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Abstract. This paper evaluates three organizational policies in a retail store by 

a discrete simulation model in Simio®. The policies implemented were using 

one, two, or three express checkouts, cross-trained workers, and allocating one, 

two, or three weighing counters in the produce section (fruit and vegetables). 

These policies were evaluated during days with low, medium, and high demand 

over critical performance metrics such as the queue length, waiting time, active 

and idle time rate, the average time in the system, average service time, and 

sales. Our results demonstrated that all policies are beneficial for the studied 

system but in days with high demand. In days with low or medium demand, 

there were good improvements for some indicators, but this conflicted with 

others. As the simulation model was implemented to evaluate each policy 

independently, a future direction should include studying the performance 

simultaneously.  

Keywords: Organizational policies, retail industry, simulation model, express 

checkouts, cross-trained workers, weighing counters, queuing theory.  

1 Introduction 

Service quality and satisfaction are key factors affecting customer retention [1, 2]. 

Due to the positive relationship between retention and productivity, many companies 

must increase their capability to retain customers [3]. 

A strategy to improve customer satisfaction and retention is reducing their waiting 

time [4]. Customers use to wait because of the limited capacity of a resource that 

provides a product or service. In the retail industry, waiting time increases as the 
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number of available checkout points decreases [5]. In this sector, a reduction in 

waiting time represents a big task to deal with due to the different demand patterns, 

which could vary among customers (express and regular shoppers) and days in an 

observed period.   

This paper presents the evaluation of organizational policies which aim to reduce 

waiting time in a retail company using a simulation model. Queuing phenomena have 

been studied before in many sectors, including retail one using simulation techniques 

[5–7]. However, the papers which attempted to address this problem usually 

emphasized checkout process optimization. This paper's main contribution is 

assessing cross-trained workers' policy, weighting counter policy in the produce 

section (fruits and vegetables), and supermarket express lane implementation, over 

some queuing indicators in a retail store.  

Theoretical analysis on quick queues or express lane settings is limited in the 

literature [8]. Also, little attention has grown around strategies to balance customer 

demand with workforce capacity in real-time, where cross-trained workers have 

demonstrated some benefits [9]. Simultaneously, supermarkets' weighing policy has 

been implemented with cashier service or by the customers independently [10]. Most 

of the papers about it studied this policy isolated [10, 11].   

The remainder of the paper is organized as follows. Section 2 presents a brief 

literature review about simulation models and queuing studies in supermarkets. 

Section 3 and 4 describe the research methodology and the case study application, 

respectively. Finally, the main conclusions and further research directions are 

presented in Section 5.  

2 Brief Literature Review 

Several approaches have been applied to assess the impact of some policies in the 

retail industry.  For instance, a queuing study to assess the effect of quick queues was 

developed in a supermarket [8]. The paper results allowed determining the number of 

quick queues to minimize customer losses. Another approach was conducted using a 

simulation model to investigate the impact of express checkouts over some key 

indicators [12]. According to the authors, there was no evidence that express checkout 

lanes would reduce the waiting time. However, it was proved to reduce the average 

number of customers in the queue for small-buying customers. 

On the other hand, a computational model was used to evaluate the effect of a 

premium pricing for express checkout policy between two companies who sold the 

same products [13]. This policy was based on the principle that impatient customers 

who buy few products tend to prefer a smaller store for quick service. But the paper 

results suggest that this strategy causes a decrease in market prices and reduces seller 

profits.  

Quick queues are not the only policy implemented by retail stores to retain 

customers. Cross-trained workers are usually hired by companies who carried out 

back and front room operations, allowing switching workers among tasks depending 

on the demand in each of the duties [14]. Due to the variable demand over a day 
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experimented in the retail industry, cross-trained worker policy has been 

implemented.   

