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Chapter 1: Introduction 

1.1  Background  

The workload of UK community pharmacists is continually rising, with the number of 

prescriptions written and dispensed increasing annually and in recent years as 

pharmacists have taken on new and expanded roles (National Health Service 

Information Centre & Prescribing Support Unit, 2010). This has led to growing 

concerns that increases in the community pharmacist’s workload are linked to the 

occurrence of dispensing errors (Hassell, Seston, Schafheutle, Wagner, & Eden, 

2011). A review of the incidence and causes of dispensing errors found that workload 

was the most frequently cited contributor to dispensing errors in hospital and 

community pharmacies, as perceived by pharmacists working in these sectors 

(James et al., 2009). However, there is as yet no firm evidence to link dispensing 

errors occurring in community pharmacies with the workload pressures experienced 

by community pharmacists (Grasha, 2001a; RPS & PPRT, 2009). It has been 

proposed that this is because the measures of pharmacy workload used in the past 

have mainly been limited to the physical amount of work pharmacists are required to 

do (e.g. dispensing volume) which has overlooked the subjective experience of 

workload and the impact the work pharmacists are carrying out has on their cognitive 

processes (Grasha, 2001a). This subjective experience of workload is commonly 

described as our mental workload (MW) (Hockey, 2002). 

There are many stages in the dispensing process (see figure 1 below for a flow chart 

of the dispensing process). Research conducted by Ashcroft, Quinlan, & Blenkinsopp 

(2005) highlighted that dispensing errors were most likely to occur during the product 

selection process (see figure 1 below). This research also found that errors that were 

detected before the medicine was given to the patient were most likely to be picked 

up by a final accuracy check (see figure 1 below). The current research quantified the 

amount of MW that community pharmacists’ experienced when carrying out a final 

accuracy check and measured the relationship between MW and community 

pharmacists’ ability to detect dispensing errors. 

The current research is both timely and important because of the likelihood that the 

community pharmacy workload will continue to rise annually as further burdens are 

placed on the resources of the National Health Service. If workload is related to 

dispensing errors then this is likely to present a growing patient safety issue. 
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1.2 The dispensing process 

Figure 1 below shows the stages involved in the dispensing of medicines by 

community pharmacy teams in the United Kingdom (UK). As can been seen from this 

flow chart, it is a complex process involving many stages. Depending on the size and 

staffing level of a community pharmacy the pharmacist may carry out the whole 

process themselves, or a team of pharmacy staff including the pharmacist and 

pharmacy technicians may be involved in this process. Normally, the pharmacist will 

carry out the clinical, legal check of the prescription and a pharmacy technician will 

then carry out the stages from label generation up to the final accuracy check. The 

pharmacist or an accredited checking technician will then complete the process by 

carrying out the final accuracy check before the medicine is given to the patient and 

they are counseled on how to use it (RPS Support, 2011).  

 

Figure 1: The dispensing process in community pharmacies (With permission,James, et al., 2009) 

 

1.3  Dispensing errors 

A dispensing error is defined as “any unintended deviation from an interpretable 

written prescription or medication order. Both content and labelling errors are 

included. Any unintended deviation from professional or regulatory references, or 

guidelines affecting dispensing procedures, is also considered a dispensing error” (p. 

272) (Franklin & O'Grady, 2007).  

Recent research has quantified the incidence of dispensing errors in UK community 

pharmacies. Two studies measured the number of errors identified up to the point at 
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which the medication was issued to the patient (Ashcroft, et al., 2005; Chua et al., 

2003). These errors are termed prevented dispensing errors, near misses or process 

errors. The incidence rate of prevented dispensing errors was found by these studies 

to range from 0.002 to 0.48% (Ashcroft, et al., 2005; Chua, et al., 2003). Other 

studies have quantified the incidence of dispensing errors occurring after the issue of 

medication. These errors are labelled unprevented dispensing errors and occur at a 

rate ranging from 0.0004 to 3% (Ashcroft, Morecroft, Parker, & Noyce, 2006; Chua, 

et al., 2003; Franklin & O'Grady, 2007). There is some mismatch in these findings, as 

a 3% unprevented dispensing error rate seems high compared to the other 

estimates. However, Franklin & O’Grady’s (2007) observational study which found a 

3% unprevented dispensing error rate may be more representative of the actual error 

rate. This is because if a pharmacist fails to detect that an error has been made, 

unless they are made aware of this error when a patient or carer spots it, this error 

will not be captured by the self-report studies as the pharmacist is not aware there is 

anything to report. However the observational study may also underestimate these 

events as it could not eliminate the bias caused by the Hawthorne effect1 (James, et 

al., 2009). In other words, when being observed pharmacists may have been more 

vigilant than they would have been if they were unobserved. 

