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Abstract

Objective: To evaluate the individual-level impact of an electronic clinical support (ECDS) tool, 

PedsGuide, on febrile infant clinical decision making and cognitive load.

Methods: A counterbalanced, prospective, cross-over simulation study was performed amongst 

attending and trainee physicians. Participants performed simulated febrile infant cases with use of 

PedsGuide and with standard reference text. Cognitive load was assessed using the NASA-Task 

Load Index (NASA-TLX) which determines mental, physical, temporal demand, effort, 

frustration, and performance. Usability was assessed with the System Usability Scale (SUS). 

Scores on cases and NASA-TLX scores were compared between condition states.

Results: A total of 32 participants completed the study. Scores on febrile infant cases using 

PedsGuide were higher compared to standard reference text (89% vs. 72%, p=0.001). NASA-TLX 

scores were lower (i.e. more optimal) with use of PedsGuide vs. control (mental 6.34 vs. 11.8, 

p<0.001; physical 2.6 vs. 6.1, p=0.001; temporal demand 4.6 vs. 8.0, p=0.003; performance 4.5 vs. 

8.3, p<0.001; effort 5.8 vs. 10.7, p<0.001; frustration (3.9 vs. 10, p<0.001). The SUS had an 

overall score of 88 out of 100 with rating of acceptable on the acceptability scale.

Conclusions: Use of PedsGuide led to increased adherence to guidelines and decreased 

cognitive load in febrile infant management when compared to use of a standard reference tool. 

This study employs a rarely used method of assessing ECDS tools using a multi-faceted approach 
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(medical decision-making, assessing usability, and cognitive workload,) that may be utilized to 

assess other ECDS tools in the future.
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Introduction

Medical knowledge and information is increasing at a rate faster than the human mind can 

assimilate.1 Increased information assimilation results in increased cognitive load which can 

lead to medical errors.2 One way to mitigate mental fatigue and disseminate knowledge is 

through electronic clinical decision support (ECDS) tools. ECDS tools have been deployed 

across a variety of platforms including mobile devices via smartphone applications (apps) 

and can range from risk calculators and stratification tools, to stepwise management 

guidance.3 Given that a majority of providers use their cell phone in clinical practice, mobile 

applications can be particularly useful in settings where such providers lack access to 

expertise. 4,5

The explosion of technology in healthcare has led to a need for better assessment of these 

tools. Assessment of ECDS tools have varied from opinion-based only 6, 7 to many assessing 

task completion, performance of a case, or accuracy,8–14 oftentimes with usability 

evaluation. 8,10–12,15,16 Assessment of cognitive demand with electronic health record use 

has been performed, however very few studies exist assessing the effects of ECDS tool use 

on cognitive demand2,12,14,17 Some usability studies have been performed during the 

development phase of an ECDS tool to assess for usability issues.15,16 Very few of these 

studies combine all of these elements: 1) accuracy or performance evaluation; 2) usability; 

and 3) effects on cognitive load.12

Despite the large number of ECDS tools available, the United States Food and Drug 

Administration (FDA) only provides oversight to ECDS applications that are considered 

direct extensions of medical devices.18,19 Some ECDS tools evaluated in the past have not 

been suitable for the task designed,8 have had errors or violations that could cause harm to 

the patient, or have not been user-friendly.20

In 2016, our institution developed a mobile device-based ECDS tool for managing febrile 

infants entitled PedsGuide.21 Fever in infants less than 90 days of age can indicate the 

presence of serious bacterial infection (SBI; defined as urinary tract infection, bacteremia, 

pneumonia, osteomyelitis, and/or meningitis). SBI is diagnosed in 8-12.5% of patients,22 

however the majority of febrile infants have non-life threatening, non-SBI illness, such as 

viral infections.23 There is wide variation in the evaluation of febrile infants for suspected 