Some research has explored the impact of this policy using deterministic and 

stochastic approaches. A deterministic approach was used to study servers' policy in 

front and back rooms [15]. The results indicated that a reduction in productivity 

happens when workers return to the back room. Also, it was possible to solve two 

problems: 1. Minimize the queue length, and 2. Minimize the worker complement. 

However, the increase in the use of cross-trained workers does not necessarily 

generate improvements for a store. The above was demonstrated in a work where the 

authors designed a stylized retail store simulation with RTLA practice (real-time labor 

allocation) [9]. The cause is because it can generate an excess in non-value-added 

changeovers. 

Another policy that is commonly implemented in retail stores is the use of 

weighing machines in sections with products like fruit and vegetables. It has taken 

some relevance because of the trends around healthy lifestyles that have increased 

their demand [11]. Some products from the fruit and vegetable section are previously 

packed or labeled with their respective price. However, due to the properties of these 

products, most are exhibited in their traditional form. For that, stores have provided 

weighing points or counters to determine a product's price in advance. However, it 

causes weighing queues [16].  

Hence, reviewing the available literature, we can infer that the retail sector is a 

dynamic industry that implements organizational policies to improve customer 

satisfaction. But there are still some perspectives to explore for supporting the 

decision-making process, especially in assessing several policies together.  

3 Methodology 

A methodology based on four stages was conducted to fulfill the objectives of the 

research. 

• Problem description: In this stage, based on a diagnosis of the company's current 

state, the potential policies to implement were defined.  

• Input and output variables: The second stage in the research consisted of defining 

the simulation goals by selecting input and output variables to measure. In this 

step, interviews and technical visits were carried out. Therefore, most of the data 

were collected by direct observation and from historical data sets. 

• Model design: In this phase, the conceptual and simulation models were proposed 

based on the buying process performance in the selected company.  

• Policy assessment: In this stage, each policy was evaluated. For express lanes 

policy, scenarios with one, two, and three quick queues were considered. In cross-

trained workers policy, a comparison before and after the implementation of the 

policy was made. Finally, we considered using one, two, and three weighing points 

for the weighing policy.  
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4 Case study 

4.1 Problem description 

The selected retail has experienced customer complaints due to the long waiting times 

in peak days, delays because of a deficient tagging in the produce section (fruit and 

vegetables), and the lack of quick queues dedicated to express shoppers who buy 10 

products or less. Service level in this type of industry usually is influenced by several 

dimensions such as the quality and speed of the attention and a short time waiting in 

the queue. Companies use to apply organizational policies that enable increase 

customer satisfaction to achieve a high service level.  

The selected retail wants to implement the following policies: 

• Express lanes: This policy uses checkouts exclusively for customers with few 

products (less than 10). This solution helps to decongest the queues in the regular 

checkouts.  

• Cross-trained workers: This policy implies that free regular workers from 

Operations & Logistics or Commercial Department move to specific checkouts 

during hours or entire days of high demand. To fulfill this policy, the manager of 

the point of sale is responsible for checking the operations and requesting 

additional workers in case of need. This policy is also applicable when a cashier 

is absent during working hours for any reason. 

• Weighing policy: This policy consists of using points for register products 

without bar codes. With this solution, people who bring fruits, vegetables, or 

other bulk products use the weighing points to get a ticket with their price.   

However, in the retail industry, a challenge for a policy implementation consists of 

handle the changing demand in each period, which influences the stability of an 

organizational decision.  

Therefore, before applying a known policy, it is essential to assess the potential 

impact over key service indicators against different demand behaviors. For this 

purpose, a simulation model was proposed.  

4.2 Variables 

In general terms, the following independent variables were considered:  

• Population size (N): Number of potential clients.  

• Arrival rate (λ) 

• Time between arrivals (1/λ) 

• Service average time (1/µ) 

• Service rate (µ): Served clients in a period.  

 

The output variables measured were: (1) Average number of customers in the 

queue, (2) Average time in the queue (min), (3) Active/busy time (%), (4) Idle time 
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(%), (5) Average time in the system (min), (6) Average service time (min), and (7) 

Sales1 (USD/day). 

