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ABSTRACT 
We believe worker-performance may be affected by the individual’s knowledge of why and where they 
fit into a larger system, defined as mission clarity. We conduct a controlled experiment to discern how 
education, experiences and subject characteristics impact mission clarity and subsequently contextual 
and task performance in a pick-and-pack operation. 

INTRODUCTION 
In 2010, about 750,000 warehouses worldwide distributed approximately $1 US trillion in goods. 
Warehouses represent approximately 20% of the logistics costs for many businesses, and order picking 
accounts for 55% to 65% of the total operational costs of a warehouse [4]. The large costs associated 
with warehouse operations generate the need for efficient and effective operations. The operations 
within a warehouse can be parceled down into individual tasks. Each task is affected by a number of 
known and unknown influences. Managers seek out practical methods to improve task performance, 
thereby increasing warehouse, firm and supply chain performance.  

The many processes in a warehouse can be crudely categorized into four basic areas: 1) to receive the 
goods from a source, 2) to store the goods until they are required, 3) to pick the goods when they are 
required, and 4) to ship the goods to the appropriate user. Of these four areas, order picking is the most 
fertile process for productivity improvements since it is the most labor-intensive operation in 
warehouses with manual systems, and a very capital-intensive operation in warehouses with automated 
systems [10]. Being labor-intensive and the most expensive warehouse activity, errors in order picking 
can lead to increased inventory inaccuracies [26] and higher costs for the entire supply chain [4]. 
Order picking is the term for all the sub-tasks required to gather items from an assorted inventory in 
preparation for shipment or internal movement [2]. Often, the items are located in bins placed on shelves 
or large racking. Accompanying the task of order picking is the process of packing the picked items in 
preparation for shipment to the customer. Individuals are now capable of attaining 1000 picks per hour 
[4]. Such a vast number of actions creates significant potential for errors. Errors in the shipping process 
come from a variety of sources such as picking the wrong item, wrong amount, breakage, and confusion 
[4]. Another common source of errors arises from the necessity to for workers to enter data into an 
information system. These errors can frequently result in increased order-return costs, create negative 
publicity, and can even pose safety hazards, such as critical items not arriving when needed [3]. 
In supply chain management (SCM), human errors have been addressed peripherally. The Toyota 
Production System (TPS) and Lean initiatives have emphasized the impact of individual performance on 
overall production systems [24]. TPS implements kanban structures, which are visual motivational 



elements to enhance performance. The kanban process makes a previously arbitrary action visible and is 
a constant reminder of the task at hand [25]. Beyond TPS and Lean process movements, other aspects of 
the supply chain can be affected by human errors [6]. SCM literature has called for more studies 
assessing how individuals affect supply chain performance [1] [5].  

Literature Review 
A recurrent model in human-error literature is the generic error-modelling system (GEMS). Its 
ubiquitous nature in human factors, psychology and management fields means that many of articles have 
been influenced by its structures, even if not explicitly stated. The GEMS has its foundations in the work 
of Rasmussen [14] and Rouses [19], but was synthesized and popularized by James Reason and Donald 
Norman through the 1980s and 1990s [15]. The GEMS proposes three types of errors based on three 
types of performance. The execution stage of cognitive processing is where most actions occur and 
functions at the skill-based level. The errors at this stage are manifested as slips and lapses. Slips and 
lapses are errors due to failures in execution and/or storage of an action sequence [15]. The next type of 
error occurs at the rule-based level of performance. Errors at this level are classified as rule-based 
mistakes. They are based on faulty rules for execution and associated with storage cognitive processes. 
A faulty rule will lead to a “strong-but-wrong” response. These types of error are often harder to detect 
as rapidly as skill-based errors. In fact, if there are not subsequent checks, the mistake may never be 
found [22]. Finally, the third level of performance is the knowledge-based level and invokes planning 
cognitive processes. Here, mistakes require feedback because the individual is consciously aware of the 
problem and recognizes the need for problem solving [15]. 	

