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Abstract: 
Each year, the International Atomic Energy 

Agency (IAEA) spends a significant amount of 

resources on training incoming nuclear 

safeguards inspectors. A significant portion of 

this training is accomplished through the 

Introductory Course on Agency Safeguards 

(ICAS). While ICAS and other IAEA safeguards 

trainings are highly effective, lessons from 

cognitive science could be applied to 

safeguards training modules to enhance the 

successful application of learned skills in 

various operational environments. In this 

paper, we review and explain relevant 

cognitive science literature and provide 

safeguards-specific recommendations for 

explaining new concepts, practicing skills, 

developing effective training environments, 

reinforcing information, and performing 

effectively under stress. Many of these 

recommendations could be implemented with 

minimal disruption to current curriculum and 

training approaches. While our 

recommendations are tailored for safeguards 

training environments, many are broadly 

applicable to teaching and training 

environments spanning the nuclear materials 

management domain. 

Keywords: international nuclear safeguards, 

cognitive science, human factors, training 

1. Introduction 
The International Atomic Energy Agency 

(IAEA) allocates a significant amount of 

resources to train incoming nuclear 

safeguards inspectors. One of the primary 

means of training new inspectors is the 

Introductory Course on Agency Safeguards 

(ICAS), a months-long, comprehensive course 

that seeks to give inspectors all the 

information and skills they will need to be 

successful safeguards inspectors. . It is crucial 

that inspectors be able to transfer new skills 

from a training environment to the field. 

While ICAS is highly effective at training 

safeguards inspectors, lessons and best 

practices from cognitive science could further 

enhance the effectiveness of transferring skills 

learned in training to the field environment, 

and can also apply to other training within the 

IAEA Department of Safeguards.  

Transfer of training occurs when learned skills 

are applied successfully in the workplace. 

Here, we focus on training design and delivery 

mechanisms to enhance learning, memory, 

and ultimately transfer of training to the field. 

We review relevant cognitive science literature 

on best practices for explaining new concepts, 

incorporating practice into training, providing 

realistic training environments, presenting 

materials in a compelling and memorable 

way, supporting proper mindset through 

encouragement of students, and using 
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technologies measuring physiological 

responses to gain deeper understanding of 

student learning and attention. For each of 

these areas, we provide distinct lessons 

relevant for international nuclear safeguards 

and provide explicit and actionable 

recommendations that could be considered 

to support safeguards training. Our intention 

is not to replace comprehensive reviews in 

these areas; for a more thorough review on 

the translation of cognitive and educational 

psychology practices into classroom 

strategies, see [1], [2], [3].  

The length, depth, and classroom-style format 

of ICAS makes it a good candidate for 

implementing our recommendations to 

promote the transfer skills learned in a 

training environment to the workplace. 

Notwithstanding, safeguards inspectors and 

other safeguards staff participate in 

classroom-based trainings throughout their 

IAEA careers, and many of our 

recommendations are  relevant for those 

training activities. However, this study does 

not include a comprehensive overview of 

safeguards training activities. While we did 

read relevant literature and interview several 

subject matter experts in IAEA safeguards 

training, we did not have access to full 

training materials or protocols that would 

have allowed us to provide specific 

recommendations to change current 

procedures. Instead, we offer 

recommendations that we hope the 

safeguards training community finds relevant, 

some of which may currently be employed 

The paper is organized as follows. Each 

section provides a high-level concept: 

explaining, practicing, training environments, 

presenting materials, encouraging students, 

and measuring responses. For each section, 

we provide specific training recommendations 

with references to cognitive psychology 

literature and highlight how these 

recommendations could be applied in 

safeguards training environments. 

2. Explaining New Concepts 
Explaining new concepts refers to how 

trainers present new material to students. It 

primarily refers to oral explanations, such as 

classroom lectures. Cognitive psychology 

research has identified specific strategies that 

strengthen students’ ability to remember new 

information, understand abstract concepts, 

and mentally organize new information. Some 

strategies for enhancing the explanation of 

new concepts include interleaving related 

material, relating explanations to in-field 

duties, providing cues for what is important, 

and cross-training members of a team. 

