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Summary 

This paper presents an approach to solving problems of interruptions and multitasking 
in inpatient pharmacy processes of a large hospital centre, which is based on statistical 
modelling and simulations. The approach is applied to the process of receiving deliveries 
(from suppliers) to determine the feasibility of improvements in the organization of work. In 
the initial phase of research, data on the deliveries from suppliers were collected during the 
time study and a typical daily load on the pharmacy staff and infrastructure in the current state 
was simulated. Subsequently, a new organizational model, which included two defined blocks 
of time for delivery, was suggested and three simulation scenarios were created to examine 
the effects of new organization of work on daily activities. Finally, a comparison of system 
constraints and results obtained by the simulation models confirmed the feasibility of the 
proposed improvements. By implementing the new organization of work, it will be possible to 
avoid overlapping in pharmacy processes, which will reduce interruptions to work and the 
need for multitasking and will finally result in fewer errors in work. 

Key words: inpatient pharmacy, process improvement, statistical modelling and 
simulation, supplier arrivals, goods receiving process 

1. Introduction 
From the organizational and infrastructural perspective, hospitals are complex systems 

whose quality of services and efficiency depend on the interaction between various processes. 
Some of the main processes in a hospital are logistics processes which are complex [1] and 
have a significant impact on costs. With their contribution of up to 30% in the costs of a 
hospital [2], they represent the second highest costs, immediately after the cost of hospital 
staff salaries. There is the potential to cut this cost in half by managing the logistics processes 
well. The main part of the hospital logistics processes is a hospital pharmacy contributing up 
to 80% in the total hospital logistics cost [3], which also has an impact on the service quality 
of other hospital departments (e.g. waiting time for medication distribution) [4]. Although a 
pharmacy has a significant role in the operational efficiency of the hospital, there are still 
problems with measuring its efficiency [5]. Activities and processes of the hospital pharmacy 
could be divided into two types of services: distributive and clinical [5]. The main activities of 
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the hospital pharmacy include procurement, storage, and distribution of goods and dose 
preparation for the dispensation of medications [6]. In this paper, the process of receiving 
deliveries from a supplier in the inpatient pharmacy of a large hospital centre has been 
explored. In the observed pharmacy, certain problems were detected, such as errors in the 
receiving and issuing of goods, interruptions to work, and a constant need for multitasking, 
which was perceived by employees as an increase in their workload. These problems were 
attributed to the current organization of work that caused overlapping in the pharmacy 
processes. 

1.1 Literature review 
To stress the importance of the researched subject, we have done a literature review to 

learn how these types of problems in a pharmacy are dealt with and to identify approaches 
used to improve pharmacy processes. We organized papers based on the afore-mentioned 
problems in a pharmacy into three main topics: 1) effect of medication-related errors, 2) effect 
of work interruptions, and 3) effect of workload on employees. 

When considering the impact of an inpatient pharmacy on the hospital, it is important to 
mention that Wittich et al. [7] recognized medication errors and errors related to the process 
of administration and management of medication as important causes of death of patients (1 
of 854 inpatient deaths is connected to medication errors). Keers et al. [8] found through their 
literature review that a pharmacy contributes to medication errors through delayed deliveries, 
incorrect dispensation of medication and unavailability of the required medication in stock. 
Behzad et al. [9] used the USA healthcare system as an example to show the importance of 
medication errors and mentioned that medication-related errors cost the nation at least $3.5 
billion per year. They also believe that improvements in the pharmacy processes can reduce 
these costs. 

Interruptions and distractions at work are recognized by pharmaceutical technicians as 
factors that have the biggest impact on the medication preparation errors in a pharmacy [10]. 
These factors also prolong the time required for standard activities done by pharmacists and 
pharmaceutical technicians by 27% on average [11]. Additionally, results in [12] indicated 
that errors during the dispensation of medication are related to the process of organization of 
work, system for dispensation, work interruptions, and staff workload. The conclusion made 
by Lea et al. [13] is that interruptions, multitasking, and task-switching could be minimized 
by changes in the organization of work. 

There is evidence that heavy workload affects the quality of services provided by 
pharmacists. It also affects their physical and mental condition [14]. Research findings in [15] 
showed that the main factors influencing the stress of pharmacy employees are insufficient 
number of employees(heavy workload), frequent breaks and interruptions in work, and the 
need to work with third parties (e.g. suppliers). The consequences of stress, on the other hand, 
are work dissatisfaction, absenteeism, and workforce fluctuation. 

