influence on the student's self-esteem.

· If line managers emphasize high expectations of student performance during training, student self-esteem and learning performance increase accordingly.

· Student self-esteem has a direct effect on learning performance.

· Students are more likely to retain the information presented if they are attentive and alert and have no distractions.

· Enthusiasm and creativity increase learner motivation and performance.

· Because individuals learn in a variety of ways, instruction should be flexible to accommodate different learning styles.

4.2.6 Summary

Enhanced training methods recognize student well-being and the benefits of a learning-centered environment.  Enhanced training uses the right-left hemispheric brain model, includes review and reinforcement of learning material, uses as many of the seven intelligences as practical, and optimizes the learning states.

4.3
Selection and Application of Learning Approaches

 TC "4.3  Selection and Application of Learning Approaches" \f C \l "2" 

This section briefly describes each enhanced training approach, its advantages and limitations, and its application to training.  For more specific information on a particular approach, refer to the appropriate appendix.

4.3.1 Accelerated Learning Techniques

Accelerated learning techniques, as the name implies, refer to activities meant to increase learning and instill within students the desire for further learning.  The methods used in accelerated learning are designed to appeal to a student's senses, increase the use of the brain's capacity for learning, and enhance student motivation and creativity.

The methods used by utilities include, but are not limited to, the following:

· mind-mapping, which is a visual enhancement technique used to graphically summarize, outline, and illustrate subject matter

· visual imagery

· music and sounds

· relaxation techniques

· memory enhancement techniques

· games

· rewards and affirmations

Any combination of these methods can be used in most settings with any number of students at very little cost.  Before experimenting with a given technique, an instructor may only need to read the information regarding that technique and then try it in the learning setting.  Implementation costs may vary depending on existing training resources and equipment such as audiotape players, audiotapes, posters, and pictures.

Accelerated learning techniques provide cost-effective tools that can be used in most settings and with any type of learning objective to improve the efficiency of the learning process.

The following are general examples of limitations experienced by some utilities that use accelerated learning techniques:

· Instructors and students initially are sometimes reluctant to try accelerated learning techniques.  This limitation may be overcome by allowing instructors the time to experiment with the techniques to find the ones they feel comfortable using and allowing them time to develop training materials associated with the new technique.  Allow the students time to comfortably participate in the training, and enlist them in evaluating and improving the applications of the techniques.  Using the techniques during instructor training sessions is an effective way to introduce instructors to the benefits and application of enhanced learning techniques.

· Some utility managers may not be fully receptive to accelerated learning techniques.  If used inappropriately, enhanced training approaches can waste time and be perceived as frivolous.  To encourage managers to allow experimentation with the techniques, these managers need to see the techniques as a portion of the overall training strategy to enhance training and improve worker performance on the job.

· Constraints could exist to quickly rearranging furniture to set up classes for formats that differ from normal lecture.  Planning and instructor preparation are the keys to overcoming this limitation.

4.3.2 Experiential Training in the Classroom

The use of experiential classroom training depends on maximizing the use of two-way communication between the student and the instructor.  Historically, experiential learning has been an effective tool in conducting hands-on training such as the training in the laboratory/shop, in the plant, and in the simulator.  To be more effective in the classroom, the following methods for experiential classroom training should be used:

· applications of information provided

· problem-solving

· directed discussion

· brainstorming

· questioning techniques

· instructional games

· video presentations

· student response systems

In other appendixes, the experiential classroom training methods of case studies, role-playing, computer-based training, interactive video, and computer animation are discussed.  With the exception of student response systems, interactive video, computer-based training, and computer animation, the cost of implementing these methods is minimal, since most depend on instructor skills.  In some cases, such as role-playing, some instructor training and practice may be needed to verify or develop appropriate skills necessary to implement the technique.  Each technique can be applied to each type of learning objective (that is, affective, cognitive, psychomotor).

Many of these methods lend themselves to use in continuing training where students have already established a base level of knowledge with which to contribute.  These methods or modifications of these methods also could be used in initial training.

The following are examples of limitations experienced by some utilities that use experiential classroom training:

· Instructors typically need to experiment with the techniques to find the ones they feel comfortable using.  Managing this experimentation to minimize the impact on the students and building on the experience of using these techniques provide long-term training benefits.

· Initial development time(the time to prepare and conduct an experiential training session(initially can be greater than normal lecture and should be considered.  Until instructors gain proficiency in developing this type of training, extra development time may be needed.

· Group interactions and size limitations may impact the use of experiential classroom training.  The discussion may be dominated by a few students, or some may not participate at all.  Group size needs to be limited for effective instructor facilitation and appropriate student participation.

4.3.3 Discussion/Seminar

A seminar is a learning activity in which participants contribute equally through research, reports, and discussion with direction and guidance from the instructor.  The discussion is a vehicle for information exchange, while the seminar is the setting.  For a seminar to be successful, each student should have the basic knowledge to participate in it.

Seminars can be used to begin a lecture, any time during a lecture, at the end of a lecture, or as a stand-alone learning method used by advanced students in the problem-solving and decision-making areas.  Discussion group size can vary from 2 to 10 students or more if appropriately managed and directed.  Appropriate types of topics for seminars include the following:

· an evaluation of existing materials to form a conclusion

· an interpretation of choice

· objectives that fall within the affective domain (attitudes and value changes)

The advantages of using seminars are as follows:

· allows everyone to openly express his or her thoughts and opinions on a topic

· allows a greater variety of experiences to be shared with the group

· provides students more ideas on the topic

Seminars are used at nuclear power plants in continuing training classes and in initial training after the students have achieved the knowledge to effectively participate in the discussion.

A properly conducted seminar provides a good strategy for using the unique set of experiences and knowledge gained by an adult student.

The following are examples of limitations experienced by some utilities that use discussions and seminars:

· Instructors may need time to experiment with the techniques to find the ones they feel comfortable using.  Managing this experimentation to minimize the impact on the students and building on the experience of using this technique provide long-term training benefits.

· Group interactions and size limitations impact the use of seminars.  The discussion may be dominated by a few students, or some may not participate at all.  Group size needs to be limited for effective instructor facilitation and appropriate student participation.

· The nature of seminars with each participant providing information is apt to stray from the intended topic or purpose.  The instructor must intervene as needed to keep the seminar on track without impeding individual input.

4.3.4  
Case Study

The case study method places the student in a real situation or problem in a way that is relevant to the job or topic for which training is being conducted.  The case study method provides the opportunity for the student to get involved in the analyses and solutions to real problems.

The following is a list of various approaches used to present a case study:

· Classic Harvard Case

· The Incident Process

· The Multiple-Case Technique

· The Live Case

· The Decision Analysis Approach

Case studies perform the following:

· Promote thoughtful discussions of the significant factors in a given situation.

· Develop judgment, critical thinking, and problem-solving skills.

· Deduce principles of management, supervision, and leadership.

· Build human relations skills.

For a case study to be effective, class size should not exceed 10 students.  For larger groups, several subgroups can be formed and assigned the same or different case studies.

The case study method is effective in presenting industry operating experience, specifically by having students apply the lessons learned to their own operating environments.  This method is also well suited to supervisory and management training, as well as to teamwork training or the use of higher-level cognitive skills.

The major advantages and benefits of using the case study method are as follows:

· provides an alternative method of student evaluation

· increases student participation

· uses real-world application

· allows flexibility to tailor instruction to students' needs

· reinforces lessons learned

· exercises higher-level cognitive skills and teamwork development

The following are examples of limitations experienced by some utilities that use case studies:

· Instructors may need time to experiment with the techniques to find the ones they feel comfortable using.  Managing this experimentation to minimize the impact on the students and building on the experience of using this technique provide long-term training benefits.

· Case studies can seem boring to those who may not be as knowledgeable of the topic as others in the class.  The instructor should present the case study at the appropriate technical level for the specific audience to achieve the objectives.

· The time to develop and present case studies initially can be greater than that for normal lecture.  Until instructors gain proficiency in developing this type of training, extra development time may be needed.

4.3.5  
Role-Playing


Role-playing is a tool to facilitate student self-discovery by demonstrating skills in a no-risk environment.  By incorporating role-playing into a training session, the following benefits may be derived:

· Students develop practical skills and change behavior for improved performance.

· Students have the opportunity to learn in a penalty-free environment.

· Students enhance their interpersonal skills.

Role-playing may involve only two students at a time or may be designed for several students.  Students observing the role-playing should record role-play actions for postexercise discussions.  In general, role-playing is a powerful method when used correctly to reinforce learning objectives relating to practical skills and changing behavior.

The following are examples of limitations experienced by some utilities that use role-play:

· Instructors may need time to experiment with the techniques to find the ones they feel comfortable using.  Managing this experimentation to minimize the impact on the students and building on the experience of using this technique provide long-term training benefits.

· Many students do not like to role-play.  Instructors need to facilitate effectively to encourage the students to participle.

· Students may be uncomfortable expressing emotion or may inappropriately display strong emotion.  Instructors need to effectively facilitate and influence the role-play to avoid inappropriate emotional displays and to encourage the students to participate.

· Students participating in the role-play or those observing may not get the intended learning from the experience.  The instructor must be prepared to facilitate discussion following the role-play to achieve the learning objectives.

4.3.6  
Structured Experience

A structured experience provides a framework that allows students to discover new material individually and collectively.  Structured experiences are composed of two main parts:  an activity, usually simulation or gaming, and an extensive postactivity discussion.

The activities used in structured experiential learning include simulations, games, and, occasionally, puzzles.  The use of these activities allows students to participate in and experience learning.  This improves the learning process because adults place a greater value on learning that occurs from their own experiences.

The following are advantages of using structured experiences:

· increases learning and retention

· involves the group as well as the individual

· stresses process as well as content

· reaches both cognitive and affective domains

· stresses active rather than passive learning

· emphasizes participant rather than instructor responsibility for outcomes

The simulation or game must be tied to the learning objectives to be effective, and the instructor must be thoroughly familiar with the game and how to lead it.  A possible disadvantage is that some students may have difficulty or be reluctant to participate.  This situation requires skill on the part of the instructor to encourage participation.

Structured experience is an effective approach for increasing adult learning, evoking student interaction, and facilitating observations that help the students learn more effectively.

The following are examples of limitations experienced by some utilities that use structured experiences:

· Instructors may need time to experiment with the techniques to find the ones they feel comfortable using.  Managing this experimentation to minimize the impact on the students and building on the experience of using this technique provide long-term training benefits.

· Structured experiences are ineffective for some topics.  Structured experiences are more effective when used to review previously learned information and are generally less effective in initial training.

· The time to develop and present structured experiences initially may be greater than that for normal lecture.  Until instructors gain proficiency in developing this type of training, extra development time may be needed.

4.3.7 Individualized Instruction 

Individualized instruction is an interactive learning experience between a student and training materials.  Technology has allowed the implementation of such methods as computer-based training (CBT), interactive video disk (IVD), and interactive disks.  These will be referred to collectively as computer training.  Computer training on several topics is available through Internet resources.

Benefits of using computer training include the following:

· reduced delivery costs

· more effective learning

· reduced examination failures

· reduced travel expenses

· greater student retention of learned material

· increased instruction availability

· student-centered methods

· consistent and easily repeated content delivery

· flexible scheduling

Examples of effective computer training include the following:

· prejob briefings on difficult and infrequently performed tasks

· repetitive training

· self-directed, job-based experiences that help students understand abstract concepts

Computer training has been used to teach topics such as company values, fitness-for-duty, radiological protection, general employee training, theory and component fundamentals, and industry operating experience.  Computer training is especially cost-effective for large audiences when the training involves significant student involvement.

Prior to selecting computer training, careful consideration should be given to hardware and software requirements, course development resources, and the skill of the developer.

