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Abstract

It is estimated that human error in the quality control checking of product labels on consumer packaging costs the UK retail industry £50m per annum. Our research program aimed to understand the behavior of individuals when performing label checks on fresh produce in order to inform the development of a software application designed to support quality control. On a simulated label checking task, eye-tracking data showed that individuals used different checking methods. A more systematic method led to higher accuracy. Two computer-assisted approaches, varying in the level of computer support provided, were then designed to push checkers towards systematic checking. Greater improvements in accuracy were found under the computer-assisted approaches than under a control condition. A three-month onsite trial of a software application designed on the basis of these research findings led to a 100% decrease in quality control errors. 
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1. INTRODUCTION 
Quality control checks sometimes fail to detect errors produced when products are packaged and labelled. It has been estimated that such errors cost UK industry £50m per year in recall and replacement (S. Hinks, Product Technical Manager: Fruit and Floral, Sainsbury’s Supermarkets Ltd, personal communication). The failure to detect label errors occurs despite rigorous quality control checking procedures carried out independently by three or four different human operatives. Whilst the vast majority of labelling errors are successfully detected in the packaging facility in which they occur, the repercussions of the relatively few errors which do escape the notice of the quality control checkers are great, both financially and environmentally. In the case of fresh fruit and vegetables (the particular concern of the research reported in this paper), mis-labelled produce, once detected, has to be recalled from retail outlets across the country, returned to warehouses, and disposed of. This wastes a large amount of perfectly edible food, disrupts the flow of goods in the supply chain, takes up valuable employee time, results in increased transportation costs, and has a negative impact on sales. Indeed, labelling errors on fresh produce are estimated to cost UK supermarkets some £8-10m a year (S. Hinks, personal communication). As well as the energy, water, and other resources wasted in cultivating the produce in the first place, similar levels of resources are needed to grow and transport replacements. The carbon footprint attached to these errors is thus significant. Research is becoming increasingly concerned with how the capabilities of the human brain can be extended through the use of, and interaction with, technological devices [1, 2]. The work described in this paper demonstrates how an understanding of human cognitive limitations can be used to develop a software application to make quality control checking of product labels more effective, thereby reducing both financial and environmental waste. A multi-stage, mixed-methods research program was undertaken to understand the cognitive processes involved in label-checking. The aim of the project was to use this understanding to produce a technological solution which would reduce or eliminate the human error that leads to detection failures. 
2. THE REAL-WORLD ENVIRONMENT
Due to the dynamic environment within which supermarket orders are processed, the wide variety of produce, the last-minute availability of information which labels must contain, and the fact that different hardware is used on different production lines in the packaging facility, it was not possible for the packaging facility to achieve a simple, over-arching software solution to the problem of detecting errors on fresh produce labels (D. Boakes, Technical Development Director, Mack, personal communication). As a consequence, a human-centered approach to solving the problem needed to be found.
As an initial step in understanding label-checking behavior, the packaging and quality control processes and systems were viewed in operation in a large-scale production environment (henceforth referred to as the “pack-house”). Observations of the working systems were undertaken on-site, noting the differing roles of the operatives in the process, together with an examination of the historical error data held by the pack-house and interviews with operatives. The data gathered from these sources highlighted the extremely complex interaction between humans and technology in a highly dynamic working environment. To give an indication of the scale of the operation, in one week, the pack-house deals with 153 stock-keeping units (SKUs) for fruit plus 20 for vegetables, resulting in orders on over 170 SKUs every day. Variations in the size, variety, and grower of the produce must be accommodated when making up orders for a run on a packaging line. Over the course of a month, some 4500 label checks are performed (D. Boakes, Mack, personal communication). 
The process begins with the packaging company’s commercial office being contacted by a supermarket’s commercial team with a list of weekly updates to their order (such as size changes to produce, new promotions, etc.). This information is then entered into a product specification sheet. Typically, three to seven versions of the product specification sheet are produced over its week-long lifespan, as orders are changed or errors are detected on earlier versions.

A new product specification sheet is produced and disseminated to the pack-house on the same day each week. At the label production stage, operatives are required to generate labels, drawing information from the product specification sheet to transfer onto the product labels. The specification sheet provides data on, for example, the weight of the fruit, the number of pieces of fruit, the grower of the fruit, the country of origin, and current promotions offered on the product. During this label production process, different types of errors can occur, such as the misplacing or incorrect entry of information, the omission of necessary information, or mistakes in spelling.