Different approaches to pharmacy process improvement have been found in literature, 
including implementation of automation [16], simulations and mathematical optimization 
[17–26], and improvement methodologies [27–29]. James et al. [16] investigated the 
influence of automation on reducing errors in dispensation of medication. The authors showed 
that automation increases productivity by 43%, but that it also reduces dispensation errors by 
56%, although other types of errors occur (e.g. labelling errors). 

Lu et al. [17] investigated a hospital pharmacy at a Community hospital and simulated 
the process of delivery of a medications ordered by the hospital. Results obtained from the 
simulation model were used as a recommendation to improve the delivery of medications 
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ordered by the hospital. The results implied a possible reduction in the delivery time by 20%. 
Hong Choon et al. [18] used simulation models to investigate connections between different 
scheduling strategies in the outpatient pharmacy and the patient waiting time. Based on 
simulation model results, Greenroyd et al. [19] recommended a new layout of a pharmacy that 
should result in a reduction in the walking time of the pharmacy employees by 24%. Day et 
al. [20] proposed an appropriate staffing level in a pharmacy based on the simulation results 
with the goal of reducing the patient waiting time. They concluded that it is possible to reduce 
the waiting time to only 30 seconds by increasing the number of employees responsible for 
the process from 2 to 6. Bahadori et al. [21] used queuing theory to assess the current state of 
outpatient pharmacy processes. Subsequently, a simulation model was used to define the 
appropriate staffing level in the process of delivery. It is interesting to notice that they are 
talking about the benefits of multitasking and task switching, although only theoretically. 
Using the simulation model with 18 different scenarios, Spry and Lawley [22] investigated 
the impact of the number of employees and scheduling on the average time of pharmacy 
medication delivery. Sawik [24–26] did extensive research regarding the allocation of 
personnel to supporting services in a hospital, including pharmacy services. He used multi-
criteria mathematical optimization with the objective of minimizing operating costs of 
supporting services and maximizing the total number of employees in the case of a bi-
objective model. In the case of a triple-objective model, the defined objective was the 
minimization of operating costs of supporting services and the maximization of the total 
number of employees and of the total number of permanent employees. Results of the 
research showed that the number of hired workers can be reduced in almost all departments of 
the hospital. 

Jenkins and Eckel [27] used the principles of lean methodology and work and time 
studies to develop two models of possible improvement in the work processes of pharmacy 
employees. By removing activities that do not add value, the first model was able to decrease 
the non-value-added time by 55% and the other by 74%. In the study [28], the authors 
discovered that it is possible to shorten the cycle of medication delivery process by more than 
45% by applying the DMAIC approach and the 5S lean tool. Sullivan et al. [29] reported that 
it is possible to shorten the pharmacy medication delivery time by applying the value stream 
mapping and by reducing unnecessary steps in the process. 

1.2 Research purpose and objectives 
The literature review has revealed several important gaps. Firstly, research on logistics 

activities within hospitals has not got priority in literature [30], and this is particularly true of 
the logistics processes of the hospital pharmacy that still have not been sufficiently 
researched. Furthermore, the hospital external distribution and scheduling are hardly covered 
in literature [30]. Secondly, there are only a few papers that deal with improvements in 
pharmacy processes, regarding the reduction in the number of interruptions and in 
multitasking brought about by changes in the organization of work [13]. Analysis of the roots 
of errors in pharmacies is often focused just on the activities of an individual and not on the 
system and processes that lead to these errors [31]. Finally, there is still an open question 
about what to do when there are no opportunities for investment in automation, infrastructural 
changes, or new employees, and there is no structured data on the current state of the process 
so that improvements can be made immediately. 

The objective of this paper is to contribute to the research area by demonstrating an 
approach to the problems of interruptions and multitasking in the processes of the inpatient 
pharmacy of a large hospital centre. The approach, based on statistical modelling and 
simulation, solves these problems through changes in the organization of work. We used this 
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approach for determining the potential for improvement and the feasibility of implementing 
the new organization of work in the pharmacy, using the concrete example of the process of 
receiving deliveries. Our hypothesis was that such an approach was appropriate to the 
conditions in which no structured data of the current state of the process were available and 
the project had constraints regarding investments in new resources. 

