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Abstract. This experiment aimed to (1) induce System-1-type diagnostic reasoning
in medical students through the acquisition of cognitive user interface (UI) heuristics
and (2) understand qualitatively how clinical data visualizations could enhance
medical education. Third- and fourth-year medical students were presented patient
cases through a novel electronic health record (EHR) design then asked to diagnose
patients after being shown the cases either briefly and repeatedly (Group A) or twice
over a longer period (Group B). Group A had higher accuracy than Group B.
Findings support the possibility of inducing System-1 reasoning via UI heuristics
and potential of integrating data visualizations in medical education.
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1. Introduction

Clinical decision-making can be described using the dual-process theory [1], which
postulates that cognitive processes consist of the fast, intuitive System 1 commonly seen
with seasoned physicians and the slow, deliberative System 2 more associated with
learners like medical students [2][3]. However, Rosby et al. showed that inducing
accurate System-1-type diagnostic reasoning in novices was possible by training students
to use cognitive heuristics via rapid repeated exposures to clinical x-rays in contrast to
longer, fewer exposures [4].

Here, we further explored that notion by (1) attempting to induce System-
1-type diagnostic reasoning in inexperienced medical students through the
acquisition of cognitive Ul heuristics and (2) better understand the impact of
clinical patient data visualizations on students’ cognitive load and medical
education.

2. Methods

Subjects were 15 third- and fourth-year medical students who had completed at least one
clinical rotation, randomized to two matched groups based on past EHR experience.
They were first trained with eight adapted patient cases with clinical data indicative of
non-alcoholic fatty liver disease (NAFLD) and/or metabolic syndrome, on a novel EHR
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visualization (Figure 1). Each group was then shown four of eight cases repeatedly, but
with Group A up to four times at 30 seconds/case and Group B only twice at 2
minutes/case. In a final test, they were shown all eight cases, asked to diagnose the
patient (i.e., has metabolic syndrome and/or NAFLD) and elaborate on their experience.
Our null hypothesis (No) was that exposure frequency has no impact on accuracy.
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Figure 1. One of eight cases participants on the UI compared to the conventional EMR screen from Epic (right).
All cases were displayed on the same Ul based on the open-source visualization h-graph (h-graph.org).

3. Results

Group A scored slightly higher on average than Group B, with a mean percentage correct
of 0.76 (95% [0.68, 0.84]) vs 0.69 (95% [0.58, 0.80]). We failed to reject the null
hypothesis (p-value = 0.40). 73% of participants (n=11) rated the new version on par or
higher than existing EHRs (3+/5). Its ease of use and intuitiveness was rated similarly
high (mean score = 3.73/5 and 4.2/5, respectively). Students also described “pattern-
recognition” strategies consistent with System-1 decision-making and Rosby et. al [3].
These include: (1) layout consistency aiding search, (2) trends between lab value displays
and subsequent diagnosis, and (3) visualization-specific features like color-coordination.

4. Discussion and Conclusion

Though not new, this type of clinician-side data visualization is rarely utilized and has
promising implications for medical education enhancements. Students diagnosed
patients more accurately after short, repeated exposure to the data visualization interface,
implying the possibility of inducing Type-1 diagnostics. Using such techniques during
care delivery could reduce cognitive burden and allow even novices to diagnose quickly
and correctly. This area is ripe for innovation and further research for medical education.
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