In further analyses of their self-report data Ashcroft et al (2005) found that 

approximately 60% of all dispensing errors occurred at the point when the product to 

be dispensed was selected from the pharmacy stock e.g. where two or more 

products have similar packaging. They also found that the majority of all dispensing 

errors were identified when another member of staff carried out a final accuracy 

check of the dispensed item before it was given to the patient. This indicates how 

crucial the final accuracy check is to reducing unprevented dispensing errors. 

Furthermore the final accuracy check is likely to become even more important in the 

future if automated dispensing systems are rolled out in UK community pharmacies. 

This is because research has shown that these systems do not completely eradicate 

product selection errors or indeed other errors that occur during the dispensing 

process (Franklin & O'Grady, 2007; Franklin, O'Grady, Voncina, Popoola, & Jacklin, 

                                                
1 The methodological Hawthorne effect, defined as the problem in field experiments that participants' 

knowledge that they are in an experiment, or that they are being observed modifies their behaviour 

from what it would have been without the knowledge. This term was coined by Henry Landsberger in 

1950 following a reanalysis of a set of studies conducted between 1924-32 on the performance of 

employees at the Hawthorne Works of Western Electric in Chicago (Adair, 1984) 
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2008). Our research aimed to explore the factors (including MW) that might reduce 

the effectiveness of the final check in order to find ways that pharmacists can 

improve their performance at this task and improve patient safety. 

1.4 Accuracy checking and signal probability 

An unusual characteristic of accuracy checking tasks is that dispensing errors do not 

occur that often. This means that the signal probability (the probability that an error is 

present in the dispensed item being checked) is very low in accuracy checking tasks 

as many items a pharmacist checks will be error free. Low signal probability has 

been found to reduce task success in other complex visual search tasks, for example 

hand luggage checks at airport security (Van Wert, Horowitz, & Wolfe, 2009; Wolfe, 

Horowitz, & Kenner, 2005; Wolfe et al., 2007). The simulated airport hand luggage 

checking studies by Wolfe et al showed that as signal probability decreased the 

observer’s ability to detect the signal was also decreased. If these results were 

applied to the pharmacy accuracy checking task situation, it would suggest that when 

fewer dispensing errors are made during the earlier stages of the dispensing process 

the pharmacist or accuracy checking technician would be less likely to detect the 

DEs that had been made. Bilsing-Palacio and Schell (2003)studied the impact of 

signal probability on DE detection. They found that lower signal probability favoured 

performance on the accuracy checking task in their study. This finding is contrary to 

findings in other settings. One reason why their findings may have differed is 

because in their low signal probability condition 26-30% of the dispensed items 

contained an error and the high probability condition participants saw a task set of 

which 34-38% of the items contained dispensing errors. The research carried out by 

Wolfe et al (2005; 2007) compared signal probabilities of 1%, 10% and 50%, so the 

signal probabilities used by Bilsing-Palacio and Schell (2003) are not directly 

comparable. This effect may also be due to the difference between novice and expert 

participants as the participants in Wolfe et al’s research were all trained airport 

baggage security staff and completed many more visual searches in their task. 