Reason’s model associates the types of errors with resulting accidents. The fundamental concept of his 
model is that accidents are rarely, if ever, the result of a single error. Normally, a single error is detected 
at a subsequent step and remedied before the initial error results in an accident. However, sometimes the 
subsequent fail-safes also fail. The series of errors was compared to slices of Swiss cheese that all 
happen to have holes lined up in such a fashion that an error flows through multiple checks. Reason 
further proposes that each slice of cheese represents specific aspects of the accident environment. 
Reason proposed organizational influences, unsafe supervision, and preconditions for unsafe acts all 
facilitate conditions for latent failures. These hazards lead to an environment where active failures flow 
through expected checks resulting in a mishap. The weaknesses of the latent layers are not necessarily 
active failures but may manifest when they should catch an unsafe act; for example, fatigue or 
complacency [8]. Shappell and Weigmann [20] modified Reason’s model by including 19 specific 
causal categories and called it the human factors analysis and classification system (HFACS). The 
categories are subordinate definitions for four main domains that mirror Reason’s model.  
Swain [23] states that better implementation of human factor considerations will reduce the likelihood of 
an unnoticed error. The current method of reducing error is to rely on difficult-to-follow written 
procedures; an alternative would be to make relatively minor changes in processes or system structures 
to better mitigate the impact a single error will have on the system [23]. Another area for improvement 
is to implement a system of unannounced emergency exercises with “table-top” walkthroughs. It appears 
that his recommendation has been heeded more fully since the publishing of this article. Currently, the 
Department of Homeland Security exercises civilian organizations that have the potential for 
catastrophic emergencies…such as a nuclear power plant. Individual plants also have implemented 
measures akin to Swain’s recommendations. The Diablo Canyon nuclear power plant has it workers 
conduct normal operations for three weeks, then has one week of training and exercises [18]. He also 
observed that checklists for normal operating procedures are commonly used during emergencies. A 
better practice would be to develop emergency operating procedures that can be accessed based on 
symptoms. This would be similar to pilots having normal procedural checklists in written format in 



Figure 1. Proposed Research Model 

addition to memorized “bold-face” checklists for specific emergencies. Finally, he recommends displays 
and controls be organized to aid the creation of accurate mental models when there is an error [23]. An 
example can be found in the C-17 aircraft. Its fuel system controls are laid out in the shape of the 
aircraft. To transfer fuel from one tank to another, the pilots activate a switch that is located graphically 
on the panel between the tanks. When there is a problem in a given location of the fuel system, the 
location blinks.  

Additional initiatives to mitigate errors have been popularized by Lean initiatives and the TPS [25]. 
Poka-yoke is a Japanese term meaning “fool-proof” or “mistake-proof.” The poka-yoke principle is to 
design a system so it cannot be accomplished incorrectly under normal circumstances [15]. An example 
is electrical plug-ins; if a device requires a specific polarity, one prong will be wider than the other 
preventing users from inserting the plug incorrectly. Nolan proposes that processes can be designed to 
reduce the error-rates [13]. The example he provides is receiving cash from an ATM. Since the objective 
is receiving cash, some customers will walk away before the transaction of finalized and the card 
returned. However, if the process is changed so that the cash is not dispensed until the very end (after 
the receipt and card are dispensed) then fewer people will forget their card in the ATM. A supply 
process change example would be to not stock easily confused items in the same areas [17].  

The DOD has employed some of the above suggestions to reduce accidents and supply error-rates. The 
DOD changed how it stores nuclear weapon related material (NWRM) after two highly publicized 
events when NWRM was mistaken for other inventory [21]. The Air Force and Navy implemented the 
recommendation to store critical items that are easily confused in separate locations. Now, all NWRM is 
stored in a physically separate part of the warehouse. An ongoing area of improvement is new training 
methods. Roberts et al. [18] state that formal training can be effective for improving workers’ ability to 
recognize when they commit an error. However, in the most reliable organizations, the formal training is 
accompanied by strong cultures that recognize that the system is not perfect and that improvements can 
be noticed at all levels [18]. The DOD is still formulating how it can foster a culture of safety when the 
profession inherently participates in high-risk activities. The military cannot eliminate all dangers or 
human errors. Reason suggests the goal is to understand that processes involving humans will have 
human error; however, creating a culture of safety will enable the mission to continue even in the 
presence of errors [16].  
Problem Statement, Research and Investigative Questions 

This research will integrate the current needs of 
SCM, regarding human errors in the order 
picking and packing process, with principles 
from human factors engineering, inventory 
management, and psychology. Considering the 
above research and observed opportunities, it is 
proposed that supply chain workers make 
observable, preventable errors while completing 
their assigned tasks in the shipping process. A 
quote by Baron von Steuben succinctly captures 
the essence of our research. Baron von Steuben 
was a Prussian officer in George Washington’s 
Continental Army. He was responsible for 
training and discipline of recruits. In his 
memoirs he records “You can tell Prussian, 
German, French soldiers to do this and he does 