Several utilities have developed computer training programs for repetitive training such as general employee training.  Others have adapted computer training for annual requalification topics such as fitness-for-duty.

The following are examples of limitations experienced by some utilities that use computer training:

· Instructors still need to be available to answer questions and provide guidance

· Appropriate numbers of computers need to be available to accommodate the number of students.

· The initial cost of the hardware and software and the cost and time to develop or obtain people who can develop and maintain the software need to be considered.

· Computer training is ineffective for some topics.  It is most cost-effective when used to train large audiences and to train on information that generally remains the same for extended periods of time.

4.3.8
Laboratory

Laboratory training gives students hands-on experience that helps them solidify their understanding of basic concepts learned during classroom training.  Equipment mockups, part-task simulators, or discarded equipment are some examples that can be used to provide hands-on training.  Examples of laboratory training can range from communications training to using a steam generator head mockup for maintenance personnel team training.

The benefits of laboratory training include the following:

· provides the student the opportunity to train in real-life situations

· allows the student to be an active rather than a passive participant

· allows training in a risk-reduced environment

· allows immediate instructor feedback to the student

· promotes increased efficiency and safety later at the job site

· reduces radiation exposure during actual job performance

· provides feedback to improve procedures and equipment

To determine the feasibility of laboratory training, the following factors are important:

· appropriateness of the setting

· student knowledge and experience

· class size

· cost

· type of learning objectives

· additional instructional staff training

Overall, laboratory training provides an opportunity for the student to get hands-on training in a controlled environment to improve job performance.

The following are examples of limitations experienced by some utilities that use laboratory training:

· the cost of setting up and maintaining the training laboratory -- This can be minimized by obtaining discarded equipment.

· storage space for equipment not in use

· safety consideration -- Safety in the training laboratory is just as important as in the plant.  In fact, it is more important in the training laboratory, since the students model the behaviors of the instructor when they return to their jobs.

4.3.9
Simulator 

Plant-referenced simulators, as training environments, lend themselves to almost unlimited possibilities for the application of enhanced training methods.  Priority use of the simulator is for licensed operator and shift technical advisor training.  Considerable caution should be applied to using the simulator for other purposes that might limit its availability for this most important training of control room crews.  However, if simulator time is available, personnel in positions other than licensed operators can benefit from simulator training.  Benefits of training on the simulator include the realism and applicability to plant operating status, the use of higher-order learning objectives in areas such as diagnostics and teamwork, and the use of videotaped scenarios to stimulate discussions and to improve crew performance.

Videotaping simulator exercises can be used to allow the students to critique themselves.  The videotape can then be used to develop a case study on analytic and diagnostic skills and to stimulate discussion on operator actions, communications, and situation identification and diagnosis.  The objectives of this approach are to analyze and diagnose improper actions and determine the most proper and effective actions and communications.

This method is appropriate for both initial and continuing training for licensed operators and shift technical advisors.  To gain the most benefit, this method should follow integrated plant operations and emergency operations topics, but it could be used at almost any point in initial training.

Simulator training is well‑understood in the industry.  Utilities have recognized the value of plant‑referenced simulators in training licensed operators and shift technical advisors.  However, since simulator time is limited, training for students who are not part of operating crews must not impact control room crew training or the support activities necessary to implement and maintain control room crew training.

4.3.10
Distance Learning


Distance learning can be defined as an educational setting in which the instructor(s) and learners are in two different places at the same time (synchronous) or at different times (asynchronous).  Other terms commonly used are “distance education” and “distributed learning.”  Whichever terminology is used, the concept is the same.


Instruction is delivered using a number of technologies appropriate for the subject and the targeted students.  Technologies can be as straightforward as the classic correspondence-school model of printed training material.  Students progress through the course at their own speed, usually in isolation.


Audio technologies such as telephone conferencing allow synchronous delivery of instruction to all students.  Video technologies such as videotape, compressed digital video, cable, or satellite-delivered programming add more flexibility and sophistication to instructional design.  Computer-based learning technologies such as CD-ROM, the Internet, and desktop videoconferencing make tailoring individual instruction efficient and effective.  Support technologies such as e-mail, fax, phone, and the World Wide Web facilitate interactivity, even in totally asynchronous delivery systems.


The benefits of distance learning include reduced delivery costs, reduced travel expenses, greater student retention of learned materials, increased instruction availability, and enhanced employability.  Additionally, distance learning technologies take learning to students and bring a wealth of external resources to students on site.

4.4
Implementation of Enhanced Training Approaches
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Some utility personnel may have reservations about the use of enhanced training approaches because these nontraditional techniques challenge many current practices.  This section provides ways to overcome student, instructor, and manager resistance to these new techniques.  Details of potential pitfalls beyond what is presented in this section and in each appendix can be found in listed references.


When discussing implementation of enhanced training approaches, present the new approach in a positive manner, explain why it will be used, and verify that everyone understands its benefits.  Anticipate and be prepared to address resistance to the new approach.  Sharing successes of other organizations in using the approach, as described in this good practice, will help reduce resistance and skepticism.


Gain support for a new approach by piloting it and making changes as necessary.  Soliciting line manager involvement in the pilot and relying on student feedback can help reduce resistance.  For any approach to work well, it should use the experiences of students, be participative, and have some meaning for the students.


Experience has shown that the best training approaches are those with which instructors feel most comfortable.  Therefore, it is important that instructors receive appropriate advance training and preparation and that line managers support and encourage the use of new training approaches.  For example, the training manager at one plant participated in instructor training to demonstrate and support the use of enhanced training approaches.  Because most enhanced training approaches initially require additional preparation, appropriate instructor training and practice can help reduce any resistance to their use by the instructional staff.  Until instructors become proficient in using new training approaches, they may need more time to develop or modify training.  As instructors gain experience using the new training approaches, preparation time should decrease.


Attempting to implement too many new training approaches at one time can increase resistance to change.  As personnel experience success and benefits of one new approach, they will be more willing to try other enhanced training approaches.

4.5
Student Evaluation
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Regardless of the training approach selected, a student's mastery of the learning objectives needs to be evaluated.  The student evaluation method should reflect what the learning objective requires a student to master.  More specifically, the evaluation method used is dependent on whether the learning objective is an affective (attitude and value), cognitive (knowledge), or psychomotor (performance) learning objective.



For example, if the learning objective requires a student to perform or demonstrate a skill or behavior, then the evaluation method selected should have a student perform the skill or behavior.  Such an evaluation could include task performance evaluation, a structured role-playing exercise, a simulator exercise, a laboratory exercise, or a simulated activity.  If the learning objective requires the student to demonstrate an understanding related to cognitive or affective learning objectives, then the evaluation method selected could include a written or oral examination, correct response during active participation in a case study activity, or correct response during discussion with the instructor.  For discussion evaluations, the instructor must ask enough questions to verify that the student understands the underlying principles associated with each learning objective and has internalized the material (that is, attitudes and behaviors).  That method is typically effective only for a small number of students, such as might exist in some portions of the shift supervisor initial training program.



In summary, alternative methods can be used to evaluate student mastery of learning objectives.  The evaluation methods must verify that the student has mastered the desired understanding and behavior.

ACCELERATED LEARNING TECHNIQUES

Introduction 

Any instructional technique that effectively increases learning and motivates students to learn is considered an accelerated learning technique.  Such techniques are based on the philosophy and theoretical bases of enhanced training approaches as described in Section 4 of this document.

A sampling of accelerated learning techniques is described below.  These techniques provide a means to implement the philosophy and theoretical bases of the accelerated learning system.  Training professionals are urged to use creativity to continually develop new techniques and upgrade existing ones to meet unique training needs.  In fact, a technique will lose its effectiveness if overused or used inappropriately.  Enhanced training approaches used in conjunction with more traditional training design principles can further improve training effectiveness.

Learning Environment 

The learning environment should spur interest, creativity, and sensory stimulation among students.  Establish an environment that blends emotional, physical, and mental energies to elicit the brain's full capabilities.  This is accomplished by the following:

· incorporation of colors, sounds, textures, rhythms, shapes, and other stimulating elements into the learning environment

· use of multimedia and props to stimulate as many senses as possible

· classroom arrangement to allow open discussion, small‑group exercises, and active student participation

Mind-Mapping

Mind-mapping is a visual enhancement technique used to graphically summarize, outline, and illustrate subject matter.  It provides an alternative to the linear outline method typically used to visually present instructional material.  Mind-mapping allows material to be presented on a single view, in contrast to presenting material on multiple pages using the traditional linear outline.  Examples of mind maps are depicted in figures 1 and 2.

The following steps describe the mind-mapping process:

· The title or key topic is written in the center of the page.  It is usually circled, but it may be surrounded by any other shape.

· The developer organizes and describes the subject by attaching line "branches" to the key topic.  These branches contain additional key words, phrases, or subcategories to define the topic.

· Additional branches may be attached to existing branches to further organize, outline, and define the subcategories.  Multiple lines may be drawn to existing branches, as needed.

· Multicolored markers can be used when developing a mind map to enhance its effectiveness.

· Key words or phrases may be accompanied by simple, colorful illustrations to enhance visual imagery and retention.

Mind-mapping is an effective learning tool, note‑taking technique, and study method.

Constructing mind maps offers the following advantages to students:

· visually comprehensible

· individualized

· creative and effective

· multiple pathways following the mind's natural patterns, as opposed to linear representations

· depiction on one view of large quantities of material, including interrelationships

Instructors may use a white board, flipchart, or overhead transparency to construct mind maps during instruction.  Mind-mapping is an effective instructional technique for summarizing, reinforcing, and illustrating learning material.  In addition, mind-mapping enhances spontaneity, creativity, and enthusiasm in instruction.




Figure 1.  Example of a Mind Map of the

                                Training System Development Process




Figure 2.  Example of a Mind Map of a Plant System

Visual Imagery

Individuals are more likely to retain and recall information if they form a mental

"picture" associated with it during the learning process.  This is because most individuals learn best through their sense of vision.  Thus, techniques used to enhance visual imagery of the learning material will tend to accelerate learning.

Mind-mapping, for example, can be an effective technique to increase the visual imagery of learning material.  Other techniques to enhance the student's visual imagery include the following:

· continually using visual media during classroom instruction 

· presenting visuals that contain one or more of the following characteristics:  colorful, vivid, absurd, humorous, moving, or exaggerated

· using more than one visual medium during each presentation (for example, white board, flipchart, overhead projector, video presentation)

· illustrating learning material using pictures and drawings with a minimal use of written words

· using stories and situations to illustrate material by providing graphic details and encouraging students to imagine the scenes being described

· "wallpapering" the classroom with the completed sheets of flipchart paper

· using participatory exercises for students to prepare mind maps, visual illustrations, or stories that relate to the learning material

· minimizing the use of transparencies that present material in a linear fashion

· encouraging students to use multicolored markers to prepare mind maps for note-taking

· encouraging students to be creative by drawing simple, colorful illustrations on their mind maps

Utilities have implemented a variety of these techniques.  For example, many initial and continuing instructional skills training programs cover the use of colorful visuals, mind maps, and participatory exercises.

Music and Sounds 

Accelerated learning is often known for its advocacy of music in the learning environment. Music or background sounds, when used appropriately, can facilitate accelerated learning in the following ways:

· stimulate the right hemisphere of the brain, resulting in whole-brain learning

· facilitate a relaxed, alert state in the student

· reduce fatigue over extended learning periods

· stimulate an individual's level of interest and creativity

Any music must be used properly in the learning environment; otherwise, it can detract from the learning process.  Types of music to use include the following:

· Any music played as a background sound in a classroom, laboratory, or individualized study setting should be classical, instrumental music, or some classical jazz.