SBI across hospitals, emergency departments, and ambulatory settings.24 Variation in the 

management of young febrile infants is due in part to the availability of different criteria for 

determining an infant’s risk of SBI. However, when a clinical practice guideline (CPG) is 

adopted by an institution there is more uniform care provided to febrile infants,24 which can 

result in more appropriate use of diagnostic tests, antibiotics, hospitalization,25 and lower 

health care costs.26 Thus, implementation of CPGs to help guide febrile infant management 
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poses significant benefits to patients, families, and the healthcare system; however 

dissemination and implementation of CPGs on a large scale can be a challenge.27 ECDS 

tools are one such way to disseminate CPGs on a large scale, as evidenced by the recent 

deployment of PedsGuide in a national standardization project.21

The objective of this study was to assess the individual-level impact on performance and 

cognitive workload of PedsGuide use on medical decision-making and cognitive workload 

by comparing management of simulated febrile infants with and without use of PedsGuide.

Methods

Design and population

This study was a counterbalanced, prospective cross-over simulation study to assess the 

individual-level impact on performance and cognitive load of PedsGuide on febrile infant 

management. We hypothesized that PedsGuide use would be associated with: 1) increased 

adherence to evidence-based recommendations as compared to use of a standard reference 

tool; and 2) lower cognitive demand.

Eligible subjects included attending pediatric emergency medicine and urgent care 

physicians who were at least 3 years post completion of training, and resident (trainee) 

physicians. The resident physicians were recruited from pediatric, family medicine, and 

emergency medicine residency programs that include clinical rotations at Children’s Mercy 

Kansas City (CMKC); however, the family medicine and emergency medicine residency 

programs for the most part practice medicine at other institutions. The attending physicians 

were recruited from the pediatric emergency medicine and urgent care divisions at CMKC. 

Recruitment of subjects from both trainee and established attending backgrounds was 

performed in order to ensure diversity of experience and competency in pediatric healthcare 

within the study. Attending physicians who had been practicing for less than three years post 

completion of training were excluded as these physicians have been found to practice more 

similarly to trainees.28 Recruitment was performed using a Research Electronic Data 

Capture (REDCap) survey sent out via email. This study was approved by the Children’s 

Mercy Kansas City (CMKC) Institutional Review Board.

Study Protocol

Two febrile infant scenarios were created by the research team. These scenarios included a 

low risk infant presenting with fever at 40 days of age (case 1) and a higher risk infant 

presenting at 28 days of age (case 2). These cases included content on the history of 

presenting illness, birth history, review of systems, and the physical exam. An answer key 

was created for these cases in accordance with previously developed febrile risk 

stratification criteria, especially modified Rochester criteria.26,29 The same answers could be 

obtained from use of the ECDS tool or use of the standard reference tool, The Harriet Lane 
Handbook.30 The Harriet Lane Handbook is a widely accepted pediatric guide published by 

the Johns Hopkins Hospital first in 1953, and has become internationally respected as a 

clinical reference.30 The Harriet Lane Handbook presents a modified Rochester criteria for 

febrile infant management guidance.29
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Prior to completing the simulations, participants were counterbalanced. Counterbalance was 

completed in blocks to ensure equal distribution of condition states for simulation condition, 

and an equal number of slots was allocated to resident and attending physicians.31 This 

means that each participant performed one case with ECDS and one without. If the 

participant started without ECDS he or she would then “cross-over” and perform the other 

case with ECDS. Half of the participants started by using the ECDS tool and half did not. 

Half of the participants started with case number 1 and half started with case number 2. An 

example of the counterbalance is depicted in Table 1.

When not using PedsGuide the resident or attending physician had the option to use The 
Harriet Lane Handbook,30 but its use by the participant was not required. Use of PedsGuide, 

in order to assess the strengths and weaknesses of the ECDS tool, was required. If the 

participant had not used or downloaded PedsGuide, up to five minutes was allowed for the 

participant to become familiar with the app. The participants were only instructed in initial 

navigation of PedsGuide such as how to advance forwards or backwards within the app (how 

to use the back button within the app and when using an Android the back button on an 

Android phone). The interactive nature of the app was not demonstrated. The use of 

PedsGuide or The Harriet Lane Handbook on each question within each case was recorded 

by study personnel. The participant was provided a smartphone with PedsGuide already 

installed and the participant was not required to use his or her personal phone. Either an 

Android or iPhone device was used based on compatibility with the recording equipment 

(laptop) available. The functionality of the app is identical across all platforms (Android or 

iPhone). The screen on the phone was shared with the laptop using either AirServer® (App 

Dynamic ehf, Kópavogur, Iceland) or AirPlay mirroring on iPhone (Apple Inc., Cupertino, 

CA). Morae recording software (TechSmith, Okemos, MI) was used to record screens and 

voice to determine screens viewed, time on screen, and comments from the participants.