4.3 Model design 

Conceptual model. There are two sources from arrival entities (primary and 

secondary entry); both are assumed as infinite population. Customers who arrive 

could use a shopping cart or not. After this decision, they spend some time picking 

items among the supermarket sections. Fig. 1 represents the buying process in the 

selected company. 

Fig. 2 illustrates the conceptual model. Customers who arrive can go into any 

section. The produce section (fruit and vegetables) and the dairy section works like a 

self-service system M/M/∞. The meat section works under a FIFO (first-in, first-out) 

discipline. Then, when the customer finishes the selection of items goes to the 

checkout to pay. The checkout system works as an M/M/n system in parallel. 

 

 

Fig. 1. Buying process 

 

 
1  The total sales per day are estimated from the number of customers in a day multiplied by 

the average sale amount in the point of sale (24.054 USD) which is calculated based on 

historical data.  
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Fig. 2. Conceptual model  

Simulation model. Simio® [17], a discrete simulation software, was used for 

implementing the simulation model. The entities used in the simulation model were 

the customers who entered the store and split the flow according to the use or not of 

shopping carts and weighing points.  

The locations employed in the simulation model were the main entrance, secondary 

entrance, general zones of the store, weighing points, and checkouts (Fig. 3).  

In the store, there are three checkout zones called: 

a. Fruit and vegetables: checkouts 1-8, and 8 cashiers with 13 packers2. 

b. Customer service: checkouts 9-20, and 12 cashiers with 15 packers. 

c. Back checkouts: checkouts 21-27, and 7 cashiers with 17 packers. 

 

 
Fig. 3. Supermarket locations [18] 

Arrival rate. A timer was used to simulate the supermarket's arrival rate, allowing to 

change arrivals' behavior per hour. This process was represented using two kinds of 

 
2  The role of the packers is negligible for performance purposes considering that before any 

policy simulation their idle time was more than 60%. 
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schemes, each one for a specific entrance (primary or secondary), starting from hour 0 

(7.00 am) until hour 12 (20.00), as Table 1 summarized. Fig. 4 represents the process 

in Simio software, and the rest of the input data considered for simulation purposes is 

included in a supplementary file[19].    

 
Fig. 4. Arrival rate process [18] 

Table 1. Arrival time distribution in the primary and secondary entrance 

Time 

Primary Secondary 

No. customers. 
Distribution 

(min) 
No. customers. 

Distribution 

(min) 

07.00 – 08.00  44 exp (1.39) 41 exp (1.49) 

08.00 – 09.00 52 exp (1.17) 46 exp (1.25) 

09.00 – 10.00 82 exp (0.7) 66 exp (0.75) 

10.00 – 11.00 79 exp (0.77) 64 exp (0.82) 

11.00 – 12.00 77 exp (0.77) 55 exp (0.82) 

12.00 – 13.00 67 exp (0.91) 58 exp (0.97) 

13.00 – 14.00 65 exp (0.92) 59 exp (0.98) 

14.00 – 15.00 68 exp (0.88) 61 exp (0.94) 

15.00 – 16.00 67 exp (0.89) 58 exp (0.95) 

16.00 – 17.00 82 exp (0.73) 63 exp (0.78) 

17.00 – 18.00 54 exp (1.15) 58 exp (1.23) 

18.00 – 19.00 39 exp (1.57) 52 exp (1.68) 

19.00 – 20.00 34 exp (1.81) 33 exp (1.94) 

 

Departure of weighing points. A process in Simio software was used to identify the 

entities before and after using a weighing point. Therefore, to split the flow, the 

property affected for the entities was the picture. Fig. 5 illustrates how this change 

was implemented in the model.  
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Fig. 5. Departure of weighing points process [18] 

Change the queue. When the end of a work shift happens, the checkout involved 

closes. In this situation, probably a customer or a group may stay in the queue. 

