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ABSTRACT  

The installation and use of computerized systems in health care, particularly 

Electronic Medical Records (EMRs), has rapidly expanded over the past decade.  Overall, 

their implementation has led to positive outcomes.  However, despite their many beneficial 

contributions to the medical field, EMR use has been shown to alter the way in which 

clinicians provide care to patients and has broadly resulted in changes to medical decision 

making.  One possible explanation for why EMRs alter medical decision making relates to 

the structure of the choice environment they create for clinicians.  For example, EMRs have 

the capability to list every avenue of patient care on a single screen to clinicians that can be 

ordered via simple checkboxes.  This new choice environment might lead to changes in the 

ordering procedures of practitioners.  Furthermore, when using choice environments of 

this nature, the options people request may be manipulated with pre-selected defaults (i.e. 

a checkbox already selected). 

This project examined how the ordering practices of clinicians changed as a result of 

selection defaults on admissions orders written for six fictitious patients.  Clinicians were 

found to order more laboratory tests when all tests were pre-selected for them compared 

to when no laboratory tests were pre-selected.  This increase in the number of tests 

requested led to increased cost of admitting the fictitious patients to the hospital.  

Moreover, practitioners were found to order significantly more tests that were deemed 

‘Very Relevant’ by expert physicians when those tests alone were pre-selected for them, 

demonstrating that practitioner performance can be optimized with proper default 

utilization. 
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CHAPTER 1 

INTRODUCTION 
 

Computer systems are used in the medical field for many purposes: displaying 

reports, providing access to administrative and financial information, linking to the latest 

scholarly research, recommending medication doses, completing treatment orders, or 

combining any of the above functions.  One such system, the Electronic Medical Record 

(EMR), has recently gained more attention than all the others (Shortliffe, 1999).  EMRs 

have been defined as “a repository for patient information within one health-care 

enterprise (e.g. within one hospital) that is supported by direct computer input and 

integrated with other information sources” (Tange et al., 1997, pg. 8).  Thus, an EMR is a 

computerized system that has the capability to integrate a myriad of information and can 

facilitate the ordering of clinical procedures required for successful patient care.  The 

recent expansion of EMR use in hospitals and clinics nationwide has resulted in numerous 

empirical studies examining the impact of EMRs on many important measures, from 

patient data to outcomes.   

The Impact of EMRs 

Patient Data 

EMRs surpass paper-based records in many ways, most notably in their 

management of patient data (Bates et al., 2003a; Bates & Gawande, 2003; Hayrinen et al., 

2009; Wager et al., 1997).  The paper-based systems that have been in use for decades have 

many inherent disadvantages: they are available to only one person at a time; hand written 
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notes and orders are often illegible; paper charts cannot be accessed remotely; and over 

time they can become so thick that searching for specific information becomes almost 

impossible (Bates et al., 2003a).  In contrast, with EMR use patient medical histories are 

available to many practitioners at once, are more legible, more easily accessed, managed 

more efficiently, and monitored more conveniently (Wager et al., 1997).  Furthermore, 

Hayrinen and colleagues (2009) posit that EMRs are more appropriate than paper charts 

for today’s healthcare system in which there are increasing amounts of patient data.  The 

structure of an EMR allows physicians to better manage and interact with a large volume of 

data and to arrive at more informed and accurate patient care decisions.  Bates and 

Gawande (2003) argue that if the medical field is to improve the overall quality of patient 

care, the data with which decisions are based must be of the highest quality, a task EMRs 

have been shown to achieve. 

Medical Errors 

Transcription Errors 

In addition to the improvements in legibility and accessibility of patient data with 

the transition to EMRs, several studies have also reported a reduction in transcription 

errors with EMR use.  Transcription errors have been defined as an order written with 

inconsistent elements, an illegible order, a verbal order given but not written down in the 

record, or a written order that lacks the corresponding administrative documentation 

(Mekhjian et al., 2002).  Hayrinen and colleagues (2009) argued that the improvement in 

the structure of patient data made possible by EMRs will improve the accuracy and 

readability of orders, which will lead to a decrease in transcription errors.  This hypothesis 
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was supported by data from several studies demonstrating that increases in the legibility of 

orders facilitated by an EMR led to improvements in data management and significant 

decreases in transcription errors (Chaudhry et al., 2006; Grasso & Genest, 2001; Hillstead 

et al., 2005; Hogan & Wagner, 1997; Mamlin et al., 2006; Mekhjian et al., 2002; Miller & Sim, 

2004; Nebeker et al., 2005; Rind & Safran, 1992; Wagner et al., 1997). 

Medication Errors 

Another common type of error frequently observed in patient care is the medication 

error, which is defined as a preventable event that results in inappropriate medication use 

(e.g. inappropriate dosage, prescription of medication for which a patient has a known 

allergy, prescription of the wrong medication, etc.).  Medication errors have a number of 

causes including incomplete patient information, missing drug information, 

miscommunication of drug orders (e.g. illegible handwritten orders, confusion between 

drugs with similar names), and environmental factors (e.g., distractions for health care 

workers).  

In general, medication errors can increase the length of hospital stay and the cost of 

care for patients (Classen et al., 1997).  EMRs have been shown to alleviate many of the 

causes of these errors.  For example, when an EMR paired with an alerting system 

displayed a complete patient history, there was a significant reduction in prescriptions of 

medications to which patients had reported allergies (Evans et al., 1998).   Additionally, 

installing an EMR led to a marked decrease in excessive dosing and incomplete or unclear 

orders (Chertow et al., 2001; Mahoney et al., 2007).  More generally, the installation of 

EMRs has resulted in a decline of 80 percent of known medication errors (Bates, Tiech, Lee, 
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et al., 1999) and a drop in non-intercepted serious medication errors of 55 percent (Bates 

et al., 1998a).  Furthermore, these findings are not limited to adult healthcare systems; 

recent research has demonstrated an analogous reduction in medication errors with EMR 

use in Pediatric care (Cordero et al., 2004; Potts et al., 2004).  

Medication errors can result in a wide range of consequences for the patient, from 

mild side effects to death.  Researchers in this area try to distinguish between these types 

of errors by categorizing errors on the basis of their severity.  Often efforts are focused on 

decreasing the types of errors that result in the most serious outcomes.  One type of serious 

medication error has been termed an Adverse Drug Event (ADE), which is defined as an 

unexpected or dangerous reaction to a drug.  Fifty six percent of ADEs have been judged to 

be preventable (Bates, Leape, & Petrycki, 1993) and have been found to occur in 10 percent 

of hospital admissions (Bates et al., 1997).  When compared to age-matched controls, 

patients with ADEs have twice as many outpatient physician visits and take nearly three 

times as many drugs (Honigman et al., 2001).  Therefore, ADEs cost on average $2500 to 

$4500 each time they occur (Classen et al., 1997).  Many studies have shown that the 

number of reported ADEs was significantly reduced after the implementation of an EMR, 

(Bates et al., 1998a; Bates et al., 1998b; Evans et al., 1992; Evans et al., 1993; Evans et al., 

1999; Jacobs, 2007).  For example, Bates and colleagues (1998a) reported a 17 percent 

decline in total ADEs and an 84 percent reduction in non-intercepted ADEs (ADEs that 

were not caught and resolved in time by medical staff) after EMR implementation.  Due to 

findings such as the one above, Bates et al. (2003b) argue that errors, including ADEs, can 

be detected and eradicated through the use of EMR systems.  
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However, it should be noted that not every instance of EMR implementation leads to 

a drop in medication errors (Koppel et al., 2005; Nebeker et al., 2005).  Koppel and 

colleagues (2005) identified medication errors that were exacerbated by the EMR system 

installed.  This particular EMR created 22 new types of medication error risks that could 

potentially lead to an increase in ADEs.  Example errors include fragmented data displays 

that prevented a complete view and understanding of patients’ medications, displays 

meant as medication inventory numbers for the pharmacy being mistaken for dosing 

recommendations, and inflexible ordering procedures that generated the wrong orders.   

Moreover, three quarters of the house staff that used the system reported observing each 

of these error risks, indicating they were not uncommon.  Additionally, Nebeker and 

colleagues (2005) observed that after installing an EMR, one quarter of hospital admissions 

still had at least one ADE.  Moreover, of all the ADEs discovered nine percent resulted in 

serious harm to patients, which was not a marked improvement to the base rate of ADEs 

prior to EMR installation.  Taken together, these findings warn that occurrence of 

medication errors and ADEs can still persist after the implementation of an EMR, and as 

such constant monitoring and training is paramount to continued practice improvements.  

Efficiency 

In addition to reducing medical errors, EMRs have also been shown to improve the 

efficiency of healthcare in hospitals and private practices.  One way that EMRs have 

improved efficiency is by reducing medication and laboratory report turnaround times, the 

time between when an order is written and then carried out.  For example, Steele and 

DeBrow (2008) report that the turnaround times were reduced for laboratory orders by 55 

percent, radiology orders by 62 percent and pharmacy orders by 83 percent after the 
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implementation of an EMR.  Several other studies have reported similar reductions in 

turnaround times (Benson, 2002; Bush, 2007; Cordero et al., 2004; Davis & Schoenbaum, 

2005; Mahoney et al., 2007). 

Also, the time needed to write an order itself can be reduced using EMRs (Mekhijan 

et al., 2003; Overhage et al., 2001; Pizziferri et al., 2005; Stone et al., 2009).  For example, 

prior to EMR installation the mean time for completing a written order was quite extensive, 

38 minutes and 24 seconds, but the average time to complete an order fell drastically to 

just 27 seconds when using an EMR (Stone et al., 2009). 

EMRs can also improve efficiency by reducing the time it takes for physicians to 

react to reports (Evans et al., 1994; Kuperman et al., 1999; McDonald et al., 1980; Mekhijan 

et al., 2002).  One study by Mehkijan and colleagues (2003) used before-and-after 

comparisons of the time intervals between clinician reception and reaction to pharmacy, 

radiology, and laboratory reports.  After EMR installation, clinician reaction times to 

pharmacy orders were reduced by 64 percent, radiology times by 43 percent, and 

laboratory times by 25 percent. 

Finally, EMRs can lower the time needed for documentation (Pierpont & Thilgen, 

1995; Wong et al., 2003).  Pierpont and Thilgen (1995) report that the time nurses spent 

manipulating data (e.g. gathering vital signs and charting them) dropped from 24 percent 

of their time to just 10 percent after using an EMR.  Similarly, Wong and colleagues (2003) 

found that implementation of an EMR led to an 11 percent decrease in time spent on 

documentation by the nursing staff. 

However, there are instances where using EMR systems can have a negative impact 

on efficiency (Bates et al., 1994; Bates et al., 1997; Krall, 1995; Overhage et al., 2001).  In 
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one particular case, using computerized order entry actually doubled the time required for 

physicians to write medication orders (Bates et al., 1994).  Similarly, Krall (1995) found 

that EMR installation led to an average increase of two minutes to patient visits.  Most of 

this additional time was spent performing orders and diagnosis work, such as inputting 

patient information into required fields within the EMR that was not necessary with 

previously used paper records.  Krall estimated that clinicians worked approximately 30 

days before reaching their baseline level of performance and lost nearly 48 hours of 

productivity while the system was being installed.  Finally, Overhage and colleagues (2001) 

reported a 6 percent increase (from 34 to 36 minutes) in clinician time per clinic visit when 

using an EMR.  Furthermore, the authors discovered that even with computerized order 

entry facilitated by the EMR, physicians continued to make use of the paper system which 

often led to duplicated tasks and subsequent drops in efficiency. 

Adherence to Clinical Guidelines 

Obedience to clinical guidelines by healthcare providers is critical to maintaining a 

high standard of care, and EMRs have been shown to increase compliance to these 

guidelines in many areas of treatment.  Several studies have shown that physicians using 

EMRs that generated reminders of the best clinical practices were found to adhere more 

closely to optimal guidelines when completing orders (Chin & Wallace, 1999; Khoury, 

1998; McDonald et al., 1976; Ornstein et al., 1995; Sanders & Miller, 2001; Shojania et al., 

1998; Van Wijk et al., 2001).  Furthermore, clinician observance to best practice guidelines 

has also been observed with EMR use in ambulatory care (Demakis et al., 2000; Overhage 

et al., 1996; Rossi & Every, 1997), preventative care (McDonald et al., 1984), treatment of 

HIV (Safran et al., 1995) and breast cancer (Bouaud et al., 2001), medication prescribing for 
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the elderly (Smith et al., 2006), and aftercare and discharge procedures (Schriger et al., 

2000). 

However, there have also been cases in which EMR use has not resulted in changes 

to guideline compliance (Eccles et al., 2002; Garrido et al., 2005; Overhage et al., 1996; 

Rocha et al., 2001).  For example, Overhage and others (1996) reported no significant 

differences in adherence to clinical procedures when physicians received reminders about 

preventative medicine guidelines from an EMR.  In addition, Garrido and colleagues (2005) 

observed no significant differences in the adherence to recommended care with the use of 

an EMR that provided reminders about clinical guidelines in ambulatory care.  Similar 

results were also reported in a study measuring compliance with guidelines in asthma and 

angina care (Eccles et al., 2002).  Lack of guideline compliance in these examples has been 

largely attributed to low use of the systems, technical difficulties, and issues surrounding 

problems of complete system integration. 

Preventative Medicine  

Equally important to disease treatment is its prevention, and EMRs have also been 

shown to be an effective tool in preventative medicine.  Several studies have demonstrated 

that EMRs increase vaccination rates and the prescription of other preventative 

medications.  For example, after an EMR was installed at a large hospital, the rates of use of 

four preventative therapies (influenza vaccination, prophylactic heparin, pneumococcal 

vaccination, and prophylactic aspirin at discharge) increased significantly (Dexter et al., 

2001).  Similar findings were also reported in an outpatient setting where the use of an 

EMR with computerized reminders on the delivery of preventative medicine led to 
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increases in the delivery of those medications (Garr et al., 1993).  Several additional studies 

have also shown similar increases in vaccination rates and subsequent improvement in 

preventative therapy (Dexter et al., 2004; Litzelman et al., 1993; McDonald et al., 1992; 

Mullett et al., 2001; Sullivan & Mitchell, 1995; Tierney et al., 1986; Weber et al., 2007).   

Cost of Care 

There are few topics related to healthcare that receive more attention than the 

monetary expense associated with its delivery.  As with any other technology or medical 

intervention, EMRs have been extensively studied with respect to changes in the cost of 

healthcare.  From an administrative perspective, perhaps one of the most positive qualities 

of EMRs is that they have been shown to significantly reduce the cost of care (Tiereny et al., 

1993; Wilson et al., 1982).  For example, Tiereny and colleagues (1993) reported that using 

an EMR to complete all inpatient orders saved the participating hospital $887 dollars per 

admission, totaling more than $3 million in savings annually.   

In addition to the total cost of admission, EMR interventions have also been 

specifically designed to increase the efficiency and decrease the costs associated with 

laboratory test orders.  EMRs have impacted cost savings in this area by generating 

reminders to physicians when they request redundant orders (Bates et al., 1999a; Chen et 

al., 2003).  Bates and colleagues (1999a) demonstrated a 69 percent reduction in the 

number of redundant tests ordered when using such a reminder system.  This resulted in a 

net savings of $35,000 for the hospital.  EMRs have also been effective in lowering the cost 

of laboratory orders when using algorithms to calculate and display the probability of an 

outcome of the test being requested.  Such a system often resulted in the cancelation of 
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tests that had low probabilities of positive results (Tiereny et al., 1988).  Finally, EMRs have 

also been able to reduce the total cost of laboratory tests by displaying the cost of each test 

to physicians.  Tiereny and colleagues (1998) reported that 14 percent fewer tests were 

requested per patient when the cost of each test was displayed.  This simple act lowered 

the overall cost of laboratory testing by 13 percent. 