The study was performed in an office setting at the participant’s convenience. On the study 

day each participant completed a survey that recorded demographics, level of training, 

previous clinical training, and comfort/barriers with use of ECDS tools. The participants 

then performed the cases with and without PedsGuide according to counterbalance. After 

each case was performed each participant completed the NASA-Task Load Index (NASA-

TLX), a validated subjective workload assessment tool which measures 6 different domains 

impacting cognitive workload.32 The NASA-TLX assesses mental demand, physical 

demand, temporal demand, performance, effort, and frustration of task completion on a scale 

of 1-21. For example, ‘How hard did you have to work to accomplish your level of 

performance?’ was measured from very low (1) to very high (21) for the effort score. Lower 

scores are deemed better, indicating less demand, effort, frustration, and better performance 

(Supplementary Figs. 1,2).32

After the participant completed the case using PedsGuide, he or she completed the System 

Usability Scale (SUS, Supplementary Fig. 3).33 The SUS is a subjective measurement of the 

usability of an application and was used in this study to assess participants’ perceptions of 

the usability of PedsGuide. The SUS was first developed in the 1980s, its applicability to 

determine usability has been extensively documented in the literature.34 At the end of both 

cases the participant was asked for feedback regarding PedsGuide.
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Data Analysis

Assessment of adherence to evidence-based recommendations within each simulation was 

compared by condition state (PedsGuide used during the scenario versus control). For each 

scenario the highest possible score a participant could achieve was 14. These scores were 

converted to percentages for the purposes of analysis. All statistical analysis was performed 

using SPSS v. 23.0 (IBM Corp, Armonk, NY). An a priori power analysis indicated a 

minimum of 30 participants in order to have 95% power for .05 criterion (two-tailed) of 

statistical significance at an effect size of 0.7. Average percentage scores were compared by 

condition state using Wilcoxon signed-rank paired test as the scores were not normally 

distributed. The scores from the NASA-TLX were averaged by category (mental demand, 

physical demand, temporal demand, performance, effort, frustration) and means were 

compared. Significant differences for the NASA-TLX were determined using ANOVA for 

mental demand and for the other factors using Welch’s test as there was not homogeneity of 

variances based on Levene’s statistic.

The individual scores on each question of the SUS are combined to give one total score 

which is assessed out of 100. This number is then applied to either the acceptability range 

(e.g. not acceptable, marginal, acceptable), grade scale (e.g. A, B, C, D, F), or adjective 

ratings (e.g. worst imaginable, poor, OK, good, excellent, best imaginable) scales.

Results

A total of 290 resident and attending physicians were sent the recruitment email; 32 

participants completed the study. Details of recruitment and enrollment are summarized in 

Figure 1.

Participant demographics are summarized in Table 2. A majority of attending physician 

participants had been in practice for >10 years. Most participants had used ECDS tools at 

least once a week or more frequently (N=25). The majority of participants reported that they 

felt comfortable with using ECDS and felt that they would use it in the future. A total of 20 

(63%) participants had used PedsGuide prior to participating in the study.

Mean scores on the febrile infant cases were significantly higher with use of PedsGuide 

versus use of standard reference tool 89% versus 72%, (p=0.001) (Fig. 2). Analysis of 

NASA-TLX responses revealed that participants reported experiencing less frustration 

(p<0.001), mental demand (p<0.001), physical demand (p=0.001), temporal demand 

(p=0.003), and overall effort (p<0.001) with ECDS versus the standard reference tool (Fig. 

3). Respondents also self-reported better performance when completing simulations with 

PedsGuide (4.47 vs 8.34, p<0.001).

