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Abstract We study the effect of team production on individual performance among warehouse agents consolidating freight items onto cargo pallets in a large warehouse. By estimating the effect of working in a team of 2 to 20 compared to working alone, we establish, first, the presence of peer effects and, second, their dependence on team size. Working in a team instead of working alone increases own performance by 2.3% which points to the social-facilitation paradigm: an agent’s performance increases through the mere presence of others. The magnitude of the team effect is a function of team size. While there is no differential in small teams with up to 4 agents, the team effect is positive when working in medium and large groups. We attribute the dependence on team size to spatial considerations. In small teams, agents end up sparsely distributed in the warehouse and perceive their peers only weakly. Finally, we find that low-performing agents benefit the most from the presence of others. Managers can increase the warehouse performance by switching all production to medium-large teams. JEL Classification: J24, L87, M54 Keywords: peer effects, panel data, management
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Introduction



Estimation of peer effects is a formidable task. The main reasons are data limitations, for example lack of appropriate network data or peer-group-membership information, as well as econometric identification obstacles, for instance the reflection problem (Manski, 1993)1 . Although the literature has moved forward in both directions employing either worker-network data such as the one in Mas and Moretti (2009) or advances in spatial econometrics that resolve the simultaneity in peers’ outcomes, recently, Angrist (2014) casts doubts on the causality of most of the peer-effects literature up to that point. Using individual performance data from a real world production process in a large cargo company, we provide evidence on the role of co-workers’ productivity on individual performance, free of measurement errors or mechanical relationships. The results allow inferences on the existence of peer effects among observed workers. We exploit a unique panel dataset providing micro-level information on the hourly performances of 320 warehouse agents building freight pallets in four warehouse halls over a time frame of 45 months (January 2011 – September 2014). That is, they consolidate shipment items on cargo loading devices with the help of forklifts—documenting each loading procedure with a barcode scanner. Agents’ efforts in this process are perfectly substitutable. Our approach resembles the experimental study by Falk and Ichino (2006). Observing workers in two states, producing alone and in the presence of co-workers, we empirically compare individual outputs controlling for confounding factors. We define peer effects to be present, if a worker is more productive, on average, when working in a group compared to when working alone—all other things equal. That is, the presence of others influences one’s current productivity. In contrast to Falk and Ichino (2006), in our study the same workers are observed in both states (allowing for an exact comparability) and group production occurs not only in pairs but also in team sizes of 2 to 20 workers with larger team sizes corresponding to higher demand time fractions. Whereas subjects in Falk and Ichino (2006) only interact once (i.e., for the purpose of the experiment), the workers of our study interact repetitively—allowing for various encounters of workers over time and within different groups. The assignment of subjects to single and pair treatment in the lab experiment of Falk and Ichino (2006) is random. Within the underlying working environment, the composition of shifts is haphazard and we exploit remarkably high variations in team compositions. The institutional setting does not allow for the systematic assignment of workers into shifts. In other words, the production process excludes endogenous group formation. This is because workers are employed by different organizations whereas managers have no information about 1 (Manski, 1993) shows that, with linear-in-expectation models, social effects and correlated effects are non-identifiable, and contemporaneous effects cannot be disentangled from contextual effects.
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the productivities of other firms’ agents. Moreover, managers have no ambition to assign the most productive workers to the busiest shifts which is also prohibited by country-specific legal requirements. In our estimations, we additionally exploit compositional variations through overlapping of shifts, absenteeism, personal changes through rotations, hires and job quits, and individual exploitation for overtime-work and long-hour reductions. Variation also comes from the fact that agents work in several different activities (besides build-up, e.g., storing, unloading of trucks, or break-down activities), while activity allocation externally depends on activity-related demand. Another confounding factor is paying schemes connected to individual or team performance. In our setting, the hourly wage is determined by seniority alone, namely how long the worker has been with the organization. Furthermore, payment is fixed (and low). Since correlated effects a la Manski (1993) can also be responsible for spurious peer effects we control for demand factors such as the day of week and the production hall in the warehouse. Due to the longitudinal nature of the data, we can additionally control for individual worker traits that might be responsible for the estimated productivity spillover effects. In our analysis, we compare current productivities of the observed warehouse agents when working alone and in the presence of others and we find significant differences in individual outputs. When agents are surrounded by peers, productivities are notably higher compared to when working alone. The magnitude of these differentials increases with team size: For teams of 2 to 7, effects are small. When working in medium-sized teams (8 to 14) and large-sized teams (15 to 20), effect magnitudes raise significantly. In our estimations, we control for agent-specific characteristics, as well as spatial and time-specific factors. We attribute the team-size-specific differences to spatial conditions: Within in the 4, 000 square meter warehouse halls, agents might end up sparsely distributed and may face difficulties to observe their colleagues. Large spatial distances hinder the transmission of these effects between agents. Conducting quantile regressions on the output distributions of the warehouse agents, we also find that low-performers are the most sensitive to the productivity of other agents. Our findings are in line with related studies (e.g., Falk and Ichino 2006; Mas and Moretti 2009). The results presented herein give confidence that endogenous parameters will be free of any mechanical error a la Angrist (2014). They should be seen as a complement to the existing literature on social effects whereas they also provide new insights under which circumstances social effects are transmitted. This paper is organized as follows. Section 2 describes the environmental setting, the operational process and the applied incentive scheme. Section 3 provides details about the underlying data. In section 4 we present our econometric model and the estimation results. Section 5 proposes policy measures. Section 6 concludes.
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Setting