EMRs also save hospitals money when they recommend appropriate dosages of 

medications (Evans et al., 1998; Evans et al., 1999; Glemaud, 2000; Wells et al., 2003).  In 

one instance, an EMR that recommended appropriate antibiotic dosages decreased the cost 

of medications ordered per patient from $128 to $98 (Evans et al., 1999).  EMRs can also 

lower the occurrence of ADEs resulting from poor medication prescribing practices.  When 

using an EMR to present epidemiologic information (patterns of health and illness at the 

population level) in conjunction with warnings to physicians, Evans and colleagues (1998) 

reported a marked reduction in ADEs that resulted in over $20,000 in hospital savings.    

Finally, EMRs can also generate reminders to physicians to increase adherence to 

clinical guidelines, which improves the quality of care, without raising the operating costs 

for hospitals (Schriger et al., 2000; Teich et al., 2000) or in some instances even reducing 

costs (Khoury, 1998).  For example, one EMR increased clinician adherence to set clinical 

guidelines when treating children with Febrile Illness by providing real-time advice 

regarding the physical examination and recommendations of laboratory tests, treatments, 

and diagnoses.  By doing so, the system led to an increase in documenting essential pieces 

of patient history and physical exam items while simultaneously lowering the cost of that 

care (Schriger et al., 2000).  Khoury (1998) observed that when using an EMR that 
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reminded physicians of clinical guidelines at the point of care, the operating costs 

associated with the number of staff needed to successfully treat patients was lowered.  In 

other words, fewer staff was needed to successfully treat patients. 

Due to the cost savings realized during the above real-world applications of EMRs, 

the potential savings of widespread EMR adoption have also been estimated (Hillstead et 

al., 2005; Jha et al., 2009; Wang et al., 2003).  Hillstead and colleagues (2005) calculated 

that if EMR adoption was to reach a level of 90 percent across hospitals nationwide, a 

staggering $77 billion a year could be saved as a result of reduced hospital stays, nurses’ 

administration duties, drug usage in hospitals, ADEs, other avoidable medical errors, and 

changes in drug and radiology ordering in outpatient settings.  Jha et al. (2009) examined 

over 100 published articles and reported that of the 5.7 million adverse events reported in 

2004 almost 3 million were avoidable.  Further, they estimated the elimination of those 

events would save the American medical system $16.6 billion, or approximately 5 percent 

of all inpatient costs, per year.  Further, by eliminating redundant testing an estimated 

additional $8.2 billion in savings could be achieved.  Combined, the authors argue that the 

savings that could be realized as a result of EMR implementation could total over $24.8 

billion, or 8 percent of all inpatient costs per year.  In primary care alone, the potential cost 

savings that could result from improved utilization of tests, better charging protocols, and 

decreased billing errors facilitated by EMR use has been estimated to be $86,400 per 

provider (Wang et al., 2003). 

However, not every instance of EMR use has made an impact on the cost of 

treatment (Day et al., 1995; Steele et al., 1989).  For example, Steele and colleagues (1989) 
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observed no significant differences in the cost of care when comparing computer-

generated feedback on medication costs to in-person pharmacist counseling.  Furthermore, 

Day and others (1995) incorporated federal guidelines for the treatment of acute low back 

pain into an EMR system and reported that, while the documentation of patient medical 

records and discharge orders were improved, little effect on cost was observed. 

 Patient Outcomes 

Finally, it is also important to evaluate the impact of EMRs on health outcomes of 

patients.  However, there is less research devoted to this topic, as patient outcomes are 

more difficult to quantify than errors or costs.  Despite the difficulty in measuring 

outcomes, several studies have reported that EMR installation has a positive influence on 

patient outcomes.  For example, Wilson and colleagues (1995) reported that the 

installation of an EMR displaying up-to-date procedures for prevention and treatment of 

ulcers resulted in a 5 percent decrease (from 7 to 2) in patient ulcer development.  Adams 

and colleagues (2003) demonstrated that when using an EMR physicians were more likely 

to address health care maintenance with patients (e.g. diet, smoking, poison control, etc) 

and that users of the system believed the EMR had a positive impact on their patients’ 

outcomes.  Additionally, EMR use has been shown to improve patient outcomes on diabetes 

care (Weber et al., 2007), infection control (Evans et al., 1986; Evans et al., 1998), and 

ventilatory support (i.e. mechanical ventilation) (McKinley et al., 2001). 

However, there are also many occasions where EMR implementation did not result 

in a change in patient outcomes (Garg et al., 2009; Hetlevik et al., 2002; Linder et al., 2007; 

Montgomery et al., 2000; Rollman et al., 2002).  In a review of 100 published studies, Garg 

and colleagues (2009) revealed that of the 52 projects measuring patient outcomes, only 13 
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percent report direct, measureable improvements.  Moreover, the authors concluded that 

the impact on direct, quantifiable patient outcomes by EMRs are often not measured and, 

when inspected, report inconsistent findings.   

The Impact of EMRs on Medical Decision Making 

Aside from their many positive impacts on healthcare, EMRs have also been shown 

to broadly influence medical decision making (Kushniruk et al., 1996; Patel et al., 2000). 

Specifically, EMRs have been shown to affect physician ordering practices.  For example, 

Schiff and Rucker (1998) hypothesized that computerized prescribing might alter the 

medication selection process of physicians.  For instance, if a physician is treating a patient 

diagnosed with gonorrhea, the physician must either memorize or look up the current 

Center for Disease Control (CDC) recommendations.  Were this process to become 

computerized, a physician would no longer have to rely on memory for current 

recommendations, the system could instantly display up-to-date protocols that the 

clinician could either accept or reject.  Thus, the medication ordering practices of 

physicians could be altered in response to electronically received prompts.  

Another area of patient care that could be altered with EMR use is laboratory test 

ordering procedures.  However, investigations into changes in the quantity and types of 

tests ordered with EMRs report mixed results.  Colin and colleagues (2008) observed both 

increases and decreases in orders of certain types of pathologic tests after installing an 

EMR.  In contrast, O’Connor and colleagues (2005) found that the number of tests 

performed per patient per year was significantly greater in a clinic using an EMR compared 

with a non-EMR clinic.  Similarly, Stone and colleagues (2009) reported that when 

comparing two clinics, one using an EMR and one using a traditional paper system, the 
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average number of tests ordered per patient with paper methods was 4; whereas the 

average number of tests ordered per patient jumped to 8 when using an EMR.  Yet, Smith 

and McNeely (1999) found that using an EMR actually reduced the mean number of tests 

physicians ordered from 33 to 18.  Finally, Westbrook and colleagues (2006) observed that 

the average number of tests and blood specimens requested did not change significantly 

during the transition from manual paper methods to an EMR.   

It is unclear why some EMRs might have such a powerful influence on ordering 

practices.  One possible explanation is that EMRs change the structure of the choices 

presented to clinicians (Ash et al., 2007).  The new choice environment made possible by 

EMRs, where all avenues of patient care (e.g., medications, laboratory tests) can be 

presented to clinicians on a single screen, is drastically different from the predominantly 

blank paper order forms previously used in the medical field.  Moreover, manipulating 

choice sets within the EMR by implementing different selection defaults, the selections 

made by not choosing, can alter decision making, as demonstrated below. 

The Impact of Defaults 

Defaults have been found to have a great impact on decision making across a wide 

variety of domains including: retirement savings plans (Butler & Teppa, 2007; Carroll et al., 

2009; Choi et al., 2003; Choi et al., 2004; Cronqvist & Thaler, 2004; Madrian & Shea, 2001), 

internet privacy policies (Johnson, Bellman, & Lohse, 2002; Lai & Hui, 2006), car insurance 

plans (Johnson et al., 1993), organ donation programs (Abadie & Gray, 2004; Johnson & 

Goldstein, 2003; Johnson & Goldstein, 2004; Johnson et al., 2005; Mckenzie et al., 2006), 

and even end of life treatment preferences (Kressel et al., 2007).  General findings indicate 
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that people tend to adhere to defaults and are not likely to deselect an option that has been 

chosen for them. 

Defaults have been found to hold even more power in situations that involve 

complex decision making.  As the alternatives to a choice become more attractive (i.e. the 

choice becomes more complex), decision makers tend to defer decisions, seek out new 

alternatives, rely on the default option, or simply refuse to choose (Dhar, 1997; Shafir, 

Simonson, & Tversky, 1993; Shafir & Tversky, 1992).  In other words, as choices become 

more difficult to make, decision makers are more likely to rely on default options.  This 

reliance on defaults in complex decisions is believed to occur because people have been 

found to evaluate multiple alternatives differently than a single option (Huber, Payne, & 

Puto, 1982; Simonson & Tversky, 1992; Tversky & Shafir, 1992).  For instance, Tversky and 

Shafir (1992) argue that having multiple alternative choices produces conflict in the 

decision maker.  Further, the possibility of delaying a choice or seeking new alternatives is 

greater when the conflict is high.  They report several studies where decision makers were 

found to defer decisions, seek out new alternatives, and rely on the default selections when 

presented with large sets of similarly attractive alternatives.   

Defaults have been shown to influence decisions from both laypersons and experts 

alike (Brown & Krishna, 2004; Gordon et al., 2005; Miller & Perlis, 1997).  Even physicians 

have been shown to be influenced by the presence of defaults.  Redelmeier and Shafir 

(1995) demonstrated that physicians were more likely to adhere to the default option 

when presented with a larger choice set compared to choices containing a smaller number 

of alternatives.  Consistent with the findings of Tversky and Shafir (1992), the authors 
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conclude that introducing additional options can increase the decisional difficulty for 

physicians and also increase their subsequent likelihood of adhering to a defaulted option.  

In addition, defaults have been shown to influence physician ordering practices.  In an 

unpublished undergraduate honors thesis, physicians were found to adhere to default 

options when presented with a list of 35 potential tests they could order when diagnosing 

fictitious patient cases (Ansher, 2009).  Ansher found that physicians were not likely to 

deselect an option if it was already selected for them and that when every test was 

preselected they ordered more tests on average than when no tests were preselected. 

Why Defaults Work  

Default options are implemented even if decision makers do not actively select them 

and as such are seen as having a privileged status among choice sets (Halpern et al., 2007).  

Possible explanations of their influence are the Status Quo Bias (Kahneman et al., 1991), 

the Omission Bias (Ritov & Baron, 1990), choice overload (Agnew &  Szykman, 2005; Levav 

et al., 2008), and the fact that they are often viewed as explicit recommendations (Johnson 

et al., 2002).  Each of these possible explanations is discussed in detail below. 

The Status Quo Bias, defined by Kahneman and colleagues (1991), is a cognitive bias 

where people generally wish to avoid altering the current state.  Here, the potential 

negative consequences associated with altering the current state and moving farther away 

from the status quo weighs more heavily on a decision maker than the potential gains 

associated with a decision.  Taken in terms of default choices, Halpern and colleagues 

(2007) claim that defaults are interpreted as the status quo.  In short, a decision maker is 

unlikely to deselect a default (i.e. the status quo) because he or she weighs the potential 
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negative outcomes that might result from that action more heavily than the potential gains 

that might be achieved. 

The Omission Bias is the tendency to judge harmful actions (commissions) as being 

worse than equally harmful inactions (omissions) (Ritov & Baron, 1990).  In other words, a 

decision maker is likely to avoid making a decision because it might led to an unattractive 

outcome, which he or she would judge as more harmful than not making a decision that led 

to an equally unattractive outcome.  Taken in terms of default choices, people are less likely 

to deselect a default because they view the potentially negative outcome as being worse 

than an equal outcome that arises as a result of leaving the default selected. 

Additionally, when having to make a complex choice, choice overload can occur  

(Agnew &  Szykman, 2005; Levav et al., 2008).  Choice overload appears when decision 

makers are confronted with many options compared to a few.  As the number of attractive 

alternatives a decision maker faces increases, the difficulty associated with deciding on one 

of those alternatives increases as well. In the context of default choices, when a decision 

maker is presented with many viable options from which to choose, he or she will follow 

the path of least resistance to arrive at a decision, which, when provided, is the defaulted 

option(s). 

Finally, defaults can also be viewed as recommendations that are derived from 

informed sources (Johnson et al., 2002).  For example, physicians were found to interpret 

default medication options as being recommendations by the computerized system they 

were using and as such were selected for a reason.  Johnson and colleagues (2002) claim 

that a user will typically assume that the default is offering the best option and will 



 18 

therefore treat it as a legitimate source of information.  In short, default options are 

themselves viewed as a piece of information that a decision maker will often trust as a 

recommendation when arriving at a decision. 

Taken together, these studies provide strong evidence that defaults have the power 

to determine which outcome is eventually chosen.  As to which of the above mechanisms 

might potentially explain a clinician’s reliance on defaulted options when using an EMR, it 

is difficult to say.  For example, clinicians might view defaults as the status quo and as such 

shy away from deselecting them.  Further, the possibility of making an error by deselecting 

a default might lead a practitioner with little experience to adhere to all preselected 

options presented to them. In short, no single mechanism can adequately explain a 

clinician’s potential reliance on defaulted options, as the four mechanisms discussed above 

are equally plausible in this context. 

Conclusion 

EMRs have led to many measurable improvements in the medical field, from 

enhancements in the management of data to better patient outcomes.  However, the 

implementation of these systems is resulting in changes to medical decision making.  One 

explanation as to this unexpected change in practitioner decision making is that EMRs 

facilitate a new choice environment.  Specifically, EMRs create a choice structure that 

presents many items as lists to clinicians.  Furthermore, it is well understood that lists of 

this nature can be influenced by defaulted options, and that clinicians themselves are 

susceptible to their influence.  Therefore, it is possible that practitioner performance might 

be improved were the correct defaults utilized in certain instances. 
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CHAPTER 2 

GENERAL PURPOSE 

As a result of their positive impact on healthcare, the federal government has 

invested money in the development and implementation of EMRs.  The U.S. Senate agreed 

to supply as much as $1 billion over a ten year period to hospitals and Medicare-supported 

nursing homes that use technology to improve medication safety for patients (Medication 

Errors Reduction Act of 2001).  More recently, the stimulus package of 2009 included 

nearly $20 billion in information technology funding, the majority of which is designed to 

act as incentive money for EMR adoption (American Recovery and Reinvestment Act of 

2009).  As further enticement, the act stipulates that medical practices that do not employ 

EMR systems by 2014 will experience cuts in Medicare reimbursement rates on the order 

of 3 percent beginning in 2015. 

However, the recent surge in national funding for EMR implementation paired with 

the shortcomings in our knowledge about how EMRs alter medical decision making 

highlight a pressing need to investigate how the design of these systems impacts 

healthcare.  As pointed out by Ash and colleagues (2007), EMRs create a new choice 

environment.  Moreover, this new choice structure can be influenced by the use of default 

options.  Taken together, the default literature demonstrates that people often adhere to 

the choices selected for them in many domains.  This finding is even more prominent when 

making complex decisions, which are common in medicine.  Furthermore, physicians 

themselves have been shown to be susceptible to the power of defaults.  Given the 
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influence default options have, it should be possible to use their influence to improve 

practitioner performance.  