In the research into the process of receiving a delivery and into the applicability of the 
new organization of work, we were guided by five questions: 

• Q1: Is there a significant variation in the number of supplier arrivals within the 
observed days? 

• Q2:  Is it possible to group deliveries using the information about the delivery 
processing time? 

• Q3:  How much time is used in a typical workday for the process of receiving 
deliveries using the available resources (employees, unloading positions, time)? 

• Q4:  What is the impact of different distributions of the supplier arrivals in defined 
blocks of time on the process of receiving deliveries on a daily basis? 

• Q5:  Is it possible to define blocks of time for receiving deliveries and still receive all 
deliveries on a daily basis? 

2. Research setting 
The pharmacy whose processes were researched is part of the largest hospital centre in 

the Republic of Croatia with 33 clinics, 1975 beds, and about a million medical cases, among 
which 72000 were inpatient medical cases according to the data from 2014. With further 
expansion of the hospital planned (building new clinic departments), the number of inpatient 
medical cases is expected to increase. This trend will consequently lead to an increase in the 
demand for services from the inpatient hospital pharmacy, such as delivery of medications 
and medical consumables to the clinics, but also to an increase in the number of supplier 
arrivals and deliveries. Investment in the construction of new clinics limits the ability to 
invest in new equipment and to hire new employees for the hospital pharmacy. The 
aforementioned facts have served as motivation to hospital management to initiate a 
performance improvement project related to the hospital pharmacy. 

In September 2015, the initial meeting was held and a team responsible for the 
pharmacy project realization was formed. The project team included a team leader, a project 
manager, pharmacy employees, and external consultants. The scope of the project was limited 
to the processes of the pharmacy, with planned project duration of 3 months. The two main 
project objectives were improvement in the delivery lead time [32] and improvement in the 
process of receiving deliveries from suppliers. In this paper, the focus is on the latter 
objective. The resources of the project were limited to the time that the staff can invest in the 
project. 

The investigated inpatient pharmacy is located in a building that was not initially 
designed for a pharmacy but was later adapted to suit its requirements. The assortment of the 
pharmacy consisting of approximately 1600 items has been divided into several areas. In the 
reception area, the pharmacy has three available positions for receiving deliveries. The 
infrastructure conditions and technological capacities of the pharmacy are not good, with a 
high volume of manual work in daily routines and processes. The current organization of 
work and infrastructural constraints of the pharmacy workspace result in physical overlapping 
of process flows of receiving deliveries and issuing medications and other ordered items to 
clinics, as shown in Figure 1. 
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Fig. 1  Pharmacy layout 

During the project, thirty-three employees were employed in the central hospital 
pharmacy, nine pharmacists, eighteen technicians, and six members of support staff. The 
pharmacy works around the clock, with the basic eight-hour shift from 8:00-16:00, and the 
rest of the time the pharmacy is on call. Deliveries are received and stored only during the 
basic shift. Two pharmacists and three technicians are charged with the tasks of issuing and 
storing medications at any time. The warehouse for medical consumables is staffed with two 
pharmacists, three technicians, and three support employees at any time. 

3. Methodology 
The selected research approach consists of four phases: 1. collection of data by carrying 

out the time study, 2. analysis of data and statistical modelling, 3. development of a 
simulation model of the current state of the process under study, and 4. evaluation of the 
process improvements obtained by new simulation models. 

3.1 Time study 
The goal of this step in the research was to collect relevant data about the supplier arrivals 

and the process of receiving deliveries. Thus, we developed a time study form which included 
the information about the date of delivery, the name of the supplier, the type of goods delivered, 
the time of arrival of goods and the time of departure from the reception area, as shown in Table 
1. In order for the time study sample to be a good representation of monthly supplier arrivals 
and deliveries, we decided to collect data during five working days: two days at the beginning 
of the month, two in the middle, and one at the end of the month. The data was recorded in a 
time period from 8 a.m. to 2 p.m., a decision that was based on our agreement with the 
pharmacy employees who claimed that deliveries after 2 p.m. are highly unlikely. 