· Classical music from the baroque period (1700-1750) can be effective because the dominant use of stringed instruments with their rich overtones creates and captures a mental state more appropriate for learning.

· Musical tempo or rhythm is best at 60 to 72 beats per minute.  Music at this tempo is referred to as largo music.  It is superior because it synchronizes with an individual's heartbeat.

· Lyrical music should be avoided as background sound during instruction.  In particular, country-and-western, rock-and-roll, and oldies music could detract from learning if used as background sound.  In certain instances, lyrical or fast-rhythm music may be used briefly to establish a certain desired mood in instruction.

Environmental sounds may also be used to create a learning state appropriate for the environment and subject.  Sounds such as ocean waves, birds, soft breezes, or rain can assist the student in achieving a relaxed state and in creating visual imagery.

Many utilities provide portable stereo equipment to instructors along with cassette tapes or compact discs of music as described above.  Some utilities have audio equipment designed to provide background music permanently installed in classrooms.

Relaxation Techniques

Research has shown that individuals learn better in a physically relaxed but mentally alert state.  An individual is relaxed when stressful conditions are removed and he or she has reduced feelings of nervous tension or anxiety.  A state of relaxation also causes physiological changes such as reduced heart rate, slower breathing, and slower brain-wave patterns in an individual.  Music is one technique used to facilitate relaxation.  The following are other approaches:

· Take regular breaks.  Generally, a 10‑minute break should be taken every 50 minutes.  This reduces restlessness and fatigue and improves attentiveness and interest.

· Lead a brief stretching and exercise period at the end of each break or whenever students appear fatigued or restless.  This technique helps to reduce stress and increase circulation and oxygen supply to the brain.  This should be a fun and enjoyable exercise routine for the students to begin the learning period in a positive, physically relaxed, and mentally alert state.  Play same upbeat song during each period (lyrics are acceptable in this instance).

· Lead a relaxation exercise.  Have students sit comfortably.  Lights may be dimmed and soft environmental sounds may be used to facilitate relaxation.  Direct students to take deep breaths by inhaling at the count of two and exhaling at the count of four while their eyes are closed.  Suggest that students imagine that they are releasing tension as they exhale.  Instructors may suggest that students imagine they are in a pleasant setting during the breathing exercise.

Some instructors report success with periodic "stretching" breaks during training sessions.  Many training facilities offer self-paced video presentations covering relaxation techniques.  Taking regular breaks is an accepted, necessary practice.

Memory-Enhancement Techniques

A variety of techniques, in addition to those described above, increase student retention of learning material.  Called mnemonics, these techniques are used to aid memory.  They include the following:

· Association -- An individual retains and recalls information most effectively by linking new facts and concepts with existing stored information.  The use of analogies, illustrations, and examples are instructional techniques that use association as a memory aid.

· Chunking -- Chunking involves grouping learning material into manageable blocks of seven pieces or less.  Plan instruction to provide material in manageable "chunks."  This technique is based on research indicating that short-term memory is limited to about seven items.  For example, a systems training class should focus on seven facts at a time, reinforce those facts through visual imagery or other techniques, and then proceed to the next grouping of material.

· Rhythm and Rhyme -- Music, poetry, and chunking can be used to produce rhythm and rhyme by grouping learning material according to similar sounds and rhythmic sequence.  Rhyme affects memory through the harmonious association of word rhymes.  For example, HPCI (hip-see), RCIC (rick-see), and LPCI (lip-see) are commonly used acronyms in a boiling water reactor.

Games

The use of games allows the student to learn through discovery in an environment free from rigid performance expectations.  Games should be directly related to the subject matter but should also be creative, entertaining, challenging, and stimulating.  Some subject-specific games that have been developed in the commercial nuclear industry include the following:

· crossword puzzles of terms that have been presented in training

· quiz games based on television shows

· trivia question games

· baseball

· problem-solving

· role-playing

The use of games in training is covered in more detail in Appendix F.

Rewards and Affirmations 

A positive learning environment facilitates accelerated learning by increasing the student's self-esteem, interest in the subject, and motivation to learn.  These enhancements are best achieved through the use of rewards and affirmations.

A reward is given as positive reinforcement to an individual who has provided a correct response or exhibited desired behavior.  Rewards, such as praise, are used as learning and motivational tools.  When it is given genuinely, praise provides the student with recognition and a sense of accomplishment, both of which motivate the student to learn more.

A celebration can be used to reward the accomplishments of a group or class of students at the conclusion of a training segment.  Celebration activities should be simple and brief and may include upbeat music, public recognition for each individual, or a token gift.  A celebration can contribute to the group's sense of accomplishment, self-esteem, and motivation.  One utility hosts a luncheon at which recent training program graduates are treated to a meal and are awarded a framed certificate attesting to their successful completion of the training.  This enhances the perception of training by the plant staff.  Training came to be viewed as something students could be proud of attending and completing successfully.

An affirmation is a positive statement or thought that triggers an imagined experience in an individual's mind to change his or her behavior.  A positive affirmation will empower an individual to produce permanent desirable changes in behavior.  Encourage students to use learning objectives to produce affirmations.  This can result in a student's making a personalized, positive commitment to achieve a learning objective.

The following are guidelines for creating an affirmation:

· Start the affirmation with "I am."

· Use the present tense.

· Make it positive and brief.

· Include enthusiasm.

· Make a personal commitment to accomplish it; for example, the instructor may have students stand up and repeat "I will master           during this class."
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EXPERIENTIAL LEARNING

Introduction 

Lecture is probably the most commonly used and can be the most abused method of instruction in industrial training.  Traditionally, lectures have been used to deliver most of the course content through prepared material presented formally to students.  Students are expected to master the content by listening and taking notes.  When used as the sole teaching technique, lecture is often less effective than desired for the following reasons:

· Lecture promotes a passive rather than participatory student role.

· Lecture focuses on group learning rather than individualized learning.

· Lecture depends primarily on an oral presentation rather than visual information.

In short, lecture consists of one-way communication from the instructor (active) to the student (passive) in a traditional classroom setting.

However, the typical lecture can be an effective way of conveying information for a short period of time to a large group.  Unfortunately, the length of the average lecture is considerably longer than the attention span of the average student.  For the lecture method to be effective, the instructor and the student must actively participate in the teaching/learning process.

Rationale

American philosopher and educator John Dewey organized a teaching system around the central concept of experience.  Dewey stated:  "All genuine education comes about through experience."

Malcolm Knowles, an eminent adult education theorist and practitioner, agrees with Dewey and further points out that adults must perceive that the training and education have an immediate application for improving their ability to cope with problems faced on the job.  Knowles notes that adults enter a training activity "in a problem-centered or performance‑centered frame of mind."  This has particular application in establishing active student participation in the teaching/learning process.  Knowles states that the central dynamic of the learning process is the experience of the students.

Educator Ivor Davies notes that lesson development should include a great deal of telling and asking, showing and doing.  He emphasizes that student participation is vital.  For this reason, instructors must resist the temptation of the typical lecture.  They do not have to shoulder the whole burden.  He points out that the key to effective teaching is group activity.

Educator Hazel Spitze states that learning is enhanced when instructors use a variety of teaching techniques, facilitate active student participation, assist students in seeing the usefulness of the training, and promote "ownership" of the training.

In summary, design effective training, including classroom-based lectures, using the following considerations:

· The training must have an immediate application to the job.

· The training should provide the student various opportunities to interact using his or her knowledge and skills.

· The instructor must be a guide or facilitator of learning rather than solely a lecturer.  This means there should be two-way communication during which the student is actively using knowledge and skills to solve problems.

· Learning experiences allow the student to use his or her cognitive, affective, and psychomotor capabilities to internalize the subject matter and are crucial to active student involvement in the teaching/learning (training) process.

These considerations can be grouped into a single concept(experiential learning.

Examples of experiential learning are most often found in laboratory, simulator, and on-the job training.  These settings and their related training activities and hardware easily lend themselves to providing student learning experiences.

Applications

Instructors may develop skills to apply experiential learning techniques to lectures.  An instructor can facilitate active student participation by using various techniques that involve the student in some overt, observable response to the training.

The following are techniques or strategies for facilitating active student participation.

1.
Problem-Solving
One of the best ways to facilitate student participation and promote student retention is to use problem-solving.  Nuclear training should include exercises that will enable students to think and to reason through problems.  Include problem-solving experiences in almost every lesson plan, where appropriate.  Each student should develop proficiency in effective thinking and problem-solving and should be given the opportunity to develop such abilities as early in the training as possible.

This can be as simple as asking "what if" questions at appropriate points in the lesson or using mathematical problems.  This encourages the student to use new knowledge with concepts learned previously.

Other ways of providing problem-solving experiences are during case studies and role​-playing exercises for which students are presented with background information and the problem and are asked to arrive at a solution.

For example, one utility uses problem-solving in continuing training.  A plant system is reviewed in terms of purpose, major components, flow paths, and interfaces with other systems.  The instructor presents the students with various indications from the control board and asks them to diagnose the problem and to suggest possible corrective actions.  This allows students to apply their knowledge of the system and plant operations to solve the problem.

2.
Directed Discussion
W. R. Miller and H. C. Rose, authors of Instructors and Their Jobs, noted that directed discussion promotes student participation.  The directed discussion is different from a typical lecture because the instructor draws on the experience of the students to allow them to provide most of the information.  This method can be used when students have some knowledge of the subject being discussed, such as during continuing training.  It promotes active student participation and allows the instructor to give some individual attention to students. 

Miller and Rose suggest the following methods for using directed discussion:

· Since the success of adult learning is due, in large measure, to past experiences, directed discussion is quite effective as an introduction to a lesson.  The instructor starts the lesson by asking questions to focus attention on the new content and its importance.  Discussion may serve as a quick review with a gradual shift to the need for more information.  This is a good way to promote new learning.

· A directed discussion is a good way to apply new information to the job or to some problem‑solving approach.  For example, when new content has been presented in a lesson, the instructor should provide opportunities for the students to apply the new information as quickly as possible.  One way to do this is to start a discussion that causes the student to think through and use facts and principles presented in an earlier part of the lesson.  Thoughtful preparation on the part of the instructor is essential to the success of this method.

· Students may not recognize the relationships among facts and processes that were taught in several different lessons.  Directed discussion can provide a way for the instructor to integrate or tie these factors together in the proper relationship.

3.
Brainstorming
Brainstorming is a useful technique for problems that do not lend themselves to an easy

or obvious answer.  It is particularly useful in dealing with human relationship problems

or in situations that promote cooperation among individuals.

In brainstorming sessions, the instructor introduces a problem and asks group members to suggest as many possible solutions as they can in a given time.  Students are not allowed to evaluate each other's contribution.  The idea is to identify the largest number of possible solutions regardless of their practicality.  The objective is to stimulate imagination and to encourage creative solutions.

Brainstorming emphasizes the variety of ideas identified within one group or by several different groups.  The value of this approach lies in the synergy that develops.  Students become involved and gain ownership of the solutions.  After the brainstorming portion of the exercise is completed, the group discusses and evaluates the suggestions.

4.
Questioning Technique
Oral questioning motivates students, promotes mental activity, involves students, and allows the instructor to obtain feedback on the students' progress.

Davies notes that an effective questioning technique is an indication of a good instructor and is a skill that must be practiced and continually improved.

However, acquisition and maintenance of the skill are not sufficient.  To actively involve students, the questions must be at a level that requires more than mere student recall.  The questions should be asked so that the students analyze and evaluate previous information in order to respond.  A good questioning technique involves both lower and higher cognitive skills.