Therefore, the purpose of this study is to evaluate the effects of preselected defaults 

in an EMR on the number and quality of laboratory tests requested by clinicians when 

admitting fictitious patients.  To do so, we partnered with Children’s Mercy Hospital in 

Kansas City.  The house staff at this hospital system currently use the PowerChart© EMR to 

admit patients to the hospital, order medications and diagnostic tests, and manage other 

aspects of patient care.  To test the effect of preselected defaults on laboratory test orders, 

we created three versions of the PowerChart© EMR, which differed by the default strategy 

employed.  In the ‘Control’ version of the EMR, no laboratory tests were pre-selected.  In 

the ‘All’ version of the EMR, every laboratory test was pre-selected, and in the 

‘Recommended’ version, only the most relevant laboratory tests were pre-selected.   

Clinicians were asked to read six fictitious patient histories, each with a different 

diagnosis, and admit the patients using each of the three versions of the PowerChart© 

EMR, two patients per EMR version.  The six diagnoses (one for each of the six fictitious 

patients) used in this study were: Febrile Illness, Bacterial Pneumonia, Kawasaki’s Disease, 

Failure to Thrive, Gastroenteritis, and Pyelonephritis.  In this study, we employed a within-

subjects design; all participants admitted all six patients and were asked to use each of the 

three EMR designs twice.  Each clinician admitted two patients using the ‘Control’ version 

of the EMR, two patients using the ‘All’ version of the EMR, and two patients using the 

‘Recommended’ version of the EMR.  However, both the order of EMR use and the 

particular pairings of the patient histories with the EMR versions were randomized in 
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blocks across participants.  The primary dependent variables were the total number, cost, 

and quality of laboratory tests ordered.     
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CHAPTER 3 

EXPERT PHYSICIAN REVIEW 

The purpose of the expert review was to determine the medical relevancy of the 

laboratory tests presented in the PowerChart© EMR for each of the six fictitious patients.  

Classifying the medical relevancy of all the tests in each of the PowerChart© helped guide 

the selection of the default laboratory tests in the ‘Recommended’ condition.  Four expert 

physician judges were recruited for this task because they were board certified physicians 

with at least 10 years of post-residency clinical experience who spend at least half of their 

billed time treating patients.  The judges were presented with all six patient cases and 

associated laboratory tests used in the experiment. The fictitious patient histories were 

created by a board certified pediatrician with 8 years of experience in post-residency 

medical practice.  A second board certified behavioral and developmental pediatrician, also 

with 8 years of post-residency experience, reviewed the fictitious patient histories for 

accuracy and validity.   

For each of the six cases, the judges were asked to review the fictitious patient 

history, which contained detailed information about the patient, their chief complaint, 

symptoms, and suspected diagnosis, and the current tests available in the PowerChart© 

corresponding to the suspected diagnosis.  For example, the judges would read one patient 

history and then rate the medical relevancy of each laboratory tests (using a 1-5 Likert 

scale, ranging from ‘Not at all relevant’ to ‘Extremely relevant’) for evaluating the suspected 

diagnosis.  A sample rating may be viewed in Figure 1.  All materials are presented in 
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Appendix A.  The expert review was administered using MRInterview.  Judges accessed the 

materials via a link provided in an email.   

 
Figure 1: Sample Rating for Expert Physician Review 
 

After each judge rated the options presented in PowerChart©, the inter-rater 

reliability for the four expert physician judges was examined through the calculation of 

Intra-class Correlation Coefficients on each Likert scale ratings of relevancy; this resulted 

in the calculation of 61 intra-class correlations, one for each test.  Intra-class Correlation 

Coefficients were used because there were more than two raters with equal interval data.  

The Average Intra-class Correlation Coefficient was found to be large, ICC = .78, p < .01, 

indicating the judges displayed a reasonable level of agreement in their overall assessment 

of the laboratory tests.  Once inter-rater reliability was established, an aggregate medical 

relevancy score for each test was created by calculating the overall mean of the medical 

relevancy scores provided by the judges.  The mean of the ratings was chosen as the 

measure of central tendency because there was little variability in the distribution of scores 

and there were no outliers.  Tests that averaged 4.00 or greater were labeled ‘Very 

Relevant’, tests whose mean ranged from 2.00 – 3.99 were labeled ‘Potentially Relevant’, 

and tests that had a mean rating of less than 2.00 were labeled ‘Not Relevant’.  This process 

was completed for all six PowerCharts© (Tables 1 – 6).   
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TABLE 1 
MEAN RELEVANCY RATING FOR BACTERIAL PNEUMONIA POWER PLAN OPTIONS 

 

Relevance Label Lab Test Mean Rating (SD) 

Very Relevant Culture Blood 4.25 (0.50) 
Rapid Ag Flu A/B 4.00 (0.82) 

Potentially Relevant CBC w/Differential   3.75 (1.26) 
Basic Metabolic Panel 3.00 (1.15) 
Blood Gas Arterial 2.50 (1.73) 

Not Relevant Cell Count Body Fluid  1.75 (0.96) 
Culture Body Fluid w/Stain  1.75 (0.96) 
Glucose Level Body Fluid  1.75 (0.96) 
Lactate Dehydrogenase Body Fluid  1.75 (0.96) 
pH Body Fluid  1.75 (0.96) 
Tuberculin purified protein derivative  1.75 (0.50) 

 

TABLE 2 
MEAN RELEVANCY RATING FOR FAILURE TO THRIVE POWER PLAN OPTIONS 

 

Relevance Label Lab Test Mean Rating (SD) 

Very Relevant Albumin Level 4.25 (0.50) 
Basic Metabolic Panel 4.25 (0.50) 
CBC  w/Differential 4.25 (0.50) 
Hepatic Function Panel 4.25 (0.50) 

Potentially Relevant Protein Level Total 3.75 (0.50) 
Thyroid Stimulating Hormone Algorithm  3.25 (1.71) 
Sweat Chloride 2.75 (1.71) 
Amino Acid Quant Complete  2.00 (0.82) 
Organic Acids Urine 2.00 (0.82) 
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TABLE 3 
MEAN RELEVANCY RATING FOR FEBRILE ILLNESS POWER PLAN OPTIONS 

 

Relevance Label Lab Test Mean Rating (SD) 

Very Relevant 
 
 
 
 
 
 
 
 

Culture Blood 5.00 (0.00) 
Culture Urine 5.00 (0.00) 
CBC with Differential 4.75 (0.50) 
Culture Viral CSF 4.75 (0.50) 
Glucose Level CSF 4.75 (0.50) 
Urinalysis with Microscopic 4.75 (0.50) 
Culture Cerebrospinal Fluid & Stain 4.50 (0.58) 
PCR Enterovirus RT 4.50 (0.58) 
Basic Metabolic Panel 4.25 (1.50) 

Potentially Relevant Culture Viral Respiratory 2.00 (0.82) 
Not Relevant Cell Count CSF 1.50 (0.58) 

Rapid Ag Rotavirus Stool 1.50 (0.58) 
Culture Viral Miscellaneous 1.25 (0.50) 
Culture Viral Stool 1.25 (0.50) 
Protein Level CSF 1.25 (0.50) 
Rapid Ag Flu A/B 1.25 (0.50) 
Rapid Ag RSV 1.25 (0.50) 

 

TABLE 4 
MEAN RELEVANCY RATING FOR GASTROENTERITIS POWER PLAN OPTIONS 

 

Relevance Label Lab Test Mean Rating (SD) 

Very Relevant Basic Metabolic Panel 4.50 (0.58) 
Culture Stool EC 0157 Sal Shig Yer Campy 4.50 (0.58) 
Occult Blood Feces 4.25 (0.96) 

Potentially Relevant WBC Feces 3.75 (1.26) 
Rapid Ag Retrovirus Stool 3.50 (1.29) 
Culture Stool Ples/Aero 3.25 (1.50) 
Culture Urine 2.25 (1.50) 
Culture Stool Vanc Resist Entero 2.00 (1.41) 
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TABLE 5 
MEAN RELEVANCY RATING FOR KAWASAKI'S DISEASE POWER PLAN OPTIONS 

 

Relevance Label Lab Test Mean Rating (SD) 

Very Relevant Sed Rate 4.75 (0.50) 
CBC with Differential 4.50 (0.58) 
C Reactive Protein 4.50 (0.58) 
EBV Ab Profile 4.00 (0.82) 

Potentially Relevant Culture Blood 3.75 (1.26) 
Hepatic Function Panel 3.75 (1.26) 
Urinalysis w Microscopic 3.75 (1.26) 
Culture Viral Miscellaneous Body 3.25 (1.71) 
Culture Viral Miscellaneous Tissue 3.00 (1.63) 
Basic Metabolic Panel 2.75 (1.50) 
Culture Viral Miscellaneous Cunjuctiva 2.50 (1.91) 

 

TABLE 6 
MEAN RELEVANCY RATING FOR PYELONEPHRITIS POWER PLAN OPTIONS 

 

Relevance Label Lab Test Mean Rating (SD) 

Very Relevant Culture Urine 4.75 (0.50) 
Urinalysis w Microscopic 4.75 (0.50) 

Potentially Relevant Basic Metabolic Panel 3.75 (0.50) 
Culture Blood 3.50 (0.58) 
CBC w/ Differential 3.25 (1.71) 

 

The results provided by the expert judges were used to determine which tests were 

employed as defaults in the ‘Recommended’ condition in the experiment.  In order for an 

option to be used as a default in the EMR used in the Recommended condition, the mean 

relevancy rating was required to be 4.00 or greater, ‘Very Relevant’ to ‘Extremely Relevant’ 

on the rating scale.  The tests identified as ‘Very Relevant’ in Tables 1 - 6 were then used as 

the pre-selected defaults for the six PowerChart© versions in the Recommended condition.  
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CHAPTER 4 

METHOD 

Participants 

Seventy two clinicians participated in this experiment.  Participants were a 

combination of medical students, residents, faculty physicians, and nurse practitioners 

from hospitals comprising the Children’s Mercy Hospital System in Kansas City.  

Recruitment was accomplished by collaborating physicians and consisted of face-to-face 

requests, flyers, and emails.  Mean age of the sample was 33.76 years (SD = 10.27); median 

age was 30.50.  Additional participant demographics may be viewed in Table 7 and 

Appendix B. 

TABLE 7 
ADDITIONAL PARTICIPANT DEMOGRAPHICS 

 

 N (%) 

Gender 
Female 45 (62.5%) 
Male 27 (37.5%) 

Classification 

Medical Student 12 (16.7%) 
Intern 8 (11.1%) 
Resident 19 (26.4%) 
Practicing Physician 26 (36.1%0 
Nurse Practitioner 7 (9.7%) 

 

Materials 

Participants were provided with a general description of the study, step-by-step 

instructions on how to complete the tasks (Appendix C), and six patient histories, each 

describing a fictitious patient (Appendix A).  Participants were asked to complete a 

demographics questionnaire (Appendix D for physicians; Appendix E for nurse 

practitioners) and admissions orders for each of the six fictitious patients.  An admission 
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order contains requests for the proper diet, patient data (i.e. vital signs), laboratory orders, 

radiology tests, medications, I.V. solutions, and consultations required for inpatient 

admittance into the hospital.  For this experiment, we created three versions of the 

PowerChart© EMR: a Control version with no laboratory test pre-selected (Appendix F), an 

All version with every laboratory tests pre-selected (Appendix G), and a Recommended 

version with only the most relevant laboratory tests pre-selected (Appendix H). 

Procedure 

Participants read the instructions and completed the demographics questionnaire.  

After notifying the experimenter that they understood the tasks, they completed a total of 

six fictitious patient admissions, two for each EMR condition: Control, All, and 

Recommended.  The order of patient histories and EMR conditions were counterbalanced 

across participants, as demonstrated in Table 8.  In an effort to reduce the number of 

participants needed to complete the counterbalancing procedure, the diseases were paired 

together by random assignment before being counterbalanced.  The random assignment 

was effective in that the two diseases that contained ‘Not Relevant’ tests were not paired 

together.  In total, thirty six participants were required to complete one revolution of this 

counterbalancing scheme.   

TABLE 8 
EXAMPLE COUNTERBALANCING OF SCENARIOS BY EMR CONDITION 

 

 Control EMR All EMR Recommended EMR 

Participant 1 KD G BP FT FI P 
Participant 2 KD G FI P BP FT 
Participant 3 BP FT KD G FI P 

Bacterial Pneumonia (BP); Failure to Thrive (FT); Febrile Illness (FI); 
Gastroenteritis (G);Kawasaki’s Disease (KD); Pyelonephritis (P)  
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Power Analysis 

 The number of participants recruited for this experiment, 72, was chosen in order to 

detect a small effect size (f).  With a total of 72 participants, a small effect size (f), according 

to Cohen's (1969) effect size conventions for ANOVA F-tests of .12, could be detected with a 

p value cutoff of .05, a power of .80, and correlations among repeated measures of .50.  

Power calculations were conducted using G*Power 3.1.2 (Faul et al., 2007). 

 Using the default literature, we derived the following hypotheses about the number, 

cost, and quality of laboratory tests that would be ordered by participants.  Generally, this 

literature shows that defaulted items are less likely to be de-selected, which suggests that 

physicians will order more tests in the condition where all lab tests are pre-selected (the 

All condition) than in either the condition where no lab tests are pre-selected (the Control 

condition) or the condition where some lab tests are pre-selected (the Recommended 

condition).  The same effect would likely be observed for cost, as more tests will likely 

equal greater cost.  What is less clearly predicted by this literature is how the pre-selection 

of some of the lab tests (as occurs in the Recommended condition) will affect behavior.  We 

hypothesized that physicians would order more tests deemed by experts to be ‘Very 

Relevant’ in the Recommended condition compared with the control condition, because the 

‘Very Relevant’ tests are the only tests that were pre-selected in the Recommended 

condition.  However, we had no additional hypotheses about how pre-selecting a subset of 

the lab tests would impact total ordering behavior and orders for the tests deemed 

‘Somewhat Relevant’ and ‘Not Relevant’.  Additionally, the literature provides no guidance 

on the interaction between defaulted options and their relevancy to the decision.  
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Therefore, we hypothesized that pre-selecting all lab tests would result in greater numbers 

of orders for all tests regardless of relevancy.  The specific hypotheses are outlined below.  

Hypotheses 

H1: Clinicians will order different numbers of laboratory tests in the three 

conditions.   

H1a: Clinicians will order more laboratory tests in the All condition than in 

the Control condition.   

H1b: Clinicians will order more laboratory tests in the All condition than in 

the Recommended condition.   

No prediction is made regarding the comparison between the number of 

laboratory tests ordered in the Control and Recommended conditions.  

H2: The total cost of the laboratory tests ordered will differ among the three 

conditions. 

H2a: The total cost of the laboratory tests ordered in the All condition will be 

greater than those ordered in the Control condition. 

H2b: The total cost of the laboratory tests ordered in the All condition will be 

greater than those ordered in the Recommended condition. 

No prediction is made regarding the comparison between the total cost of the 

laboratory tests in the Control and Recommended conditions.  
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H3: The quality of laboratory tests ordered will be different among the three 

conditions.  Quality will be determined by the number of tests ordered in the ‘Very 

Relevant’, ‘Potentially Relevant’, and ‘Not Relevant’ categories.  Note that for each of 

the six fictitious patient histories, the panel of expert physicians assigned each 

laboratory test either ‘Very Relevant’ ‘Potentially Relevant’ and, when applicable, 

‘Not Relevant’. 

 ‘Very Relevant’ Tests: 

H3a1: Clinicians will order more ‘Very Relevant’ tests in the All 

condition than in the Control condition. 

H3a2: Clinicians will order more ‘Very Relevant’ tests in the 

Recommended condition than in the Control condition. 

No prediction is made regarding the comparison between the number 

of ‘Very Relevant’ tests ordered in the All and Recommended 

conditions because both conditions have all ‘Very Relevant’ tests pre-

selected.  