Table 1  Time study form [33] 

# Name of 
supplier 

Type of goods  
delivered 

Date of 
delivery 

Time of 
arrival 

ta  
[h:min] 

Time of 
departure 

td   
[h:min] 

Delivery 
processing time 

tpro= td-ta  
[h:min] 

1. Supp1 Medications Day1 11:00 11:04 0:04 
2. Supp1 Medications Day2 10:49 10:51 0:02 
3. Supp2 Medical consum. Day1 10:22 10:43 0:21 
4. Supp2 Medical consum. Day2 10:07 10:09 0:02 

Types of goods delivered were divided into three groups: medications, medical 
consumables, and mixed deliveries. We calculated the delivery processing time as the 
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difference between the arrival time, i.e. the moment the supplier parked his vehicle in one of 
the three available positions of the reception area and the time he left the reception area. The 
activities included in the delivery processing time are presented in Figure 2. 

 
Fig. 2  Activities included in the process of receiving a delivery [33] 

3.2 Data analysis and statistical modelling 
From the data obtained through the time study, we calculated the sample statistics 

regarding the number of supplier arrivals during the observed days. A probability distribution 
of supplier arrivals was estimated and tested via the χ2 goodness of fit test. Information 
regarding the processing times necessary for receiving deliveries was used to make an initial 
analysis of deliveries and their clustering in separate groups. The clustering was carried out by 
the k-means method [34,35]. We varied the centre parameter of the k-means algorithm 
between values of 2, 3 and 4 while setting the maximum number of iterations to 20. The 
algorithm was started 20 times for each selected value of the centre parameter with the 
purpose of ensuring a stable solution; i.e., to see if we get approximately the same cluster 
structure and centres. Differences in the delivery processing times of formed groups obtained 
by the k-means method were formally tested by Mood's median test. This type of test was 
used because the recorded data did not correspond to the normal distribution, the variances 
across the groups were not equal, and a number of outliers were detected. Finally, we fitted 
the theoretical probability distributions to every delivery group, using parameters of group 
centres. The fitted distributions to distinct groups were also tested by the χ2 test. 

3.3 Simulation model of the current state 
The Monte Carlo method [36] was chosen for the development of a simulation model of 

the observed process (scenario 0 – S0). The reasoning behind this decision was based on our 
need to obtain estimates of operating characteristic of the process in a short time span using 
the limited amount of data we gathered. The idea was to simulate supplier arrivals and the 
processing times required for receiving delivered goods that occur in a typical working day in 
the pharmacy. To get good estimates of population parameters, 10000 iterations were 
conducted during the simulation process. 

Simulation process was divided into four stages: 
• Stage 1: The number of supplier arrivals per day was simulated by using distribution 

parameters of supplier arrivals. An expected number of supplier arrivals per day were 
estimated as the average of supplier arrivals of all simulation iterations. The confidence 
interval of supplier arrivals at the level of significance of 5% was determined by taking 
2.5 percentile and 97.5 percentile of all simulation iterations of supplier arrivals. 

• Stage 2: A simulation of types of deliveries per day was done using the information 
about the proportion of formed groups of deliveries obtained by the k-means algorithm. 
The simulated delivery types were then passed to supplier arrivals from stage 1. 

• Stage 3: Distribution parameters of processing times for different types of deliveries 
were used to simulate the processing times of deliveries simulated in stage 2.  
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• Stage 4: The total processing time of single iterations was calculated. The median 
value of all simulated total processing times was taken to represent the typical 
processing time per day, and interquartile range of processing times of iterations was 
used to get a range of plausible values of processing time. 

3.4 Evaluation of process improvements 
In the last phase of the research, the feasibility of daily pharmacy activities related to the 

arrival of suppliers and the process of receiving deliveries was examined in the case of 
defining two distinct blocks of time that were reserved only for this type of activity. We 
created three new simulation scenarios with common predefined two-hour blocks, the first 
block in the period from 8 a.m.- to 10 a.m. and the second from 12 p.m.to 2 p.m. 