Questions may be incidental or central to the development of the course content; they may be spontaneous or written out in lesson plans.  Planned questions may be written down beforehand in the lesson plan.  Unplanned questions emerge spontaneously during the course of the lesson.  Instructors have to learn to recognize unplanned opportunities as they emerge.  Exploiting them is part of the craft of teaching.

To enhance learning through the use of questioning, train instructors in the principles of adult learning and the practical application of questioning.  Some elements of effective questioning include the following:

· using questions to foster participation, measure student progress, and develop student confidence

· knowing when to ask questions (nonverbal feedback that indicates the students do not understand the material, for review of the material, or to verify accurate communication of information)

· knowing how to ask questions  (Ask it to the whole class at first, wait, then direct it to a specific student.)

· knowing how to respond to answers  (Praise and reinforce correct answers; restate correct answers to reinforce them; redirect and restate the question when the answer is incorrect.)

5.
Instructional Games
Instructional games may involve boards and dice or may simply place participants in a

competitive setting.  More sophisticated instructional games may depend on

computers.

Most games are highly interactive.  They provide opportunities for low‑cost, intensive student participation.  Students learn to analyze problems and manage real‑life situations.  They make decisions, meet deadlines, control projects, and experience the consequences of their actions.

Since games generally have a built-in scoring method, they can also be used for assessment purposes.  Examples of possible games used in nuclear training are television game shows adapted to industrial training settings, crossword puzzles, and word search puzzles.  Careful briefing and debriefing are essential if students are to gain the maximum benefit from the learning situation.

6.
Video
Video technology provides a number of options for promoting student participation.  Perhaps the most used are the videotaping of role-playing and simulator scenarios for use in critiquing the training.  As noted previously, this method allows students to see themselves and learn from self-discovery and instructor critiques.

Another use for video is to show previously recorded tapes.  Professionally developed training tapes provide opportunities for the instructor to demonstrate many concepts in an entertaining manner.  The National Academy and some utilities have produced their own videotapes to demonstrate various concepts and techniques.  

7.
Student Response Systems
One utility successfully uses a student response system during classroom training.  This system consists of keypads for each student, an appropriate interface from the keypads to a computer used by the facilitator, and the computer software to run the system.  During a typical training session, the facilitator asks questions and observes student responses on the computer screen.  The utility reports that this is an effective, unobtrusive method of monitoring student comprehension on a real-time basis.  The pace of instruction, level of detail, amount of review, and corrective feedback can all be optimized based on the real-time data gathered.  Feedback at this utility indicates that the quality and effectiveness of training sessions conducted using the student response system are enhanced over more traditional lecture techniques.
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DISCUSSION/SEMINAR

Introduction

Adult students have a vast resource of unique experiences and knowledge.  Adults develop their self-identity from their life experiences and place great value on those experiences.  Capitalizing on these experiences in the learning environment enhances the learning process and actively involves the learners.

One method of tapping into the students' experiences is by using discussions and seminars.  A discussion is an interactive communication among class participants with direction and guidance from the facilitator.  It is a directed conversation among the learners and the facilitator and is aimed toward satisfying the knowledge requirements of specific learning objectives.  A seminar is a meeting for giving and discussing information.  Discussion is the vehicle for information exchange; a seminar is the setting.

For a discussion to be successful, each student needs the basic knowledge and experience to participate in it.  Discussion allows the students to use knowledge and experience to generate new ideas and questions and subsequently determine solutions to those questions.  Discussions should allow for the exploration of new ideas, development of appropriate analogies, and determination of similarities and differences between past learning and new concepts.

Four Uses of Discussion

The application of the discussion method falls into the following four categories in the

learning process:

· to obtain the students' ideas and opinions and help the facilitator identify students' knowledge at the beginning of a presentation

· to help reinforce important points, clarify issues, and provide a periodic summary during a lecture

· to reinforce the learning that occurred during the session at the end of a lecture

· as a stand-alone learning method to be used for advanced students in the problem-solving area when facilitated by experienced instructors

Discussion Group Size Classification

Discussion groups fall into different categories depending on the number of participants in the group.

· partner chats -- Small classes, divided into groups of two.  Once the solution is determined by a two-person group, the solution is presented to the entire group.  Partner chats are used in instructor skills training to share information among training disciplines.

· buzz group -- Used when a large group needs to be broken down into smaller groups of four to six students.  This is perhaps the most common discussion group.  Students in the class who would be hesitant to participate openly during a lecture may not be hesitant in the buzz group.  In this way, more experience and knowledge are shared by a greater number of people.  The buzz group can be used in almost every training course.  Management skills training uses this method to attempt to reach a consensus on management issues and station problems.  The buzz group is also an effective method for working through case studies in teams, with the discussion leader presenting his or her results to the other groups for comparison.

· fish bowl -- The discussion group of 6 to 10 students sits in the center of the whole group and discusses the topic while the rest of the class listens and takes notes.  The fish bowl allows a very large group the opportunity to more actively participate.  This method has the disadvantage that some students may not actively listen and, hence, not benefit from the discussion.  This loss of attention is directly proportional to the length of the fish bowl discussion.  For this reason, limit discussion in scope and time.  The fish bowl method may be useful in a combined continuing training class for licensed and nonlicensed operators.  The discussion group, which would be composed of the operating crew, would be provided the topic to discuss.  The remainder of the group would observe and take notes.

Technique

The process of conducting a discussion can be anything from simple, unstructured dialogue between the instructor and students to a structured, systematic process.  To make the discussion effective, follow the four steps listed below and described in subsequent paragraphs.

· Select the topic.

· Plan the discussion.

· Conduct the discussion.

· Summarize the discussion.

1.
Select the Topic
Appropriate topics for discussions may include the following:

· topics that require an evaluation of existing information to form a conclusion

· topics that require an interpretation or choice

· topics with objectives that fall within the affective domain; that is, attitudes and value changes

The most important point in selecting discussion topics is to use topics that are both relevant and interesting.

2.
Plan the Discussion
Once the topic has been selected, the next step is to plan the discussion.  The instructor must verify that the students have the appropriate level of knowledge to participate in the discussion.  The instructor must also have the ability to provide an effective, directed discussion and minimize a free-form conversation.  A set of questions and appropriate student responses to use as a guide for conducting the discussion will help keep the discussion on track and achieve the desired objectives.

3.
Conduct the Discussion
After selecting and planning, the instructor will facilitate the discussion.  If the students are not familiar with the discussion method, they may be unwilling to participate and instead will stay within the confines of the conventional lecture method.  To ease students into this method, keep discussions short initially and lengthen as students become more comfortable.

To establish a free, nonthreatening atmosphere for the discussion, the instructor reviews the discussion guidelines up front.  Some simple rules that encourage a friendly atmosphere are raising hands to be called on, only one person talking at a time, and critiquing only the opinion, not the person offering the opinion.  A comfortable room arrangement that allows the students to see each other as much as possible contributes to an atmosphere of participation and interest.  If a group leader is to be used, that individual is briefed on his or her responsibilities in conducting the discussion.

The instructor starts a discussion by introducing a problem, question, or statement.  Other items that can be used to start a discussion are a film, a demonstration, or an exercise.  During the discussion, the instructor uses the list of prepared questions to keep on the topic.  The instructor continuously monitors the students to make sure all participate, asking directed questions to those who are not participating.  Above all, the instructor/group leader is kind, courteous, nonthreatening, and respectful of the opinions and comments expressed by the students.

4.
Summarize the Discussion
When the topic has been thoroughly covered and the learning objectives satisfied, the instructor/group leader summarizes the results or gets the class to do it.  In summarizing the results, the major outcomes of the discussion are fixed in the students' minds.

Advantages and Limitations
In small-group discussions, everyone is allowed to openly express their thoughts and opinions on a topic.  The group has a great variety of experiences and knowledge to draw upon; subsequently, a greater exchange of ideas occurs among participants.  This exchange ultimately gives each student new ideas on the topic.

Some limitations for using discussions and seminars are that instructors may need time to experiment with the techniques to find the ones they feel comfortable using and that group interactions and size limitations impact the use of experiential learning.

Application

Over the last few years, utility instructors have been provided instructional skills training on questioning techniques, case study methods, and facilitating.  The discussion method is used extensively and effectively at some stations in continuing training classes and in initial training once the students have achieved the knowledge required to effectively participate in discussions.  Higher-order learning objectives, such as those at the analysis, evaluation, and synthesis levels, form the foundations for these discussions and allow students to use other students' expertise in forming new ideas.
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CASE STUDY

Introduction

The case study method of instruction has been effectively and increasingly used by utilities over the past several years, especially to present instruction on plant and industry operating experience.  The case study approach has been used in higher education since it was pioneered by Harvard University in the 1880s.  Several variations of this method apply to training in the nuclear power industry.

A case study is a description of a real situation or problem or a group of related situations.  The description may be written, oral, visual, or a combination of these media.  The case study is an instructional method whereby a scenario of the case is presented, analyzed, and used in a way that is relevant to the job or topic(s) being studied.  The student's learning experience is developed through analysis and solutions to the problems presented in the case.

This method gets the student involved and brings a reasonable level of credibility and reality into the discussions.  Real issues and real applications are discussed, as opposed to theory.

One purpose of the case study is to cause the student to develop generalizations and internalize principles that may be applied in the long term.  For example, the immediate transfer of knowledge may be more effectively accomplished by experiential learning than by a case study; however, higher-level cognitive skills may be developed more effectively using the case study method.

The case study provides the facilitator with a flexible method of instruction.  The instructor can vary the amount of detail and type of information provided to the students and the extent of instructor participation and can focus the learning experience on specific aspects of the situation.  Using these variables, the instructor facilitates the learning process.

This method offers the possibility of injecting strong realism into training, thereby increasing student interest and involvement.  The student becomes an active rather than a passive participant in the training.

INPO 97-011, Guidelines for the use of Operating Experience, provides discussion on other variations and formats of case studies that specifically apply to the nuclear industry.

Use of the Case Study Method

The case study method may be adapted to nuclear utility training to accomplish the following:

· Address areas with long-term industrywide significance.

· Identify lessons learned from situations that have occurred or could occur at a given plant.

· Identify needed plant and procedure changes.

· Reinforce practice and/or priorities.

· Reinforce existing training.

· Enhance awareness of equipment failure and human error.

· Motivate students.

· Challenge, test, and exercise established processes.

· Capitalize on the students' varied backgrounds.

· Identify individual student strengths and areas needing improvement.

The ideal class size for an effective case study would be about 10 students for a single group or 20 to 25 students broken down into smaller work groups.  The size limitation allows for individual participation and evaluation of the students' knowledge.  Advanced preparation may be completed by an individual or by working groups.  For example, all students may be asked to study the case in advance and submit a written analysis.  Individuals or assigned groups may present their analyses for class discussion.  Small groups allow greater participation, stimulate competitiveness, and result in a wider range of solutions.

The instructor must be able to guide the learning process to confirm that the students understand the lessons learned and how they apply to their situations.  The case must be realistic enough to allow the students to relate the facts of the case to a real-life situation.  Care must be taken to consider all factors and keep the total situation in mind.  Students must be given the flexibility of arriving at a variety of solutions so they are not channeled into a single or predetermined solution.  Because students are given latitude in discussing the case, the case study discussion can lose its focus; therefore, the instructor must guide the discussion so that learning objectives are met.  The discussion can be controlled, in part, by the facts provided in the case and by the instructions given to the students.  The group task may be defined as developing a recommendation, a decision, an action plan, or a list of key questions.

In developing a case study, consider the following criteria:

· Present the information in a logically organized, factual, and technically correct manner.

· Relate the scenario to a job situation that the student can envision and may expect to encounter.  Provide enough detail to re-create a real situation.