 ‘Potentially Relevant’ Tests: 

H3b1: Clinicians will order more ‘Potentially Relevant’ tests in the All 

condition than in the Control condition. 

H3b2: Clinicians will order more ‘Potentially Relevant’ tests in the All 

condition than in the Recommended condition. 
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No prediction is made regarding the comparison between the number 

of ‘Potentially Relevant’ relevant tests ordered in the Recommended 

and Control conditions, as ‘Potentially Relevant’ tests are not pre-

selected in either condition. 

‘Not Relevant’ Tests: 

H3c1: Clinicians will order more tests deemed ‘Not Relevant’ in the 

All condition than in the Control condition. 

H3c2: Physicians will order more tests deemed ‘Not Relevant’ in the 

All condition than in the Recommended condition. 

No prediction is made regarding the comparison between the number 

of ‘Not Relevant’ tests ordered in the Recommended and Control 

conditions, as tests deemed ‘Not Relevant’ are not pre-selected in 

either condition. 

Analyses  

Participants admitted two fictitious patients per EMR version.  One score was 

created for each EMR version by summing the laboratory tests requested, collapsing across 

the six different conditions.  Although different diseases required different numbers of lab 

tests, the blocking design ensures that each disease is equally represented in each EMR 

condition.  

In order to evaluate H1 (clinicians will order different numbers of laboratory tests 

in the three conditions), we conducted a one-way within-subjects ANOVA.  The single factor 
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was EMR condition (Control, All, Recommended), and the dependent variable was the total 

number of laboratory tests ordered.  Two planned comparisons were conducted to 

evaluate the hypotheses H1a (clinicians will order more laboratory tests in the All 

condition than in the Control condition) and H1b (clinicians will order more laboratory 

tests in the All condition than in the Recommended condition).  One-tailed paired samples 

t-tests were used to test the significance of these planned comparisons.  If the omnibus F 

test was significant, we had planned a third paired samples t-test to compare the number of 

laboratory tests ordered between the Control and Recommended conditions; this test 

would be two-tailed. 

 A one-way within-subjects ANOVA was used to evaluate H2 (the total cost of 

laboratory tests ordered will differ in the three conditions).  The single factor was EMR 

condition, and the dependent variable was the total costs of laboratory tests ordered.  Two 

planned comparisons were conducted to evaluate the hypotheses H2a (the total laboratory 

cost will be higher in the All condition than in the Control condition) and H2b (the total 

laboratory cost will be higher in the All condition than in the Recommended condition).  

One-tailed paired samples t-tests were used to test the significance of these planned 

comparisons.  If the omnibus F test was significant, we had planned a third paired samples 

t-test to compare the total cost of laboratory tests ordered between the Control and 

Recommended conditions; this test would be two-tailed. 

Three one-way within-subjects ANOVAs were conducted to evaluate H3 (the quality 

of the laboratory orders will differ in the three conditions).  The single factor was EMR 

condition, and the dependent variables were the number of ‘Very’, ‘Potentially’, and ‘Not 
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Relevant’ tests ordered.  Two planned comparisons were conducted to evaluate the 

hypotheses, H3a1 (more ‘Very Relevant’ tests will be ordered in the All condition than in 

the Control condition) and H3a2 (more ‘Very Relevant’ tests will be ordered in the 

Recommended condition than in the Control condition).  One-tailed paired samples t-tests 

were used to test the significance of these planned comparisons.  If the omnibus F test was 

significant, we had planned a third paired samples t-test to compare the number of ‘Very 

Relevant’ tests ordered between the Control and All conditions; this test would be two-

tailed. Two planned comparisons were conducted to evaluate the hypotheses, H3b1 (more 

‘Potentially Relevant’ tests will be ordered in the All condition than in the Control 

condition) and H3b2 (more ‘Very Relevant’ tests will be ordered in the All condition than 

in the Recommended condition).  One-tailed paired samples t-tests were used to test the 

significance of these planned comparisons.  If the omnibus F test was significant, we had 

planned a third paired samples t-test to compare the number of ‘Potentially Relevant’ tests 

ordered between the Control and All conditions; this test would be two-tailed. Finally, two 

planned comparisons were also conducted to evaluate the hypotheses, H3c1 (more ‘Not 

Relevant’ tests will be ordered in the All condition than in the Control condition) and H3c2 

(more ‘Not Relevant’ tests will be ordered in the All condition than in the Recommended 

condition).  One-tailed paired samples t-tests were used to test the significance of these 

planned comparisons.  If the omnibus F test was significant, we had planned a third paired 

samples t-test to compare the number of ‘Not Relevant’ tests ordered between the Control 

and All conditions; this test would be two-tailed.  
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CHAPTER 5 

RESULTS 

In order to evaluate the hypothesis that clinicians would order different numbers of 

laboratory tests in the three conditions, H1, a one-way within-subjects ANOVA was 

conducted with the independent variable of EMR condition and the dependent variable 

being total number of laboratory tests ordered.  The means and standard deviations for 

total number of laboratory tests ordered by disease are presented in Table 9.  The number 

of lab tests for the three conditions were slightly negatively skewed for the All and 

Recommended conditions (Appendix J); however ANOVAs are robust to small to moderate 

violations of normality (Roberts & Russo, 1999).  Therefore, we continued with the planned 

parametric approach.  Mauchly’s test indicated that the assumption of homogeneity of 

variance had not been violated, χ2 (2) = 2.51, p > .05.  The results for the ANOVA indicated a 

significant effect of condition, F(2, 142) = 8.13, p < .01, η2 = .10.  Planned comparisons 

revealed that the mean total number of laboratory tests ordered in the All condition (M = 

13.67, SD = 5.22) was significantly greater than the mean total number of laboratory tests 

ordered in the Control condition (M = 10.51, SD = 5.22), t(71) = 3.61, p < .01, Cohen’s d = 

.61, supporting H1a.  Additionally, the mean total number of laboratory tests ordered in All 

condition (M = 13.67, SD = 5.22) was significantly greater than the mean total number of 

laboratory tests ordered in the Recommended condition (M = 10.56, SD = 4.41), t(71) = 

3.72, p < .01, Cohen’s d = .64, supporting H1b.  Overall, clinicians ordered more tests in the 

All condition than the Control or Recommended conditions, as shown in Figure 2.  An 

additional post-hoc test revealed that the mean total number of laboratory tests ordered in 

the Control condition (M = 10.51, SD = 5.22) was not significantly different than the mean 
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total number of laboratory tests ordered in the Recommended condition (M = 10.56, SD = 

4.41), t(71) = -.04, p > .05, Cohen’s d = .01.  

 
Figure 2: Mean Number of Laboratory Tests By Condition 
** p < .01; Error Bars represent One Standard Error 
 

In order to determine if the above finding was consistent across diseases, the 

analyses were repeated for each disease, see Table 9.  Although not always statistically 

significant, physicians ordered more tests in the All condition than either the 

Recommended or Control conditions in each disease.  The lack of significance within some 

diseases is not concerning, as the study did not have sufficiently large power to test these 

between-subjects comparisons. 
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TABLE 9 
MEAN (SD) NUMBER OF LABORATORY TESTS ORDERED BY DISEASE 

 

 Control  
(SD) 

All  
(SD) 

Recommended 
(SD) 

Number of  
Very Relevant 

Tests 

 

Bacterial Pneumonia 3.08 (1.61)a 4.46 (3.12)a 3.42 (1.25)a 2  
Failure to Thrive 3.04 (2.56)a 4.25 (2.42)a 2.75 (1.57)b 9  

Febrile Illness 4.08 (1.61)b 6.46 (3.12)a 6.42 (1.25)a 4  
Gastroenteritis 3.25 (2.07)a 5.33 (2.56)b 3.71 (2.24)a 3  
Kawasaki’s Disease 7.13 (2.15)a 8.92 (2.26)b 6.58 (2.62)a 4  
Pyelonephritis 4.34 (0.88)b 4.79 (0.41)b 4.54 (0.73)b 2  

Superscripts identify which conditions were significantly different at the .05 level 

In order to evaluate the hypothesis that the costs of laboratory tests would differ 

between the three conditions, H2, a one-way within-subjects ANOVA was conducted with 

EMR condition as the independent variable and the total costs of laboratory tests ordered 

as the dependent variable.  The means and standard deviations for mean total laboratory 

test costs by disease are presented in Table 10, the cost for each test can be found in 

Appendix I.  The total costs of lab tests were normally distributed across the three 

conditions (Appendix J).  Mauchly’s test indicated that the assumption of homogeneity of 

variance had not been violated, χ2 (2) = 1.07, p > .05.  The results for the ANOVA indicated a 

significant effect of condition, F(2, 142) = 11.30, p < .01, η2 = .14  Planned comparisons 

revealed that the mean total cost of laboratory tests ordered in the All condition (M = 

$312.11, SD = 116.42) was significantly greater than the mean total cost of laboratory tests 

ordered in the Control condition (M = $238.42, SD = 111.72), t(71) = -4.30, p < .01, Cohen’s 

d = .65, supporting hypothesis H2a.  Additionally, the mean total cost of laboratory tests 

ordered in All condition (M = $312.11, SD = 116.42) was significantly greater than the mean 

total cost of laboratory tests ordered in the Recommended condition (M = $241.10, SD = 

91.00), t(71) = -4.20, p < .01, Cohen’s d = .68, supporting H2b.  Overall, the cost of 
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laboratory tests in the All condition was greater than the Control or Recommended 

conditions, as shown in Figure 3.  An additional post-hoc test revealed that the mean total 

cost of laboratory tests ordered in the Control condition (M = $238.42, SD = 111.72) was 

not significantly different than the mean total cost of laboratory tests ordered in the 

Recommended condition (M = $241.10, SD = 91.00), t(71) = .14, p > .05, Cohen’s d = .02. 

 
Figure 3: Mean Cost of Laboratory Tests By Condition 
** p < 01; Error Bars represent One Standard Error 
 

In order to determine if the above finding was consistent across diseases, the 

analyses were repeated for each disease, see Table 10. Although not always statistically 

significant, the mean total cost of the tests ordered in the All condition was larger than 

either the Recommended or Control conditions in each disease. Again, the lack of 

significance within some diseases is not concerning, as the study did not have sufficiently 

large power to test these between-subjects comparisons. 
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TABLE 10 
MEAN (SD) COSTS OF LABORATORY TESTS ORDERED BY DISEASE (IN DOLLARS) 

 

  $ Control (SD) $ All (SD) $ Recommended (SD) 

Bacterial Pneumonia 67.41 (32.03)a 90.03 (59.82)a 72.40 (33.64)a 

Failure to Thrive 107.92 (100.80)a 159.69 (82.03)a 130.04 (60.95)a 

Febrile Illness 232.37 (85.32)a 297.10 (86.03)b 225.60 (45.24)a 

Gastroenteritis 57.72 (14.85)a 64.45 (13.89)b 56.24 (11.41)a 

Kawasaki’s Disease 177.79 (74.70)a 241.46 (102.12)b 165.10 (103.50)a 

Pyelonephritis 75.05 (20.17)a 83.60 (3.53)b 73.94 (20.86)a 

Superscripts identify which conditions were significantly different at the .05 level 
 

In order to evaluate the hypothesis that the quality of laboratory tests ordered 

would differ in the three EMR conditions, H3, three one-way-within-subjects ANOVAs were 

conducted with EMR condition as the independent variable and the mean total number of 

‘Very’, ‘Potentially’, and ‘Not Relevant’ tests requested as the three dependent variables.  

The means and standard deviations for the total number of ‘Very Relevant’ laboratory tests 

ordered by condition are presented in Table 11.  The total number of ‘Very Relevant’ lab 

tests ordered was normally distributed across the three conditions (Appendix J).  Mauchly’s 

test indicated that the assumption of homogeneity of variance had not been violated, χ2 (2) 

= 0.57, p > .05.  There was no significant effect of condition on the mean total of ‘Very 

Relevant’ tests ordered, F(2, 142) = 2.34, p > .05, η2 = .03.  Planned comparisons revealed 

that the mean total number of ‘Very Relevant’ laboratory tests ordered in the All condition 

(M = 7.18, SD = 2.78) was significantly greater than the mean total number of ‘Very 

Relevant’ laboratory tests ordered in the Control condition (M = 6.14, SD = 3.18), t(71) = -

1.82, p < .05, Cohen’s d = .35, as shown in Figure 4, supporting H3a1.  Additionally, the 

mean total number of ‘Very Relevant’ laboratory tests ordered in Recommended condition 

(M = 7.20, SD = 2.63) was significantly greater than the mean total number of ‘Very 
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Relevant’ laboratory tests ordered in the Control condition (M = 6.14, SD = 3.18), t(71) = -

1.85, p < .05, Cohen’s d = .36, also shown in Figure 4, supporting H3a2. 

TABLE 11 
MEAN (SD) TOTAL NUMBER OF ‘VERY RELEVANT’ TESTS BY CONDITION 

 

Condition Mean (SD) Total Number of 
‘Very Relevant’ Tests 

Control 6.14 (3.18) 
All 7.18 (2.77) 
Recommended 7.19 (2.63) 

 

 
Figure 4: Mean Total Number of ‘Very Relevant’ Tests By Condition 
* p < 05; Error Bars represent One Standard Error 
 

The total number of ‘Potentially Relevant’ laboratory tests was positively skewed 

across the three conditions (Appendix J).  The means and standard deviations for the total 

number of ‘Potentially Relevant’ laboratory test ordered by condition are presented in 

Table 12.  Mauchly’s test indicated that the homogeneity of variance assumption had been 

violated χ2 (2) = 10.72, p < .01, therefore the degrees of freedom were adjusted using the 
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Huynh-Feldt correction, ε = 0.90 (Field & Miles, 2010).  There was a significant effect of 

EMR condition on the mean total number of ‘Potentially Relevant’ tests ordered F(1.79, 

127.24) = 10.24, p < .05, η2 = .13.  Planned comparisons revealed that the mean total 

number of ‘Potentially Relevant’ laboratory tests ordered in the All condition (M = 4.99, SD 

= 3.14) was significantly greater than the mean total number of ‘Potentially Relevant’ tests 

ordered in the control condition (M = 3.47, SD = 2.18), t(71) = -3.18, p < .01, Cohen’s d = .56, 

as presented in Figure 5, supporting H3b1.  Additionally, the mean total number of 

‘Potentially Relevant’ laboratory tests ordered in the All condition (M = 4.99, SD = 3.14) was 

significantly greater than the mean total number of ‘Potentially Relevant’ tests ordered in 

the Recommended condition (M = 3.19, SD = 2.14), t(71) = 3.97, p < .01, Cohen’s d = .67, 

shown Figure 5, supporting H3b2.  An additional post-hoc test revealed that the mean total 

number of ‘Potentially Relevant’ tests ordered in the Recommended condition (M = 3.19, SD 

= 2.14) was not significantly different than the mean total number of ‘Potentially Relevant’ 

laboratory tests ordered in the Control condition (M = 3.47, SD = 2.18), t(71) = .82, p > .05, 

Cohen’s d = .13, also shown in Figure 5. 