2.1 Interleave related topics and practice 

opportunities during instruction to help 

students identify similarities and differences 

between concepts. 

Interleaving is a strategy in which an 

instructor switches back and forth between 

related topics or between example problems 

and practice problems in a lecture. 

Interleaving helps students mentally organize 

information, discriminate between different 

types of problems or information, and 

understand the differences between concepts 

[4, 5]. Instructors can incorporate interleaving 

by making comparisons between a current 

topic of focus and a related topic studied 

previously [5]. In addition, studies have shown 

that students learn quicker when example 
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problems are interleaved with practice 

problems [6]. Interleaving teaches students to 

discriminate between different types of 

problems or information and understand the 

differences between them [4, 5]. However, 

there is little evidence that switching between 

completely different subjects (such as 

between mathematics and language arts) is 

effective for learning; instead, interleaving 

focuses on similar problem types or solved 

example problems and practice problems 

when studying. 

Safeguards training recommendations: 

• Include intermittent practice 

opportunities in a lecture, for example 

with hands-on use of non-destructive 

assay methods that are being explained. 

• Encourage discussion of similar concepts 

together, for example to compare 

different safeguards seals and the 

appropriate application and examination 

methods for each.   

2.2 Explain the “why” or “how” of new 

information to develop a deeper 

understanding of new concepts.  

Also referred to as elaborative interrogation 

or explanatory questioning, elaboration is the 

process of asking and explaining the “why” or 

“how” of a newly learned concept [5]. 

Researchers have proposed several possible 

explanations for the effectiveness of 

elaboration. One explanation is that 

elaboration improves learning by promoting 

the development of connections between new 

information and existing knowledge, which 

helps students mentally organize the 

information [5, 3, 1]. In the classroom, 

instructors may consider conducting 

elaboration exercises, in which they ask 

students to attempt to explain new concepts 

to themselves (such as writing down an 

explanation) or to their peers in small groups. 

However, elaboration is only effective if 

students’ explanations of new concepts are 

accurate, so it is important that instructors 

monitor student discussions and provide 

correct information about new concepts 

following elaboration exercises [5]. 

Elaboration may also cause students to slow 

down while reading and pay more attention 

to the information being presented [3].  

Safeguards training recommendations: 

• Continue to present new information 

within relevant context of its importance 

to a particular technical objective or to the 

overall safeguards regime.  

• Offer opportunities for safeguards 

inspectors to engage in explaining 

concepts as a form of learning and 

knowledge-check (i.e., correction by 

trainer if the explanation is incorrect). Self-

check opportunities can also be used to 

provide feedback without pressuring 

inspectors in front of their colleagues.  

2.3 Relate training activities to in-field 

duties.  

Training is more effective when students 

perceive that what they learn during training 

will help them perform their jobs or improve 

their job performance and that the training is 

relevant to actual workplace tasks. Helping 

students understand how a training activity 

relates to job tasks will motivate them to learn 

the target skill or apply it in the workplace. 

Training programs could begin with 

information about how and why the training 
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is relevant to motivate students to pay 

attention and apply trained skills [7, 8]. 

Safeguards training recommendations: 

• Relate training information to in-field and 

other safeguards verification tasks by 

providing context for the overall 

safeguards mission area.  

2.4 Provide examples to explain difficult or 
abstract concepts.  

Illustrating abstract concepts with specific 

examples helps students understand new 

ideas [6]. Examples can convey information 

more concisely and concretely than abstract 

concepts [5]. Associating an abstract concept 

with a concrete example can help students 

recall information, especially with the use of 

concrete examples that accurately illustrate 

the concept being taught to avoid confusion.  