· Describe in the scenarios, to the extent possible, both formal and informal interpersonal relationships.

· Present information that describes key positions and their job descriptions, or ensure they are inherently understood (for example, who is functioning as the shift technical advisor).

· Indicate in the scenario that a changing situation is in progress.

· Provide opportunities for instructor facilitation and student participation in the presentation and discussion of the case study.

Additional considerations are suggested in INPO 97-011, Guidelines for the Use of Operating Experience.

Limit the length of the case study to avoid overwhelming detail.  Shorter case descriptions require more student imagination.  The longer or more comprehensive the case, the more dependent the success of the training is on the students' reading abilities, memories, and analytic skills.  The shorter case study seems most effective for most utility applications in that it allows for more emphasis on the technical issues involved.  For example, an abbreviated case study may be an appropriate and effective means of presenting an urgent industry event to a crew just prior to going on shift.

Factors to Consider in Selecting Case Study Methods

In addition to being able to meet the criteria stated above, four major factors must be considered in using the case study method.  First, the target training population's knowledge level needs to be considered.  For example, new or inexperienced students may not have the knowledge needed to analyze or interpret the information presented.  Some target groups may be able to use the case study more effectively than others based on their technical knowledge level.

The second major factor is the learning objectives.  The case study is not best suited to convey factual information.  Rather, it is more suited to instruction that involves higher-cognitive skills requiring the processing and analysis of a variety of information.  Urgency of presentation should not preclude the use of the case study method.  Abbreviated case studies tailored to the specific training need can be used effectively.

Another factor is that the case study may not always be the most economical method of instruction, although some utilities have found it to be less expensive than other methods.  Development of a case can be expensive in terms of time and effort depending on the level of sophistication desired, the nature of the case, and the desired outcome of the instruction.  For example, film or video productions may be the ideal means of presenting a case but could be too expensive if the case is presented a limited number of times.  This is the typical consideration in using case studies in continuing training in the nuclear industry.

The fourth consideration is the amount of training time that can be devoted to industry events.  The case study has a tendency to evolve into an instructor lecture when constrained by time.

To most effectively adapt the case study method to the nuclear industry, consider the following aspects:

· Instructors must be proficient in facilitating discussion rather than just presenting facts.  Special training to develop facilitative skills in instructors may be desirable.

· Case studies are structured so that actual outcomes and conclusions are separate from the initial presentation of the case.  This allows the group to practice evaluation and problem‑solving before being presented with the solution.

· Small groups can be formed to provide a representative mix of managers and workers, disciplines, and experience to enhance the learning experience, particularly when developing teamwork is one of the learning objectives.  Line managers can effectively facilitate case studies in their department meetings.

· Case studies should provide a level of detail that stimulates student questions about additional information relevant to the case but that is not provided in the presentation of the case.

The developer of a case study also must decide whether the primary interest is stimulating discussion or directing the students toward predetermined objectives, principles, and solutions.

Application of the Case Study Method in the Nuclear Power Industry

The case study method is used to present operating experience instruction.  Effective use of case studies depends more on the facilitative skills of the instructor than on extensive preparation and detailed documentation.  A general discussion of a document that describes an industry or plant event is both relevant and realistic.

Several traditional variations of the case study concept should be considered for industry application.  Some of these variations and their possible industry applications are described below.

Classic Harvard Case -- A possible industry application would be in management and supervisory skills training.  Participants are given a comprehensive case (40 to 50 pages) requiring considerable preparation time (two to three hours).  The discussion is nondirective.  The group identifies a number of substantive issues.  The goal is for participants to see the issues in context and how the situations, forces, and personalities relate.  There is no single or best solution.  Outside the academic setting, cases tend to be more abbreviated.  Use of such a comprehensive case is normally not needed to meet general industry training needs.

The Incident Process -- Group members learn to ask fact-seeking questions.  This variation is a shorter version of the classic Harvard format and is used to teach participants to collect a full set of facts before making a decision.  The instructor provides factual answers as part of the process. The incident process lends itself well to lessons‑learned applications and promotes the development of higher‑cognitive and teamwork skills.  This process is an effective means of presenting industry events and lessons learned.

The Multiple‑Case Technique -- This involves presenting several cases on a given problem area, allowing the participants to compare the issues in the cases from different perspectives.  This technique could be adapted to enhance the incident process described above when a problem situation has occurred more than once under varying circumstances.

The Live Case -- This approach involves the use of a position incumbent who brings a current situation to the students.  The incumbent summarizes the case and is available to answer student questions.  This approach has potential for improving plant and training staff interactions by effectively involving plant personnel in the training process.  Within the industry, this variation would use the depth of incumbent experience to an advantage.

The Decision-Analysis Approach -- In this approach, a case is presented along with several proposed solutions to the problems.  Students are asked to rank the solutions from best to worst and then explain their rationale for the rankings.  This variation offers a good means of developing analytical skills.  Industry application would be at the supervisory level and above.

The major focus and application of the case study method in the industry are to have the students apply the lesson learned to their own plant operating environment.  Several case studies have been developed by the Institute of Nuclear Power Operations (INPO) and are available to member utilities.  Application of case studies and suggestions for enhancing realism in case studies are further discussed in INPO 97-011, Guidelines for the Use of Operating Experience.

The use of case studies outside the industry has been effective, in part, because of the familiarity of one participant with another as a result of interactions over time in the same environment.  This same familiarity may occur when the students have worked together, as in the case of operations crews.  Participant interactions in the case study may be as important as the case study itself.

Case studies can be used to develop a logical and methodical approach to reach a conclusion.  However, carefully consider the extent to which personnel are expected to think and analyze a situation outside of utility-established procedures.

The case study method can be adapted and applied to accomplish the following:

· Promote thoughtful dialogue on the significant factors in a situation.

· Develop judgment, critical thinking, and problem‑solving ability.

· Deduce principles of management, supervision, and leadership.

· Build human relations skills.

· Develop skills in reading for meaning and recognizing the importance of the context of an issue.

· Develop skills in asking appropriate questions.

The application of audiovisual media and other instructional techniques to enhance case study presentations is limited only by cost constraints and the instructor's creativity.  The use of video media has significant potential.  Presenting the case scenario on film or video allows case personalities to be portrayed more effectively and helps achieve the scenario learning objectives.  While a video production can be expensive, the potential of applicability among other utilities and the sharing of costs make this enhancement attractive for the nuclear utility industry.

Personal computers and other means of developing graphics can be used to enhance case study presentations.  Again, the common need and the potential for sharing make the application of personal computer technology to the enhancement of the case study method an attractive option.  Computer use in cases will increasingly reflect the reality of actual work environments.  INPO has developed some computer-based training for presenting operating experience training.  INPO's Training Division can provide assistance in the application of computer-based training.

Creative use of technology to enhance case presentations is a continuing challenge to the instructor.  However, even the best technology cannot replace the instructor's ability to provide effective training.

Advantages and Limitations

The case study method offers a number of potential advantages over other instructional

methods.  These include the following:

· ease of evaluation -- Student responses can be evaluated on a real-time basis, and the student benefits from the direct feedback of the instructor's comments.  This method allows the instructor to identify student strengths and areas needing improvement.

· participation -- The student is directly involved in the analysis of the case and accomplishment of the desired outcome.  Student interest and involvement tend to increase as a result of this method.

· applicability -- The real-world application is obvious in the learning objectives.

· flexibility -- The case can be written to focus on the specific training need.

· lessons learned/reinforcement -- The student can capitalize on experience, and previous training is reinforced.

· cognitive level -- Higher-level cognitive skills are exercised, and teamwork is developed.

One utility has concluded that the case study approach increases test scores and student achievement.  Students have more positive attitudes and are more inspired to integrate what they learn with their jobs.

Limitations in the use of case studies involve instructor skills to develop and conduct them.  Instructors may need time to experiment with the techniques to find the ones they feel comfortable using and additional time to develop and present case studies initially.  Case studies can be perceived as boring by those who may not be as technically knowledgeable as others in the class.  The instructor needs to have the skills to develop the case study for a specific audience to meet its needs at the appropriate technical level and achieve the objective of the case study (usually the lessons learned from the actual event).
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ROLE-PLAYING

Introduction

Role-playing is a tool to facilitate student self-discovery by practicing skills in an environment where mistakes can be made.  Conducted effectively, role-playing is a vehicle for skills improvement.  The role-play process includes an exercise, a student self‑critique, group feedback, and skills application considerations.

This appendix addresses role‑playing benefits, potential disadvantages, and guidelines on structuring and piloting materials, as well as the conduct of role‑playing.  It also provides examples of role‑playing applications.

Benefits 

Role‑playing offers several key benefits beyond allowing students the opportunity to learn in a penalty‑free environment.  It enhances communication skills needed for conducting effective interviews, managing conflict, and promoting team concepts.  Role‑playing also is beneficial for developing practical skills using tools and simulated situations that result in improved performance.

Mitigating Potential Disadvantages

Reaping the benefits offered by the role‑playing experience is more likely when precautions are taken to avoid potential pitfalls.  These disadvantages may include students discounting the activity as a viable learning tool or using the experience as a fault‑finding session.  Fault‑finding or blaming may result if the facilitator presents a role‑play situation on a problem that has 

received corrective actions, rather than choosing an unsolved issue or simulated situation.  To avoid these disadvantages, the facilitator keeps the role‑playing objective focused and realistic as well as chooses a problem that minimizes the potential to derail the role‑play intent.

Structuring Role‑Play Materials

Role‑play materials should be structured to convey brief, reader‑friendly, believable, and objective‑based guidance.  This simple and focused approach will ease student apprehension of role‑playing and will enhance student acceptance of the activity.  Create separate instructions for the players and the observers to clarify performance expectations for conducting and evaluating the role‑play.  Show observers and players how to evaluate the role‑play to effectively self‑critique the exercise.  The guidance should provide criteria for assessing performance.

Piloting Role‑Play Materials

Conducting the role‑play with a test group is a method to assess how well the materials meet structure requirements and program objectives and allows fine​ tuning of areas needing change.  Student feedback is a good source for determining whether the role‑play should be revised.  Among the first students to use the role‑play should be training and line staff and supervisors, to achieve a valid course critique.

Conducting Role‑Plays

After determining that materials meet all prerequisites, such as structure requirements and the mitigation of potential disadvantages, considerations should be focused on course conduct.  Skills are needed to establish student motivation, effectively communicate the desired course objective, and facilitate role‑play presentations.

Student motivation needs to be established before the role‑play scenario is begun.  The facilitator may begin the session by clearly stating why the skills to be demonstrated are needed and the full extent of their importance.  Explaining how the skills will benefit the student also assists in creating course interest.  Other factors involved in creating student motivation relate to the facilitator's communication skills.  The facilitator must be perceived as being sincere, credible, enthusiastic, and confident.

Once students are motivated, the facilitator should discuss the role‑play objectives.  This step is critical in creating a common mental model for the students and in relaying expectations for their behaviors.  Communicating the course objectives may be enhanced by the technique of behavior modeling.  Behavior modeling is a demonstration of role‑play skills.  The suggested practice is for facilitators to perform a portion of or the entire role‑play using desired skills if only one behavior modeling demonstration is presented.  If more than one example of behavior modeling is used, the positive behavior should be presented first, followed by the ineffective behavior.  When an undesirable role‑play example is selected, the facilitator should explain to the students that the negative skills are avoidable.  Facilitator response to nonverbal cues and verbal communication is another means to strengthen student learning.  Additionally, seeing what is expected and how to perform role‑playing will decrease student apprehension of the exercise.