After an initial check of the label by the team leader of the line charged with packaging the product in question, the onsite label-checking process is normally performed by experienced quality control staff. However, despite their overall effectiveness in detecting errors, some errors do still escape the pack-house, being picked up instead, and belatedly, in distribution depots or, most seriously, in the supermarkets themselves. When a labelling error results in a product having to be recalled from the supermarket shelves, the fines imposed on the packaging company by their supermarket customers are considerable (running into the tens of thousands of pounds per error). Whilst the overall incidence of label errors might be low, the consequences of even a handful of these passing through quality control undetected are great, with repercussions to the packaging company both financially and in terms of reputation, as well as tying up packaging lines and their operatives with laborious re-packaging tasks and, where mistakes cannot be rectified onsite, leading to massive waste of packaging and products. 
3. LABEL-CHECKING
In checking a label, a quality control checker must move between two sources of information. The first of these, the product specification sheet (a simplified version of which is presented in Figure 1), contains details of the supermarket orders for a number of different products. Between three and 11 fields of information are presented for each entry (e.g., product name, best-before date, product weight, country of origin). 
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Figure 1: A simplified product specification sheet.
The checker must read off the information from the appropriate row of the product specification sheet and check it against its corresponding entry on the product label (Figure 2, overleaf). In addition to the information printed on the label itself, the checker must also verify that any promotional information is correctly presented on an additional ribbon or sticker accompanying the label (e.g., “2 for £2.50”). Quality control checkers must exercise vigilance when checking every field printed on the label since errors can occur in any of the fields of information on the label. In some cases, fields of information have a statutory legal requirement to be presented correctly.
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Figure 2: A fresh produce label for the pack-house’s largest supermarket customer.
4. TAKING LABEL-CHECKING INTO THE LABORATORY
Having gained an understanding in situ of label-checking on an organizational level, the research was then taken into the laboratory to investigate the human cognitive behavior involved in the process. A simulated label-checking task was, therefore, presented [3] to both experienced quality control staff (mean years of experience = 5, SD = 4) and university students who were naïve to label-checking.

An Eyelink 1000 Desktop 1000 eye tracker (SR Research Ltd., Ontario, Canada) allowed the use of a gaze-contingent paradigm to mimic the need for label checkers to orientate the product specification sheet and the label itself. Both the product specification sheet and the label were facsimiles of comparable items used in the pack-house. Only one or other source of information was available to participants at any given time, depending on whether they fixated on the upper (the product specification sheet) or lower half (the label) of the computer monitor. Over a series of trials, the participants were asked to check that the details printed on the label correctly matched with the corresponding information set out in the product specification sheet. The number of fields of information shown on the product specification sheet was held constant at seven per label with the same fields being presented on all product labels. The fields in question were the product (vegetable or fruit type), the country of origin, the grower name, the quantity and/or weight of items, the best-before date (indicated by “BB” on the product specification sheet), the barcode number, and details of any promotion ribbon/label to be appended to the packaging (e.g., “Any 2 for £2.50”). 

In the majority of trials, the information printed on the label matched with that appearing on the product specification sheet. However, labels which contained a mismatch in one field of information were also presented. The ratio across trials was 80% matches to 20% mismatches. Whilst the frequency of labels containing a mismatch was much larger than that generated in the real-life pack-house environment, it was necessary to use such a ratio in order to obtain sufficient data for statistical analysis whilst also ensuring that the task did not become boring or overly time-consuming for participants to the detriment of data quality and participant recruitment. 

Eye movements were logged as the participants performed a series of label checks on the simulated checking task. Experienced checkers were found to use different approaches to the task. Those checkers who were most accurate in detecting label errors were also the most systematic in their behavior, reading one field of information from the product specification sheet, checking this against the corresponding entry on the label, and then moving back to the product specification sheet to read the next field of information. Other experienced checkers adopted a chunking approach [e.g., 4], in which they read several fields of information from the product specification sheet before checking them all against the label in a single visual pass. The remaining experienced checkers did not show a discernable pattern in their label-checking behavior, being haphazard in their approach. The level of experience which checkers had with the task did not predict the type of approach which was taken. Moreover, inexperienced undergraduate students were found to be no less accurate at detecting label errors than the experienced checkers. This meant further experiments could be run using naïve participants, thereby making available a larger participant pool for the research.
5. USING TECHNOLOGY TO GUIDE BEHAVIOR
Having established that a systematic approach led to the highest error detection rates [3], the question then became how best to ensure that the behavior of all quality control operatives conformed to this label-checking method. Achieving such conformity would reduce the impact of individual differences and optimize performance.
Unlike traditional approaches which view cognition as occurring solely within the mind of a given individual [5], advocates of distributed or external cognition place much greater emphasis on the dynamic interaction between internal, mental resources and resources available in the environment [6, 7, 8]. These external resources are able to guide, constrain, and shape the way in which cognition proceeds [e.g., 5, 9]. From this perspective, the human agent can be viewed as one (albeit crucial) part of a larger cognitive unit [10]. Distributing cognition over internal and external representations might also serve to reduce cognitive load [11] and, as a result, improve performance [e.g., 12, 13]. In particular, having an external means of ensuring that checkers checked one field of information at a time would be likely to reduce the demands placed on short-term memory [e.g., 14] in temporarily retaining information whilst performing the task. Under this approach, the cognitive demands of the task could be lessened by being distributed either across individuals or between an individual and a software-based tool and, thereby, improve performance.
The first such method to be tested involved distributing the task over two individuals [e.g., 10], with one checker reading out one field of information at a time from the product specification sheet and the second checker verifying the correctness of the corresponding entry on the label. However, a short trial of this approach in the pack-house indicated that this method was not viable since the demands of the work environment meant that two checkers were often not available at the same time. Furthermore, despite generally seeing the value of the method, there was some resistance amongst employees to changing to this new method as it was felt to be too time-consuming and too resource-heavy to be practical.