Safeguards training recommendations: 

• Provide specific safeguards scenarios or 

examples as illustrations of difficult 

concepts. For example, when discussing 

the protocol for taking environmental 

swipe samples, describing the 

ramifications that would result from cross-

contamination of swipe samples could 

facilitate learning.  

2.5 Present materials in multiple formats. 

Contrary to popular belief, teaching to an 

individual’s preferred “learning style” (visual, 

auditory, verbal, and kinesthetic) does not 

result in better learning outcomes. Instead, all 

students benefit from being presented 

material in multiple formats [9, 10, 11, 12]. 

This concept is related to dual-coding theory, 

in which words are combined with visuals or 

other sensory information to enhance 

learning and memory [12]. Text is most often 

combined with visuals since images are easier 

to remember and they convey information 

more succinctly than text [5, 13, 14]. Dual-

coding can help students understand complex 

processes or systems that would be difficult 

to understand with only a verbal description. 

Furthermore, delivering instructional materials 

in multiple formats can eliminate potential 

monotony from lectures and maintain 

audience attentiveness, thereby increasing the 

ability of students to sustain attention on the 

lecture [15]. Multiple formats might also 

support a diverse population of students with 

varying levels of proficiency in the 

presentation language. 

Safeguards training recommendations: 

• Safeguards trainers may consider 

providing examples in various media 

forms, such as images, text, video, spoken 

words, and physical objects, if applicable. 

• Present safeguards training information in 

mixed-media formats, with a focus on 

audio supported by text. 

2.6 Use multimedia elements effectively 

to reinforce learning.  

One way to present in multiple formats is by 

incorporating multimedia elements such as 

slideshows, images, and videos into lectures 

to help students organize information, see 

examples, and understand processes. 

Multimedia instruction often involves 

presenting information in more than one 

modality at once, but excessive amounts of 

information presented simultaneously can 

result in cognitive overload and inhibit 

learning. Reinforce auditory information with 

complementary visuals to avoid overloading 

the audience with text. For example, an 
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animation that also includes on-screen text 

descriptions overloads visual channels as the 

student must split their attention between the 

animation and the text. Swapping on-screen 

text for auditory narration can reinforce, 

rather than undermine, learning taking place 

through visual channels [16, 17].  

Safeguards training recommendations: 

• Break presentations into segments to 

allow inspectors time to process and 

organize information. For example, 

present information in text form and then 

show an illustrative animation or image 

on the next slide [16, 17]. The ideal split 

will be driven by the concepts to be 

learned: diagrams with short text labels 

may be helpful for learning the 

components of a system, whereas 

animations with spoken descriptions may 

be more helpful for learning a new 

process [18, 19]. 

• Present corresponding material for a 

specific safeguards concept together, but 

do not add extraneous information in the 

process. Remove irrelevant examples, 

large amounts of text from slideshows, 

background music, and text descriptions 

that do not match narration in videos [16].  

• Use human voices rather than computer-

generated voices when presenting 

information, as people learn better from 

real human voices than from synthesized 

voices [17, 20]. 

2.7 Provide students with information 

about components of a system prior to 

teaching the system.  

When learning about new systems, it is 

important that students learn the functions of 

the individual components comprising that 

system before trying to understand how those 

components work together to make the 

system work. For example, it would benefit a 

student to learn the name and function of 

computer parts before they attempt to build 

a computer. Pre-training allows students to 

understand causal links and complex 

processes [16]. 

Safeguards training recommendations: 

• Provide reading, videos, or other content 

to safeguards inspectors to preview prior 

to the start of related class sessions. 

• Introduce new concepts with reminders 

about the component pieces and how 

they fit into a broader safeguards 

concept.  

2.8 Provide cues about how to select and 

organize important information.  

Indicate what information is important and 

how new information fits with previously 

learned information to help students prioritize 

and organize knowledge. For example, include 

an agenda or table of contents to show how 

information is categorized, use headings to 

indicate main ideas, highlight the most 

important points or reiterate them using more 

than one modality (e.g., through text and 

narration), write main ideas on a board, or 

provide an outline of the most important 

topics [16, 17]. 