Since four hours are available in the proposed new organization of the process of 
receiving deliveries in the studied hospital pharmacy, as opposed to six hours available in the 
existing organization of work, we have decided to check possible distributions of supplier 
arrivals and total delivery processing times by using the afore-mentioned simulation 
scenarios, which have the following properties: 

• Scenario 1: All suppliers who came during the period from 10 a.m.to 2 p.m. were 
assigned to the second block of time and the rest were assigned to the first; 

• Scenario 2: All suppliers who came during the period from 8 a.m. to 12 p.m. were 
assigned to the first block of time and the rest were assigned to the second; 

• Scenario 3: All suppliers who came during the period from 8 a.m. to 11 a.m. were 
assigned to the first block of time and the rest were assigned to the second. 

In order to define the properties of the simulation scenarios, we had to vary the 
parameters listed below: 

• the number of supplier arrivals in defined blocks of time – controlled by the mean 
parameter of probability distribution of supplier arrivals; 

• the proportion of the type of delivery with respect to the delivery processing time in 
defined blocks of time – which was set according to the information obtained from 
the collected sample about the time of arrival of suppliers and the type of delivery 
based on the formed clusters. 

After we had defined the above-mentioned parameters for each block of time in all three 
scenarios, we performed a simulation process similar to that used for the simulation of the 
current state. In each of the four stages of the simulation, each block of time was treated 
separately; an exception was the last stage where we calculated the total delivery processing 
time of single iterations for each block separately, but we also calculated the sum of total 
processing times of the two blocks. 

The feasibility of solutions obtained from the simulation models was tested using: 
• typical daily load of the observed process - based on the analysis of time study and 

statistical modelling and the results of the simulation model of the current state. The 
average number of supplier arrivals per day and the total daily processing time of 
deliveries obtained through the simulation of the current state were used for 
comparison with the results of new simulation scenarios. The Kruskal-Wallis H test 
[37] was used to test the differences between the total delivery processing times of 
new simulation scenarios and the simulation of the current state, while the pairwise 
differences were tested by Dunn's test [38,39]. 

• information about the system constraints - the time capacity of the supplier reception 
area was compared with the interquartile range of processing times for all simulation 
scenarios. 
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The simulation was carried out in the R 3.4.2, program for statistical computing [40]. 
Graphic representation of the methodology is shown in Figure 3. 

Sample 
data

Sample statistics 
regarding supplier 
arrival in observed 

days

Determining the 
probability distribution 

of supplier arrival 
(chi-squared test)

Cluster analysis of 
deliveries regarding 
delivery processing 

time (k-means)

Group 1
Determining the 

probability distribution 
of processing time 
(Chi-square test)

Test of differences in 
delivery processing 

times between 
formed clusters 

(Mood-median test)

Group 2
Determining the 

probability distribution 
of processing time
(Chi-square test)

Group 3
Determining the 

probability distribution 
of processing time
(Chi-square test)

Time 
study

 
Fig. 3  Simulation methodology 
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4. Results 

4.1 Time study 
During the time study, 162 deliveries from 48 different suppliers to the pharmacy were 

recorded. In 119 cases, medical consumables were delivered, 21 delivery contained 
medications and there were 22 mixed deliveries. The number of arrivals varied between the 
observed days as shown in Figure 4a, which was modelled as uniform distribution. We also 
noticed a variation in the number of arrivals between fixed 30-minute periods (Figure 4b), 
where the most frequent number of deliveries was 2 per 30 minutes. 

  
 Fig. 4   a) Number of arrivals in the observed days b) Number of arrivals in 30-min periods [33] 

A number of supplier arrivals were modelled to follow the Poisson probability 
distribution (parameter λ=2.7) because the p-value of 0.84 obtained from the χ2 test showed 
that we could not reject this hypothesis. 

4.2 Data analysis 
The processing time of deliveries, which was an input to the k-means algorithm, gave 

the most stable results when the centre parameter was set to 3. The formed delivery groups 
were divided into small, medium, and large, based on the value of the group centre mean. In 
the collected sample, there were 123 small deliveries, 33 medium deliveries, and 6 large 
deliveries, as shown in Figure 5. 

