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Abstract: In this study we analyze how learners with different prior knowledge use different 

adjustment strategies (reflective or evidence generation) after impasses and how that affects 

their learning in a simulation in medical education. We found that learners with medium and 

low prior knowledge used evidence generation more often. Only learners with medium prior 

knowledge benefited from further evidence generation. Therefore, adjustment strategies seem 

to have differential effects depending on learners’s prior knowledge. 
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Problem statement 
Simulations are a very effective form of learning (Chernikova et al., 2020). However, it is unclear what makes 

simulations to one of the most effective learning environments in higher education. An open question is if learners 

with different prior knowledge make use of the additional adjust strategies a simulation offers after the experience 

of an impasse and if that kind of adjustment improves their learning.  

Theoretical background  
In different approaches learning from impasses is an important element (e.g. Kolodner, 1983). The experience of 

an impasse can lead to reflections and therefore triggers a deeper understanding (VanLehn, 1999). In more recent 

approaches, the experience of an impasse is considered a productive failure, preparing learners for future learning 

(e.g. Kapur, 2014).  

Possible adjustment strategies in simulations are re-inspecting previously presented information and 

generating further relevant evidence, trial and error, or taking time to reflect without or with less time-pressure. 

In connection with simulations and the experience of impasses these strategies are not systematically investigated 

yet. It seems likely that learners with different prior knowledge at a different stage in their expertise development 

use different adjustment strategies during learning with simulations. However, it is unclear what kind of 

adjustment strategies learners with different prior knowledge show after they experience an impasse in a 

simulation and subsequently what kind of scaffolding they would need to improve the quality of their learning 

process.  

Research questions  
H1: Learners with high prior knowledge are more likely to use a reflective adjustment strategy after they 

experience an impasse whereas learners with low and medium prior knowledge are more likely to use a strategy 

of further evidence generation in a simulation. 

H2: Learners with high prior knowledge use more time to reflect after they experience an impasse in a simulation. 

H3: What can be learned from the adjustment strategy of evidence generation following an impasse depends on a 

learner’s prior knowledge in a simulation.  

Method 
For the purpose of our study we used a simulation in medical education in which participants diagnosed fictitious 

patients (see Radkowitsch et al., 2020). In the simulation learners get access to five patient files. Learners are 

asked to formulate a request for a radiological diagnostic procedure for each patient to a fictitious radiologist. 

Learners who justify their diagnostic request appropriately receive a report of the radiological findings. Other 

learners get a feedback in which the fictitious radiologist asks for further justification. Afterwards learners can 

either decide to go back to the patient files and generate further evidence or getting the examination without 

generating further evidence only using internal resources to solve their impasse. We counted both reactions and 

logged the time between the feedback and the subsequent reaction of the learner. Depending on the correctness 
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 of the final diagnosis learners received 0, 0.5, or 1 point. We used a quasi-experimental one-factorial design with 

learners on three levels of prior knowledge (low (N=45) -medium (N=28). -high (N=25)).  

Results 
Relative to the absolute number of impasses, learners with high prior knowledge used approximately to the same 

amount an adjustment strategy of evidence generation (48.1%) and a reflective strategy. Both learners with 

intermediate (70.1%) and with low prior knowledge (66.1%) used an adjustment strategy with further evidence 

generation more often. This partially confirms Hypothesis 1. 

Regardless of whether a strategy of further evidence generation was used (F2,179 = 4.24; p = .016; η2 = 

.045) or a reflective strategy was used (F2,139 = 2.88; p = .030; η2 = .040), learners with high prior knowledge took 

the most time before taking their next action after they encounter an impasse. This is in support of Hypothesis 2. 