TABLE 12 
MEAN (SD) OF ‘POTENTIALLY RELEVANT’ TESTS BY CONDITION 

 

Condition Mean (SD) of ‘Very Relevant’ 
Tests 

Control 3.47 (2.18) 
All 4.99 (3.14) 
Recommended 3.19 (2.14) 
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Figure 5: Mean Total Potentially Relevant Tests By Condition 
** p < 01; Error Bars represent One Standard Error 
 

The total number of ‘Not Relevant’ lab tests was positively skewed across the three 

conditions (Appendix J).  The means and standard deviations for the total number of ‘Not 

Relevant’ laboratory test ordered by condition are presented in Table 13.  Mauchly’s test 

indicated that the homogeneity of variance assumption had been violated χ2 (2) = 12.08, p < 

.01, therefore the degrees of freedom were adjusted using the Huynh-Feldt correction, ε = 

0.88 (Field & Miles, 2010).  There was a significant effect of EMR condition on the mean 

total number of total ‘Not Relevant’ laboratory tests ordered, F(1.77, 125.35) = 4.35, p < .05, 

η2 = .06.  Planned comparisons revealed that the mean total number of ‘Not Relevant’ 

laboratory tests ordered in the All condition (M = 1.63, SD = 2.29) was significantly greater 

than the mean total number of ‘Not Relevant’ laboratory tests ordered in the Control 

condition (M = 0.89, SD = 1.36), t(71) = -2.12, p < .05, Cohen’s d = .39, supporting H3c1.   

Additionally, the mean total number of ‘Not Relevant’ laboratory tests ordered in the All 

condition (M = 1.63, SD = 2.29) was significantly greater than the mean total number of ‘Not 
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Relevant’ laboratory tests ordered in the Recommended condition (M = 0.78, SD = 1.10), 

t(71) = 2.51, p < .01, Cohen’s d = .47, supporting H3c2.  An additional post-hoc test revealed 

that the mean total number of ‘Not Relevant’ laboratory tests ordered in Control condition 

(M = 0.89, SD = 1.36) was not significantly greater than the mean total number of ‘Not 

Relevant’ laboratory tests ordered in the Recommended condition (M = 0.78, SD = 1.10), 

t(71) = 0.46, p > .05, Cohen’s d = .01.  Overall, physicians ordered more laboratory tests 

deemed ‘Not Relevant’ in the All condition than the Recommended and Control conditions, 

as displayed in Figure 6. 

TABLE 13 
MEAN (SD) OF ‘NOT RELEVANT’ TESTS BY CONDITION 

 

Condition Mean (SD) of ‘Very Relevant’ 
Tests 

Control 0.89 (1.36) 
All 1.63 (2.29) 
Recommended 0.78 (1.10) 

 

 
Figure 6: Mean Total Not Relevant Tests By Condition 
** p < 01; Error Bars represent One Standard Error 
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In order to determine if the above findings were consistent across diseases, the 

analyses were repeated for each disease, see Tables 14 - 19.  For the ‘Very Relevant’ tests, 

the same general trend appeared across diseases and tests: the control condition almost 

always ordered the fewest number of ‘Very Relevant’ tests.  However, for many diseases 

there was little variability in the ordering behavior of physicians across the conditions.  

That is, for many tests deemed ‘Very Relevant’, the vast majority of physicians ordered the 

test with little difference between conditions.  

The effects of the All condition are most striking for the ‘Potentially Relevant’ tests.  

In almost all cases, the number of ‘Potentially Relevant’ tests ordered was greater in the All 

condition than either the Control or Recommended conditions.  In fact, for several tests, 

this effect was fairly large.  However, there was no consistent pattern of differences 

between the Control and Recommended conditions across diseases.  Half of the time more 

physicians ordered ‘Potentially Relevant’ tests in the Control condition than the 

Recommended condition; that pattern was reversed for the remaining half. 

Only two diseases had tests in their PowerCharts© that were classified by the 

experts as ‘Not Relevant’: Bacterial Pneumonia and Febrile Illness.  Between the two 

diseases, there were a total of 13 tests deemed ‘Not Relevant’.  Two of the tests included in 

the Febrile Illness PowerChart©, Cell Count CSF and Protein Level CSF, were ordered by 

nearly all clinicians, regardless of condition.  This should be considered a disagreement 

between the practitioners in this study and the expert physicians.  However, for the 

remaining 11 ‘Not Relevant’ tests, a similar patter appears emerged.  For 10 of the 11 tests, 
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more physicians in the All condition ordered these tests than either the Control or 

Recommended conditions, and for several tests this effect is very sizable.  

TABLE 14 
FREQUENCY OF TESTS ORDERED FOR BACTERIAL PNEUMONIA BY CONDITION 

 

 Bacterial Pneumonia  
Lab Tests 

Control  
(N = 24)  

All 
(N = 24) 

Recommended 
(N = 24) 

Mean 
Rating (SD) 

‘Very Relevant’     

Culture Blood 16 21 21 4.25 (0.50) 
Rapid Ag Flu A/B 11 13 19 4.00 (0.82) 

‘Potentially Relevant’     

CBC w/Differential   22 23 21 3.75 (1.26) 
Basic Metabolic Panel 18 16 15 3.00 (1.15) 
Blood Gas Arterial 2 7 3 2.50 (1.73) 

‘Not Relevant’     

Cell Count Body Fluid  0 5 0 1.75 (0.96) 
Culture Body Fluid w/Stain  1 5 0 1.75 (0.96) 
Glucose Level Body Fluid  1 5 1 1.75 (0.96) 
Lactate Dehydrogenase 

Body Fluid  
0 5 1 1.75 (0.96) 

pH Body Fluid  0 5 1 1.75 (0.96) 
Tuberculin purified 

protein derivative  
3 2 0 1.75 (0.50) 
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TABLE 15 
FREQUENCY OF TESTS ORDERED FOR FAILURE TO THRIVE BY CONDITION 

 

Failure to Thrive  
Lab Tests 

Control  
(N = 24)  

All 
(N = 24) 

Recommended 
(N = 24) 

Mean Rating 
(SD) 

‘Very Relevant’     

Albumin Level 11 19 19 4.25 (0.50) 
Basic Metabolic Panel 15 16 18 4.25 (0.50) 
CBC  w/Differential 14 23 22 4.25 (0.50) 
Hepatic Function Panel 9 21 22 4.25 (0.50) 

‘Potentially Relevant’     

Protein Level Total 6 17 10 3.75 (0.50) 
Thyroid Stimulating 
Hormone Algorithm  

0 5 2 3.25 (1.71) 

Sweat Chloride 6 11 9 2.75 (1.71) 
Amino Acid Quant 

Complete  
6 8 1 2.00 (0.82) 

Organic Acids Urine 6 8 2 2.00 (0.82) 

‘Not Relevant’     
None     
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TABLE 16 
FREQUENCY OF TESTS ORDERED FOR FEBRILE ILLNESS BY CONDITION 

 

Febrile Illness  
Lab Tests 

Control  
(N = 24)  

All 
(N = 24) 

Recommended 
(N = 24) 

Mean Rating 
(SD) 

‘Very Relevant’     

Culture Blood 24 24 24 5.00 (0.00) 
Culture Urine 24 24 24 5.00 (0.00) 
CBC with Differential 24 24 24 4.75 (0.50) 
Culture Viral CSF 13 20 19 4.75 (0.50) 
Glucose Level CSF 22 24 24 4.75 (0.50) 
Urinalysis with 

Microscopic 
22 24 24 4.75 (0.50) 

Culture Cerebrospinal 
Fluid & Stain 

22 24 24 4.50 (0.58) 

PCR Enterovirus RT 19 22 18 4.50 (0.58) 
Basic Metabolic Panel 19 24 24 4.25 (1.50) 

‘Potentially Relevant’     
Culture Viral 

Respiratory 
7 9 4 2.00 (0.82) 

‘Not Relevant’     

Cell Count CSF 22 24 24 1.50 (0.58) 
Rapid Ag Rotavirus 

Stool 
1 4 0 1.50 (0.58) 

Culture Viral 
Miscellaneous 

5 11 1 1.25 (0.50) 

Culture Viral Stool 3 7 0 1.25 (0.50) 
Protein Level CSF 22 24 24 1.25 (0.50) 
Rapid Ag Flu A/B 3 10 2 1.25 (0.50) 
Rapid Ag RSV 3 10 2 1.25 (0.50) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 



 48 

TABLE 17 
FREQUENCY OF TESTS ORDERED FOR GASTROENTERITIS BY CONDITION 

 

Gastroenteritis  
Lab Tests 

Control 
(N = 24) 

All 
(N = 24) 

Recommended 
(N = 24) 

Mean Rating 
(SD) 

‘Very Relevant’     

Basic Metabolic Panel 23 24 24 4.50 (0.58) 
Culture Stool EC 0157 Sal 

Shig Yer Campy 
15 16 15 4.50 (0.58) 

Occult Blood Feces 11 20 15 4.25 (0.96) 

‘Potentially Relevant’     

WBC Feces 6 15 9 3.75 (1.26) 
Rapid Ag Retrovirus 

Stool 
12 18 14 3.50 (1.29) 

Culture Stool Ples/Aero 4 13 6 3.25 (1.50) 
Culture Urine 4 11 2 2.25 (1.50) 
Culture Stool Vanc Resist 

Entero 
3 11 4 2.00 (1.41) 

‘Not Relevant’     
None     
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TABLE 18 
FREQUENCY OF TESTS ORDERED FOR KAWASAKI’S DISEASE BY CONDITION 

 

Kawasaki’s Disease  
Lab Tests 

Control  
(N = 24)  

All 
(N = 24) 

Recommended 
(N = 24) 

Mean Rating 
(SD) 

‘Very Relevant’     

Sed Rate 20 24 23 4.75 (0.50) 
CBC with Differential 24 24 24 4.50 (0.58) 
C Reactive Protein 23 24 23 4.50 (0.58) 
EBV Ab Profile 14 14 20 4.00 (0.82) 

‘Potentially Relevant’     

Culture Blood 17 22 11 3.75 (1.26) 
Hepatic Function Panel 18 21 12 3.75 (1.26) 
Urinalysis w Microscopic 14 21 10 3.75 (1.26) 
Culture Viral 

Miscellaneous Body 
11 14 7 3.25 (1.71) 

Culture Viral 
Miscellaneous Tissue 

4 13 5 3.00 (1.63) 

Basic Metabolic Panel 21 24 17 2.75 (1.50) 
Culture Viral 

Miscellaneous 
Cunjuctiva 

5 13 6 2.50 (1.91) 

‘Not Relevant’     
None     

 
TABLE 19 

FREQUENCY OF TESTS ORDERED FOR PYELONEPHRITIS BY CONDITION 
 

Pyelonephritis  
Lab Tests 

Control 
(N = 24) 

All 
(N = 24) 

Recommended 
(N = 24) 

Mean Rating (SD) 

‘Very Relevant’     

Culture Urine 23 24 24 4.75 (0.50) 
Urinalysis w 

Microscopic 
24 24 24 4.75 (0.50) 

‘Potentially Relevant’     
Basic Metabolic Panel 21 24 19 3.75 (0.50) 
Culture Blood 15 19 19 3.50 (0.58) 
CBC w/ Differential 22 24 24 3.25 (1.71) 

‘Not Relevant’     

None     

 



 50 

The above analyses (by test relevancy) were repeated for the mean total cost of the 

tests by disease to determine if the findings of H2 were a result of a select number of 

expensive tests; see Tables 20 - 25.  A select few ‘Very Relevant’ tests requested resulted in 

an average increase in cost of almost $100.00 between the All condition and the other two 

conditions for three diseases: Febrile Illness (Culture Viral CSF, PCR Enterovirus RT, Basic 

Metabolic Panel), Failure to Thrive (Hepatic Function Panel), and Gastroenteritis (Basic 

Metabolic Panel).  The above tests were primarily responsible for the significant increase in 

cost for the ‘Very Relevant’ tests requested for each disease for the All condition.  These 

analyses were repeated for ‘Potentially Relevant’ tests, where a similar trend was also 

discovered.  Here, many more expensive ‘Potentially Relevant’ tests were requested in the 

All condition than in the Control or Recommended conditions.  Finally, for the ‘Not 

Relevant’ tests, Bacterial Pneumonia had two tests requested, Cell Count Body Fluid and pH 

Body Fluid, that were ordered in the All condition that were not requested in the other two 

conditions.  These above tests were primarily responsible for the increase in cost for ‘Not 

Relevant’ tests in the All condition compared to the Control and Recommended conditions. 
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TABLE 20 
MEAN TOTAL COST OF TESTS ORDERED FOR BACTERIAL PNUEMONIA BY CONDITION 

 

 Bacterial Pneumonia 
Lab Tests 

Control  
  

All 
 

Recommended 
 

‘Very Relevant’    

Culture Blood 136.00 178.50 178.50 
Rapid Ag Flu A/B 188.65 222.95 325.85 

‘Potentially Relevant’    
Basic Metabolic Panel 765.00 680.00 637.50 
Blood Gas Arterial 59.96 209.86 89.94 
CBC w/Differential   418.00 437.00 399.00 

‘Not Relevant’    

Cell Count Body Fluid  0.00 100.00 0.00 
Culture Body Fluid     

w/Stain  
7.35 36.75 0.00 

Glucose Level Body 
Fluid  

10.80 54.00 10.80 

Lactate Dehydrogenase 
Body Fluid  

0.00 54.00 10.80 

pH Body Fluid  0.00 149.90 29.98 
Tuberculin purified 

protein derivative  
39.33 26.22 0.00 
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TABLE 21 
MEAN TOTAL COST OF TEST ORDERED FOR FAILURE TO THRIVE BY CONDITION 

 

Failure to Thrive Lab Tests Control  All Recommended 

‘Very Relevant’    

Albumin Level 101.20 174.80 174.80 
Basic Metabolic Panel 637.50 680.00 765.00 
CBC  w/Differential 266.00 437.00 418.00 
Hepatic Function Panel 365.40 852.60 893.20 

‘Potentially Relevant’    
Amino Acid Quant 

Complete  
414.00 552.00 69.00 

Organic Acids Urine 420.00 560.00 140.00 
Protein Level Total 78.66 222.87 131.10 
Sweat Chloride 307.26 563.31 460.89 
Thyroid Stimulating 

Hormone Algorithm  
0.00 162.50 65.00 

‘Not Relevant’    

None    
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TABLE 22 
MEAN TOTAL COST OF TESTS ORDERED FOR FEBRILE ILLNESS BY CONDITION 

 

Febrile Illness Lab Tests Control  All Recommended 

‘Very Relevant’    

Basic Metabolic Panel 807.50 1020.00 1020.00 
CBC with Differential 456.00 456.00 456.00 
Culture Blood 204.00 204.00 204.00 
Culture Cerebrospinal 

Fluid & Stain 
127.60 139.20 139.20 

Culture Urine 128.64 128.68 128.64 
Culture Viral CSF 281.32 432.80 411.16 
Glucose Level CSF 237.60 259.20 259.20 
PCR Enterovirus RT 1459.77 1690.26 1382.94 
Urinalysis with 

Microscopic 
220.00 240.00 240.00 

‘Potentially Relevant’    

Culture Viral 
Respiratory 

472.50 607.50 270.00 

‘Not Relevant’    
Cell Count CSF 440.00 480.00 480.00 
Culture Viral 

Miscellaneous 
292.35 643.17 58.47 

Culture Viral Stool 71.70 167.30 0.00 
Protein Level CSF 266.20 290.40 290.40 
Rapid Ag Flu A/B 60.15 200.50 40.10 
Rapid Ag Rotavirus 

Stool 
17.15 68.60 0.00 

Rapid Ag RSV 54.45 171.15 34.30 
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TABLE 23 
MEAN TOTAL COST OF TEST ORDERED FOR GASTROENTERITIS BY CONDITION 

 

Gastroenteritis Lab Tests Control All Recommended 

‘Very Relevant’    