Safeguards training recommendations: 

• Provide notes pages with main topics and 

important safeguards definitions already 

included. 

• Describe learning objectives at the start 

and end of safeguards training modules 

to ensure key concepts are identified. 
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2.9 Present examples or instructions 

conversationally, in relation to the student. 

Using conversational language helps students 

learn and remember information because 

such language personally connects the 

student with new material. For example, say, 

“When you use this piece of equipment, you 

have to calibrate it first to make sure your 

readings will be accurate,” instead of, “This 

piece of equipment must be calibrated prior 

to operation to ensure accurate readings” 

[17]. An overview of studies indicated broad 

findings that that content presented in a 

conversational style compared to a formal 

style increased performance for information 

retention and transfer [21]. 

Safeguards training recommendations: 

• Use a conversational, but professional, 

tone. 

• Present material in the first or second 

person (“I” and “you”), as opposed to the 

third person (“one, he, she”). 

2.10 Teach members of a team about their 

teammates’ roles and responsibilities to create 

more communicative and effective teams.  

Cross-training is a training strategy in which 

every member of a team is trained in the 

duties of their teammates such that each team 

member understands the others’ roles, tasks, 

and responsibilities [22]. The goal of cross-

training is to create teams that can 

communicate, coordinate, anticipate each 

other’s needs, and assist each other 

effectively. Studies have found that two- and 

three-person cross-trained teams 

outperformed non-cross trained teams by 

engaging in more teamwork behavior, 

communicating more effectively, having 

higher success rates on team based-tasks [23, 

24], and developing shared mental models 

[25].  

Safeguards training recommendations: 

• Train all members of inspection teams on 

all tasks that might be required.  

• Training across safeguards tasks could 

also be considered for non-inspector 

participants in safeguards verification 

activities, such as analysts or technicians 

that support inspection efforts. 

3. Practicing 
Practicing refers to opportunities for students 

to apply their new knowledge or skills in a 

supervised way. The repetition and course-

correction that occurs while students practice 

target skills increases students’ ability to 

perform effectively outside of training 

environments. Practicing can include hands-

on activities, practicums, or applications, as 

well as classroom discussions. It can also 

include more formal mechanisms of practice 

such as quizzes and exams. 

3.1 Provide opportunities to practice 

information recall.  

Retrieval occurs when a student recalls a piece 

of information. Practicing retrieval by drawing 

information from long-term memory into 

working memory strengthens knowledge of 

that information [5]. For this reason, tests and 

quizzes can enhance one’s knowledge while 

checking for successful retention of 

information [26]. Students tested more than 

one time retain more information long-term 

than those that are tested only once [27]. To 

enhance this effect, instructors could give 

students a series of quizzes prior to a final 

exam to give students multiple opportunities 
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to practice retrieval. Furthermore, providing 

feedback on quizzes and tests promotes 

learning because students have an 

opportunity to review and learn from mistakes 

[26]. 

Safeguards training recommendations: 

• Encourage self-testing, such as by 

creating flashcards, for inspectors to 

practice retrieval and discover what they 

know and what they do not know. Best 

practice for self-testing with flashcards 

includes practicing with both sides of the 

cards (concept and definition, for 

example), and shuffling after each run-

through of the deck. 

• Provide low-stakes opportunities for 

inspectors to practice retrieving 

information, such as through quizzes or 

discussions that include feedback, so they 

can identify concepts to review. The use 

of game-like elements to support learning 

objectives has also been shown to 

increase learning outcomes (though, 

typically only small increases) and could 

provide low-stakes and engaging 

opportunities for practice [28].   

3.2 Give students opportunities to 

observe and practice skills.  