We obtain a heterogeneous group of warehouse agents consolidating freight items onto cargo loading devices (pallets). The observation period spans from January 2011 until September 2014. Operations take place in a large warehouse with four identical halls (1 to 4). Each hall has a working space of around 4, 000m2. Based on a pallet-specific build-up plan warehouse agents consecutively pick up designated shipment items2 with a forklift and load them onto a pallet. The corresponding shipment items are already procured in front of the designated pallets before the consolidation procedure starts. A single pallet is built up by at least one agent. Agents work independently and efforts are not multiplicative, but substitutable.3 All movements of shipment items are captured with barcode scanners (provided with a personal log-in) and are consistently stored in the database of the warehouse management software on an agent-specific level. When all pre-planned shipment items are appropriately loaded onto the designated loading device, the scanner prompts a dialogue to inform the user about the finalization of the build-up procedure. If a warehouse agent assigns a shipment item to a wrong loading device, the barcode scanner prompts an error dialogue, accordingly. That is, assignments of items to wrong pallets are prevented by the warehouse management software.4 Individual efforts are precisely captured through three performance measures on an hourly basis: the number of build-up-barcode scans, the number of consolidated shipment items (pieces) and the weight of consolidated shipment items in kilograms. As the leading performance measure we use the number of build-up scans because it reflects individual efforts best: After every forklift-build-up procedure, an agent scans the appropriate shipments’ barcodes. Hence, the number of build-up scans is the main effort driver for warehouse agents with regard to the forklift consolidation activity. For the build-up procedure, the number of consolidated pieces and their weight is of secondary relevance (e.g., the consolidation of a 10 kilograms shipment item does not necessarily require more effort than the consolidation of a 300 kilograms shipment item).5 Nevertheless, we use these alternative measures for control 2



A shipment is a set of items (i.e. pieces) with same or similar properties. This implies that – under joint production (i.e. more than one warehouse agent working on a single pallet) – considered subjects cannot exploit complementarities in order to achieve a higher level of output compared to their peers (DeGiorgi and Pellizzari, 2011). 4 Illustrations of the production area as well as working equipment (forklift and barcode scanner) are placed in the Appendix (cf. Figures 6.1, 6.2 and 6.3). 5 The warehouse management software operates on shipment-level data. A shipment describes a freight entity of a single forwarder and consists of several (to be precise, one or more) pieces. For consolidations, warehouse agents are not forced to perform barcode scans of single pieces. Rather, they scan the shipment barcode and enter the number of related pieces with the help of the scanner keyboard to finalize the transaction. The data for a shipment’s weight comes from its booking and is captured for the whole shipment. To approximate the weight of a single piece the software assumes an equal distribution of the weight across all shipment pieces (e.g., the weight of one piece of a shipment with 5 pieces and 100kg is expected to be 20kg). 3
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purposes. All performance measures are observable, comparable for a single warehouse agent over time, and comparable across different warehouse agents within one period and over time. Production is performed 24/7, and operations are organized in shift work. Every day, four work shifts 6 are planned. Contracted service regulations define work-shift specific core-time periods from 6:00 am until 2:30 pm in the early work shift, from 2:00 pm until 10:30 pm in the late work shift, and from 10:00 pm until 6:30 am in the night work shift. For supportive reasons, there is a day work shift from 09:30 am till 06:00 pm where only a few warehouse agents are planned for. The regulated core times imply a work-shift overlap for at least 30 minutes. Thereby, appropriate hand over of information to successor work-shift colleagues and the maintaining of operations without interruptions is ensured. Commonly, overlapping periods are longer than 30 minutes. Because working contracts allow for flexible working time, warehouse agents exploit the possibility to work overtime or to reduce long hours. In peak periods overlapping extends up two hours. Management is responsible for scheduling, and planning takes place several weeks in advance. Scheduling is haphazard, since the institutional setting does not allow for systematic assignment of workers into both work shifts and build-up shifts. Co-worker compositions change permanently - there are no fixed teams. Additionally, the number of warehouse agents operating in working shifts and build-up shifts changes. On the one hand, work-shift compositions depend on the availability of colleagues, which is restricted by negotiated freetime regulations and vacation rules as well as other forms of absenteeism, e.g., due to illness and trainings. On the other hand, working shift size is planned on the basis of expected demand. Management has no ambition to assign the most productive warehouse agents to the busiest work shifts. Warehouse agents do not only work in build-up operations during a working shift. They also process other tasks as loading trucks, unloading trucks, storing or relocating shipment items and breaking down import freight pallets. Hence, they are not always active in build-up procedures, but in other activities. Another source of team variation is staff changes through hires and job quits. All these facts lead to a very high degree of variation in shift compositions and shift sizes with regard to the considered onehour time intervals (which is the underlying time unit for the cross sectional observations). Table 2.1 summarizes the sources of variations leading to unsystematic compositions of shifts with respect to a one-hour-time-interval at the build-up activity. Table 2.2 presents the frequencies of observing identical compositions. The idea is that if managers form shifts strategically, for instance in order to assign more productive agents during high demand periods, then we would observe the same team constellation multiple times. The probability 6 In our context, the term work shift or working shift represents a whole working shift with a duration of 8 hours (breaks excluded) or 8,5 hours (breaks included), respectively. The terms (hourly) shift and build-up shift, however, describe a one-hour period specific to a hall where social interactions are plausible.
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to observe one and the same team composition for more than 18 times is smaller than 1%. Recall that we observe operations from January 2011 until September 2014. This implies that over 45 months one and the same agent composition does not repeat more than 18 times with a probability of around 99%. Hence, it is reasonable to assume a haphazard shift composition and, thus, rule out sorting. Table 2.1: Sources of Variation in Build-Up-Shift Compositions. No. 1 2
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Source of Variation Management has no information on individual productivities of their workers. Working shift size is determined exogenously by demand, and management has no ambition to assign most productive workers to the busiest shifts. Laws protecting workers’ rights prohibit the employment of the same potentially high-productivity worker, for instance, every Saturday when demand meets its peak. Each day, four working shifts operate. Up to three shifts overlap simultaneously within a one-hour-time interval (e.g., at 02:00 pm, early, late, and day work shift overlap). Due to illnesses and trainings, workers may be absent. During the observational time frame, staff changes occur – through within-firm rotations, hires and job quits. Warehouse agents operate in six different activities exogenously depending on activity-related demand (truck loading, truck unloading, storing, relocating, consolidating (build up), de-consolidating (break downs). Agents have contracted possibilities to work overtime or to reduce long hours.



