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Abstract. Quality of care and patient satisfaction are important aspects of high
standard care. If clinical staff is subject to an elevated workload there is a possible
decrease of both. This justifies the development of tools to quantify the workload
and to find organizational changes that will normalize it. We have previously
developed a simulation system to quantify the workload of the staff working in a
regional reference center for the treatment of bleeding and hemorrhagic disorders.
The goal of this new work is to simulate, through an agent-based model, the impact
of adding a physician to the staff. Ten sets of initial parameters were defined to
simulate ten typical weeks. Results show that the introduction of the new physician
together with a second ambulatory room can reduce the workload of all the staff to
the expected 8-hour. In this situation, in which the staff workload does not exceed
the daily capacity, we may suppose that an increase in the quality of care and patient
satisfaction will be possible.
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1. Introduction

The effects of an exaggerated workload for physicians and clinical staff have been widely
explored in literature. The quality of care was proved to be negatively impacted by high
workloads in terms of clinical outcomes, patient safety and mortality (1-3), but also the
patient-physician interaction and the consequent patient satisfaction (3,4) strongly suffer
from high workload. Hence, the quantification of the physicians’ workload, along with
strategies for reducing it, are issues worth of being explored.

Nevertheless, strategies for reducing the workload of clinical staff typically involve
organizational changes which may be difficult to implement for economic or logistical
reasons. In this context, simulations represent a valuable tool to evaluate the effect of the
changes before putting them in place (5,6).

In a previous work (7), we have designed and tested an Agent-based model of the
activities of a reference center for the treatment of hemorrhagic and bleeding disorders
located at the “Citta della Salute e della Scienza” hospital in Turin, Italy. The center staff
consists of two specialized physicians whose average workload accounts for over
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10.2 hours a day, as quantified through on-field studies and data collection (8). In
particular, from the on-field data collection, we found that the bottleneck of the daily
organization of the activities of the physicians is the ambulatory care. Thus, we have
simulated the impact of increasing the number of ambulatory rooms, using the staff
currently available in the center, but found that it was not sufficient to reduce the daily
physicians’ workload to the expected 8 hours (7).

The goal of this novel work is to simulate the effect of adding both a new ambulatory
room and a third physician to the center staff. In particular, we aim at quantifying if these
two conditions together can reduce the physicians’ workload down to a regular 8-hour
shift and at investigating its further potential positive effects to the logistics of the center.

2. Materials and Methods
2.1. ABM model

The Agent-based model (ABM) we used for the study was developed and implemented
using NetLogo 6.1.0 platform (9) for its simplicity in use, scalability and computational
modelling strength (10,11).

We defined three types of agents (physician, outpatient and inpatient) who move and
act in a simulation environment defined accordingly to the scaled map of the real hospital.
We modelled 7 processes (Ambulatory care; Consultations, required from both other
departments and other hospitals; Administrative procedures; Therapeutic plans; Clinical
protocols; Interruptions during ambulatory care, mainly due to requests of phone advice;
Other activities, such as research and teaching) and defined the model parameters
statistically using previously collected data.

2.2. Dimensioning of the workload of the additional physician

The simulation developed in Netlogo modeled activities included in all processes
previously mentioned. The activities were scheduled during the five working days
differently for each physician and we call this schedule agenda.

The agenda of the two physicians currently enrolled in the center was organized
taking into account their weekly organization of the activities. For the new physician, we
defined a daily agenda coherent to that of the other two physicians, but we charged
him/her only with the three core activities of the center: ambulatory care, internal advice
and management of the therapeutic plan. Consequently, only these three processes were
simulated for the third physician.

Since ambulatory care is the main cause of the higher workload, we dimensioned
the worktime of the third physician with the scope of reducing the number of ambulatory
patients assigned to each physician to the maximum allowed by the 4-hour time slot.

We quantified the average number of exceeding patients day-by-day for each
physician. Then, we assigned the weekly average exceeding patients to the third
physician and computed the corresponding number of ambulatory care slots needed to
manage these patients. We then defined the agenda of the third physician day-by-day,
considering two ambulatory rooms available for the center, to be used simultaneously.

Concerning internal advice and management of the therapeutic plans, we divided the
daily number of patients equally over the three physicians.
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2.3. Design of the simulations

The changes described in the previous section were implemented starting from the
simulation model described in (7) and adding a new agent of type “physician”. In the
simulation environment, this new agent performed the activities according to his
scheduled agenda. No modifications to the model were made concerning either the model
rules or the statistical definition of the simulation parameters. This choice was dictated
by the will of maintaining the context coherent with the actual center organization.

We simulated the impact of the introduction of a third physician to the center staff
over ten simulated weeks. The period of a week was chosen because most activities of
the center are planned and scheduled on a weekly basis. The weeks were simulated by
randomly defining 10 sets of initial parameters.

Validation was performed comparing the simulation results with the data previously
collected on field. The results of the three simulations were statistically compared using
a one-way ANOVA (0=0.05) followed by a post hoc Bonferroni test.

3. Results and Discussion

3.1. Model Validation

Figure 1 shows the validation results. In particular, the partition of the average time daily
dedicated to each process is presented, as obtained respectively in a) the collected data
and b) the results of the simulations.

a) Collected Data b) Results of the simulation
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Figure 1. Comparison of the time dedicated to each process in the collected data (a) and the results of the
simulations (b).

Data shown in Figure 1 refer to the overall time dedicated to each process, i.e. the
sum of the time dedicated by each physician. In other words, it represents the overall
center workload during an average week. The results show that the model is capable of
accurately reproducing the center average workload, both in its absolute value and in
terms of partition of the activities.
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3.2. Results of the simulations

Figure 2 presents the results of the new scenario (green bars) compared to the actual
situation (blue bars) and the scenario where only an additional ambulatory room was
added (yellow bars). The comparison was performed day-by-day and in average over the
five weekdays. Values are reported in terms of mean and standard deviation over the 10
simulations.
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Figure 2. Simulated daily workload, averaged over the physicians, in the three scenarios (current scenario,
introduction of a secondary ambulatory room, introduction of a new physician together with a second
ambulatory room). Bars and whiskers represent the mean and the standard deviation over 10 simulations,
respectively.

The results presented above confirm that the introduction of a third physician leads
to a drastic reduction of the average daily workload. This is also supported by the results
of the ANOVA (p<0.001). In particular, the post hoc Bonferroni test shows that only the
last scenario (new physician with second ambulatory room) is statistically different from
the other two.

To have a deeper insight into the effects of the organizational change to the workload
of physicians, the daily workload divided per physician is presented in Figure 3 (mean
and standard deviation over the 10 simulations).
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Figure 3. Simulated daily average workload for each physician after the introduction of the new physician
together with a second ambulatory room (bars and whiskers represent the mean and the standard deviation
over 10 simulations, respectively).
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The daily workload is not equally distributed over the weekdays because the
physician agenda was not optimized. The average results show that, with some further
changes in the weekly scheduling, normal shifts can be achieved and that there is the
possibility to increasing the quality of care for example reducing the waiting lists for
ambulatory visit or having more time to participate in clinical trials.

4. Conclusions

This work presents the last part of a project aimed first to quantify the workload of center
actual staff and then to simulate the impact of different scenarios in reducing the
workload of the staff. In a previous work (8), we presented the process modeling and the
data collected during ten weeks that gave evidence of an average workload definitely
higher than normal. The results of our simulations show that with two ambulatory rooms
and another physician the average daily workload of each physician is reduced from 10
hours to normal. In this situation, in which the staff workload does not exceed the daily
capacity, we may suppose that an increase in the quality of care and patient satisfaction
will be possible.
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