
Running head: SCAFFOLDING SIMULATION-BASED LEARNING USING 

FIDELITY   1 

 

 

 

 

 

 

 

Scaffolding Simulation-Based Learning Using Fidelity 

Sophia M. Strickfaden 

University of Colorado Denver 

  



SCAFFOLDING SIMULATION-BASED LEARNING USING FIDELITY  2 

Abstract 

Research findings suggest scaffolding learning experiences can be done effectively using 

measurements of fidelity and cognitive load.  A literature review was performed by the 

author on current simulation-based learning (SBL) in medical education and beyond to 

increase learning outcomes. Fidelity and cognitive load can be accurate measures of 

difficulty of SBLs and range from low to high difficulty. The task difficulties of SBLs 

can be leveled based on the learners, tasks, and environment. Scaffolding learning 

experiences using fidelity and cognitive load could be an effective design method 

process.  

Keywords: simulation-based learning, cognitive load, fidelity, scaffolding, 

learning experience design 
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Scaffolding Simulation-Based Learning Using Fidelity 

Simulation-based learning (SBL) is an instructional method designed using 

realistic elements or learning environments to teach skills through active learning 

processes (Al-Elq, 2010; Bradley, 2006; Cook, 2005, p. 543). Active learning is a central 

idea to SBL. Fanning and Gaba (2007) claim research in teaching adults points to the 

trend of active learning as an important factor in, “increasing effectiveness of learning in 

this population” (p. 1). The instructional method, such as a simulation, is the active 

learning catalyst in any learning experience (Cook, 2005, p. 543). Simulations are 

engaging and effective through this active learning processes. SBL is an effective way of 

teaching adult learners how to perform a procedure or process in the real world (Bradley, 

2006, p. 259). In fact, military, aviation, and space programs have been using simulations 

for decades (Bradley, 2006, p. 254). There are multiple types of simulations for learning. 

The types of SBL currently used in medical education include manikins, human patient 

simulations, simplified simulations (Haji, Rojas, Childs, de Ribaupierre, & Dubrowski, 

2015), computer-based simulators, and role-playing activities (McGaghie et al., 2016; 

Steadman et al., 2006). 

Various studies have yielded statistically powerful results in favor of SBL. 

Steadman et al. (2006) did a randomized control trial (RCT) with fourth-year medical 

students and found SBL to be superior to problem-based learning. In one systematic 

review of literature, six of twelve studies show gains in knowledge, critical thinking 

ability, and satisfaction or confidence (Cant & Cooper, 2009). Another study found a 

24.6% decrease in medication administration errors after a simulation-based training for 

coronary critical care nurses (Ford et al., 2010). The real-world effects of SBL learning 
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environments are immediately observable. SBLs consistently trump alternative methods, 

especially traditional classroom methods (Cant & Cooper, 2009; Ford et al., 2010; 

Issenberg et al., 2005; McCaughey & Traynor, 2010; McGaghie, Issenberg, Petrusa, & 

Scalese, 2011; McGaghie et al., 2016). 

Different types of simulations may yield different levels of difficulty for the 

learners depending on the task complexity and added learning variables. One way to 

measure the difficulty is through fidelity of simulation styles. The fidelity of a 

simulation-based training or learning situation is the level of inclusion of realistic 

elements or variables within the simulation (Haji et al., 2016, p. 956; Issenberg, 

McGaghie, Petrusa, Gordon, & Scalese, 2005, p. 11).  

Types of simulation fidelity are arranged in a continuum from low to high 

(Norman, Dore, & Grierson, 2012). A systematic review of SBL in nursing education 

showed results for three levels of fidelity: high, medium, and low (Cant & Cooper, 2009; 

Yaeger et al., 2004, p. 328). Simulation fidelities can be typed between three levels that 

have important design implications. Low fidelity includes partial task trainers and peer to 

peer learning or practicing skills in isolation. Medium or moderate fidelity includes 

screen-based computer simulators, virtual reality, haptic systems (combining real-world 

and virtual reality), and standardized patients (trained patient actors) or realistic situations 

that lack many cues necessary to achieve complete immersion. High fidelity simulations 

include full-scale simulations with physiologic responses, practitioner actions, and 

realistic environments or include necessary cues to provide a completely immersive 

experience (Cant & Cooper, 2009; Yaeger et al., 2004, p. 328). Some of these styles are 

more appropriate for different design needs. All of these levels contain variability in 
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fidelity based on the level of detail and implementation methods (Cant & Cooper, 2009, 

p. 4).  