Therefore, the supermarket implements the change of this customer or group to an 

available checkout. Hence, to model this scenario, a process was set in the simulation 

tool.  

The process interrupts the checkout process when the capacity reaches 0 (the signal 

that a work shift ends), then we used a counter to search the entities in the queue and 

transfer them to another checkout point. Fig. 6 shows how the process works.  

 

 
Fig. 6. Change between queues due to end of a turn[18] 

Assumptions. The time between arrivals was utterly random, and they came from a 

finite population. Also, we assumed that the supermarket capacity is infinite and that 

every customer needs a basket or a shopping cart. Therefore, the model does not 

include the possibility of carrying the products in their hands.  

Regarding the customer traveling in the supermarket store, it is assumed that the 

time using to selecting items for the basket or cart is entirely random.  

Finally, the customer election of the checkout and the time spend on it are entirely 

random.  

 

Statistical validity. Three variables were selected to validate the model: a) customers 

served by a cashier in a day, b) active/busy time (%) in a day, and c) the total time 

using for payment (h). These variables were measured in three days: I) low demand, 

II) regular demand, and III) high demand. Two hypothesis tests were conducted for 

each day: homoscedasticity test and comparison of means using Statgraphics® [20]. 

These results are included in a supplementary file [19]. We inferred that the 
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simulation model was adjusted to the actual system behavior at a 95% confidence 

level from these test results.  

The simulation model was run with 50 replications.   

4.4 Policy assessment 

Express lanes 

 

Category I: Days with low demand. Table 2 shows critical improvements in some 

indicators (1, average customers in the queue, and 2, the average time in queue), even 

some increase in others representing a notorious drawback.  

Analyzing advantages and disadvantages, the recommended policy in this category 

consisted of using two express lanes cashier checkouts. Implementing this, the 

average number of customers in the queue and the average time in queue decreased 

by 50% and 54.1%. However, indicators such as idle time, average service time, and 

the system's total time increased.  

This alternative showed less impact than others in these critical indicators among 

every scenario (1, 2, and 3 express lanes).  

Table 2. Results of express lanes (EL) in days type I. 

Indicator Current 1 E.L Change 2 E.L Change 3 E.L Change 

1 2.0 1.0 -50.0% 1.0 -50.0% 1.0 -50.0% 

2 8.7 4.0 -54.0% 4.0 -54.1% 1.4 -84.3% 

3 54.2 42.4 -21.9% 43.1 -20.6% 37.6 -30.7% 

4 45.8 57.6 25.9% 56.9 24.4% 62.4 36.3% 

5 30.3 42.1 39.0% 41.9 38.4% 41.9 38.4% 

6 3.0 3.6 17.2% 3.4 13.5% 3.5 13.9% 

7 44400.6 45604.5 2.7% 46413.6 4.5% 46265.2 4.2% 

 

Category II: Average demand / regular day. These days, the impact over the studied 

indicators is even more than in the previous section. It is expected because, on a 

regular day, the potential demand is more significant than type 1 days.  

According to the results, one express lane checkout is highly recommended over 

two or three lanes. The above is due to the comparison among decrease and increase 

in the studied indicators (Table 3). This single change generated a reduction of 

congested queues. The average queue length and the average waiting time decreased 

by 66.7% and 79.5%, respectively, even though there is a slight increment in the idle 

time.  
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Table 3. Results of express lanes (EL) in days type II. 