Results from the SUS showed that participants considered PedsGuide to be a usable ECDS 

tool. There was strong agreement with favorable factors such as the app being easy to use 

and that use could be learned quickly. Users disagreed that PedsGuide required technical 

support or prior knowledge to be able to use the app (Fig. 4). The average converted scale 

derived from the SUS was 88 out of 100, which translated to a “B” on the overall grade 
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scale, “excellent” on the adjective ratings scale, and “acceptable” on the acceptability 

ranges.34

Discussion

This study demonstrates that use of the ECDS tool PedsGuide led to an increase in 

adherence to evidence-based recommendations as demonstrated by higher scores on 

simulation cases when PedsGuide was used as compared to a standard reference tool. 

Participants also reported lower cognitive load when using PedsGuide in terms of mental 

demand, physical demand, temporal demand, effort, frustration and significantly higher self-

rated performance. The adjective and grade ratings on the SUS suggests that PedsGuide is a 

usable ECDS tool. Our study demonstrates how usability assessment, cognitive effort/

performance assessment, and simulation can be utilized to assess the impact of ECDS tool 

use on a clinician’s medical decision-making and cognitive workload.

Assessment of ECDS tools in a multi-faceted approach is important to ensure assessment for 

safety as well as clinical effectiveness. Some ECDS tools evaluated in the past have not been 

suitable for the task designed,8 have had errors or violations that could cause harm to the 

patient, have not been user-friendly,20 or have found that the SUS (usability assessment) had 

a weak correlation with task completion.8 Due to variances in opinion and that the SUS does 

not always correlate with task completion, the assessment of an ECDS tool should include 

task completion, usability assessment and evaluation of cognitive load.35 The multi-faceted 

approach performed in this study includes completion of a task assessing for clinical 

effectiveness and safety (performance of scenarios with and without ECDS tool), survey 

usability assessment of the ECDS tool (completion of SUS), and assessment of cognitive 

load which contributes to patient and physician safety (completion of NASA-TLX). 

Feedback from this study varied in regards to usability. Some participants thought the app 

would benefit from “having a progress bar or showing where you’ve been or where you’re 

going” while others thought the app was “easy to use, set up one step at a time.” This type of 

analysis can also prompt changes in post-development to improve usage. Many participants 

felt that PedsGuide helped with being “thorough about all aspects [of febrile infant care],” 

and expressed that PedsGuide “makes me feel safer,” and that they would “show it to 

anybody who will listen.” In contrast there are some participants who felt they would feel 

more confident in use if there was “both an endorsement and source page,” while others 

displayed some distrust of ECDS in general “Sometimes using ECDS is like making 

decisions with blinders on.” ECDS tools may be used to recognize clinical conditions or 

condition states, however this does not always translate to desired clinical effect.36 

Assessments of individual-level impact of ECDS tools that include task completion/

assessment of accuracy, together with usability and cognitive load assessments have been 

rarely performed.12 Our approach described in the present study has the potential to enhance 

future ECDS tool development, if utilized prior to release of the ECDS tool.

This study has limitations. First, the use of clinical vignettes without high-fidelity simulation 

did not provide a real-world experience for participants. However, the communication of 

specific cues and information that should clearly prompt specific clinical decisions allows 

for better assessment of participants’ use of decision support resources, which was the 
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primary focus of the simulation experience. Additionally, in a simulated setting there may be 

a decrease in stress or cognitive load as it is not a real patient being assessed. However, 

given that participants completed vignettes for both conditions (app and standard reference), 

the reported differences in adherence to guidelines and cognitive load cannot be ascribed to 

vignette use alone. All of the attending physicians were trained in pediatrics and the majority 

of resident physicians were in a pediatric residency training program. Therefore, the 

majority of participants had more experience with febrile infants than is typical of an 

emergency medicine or family medicine trained physician. Despite this capacity for 

expertise, performance was still better when using PedsGuide. It would be reasonable to 

hypothesize that there would be an even greater impact of PedsGuide use on febrile infant 

management for providers with less experience in pediatrics. Many participants had also 

used PedsGuide prior to study participation, which may have resulted in more familiarity 

with the tool and improved scores on the NASA-TLX and/or SUS. However, usability and 

cognitive load responses from participants with no prior experience using PedsGuide were 

similar to those who reported prior use (Supplementary Figs. 4, 5). Lastly, use of The Harriet 
Lane Handbook as a control, rather than an alternative electronic health resource, may not 

provide an optimal comparison of ECDS tools. However, given the broad availability of The 
Harriet Lane Handbook across clinical settings, and the lack of a single, universal electronic 

reference/tool, The Harriet Lane Handbook was determined to be the most appropriate 

comparator.