Basic Metabolic Panel 977.50 1020.00 1020.00 
Culture Stool EC 0157 

Sal Shig Yer Campy 
139.50 148.80 139.50 

Occult Blood Feces 55.00 100.00 75.00 

‘Potentially Relevant’    
Culture Stool Ples/Aero 21.44 69.68 32.16 
Culture Stool Vanc 

Resist Entero 
20.40 74.80 27.20 

Culture Urine 21.44 58.96 10.72 
Rapid Ag Retrovirus 

Stool 
205.80 308.70 240.10 

WBC Feces 30.00 75.00 45.00 
‘Not Relevant’    

None    
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TABLE 24 
MEAN TOTAL COST OF TEST ORDERED FOR KAWASAKI’S DISEASE BY CONDITION 

 

Kawasaki’s Disease Lab 
Tests 

Control  
 

All 
 

Recommended 
 

‘Very Relevant’    

CBC with Differential 456.00 456.00 456.00 
C Reactive Protein 257.60 268.80 257.60 
EBV Ab Profile 480.48 480.48 686.40 
Sed Rate 200.00 240.00 230.00 

‘Potentially Relevant’    

Basic Metabolic Panel 892.50 1020.00 722.50 
Culture Blood 323.00 418.00 209.00 
Culture Viral 

Miscellaneous Body 
566.17 720.58 360.29 

Culture Viral 
Miscellaneous 
Cunjuctiva 

337.5 877.50 405.00 

Culture Viral 
Miscellaneous Tissue 

205.88 669.11 257.35 

Hepatic Function Panel 730.80 852.60 487.20 
Urinalysis w 

Microscopic 
140.00 210.00 100.00 

‘Not Relevant’    
None    

 
TABLE 25 

MEAN TOTAL COST OF TEST ORDERED FOR PYELONEPHRITIS BY CONDITION 
 

Pyelonephritis Lab Tests Control All Recommended 

‘Very Relevant’    

Culture Urine 123.28 128.64 128.64 
Urinalysis w Microscopic 240.00 240.00 240.00 

‘Potentially Relevant’    
Basic Metabolic Panel 892.50 1020.00 807.50 
CBC w/ Differential 418.00 456.00 456.00 
Culture Blood 127.50 161.50 161.50 

‘Not Relevant’    

None    
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CHAPTER 6 

DISCUSSION 
 

The influence of default choices has been demonstrated in many domains, including 

medicine, but their specific impact on applied medical laboratory test selection has not 

previously been explored.  This study was the first to show that providing preselected 

defaults in a real-world EMR can significantly influence laboratory tests ordered by 

practitioners.  Practitioners were less likely to deselect an option that had already been 

chosen for them.  Most importantly, the improvement in practitioner performance, as 

measured by the number of ‘Very Relevant’ tests ordered, demonstrates that clinician 

laboratory ordering practices can be improved with proper default utilization.   

Consistent with our hypothesis that practitioners would be less likely to opt out of 

default choices, physicians ordered significantly more tests when everything was selected 

(the All condition) compared to when no default existed (the Control condition) or when 

only the ‘Very Relevant’ tests were selected (the Recommended condition).  In other words, 

if a test was preselected for a clinician, they were less likely to deselect it.  Given that this 

was a within-subjects design and participants experienced all three conditions, this finding 

is even more striking as it should have been obvious that not every test would be required 

for successful patient admissions.  Furthermore, this finding was consistent across differing 

levels of practitioner experience.  

Also supporting our hypothesis that ordering more tests would lead to an increase 

cost, the price tag required to admit the patients varied by EMR condition as well.  By 
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ordering more tests in the All condition, the total charge to the hospital for laboratory 

admission tests was significantly greater than in the Control and Recommended conditions.  

Were the All condition employed, the hospital would have had to absorb, on average, 

almost $74 more in laboratory tests compared to the Control condition and $71 more in 

compared to the Recommended condition.  Considering this finding was associated with 

the admission orders of a small number of patients, only six, the increase in cost of care to 

the hospital would be considerable system-wide, as the hospital admits thousands of 

patients each year.   

Obviously, no hospital would realistically employ an EMR order set that had every 

possible test preselected (e.g. the All condition).  As such, the All condition was used not as 

a viable alternative to the current system, but rather to test the hypothesis that clinicians 

would be influenced by defaults.  Thus, the main goal of this project was to improve upon 

current clinician laboratory ordering procedures by using only the most medically relevant 

tests as pre-selected defaults (the Recommended condition).  Although the number of ‘Very 

Relevant’ tests requested was greater in both the All and Recommended condition, which 

supports our hypotheses, it should be noted that when every laboratory test was 

preselected (the All condition), clinicians were also observed to request more ‘Potentially 

Relevant’ and ‘Not Relevant’ tests as well.  In practice, this would lead to an increase in cost 

with no associated measurable improvement in patient care.  In short, the hospital might 

enjoy an increase in the number of requests for ‘Very Relevant’ tests by simply preselecting 

every test available, but doing so would result in an increase in cost without improvements 

in care.  Therefore, these findings suggest that defaults must be chosen in a meaningful 

manner, one method of which would be to consult experts as to which laboratory tests are 
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truly relevant for each diagnosis.  Further, by using those tests deemed most relevant as 

defaults, the hospital could improve both practitioner performance and patient care 

without significantly raising the cost of care, as demonstrated by the Recommended 

condition. 

It should also be noted that it is difficult to classify the ordering of ‘Potentially 

Relevant’ tests as either beneficial or detrimental to patient care as these tests exist in a 

gray area of patient care.  However, at the hospital where this study took place, 

practitioners are trained to err on the side of ordering fewer tests.  Therefore, the 

Recommended condition would not negatively impact the current zeitgeist of test ordering 

procedures at this particular hospital system in that clinicians did not order significantly 

more tests in this condition when compared to the Control condition that is currently in 

use. 

 Additionally, practitioners were also found to order significantly more ‘Not 

Relevant’ tests in the All condition than in the Control and Recommended conditions.  

These additional tests would negatively impact patient care in several ways.  Aside from 

the increase in the cost of care, more tests requested would mean more work for ancillary 

departments.  Lab technicians would be required to collect more samples and analyze their 

results, which would avert their efforts away from completing the same for tests that 

would be more beneficial to other patients.  Additionally, more tests requested would 

increase laboratory turnaround times which would result in a decrease in clinicians’ ability 

to react to laboratory reports in an efficient manner.  Moreover, in this specific setting, a 

pediatric hospital, young patients would be subjected to more tests that are sometimes 

uncomfortable or even painful.   
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Finally, it should be noted that even though the total number of tests ordered in the 

Control and Recommended conditions did not differ significantly, the Recommended 

condition exhibited less variability than the Control condition.  Practitioners were more 

consistent in the number of tests they requested when given a choice set with the ‘Very 

Relevant’ tests preselected for them.  Consequentially, the variability in the cost of 

admission tests per case was also much lower for the Recommended condition than the 

Control condition.  This reduced variability in the cost of patient care would improve the 

accuracy of budget projections conducted by the hospital. 

These findings do not lend support to any specific mechanism that drive the 

influence of default choices mentioned above.  Given the complexity of decisions made in 

healthcare, it is possible that clinicians in this study viewed the defaults as the status quo 

and as such were less likely to deselect them.  Further, the anxiety over making an error by 

deselecting a default could have driven these findings given that a large portion of 

practitioners used in this study were residents with relatively little practical experience.  

Further, the difficulty in being presented with a multitude of laboratory tests to choose 

from, it is also possible that choice overload played a critical role in default reliance.  

Finally, given the finding that every classification of clinician displayed the same trend in 

ordering by condition, the possibility of using defaults as a source of information cannot be 

ruled out.  In short, this study was not designed to test any of the above specific 

mechanisms and as such does not lend additional support to any of the possible 

explanations. 
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In conclusion, this project demonstrated that clinicians are less likely to deselect 

options that have been chosen for them, even when some of the options are obviously 

irrelevant to patient care.  Most importantly, by using only the most relevant laboratory 

tests as pre-selected defaults we were able to take advantage of the default heuristic to 

improve practitioner laboratory ordering procedures without significantly increasing the 

cost of care.  However, the monetary expense of the implementation of default selections to 

the current PowerChart© EMR laboratory order sets is not yet understood.  Given that the 

Control and Recommended conditions were very similar to each other in terms of the 

number of Potentially and Not Relevant tests requested, the hospital would be well served 

to conduct a Return on Investment analysis on if applying the Recommended condition 

would be beneficial or not.  If the cost of adding default selections to the order sets tested 

here would be minimal, it would be beneficial to the hospital to request those changes.  

However, if the administrative and policy change process was more intensive and costly, 

the hospital might be better served to continue with current display designs, as the Control 

condition was found to be a successful avenue of patient care.     

Despite the quantitative benefits of implementing the Recommended condition 

described above, the ethical considerations of implementing default choices in laboratory 

order sets should be noted.  First, the legal implication of using the influence of default 

choices needs to be adequately explored.  For example, would an insurance company agree 

to reimburse the hospital for a test that was not selected as a default?  Would the hospital 

be held liable if a default selection resulted in undesirable patient care?  Secondly, it should 

be cautioned that these findings could be used for unethical monetary gains by the hospital.  

For example, the hospital might be able to improve its bottom line by altering clinician 
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ordering practices via defaults.  Third, the method selected for determining which tests 

would be employed as default choices might lead to disagreement among the stakeholders.  

Currently, there is no national or legal standard a hospital could follow, and as arriving at a 

consensus on which options should be defaulted would be difficult.  Finally, the impact of 

patient care should be evaluated.  While using default choices led to an increase in Very 

Relevant tests selected, it is as of yet impossible to determine if ordering additional tests 

would be beneficial to patient care as a whole.  Therefore, the hospital should thoroughly 

evaluate the impact on patient care implementing default laboratory choices would have.   

Limitations 

This study had several limitations.  First, while an effort was made to recruit across 

the hospital system, a majority of participants were from the same section of pediatrics as 

the collaborating physician.  Additionally, these participants were from one Midwestern 

hospital system.  Given the wide variations in EMR use around the country, it is very 

possible that clinicians using other EMR systems that employ different methods of test 

selections (e.g. drop down selection menus, free text entry, etc) would have reacted 

differently to the use of pre-selected checkboxes.  Moreover, different hospital systems 

train their house staff with different goals, and the general method with which a clinician 

approaches laboratory order requests is largely determined by training.  Therefore, it is 

possible that with physicians who were trained to cast a wider net when acquiring clinical 

data for patient care (e.g. order more tests) the findings of this study could vary.  For 

instance, if a hospital system promoted clinicians to not be as cautious in the quantity of 

their test requests, the impact of defaults discovered in this study could be mitigated. 
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Also, it was not possible to obtain equal representations of clinician experience.  The 

bulk of participants were either residents or practicing physicians, with very few medical 

students and nurse practitioners available for participation.  While the general trend of 

ordering more tests in the All condition was observed across clinician classifications, 

having a larger number of less experienced practitioners such as medical students or more 

clinicians who work in outpatient settings such as nurse practitioners could have added 

considerable variability in the data.   

When constructing the fictitious patient histories, collaborating physicians made an 

effort to ensure there was no mistaking the disease by including all textbook symptoms and 

patient presentations needed to explicitly diagnose each patient.  This was done in an effort 

to arrive at a baseline set of recommended laboratory tests that would be most beneficial 

for each diagnosis, but in doing so, the validity of the patient histories was somewhat 

diminished.  However, this concern is lessened in that in practitioners must have already 

arrived at a diagnosis in order to call up each PowerChart© that was tested in this study.  

In other words, a physician would already suspect the diagnosis of a patient before 

admitting him or her to the hospital, and would interact with the associated PowerChart© 

order sets. 

Finally, while every effort was made to make the EMR versions as similar in 

appearance as possible to the PowerChart© EMR, completely replicating the full 

functionality of the system was impossible.  For example, even though the EMR mockup 

choice sets (e.g. laboratory tests, medications, etc) were the same as in PowerChart©, the 

ability to call up additional medical literature, past patient histories, or the functionality to 
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calculate medication doses was not present in our mockups.  This somewhat lessens the 

validity of the tasks.  However, each participant was informed by the experimenter that 

even if the dosing on the screen was not optimal for the patient described in the scenario, 

as long as that particular medication or other selection would be requested at the time of 

admission, the practitioner should select it.  Therefore, we are confident that even if 

specifics such as medication doses would have differed with real patients, the selection of 

that medication or other options would have occurred for the true PowerChart© EMR as 

well. 

Future Research 

Future research should assess how powerful defaults can be on clinician laboratory 

ordering practices by including a condition that has irrelevant tests selected as defaults.  As 

mentioned, it was obvious that not every laboratory test would be needed for patient care 

(e.g. the All condition) but clinicians still ordered more tests when everything was selected 

for them.  Therefore, the true influence of defaults could be ascertained in an EMR mockup 

with the only the laboratory tests deemed ‘Not Relevant’ pre-selected.   

Additionally, the potential interaction of defaults with clinician experience should be 

made a focus of future studies.  Previous research has found that less experienced clinicians 

tend to order more tests than practitioners with many years of experience (Griffith et al., 

1997).  While this study lacked the ability to focus on the impact of clinician experience and 

its relationship with default choices, future research could focus on this interaction.  

Clinicians who are less experienced would presumably be more likely to adhere to default 

selections than would seasoned practitioners.  Were this the case, an even sterner warning 
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could be made that default selections should not be used in every facet of medicine and 

only in situations where strong consensus of relevant orders can be achieved, as was done 

in this study for laboratory tests. 

As mentioned, the fictitious patient histories were textbook patient presentations of 

each of the diseases used in this experiment.  However, in the real world, not every patient 

will be so easily diagnosed.  Therefore, future research should explore more ambiguous 

cases.  These ambiguous cases could lead to differences in ordering practices, potentially an 

even heavier reliance on default options.   

Finally, future studies should attempt to replicate these findings in other settings.  

For instance, this experiment was conducted within a Midwestern pediatric inpatient 

hospital, but professionals in a Northeastern urgent care setting or Southern outpatient 

setting may behave differently in the presence of defaults for admission orders.  Also, it is 

possible that due to the fast paced environment required in urgent care, practitioners 

might rely much more on preselected defaults compared to clinicians who do not share 

such time constraints. 

With the implementation of EMR systems becoming common place in healthcare, 

more research should be conducted to evaluate how they can be designed to optimize 

practitioner performance.  As enhancing patient care and reducing medical errors continue 

to be a focal point of not only the health care community but legislative action as well, 

every effort should be made to understand how EMR systems can be used to achieve these 

goals.  If EMR systems can employ defaults that are beneficial to patient care, then clinician 

performance, and ultimately patient care as a whole, can be improved.   
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APPENDIX A 

EXPERT JUDGE ONLINE FORM & PATIENT HISTORIES 

 

 

 

Purpose: 
 
We are conducting research to determine which options of the PowerChart© Power Plans 
are most medically relevant.   
 
Instructions: 
 
You will be asked to read six scenarios describing fictitious patients in need of admission to 
the hospital, each with a different diagnosis.  For each scenario, you will be asked to rate 
the medical relevancy of some of the available orders presented in PowerChart© Power 
Plans for each diagnosis.  It is important that you rate each option according to the medical 
relevance to the patient at the time of admission.  We ask that you complete this process for 
all six scenarios.   
 
Please note that whenever possible the actual wording from real PowerChart© Power 
Plans was used.  Furthermore, the goal of this survey is to assess which orders are 
appropriate, not necessarily the dosing displayed.  The questionnaire should take no longer 
than 30 minutes to complete.   
 