Table 2.2: Relative and Cumulative Frequencies of Identical Shift Constellations. Frequency of observing the same team composition 1 2 3 4 5 6 7 ... 17 18 ...



Relative proportion 84.69 % 7.75 % 2.65 % 1.31 % 0.76 % 0.39 % 0.28 % ... 0.04 % 0.03 % ...



Cumulative proportion 84.69 % 92.44 % 95.09 % 96.39 % 97.15 % 97.54 % 97.82 % ... 98.98 % 99.01 % ...



We tag particular build-up-team constellations with the help of the historical (i.e., time 6



stamps are provided) database records of the warehouse agents’ performances. Besides inferring information about build-up shift compositions we can also deduct the individual build-up contribution of each active warehouse agent. In contrast to the reference study of Falk and Ichino (2006), we observe workers in each of the two stages: working alone and in teams of 2 to 20 members. Out of 41, 421 observed shifts, 17, 419 shifts are performed under single production (42%). The remaining 24, 002 shifts are processed under team production with varying team sizes from 2 to 20 warehouse agents. Under team production, we observe 14, 121 different shift compositions. In our production environment, demand is a function of time. The weekly demand patterns are equivalently repetitive over the entire observation period. Larger team sizes correspond to higher demand. When demand is relatively low consolidation procedures are performed only in one hall (hall 1)7 and, consequently, with less workers. With rising demand, other halls are utilized, additionally. This is why we do not observe production at every hall over all team sizes and time intervals. Highest demand for consolidation procedures occurs on Saturdays. This is because the to-be consolidated shipment items (car parts, electronic parts, spare parts, etc.) are produced by manufacturers during the working week and shipped directly thereafter. By gathering several freight during the working week, forwarders (offering the transport service for the manufacturer) realize scale effects with regard to transport costs and they also reduce the consolidation price rate. Hence, forwarders seek to ship the freight “batch-wisely” on Friday afternoon and Saturday morning leading to the obtained consolidation peak on Saturday. Also note that in Germany truck transports are not allowed on Sunday from 0:00 am until 10:00 pm due to legal prohibition. All observed warehouse agents gain a low fixed wage plus holiday premium and shift allowance. The weekly working is specified by the agents’ work contracts. No effort-based compensation payment element is in place. Work contracts neither contain requirements for effort nor explicit performance goals. Furthermore, no linkage between earnings and external economic factors (e.g., development of demand or economic growth) is defined. The consolidation process at our production setting is perfectly suited for studying peer effects. In forwarder business, the consolidation process is the most crucial activity because it is subject to high time pressure: While freight delivery for a certain pallet usually takes several days, the consolidation process itself has to be performed within a few hours (and sometimes within minutes) because – according to regulations – consolidations start when the majority of planned shipment items have been delivered and agreed safety measures as well as ordered extra services (e.g., sorting, shrink wrapping, etc.) are completed. As contracted 7