    
Fig. 5  Types of deliveries according to the processing time [33] 
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Mood's median test confirmed that there are significant differences in the processing 
times between the clustered delivery groups, while the post-hoc tests implied that all the 
groups are considerably different from each other according to the p-values of pairwise 
comparisons (small-medium p-value=2.87·10-13, small-large p-value=5.71·10-3, medium-large 
p-value=8.32·10-3). Statistically significant differences between the groups indicated that 
deliveries are from different populations, so their processing times needed to be modelled 
separately. Parameters of group centres (Table 2) obtained by the clustering method were 
used to estimate the population parameters of processing times for each group. 
Table 2  Parameters of group centres [33] 

Parameter \ Group Small Medium Large 
Mean 4.715 21.433 110.833 
Std. deviation 3.474 7.065 50.261 
Range 1 - 14 15 - 56 68 - 187 

Lognormal distribution was the best fit for the processing time of small deliveries with a 
p-value of 0.42 obtained in the goodness of fit test. The processing times of medium 
deliveries were modelled as lognormal because the hypothesis of lognormal distribution could 
not be rejected in the χ2 test as suggested by the p-value of 0.26. The goodness of fit test for 
large deliveries was inconclusive because a small number of deliveries belonging to this 
group were observed. The decision was to fit large deliveries to the lognormal distribution 
based on prior experience in the modelling of this type of processes. Population parameters of 
fitted distributions are shown in Figure 6. 

 
Fig. 6  Fitted distributions of delivery processing times for each group 

4.3 Simulation model of the current state 
The first stage of simulation resulted in 10000 iterations of supplier arrivals (Figure 7) 

that were generated by the Poisson process with the parameter lambda=2.7 and t=12 (12 
thirty-minute periods in six hours that were observed during a day). 

 
Fig. 7  Distribution of supplier arrivals in the simulation model [33] 

a) small b) medium c) large
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The range of plausible values of supplier arrivals, based on the confidence interval at a level 
of significance of 5%, calculated from all simulation iterations, was (22, 44) arrivals per day. 

The next stage connected the delivery types with supplier arrivals through a random 
number generator, using the proportion of deliveries. In the third stage, randomly generated 
processing times were added to the matching delivery types from stage 2. In the final stage, 
the total processing times of single iterations were calculated and analysed (Figure 8). 

 
Fig. 8  Distribution of processing times of iterations in the simulation model [33] 

The estimated typical daily processing time used for receiving deliveries was 6.22 
hours, with an interquartile range of (4.78, 8.16) hours based on all simulation iterations 25th 
percentile and 75th percentile. 

4.4 Evaluation of the process improvements 
Parameters of each simulation scenario that were varied, namely the average number of 

supplier arrivals in thirty-minute periods generated by the Poisson distribution - λ1 and λ2 
with t = 4 (four thirty-minute periods in each block of time), and the proportion of delivery 
types in the blocks of time are given in Table 3. 
Table 3  Parameters varied in the simulation scenarios 

Simulation  
scenario 

Block of time 1 (8 a.m.-10 a.m.) Block of time 2 (12 a.m.-14 a.m.) 

λ1 
Proportion of delivery types 
(small; medium; large) λ2 

Proportion of delivery types 
(small, medium, large) 

S1 2.20 0.730; 0.160; 0.110 5.90 0.770; 0.220; 0.010 
S2 5.25 0.800; 0.140; 0.060 2.85 0.680; 0.320; 0.000 
S3 3.90 0.808; 0.128; 0.064 4.21 0.714; 0.274; 0.012 

The distribution of supplier arrivals in block 1 for three simulation scenarios is presented 
in Figure 9. The heaviest load in the observed pharmacy process related to the average number 
of supplier arrivals in block 1 was observed in scenario 2, which was expected considering the 
assumption of scenario 2 regarding the arrival of suppliers in block 1. 

     
 a) scenario 1 b) scenario 2 c) scenario 3 

Fig. 9  Distribution of supplier arrivals in the block of time 1 for all simulation scenarios 
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The distribution of supplier arrivals in block 2 (Figure 10) indicated the largest average 
number of arrivals in the case of scenario 1. The biggest difference in the average number of 
arrivals between block 1 and block 2 was recorded in scenario 1, with 27.2% of suppliers 
coming into block 1 and 72.8% into block 2 on average. Scenario 3 was the most levelled 
scenario with an average proportion of arrivals in block 1 of up to 48.1% and up to 51.9% in 
block 2. 

     
 a) scenario 1 b) scenario 2 c) scenario 3 

Fig. 10  Distribution of supplier arrivals in the block of time 2 for all simulation scenarios 