Observation and practice are critical for 

learning and remembering new information 

and skills [7]. During training, explanations of 

the behaviors to be learned can help students 

understand new behaviors and skills. This 

could include the trainer displaying effective 

and ineffective implementation of target skills 

(i.e., what to do and what not to do) and 

providing students with opportunities to 

practice and receive feedback on those skills.  

Safeguards training recommendations: 

• Demonstrate correct and incorrect 

execution of desired safeguards skills. 

• Provide opportunities for safeguards 

inspectors to practice new skills with 

oversight and feedback from trainers.  

3.3 Space practice over time.  

Spaced practice involves revisiting previously 

learned information multiple times over the 

course of several days, weeks, or months. 

Distributing learning over several days 

significantly increases the amount of 

information that a student will retain 

compared to presenting the information in 

one learning session [27]. Spaced practice 

results in longer-term retention of 

information, likely because revisiting 

information at different times strengthens a 

student’s ability to retrieve that information 

from memory [5]. Practice can also continue 

once the training period is over, for example 

through opportunities for continued learning, 

skill maintenance, and long-term goal setting, 

that will help students maintain their skills. 

Safeguards training recommendations: 

• Review prior, related content at the start 

of new lesson modules to provide 

multiple spaced exposures to safeguards 

information. 

• Provide homework or external 

assignments that require inspectors to 

draw on prior information. 

• Interleaving safeguards concepts (e.g., 

differences between seal types) can give 

inspectors multiple opportunities to learn 

concepts within a lesson. 

 



ESARDA BULLETIN, No. 66, December 2024 

 

59 

 

3.4 Allow students to make and correct 

mistakes during training.  

Error management is a strategy in which 

students are permitted to make mistakes 

during training. Instructors help students learn 

from their mistakes by correcting them, 

informing them of other errors that could 

occur, and describing the negative 

consequences of errors. Error management 

facilitates transfer of knowledge by teaching 

students how to anticipate issues before they 

arise and to manage problems if they occur 

[7]. 

Safeguards training recommendations: 

• Provide opportunities for supervised 

practice, which can include reinforcement 

or corrections on a new skill. This could 

include supervised practice using 

safeguards equipment, applying or 

examining safeguards seals, or other 

important inspection tasks. 

• Include low-stakes opportunities for 

inspectors to practice and fail in order to 

correct skill performance or recall through 

additional support from trainers. These 

low-stakes opportunities include 

supervised practice opportunities, self-

testing, and working with small peer 

groups in which participants can support 

each other in mastering a skill.  

3.5 Train critical skills for high anxiety 

scenarios repeatedly.  

Increased anxiety (e.g., time pressure, threat 

of personal harm) in a situation can change 

decision-making, causing people to make 

faster and less accurate decisions [30]. This 

has been found in settings as varied as 

parachute jumps, piloting an aircraft, 

simulated firefighting (reviewed in [31]) and 

simulated police settings [29]. In high stress 

situations, people tend to fall back on 

overlearned strategies that they can pull from 

long term memory [31]. While experts often 

perform better under high stress situations 

[32, 33], both experts and novices have been 

shown to have degraded performance in high 

stress situations that require a creative 

response. 

Safeguards training recommendations: 

• Anticipate high stress scenarios and 

provide extra training on critical skills 

needed to mitigate those scenarios. This 

could include things like safeguards 

equipment troubleshooting, safety 

procedures, or emergency protocols. 

Other training procedures to support stressful 

environments are covered in Section 4. 

4. Training Environments 
IAEA safeguards inspectors are likely to 

experience moderate levels of stress during 

inspections. They may face fatigue from 

lengthy travel and jetlag, discomfort from 

heat or noise within a facility, and high 

workload and time pressure from a long list 

of inspection tasks. Despite the presence of 

stress, inspectors must perform at consistently 

high levels. Training to prepare for stress may 

support this high-performance requirement. 

4.1 Train in environments that resemble 

the field.  