Indicator Current 1 E.L Change 2 E.L Change 3 E.L Change 

1 3.0 1.0 -66.7% 1.0 -66.7% 1.0 -66.7% 

2 23.5 4.8 -79.5% 3.2 -86.4% 2.4 -89.8% 

3 55.4 51.9 -6.3% 51.8 -6.6% 49.8 -10.1% 

4 44.6 48.1 7.8% 48.2 8.2% 50.2 12.6% 

5 35.0 45.8 30.8% 42.3 21.0% 42.4 21.1% 

6 3.3 3.5 4.5% 3.2 -3.9% 3.2 -2.7% 

7 54552.3 55372.6 1.5% 55515.4 1.8% 55658.2 2.0% 

 

Category III: High Demand. During days type III, the implementation of an express 

lane policy is highly beneficial. Simulation results suggested that using quick queues, 

the average number of customers in the queue (Indicator 1), average time in queue 

(Indicator 2), and the average service time (Indicator 6) experience a significant 

decrease (Table 4).  

A slight increase in other indicators such as idle time and the average time in the 

system happened. Among all the scenarios, the best option consists of using two 

express lanes because of the comparison among positive and negative effects. With 

this alternative, indicators 1, 2, and 6 reduce their performance by 66.7%, 87.5%, and 

46.1%, respectively.  

Table 4. Results of express lanes (EL) in days type III. 

Indicator Current 1 E.L Change 2 E.L Change 3 E.L Change 

1 3.0 2.0 -33.3% 1.0 -66.7% 1.0 -66.7% 

2 35.1 5.3 -84.8% 4.4 -87.5% 4.2 -88.1% 

3 58.4 59.7 2.2% 56.7 -2.8% 56.3 -3.5% 

4 41.6 40.3 -3.2% 43.3 3.9% 43.7 4.9% 

5 35.1 47.7 35.9% 45.1 28.6% 42.4 21.0% 

6 5.8 3.3 -43.5% 3.2 -46.1% 3.5 -39.9% 

7 73598.7 73626.7 0.0% 74399.5 1.1% 74256.7 0.9% 

Cross-trained workers. To assess this policy, we analyzed data from the Operations 

& Logistics Department about when workers of this division move to checkout 

operations due to the high demand. From this analysis, the peak hours were set at 

10.00 – 12.00 and 16.00 - 18.00. 

Tables 5 and 6 include the impact of applying cross-trained workers policy during 

the three types of days. As we expected, the benefits of the policy were negligible on 

days I and II. While in days III, the goodness was more significant, finding changes in 

the average number of customers (indicator 1) and average time in the queue 

(indicator 2) and the percentage of idle time (indicator 4) by 33%, 77%, and 26%, 

respectively.  
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Table 5. Results of cross-trained workers' policy in days type I and II 

Indicator 

Category I Category II 

Curr 

ent Improved Change Current Improved Change 

1 2.0 2.0 0.0% 3.0 3.0 0.0% 

2 8.7 7.4 -14.7% 23.5 17.2 -27.0% 

3 54.2 51.0 -5.9% 55.4 65.0 17.3% 

4 45.8 49.0 7.0% 44.6 35.0 -21.5% 

5 30.3 32.3 6.9% 35.0 37.5 7.3% 

6 3.0 4.4 45.3% 3.3 4.1 23.1% 

7 44400.6 44571.4 0.4% 54552.3 57030.1 4.5% 

 

Table 6. Results of cross-trained workers' policy in days type III. 

Indicator Current Improved Change 

1 3.0 2.0 -33.3% 

2 35.1 8.2 -76.6% 

3 58.4 69.3 18.7% 

4 41.6 30.7 -26.3% 

5 35.1 32.6 -7.0% 

6 5.8 6.7 13.9% 

7 73598.7 75720.9 2.9% 

Weighing policy. One, two, and three weighing points were considered to assess this 

policy. Simulation results are shown in Tables 7-9.  

According to the results in days type I, the weighing policy looks poor in terms of 

benefits. Although implementing one weighing point, the queue length, and the 

average time queuing decrease by 50% and 43.1%, the sales and other relevant 

indicators worse.  

On the contrary, in days type II, the benefits are worthy even though the 

drawbacks. In this case, one weighing point allows a decrease in the waiting 

indicators (average number of customers and average time in queue). It reduces these 

metrics by 33.3% and 60%, respectively.  