Conclusions

Use of PedsGuide led to increased adherence to guidelines and decreased cognitive load in 

febrile infant management during completion of standardized scenarios when compared to 

use of a standard non-electronic reference tool. Our study highlights a rarely used method of 

combining ECDS usability, cognitive workload, and medical decision-making assessment to 

evaluate ECDS tools that could improve the effectiveness of such tools when deployed to 

healthcare providers in future. Future studies are planned to assess the effect of PedsGuide 

use on clinical practice patterns and associated health outcomes at a population-level.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What’s New:

This study shows that the use of an electronic clinical decision support tool led to 

increased adherence to guidelines and decreased cognitive workload in a simulated 

setting. It demonstrates a multi-faceted approach for assessing electronic clinical decision 

support tools.
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Figure 1. 
Consolidated Standards of Reporting Trials diagram of participants recruited and enrolled 

for study of PedsGuide.
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Figure 2. 
Mean percentage on cases with and without use of ECDS. Bars represent standard error. 

*P=0.001. ECDS indicates electronic clinical decision support.
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Figure 3. 
NASA-TLX average scores with and without use of ECDS. Bars represent standard error. 

Lower score is more optimal indicating less mental, physical, temporal demand, effort, 

frustration, and better performances. *P<0.01. NASA-TLX indicates NASA-Task load 

index; and ECDS, electronic clinical decision support
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Figure 4. 
System Usability Scale (SUS) average results. Scale 1-5, 1=strongly disagree, 5=strongly 

agree.
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Table 1.

Sample of block counterbalance used to determine order of case and condition.

Attending/Resident 1, 5 Case 1 without PedsGuide Case 2 with PedsGuide

Attending/Resident 2, 6 Case 1 with PedsGuide Case 2 without PedsGuide

Attending/Resident 3, 7 Case 2 with PedsGuide Case 1 without PedsGuide

Attending/Resident 4, 8 Case 2 without PedsGuide Case 1 with PedsGuide
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Table 2.

Characteristics of study participants divided by resident and attending physicians.

Demographics n=32(%)

Gender

Female 16 (50)

Mean Age (years) 39.29 (st. dev. 12.4)

Range age (years) 24-62

Resident physicians 16 (50)

Training level n=16

PGY1 4 (25)

PGY2 6 (37.5)

PGY3 6 (37.5)

Attending physicians 16 (50)

Years of practice post residency/fellowship

3- <10 4 (25)

10- <20 3 (18.8)

20- <30 7 (43.8)

≥30 2 (12.5)

Primary specialty

Pediatrics 27

Other* 5

Race

Non-Hispanic Caucasian 26 (81.3)

Asian 5 (15.6)

African-American 0

Hispanic 1 (3.1)

Prior use of ECDS

Multiple Times a day 11 (34.4)

Daily 8 (25)

About once a week 6 (18.8)

Monthly 2 (6.3)

A few times a year 3 (9.4)

Never 2 (6.3)

Download of PedsGuide prior to study 19 (59.4)

Use of PedsGuide prior to study 20 (62.5)

Comfort with ECDS (1=uncomfortable, 5=very comfortable)

1 0

2 1 (3.1)

3 4 (12.5)

4 16 (50)

5 11 (34.4)

Plan on ECDS use in future
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Demographics n=32(%)

Strongly disagree 0

Somewhat disagree 0

Neutral 0

Somewhat agree 7 (21.9)

Strongly agree 25 (78.1)

*
Internal Medicine-Pediatrics 1, Emergency Medicine 3, Family Medicine 1; PGY=post-graduate year
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