Facilitating student role‑play conduct involves the skills of knowing when to intervene and when to observe.  Effective role‑play involves facilitating student self‑critiques, group critiques, and discussions on the role‑play skills application to the job setting.  Facilitator intervention is necessary when the students are poorly demonstrating role‑playing.  If the role‑play is not achieving the objective, stop the performance and reinforce correct behavior to prevent communicating the wrong message.  The intent is to achieve knowledge and skills of the learning objectives through correct demonstration.

To prevent player defensiveness and increase player introspection of the role‑play activity, the facilitator should guide student/player self‑critiques of the performance.  After this, the rest of the class should be guided to contribute their comments on the presentation.  For both types of critiques, it is essential that the facilitator stress sharing constructive comments about the players' conduct and not overload the players with negative criticism.

Upon completion of critique sharing, the facilitator guides discussions of the skills application to the job setting, using questioning to actively involve the students.  This effort will support student use and understanding of the new skills.

Examples of Role‑Play Applications 

Two examples of role‑play applications are integrated training for radiological protection technicians and maintenance personnel and root cause analysis interviewing skills.

The role‑play for the integrated radiological protection technicians and maintenance personnel training combines two different groups of technicians working together in a simulated radiation‑controlled environment.  The objective is to reduce radiation exposure through multiple skills demonstrations.  Skill practice is exercised in areas that test procedure compliance, attention to detail, teamwork, and safety.  Players use job-related equipment, clothing, and activity guides and are evaluated by trained observers using preestablished criteria.

Parts of the role‑play are videotaped.  Students and the observers critique the tape.  These critiques focus on how the technicians can improve skills to reduce exposure.  This example illustrates the suggestions for role‑play conduct, student self-critique, group feedback, and skills application considerations.

Role‑playing also is used in root cause analysis interview training.  Simulated problem guide sheets are used to familiarize players with different information needed to reach a solution.  To communicate the acting styles for the players, personality profiles are designed into the handouts.  Technical data is included in the guide to assist in creating a beginning mental model of the problem for the players.  Players are instructed to read the guides and develop interview questions.  The facilitator discusses nonverbal cues to assist the players in being more attentive and skilled interviewers and interviewees.  Interviews are conducted, followed by a student self‑critique and then a group critique to emphasize positive skills demonstrated by the players.  Extra students are requested to be additional observers to comment on the activity and skills noted.  Creating the extra observers makes it possible to involve all students.  This practice also follows the suggestions for a thorough role‑play process.
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STRUCTURED EXPERIENCE
Introduction

A structured experience provides a learning experience that allows students to use their

inductive thought processes.  This allows them to discover new material individually and collectively.  Learning can be enhanced through the process of discovery because discovery is active (not passive) learning.  With active learning, more of the students' faculties are used.  This increases interest, understanding, and retention of the material.

Structured experiences are composed of two main elements:  an activity, usually a game or simulation, and an extensive postactivity briefing.

Structured experience can be used successfully in initial and continuing training.  The use of role‑playing (Appendix E) and laboratory training (Appendix H) are examples.  In these applications, games are the activity used as the mechanism for instruction.  The thoughts, feelings, and observations that result from the activity form the basis from which the learning evolves.  Structured experience also uses games as a review activity.  Several examples of structured experience involving games used in continuing training are included in the following sections.

Structured Experience Model 

Structured experiential learning is unique because it is highly participative, and the major portion of the learning takes place during the briefing phases at the conclusion of the activity.  A typical experiential learning cycle includes the following phases:  the "activity," usually composed of a game or simulation; reconstruction of the activity through sharing of feelings and observations; examination and discussion of the experiences; correlation of information and insights gained to real‑world situations; and implementation of new skills or knowledge to everyday situations.

Activity

Games, simulations (including laboratory exercises), and puzzles are all activities that fall under a general title of structured experiential learning.  These activities are also considered discovery learning, experience‑based learning, action learning, and interactive learning.  Each of these activities broadens the traditional classroom behavior to allow students to participate in and experience learning.  Adults favor this approach because they tend to place greater value on learning from their own experiences.  Adults evaluate new material against previously learned concepts and life experiences, thereby forming new outlooks and concepts.  The goal of structured experiential learning is adding new dimension to the learning experience, thereby reinforcing the point(s) to be made.

Characteristics of Games

Depending on the learning objectives, games may be equal to or better than other types

of learning experiences.  Games are brief, inexpensive, participative, and adaptable to varying situations; and they allow the use of props and contribute to team-building skills.

The following definitions apply to simulation, game, and simulation‑game.  While a distinction can be made among each, all of these situations will be addressed in this appendix as simply "games."

· simulation -- Any training activity designed to reflect reality, this device may include a role‑play or other learning experience that has real‑life aspects integrated into it.  The learning comes from the participant's own experience in the activity.

· game -- A competitive learning activity governed by rules, a game may not reflect reality, but there is (and must be) learning.  Typically, the learning comes from experiencing the game, including the interaction of the participants, not from the subject matter or content of the game.

· simulation‑game -- This is a reality‑based game in which the participants experience what people do in the real world.  The learning comes from the real‑life content of the game.  The game is played competitively and, of course, has outcomes.

Puzzles also fall within the realm of games.  Their use varies from an opening activity to create interest to a closure device to review material presented and assess student understanding and comprehension.

Use of Games

A game has distinct advantages and disadvantages to be considered when it is designed and incorporated into a lesson.  The following four principles for using games optimize experiential learning:

· Learning is enhanced when the students can experience the situation within different roles and perspectives.  Students are not limited to being recipients of information.  As much as practical, they are responsible for the successful outcome of the game.

· The game is fulfilling and draws the participants into it.

· Students do not have to rely on the trainer for decision‑making and clarification.  They arrive at necessary answers and conclusions to decision‑making and problem‑solving by themselves.

· The trainers monitor progress closely and provide meaningful feedback on performance.  They encourage the students to evaluate their own performance.

Advantages

Games have several inherent qualities that enrich the student's learning environment.  Repetition of the information, reinforcement by success and achievement through pleasant consequences, association of new information with already learned information, and use of a number of senses are principles of learning that are found in well‑developed and well‑executed games.

Students learn more from doing than from listening.  The use of games shifts the learning experience from a passive to an active experience.  Retention and understanding increase when students are involved.  Learning tends to be more rapid because more experiences are realized in a short time.

The advantages of experiential learning can be summarized as follows:

· involves the group as well as the individual

· stresses process as well as content

· reaches both cognitive and affective domains

· is active rather than passive

· emphasizes student rather than instructor responsibility for outcomes

Limitations

The following are examples of limitations experienced by some utilities that use structured experiences:

· Instructors may need time to experiment with the techniques to find the ones they feel comfortable using.

· Structured experiences are not effective in all settings.  They are more effective when used to review previously learned information and are generally less effective in initial training.

· Some utility managers are not receptive to structured experiences.  If used inappropriately, structured experiences can waste time and be perceived as frivolous.  To encourage managers to allow experimentation with structured experiences, these managers need to see them as a portion of the overall training strategy to enhance training and improve worker performance on the job.

· The time to develop and present structured experiences initially can be greater than that for normal lecture.  Until instructors gain proficiency in developing this type of training, extra time may need to be allotted for this purpose.

Briefing

A major factor for learning within the context of games is derived from students analyzing the behaviors and actions of the other students and of themselves.  Learning stems from the success or failure of the interactions that take place during the course of the activity and from the evaluation that is done of and by the students.  The postactivity briefing includes a discussion of lessons learned and allows students to personalize this new information and determine how it can be incorporated and put to use in their lives.  A thorough briefing of the learning experience is a critical factor in aiding learning and maximizing exercise effectiveness.

Briefings enable students to analyze the experience and determine ways to apply the new information.  This is accomplished through several steps.  The instructor first asks students to recall the events of the activity.  This provides a basis for the instructor to ask questions about what students thought was occurring and allows them to add their inferences as to how and why things progressed as they did.  The next step draws parallels between the simulation and real-world situations.  In the last two steps, generalization and application, the instructor attempts to create general rules or principles that will help students better understand the real world and then explore applications in which the rules and principles apply in everyday life.

Examples of Structured Experience Applications

The following briefly describes structured experiences used in the nuclear industry:


Atomic Absorption Board Game

The atomic absorption board game is used during continuing training as a review activity.  The game uses six categories for questions:  principles of atomic absorption, safety practices, instrument parameters, instrumentation, atomic absorption techniques and applications, and graphite furnace.  Multiple teams may be formed; a team must correctly answer one question from each of the six areas to win the game.  The first team to complete all six wins.


Quiz Show Games


One form of a quiz show game is used as a pretest or for review.  At the discretion of the instructor, either questions or answers are used to play the game.  For example, the instructor develops answers to which the students will form the appropriate questions.  Answers are developed to coincide with preestablished categories that represent training topics.  The answers come from training materials that support the learning objectives.  Contestants are free to pick the category in which they wish to play and the difficulty of the question they are to formulate.  A student unable to develop the question on his or her own may confer with team members.  If the team develops the correct question for the answer selected, one‑half of the prescribed point value is awarded.


Another variation of a quiz game show is used for questions that contain multiple answers.  Examples are as follows:

· What are four major components comprising a pressurized water reactor coolant system?  (Answer:  reactor vessel, steam generators, reactor coolant pumps, and pressurizer)

· Identify the four system parameters monitored through instrumentation.  (Answer:  temperature, pressure, level, and flow)


The class is divided into teams with each member providing one part of the multiple‑answer question.  This game is used successfully as a review activity for breaking up long periods of instruction.  The ruling of the instructor is final as to the best answers for the questions.


Baseball 


Baseball is used as a review activity in which the class is divided into two evenly matched teams.  A half‑hour is given for each team to generate questions and answers about the material just presented.  Each question is rated for difficulty in the form of a single, double, triple, and home run.  The team at bat is given 15 seconds to answer the question, with one strike given for each five seconds.  If the question is not answered or is incorrectly answered, it is counted as an out.  If answered correctly, the result is a base hit determined by the difficulty rating.  This game results in the students hearing the material three times:  first, when presented by the instructor; second, when developing questions and answers; and third, when the questions are asked during the game.  A spin‑off benefit could be the generation of questions for an exam bank.


Bingo


Players match an item called (or shown) with the same item on a card.  The items on the card are arranged in squares in a 5 X 5 grid with a free center space.  The object of the game is to fill five squares in a row before anyone else.  This is a good game for verbal and visual discrimination for words, definitions, symbols, and abbreviations. 


References


Additional details on structural experience can be found in the following references:  3.15, 3.32, and 3.35.

INDIVIDUALIZED INSTRUCTION

Introduction

Individualized instruction is an interactive learning experience between a student and training materials.  This can include the student completing required reading, studying and practicing using a laboratory guide, reading and comprehending text material, and interacting using a computer training program.  This appendix will discuss individualized instruction relative to new technology.

Interactive multimedia instruction, including computer and video technology, is beginning to be used to enhance student self‑instruction.  This individualized instruction approach can combine moving and still pictures under computer control.

Examples of this technology include computer‑based training (CBT), interactive video disk (IVD), and Internet-based training.

Benefits

Benefits of computer training include reduced delivery costs, higher test scores, reduced exam failures, reduced travel expenses, greater student retention of learned material, increased instruction availability, and student‑centered methods.  Because of initial costs, carefully analyze the specific benefits that could be derived from computer training.

Considerations

Selecting computer training as a training method should be based on applications that add value to the training and that are cost‑effective.  Examples of effective uses are repetitive training on stable courseware and prejob briefings on difficult and infrequently performed tasks.

Deciding when to use computer training is only the beginning; having proper equipment (hardware and software) and knowledge of how to operate it are essential.

The hardware can involve a computer processor, video display terminal, monitor, keyboard, modem (for Internet training), videotape, or videodisc player.  Other types of hardware are an audio player, printer, communications network, and a mouse or light pen.