Please make sure that you think about the relevancy of each option only at the time of 
admission based upon the information provided in the scenarios. 
 
Please click “Next” to begin the scenario for Febrile Illness. 
 
Febrile Illness 

 
History: 
 
28 day old infant girl presenting in a Midwestern city in the month of July who is admitted 
to the general pediatric floor. Her mother reported the child feeling warm that morning and 
on presentation was found to have a rectal temperature of 38.5C.   She was doing well until 
the day of presentation at the primary care physician's office.  Furthermore, the child 
appeared tired and had not been breast feeding as well as usual. 
 
Birth History: 
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She is a full term baby born vaginally at a local hospital.  There were no complications 
during pregnancy or delivery. Spontaneous rupture of membranes occurred 6 hours prior 
to delivery.  APGARS were 8 and 9 at 1 minute and 5 minutes respectively. The baby  
 
weighed 8lbs 1oz and was discharged home with mom after 48 hours in the newborn 
nursery.  Her mom is Group B Streptococcus negative and was not ill during the time of 
delivery.   She did receive her Hepatitis B shot at birth and newborn screen was completed 
prior to discharge and is reported to be normal. 
 
Other Pertinent History: 
 
There has been no contact with others with fever but her 2 year old brother does have a 
cold.  Grandparents visited a week ago and she noticed that her grandmother had a cold 
sore during that time. 
 
Physical Exam: 
 
On exam the child appears ill but nontoxic.  She feels warm to the touch and his anterior 
fontanelle is slightly sunken and soft.  She is tachypneic but her lung fields are clear and 
there are no retractions.  She is tachycardic and a soft systolic murmur is heard on the left 
sternal border.  Her abdomen is soft, nontender and nondistended.  She moves all her limbs 
and whimpers when examined but she does not have a strong cry.  Her capillary refill is 
about 2 seconds.  There are no rashes.  
 
List of Options from the Febrile Illness Power Plan 
Please indicate how relevant each order is at the time of admission for the management of 
this patient. 

 Not at all 
Relevant 

Somewhat 
Relevant 

Relevant Very 
Relevant 

Extremely 
Relevant 

Laboratory      

CBC with Differential      

Basic Metabolic Panel      

Culture Blood      

Culture Urine      

Urinalysis with Microscopic      

 



 84 

APPENDIX A (continued) 
 

      

      

Rapid Ag RSV      

Rapid Ag Flu A/B      

 
Culture Viral Respiratory      

Culture Viral Stool      

Culture Viral Miscellaneous      

Rapid Ag Rotavirus Stool      

Cell Count CSF      

Protein Level CSF      

Glucose Level CSF      

Culture Cerebrospinal Fluid 
& Stain      

PCR Enterovirus RT      

Culture Viral CSF      

Radiology      

XR Chest 2 View (Routine, 
Reason: Cough)      

Ultrasound Renal (Routine)      

IV Solutions      

D5W with 0.45% NaCl and 
KCl 20 mE q/l (for 
maintenance fluids) 

     

D5W with 0.45% NaCl and 
KCl 10 mE q/l (for 
maintenance fluids) 

     

D5W with 0.2% NaCl and KCl 
20 mE q/l (for maintenance)      
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D5W with 0.2% NaCl and KCl 
10 mE q/l 1000 ml (for 
maintenance fluids) 

     

Heparin lock (Heparin lock IV 
line when taking adequate 
PO) 

     

Medications      

 
Analgesics      

acetaminophen (10 mg/kg, 
PO, q4h, PRN Fever For fever 
greater than 38.3) 

     

acetaminophen (10 mg/kg, 
Per Rectum, q4h, PRN Fever 
For fever greater than 38.3) 

     

ibuprofen (10 mg/kg, PO, 
q6h, PRN Fever For fever 
greater than 38.3) 

     

Antibiotics      

ampicillin (Routine, 500 mg, 
IV, q6h Reconstitute with 
sterile water or normal saline 
to produce a final 
concentration) 

     

cefotaxime (Routine, 500 mb, 
IV, q6h)      

ceftriaxone (50 mg/kg, IV 
injection, q12h)      

amoxicillin (25 mg/kg, PO, 
q12h)      

Topicals      
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pentaflouropropane/tetraflu
oroeth topical (Pain-Ease) (1 
application, Topical, Spray, 
Unscheduled, PRN Needle 
Stics) 

     

lidocaine topical (LMX 4) (1 
application, Topical, Cream, 
Unscheduled, PRN Needle 
Stics) 

     

lidocain/prilocain topical 
(Emla) (1 application, 
Topical, Unscheduled, PRN 
Needle Sticks) 

     

 

Bacterial Pneumonia 

History: 
 
8y/o girl is admitted to the hospital from an outside clinic with a 3 day history of persistent 
cough and fever of up to 102F.  The family reports that she has been well up until the 
symptoms began.  At the doctor’s office, the primary care physician thought she heard 
crackles in the left base.  Rapid streptococcal pharyngitis screen was negative no other test 
was obtained.  Office pulse oximeter revealed an O2 saturation of 88% on room air and she 
was tachypneic in the 30s with respiratory retractions.  An albuterol treatment at the office 
did not seem to help.   
 
On further history she has had no ill contacts, shots are up-to-date and she has been 
generally healthy with no prior admissions to the hospital or surgeries of any kind.  Parents 
report no allergies to medications, foods, or other substances. 
 
Physical Exam: 
 
On exam she is febrile to 39C.  Her oral mucous membranes are tacky and throat is clear.  
She is tachypneic with a rate of 33, she has subcostal retractions and her oxygen saturation 
on room air is 87%.  On auscultation there are crackles on the left lower lung field.  Heart 
exam reveals tachycardia without a murmur.  Her abdomen is soft, nontender and 
nondistended.  She is able to move all her extremities well and her CR is 3 seconds.    
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List of Options from the Bacterial Pneumonia Power Plan 

Please indicate how relevant each order is at the time of admission for the management of 
this patient. 

 Not at all 
Relevant 

Somewhat 
Relevant 

Relevant Very 
Relevant 

Extremely 
Relevant 

Laboratory      

Rapid Ag Flu A/B (Flu A/B Rapid)      

CBC w/Differential  (CBCD)       

Basic Metabolic Panel (BMP)       

Culture Blood (Blood Culture)      

 
tuberculin purified protein 
derivative       

Culture Body Fluid w/Stain 
(Pleural Fluid)      

Lactate Dehydrogenase Body Fluid 
(LDH Body Fluid, Pleural Fluid)      

Glucose Level Body Fluid (Pleural 
Fluid)      

pH Body Fluid (Pleural Fluid)      

Cell Count Body Fluid (Pleural 
Fluid)      

Blood Gas Arterial      

Radiology      

XR Chest 2 View (AP LAT)      

For complicated pneumonia      

CT Chest w/ + w/o Contrast      
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US Chest      

IV Solutions      

D5W with 0.45% NaCl and KCl 10 
mEq/l (for maintenance fluids)      

D5W with 0.45% NaCl and KCl 20 
mEq/l (for maintenance fluids)      

D5W with 0.2% NaCl and KCl 10 
mEq/l v      

D5W with 0.2% NaCl and KCl 20 
mEq/l (for maintenance fluids)      

lactated ringers (LR fluid bolus)      

heparin (heparin flush 10)      

sodium chloride 0.9% (saline 
flush)      

Heparin lock (Heparin lock IV line 
when taking adequate PO)      

Medications      

acetaminophen (15 mg/kg, PO, 
q4h, PRN Fever or Pain Maximum 
Dose 1000 mg) 

     

acetaminophen (15 mg/kg, Per 
Rectum, Supp, q4h, PRN Fever or 
Pain) 

     

ibuprofen (10 mg/kg, PO, q6h, PRN 
Fever or Pain)      

ampicillin (100 mg/kg, IV, 
Injection, q8h Reconstitute with 
sterile water or normal saline) 

     

If penicillin allergic      
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ceftriaxone (75 mg/kg, IV, 
Injection, q24h (Maximum Dose:  4 
grams/day) 

     

cefotaxime (50 mg/kg,  IV, 
Injection, q6h)      

ceftriaxone (75 mg/kg, IV, 
Injection, q24h (Maximum Dose: 4 
grams/day) 

     

cefotaxime (50 mg/kg, IV, 
Injection, q6h)      

vancomycin (15 mg/kg, IV, 
Injection, q6h For IV: This drug 
requires therapeutic monitoring) 

     

clindamycin (10 mg/kg, IV, IV Soln, 
q6h)      

amoxicillin (45 mg/kg, PO, q12h)      

cefdinir (14 mg/kg, PO, daily)      

clindamycin (10 mg/kg, PO, Susp, 
q8h)      

Topicals      

pentafluoropropane/tetrafluoroeth 
topical (Pain-Ease) (1 application, 
Topical, Spray, Unscheduled, PRN 
Needle Sticks) 

     

lidocaine topical (LMX4) (1 
application, Topical, Cream, 
Unscheduled, PRN Needle Sticks) 
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Kawasaki’s Disease 

History: 
 
4 y/o boy who is admitted to the general pediatric floor with a history of 5 days of daily 
fever up to 102F axillary.  Parents report that he has been very fussy throughout these five 
days.  Initially he presented with a diffuse macular papular rash on day 1 of his fever and 
was brought to his regular doctor.  The doctor did a rapid screen for Group A Streptococcal 
pharyngitis which was negative and told the parents that it was most likely a virus.  On day 
3 he developed redness of both eyes without any drainage.  Despite regular use of Tylenol 
and Motrin the fever continued to persist and he continued to be fussy.  Late on day 4 of 
fever parents noticed his lips becoming cracked and his tongue became redder than 
normal.  They brought him back to their PCP on day 5 of fever who has referred the child 
for admission after discovering some mild swelling of the child’s hands and feet. 
 
Physical Exam: 
 
 On exam the child has a temperature of 38.8C and is fussy and staff anxious.  His eyes 
continue to be red but without drainage.  Tympanic membranes are clear bilaterally.  His 
lips are red and cracked and his tongue is red.  On palpation of his neck you notice a 1.5cm, 
painless lymph node on the right anterior cervical chain.  Lungs are clear to auscultation 
but respiratory rate is elevated but without retractions.  He is tachycardic but no murmur 
is appreciated.  His abdomen is soft, nontender and nondistended with normal bowel 
sounds.  His extremities appear slightly swollen. 
 
List of Options from the Kawasaki Disease Power Plan 

Please indicate how relevant each order is at the time of admission for the management of 
this patient. 

 Not at all 
Relevant 

Somewhat 
Relevant 

Relevant Very 
Relevant 

Extremely 
Relevant 

Laboratory      

CBC w/Differential      

Basic Metabolic Panel      

Hepatic Function Panel      
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Sed Rate      

C Reactive Protein      

EBV Ab Profile      

Urinalysis w Microscopic      

Culture Blood      

Culture Viral Miscellaneous (Body 
Fluid, Body site Nose, Anterior 
Nare, Routine collect, Nurse 
collect) 

     

Culture Viral Miscellaneous 
(Cunjuctiva, Body site Conjuctiva, 
Routine collect, Nurse collect) 

     

Culture Viral Miscellaneous 
(Tissue, Body site Rectal, Routine 
collect, Nurse collect) 

     

Diagnostic Test/Procedures      

Echocardiagram –       

IV Solutions      

D5W with 0.45% NaCl and KCl 20 
mEq/l (for maintenance fluids)      

D5W with 0.2% NaCl and KCl 20 
mEq/l (for maintenance fluids)      

D5W with 0.45% NaCl and KCl 10 
mEq/l (for maintenance fluids)      

D5W with 0.2% NaCl and KCl 10 
mEq/l (for maintenance fluids)      

Heparin lock (Heparin lock IV line 
when taking adequate PO)      
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aspirin (20 mg/kg, PO, q6h)      

immune globulin intravenous (2 
gm/kg, IV, 1 time only To run over 
12 hours.  For IV: this drug 
requires therapeutic monitoring) 

     

Topicals      

pentafluoropropane/tetrafluoroeth 
topical (Pain-Ease) (1 application, 
Topical, Spray, Unscheduled, PRN 
Needle Sticks) 

     

lidocaine topical (LMX4) (1 
application, Topical, Cream, 
Unscheduled, PRN Needle Sticks) 

     

lidocaine/prilocaine topical (Emla) 
(1 application, Topical, 
Unscheduled, PRN Needle Sticks) 

     

 

Failure to Thrive 

History: 
 
A 6 month old infant boy is referred for admission from his community doctor due to poor 
weight gain.  The boy was born weighing 3.6kg (50th percentile) at full term.  Now at 6 
months he weights 6kg.  Mom has missed several appointments and there are no weights 
between birth and 6 months.   
 
From the parents, they describe the child as a picky eater.  He frequently would refuse food 
by pushing it away.  He does eat some baby food and drinks 3-4 bottles of formula a day (8 
oz bottles).  He does spit up occasionally but does not vomit regularly and he occasionally 
cries as if he is in pain in between meals.   
 
Developmentally he is able to roll over both ways and he can sit unassisted but he does not 
crawl.  He can grab objects with his hands but parents are unsure if he transfers from one 
hand to the other.   
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On exam:   
 
He appears small for his age but he is alert and interactive.  His lung exam is within normal 
with normal work of breathing and no evidence of wheezes or crackles, his heart exam 
reveals regular rate and rhythm without a murmur.  His abdomen is soft, nontender and 
nondistended with active bowel sounds in all four quadrants.  He moves all his extremities 
well and his tone appears normal.  He is able to sit without problems and he grabs for your 
stethoscope with ease.  He has no rashes but it does not appear that he has much 
subcutaneous fat.   
List of Options from the Failure to Thrive Power Plan 
Please indicate how relevant each order is at the time of admission for the management of 
this patient. 

 Not at all 
Relevant 

Somewhat 
Relevant 

Relevant Very 
Relevant 

Extremely 
Relevant 

Laboratory      

CBC  w/Differential      

Basic Metabolic Panel      

Hepatic Function Panel      

Albumin Level      

Protein Level Total      

Sweat Chloride      

Thyroid Stimulating Hormone 
Algorithm (TSH Algorithm)      

*Organic Acids Urine      

Amino Acid Quant Complete 
(Amino Acids Quant Complete)      

Radiology      

XR Upper GI + KUB (Upper GI + 
KUB XR)      

IV Solutions      
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D5W with 0.45% NaCl and KCl 20 
mEq/l (D5W 1/2 NS w/20 mEq/l 
KCl, for maintenance fluids) 

     

D5W with 0.45% NaCl and KCl 10 
mEq/l (D5W 1/2 NS w/10 mEq/l 
KCl, (or maintenance fluids) 

     

D5W 1/4 NS w/10 mEq/L 
Potassium Chloride (for 
maintenance fluids) 

     

D5W with 0.2% NaCl and KCl 20 
mEq/l (D5W 1/4 NS w/20 mEq/l 
KCl, for maintenance fluids) 

     

Heparin lock (Heparin lock IV line 
when taking adequate PO)      

Medications      

Topicals      

pentafluoropropane/tetrafluoroeth 
topical (Pain-Ease) (1 application, 
Topical, Spray, Unscheduled, PRN 
Needle Sticks) 

     

lidocaine topical (LMX4) (1 
application, Topical, Cream, 
Unscheduled, PRN Needle Sticks) 

     

lidocaine/prilocaine topical (Emla) 
(1 application, Topical, 
Unscheduled, PRN Needle Sticks) 
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Gastroenteritis 
History: 
 
2 y/o boy is a direct admission from a primary care physician.  From the parental history: 
the boy was in his usual good state of health until about 2 days ago when he began to have 
nonbilious and nonbloody emesis.  He had 2 episodes after dinner on the first day of 
symptoms.  That night he had a fever of 101F per family.  The next morning he appeared 
unwell and did not want to eat breakfast.  He did drink some water but vomited again.  He 
then began to have diarrhea.   He had 3-4 episodes in the morning with one that appeared 
to have blood in it.  He also vomited 1-2 times more prior to the family bringing him to the 
doctor.   
 