The analysis of the total delivery processing times in block 1 (Figure 11a) indicated that 
the median of all iterations in scenario 2 is the largest, with 4.30 hours required to receive  all 
the deliveries in that block. In block 2 (Figure 11b), the largest median of the total delivery 
processing time was recorded in scenario 1 with 3.49 hours. 

  
 a) block 1 a) block 2 

Fig. 11  Distribution of the total delivery processing time for simulation scenarios in block 1 and block 2 

The significance of the differences in the distribution of the total delivery processing 
time between the three simulation scenarios was confirmed by the results of the Kruskal 
Wallis test for both blocks (p value < 2.2e-16). A comparison of the total daily delivery 
processing time between the simulation model of the current state and the three simulation 
scenarios of the new state (Figure 12) was also made using the Kruskal Wallis test. The 
results of the test showed that there are statistically significant differences in the distribution 
of the total delivery times across the compared scenarios. Dunn's test of pairwise differences 
in the distribution of the total delivery processing time of simulation scenarios showed that no 
significant differences (p value = 0.18) occurred only between the scenario S0 and the 
scenario S2. 
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Fig. 12  Distribution of the total delivery processing time for all simulation scenarios  

including the current state scenario 

Information about the interquartile ranges (IQR) of the total delivery processing time for 
each of the blocks of three simulation scenarios is presented in Table 4. These data were 
compared to the system constraints, namely the available time of the supplier reception area. 
Six hours were used as available time of the reception area in each block of time (three 
reception locations multiplied by two hours available in a block of time). 

Table 4  Interquartile ranges of total processing times 
Simulation  
scenario 

Interquartile range of processing time 
Block of time 1 Block of time 2 

S1 (1.13, 3.90) (2.76, 4.41) 
S2 (2.90, 6.07) (1.35, 2.38) 
S3 (1.99, 4.97) (2.16, 3.94) 

The interquartile range exceeds the system constraints only in the case of the first block 
of time in scenario 2, which means that more than 25% of the simulation iterations for 
scenario 2 in the block 1 resulted in total delivery processing time of over 6 hours. 

5. Discussion 
In this study, our intention was to explore possible improvements in the process of 

receiving deliveries in a pharmacy, which will lead to a reduction in work-related errors 
caused by interruptions in work and multitasking. We applied a structured approach to 
improvements based on statistical modelling and simulations focused on organizational 
changes in the pharmacy processes. In order to quantify the feasibility of the proposed 
improvements and to assess the validity of the hypothesis, we have answered the direct 
research questions put in the introduction of this paper.  

Q1: The sample collected during the time study and the subsequent statistical test 
suggested that the variation in the arrivals of suppliers within the observed days follows the 
Poisson distribution, which is in agreement with the most common distribution of arrivals in 
the literature. For example, in papers [21,22], the distribution of patient arrivals is modelled 
by the Poisson distribution. The reason for modelling the number of supplier arrivals in the 
observed days with a uniform probability distribution is the fact that the number of hospital 
patients was more or less unchanged throughout the month and, therefore, there is no 
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significant decrease or increase in the demand for pharmacy products. Other possible 
explanations for approximately the same number of daily deliveries are the effect of the 
pharmacy’s infrastructure (limited stock space) and the defined business policy which does 
not allow an excessive accumulation of the pharmacy's stock. 

Q2: The clustering algorithm and subsequent statistical tests have confirmed that there 
are significant differences in the delivery processing time between delivery groups. It is 
interesting to note that in the reviewed literature we found no examples of the application of 
the clustering method in the pharmacy processes. The largest number of the deliveries 
belonged to the group of small deliveries. This could be due to the fact that the pharmacy 
wants to maintain a constant stock level in accordance with the afore-mentioned business 
policy, so there is a need for frequent small deliveries. The delivery processing time of 
defined delivery groups corresponded to the lognormal distributions with different 
parameters, which is comparable to the results obtained in the paper [23], but different from 
the findings of the authors in the paper [21] where the patient service time (patient processing 
time) had been modelled by the exponential distribution. 