it; with the Americans I am obliged to say ‘this is why you do it, then he will do it” [11]. The concept is, 
at least in American-culture, performance may be affected by an individual’s knowledge of why and 
where they fit into a larger system. The individual’s grasp of how he/she fits into the larger mission is 
proposed as mission clarity. Thus, the overall research question is: What is the relationship of mission 
clarity to job performance? The first investigative question is: How does education affect job 
performance? The second investigative question is: How do novel experiences affect the job 
performance? Finally, individuals who have a greater grasp of their work and know how their effort 
impacts the larger system are less likely to commit errors [18]. The third investigative question would 
be: What is the relationship of mission related subject characteristics and job performance? Job 
performance includes both task performance and contextual performance elements (Conway, 1999). 
Furthermore, task performance will be measured by error counts and the NASA-TLX to assess 
perceived task load. This will expand the three investigative questions into nine specific questions. The 
formal hypotheses stem from the investigative questions and are presented below.  The subject 
characteristics of interest relate to mission clarity such as experiences, previous careers, years of 
experience, depot tours, deployments, and specialty courses. It is important to consider subject 
characteristics because previous research suggests that a decision maker’s experience with solving a 
particular type of problem, can impact their future performance [12]. Moreover, the items that comprise 
subject characteristics are likely to vary across a wide spectrum for workers.  

Hypotheses  
H1: There is a negative relationship between mission-related education and performance. 
H2: There is a negative relationship between mission-related education and perceived task-load.  
H3: There is a positive relationship between mission-related education and OCB. 
H4: There is a negative relationship between mission-related experience and performance. 
H5: There is a negative relationship between mission-related experience and perceived task-load.  
H6: There is a positive relationship between mission-related experience and OCB. 
H7: There is a significant relationship between mission-related subject characteristics and performance. 
H8: There is a significant relationship between mission-related subject characteristics and perceived 
task-load. 
H9: There is a significant relationship between mission-related subject characteristics and OCB. 
 

Methodology 
The above hypotheses are operationalized to conduct a controlled experiment; we setup a mock 
warehouse where participants collected needed items and place them in tubs for processing. The 
dependent variables that represent task performance are error-rates and perceived task-load during a 
simulated warehouse order-picking task. An error is defined as not performing a task according to 
provided instructions. In the operational environment, it would be a failure to follow applicable technical 
orders. In the experiment, an error is recorded when the participant selects a wrong item, selects too 
many or too few of the correct items, or mislabels the order. Contextual performance is represented and 
measured via a 20-item organizational citizenship behavior (OCB). Education is operationalized with 
traditional education methods; specifically, the subjects will receive a verbal explanation via a computer 
based presentation. A novel experience will be operationalized by having them meet an end user of the 
supplies. In this experiment they will meet a confederate who has flown medical evacuation missions. 
The confederate will relay personal experiences of medical evacuation missions. He will explain the 
importance of having exactly what is needed in order to complete life-saving flights. The target 
population is Air Force Airmen, Grade E-1 to E-6, in the supply specialty-core. Our desired number of 
participants is at least 100.  



The participants are given disclosure information and instructions before beginning the tasks. Following 
the instructions, the participants complete a baseline-order shipping label without a time limit. Next, 
they have 5 minutes to pick as many lines from the order pick-list as they can. After the baseline 
assessment, the treatments are administered. Participants are randomly assigned to one of four groups 
receiving no treatment (control), traditional educational, experience meeting confederate, or both 
education and experience. Then, participants will complete three shipping labels for three corresponding 
pick-lists, with no time limit.  Next, they are allowed 15 minutes to fill the three orders. After they 
complete the picking tasks, they are moved to a workstation with a laptop to complete the web-based 
post survey measures.  
After the experiment, the NASA-TLX [7] is administered to assess the perceived task load and 
effectiveness. The end goal is to determine if a relationship exists between any combinations of task-
education, experiences, subject characteristics and task-errors or perceived task-load. The next measure 
is a survey that obtains participant demographics. The third measure is a locally-developed questionnaire 
to assess the participants’ mission clarity. It included questions from the instructions and the task 
context. Next, they complete the 20-item OCB measure. Finally, they complete the 44-item version of 
the Big-Five inventory [9]. The total time for the measures took 10-20 minutes for most individuals.  

Conclusion 
We propose that supply chain workers make observable, preventable errors while completing their 
assigned tasks in the shipping process. We believe worker-performance may be affected by an 
individual’s knowledge of how, why, and where they fit into a larger system—defined as mission 
clarity. We conduct a controlled experiment to discern how education, experiences and subject 
characteristics impact mission clarity and subsequently contextual and task performance in a pick-and-
pack operation. Some of the results of the analysis (which is currently occurring) of the data obtained 
during the experiment will be briefly discussed in the final version of the paper should the paper be 
accepted for publication in the proceedings and in the associated presentation at the conference. 
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