Various types of software are available to enhance computer training programs.  Current software includes authoring systems and languages, automated design software, lesson presentation, and administrative systems.  Authoring systems are software products designed to help program developers produce courseware.  Each system is designed for specific instructional objectives and differs in features, functions, user‑friendliness, and interfaces, as well as in the capability to integrate with other software.

Authoring languages are special software tools that aid the developer in "calling external programs" for use with the authoring system.  This allows additional creativity in program design beyond the scope of the authoring system.  Automated design software eases problems with changing courseware, such as from narrative to flowchart or even to symbolic forms.  Lesson presentation software systems translate authoring system lesson codes so a computer can execute them.

Another type of software is administrative systems.  This software assists records management activities with registering students and tracking student progress.

Development

​Developing effective computer training materials requires a highly trained staff and management support.  In addition to maintaining a full‑time staff, maintenance of the staff members' technical skills and motivation is crucial; both are enhanced by allowing these individuals to attend computer training conferences and meetings.

Another important factor is the amount of interactivity the program offers for student involvement.  There is a direct relationship with program interactivity and student interest:  the greater the interactivity, the better.  Interactivity is accomplished via program‑ or student‑initiated interactions.  Program‑initiated interactions may include a command, choices, decisions, or questions.  The student may stimulate interaction by initiating a program variable to call more information, use an optional learning path, get additional practice, solve problems, repeat a sequence, or review material.

Cost‑Estimating

Estimating the cost of computer training development can be done if appropriate

variables are considered when the development time and cost benefit are determined.  Many

of the variables are associated with the authoring system and software and the skill level

of the staff.  Additional factors are the amount and quality of existing materials available.  The more skilled and knowledgeable the staff, the less time will be required to develop the courseware.

Sharing training materials with other utilities is a method to further reduce expenses associated with computer training development, especially generic programs.  Costs are also lowered by the formation of geographic user groups for information exchange.  Creating a file of contacts so that ideas or problems may be addressed easily with a phone call is an additional cost‑management tool.

Examples

Computer‑based training and interactive videodisc methods are being used to train personnel on topics such as company values, fitness‑for‑duty, radiation worker, and general employee training.  This computerized instruction allows students to actually perform role‑plays and solve calculations.  The role‑plays range from communication and teamwork to decision‑making.

The computer training modules developed by INPO, such as those on reactivity management events and self‑checking, are examples of computer training.

References

Additional details on individualized instruction can be found in the following references:

3.3, 3.16, 3.20, and 3.21.

LABORATORY

Introduction

Laboratory training facilitates learning by bringing students into contact with actual situations, tools, instruments, and other equipment that will be used in their jobs.  In addition to giving the students hands‑on experience, laboratory training can also reinforce their understanding of basic concepts learned during classroom training.  Typically, laboratory training is presented in a place equipped for testing and analysis.  However, it can be included as a part of instruction for many topics without the need for a specially equipped location.

Laboratory Characteristics

The use of actual equipment or situations for stimuli, instead of verbal or recorded visual

communications about them, makes the laboratory different from other instructional

modes.  To effectively use equipment and situations as learning experiences, laboratory

exercises should include the following characteristics:

· Be conducive to leaning.

· Include the use of the student's previously acquired knowledge.

· Build on the student's knowledge.

· Be more innovative than just following a procedure or performing routine functions (this makes it memorable).

· Use equipment that is identical to plant equipment or resembles it in form and function.

· Simulate real‑life conditions.

· Introduce concepts in small, logical steps.

· Instill an attitude of safety.

Examples of Laboratory Equipment and Training 

Some examples of laboratory training equipment are frisker emulators, constant air monitors, post‑accident sampling simulators, various instrumentation and process simulators, heat transfer and fluid flow simulators, valves and valve actuators, pumps, electrical breakers, pump seal mockup, steam generator head mockup, and air conditioning equipment simulators.  Almost anything worked on in the plant or any process measured in the plant can be simulated for training purposes in the laboratory.  Laboratory training does not necessarily require the use of sophisticated, costly mockups.

Examples of laboratory training used by utilities include the following:

· Training on tasks that involve more than one department is conducted using a team concept.  Maintenance, radiological protection, and quality control personnel receive training on removing and installing control rod drives at the undervessel mockup.  The training simulates actual undervessel conditions as closely as possible, resulting in increased efficiency and safety and reduced radiation exposure.

· At one plant, the chemistry, radiological protection, instrument and control, electrical maintenance, mechanical maintenance, and quality assurance/quality control personnel training programs have a training session that includes the interaction of two or more disciplines.  A laboratory guide provides practice in ALARA (as low as reasonably achievable) and radiation safety during the task performance.  After each session, the instructors draft a feedback letter with student and instructor suggestions for improvement in areas such as procedures, equipment, and training.

· Some plants use the steam generator mockup for team training of mechanical maintenance personnel and radiological protection technicians, which has resulted in reduction of radiation exposure during actual job performance.  One plant also has used this mockup for medical emergency training, providing realistic conditions for a highly contaminated, high radiation area.

· Training mockups purchased for use in training one discipline also are valuable in training other disciplines.  Examples of this include motor‑operated valve mockups used for electrical maintenance and mechanical maintenance personnel and nonlicensed operators.  Electrical breakers installed in electrical maintenance laboratories also are used to train operators and engineering support personnel.

· Mockups also are used for instrument and control technician continuing training.  This session of the instrument and control continuing training consists of elements from various areas such as process measurement, process control, calibration, troubleshooting, and rework techniques.

The exercise consists of a team of two students using the instrument and control laboratory to perform tasks using one of the three job sheets.  These are flow job sheet, level job sheet, and feedwater control job sheet.  The students configure the control loop shown on the diagram in their job sheet, calibrate the instruments, and assemble and tune the control loop.  After the students have completed tuning the control loop, the instructor installs a faulty instrument in the loop.  The students are then required to troubleshoot, determine which instrument is faulty, replace the faulty instrument with an operational one, and restore the loop to service.  When the loop has been restored to service, the students find and replace the faulty component within the faulty instrument and perform postmaintenance testing of the reworked instrument.  The students complete the job sheet within three days; on the fourth day, they are given a written examination.  During the exercise, the instructor evaluates performance and provides verbal feedback to the students.  Written feedback is provided by the instructor at course completion.  This training is credited with contributing to the reduction in reactor scrams caused by instrument and control technicians.

· At one plant, preoperational training included treating the area as if it were radiologically contaminated during repair work on what would later become a contaminated system.  This was beneficial in getting personnel accustomed to proper radiological control work practices and reducing contamination spread once the system became radiologically contaminated.

· Some examples of training used to teach instructors techniques for laboratory training sessions include the following:

—
Knot-tying is used to develop communication techniques.  The instructor demonstrates proper laboratory presentation using the tying of a knot and then assigns each student a different knot.  After being given time to practice tying the knot and to write a short laboratory guide, each student presents a laboratory demonstration and is critiqued by the rest of the class to verify that accurate communication has resulted in the desired knot.

—
As part of laboratory instructor training in effective communication techniques, the instructor makes a sandwich by following student instructions.  This demonstrates the importance of precise instructions.

Advantages of using sandwich-making and knot-tying for training instructors in laboratory techniques include low cost for materials, use of almost any classroom, and effectiveness in training personnel from all disciplines.

Determining the Feasibility of Laboratory Training

The following are some of the many factors to be considered when determining if laboratory training would be effective:

· appropriateness of the setting

· student knowledge and experience

· class size

· cost

—
Laboratory equipment costs have been reduced at some training centers by use of equipment components that the plant was discarding.  Line managers are aware of laboratory equipment needs and assist training in identifying materials that would be appropriate to obtain.  They also alert training to the availability of broken parts that could be used for training.  Prior to broken/replaced equipment being discarded at one plant, the training department assesses the equipment to determine if it can be used as a mockup.

—
Equipment purchased from a canceled power plant was a source of some training mockups/equipment at one training center.

—
One utility purchased an old diesel submarine engine for training purposes.

· type of learning objectives

· additional instructional staff training

Application

As discussed in the introduction, laboratory training may be included as part of instruction for almost any topic.  In the nuclear industry, laboratory training can be used to assist students in understanding concepts as well as to provide practical hands-on training.

Established laboratories at nuclear plant training facilities are typically for the instrument and control, chemistry, and radiological protection technicians; electrical maintenance and mechanical maintenance personnel; and general employee training programs.  Numerous plants have discovered that these laboratories can be beneficial for training other groups.  An example is breaker training for operators and engineers in the electrical laboratory.

Laboratory Training Benefits

The student actively, not passively, learns during laboratory training.  The more hands‑on experience the student has, the better the learning.  Retention is enhanced with greater use of the senses.  Studies estimate that learning can be increased by letting students see and do rather than only letting them hear.  Research also shows that the most effective learning results when initial training is followed by an application process.

The laboratory learning process relies on experiential learning, which is one of the best approaches to adult learning.  In a laboratory where students can measure changes in voltage as resistance is changed, the concepts of voltage, current, and resistance are given objective meaning, and Ohm's law acquires practicality that is beneficial for learning higher-level rules.

Laboratory training can be done in a risk-reduced atmosphere, and any student error will typically be less costly than if actual plant equipment were used.  Also, the instructor can provide immediate feedback to students concerning their decisions and actions during the session.

Use of the steam generator mockup was instrumental in reducing radiation exposure during the actual job by a factor of two.  Mockup training conducted for reactor coolant pump seal replacement was credited with saving approximately 10 person-rem during a recent maintenance outage.

The control rod drive replacement laboratory team training, along with other factors, contributed to increased efficiency and safety and reduced radiation exposure at one utility.

At the plant with the laboratory training consisting of elements from various areas, the instrument and control technicians have not caused a reactor trip since August 1985.  Current work practices and work procedures training, which include laboratory, are credited with contributing to this success.

Feedback from laboratory training has resulted in improved procedures and equipment.

Laboratory Training Limitations

The following are examples of limitations experienced by some utilities that use in-laboratory training:

· the cost of setting up and maintaining the training laboratory—This can be minimized by obtaining discarded plant equipment.

· storage space for equipment not in use

· safety considerations—Safety in the training laboratory is just as important as in the plant.  In fact, a case can be made that it is more important in the training laboratory, since the students will model the behaviors of the instructor when they return to their jobs.

References

Additional details on laboratory training can be found in the following references:  3.12,

3.15, and 3.19.
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SIMULATOR

Introduction

Effective simulator training has contributed to dramatic improvements in licensed operator training since the nuclear industry's incorporation of the Kemeny Commission recommendations.

Simulator training of licensed operators was limited in the early days of commercial nuclear power.  However, over the last 10 years, it has become a significant part of the training programs, with many plant-referenced simulators in use.  Training of control room operators (both initial and continuing) to meet the needs of a five- or six-shift rotation takes priority for simulator training time and gives new and significant challenges to training staffs.  The goal is to provide licensed operators quality training in normal and abnormal plant operations, emergency operations, and effective communications, as well as to improve diagnostic abilities and teamwork skills.  To achieve this goal, instructors must strive to identify new and enhanced methods of instruction for use during training (and evaluation) sessions.

Simulator Training Materials

As a training environment, the simulator lends itself to almost unlimited possibilities for enhanced learning techniques.  The design and development of detailed simulator scenarios are key elements to the instructor providing an effective learning (and evaluation) environment.  Simulator scenarios for initial training of licensed operators should provide for a basis of student understanding and overall familiarization with the day-to-day operation of the control room.  Scenarios also develop knowledge and skills in the areas of infrequently performed evolutions (such as midloop operations and drain-down of the reactor coolant system) and abnormal and emergency plant operations.  This includes functioning within the emergency plan as well as developing keen diagnostic skills and abilities.