Trained skills are more likely to transfer to the 

workplace when the training environment 

closely resembles it. Having the training 

environment mirror the workplace helps 

students contextualize scenarios in which new 
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skills may be applied in the workplace. 

Methods to create realistic training 

environments include the provision of training 

opportunities in the field and the 

incorporation of field-relevant environments 

(such as location, noise, or time pressure) [7]. 

Safeguards training recommendations: 

• Continue to provide in-field training 

opportunities at realistic or operational 

nuclear facilities. 

• For classroom-based training, include 

field-relevant environments related to 

time constraints, space restrictions, 

operator negotiation, or other relevant 

elements. These elements could be as 

simple as introducing timed practice for 

seal examination and application 

exercises, or more complex and realistic 

scenario-based training.  

4.2 Educate students on factors that may 

impact their performance in the field such as 

performing repetitive tasks, multi-tasking, and 

sleep deprivation.  

When people must perform a low-effort, 

sustained monitoring task over a long period 

of time, performance of that task declines 

[34]. However, some promising work has 

shown that briefly switching to a different 

mental operation can offset these detrimental 

effects [35]. One theory is that the ability to 

pay attention to one task over time can be 

“reset” by this brief task-switch. It is also well 

known that trying to multi-task, or perform 

multiple similar operations at once, can hurt 

task performance. This is true both in simple 

laboratory tasks [36] as well as in real-world 

situations, like using a cell phone while driving 

[37]. For a review of factors that could affect 

the performance of safeguards practitioners, 

see [38]. 

Safeguards training recommendations: 

• Include a training module on factors 

influencing safeguards inspection 

performance, and support inspectors on 

being able to assess their own state-of-

being. 

• Provide information on mitigation 

strategies for performance inhibitors that 

are common for safeguards inspections 

such as jetlag, multitasking, or time 

pressure.  

4.3 Educate students on the effects of 

environmental stressors and mitigation 

techniques.  

The environment in which someone is 

working can significantly impact their 

performance. Environmental stressors like 

noise [39, 40] and temperature (extreme heat 

[41] or cold [42, 43]) can degrade 

performance on certain tasks. In some cases, 

individuals can take action to reduce 

environmental stressors that can improve 

their own performance. For example, studies 

of noise and performance have found that 

reducing noise levels in work settings 

improves productivity [44] and reduces 

human error [45], accidental damage to 

material and absenteeism [46], and workplace 

accidents [47, 48]. 

Safeguards training recommendations: 

• Include education on environmental 

stressors and their impacts on 

performance, with the aim to help 

inspectors identify when they are in 

scenarios of potentially compromised 

performance. This will allow inspectors to 
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better judge their own ability to complete 

tasks and request help from their 

inspection team as needed.  

• Include potential mitigation strategies for 

safeguards inspection environmental 

stressors, such as using disposable ear 

plugs, orienting tasking according to 

temperature (e.g., working outdoors early 

on a hot day, and moving to indoor tasks 

during hotter parts of the day, and vice 

versa for cold climates), and knowing 

what accommodations they can seek from 

facility operators regarding environmental 

conditions. 

4.4 Expose students to field-relevant 

stressors during training.  

Stress inoculation training (SIT; also 

sometimes called stress exposure training) is 

a targeted three-phase training approach 

intended to teach individuals about stress and 

how to manage it [49]. SIT is organized into 

three phases: In Phase 1, students learn about 

stress effects and stressors they are likely to 

encounter in the workplace; in Phase 2, 

students learn techniques to cope with stress; 

in Phase 3, students practice using coping 

skills in increasingly stressful environments 

[50]. The objectives of SIT are to increase 

students’ familiarity with stressors and stress 

symptoms, teach them skills to overcome 

stress effects, and build confidence in their 

ability to perform at a high level despite stress 

[50]. SIT has been shown to improve 

performance in real-life high-pressure 

situations, such as law enforcement settings 

[51].   

