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Abstract 

With proper design, computer-based documentation systems (CBD) can support team-based care and promote 

workflow efficiency. However, it is unclear what factors to consider in designing an effective workflow-enabled 

CBD system. In this study, we empirically evaluated how the design of a CBD system, developed for a pediatric 

cardiology unit, affects clinicians’ work. The results demonstrate that the system facilitated clinical workflow 

efficiency, primarily due to the design principles of integration and work structuring. Results may inform the future 

design of CBD systems and other types of heath IT systems.   

Introduction 

Computer-based documentation (CBD) activities include recording patient history, observations, care plans, or 

medications using computer-based tools. Similar to other types of health IT systems, introducing carelessly designed 

or implemented CBD systems may undermine workflow efficiency and therefore increase the likelihood of users’ 

disapproval of them. While the design of CBD systems influences the performance of individual clinicians, it may 

also have an impact on the performance of the entire team; the clinical environment is highly cooperative and CBD 

systems frequently serve as a fundamental resource in guiding the sequence of care actions and decision-making 

processes. Cusack et al. (2013) have highlighted the need to develop CBD systems to “support team-based care and 

associated workflows”. However, few studies have investigated how to properly design a workflow-facilitating CBD 

system. Although Rosenbloom et al. (2006) have identified five general cognitive factors affecting care providers’ 

perceptions of CBD systems, more research is needed to bridge the gap between these factors and concrete design 

guidelines and principles. In this study, we developed a CBD system and observed its impact on workflow 

efficiency. The influential design factors were then investigated using both qualitative and quantitative methods. 

Method 

The study was conducted in a pediatric cardiology unit at a large academic medical center. The CBD system is used 

for documenting 24-hour ambulatory cardiac monitoring sessions (or “Holter studies”) as well as clinicians’ 

interpretations of the monitoring results. A Holter is a small portable electrocardiography (ECG) device that 

continuously records a patient’s heart rhythm. In 2011, one of the physicians in the care team initiated a project to 

redesign a legacy CBD system to increase the stability of access and resolve many technical issues due its outdated 

programming structure. New features were also added during the development process based on the suggestions 

made by the lead physician and the development team. The redesign, however, neither aimed to change the 

workflow nor to modify the backend database schema. The new CBD system described in this paper was deployed 

in October 2012. Data collection for this study involved gathering four milestones dates of the monitoring sessions 

captured in the application. Additionally, semi-structured interviews were conducted to investigate factors affecting 

an observed change of the workflow efficiency. The interviews include two female technicians, two male fellows, 

and two male attending physicians so as to reflect the various roles in the care team. The interview data were audio-

recorded and transcribed verbatim to facilitate analysis.  

The key measure of interest was workflow efficiency, which was operationalized using a key performance indicator 

used by the care team: the turnaround time (number of days) from ordering a Holter monitor to the completion of the 

report. This measure can be further decomposed into three workflow stages. In the first stage (Order-Return), a 

physician sends an order for a Holter study to a technician, who then places the monitor on the patient while 

instructing the patient in its use. In the second stage (Return-Process), the device is returned to the technician, who 

then drafts a preliminary report and enters data into the target CBD system. In the third stage (Process-Verification), 

a fellow and then an attending review and verify the record. The verification produces a final report and makes it 

part of the patient’s legal medical record. The final report is sent to the ordering physician and any other care 

providers associated with the patient.  

This study compared the turnaround time of the 24 months prior to the launch of the new system to that of the 12 

months after routine, saturated use was established three months after initial deployment. The difference in 

turnaround time was examined by ANOVA and TukeyHSD test with 95% confidence interval. In addition to 

statistical analysis, semi-structured interview data were coded by the first author using in-vivo and evaluation coding 

in QDR Minor Lite. This study received an IRB exemption [HUM00084747]. 



Results 

Table 1 summarizes the change in workflow efficiency before and after the deployment of the new CBD system. 

The overall turnaround time was improved by 18% (-5 days) comparing to that prior to the system deployment. The 

time reduction was mainly attributed to that in Stage 3, Process-Verification (-7.5 days). Surprisingly, technicians 

spent significantly more time after the new system was launched in Stage 2, Return-Process (+4.4 days). Although 

time efficiency was improved in Stage 1, it was not attributable to the CBD implementation as Stage 1 does not 

involve documentation. 

Table 1 – Change in workflow efficiency  

Period # Records Stage 1 

Order-Return 
Stage 2 

Return-Process 
Stage 3 

Process-Verification 
Overall 

Turnaround 

D-24 953 7.44 1.44 17.86 26.74 

D-12 1176 8.81 2.57 * (+78%) 16.64 28.02 

D+12 1315 6.93 * (-21%) 6.92 * (+151%)   9.14 * (-45%) 22.99 * (-18%) 

* Significantly higher/lower than its previous period, p < 0.05 

Qualitative interviews revealed that a primary factor contributing to workflow efficiency improvement was the 

design principle of INTEGRATION. Table 2 shows users' perspectives regarding the change in integration between 

the old and new systems. As Table 2 shows, integration made the patient demographics and related documents 

immediately available in one space and hence increased time efficiency in completing work tasks. Moreover, the 

new system allowed clinicians to browse all previous studies under the same patient in chronological order so that 

the linked documents and reports constitute a temporal trajectory of a patient case. This creates a critical basis for 

clinicians to situate and make sense of current findings. 

Table 2 – INTEGRATION design principle 

Category Code Old System New System 

INTEGRATION INTEGRATE 

GENERAL 

Again, multiple, multiple steps for one case. 

That is cumbersome. There is a lot of 
information that should be auto uploaded. 

On the whole, I am actually really like to new 

application that we are using better than the old 
system. I think it is nice everything is on one screen. 

INTEGRATE 

PATIENT 

DEMOGRAPHICS 

I think having to type in demographic 

information, when that is electronically 

available, is very unnecessary. 

In the current system, again, everything is linked. 

INTEGRATE 

DOCUMENTS 

AND FACILIATE 
BROWSING 

In the old system, I had to go another 

database to see the PDFs of the actual Holter. 

I have two screens (LCD monitors). If you 
have one screen, that will be painful. 

If you want to look at the PDF, we attached there. 

They can just pull up the look at. Same as previous 

ones, you know, they are usually attached so you 
don't have to go through all that. 

Interview data also revealed that the design principle of WORK STRUCTURING served to explain the 

improvement in workflow efficiency. Specifically, the email reminder and the to-do lists generated by the new 

system contributed to the increase in time efficiency in Stage 3 (Process-Ver.). For example, one attending physician 

pointed out the usefulness of new to-do lists: “I know that not only I can go through them quickly and see the reports 

very smoothly, but I know when I read one, I can see that I have just six left to do. It is just very easy to knock off 

these six.” Finally, the technicians asserted that the decrease in time efficiency in Stage 2 was not due to the CBD 

implementation but the growing imbalance between the manpower and the workload of the technician team.  

Conclusion 

We observed a positive impact of a CBD system on the workflow efficiency and used MIXED methods to examine 

the design principles that were linked with this impact. Analyses revealed two principles supporting improved 

workflow efficiency: 1) integration, including:  representation of all data on one screen; combination of data from 

multiple sources; and temporally-ordered integration of multiple files; and 2) work structuring via reminders and to-

do list displays. These principles provide a practical bridge to two cognitive factors identified by Rosenbloom et al 

(2007): “the perceived time and effort required for documentation (time efficiency)” and “access to other documents 

or relevant information that helps generate a new note (accessibility)”.  
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