Simulator Characteristics

Simulator scenario developers consider the following:

· current plant operating status, including out-of-service equipment, current annunciator status, system lineups, and current core physics configuration

· existing technical specification limiting conditions for operation

· recent plant operating experience as well as current industry operating experience

· logical and realistic scenarios, applicable to plant operating characteristics

· new or pending modifications to plant systems

· reinforcement of fundamental theory

Scenarios include appropriate learning objectives to form the basis for higher-order learning in the areas of analysis and diagnostics.  The scenarios also include specific operator positions, current plant operating conditions and characteristics, and the expected actions required of each operator position on the crew.  The full control room operating crew participates in scenarios.  Additional enhancements can include auxiliary and equipment operators role-playing themselves during communications with field operators.  This increases realism and field personnel awareness of operator workload.

Utility Examples of Enhanced Simulator Training Techniques 

The following are examples of how some utilities are using enhanced learning techniques in their simulators.

During initial licensed operator training, an experienced shift supervisor, who functions as a lead evaluator and mentor, frequently monitors license candidate performance in the simulator to provide candidates with feedback for achieving improved performance.  The lead evaluator effectively coaches the operators during the training session and actively participates in the postexercise critiques.  The operations superintendent at this plant frequently observes licensed operator continuing training on the simulator to provide constructive and prompt feedback during the postexercise critiques.  The operations superintendent and the lead evaluator also reinforce management expectations regarding operator performance during these sessions.

At one plant, during the first two weeks of simulator training, initial licensed operator candidates' integrated plant knowledge and operational skills are improved through the "Build an Operator Program," detailed as follows:

· The candidates prepare for the simulator session by highlighting, on a flipchart, the activities needed to support a reactor startup or shutdown.

· The instructor verifies that all procedure requirements are identified on the flipchart and that the students have listed the actions to be performed in the sequence required by the procedure.  This approach encourages the students to think through the equipment manipulations and other requirements to operate the various plant systems; gives them a better appreciation for how these systems interact with each other; and teaches them to think through an evolution and understand the bases for the procedure steps.

· The students perform the evolution by following the sequence listed on the flipchart.

· The instructor emphasizes control board awareness and operational skills during the exercises.

· Feedback from the simulator instructors and the students indicates that students gain a better understanding of how the plant operates during startup and shutdown evolutions.  This knowledge also enhances the students' understanding of plant procedures and how they should be used to operate the plant.

· One plant uses scenarios that are longer than the traditional examination scenarios.  This allows the operators to practice portions of the emergency operating procedures that cannot be practiced otherwise.  These longer scenarios also provide opportunities to practice infrequent or abnormal operations, such as low power feedwater operations and outage-related evolutions.

· Some plants flag references to emergency operating procedures and industry operating experience in their simulator exercise guides for placing the simulator in freeze to highlight and discuss these pertinent points.

· One utility has key members of the technical support center staff, radiological protection technicians, and selected direct-reports to the station manager attend portions of licensed operator continuing training in the simulator.  This training familiarizes them with control room activities during simulated transients and gives them an improved perspective for emergency plan decisions.

Comprehensive, effective training on shutdown reactor management is provided to the licensed operators during the continuing training cycle just prior to the start of a refueling outage at many plants.  Some simulator training sessions, lasting from two to four hours per crew, include scenarios on loss of shutdown cooling caused by loss of off‑site power and loss of shutdown cooling resulting from loss of reactor coolant system inventory.

Use of a "field task matrix book" by instructors at one simulator helps establish a more realistic control room environment.  The book has nominal time listings for tasks performed outside the control room during emergency operating procedures.  The instructors use the book to keep track of when they need to call back to the control room to report task completion.

One plant assigns each simulator instructor responsibility for training a specific operations crew.  The instructor keeps detailed notes on crew performance.  These notes are used to identify specific weaknesses that the crew needs to correct.  Based on the identified weaknesses, training personnel modify simulator exercises as necessary to provide opportunities for the crew to improve performance and reinforce strengths.

Simulator fidelity is enhanced by a data acquisition network that is used to adjust simulator response to actual plant transients.  The network receives input from the plant process computer and allows simulator support personnel to directly monitor approximately 40 important plant parameters, such as reactor power, reactor pressure, total core flow, and turbine inlet pressure.  After selected plant transients, the data is gathered and compared to the simulator response.  The simulator model is adjusted as necessary to replicate actual plant performance.

Training licensed operators is the priority function of the simulator.  Examples of how some plants use the simulator for training other personnel include the following:

· Some plants include nonlicensed operators in selected portions of simulator training to enhance team‑building, reinforce crew communications, and improve their knowledge and skills of infrequently performed tasks.  As the nonlicensed operators are directed to perform simulated actions, they review and discuss the task with an instructor.  Included in the discussion is why the task has to be performed, how long it will take, where components are located, what precautions are associated with the task, and which procedures and actions are needed to complete the assigned task.

· At one plant, four days of simulator training are used to enhance instrument and control technician knowledge of and appreciation for plant operations, surveillance, and systems interactions.  The training is tailored to meet the needs of the technicians and provides hands‑on experience with plant startup, transients, and shutdown.

· Prior to licensing, one plant matches simulator scenarios involving instrumentation failure with instruments in the instrument and control training laboratory.  When an instrument fails, the operator calls an instrument and control technician about the problem.  A work procedure is generated, and the instrument and control technician repairs the instrument.  The technician notifies the operators in the simulator when repairs are completed.  Some of the obstacles that were overcome in establishing this training included matching scenarios to equipment in the laboratory, adjusting the simulator schedule (real-time slowed the scenarios to one problem in the time it had taken for five), and coordinating operations and instrument and control technician training.  Benefits include operators and instrument and control technicians gaining insight into what it really takes to correct a problem and understanding each other's constraints.  Communication between the two groups also improved, as observed three months after the training was conducted.

· Some utilities use the simulator to teach engineering support personnel integrated plant procedures.  Training is focused to meet the students' needs, and hands‑on experience with plant startup, transients, and shutdown is provided.  Engineering support personnel knowledge and appreciation for plant operations and systems interactions are enhanced.  One of the utilities evaluates the students using written and simulator performance examinations.

· At one plant, chemistry and radiological protection technicians participate in simulator training with licensed operators once a year.  Scenarios are selected that maximize chemistry and radiological protection technician involvement with operating crews.  The exchange of technical information has resulted in several procedure changes and has helped improve teamwork between the groups.

· The inclusion of the entire operating crew, including nonlicensed operator, maintenance personnel, and instrument and control technicians, can significantly improve the realism of the simulator training as well as provide valuable teamwork and communication training for support personnel.  The following are examples and benefits of this type of training:

—
improved communication skills for nonlicensed operators and maintenance personnel

—
improved teamwork skills

—
added realism through use of nonlicensed operators during communications for operations performed outside the control room and through use of actual maintenance personnel during instrument and equipment failures

—
improved diagnostic skills of maintenance personnel

Part-task simulators are used at some plants to provide management and technical personnel an overview of how nuclear generating stations operate and how equipment failures or human errors affect operation and safety.  Emphasis is on fundamental principles (such as reactor theory, heat transfer, and thermodynamics) and the integrated plant response that results from a wide range of operating conditions and transients.  Enhanced understanding of plant operations and systems interactions at all employee levels increase the plant's safety and efficiency.

The examples listed below are appropriate for use during both initial and continuing training for licensed operators and other plant personnel as described:

· Videotape the entire scenario using either actual control room operating crews or simulator instructors as the operating crew.  Once complete, the tape can be reviewed and used to develop training materials for a case study approach to evaluate the operator's analytical and diagnostic skills and abilities.  The following can be considered for material development:

—

Improper actions, communications, and decisions made by the operators while running the scenario can be used to evaluate the student's knowledge and ability to analyze correct actions during the case study.

—
By developing the training materials to follow the videotape, specific times can be selected at which to freeze the tape.  The instructor can facilitate discussion and let the students critique operator actions, communications, or problem diagnoses.

—
It is important that students understand that the operators in the video may be taking incorrect actions and making inappropriate decisions, as well as not following correct procedures and communications.  The students should understand that their objective is to analyze and diagnose these improper actions and determine, through the case study approach, the correct actions, procedures, and communications.

—
During the case study, make all references such as procedures, technical specifications, and plant drawings available to the students.

—
Once the students have completed the review and discussion of the entire scenario, they are taken into the simulator to conduct the scenario and perform the correct actions as determined during the case study.  Use applicable pre‑ and postscenario briefings and self-critiques.

· An additional method of enhanced learning related to effective communication skills in the simulator (and the control room) is to videotape the crew during simulated casualty situations.  This tape can then be used during the postexercise critique, using only the audio track, to allow the crew to evaluate its performance based only on the communications used during the scenario.

· Use of the simulator freeze and backtrack functions can enhance learning during training scenarios.  Freeze and backtrack can be used to reinforce applied fundamentals, bases of procedure steps, and possible consequences of operator actions, as well as to improve operator observation and teamwork skills.

Applicability

Simulator training is appropriate to both initial and continuing training for licensed operators.  Use during initial training should follow applicable training in integrated plant and emergency operations to gain the most benefit.  However, this type of training, if appropriately designed, could be used at almost any point in the initial training of licensed operators.

The simulator can also be of significant benefit during initial and continuing training for other groups such as maintenance personnel, chemistry and health physics technicians, and engineering support personnel.

References
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DISTANCE LEARNING

Introduction

Selecting distance learning as a training model should be based on applications that add value to the training and that are cost-effective.  There are three basic models of distance learning distribution:

· live broadcast video, either full motion or compressed

· packaged instruction

· computer-based instruction

Application of Distance Learning Models

These models can be used in combination; for instance, a course conducted primarily with videotapes can have some class sessions broadcast live via satellite or the World Wide Web.  In this way, the course can be tailored to suit the student population needs and the needs of the instructor, the utility, and the partner organizations.  Models are continuously modified and new ones created.

Interactivity between instructor and student and among students as a group is an important part of the learning process.  A number of support technologies foster interactivity in the distance learning environment.  These include electronic bulletin boards, Internet, e-mail, fax, chat groups, and telephone.

Electronic bulletin boards allow for open discussions and question-and-answer sessions on a time-shifting basis.  They also facilitate group projects, as do e-mail and chat groups on the Internet.  E-mail, fax, and the telephone support private conversations, homework assignments, exams, and advising and consulting.  Class notes and other course materials such as syllabi can be located on a Web site.

Examples and Limitations

Examples of distance learning techniques, their advantages, and limitations are as follows:

· The original print-based training materials such as a correspondence course are inexpensive and easy to revise.  However, they are passive; that is, they have little interaction and depend on the reading skills of the individual.

· Videotapes have the advantage of being a familiar medium and are inexpensive for the user but are difficult to revise and update.  Additionally, quality videos can be expensive.

· The computer-based training and CD-ROM technology advantages include the potential to be highly interactive and can incorporate multiple media.  However, they are expensive to develop and are dependent on the individual’s skills and comfort level with the computer.  The advantages to video/audio conferencing are that it can allow real-time contact between students and instructor and can provide access to students in remote sites.  A limitation for this media is that start-up costs can be high.

· The Internet or World Wide Web is highly interactive and easily updated and can break down student isolation.  Some limitations are skills or comfort level with the computer and a rapidly changing technology.

The key to a productive distance learning experience is planning and sufficient lead time to design the best possible use of available technologies.  Everyone benefits.  The students, the utility, and industry was a whole.

References

Additional details on distance learning can be found in the following references:  3.1, 3.13, 3.14, 3.31, and 3.37.
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