 

 

Safeguards training recommendations: 

• Implement aspects of SIT into safeguards 

inspection training. Headquarters-based 

training could include Phases 1 and 2, to 

identify stressors and learn techniques to 

cope with them. Field activities, such as 

APEX training, are good candidates for 

Phase 3 practice (and to the authors’ 

understanding, is currently being used 

this way).  

4.5 Create immersive training 

environments via augmented reality (AR) and 

virtual reality (VR) to replicate settings that 

would be too unsafe, costly, or otherwise 

untenable for in-person training.  

Augmented reality (AR) refers to an immersive 

visual environment in which digital displays 

are superimposed over images of the 

participant’s actual environment; virtual reality 

(VR) refers to a fully immersive 3D display, 

generally blocking out all elements of the real 

world. The use of AR/VR in training 

environments could have many potential 

benefits, including offering immersive, safe, 

and low-cost ways to expose people to high-

risk or otherwise difficult-to-replicate 

environments during training, under the 

assumption that training in such 

environments will enhance transfer of the 

learned skills to the real-world environment 

(for review, see [52]). Some potential 

drawbacks of AR/VR for training include the 

cost of equipment and development of the 

virtual training environment, the inability to 

collaborate with others in real time, and the 

limited range of motion permitted by many 

AR/VR setups. Additionally, the quantitative 

benefits of AR/VR training to real-world 

performance remain unclear. In a recent 
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meta-analysis, Kaplan et al. [53] found equally 

good task performance in real-world settings 

following AR/VR training and traditional 

training across a variety of cognitive and 

physical tasks.  

Safeguards training recommendations:  

• Have new inspectors practice performing 

inspection tasks in a simulated 

environment first, such as a new 

unfamiliar facility, or a more complicated 

facility than one they have previously 

visited. Having the opportunity to practice 

inspection tasks in these varied 

environments may help them to learn 

and/or remember the steps better than 

simply reading about it in the classroom 

or watching a video. 

• Replicate stressful aspects of the real 

environment that inspectors may 

encounter via AR/VR, following the 

research that learning under stressful 

environments likely improves recall in a 

real-world stressful environment. In these 

cases, environmental stress could be 

caused by issues such as equipment 

malfunction, uncooperative facility 

operators, or a safety incident. 

5. Encouraging Students 
Motivation refers to a student’s desire to learn 

a new skill or reach a goal. Motivation is 

closely linked to self-efficacy, which is a 

person’s confidence in their abilities. Students 

with higher self-efficacy believe that they can 

learn new skills and that learning new skills 

will result in positive outcomes or benefit 

them in the workplace [7]. Building 

appropriate self-efficacy supports student 

learning. 

5.1 Promote trainees’ confidence in their 

abilities.  

A student’s belief in their ability to learn and 

apply new skills is strongly linked to positive 

training outcomes. Students with higher 

confidence in their abilities are more likely to 

persevere despite challenges, while those with 

lower confidence are likely to be discouraged 

by challenges and reduce effort. Self-efficacy 

can be developed through skill mastery 

(practicing a skill to increase comfort level), 

modeling (watching others perform a skill so 

that it becomes more predictable and makes 

sense in context), encouragement, instruction, 

feedback from instructors, and post-training 

goal setting [7, 54, 8]. Giving positive 

feedback when students perform a skill 

correctly reinforces the skill and can increase 

trainees’ beliefs about their competency with 

a skill [55]. Goal setting can also increase self-

efficacy by giving students specific 

benchmarks to work toward and the ability to 

self-monitor their progress. Strong goals are 

specific to the trained skill, and are 

challenging but attainable [56]. 

Safeguards training recommendations: 

• Give positive feedback and supportive 

corrections to inspectors as warranted by 

their performance. 

• Provide multiple opportunities for 

inspectors to practice, fail, and correct 

their performance through hands-on 

activities and classroom exercises.  