As the number of elements or level of realism increase fidelity increases. High 

fidelity simulations are those that most closely resemble the real world (Cant & Cooper, 

2009; Yaeger et al., 2004, p. 328). Some learning requires low fidelity designs in order to 

teach a new task or information to a learner. Low-fidelity plays a role in scaffolding for 

novice to expert learners and increased student access (Haji et al., 2016; Norman, Dore, 

& Grierson, 2012, p. 638). Scaffolding is the process of designing learning activities to 

progress from easy to more difficult by closing gaps in knowledge between previous 

knowledge and current learning content (“Scaffolding,” April 6, 2015). In current 

medical education research, there is extensive evidence supporting high-fidelity 

simulation-based instructional strategies, but only a few stand out for low-fidelity in 

teaching novice learners new skills.  Exploring the idea of scaffolding through fidelity or 

task complexity design is an area of research, which is in need of further study because 

this information may be the cornerstone to effective learning experience scaffolding. The 

leveling from easy to difficult tasks using scaffolding principles could yield superior 

learning outcomes in SBL.  

Simulation Design Considerations 

It is important to have an understanding of the application of simulation design 

that allows for comprehension at the correct level of challenge for the learner. Some 

features of simulations may help level the learning process from easy to difficult. These 

features include debriefing and history keeping, which are common features in SBL 

(McCaughey & Traynor, 2010; Reilly & Spratt, 2007; Yaeger et al., 2005). Specifically, 
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these features reinforce knowledge and allow the learner to reflect on their actions as they 

complete the simulation tasks (Yaeger et al., 2005). History keeping is similar to taking 

notes and having access to them during a performance assessment, which may make the 

completion of the tasks lie on a lower level of difficulty for the given task. The difficulty 

leveling with this feature may increase skills of students while they examine their 

performance and shortcomings (McCaughey & Traynor, 2010, p. 827).  

The debriefing process is a guided performance reflection and examination for the 

learner with an instructor, group, or team. This allows for digestion of performance and 

learning. Yaeger et al. (2005) mention constructive debriefing benefits the trainees by 

giving them a “unique opportunity to review their actions on video, evaluate their own 

performance, and benefit from the perspectives of their peers and other seasoned 

professionals, who provide constructive feedback,” (p. 328). The debriefings in this study 

were video reviews in a separate room, both in groups and per individual (p. 328). From a 

leveling perspective, this allows the learner to digest the information after each task 

performance session, ultimately allowing the learner to repeat the task, each time with a 

different level of understanding and expertise. This is an example of leveling of a 

learning situation that follows the active learning cycle to repeat indefinitely as the 

learner moves from novice to expert for that task or knowledge set.  

One way to examine simulation design is through comparing and contrasting two 

methods of delivery at different fidelity levels. Researchers studied benefits of whole-

body versus parts-task simulators and found no significant difference between the whole-

body manikin and the simple part-task trainers they used for the comparison group 

(Owen et al., 2006). This project allowed for the researchers to observe any differences 
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between learning outcomes for learners who performed with low or intermediate fidelity 

in the body simulators. Given the similar outcomes between the two groups, it is possible 

the full-body simulators contained unnecessary information and may have been 

distracting for the learners, decreasing the efficiency of the learning experience.  

Real life versus simulator environments is another form of leveling for the 

expertise level of the learners. Researchers gathered insight in learner perception by using 

human-patient simulators with second year nursing students and found the students liked 

the simulators and found the risk free environment helpful in preparing for clinical 

experience (Reilly & Spratt, 2007). This is helpful when considering the full learning 

experience by starting with a book or lecture, moving to a simulation, and eventually 

moving into the real-world environment with live human patients. The jump from 

textbook to live human patients is large and simulations provide a mid-level in this higher 

learning process.  

Scaffolding 

 

 Scaffolding is another way to think of leveling for the learner. As mentioned 

earlier, scaffolding is the process of designing learning activities to progress from easy to 

more difficult by closing gaps in knowledge (“Scaffolding,” April 6, 2015). In many 

cases, this directly relates to the cognitive load of the learner and fidelity level of 

simulations. 

Cognitive load for learners is a method for determining the level of fidelity for a 

learner. Cognitive load theory indicates the relationship between learner cognitive 

capacity and information load. If there is too much information for the learner given their 

cognitive capacity, then they will experience cognitive overload (Sweller, 1988). In one 
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way, if the cognitive load is too low the learner may get distracted or find the simulation 

a waste of time. In another way, if the cognitive load is too high, the learner is likely to 

find the simulation too difficult to complete and give up, which would keep them from 

learning what they needed to learn. The balance of cognitive load can be planned using 

scaffolding design principles. In progressive learning such as that with scaffolding, the 

cognitive load can be kept at a consistent level for the learners.  