In the past 24 hours parents are unsure how much he has urinated due to all the diarrhea.  
They say he has not had a diaper with urine only.  They say that he could not have taken 
more than 8 oz of fluids all day.   
 
Physical Exam: 
 
On exam he is febrile to 38.5C.  He appears tired and unwell.  His mucous membranes are 
tacky and lips are dry.  His eyes are sunken.  He is tachypneic but with good aeration and no 
retractions.  He is tachycardic to 102 and his blood pressure is 80/39.  Capillary refill is 4-5 
seconds. The skin in the diaper area is red. 
 

List of Options from the Gastroenteritis Power Plan 

Please indicate how relevant each order is at the time of admission for the management of 
this patient. 

 Not at all 
Relevant 

Somewhat 
Relevant 

Relevant Very 
Relevant 

Extremely 
Relevant 

Laboratory      

Basic Metabolic Panel      

Culture Urine      

Rapid Ag Retrovirus Stool      
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Occult Blood Feces      

WBC Feces      

Culture Stool Ples/Aero      

Culture Stool EC 0157 Sal Shig Yer 
Campy      

Culture Stool Vanc Resist Entero      

Radiology      

XR Abdomen Complete w/ 
Decub/Erect (Routine)      

IV Solutions      

D5W with 0.45% NaCl and KCl 20 
mEq/l (for maintenance fluids)      

D5W with 0.2% NaCl and KCl 20 
mEq/l (for maintenance fluids)      

D5W with 0.45% NaCl and KCl 10 
mEq/l (for maintenance fluids)      

D5W with 0.2% NaCl and KCl 10 
mEq/l (for maintenance fluids)      

lactated ringers (lactated ringers 
fluid bolus)      

sodium chloride 0.9% (normal 
saline fluid bolus)      

Heparin lock (Heparin lock IV line 
when taking adequate PO)      

Medications      

ranitidine (1 mg/kg, IV, IV Soln, 
q8h)      

acetaminophen (10 mg/kg, PO, 
q4h, PRN)      
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acetaminophen (10 mg/kg, Per 
Rectum, q4h, PRN)      

ibuprofen (10 mg/kg, PO, q6h, PRN      

emollients topical (Super Duper 
Diaper Doo) (1 application, 
Topical, w/diaper changes, PRN) 

     

multivitamin (Cod liver oil) (1 
application, Topical, w/diaper 
changes, PRN) 

     

Topicals      

pentafluoropropane/tetrafluoroeth 
topical (Pain-Ease) (1 application, 
Topical, Spray, Unscheduled, PRN 
Needle Sticks) 

     

lidocaine topical (LMX4) (1 
application, Topical, Cream, 
Unscheduled, PRN Needle Sticks) 

     

lidocaine/prilocaine topical (Emla) 
(1 application, Topical, 
Unscheduled, PRN Needle Sticks) 

     

 

Pyelonephritis 

History: 
 
4 y/o girl is admitted to the hospital from her regular doctor’s office with a 3 day history of 
fever of up to 101 fahrenheit, nonbilious and nonbloody emesis and foul smelling urine.  
From history, the child has rarely been ill and never been admitted to the hospital and has 
no surgeries of any kind.  The family does not believe she has ever had any urinary tract 
infections.  They report that all prenatal ultrasound were normal to their recollection.   
 
Physical Exam: 
 
 On exam the child is febrile to 38.5C and appears ill.  Her lips appear dry and oral mucous 
membranes are tacky.   Her throat is clear without any drainage.   Her tympanic  
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membranes are normal in appearance, she has no lymphadenopathy.  She is slightly 
tachypneic and her lungs are clear bilaterally.  Her heart exam reveals mild tachycardia 
without any murmurs.  Her abdomen is nondistended and nontender with hypoactive 
bowel sounds.  She is tender when percussing the back and right flank area.  
  
List of Options from the Pyelonephritis Power Plan 

Please indicate how relevant each order is at the time of admission for the management of 
this patient. 
 

 Not at all 
Relevant 

Somewhat 
Relevant 

Relevant Very 
Relevant 

Extremely 
Relevant 

Laboratory      

CBC w/ Differential      

Basic Metabolic Panel      

Culture Blood      

Urinalysis w Microscopic      

Culture Urine      

Radiology      

US Renal       

XR Urethrocystography Voiding 
(VCUG)      

IV Solutions      

D5W with 0.45% NaCl and KCl 20 
mEq/l (for maintenance fluids)      

D5W with 0.2% NaCl and KCl 20 
mEq/l (for maintenance fluids)      

D5W with 0.45% NaCl and KCl 10 
mEq/l (for maintenance fluids)      

D5W with 0.2% NaCl and KCl 10 
mEq/l (for maintenance fluids)      
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lactated ringers (lactated ringers 
with fluid bolus)      

sodium chloride 0.9% (normal 
saline fluid bolus)      

Heparin lock (Heparin lock IV line 
when taking adequate PO)      

Medications      

Analgesics      

acetaminophen (10 mg/kg, PO, 
q4h, PRN Fever For temp greater 
than 38.3 C) 

     

acetaminophen (10 mg/kg, Per 
Rectum, q4h, PRN Fever For temp 
greater than 38.3 C) 

     

Antibiotics      

ceftriaxone  (50 mg/kg, IV, 
Injection, q12h)      

ampicillin (50 mg/kg, IV, Injection, 
q6h Reconstitute with sterile water 
or normal saline to produce a final) 

     

gentamicin (2.5 mg/kg, IV, q8h For 
IV: This drug requires therapeutic 
monitoring, do NOT adjust) 

     

Topicals      

pentafluoropropane/tetrafluoroeth 
topical (Pain-Ease) (1 application, 
Topical, Spray, Unscheduled, PRN 
Needle Sticks) 

     

lidocaine topical (LMX4) (1 
application, Topical, Cream, 
Unscheduled, PRN Needle Sticks) 
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lidocaine/prilocaine topical (Emla) 
(1 application, Topical, 
Unscheduled, PRN Needle Sticks) 
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ADDITIONAL PARTICIPANT DEMOGRAHPICS 

 

Mean Years Since 
Medical 

Mean Years Since 
Nursing 

Mean Years in Pediatrics 
(SD) 

School (SD) School (SD)  

4.80 (6.67) 24.71 (11.74) 24.43 (11.67) 

 

Area of Practice N (%) 

General Pediatrics 54 (75%) 
Medicine/Pediatric Specialty 5 (6.90%) 
Student 12 (16.70%) 
Other 1 (1.40%) 

 

Trained On EMR N (%) 

Yes 47 (65.30%) 
No 24 (34.70%) 

 

Hours Per Week On EMR N (%) 

0 – 1 hours per week 0 (0%) 
2 – 6 hours per week 9 (12.50%) 
7 – 14 hours per week 12 (16.70%) 
14 – 24 hours per week 7 (14.90%) 
25 – 40 hours per week 11 (23.40%) 
Over 40 hours per week 8 (17.00%) 
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INSTRUCTIONS AND GENERAL DESCRIPTION 

 
 
 
Thank you for taking the time to participate today.  We will ask you to complete a short 
background questionnaire (e.g. age, gender, years in practice, etc) and admissions orders 
for six fictitious patients.  You will admit the six patients using a mockup of the 
PowerChart© © EMR.  This mockup EMR was designed to be comparable in appearance to 
the EMR currently used by Children’s Mercy Hospital, however, it does not have the 
complete functionality to which you might be accustomed (e.g. dosing recommendations, 
access to medical literature, etc). We are only interested in the items you would order for 
the patient described, not necessarily specifics such as calculating the dosage of 
medications.  In this exercise you will not have to calculate dosing or frequency of 
medications.  In short, we ask that you only select the options you would normally order to 
successfully complete a patient admission, ignoring for now dosing protocols and the like. 

The mockup design will vary slightly across the six PowerChart©. We will be testing 

the impact of default selections on physician workflow. Therefore, in some of the 

PowerChart©, different options will be pre-selected. You simply need to click on the box to 

de-select the option if you would not order it for that patient. However, in other 

PowerChart©, no options will be pre-selected, and you will need to indicate your choices 

by clicking the desired box(es).  
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If there are no questions, please turn the page to begin the demographic 
questionnaire. 

In the following section, you will be asked to admit six fictitious patients to the 

hospital using one of the PowerChart© EMR mockups.  Please complete each admission 

before moving to the next patient.  To admit the first patient: 

1.) Read the fictitious patient history on the following page 

2.) Bring up the associated mockup EMR by clicking on the minimized program on 

the far left of the bottom toolbar 

3.) Enter the participant number _____ 

4.) Complete the admission orders using the mockup EMR as you would the 

PowerChart© EMR 

a. Select options you wish to order by checking the box next to the item 

b. When ready to submit, click “Orders for Signature” on the bottom right 

c. Confirm the order by clicking “Sign Order” 

 

Repeat this procedure for the remaining five patients. 
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PHYSICIAN DEMOGRAPHIC QUESTIONNAIRE 

 
 
 
Thank you for taking the time to participate in this experiment.  Below, you will be asked to 
provide us with some information about yourself.  Please take a moment to complete the 
following questionnaire.  
 
What is your age? 
__________ 
 
What is your gender? 
 
Male Female 

  
 
What is your classification? 
 
Medical Student Intern Resident Practicing Physician 

    
 
How many years have you been in the field of medicine since your graduation from medical 
school (if you have not graduated from medical school, please reply with "0")? 
__________ 
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In what area of medicine do you practice (please mark one)? 
 
General Pediatrics 

       
What percent of your clinical time 

is spent in the below areas? 
 

 
Inpatient 

 
_______% 

Outpatient 
Clinics 

_______% 

Urgent 
Care/ED 
_______% 

General Internal 
Medicine 

 

Ob/Gyn  
General Surgery  
Surgical Specialty  
Medicine/Pediatric 
Specialty 

 

Radiology  
Other (please specify)  Other: _______________________ 

 
Did you use an Electronic Medical Record during your medical school training (if no, please 
skip to the end of questionnaire)? 
 
Yes No 

  
 
If yes, what is the average number of hours per week that you used the Electronic Medical 
Record over the course of all your rotations when treating patients? 
 
0 – 1 hours per week  
2 – 6 hours per week  
7 – 14 hours per week  
14 – 24 hours per week  
25 – 40 hours per week  
Over 40 hours per week  
 
 
Thank you for providing us with the above information.  Please turn to the next page in this 
packet to begin the experiment.  
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NURSE PRACTITIONER DEMOGRAPHIC QUESTIONNAIRE 

 
 
 
Thank you for taking the time to participate in this experiment.  Below, you will be asked to 
provide us with some information about yourself.  Please take a moment to complete the 
following questionnaire.  
 
What is your age? 
__________ 
 
What is your gender? 
 
Male Female 

  
 
What is your classification? 
 
Medical Student Intern Resident Practicing Physician Nurse Practitioner 

     
 
How many years have you been practicing as a nurse practitioner? 
__________ 
 
How many years ago did you graduate from Nursing school? 
__________ 
 
How many years have you worked with the pediatric age group? 
__________ 
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In what area of medicine do you practice (please mark one)? 
 
General Pediatrics 

       
What percent of your clinical time 

is spent in the below areas? 
 

 
Inpatient 

 
_______% 

Outpatient 
Clinics 

_______% 

Urgent 
Care/ED 
_______% 

General Internal 
Medicine 

 

Ob/Gyn  
General Surgery  
Surgical Specialty  
Medicine/Pediatric 
Specialty 

 

Radiology  
Other (please specify)  Other: _______________________ 

 
Did you use an Electronic Medical Record during your nursing school training (if no, please 
skip to the end of questionnaire)? 
 
Yes No 

  
 
 
If yes, what is the average number of hours per week that you used the Electronic Medical 
Record over the course of all your rotations when treating patients? 
 
0 – 1 hours per week  
2 – 6 hours per week  
7 – 14 hours per week  
14 – 24 hours per week  
25 – 40 hours per week  
Over 40 hours per week  
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CONTROL CONDITION EMR MOCKUPS 
 
 
 

 
Febrile Illness 
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Bacterial Pneumonia 
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Bacterial Pneumonia (continued) 
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Kawasaki’s Disease 
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Failure to Thrive 
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Pyelonephritis 
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Gastroenteritis 
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ALL CONDITION EMR MOCKUPS 

 

Febrile Illness 
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Bacterial Pneumonia 
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Bacterial Pneumonia (continued) 
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Kawasaki’s Disease 
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Failure to Thrive 
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APPENDIX G (continued) 

 

Pyelonephritis 
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APPENDIX G (continued) 

 

Gastroenteritis
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APPENDIX H 

RECOMMENDED CONDITION EMR MOCKUPS 

 

Febrile Illness 
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APEENDIX H (continued) 

 

Bacterial Pneumonia
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APEENDIX H (continued) 

 

Bacterial Pneumonia (continued)
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APEENDIX H (continued) 

 

Kawasaki’s Disease
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APEENDIX H (continued) 

 

Failure to Thrive
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APEENDIX H (continued) 

 

Pyelonephritis 
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APEENDIX H (continued) 

 

Gastroenteritis
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APPENDIX I 
 

COST OF EACH LABORATORY TEST 
 
 
 

Laboratory Test Cost ($) 

Albumin Level $9.20 
Amino Acid Quant Complete $69.00 
Basic Metabolic Panel $42.50 
Blood Gas Arterial $29.98 
C Reactive Protein $11.20 
CBC  w/Differential $19.00 
Cell Count Body Fluid $20.00 
Culture Blood $8.50 
Culture Body Fluid w/Stain $7.35 
Culture Cerebrospinal Fluid & Stain $5.80 
Culture Stool EC 0157 $9.30 
Culture Stool Ples/Aero $5.36 
Culture Stool Vanc Resist Entero $6.80 
Culture Urine $5.36 
Culture Viral CSF $21.64 
Culture Viral Miscellaneous $58.47 
Culture Viral Miscellaneous Body $51.47 
Culture Viral Miscellaneous Cunjuctiva $67.50 
Culture Viral Miscellaneous Tissue $51.47 
Culture Viral Respiratory $67.50 
Culture Viral Stool $23.90 
EBV Ab Profile $34.32 
Glucose Level Body Fluid $10.80 
Glucose Level CSF $10.80 
Hepatic Function Panel $40.60 
Lactate Dehydrogenase Body Fluid  $10.80 
Occult Blood Feces $5.00 
Organic Acids Urine $70.00 
PCR Enterovirus RT $76.83 
pH Body Fluid $29.98 
Protein Level CSF $12.10 
Protein Level Total $13.11 
Rapid Ag Flu A/B $20.05 
Rapid Ag RSV $17.15 
Sed Rate $10.00 
Sweat Chloride $51.21 
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APPENDIX I (continued) 
 
 
 

Thyroid Stimulating Hormone Algorithm $32.50 
Urinalysis w Microscopic  $10.00 
WBC Feces $5.00 
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APPENDIX J 

HISTOGRAMS OF DATA 
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APPENDIX J (continued) 
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APPENDIX J (continued) 
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APPENDIX J (continued) 
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APPENDIX J (continued) 
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APPENDIX J (continued) 
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APPENDIX J (continued) 
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APPENDIX J (continued) 
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