Hall 1 is preferred since it is located closely to the export truck ramps where freight is accepted and unloaded.
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with shippers and forwarders, the latest acceptance time (LAT) of an export shipment is only a few hours before estimated build-up completion (which itself is determined by the transport schedule of the supply-chain successor). In practice, shipment delivery usually is completed only minutes before LAT, since supply-chain members seek to minimize overall cycle time. Hence, the freight consolidation process is well-suited for the empirical research on peer effects, because time pressure is highest for involved participants: While late orders, unpunctual shipment deliveries or not-in-time processed extra services can probably be made up during the overall storage period, a late build-up will irrevocably lead to an offload of the whole pallet (and, hence, each associated shipment item) from it’s planned outgoing transport vehicle. Not only that the affected shipment items have to be re-planned and re-booked on other successor transports by sales department, but also transport planning (capacity steering and loading sequence) has to be adjusted on short notice. Moreover, an offload may lead to contract penalties, and it results in a damage to the company’s image. Compared to tasks like stuffing letters into envelopes (Falk and Ichino, 2006), picking fruits (Bandiera, Barankay, and Rasul, 2010), weaving cloths (Kato and Shu, 2008) or scanning items in a supermarket (Mas and Moretti, 2009), the considered build-up process for pallet consolidations is special due to two reasons: First, the exigencies on precision, accuracy and correctness of the tasks’ outputs are very high since security guidelines are strict. Second, the task is complex: From a theoretical point of view, pallet consolidations can be interpreted as enhanced Knapsack Problems8 with many constraints imposing above average requirements on agents’ combinatorial ability and experience.
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Data



We use a large panel data set capturing individual performances of warehouse agents on cargo pallet consolidations as well as agent characteristics. Over 45 months, we observe 320 warehouse agents distributed in four 4, 000 square meter warehouse halls and compare their productivity in two states: performing alone, which rules out peer effects, or in the presence of other warehouse agents, which allows for their emergence. In total, we have 108, 369 worker-specific observations corresponding to hourly shifts. In our data, each agent is observed working in both states—namely working alone and in the presence of others. Out of 41, 421 hourly shifts, 17, 439 involve production by a single agent (which is about 42%) while the remaining 24, 002 shifts refer to production by multiple agents. Around 50% of the 8



The Knapsack Problem (also Rucksack Problem) is a complex optimization problem: Out of a given set of items, each with a weight, a volume and a value, those items have to be chosen into in a way that the overall value of the collected items is maximized without exceeding the knapsack’s capacity (and – in some cases – other corresponding constraints) (Karp, 1972; Martello and Toth, 1990).
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observations belong to groups of 1 to 3 agents, around 39% to groups of 5 to 14 and only around 1% to groups of 15 to 20 agents. The worker-specific hourly performance is measured with three variables: the number of build-up scans, the number of build-up pieces and the weight of build-up pieces in kilograms. Due to the reasons explained in Section 2, we use the number of build-up scans as our leading performance measure in our analysis. Table 3.1 presents basic summary statistics for the three available productivity measures and agent characteristics. The average hourly productivity for an agent amounts to 8 scans; the value at the 10th quantile is 1 scan and the 90th 20 scans. When we measure productivity with the number of hourly build-up pieces, average productivity is around 24 pieces with 2 pieces at the 10th quantile and 58 at the 90th. A single scan may include at least one piece. The average weight of the hourly build-up process amounts to approximately 783 kilograms with 32 kilos at the 10th and 1, 803 kilos at the 90th quantile respectively. The large number of kilograms is plausible because freight includes big metal parts like heavy machinery, motors or vehicles. As stated above, the sum of kilos is not a representative measure of performance because warehouse agents always use forklifts irrespective of an item’s weight. Regarding agents’ characteristics, out of 320 warehouse agents only 10 are female corresponding to 3, 7% of the sample. The majority of agents has the same foreign nationality (around 53%) followed by natives (30%) and other nationalities (17%). Warehouse agents consolidate items onto loading devices with the help of forklifts (see Figure 6.2 in the Appendix). Therefore, there is no reason to assume that an agent’s age or physical condition plays a role to productivity. What matters is familiarity with driving and using the forklift while consolidating build-up units. We proxy an agent’s familiarity with the forklift with the number of completed hours, meaning the registered hourly shifts. The average experience in hourly build-up shifts is 433 with those at the 10th quantile having 37 hours of experience while those at the 90th quantile have 1, 062 hours. We notice large variations in the experience measures with a standard deviation of around 442 hourly build-up shifts which indicates frequent rotation of warehouse agents through hires and quits (cf. Table 2.1 in Section 2).
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Table 3.1: Summary statistics Continuous Variables Mean Standard Deviation Number of Scans 8.258 8.383 Number of Pieces 24.075 28.316 Weight (kg) 783.25 912.746 Experience in Hourly Shifts 432.977 441.665 Indicator Variables Mean Standard Deviation Female 0.037 0.189 Native Nationality 0.301 0.459 Foreign Nationality (majority) 0.527 0.5 Other Foreign Nationalities 0.172 0.377 Number of Observations 108,369



10th Quantile 1 2 32 37 Minimum 0 0 0 0



90th Quantile 20 58 1,803 1,062 Maximum 1 1 1 1



Notes: Number of pieces and weight (kg) winsorized at the 1% and 99% levels. The units of observation for the productivity measures are warehouse agent × one-hour-time interval. Periods in which no transactions occurred are excluded.