The variation in fidelity for SBLs provides scaffolding guidance for the level of 

fidelity and cognitive load in a learning experience (Naismith, Cheung, Ringsted, & 

Cavalcanti, 2015, pg 806). As the fidelity level increases so, too, does the cognitive load 

of the learner.  Haji (2016) explored the variation in task complexity on novice learners’ 

cognitive loads and learning during a simulation. Thirty-eight medical students were 

divided into two groups for simple and complex tasks. Of the two groups, the simple task 

group performed better at a 10-day follow-up (Haji et al., 2016). This is significant 

because the research group demonstrated better learning outcomes with a low fidelity and 

low cognitive load simulation than of the group with a higher fidelity and cognitive load. 

This has implications for scaffolding design by starting at low fidelity with simple tasks 

and increasing fidelity as the learner becomes more skilled. This maintains a consistent 

cognitive load.  

 Given this synthesis, it seems low-fidelity education may have advantages over 

high-fidelity previously unseen in research. In fact, it is possible scaffolding based on 

skills mastery yields better results than starting with learning experiences absolutely 

congruent to real life. In fact, researchers suggest unlimited practice with low-fidelity 

simulations may be superior to high-fidelity simulations. This claim could indicate the 
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practice at a lower level tasks complexity prior to leveling up is an effective scaffolding 

of skills training.  

Another way scaffolding can be used effectively is by combining computer-based 

simulations and manikins. Using this combination, designers can scaffold the learning 

experience from novice to expert by gradually adding real world variables during the 

simulation sessions with learners (Steadman et al., 2006). For example, the simulation 

could start with a simple diagnostic process with one health variable. As the learners 

become intermediate, more health variables can be added to this simulation with a 

manikin using the computer-based connection. As the learners become experts in the 

tasks, enough variables are added to make the simulation as close to real life as possible 

without using a live human.  

Skills Transfer to Work or Performance After SBL 

Ultimately, this all matters because SBL allows for skills transfer to the real 

world. Davidovitch and Parush (2008) found success in considering history keeping in a 

SBL study. Their experimental group showed less forgetting than the control group using 

history keeping, both manual and automatic (p. 866). The findings in this study indicate 

features, such as built-in note taking, for SBL can increase learning and scaffold 

according to the learners’ skill levels. In an earlier study, Davidovitch, Parush and Shtub 

(2006) found the same results for manual history keeping in a computer-based 

simulations with undo features, allowing for learners to safely make mistakes (p. 298). 

Learning from mistakes without many consequences is a powerful SBL feature for skills 

transfer to the work environment.   



SCAFFOLDING SIMULATION-BASED LEARNING USING FIDELITY  10 

SBLs often yield better learning outcomes than those of traditional classrooms or 

problem-based learning. Evidence shows manikins with computer-based features 

improve skill acquisition compared to problem-based training (Steadman et al., 2006, p. 

154). This is good news for medical education and teaching procedures without risking 

the safety of a live human. Researchers found simulation-based medical education, which 

fits the high-fidelity category, was superior to traditional clinical education. Specifically, 

the skills acquired in these simulations transfer directly to higher quality patient care 

(McGaghie, Issenberg, Cohen, Barsuk, & Wayne, 2011, p. 708).  This is profound in the 

world of medicine and public health—as our healthcare workers become more skilled our 

population health can improve. Steadman et al. (2006) found a similar result in that high-

fidelity simulations were superior in skill acquisition compared to problem-based 

learning (p. 154). These success stories of using SBLs with high-fidelity in medical 

education show the potential for the use of this instructional method to be part of a 

scaffold learning process.  

Further, high-fidelity simulations may be perceived by learners as a more valuable 

method of learning because of the impact on their skills transition to their work 

environment (McCaughey & Traynor, 2010, p. 831). If the students are finding this type 

of learning environment ideal for skills transfer in their work post-education, then it is 

likely to have impact based on their performance and long-term memory. In fact, through 

active learning, high-fidelity simulations potentially support increased engagement, 

confidence, and motivation of students in their own active learning (Gordon, Wilkerson, 

Shaffer, & Armstrong, 2001, p. 472; Reilly & Spratt, 2007, p. 546). If anything, the 

affective components of SBL experiences are powerful enough to maintain learner 
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attention—if they are engaged by their experience, then they are likely learning. It is 

notable these benefits may yield higher confidence in the transition from student to 

clinical practitioner (Norman et al., 2012).  

