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Abstract: In outpatient appointment scheduling systems, it is commonly found that, on one hand, patients are dissatisfied 
with long waiting, and on the other hand, providers attempt to increase utilization and reduce overall cost. In particular, no-
show patients that cause demand variation and reduce provider productivity are one of major reasons to degrade clinics’ 
overall performance. To overcome such a challenging issue, overlapping and double-booking appointments, which are used 
to reduce the variation and mitigate the productivity loss caused by no-show patients, have been introduced in the literature. 
However, an integrated system, designed based on specific environment factors, is not further investigated yet. In this study, 
we propose an appointment scheduling system integrating overlapping and double-booking appointments. A discrete event 
simulation model is developed to simulate an outpatient clinic with multi-providers, scheduled patients, and walk-in patients. 
High and low levels of no-show patients are considered, respectively. Various scheduling methods are employed and 
compared in terms of the patient throughput and the total cost of the system. The results reveal that the outpatient 
appointment scheduling system integrating double-booking and overlapping appointments leads to the most improvement. 
Compared to a baseline scenario with high no-show level, the patient throughput is increased by 32% and the total cost is 
decreased by 20%. However, the scheduling systems are not beneficial at low no-show level as the same as high no-show 
level. It is suggested in future work that other methods, such as an appointment reminder system, can be considered to 
improve the performance of systems at low no-show level. 
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1. Introduction 
 
Outpatient clinic has greatly become important in healthcare systems (De-Lathouwer and Poullier, 2000). It relates 

to the increase of focus on preventive care and the decrease of hospital length of stay (Cayirli and Veral, 2003). In outpatient 
clinics, a patient appointment scheduling system is an essential infrastructure to manage patient access to outpatient service. 
Its function is to assign patients to available time slots when patients’ calls for service are received. Effective appointment 
scheduling systems can provide patients with sufficient access to clinic service while appropriate resource utilization (e.g., 
providers) is maintained. Balancing between the number of daily scheduled patients and their waiting time is a key. 
Reasonable waiting time can ensure that patients will continue to use the clinic service. In addition, provider’s idle time 
needs to be relatively short due to cost consideration. Previous studies applied a cost-based measure that takes into account 
patient’s waiting time, provider’s idle time, and overtime of providers to evaluate the effectiveness of an appointment 
scheduling system (Cayirli and Veral, 2003; Anderson, 2012).  

Patient’s no-show (NS) is a critical uncertainty that degrades clinics’ overall performance, which is common in 
many outpatient clinics. Patients might not show up during scheduled appointments for certain reasons. Therefore, patient 
demand with a variation is not easily monitored and appointment scheduling systems cannot be effectively managed. For 
example, clinics may lose revenue because providers become idle during NS time period and other patients are not able to 
access to scheduled appointment slots.  

In order to mitigate the negative effect of patient’s NS, there are various appointment scheduling systems designed 
with different rationales, such as open access scheduling (Kopach et al., 2007; Lee and Yih, 2010; Peng et al., 2013), double-
booking (DB) scheduling (LaGanga and Lawrence, 2007; He et al., 2013) and overlapping scheduling (Anderson, 2012; 
Cayirli et al., 2012). The key concept of open access is “do today’s work today” (Peng et al., 2013). Therefore, a portion of 
appointment slots will be reserved for patients who need same-day appointments, while the rest of slots are scheduled in 
advance for long-term appointments. A DB scheduling system attempts to create patient inventory for clinic services. The 
concept is to schedule more than one patient for an appointment slot such that the slot will be occupied by the patient present 
during the appointment if other patients do not show up. An overlapping appointment system attempts to reduce provider’s 
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