In Figure 3.1, we graph the distribution of the number of build-up scans, first, according to single and team production and, second, according to each team size. The first graph clearly shows that the median number of scans is higher for the team production than for the single production status by one scan per hour (6 scans per hour under team production and 5 scans per hour under single production). The second graph decomposes the team production status by group size. At the cargo company production occurs in groups of 1 to 20 agents with the number depending on demand factors. The median number of scans is 5 for single production and small groups of 2 to 5 agents. The median is higher for medium groups of 6 to 8 agents (6 scans per hour) and increases by one scan for groups of 9 to 13 (7 scans per hour) and by one more scan for the group of 14 agents (8 scans per hour). For very large team sizes of 15 to 20 agents the median varies. Notice, though, that for very large group sizes we do not have many observations (42 hourly shifts with 15 agents, 25 with 16 agents, 9 with 17 agents, 4 with 18 agents and only one hourly shift with 19 and 20 agents - all on Saturdays).9 Apart from exploring the medians for the number of scans per hour with the box plot, we test for equality in mean scans productivity between single and team production: We reject the null of equal means at the 10% level of significance (the difference in mean single productivity and mean team productivity is −0.370 scans per hour with a standard error of 0.203). Figure 3.2 plots the distribution of hourly observations over days of week for each team size. The graphs show that for small team sizes, i.e., 1 to 3 agents, the distribution of 9



In the Appendix we provide similar patterns for the alternative productivity measures, namely the number or pieces and the cargo weight.
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Figure 3.1: Box plot for the number of build-up scans.
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the hourly observations resembles the uniform, whereas for sizes of 4 to 13 the majority of observations belongs to Saturdays. Teams larger than 5 are not observed in all 7 days of the week. Group sizes of 14 to 20 agents are only observed on Saturdays. In conjunction with the fact that consolidation demand reaches its peak on Saturday for the reasons explained in Section 2, we conclude that team size depends on exogenously determined demand factors. Figure 3.3 shows that the bulk of the build-up procedure takes place in hall 1. We do not observe teams larger than 8 (and 11) agents consolidating pallets in hall 4 (and hall 3, respectively). Teams larger than 11 agents produce predominantly in hall 1 and then in hall 2 which constitute the ground floor of the warehouse, while teams larger than 16 agents produce exclusively in hall 1. Hall 1 is located on the ground floor of the warehouse and is adjacent to the freight-unloading ramp area. Therefore, additional build-up procedures are “expanded” to other halls when demand rises and space in hall 1 becomes limited. Note that there is no hard capacity threshold for using another hall (e.g., in terms the number of parallel build ups). Whether another hall is used or not, rather depends on the efficiency of the warehouse area usage and the storage utilization. Figure 3.4 plots the hourly observations over 8-hour working shifts by warehouse production hall and team size. We do not observe production for all shifts and halls. In hall 1 and for small to medium team sizes, production is distributed among the three types of 8-hour shifts: early shift from 6 am until 2 pm, late shift from 2 pm until 10 pm and night shift from 10 pm until 6 am. For teams with more than 13 agents, production takes place during the shift starting in the morning (early working shift). Similarly for halls 2 − 4, the distribution of the build-up process spreads among the 8-hour working shifts when team sizes are small and concentrates on the early-work shift for larger groups. Figures 3.2, 3.3 and 3.4 demonstrate that the bulk of production occurs in hall 1, during Saturdays and the early working shifts. Production in large team sizes occurs during high demand time frames so that whether an agent consolidates pallets alone or in the presence of others depends strictly on demand. Conditional on the production location (warehouse hall), day of week and type of shift, assignment of an agent in single or team production can be deemed as exogenous.
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Econometric Model and Estimation Results



The baseline econometric model is yit = teamit λ + z i β1 + xit β2 + αi + Θhds + εit
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(4.1)



on T da W ues y ed da ne y Th sda ur y sd a Fr y Sa ida tu y rd Su ay nd ay M on Tu day W es ed da ne y Th sda ur y sd a Fr y Sa ida tu y rd Su ay nd ay M on Tu day W es ed da ne y Th sda ur y sd a Fr y Sa ida tu y rd Su ay nd ay M on Tu day W es ed da ne y Th sda ur y sd a Fr y Sa ida tu y rd Su ay nd ay M on Tu day W es ed da ne y Th sda ur y sd a Fr y Sa ida tu y rd Su ay nd ay