SBL experiences work well because they are active learning experience with a 

decreased risk of consequences for mistakes in performance. Perhaps the most important 

benefit of SBL is the ability for learners to practice new skills without the risk of harm to 

a patient or themselves. The medical research landscape has evolved ethically and live 

patients are no longer feasible in the clinical setting (McCaughey & Traynor, 2010, p. 

831). In other words, the ethics of using human subjects in medical research have gotten 

so difficult to navigate that SBL experiences are necessary in preparing skilled healthcare 

workers for clinics.  

In one study, researchers found good results in skill performance using a NeoSim 

to develop and transfer technical skills to a Neonatal Resuscitation environment without 

risk to infant patient research participants (Yaeger et al., 2005, p. 329).  The learners in 

this situation had a chance to practice a life-saving procedure on a simulator without 

risking the lives of newborn infants. This gave these future healthcare workers a chance 

to practice with high fidelity without risking infant lives. This step before real world is an 

example of high-level scaffolding design between simulations and real life. In other 

studies seeking feedback from students and educators, responses to patient simulations 

included opinions that simulators allowed development of skills without a real-life patient 

while maintaining safe, high-stakes environmental cues (Gordon et al., 2001, p. 472; 

Reilly & Spratt, 2007, pg 542). There is potential for scaffolding this learning with 

current healthcare professionals. After many medication administration observations, 
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researchers found SBL may have decreased medication errors by 24.6% (Ford et al, 2010, 

p. 1528). If there is any justification for SBL use in medical education, it should be it 

clearly has the potential to improve healthcare provider performance and work accuracy. 

There are many examples of SBLs working to improve performance through skills 

practice and emotional experiences (Bradley, 2006, p. 258; Gordon et al., 2001, p. 472; 

Owen et al., 2006, p. 209; Reilly & Spratt, 2007, p. 546). Positive perceptions do not 

hurt, either, as they have a potential of increasing skills acquisition. SBLs tend towards 

creating positive perceptions in learning purpose and effectiveness of teaching (Cant & 

Cooper, 2009, p. 11; Gordon et al., 2001; McCaughey & Traynor, 2010, p. 827; Owen et 

al., 2006, p. 208; Reilly & Spratt, 2007, p.546; Yaeger et al., 2005). If the learners feel 

the task is valuable in their workplace preparation, they will pay attention and actively 

engage with the learning material. As learners complete a simulation they are also 

creating their own knowledge retrieval patterns with a deliberate learning goal.  

The effects of SBL designs are successful and work for all of these reasons. Most 

importantly, these simulations in medical education allow for transfer of learning to the 

clinic, a vital requirement of medical education graduates (McGaghie et al., 2016). 

Making connections between the learning experience and the real world is required for 

good work performance.  

Keeping up the pattern of skills transfer to the work environment could pose 

challenges, but can be addressed through considering scaffolding fidelity levels and 

learning outcomes. Learning experienced designers have an opportunity to consider 

fidelity levels when designing SBL. Low, intermediate, and high fidelity levels can 

results in the same learning outcomes in some cases. Norman et al. (2012) found high 
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fidelity and low fidelity result in the same levels of improvements of performance (p. 

637). The question then is related to the assumptions made by the designers of learning 

experiences based on fidelity levels and scaffolding. This team of researchers outlined 

several assumptions of simulations and mention the rationale is flawed for designing 

simulations as close to the real-world as possible (Norman et al., 2012). Specifically, this 

finding is not uniform in psychology literature and even if it can be proven, it is unclear 

what aspects of the learning design are effective in improved learning with high fidelity 

over low fidelity (p. 637).  

Conclusion and Future Study 

SBL is an instructional method that can be scaffold using fidelity for a gradual 

progression of learning. Fidelity levels, whether high or low, have implications for 

designing learning with scaffolding learning tasks from low difficulty to high difficulty. 

In general, it is effective to scaffold learning experiences from low to high fidelity in 

order to allow for progressive knowledge gains and accurate skills transfer. Features of 

simulations, such as debriefing and history keeping, may add a level of digestion and 

critical thinking to a learning experience while allowing the learner to safely make 

mistakes.  

As with most fields of study, there are shortcomings in the research already done. 

Findings of the comparisons between high-fidelity and low-fidelity simulations are not 

statistically significant and need further exploration with scaffolding full learning 

experiences (Norman et al., 2012, p. 644). Further research in this area is needed to fully 

understand the relationship between fidelity and scaffolding.  
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