5.2 Encourage peer support.  

Peer support has been found to be just as 

impactful on student development as 

supervisor support [7, 8]. Peers can provide 

each other with encouragement, feedback, 
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coaching, and behavior modeling, and play a 

significant role in a student’s transfer of 

training to the workplace.  

Safeguards training recommendations: 

• Encourage inspectors to work together on 

problem-solving. 

• Provide opportunities for inspectors to 

recognize the strengths and 

accomplishments of their peers. 

6. Measuring Physiological Response 
Specialized techniques can be used to assess 

learning and/or enhance training by collecting 

physiological data during task performance. 

Physiological data refers to data collected 

about the body (e.g., heart rate, brain activity) 

that can be used to infer something about 

cognition. These physiological measures can 

provide a way to study aspects of cognitive 

processing during performance, without 

asking the individual to stop and respond to 

questions. When collected together with 

behavioral data, these measures can be used 

to both understand and enhance training and 

performance. Selected technologies are 

described below based on their relatively easy 

implementation in operationally relevant 

environments. Because the technologies 

discussed below require cognitive science 

expertise to execute in the proper 

experimental settings and interpret the data 

appropriately, we do not recommend these 

technologies for immediate implementation 

for international safeguards training. Instead, 

we highlight these techniques to demonstrate 

that it is possible to measure trainees’ stress 

levels, cognitive load, learning, and focus 

during training. This data could be used in the 

future by safeguards trainers to identify 

challenging or stressful training tasks that 

may require additional practice. 

• Electrodermal activity (EDA), a 

physiological measurement of the 

electrical conductance of skin, can 

give insights about a person’s 

psychological state in response to a 

stressor [57, 58]. EDA could be used 

in safeguards training to identify 

training scenarios that produce stress 

in trainees for the development of 

stress-reducing interventions. 

• Heart rate (HR) and heart rate 

variability (HRV) can be used to 

measure cognitive workload and 

fatigue [59, 60, 61, 62]. For safeguards 

training, HR and HRV measurements 

could be used to assess workload 

demands of a particular tool or 

procedure. 

• Eye-tracking is used to measure the 

eye gaze location of people 

performing visual tasks, such as 

reading, viewing an image, or using 

an interface [63, 64, 65, 66]. Novice 

safeguards inspectors could study the 

eye gaze behaviors of senior 

inspectors to identify task-relevant 

areas to focus their attention on and 

learn which cues experts use to guide 

their attention during difficult tasks. 

• Electroencephalogram (EEG) is the 

measurement of brain electrical 

activity using electrode sensors 

placed on the scalp, and event-related 

potentials (ERPs) are portions of the 

EEG signals that are time-locked to 

specific stimulus events [67, 68]. EEG 

and ERP data could help trainers 
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identify safeguards tasks that produce 

higher cognitive workload – and are 

therefore more difficult to learn – and 

design trainings that give extra 

practice time for more challenging 

tasks. 

7. Conclusion 
In this work, we highlighted specific training 

techniques that cognitive psychology research 

has identified as having positive effects on the 

transfer of training and described how these 

techniques could be applied to international 

nuclear safeguards training environments. 

Many of these techniques could be 

implemented in existing training programs 

like ICAS for minimal cost and could 

significantly increase students’ knowledge 

retention and transfer of training from the 

classroom to the field. In particular, giving 

students opportunities to practice target skills, 

spacing exposure to materials over time, 

delivering material in multiple formats, and 

exposing safeguards staff to some stressors 

during training could significantly improve 

learning and knowledge retention. By making 

small changes to the ways that they explain 

information, present materials, and set up 

training environments, trainers can improve 

the effectiveness of their trainings and set up 

students for greater success in the workplace. 

Other valuable contributions that support 

learning and human performance could come 

from domains such as social psychology and 

anthropology. Future studies should address 

lessons from these domains, as well as deeper 

analysis of current safeguards training 

practices to provide the most actionable 

recommendations.   
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