The second method tested involved distributing the task over a human operative and a computer. By coupling human performance to that of a computer, it was thought that label-checking behavior could be pushed towards a more systematic approach, with the computer guiding the checker through the information one field at a time. 

Two computer-coupled methods were tested [15] against a control condition in which no computer support was provided, in order to establish the appropriate level of technological support for guiding the label-checking process towards a systematic approach which was associated with better performance on the simulated task. The two methods differed in the extent to which the computer was involved in guiding behavior. The first method was unimodal and entailed visually highlighting the current field of information to be checked on the product specification sheet. The checker moved a red box onto the next field on the product specification sheet after checking the previous entry on the product label. The second method, which distributed cognition even further, involved highlighting the current field visually but in addition, a pre-recorded voice “read out” the information which should, if correct, be displayed in the current field of the label. Thus, computer support was offered bimodally, with information being provided in both visual and auditory modes at the same time. Participants in all three conditions completed an initial block of 50 trials (Block 1), using their own self-adopted method of checking, allowing performance in Block 2 to be compared against a baseline level.

Mean improvement rates are shown in Figure 3. Overall, regardless of condition, improvement was seen between the first block of trials (where participants used their own idiosyncratic method of checking) and the second block of trials (where the participants continued to use their own method or used a computer-coupled method). However, a one-way unrelated analysis of variance indicated that there was a significant effect of checking method condition on improvement score, F(2, 55) = 3.39, MSE = 0.003, p = .041.
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Figure 3: Mean proportion of improvement moving from Block 1 to Block 2.

Post hoc Sidak tests indicated that, compared with the small improvement in overall accuracy in the control condition (where idiosyncratic approaches were carried across from Block 1), the improvement in accuracy was significantly greater for the bimodal condition, p = .048. The difference in improvement scores between the unimodal and the control conditions was not statistically significant, p = .160, nor was the difference between the two computer-coupled methods, p = .903. Whilst both computer-coupled methods led to more accurate performance compared with that of the control condition, only the bimodal method, with its use of both visual and auditory information to guide and aid checking, resulted in a significant improvement in accuracy relative to checkers using their own idiosyncratic methods. Whilst small in absolute terms, the 5% improvement in accuracy seen in the bimodal condition would translate to significant financial and environmental savings, reducing the number of costly large-scale recalls.
6. GREENLIGHT LABEL CHECK
The data collected in the two experiments described above and reported in more detail elsewhere [3, 15] were used to inform the development by Muddy Boots Software Ltd of a simple Windows software application to assist quality control checkers in making decisions about the accuracy of information on labels. Known as “Greenlight Label Check”, the application adopts a similar method to the distributed approach tested experimentally, providing both visual and auditory information and cues to facilitate label-checking. The checker is guided through the process of checking, with only one field of information being presented at a time for verification. In this way, a strictly serial approach to the label-checking task is ensured. In addition to the control of the visual information available to the checker, speech production software can read out the relevant entry on the product specification sheet for checking against the label. Once the checking of the product label is completed, the results are distributed via a mailing list to relevant managerial staff and are also stored centrally for effective data management. Images of the label can be captured if further evidence is needed for record keeping.
Greenlight Label Check was given a three-month live site trial at a large pack-house facility. Over this period, the number of label errors which got through to the final customer dropped to zero. Comments from quality control staff indicated that they found the new system more efficient, allowing quicker and more accurate checking of labels (D. Boakes, Mack, personal communication). 
7. CONCLUSION
The program of research and development described in this paper has achieved noteworthy success in reducing the frequency with which fresh produce label errors escape detection by quality control operatives. The results of the live on-site trial indicate that a computer-coupled method of checking is even more successful in situ than in the artificial confines of the controlled laboratory setting. The economic and environmental benefits of reducing the waste associated with mislabeled produce are obvious. Moreover, the simplicity and effectiveness of the Greenlight Label Check software application also means that the task of label-checking no longer needs to be restricted to specialist quality control staff. This frees them to focus on other aspects of the role for which their skills are required by allowing less experienced staff to undertake the label checking task with confidence.

In conclusion, the results of this research program indicate how psychological principles can be applied successfully to solving real-world problems, helping to guide software designers towards producing a label-checking application underpinned by cognitive theory. It has been argued that communication between humans and machines can be made more effective if the differences in their capacities are stressed rather than downplayed [2]. The methodical, serial approach to checking one piece of information at a time is just the sort of task at which a machine excels and which, by contrast, taxes human operatives, due to its attentional and memory demands, particularly over sustained periods of activity. Greenlight Label Check adopts just such a serial approach, taking over that part of the checking task which inaccurate human label-checkers find most problematic.
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