To test Hypothesis 3, we defined a step-wise logistic regression model with both frequency of evidence 

generation strategy and the level of prior knowledge predicting the likelihood of an accurate diagnosis. Both the 

main effect for the frequency of evidence generation strategy (b = -.99; p = .013; OR = 0.37) and the difference 

between learners with intermediate and high prior knowledge (b = -1.86; p = .008; OR = 0.16) as well as the 

difference between low and high prior knowledge (b = -1.41; p = .024; OR = 0.25) were significant. In line with 

Hypothesis 3, though, there was a significant interaction between the both predictors. The likelihood of an accurate 

diagnosis decreased with a higher frequency of the adjustment strategy of evidence generation for learners with 

high and with low prior knowledge whereas it increased for learners with intermediate prior knowledge.  

Discussion 
In simulations different adjustment strategies after the experience of impasses than in real-life practice are 

feasible. The findings of the present study can be interpreted in a way that the same adjustment strategy following 

an impasse can be helpful for specific learners but have negative consequences for learners with other learning 

prerequisites.  

Similar to other approaches (e.g. Kolodner, 1983; VanLehn, 1999) also in simulations reflective 

adjustment strategies seem important, at least for learners with high prior knowledge. Learners with low and 

intermediate prior knowledge, however, do benefit to a much lesser extent. Learners with low prior knowledge 

also were not able to benefit from the adjustment strategy of generating further evidence. Maybe instead of 

generating meaningful evidence they fell back to a trial and error strategy.  

For learners with a medium level of prior knowledge an adjustment strategy of evidence generation 

following an impasse seems helpful for an accurate diagnosis during their learning process. Maybe only with an 

intermediate knowledge structure, learners are to identify knowledge gaps and to close that gaps with the 

additionally generated evidence.  

To conclude, simulations can provide learning opportunities not sufficiently present in real life 

professional situations. They, for example, leave phases for reflection and enable to re-inspect and retry 

repeatedly. This study found that most of the learners make use of these additional opportunities. However, the 

taken opportunities have differential effects on learning, depending on the learners’ prior knowledge. 

References  
Chernikova, O., Heitzmann, N., Stadler, M., Holzberger, D., Seidel, T., & Fischer, F. (2020). Simulation-Based 

Learning in Higher Education: A Meta-Analysis. Review of Educational Research, 90(4), 499–541. 

https://doi.org/10.3102/0034654320933544 

Kapur, M. (2011). A further study of productive failure in mathematical problem solving: Unpacking the design 

components. Instructional Science, 39(4), 561–579. https://doi.org/10.1007/s11251-010-9144-3 

Kolodner, J. L. (1983). Towards an understanding of the role of experience in the evolution from novice to expert. 

International Journal of Man-Machine Studies, 19(5), 497–518. https://doi.org/16/S0020-

7373(83)80068-6 

Radkowitsch, A., Fischer, M. R., Schmidmaier, R., & Fischer, F. (2020). Learning to diagnose collaboratively: 

Validating a simulation for medical students. GMS Journal for Medical Education, 37(5), Doc51. 

https://doi.org/10.3205/zma001344 

VanLehn, K. (1999). Rule-learning events in the acquisition of a complex skill: An evaluation of cascade. Journal 

of the Learning Sciences, 8(1), 71–125. https://doi.org/10.1207/s15327809jls0801_3 

Acknowledgments 
The research was performed with the financial support by DFG FOR2385; FI792/12 

ICLS 2021 Proceedings 988 © ISLS


	1. ICLS Cover 2021
	2. ICLS 2021 Front matter
	Senior Reviewers
	Reviewers
	Acknowledgments

	5. Binded LS Long
	041.
	Introduction
	Learning with additional external support
	Prior knowledge and its effect on visual attention
	Eye-tracking to understand visual attention in learning
	Research questions

	Method
	Procedure
	Measures

	Results
	RQ1: Differences in visual cue utilization
	RQ2: Differences in attention allocation on cued parts
	RQ3: Differences in gaze pattern

	General discussion
	Limitations
	Conclusion and implications
	References

	11. Binded LS Posters
	044.
	341.