M



13



Percent



Figure 3.2: Distribution of hourly observations over day of week and team size.
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Figure 3.3: Distribution of hourly observations by warehouse production hall and team size. Single Production
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Figure 3.4: Distribution of hourly observations by warehouse production hall, working shifts and team size. Team of 2
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for agent i and hourly time interval t. Scalar yit denotes the productivity of worker i in an hourly time interval t. As mentioned above, we have three different measures: The number of build-up scans, the number of build-up pieces and the sum of the build-up weight in kilograms. Variable teamit is a binary indicator taking value 1 if warehouse agent i produces in the presence of other agents (in t) and 0 if the agent produces alone. Thus, scalar λ measures the difference between producing alone or in a team. Matrix z i collects timeinvariant observed agent characteristics such as gender and nationality, while matrix xit collects time-varying observed agent characteristics such as experience in hourly shifts. The error terms εit are independent and identically distributed (0, σ 2 ) over i and t. Unobserved characteristics of the focal agent (for instance, ability in consolidating pallets) are denoted by αi . Since characteristics captured by αi can be correlated with any of the regressors, they are treated as fixed. In order to eliminate them, for every agent and each variable we subtract the mean over the completed hourly shifts. Apart from αi the within transformation sweeps out the time-invariant agent characteristics, z i .10 The effect of the team dummy – parameter λ – can be identified after the within transformation because it varies over time for each agent (all agents in the sample are observed both working alone or in the presence of others). We avoid accommodating time fixed effects with the inclusion of hourly time dummies because of the incidental parameters problem (23, 029 hourly time intervals). Instead, as in Mas and Moretti (2009) and motivated by Figures 3.2, 3.3 and 3.4, we model time fixed effects denoted by Θhds with interaction terms of all observed combinations of the warehouse production hall (hall 1 through hall 4, h = 1, ..., 4), the day of week (Monday through Sunday, d = 1, ..., 7) and the type of 8-hour working shift (early, late, and night, s = 1, 2, 3) taking the form hallh × dayd × shif ts . Note that demeaning the baseline model with respect to the agents’ hourly mean (instead of the completed hourly shifts) would eliminate the team dummy because for any hourly shift the value is either 0 or 1 for all agents (no variation over agents in a single hourly shift). Also, demeaning with respect to the working shift would sweep out hourly shifts as we observe a single hourly production period during a whole working shift or even a whole low-demand day. Scalar λ is the parameter of interest. It measures the differential in agents’ outputs between producing alone or in a team. Thereby, it captures a general social effect (“team effect”) occurring through the presence of co-workers. If λ > 0, agents are, on average, more productive when working in a team compared to when working alone. If λ < 0, agents are, PTi For agent i, the mean of αi over hourly shifts is T1i t=1 αi = T1i Ti αi = αi and the mean over zi is P Ti 1 1 t=1 zi = Ti Ti zi = zi . Thus, by subtracting the mean from the original model, we simply subtract αi Ti and zi , and, therefore eliminate them. 10
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on average, less productive when working in a team compared to when working alone. If λ = 0, there is no significant differential between single and team productivities. Team production occurs in groups of 2 to 20 warehouse agents. Enhancing model (4.1), we create g indicator variables that denote group size in order to estimate the team-production effect according to group size. Equation (4.1) becomes yit =



X



teamitg λg + z i β1 + xit β2 + αi + Θhds + εit



(4.2)



g



As explained in Section 2 shift scheduling is unsystematic. Furthermore, demand is higher on Saturdays and Saturday is the day we observe team production most frequently (cf., Figure 3.2). Therefore, conditional on Θhds (reflecting demand patterns), agent assignment in single or team production is exogenous in equations (4.1) and (4.2). Estimation of the within-transformed models with Ordinary Least Squares (OLS) yields unbiased and consistent estimates of λ and λg with g denoting group size. Table 4.1 presents estimated coefficients and standard errors for the baseline models in equations (4.1) and (4.2) - columns (1) and (2) respectively. We find evidence that working in the presence of others has a positive effect on own scans productivity. The estimated coefficient is 0.023: If an agent switches from working alone to working in a team, the percentage impact on own productivity is 2.3%. Put differently, when working in a team, an agent’s current productivity (with respect to the number of build-up scans) is, on average, 2.3% higher compared to when working alone. This differential can be attributed to peer effects channeled through the mere presence of others and relates to the social-facilitation paradigm: Human performances may increase through the mere presence of other humans (cf., Allport 1924; Zajonc 1965; Cottrell, Sekerak, Wack, and Rittle 1968). Because our model does not pin down the origins of peer effects, meaning agents’ characteristics or productivities, a concrete attribution to specific channels is not possible, at this stage.11 In the second column, we break down the effect of working in a team according to team size. For teams with less than 5 agents, there is no significant differential between working alone or in a team, although the effect is always positive. In teams with 5 agents, there is a positive effect of 3.3% on own productivity that increases and reaches a 10.5% impact on own productivity when building in a team of 9 agents instead of building pallets alone. The effect slightly decreases for teams of 10 to 13 agents to around 8.0% to 9.2% and reaches a maximum when working in a team of 14 agents (11.2%). For groups larger than 14 agents, we define a single team variable, because of the small number of observations in each team size, 11



As shown in the Appendix in Table 6.1, the estimate of team production for the number of build-up pieces is also positive and significant revealing a comparable pattern as for the number of build-up scans. For the sum of build-up weight in kilograms the coefficient is close to zero (slightly negative) and not significant.



17



and obtain a team effect on own productivity of 6.8% which is smaller compared to mediumsized groups.12 Therefore, conditional on own observed and unobserved characteristics as well as demand conditions, we find a positive effect of working in a team instead of working alone on own productivity which is significant for groups of 5 or more agents. The effect is larger for groups of 9 to 14 agents than for groups smaller than 9 or larger than 14 agents. After visiting the warehouse and observing agents using the forklift, we attribute the lack of peer effects in small groups and the smaller effect in very large groups (larger than 14) to spatial considerations. For small teams, a plausible explanation is that agents may end up sparsely distributed in the 4, 000m2 warehouse halls. Therefore, agents might fail to perceive the presence of others. With more colleagues present in a warehouse hall, it is more probable that agents work closer to each other (spatial proximity increases). However, for very large teams, a plausible explanation is that congestion takes place due to the increasingly limited space to maneuver the forklift.13 An alternative explanation for the reduction of the team-effect magnitudes in large teams is free-riding. In big groups, agents may feel it is less likely to be observed by their co-workers. Due to this “crowd anonymity” they fear less to be caught and sanctioned by their peers. Consequently, the opportunities for free-riding may increase. The results of the study herein give no direct indications to explain free-rider behavior. Nevertheless, this alternative guess is taken up for verification in the respective analysis on peer effects in future research. To explore the relationship between agent productivity and working in a team at different points of the productivity distribution, we perform quantile regressions. For this purpose, we analyze the effects for different quantiles of the agents’ productivity, namely the 10th, 25th, median, 75th and 90th quantiles. Quantile estimation results of the baseline model in equation (4.1) are presented in Table 4.2. Working in a team compared to working alone increases performance for agents placed at the 10th, 25th, and 50th quantiles of the productivity distribution. The relevant coefficients (0.014, 0.042, and 0.024) are economically and statistically different from zero. For example, productivity increases by 4.3% when working in a team for an agent whose average productivity is below the 25th quantile border.14 For larger productivity-quantiles, estimates (0.010 and 0.004) are close to zero and not statistically significant indicating no responsiveness to the presence of peers. Thus, low-performing 12