Finally, on average, the best option was to implement one weighing point in days 

type III, improving every critical indicator. For instance, the average number of 

customers in the queue and the queue's average time decreased by 33.3% and 75.5%. 

While the effect on the active time was by 13.1%, increasing sales by 5.4%. This 

change is the highest registered in the simulation in this last indicator.  
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Table 7. Results of weighing policy in days type I 

Indicator Current 1 point Change 2 points Change 3 points Change 

1 2.0 1.0 -50.0% 1.0 -50.0% 1.0 -50.0% 

2 8.7 5.0 -43.1% 5.8 -33.4% 6.6 -24.6% 

3 54.2 46.6 -14.1% 46.0 -15.2% 47.4 -12.6% 

4 45.8 53.4 16.6% 54.0 18.0% 52.6 14.9% 

5 30.3 30.2 -0.1% 31.1 2.8% 32.2 6.3% 

6 3.0 3.1 1.0% 3.3 9.9% 3.2 5.9% 

7 44400.6 42670.4 -3.9% 43053.9 -3.0% 44137.4 -0.6% 

 

Table 8. Results of weighing policy in days type II 

Indicator Current 1 point Change 2 points Change 3 points Change 

1 3.0 2.0 -33.3% 2.0 -33.3% 1.0 -66.7% 

2 23.5 9.4 -60.0% 13.7 -41.9% 10.8 -54.1% 

3 55.4 60.7 9.5% 60.2 8.7% 58.6 5.7% 

4 44.6 39.3 -11.9% 39.8 -10.7% 41.4 -7.2% 

5 35.0 33.1 -5.3% 39.8 13.8% 35.1 0.5% 

6 3.3 3.7 10.2% 3.2 -3.6% 3.2 -5.4% 

7 54552.3 55129.1 1.1% 56789.3 4.1% 53734.8 -1.5% 

Table 9. Results of weighing policy in days type III 

Indicator Current 1 point Change 2 points Change 3 points Change 

1 3.0 2.0 -33.3% 2.0 -33.3% 2.0 -33.3% 

2 35.1 8.6 -75.5% 7.6 -78.3% 11.2 -68.0% 

3 58.4 66.1 13.1% 62.0 6.2% 64.4 10.2% 

4 41.6 33.9 -18.5% 38.0 -8.7% 35.6 -14.4% 

5 35.1 32.9 -6.2% 32.8 -6.6% 36.1 2.9% 

6 5.8 4.5 -23.1% 4.4 -25.0% 4.2 -27.7% 

7 73598.7 77549.1 5.4% 73458.8 -0.2% 75720.9 2.9% 

 

5 Conclusion 

This article evaluated the benefits and drawbacks of a set of organizational policies in 

a retail store. Express lanes policy showed to be helpful in days with high demand. 

This policy presented the best performance during these days, improving most of the 

assessed metrics such as queue length and the average time in queue. But, among the 

scenarios considered (with one, two, or three lanes), use two express lanes was the 
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most suitable because it does not significantly affect other metrics such as idle time 

and generates an increase in sales.  

Moreover, cross-trained workers policy also demonstrated benefits in the same 

indicators during the same type of days simulated. It was expected because when the 

store experienced low or medium demand, there is no need to allocate workers from 

other functional areas to checkout zones, allowing specialized workers to have a focus 

on their tasks. 

Finally, weighing policy presents good results in days with medium and high 

demand, despite the drawbacks experienced in some indicators. But among these two 

categories of days, the convenient time to implement the policy was in days with high 

demand, which is demonstrated from the improvement rate in queuing indicators.  

Therefore, the implementation of these policies in the selected store must be on 

days with high demand. In contrast, it is better to switch among individual policies 

according to a specific goal set by the manager during the other days.  

The study's main limitation is that the policies were evaluated one each time and 

not simultaneously, and it was selected just one store to pursue the research. Hence, 

further research need to include these points and the model implementation with 

another input dataset.   
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