Q3: Based on the results of the S0 simulation model of the current state regarding the 
average number of supplier arrivals per day and assuming a uniform occupancy of three 
unloading positions of the reception area, we concluded that a typical daily occupancy of each 
unloading position is about 135 minutes, which corresponds to 11 deliveries per position. On 
the assumption that the employees have uniform workload in the delivery admission process 
and based on the fact that pharmacists are not directly involved in the process of receiving  
deliveries, our conclusion is that the average daily workload of the employees in this process 
is approximately 42 minutes (a typical daily delivery processing time of 6.22 divided by 9 
employees). Although we gathered information about the type of goods delivered during the 
time study of the process, we did not use it in the simulation model of the current state. This 
fact raises additional questions regarding the assumption about a uniform employee workload 
due to the differences in the average time of receiving deliveries of different types of goods, 
and this is one of the limitations of this research. 

Q4: Examination of the impact of different distributions of the supplier arrivals in 
defined blocks of time conducted by simulation models showed significant variations in the 
number of supplier arrivals within the blocks of time between the simulation scenarios S1, S2, 
and S3. This opens up a possibility of large differences in an employee’s daily workload in 
the defined blocks of time. For example, if the typical events simulated by scenario S1 in 
block 1 are observed in reality in the first day of observation and the events simulated by 
scenario S2 in the second day, the difference in the total delivery processing time between the 
two days could be 87%. If the hospital management decides on a more flexible organization 
of work of the existing pharmacy employees after the implementation of blocks of time, the 
aforementioned variability can make it difficult to create daily plans regarding the number of 
employees required for receiving deliveries. The problem of planning the number of 
employees in a given day to work on specific pharmacy processes is a possible direction of 
future research. 

Q5: The results of the statistical tests have shown that there are significant differences 
in the total daily delivery processing time between the model of the current state and three 
models with defined blocks of time whereas pairwise comparisons have shown that there are 
no significant differences only between scenarios S0 and S2. The possible interpretation of 
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the lack of statistically significant differences between scenarios S0 and S2 is that scenario S2 
is the best description of the dynamics of receiving deliveries, as it is in the current state of the 
pharmacy. Such an interpretation becomes important if we examine the feasibility of the 
process of receiving deliveries in the case of implemented blocks of time. The feasibility 
check is based on the total available time of the three unloading positions of the reception area 
and the interquartile range of the total delivery processing time obtained in the simulation 
scenarios. Only in the case of block 1 in scenario S2, the feasibility check resulted in the 
upper limit of the IQR which is greater than the total time capacity; this can be interpreted as 
a potential risk associated with the implementation of blocks of time. We concluded that the 
daily activities related to receiving deliveries can be done if blocks of time are used. 

6. Conclusion 
By introducing blocks of time in the process of receiving deliveries, the organization of 

work in the pharmacy will be changed so that the input and output flows of goods do not 
overlap. In addition to eliminating the overlapping of flows of goods, the division of work 
into blocks of time will also reduce interruptions to work and the need for multitasking of 
employees caused by external factors, such as issuing ordered goods in the middle of the 
process of receiving a delivery. A prerequisite for such organization of work is a defined 
policy for emergency issuing of goods, which is necessary due to the nature of work in a 
hospital. Our assessment, based on the experience and findings of the authors of papers [10–
15] who researched the effect of multitasking and interruptions on the pharmacy employees 
and processes, is that such improvements will lead to a decrease in the number of errors in the 
pharmacy processes. This will result in greater patient satisfaction and a better balance in the 
employees’ work. The final confirmation of the usefulness of the proposed improvement will 
be made by recording the effect of changes after its implementation in the pharmacy. 

An important limitation of the models is the fact that they were developed on a sample 
of five working days of the same month, which raises the question of model adequacy 
throughout the year because of a potential impact of seasonality on deliveries (although the 
pharmacy employees consider the month during which the sample was collected to be the 
peak period). In addition, it is necessary to examine the impact of changing the process of 
receiving deliveries on the processes related to it in order to avoid the shifting of the problem 
to other processes such as issuing of goods. These limitations could be the subject of new 
research papers. 

This paper deals with the improvement in pharmacy processes with a special focus on 
the process of external delivery and receiving of goods. Since this is an issue which is very 
rarely explored in literature [30], our study presents an important contribution to the area of 
research. The proposed approach is based on statistical modelling and simulations. It proved 
to be an effective solution in the case of a limited amount of data on the current state of the 
process and of constraints regarding the investment in new pharmacy resources. The approach 
provides a quick analysis of the impact of potential organizational changes on the hospital 
pharmacy process and of the possibility for introducing them. 
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