For a log-level model the marginal effect of a dummy variable D on the dependent variable Y is calculated as follows: if D switches from 0 to 1, the percentage impact of D on Y is 100[exp(b) − 1], where b is the coefficient of D. This is the formula we are using to calculate the marginal effects of the team dummies. 13 We uncover a similar pattern for the (log) number of build-up pieces, although the effect is not significant for very large teams (15 to 20 agents) and the largest magnitude corresponds to the team of 9 agents. With the (log) cargo weight as productivity measure we find, first, negative and mostly insignificant negative effects of working in a team for either small or very large teams and, second, positive but insignificant effects of working in large teams. Results can be found at Table 6.1 of the Appendix. 14 Note that the magnitude-progression of the presented quantile estimates is not increasing linearly.
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Table 4.1: The effect of team Production on individual productivity - scans Working in a team



(1) 0.023** (0.011)



(2) -



Working in a team of 2



-



team of 3



-



team of 4



-



team of 5



-



team of 6



-



team of 7



-



team of 8



-



team of 9



-



team of 10



-



team of 11



-



team of 12



-



team of 13



-



team of 14



-



team of 15 − 20



-



0.018* (0.010) 0.010 (0.012) 0.017 (0.014) 0.032** (0.015) 0.040** (0.017) 0.053*** (0.018) 0.055*** (0.018) 0.100*** (0.019) 0.092*** (0.020) 0.081*** (0.023) 0.083*** (0.021) 0.080*** (0.026) 0.106*** (0.028) 0.068*** (0.024) 320 108, 369



Number of agents Number of observations



320 108, 369



Note: Dependent variable is the (log) number of build-up scans per hour. Estimation with OLS including agent fixed effects, a quadratic in experience and interaction terms of all possible combinations of warehouse production hall, day of week and type of 8-hour shift. Standard errors clustered on the agent in parentheses. ***, **, * denote significance at 1%, 5% and 10% level respectively.
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warehouse agents become more productive in the presence of other agents compared to workers with high productivity—a result which is in line with, for example, the experimental study by Falk and Ichino (2006) and the field study by Mas and Moretti (2009). A plausible explanation is learning: low-productivity agents can benefit from observing how others build pallets.15 Table 4.2: Effect of team production on individual productivity by quantile - scans



team Number of observations



10th 0.014** (0.007) 108,369



25th 50th 75th 0.042*** 0.024** 0.010 (0.012) (0.012) (0.011) 108,369 108,369 108,369



90th 0.004 (0.010) 108,369



Notes: Dependent variable is the (log) number of build-up scans per hour. Quantile estimation including agent fixed effects, a quadratic in experience and interaction terms of all possible combinations of warehouse production hall, day of week and type of 8-hour shift. Bootstrapped standard errors in parentheses. ***, **, * denote significance at 1%, 5% and 10% level respectively.
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Policy Implications



Although this study does not reveal the channels through which peer effects are transmitted, it allows for the deduction of some managerial inferences. Since outputs under teamwork are, on average, higher compared to single work, managers should avoid distributing a few agents in different halls leaving them working alone. Rather, build-up procedures should be pooled to one dedicated hall to increase the proportion of team-work build ups. For example, if at a time—in each of the four warehouse halls—only a few (e.g., 1, 2, or 3) workers operate in build-up activities, managers should make them working in one hall—avoiding them producing in different halls. If possible, build-up allocations should be arranged within halls in a way that teams are of a “medium” size (to be precise, 9 − 14 agents) in order to exploit spillover effects optimally. As an example, let us assume that 10 agents have to build up 10 pallets. From what we find, it is beneficial for the organization (in the long-run) to allocate these build-ups in one hall with a medium-sized team (i.e., 10 agents), instead of allocating it, for instance, in four halls with four small teams (e.g., 2 × 2 agents plus 2 × 3 agents). Another recommendation is to avoid congestion. Since the findings in this 15 In the Appendix, Table 6.2 illustrates the corresponding results when using the number of build-up pieces and the build-up weight, respectively, as dependent variable. The quantile-effect pattern is similar for the number of build-up pieces. For the build-up weight, the effect is negative and relevant for agents at the median and the upper parts of the productivity distribution. When considering weight as a measure of productivity, notice that on average heavy freight has larger dimensions than lighter freight so that agents at the upper parts of the distribution may experience spatial congestion from the presence of others.



20



chapter suggest that the mere presence of others has a positive effect on one’s own current productivity, managers can also assign workers processing different tasks than build-ups (e.g., de-consolidation agents) to be present next to a build-up location. Since we find significant heterogeneity in responsiveness among warehouse agents’ productivity levels, the optimal worker mix to maximize outputs in the long-run is the one with the maximum diversity in productivity levels. Note that for accurate policy implications further studies are necessary in order to reveal through which channels these effects are transmitted (beyond the mere presence of others). To be precise, managers have to know whether and—if so—to which extend the characteristics (contextual effects), and the current behavior (contemporaneous effects) of a group determine the current productivity of a worker. This is done in Steinbach and Tatsi (2018) providing deeper insights into the emergence and channels of peer effects in this specific setting.
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Conclusion



Using panel data on productivities of warehouse agents consolidating freight onto cargo pallets in large warehouse halls, our study provides evidence on the existence of peer effects. For this purpose, we conduct an empirical approach that is similar to the experimental study of Falk and Ichino (2006). We observe warehouse agents’ hourly productivities in two states: working alone and in the presence of 2 to 20 co-workers. By comparing the differences in individual outputs, we find evidence on productivity spillovers when working in a team. Significant spillovers occur in teams with more than 4 agents; largest spillovers are verifiable in medium sized teams of 9 to 14 workers. In teams with 15 or more workers, effects are still significant, but remarkably decreased. We attribute these differences in peer-effect magnitudes to spatial conditions. Since warehouse halls are around 4, 000 square meters, agents might end up sparsely distributed in a single warehouse hall. Under these circumstances, agents may face difficulties to perceive their colleagues’ presence—harming the pass-through of productivity spillovers between workers. In large groups, in contrast, congestion might inhibit outputs causing peer-effect magnitudes to shrink. Using quantile regressions on the workers’ productivity distribution, we show that low-performing warehouse agents are most sensitive to the presence of other agents. These results are in line with related studies (e.g., Falk and Ichino 2006; Mas and Moretti 2009).
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Appendix



Figure 6.1: Warehouse footprint.
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Figure 6.2: Forklift.
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Figure 6.3: Barcode Scanner
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Figures Figure 6.4: Box plot for the number of build-up pieces.



Number of Pieces 80



Number of Pieces



60



40



20



0 Single Production Outside values excluded



Team Production



Number of Pieces by Team Size 100



Number of Pieces



80



60



40



20



0 1 2 3 4 5 6 Outside values excluded



7



8



9



10 11 12 13 14 15 16 17 18 19 20



25



Figure 6.5: Box plot for the sum of build-up weight.
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Tables Table 6.1: The Effect of Team Production on Individual Productivity - Pieces and Weight Pieces Working in a team



(1) 0.037** (0.015)



Working in a team of 2



-



team of 3



-



team of 4



-



team of 5



-



team of 6



-



team of 7



-



team of 8



-



team of 9



-



team of 10



-



team of 11



-



team of 12



-



team of 13



-



team of 14



-



team of 15 − 20



-



Number of agents Number of observations



320 108, 369



Weight (2) -



(3) -0.030 (0.020)



0.023* (0.014) 0.021 (0.017) 0.049*** (0.019) 0.061*** (0.020) 0.048** (0.023) 0.083*** (0.024) 0.065*** (0.024) 0.116*** (0.024) 0.080*** (0.026) 0.069** (0.027) 0.081*** (0.030) 0.108*** (0.031) 0.106*** (0.034) 0.053 (0.032) 320 320 108, 369 108, 369



(4) -



0.003 (0.020) -0.069** (0.024) -0.058** (0.025) -0.052* (0.029) -0.053* (0.031) -0.014 (0.033) 0.004 (0.033) 0.067* (0.035) 0.040 (0.039) 0.079** (0.036) 0.029 (0.042) 0.068 (0.046) 0.040 (0.051) -0.011 (0.045) 320 108, 369



Note: Dependent variables are the (log) number of build-up pieces per hour and the (log) cargo weight per hour. Estimation with OLS including agent fixed effects, a quadratic in experience and interaction terms of all possible combinations of warehouse production hall, day of week and type of 8-hour shift. Standard errors clustered on the agent in parentheses. ***, **, * denote significance at 1%, 5% and 10% level respectively.
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Table 6.2: Effect of team production on individual productivity by quantile - scans, pieces and weight



Pieces team Weight team Number of observations



10th



25th



50th



75th



90th



0.049*** (0.016)



0.042** (0.017)



0.038*** (0.013)



0.026** (0.013)



0.002 (0.015)



-0.033 (0.041) 108,369



-0.018 (0.024) 108,369



-0.034** (0.016) 108,369



-0.033*** (0.012) 108,369



-0.035** (0.014) 108,369



Notes: Dependent variables are the (log) number of build-up pieces per hour and the (log) cargo weight per hour. Quantile estimation including agent fixed effects, a quadratic in experience and interaction terms of all possible combinations of warehouse production hall, day of week and type of 8-hour shift. Bootstrapped standard errors in parentheses. ***, **, * denote significance at 1%, 5% and 10% level respectively.
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