Biling-Palacio and Schell (2003) recruited undergraduate psychology students to take 

part in their study who had not carried out a simulated pharmacy accuracy checking 

task before. Wolfe et al suggest that the signal probability is likely to reduce detection 

of targets because the lower frequency of targets leads to an expectation that few 

targets will be found, and this in turn can lead to an earlier termination of the visual 

search (Chun & Wolfe, 1996). 
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1.5 Community pharmacists’ workload 

Community pharmacists working in the UK dispense millions of prescriptions each 

year. In England alone over 885 million prescriptions were dispensed by community 

pharmacies between 1st April 2011 and 31st March 2012 which is 4% more than the 

total number dispensed the previous year (Prescribing and Primary Care team, 

2012). Between these dates increases were also seen for other aspects of 

pharmacists’ work. For example,  the number of medication use reviews (MURs) 

carried out increased by 15.4%, compared to the previous year (Prescribing and 

Primary Care team, 2012) (National Health Service Information Centre & Prescribing 

Support Unit, 2010). Since 2006 provision of local enhanced services by community 

pharmacies has risen by 73.1% (Prescribing and Primary Care team, 2012). From 

these data it is clear that the workload of UK pharmacists is increasing, but also the 

characteristics of this workload are changing. 

1.6 Dispensing errors and the pharmacist’s workload 

In recent years there have been growing concerns that increases in the community 

pharmacist’s workload are linked to the occurrence of dispensing errors. These 

concerns are supported by a review of research into the incidence and causes of 

dispensing errors in community and hospital pharmacies which revealed that the 

factor most commonly cited by pharmacists as causing dispensing errors is workload 

(James, et al., 2009). Other factors reported to contribute to, or cause dispensing 

errors in pharmacy settings are: similar drug names and packaging, staffing levels, 

interruptions, skill level, knowledge and poor handwriting (Ashcroft, et al., 2005; 

Beso, Franklin, & Barber, 2005; James, et al., 2009; Phipps, Noyce, Parker, & 

Ashcroft, 2009). The impact these factors have on errors can be large. For example, 

one observational study found that dispensing errors doubled during  periods of time 

when pharmacists were interrupted or distracted (Flynn et al., 1999). Importantly, all 

these factors can add to pharmacists’ workload, because any work or task becomes 

more effortful when, for example, the pharmacist is interrupted whilst dispensing or 

checking, or when the handwriting of others is difficult to read. 

1.7 Broadening the definition of community pharmacy workload to 

include mental workload 

Whilst all the factors above are reported by pharmacists to contribute to dispensing 

errors, results and conclusions have been inconsistent (Grasha, 2001a). This may be 

because to date community pharmacy “workload” has been narrowly defined and 

measured by researchers in terms of the number of prescriptions dispensed per 
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hour, day or month; staffing levels and extra services offered (Guernsey et al., 1983; 

Gupta et al., 2006; Holden et al., 2010).  

There are several limitations to the sole use of these objective or volume-based 

measures of workload in this setting, these limitations are mainly due to the attempt 

to measure workload as an event or related to one task. Dispensing itself has many 

stages, each requiring different mental processes and varying amounts of mental 

resource (see figure 1 above). Dispensing is also only one task that pharmacy teams 

carry out meaning a measure of dispensing activity does not accurately capture 

many aspects of a pharmacists’ day to day work, for example the number of other 

enhanced and advanced services carried out, or the number of interactions with 

patients which do not result in a dispensed prescription or sale of an over the counter 

medicine, or the consultations with other healthcare professionals (Grasha, 2001a). 

However, the main limitation of these measures is that they have failed to show a 

consistent link to dispensing error rates (Grasha, 2001a; Holden, et al., 2010), as 

increased error rates have been found at both high and low prescription volumes 

(Grasha, 2001a).  

Workload can also be considered in terms of the amount of work one’s brain has to 

do to enable us to carry out a task - this is known as mental workload (MW). 

Research carried out in other fields of work has shown that both low MW (mental 

underload) and high MW (mental overload) are related to performance decrements 

(Hancock & Caird, 1993). It is possible that when pharmacists report that their 

workload is related to dispensing errors this may not actually reflect an objective 

assessment of the physical volume of work they have to carry out, but rather a 

subjective assessment relating to times when the feel their workload is high. 

Therefore pharmacist’s reports of high workload may be more related to their MW 

than the physical volume of work. 

1.8 Mental workload 

Mental workload (MW) is a term used to describe the load that performing a task 

imposes on an individual’s cognitive system (Wickens, 1992). It is important to 

measure the MW of tasks carried out in the workplace because some cognitive 

processes are limited in how much information (e.g. auditory, visual, our own 

thoughts) they can process at any one time. This means when we try to process too 

much information at once we can become overloaded. However, research has shown 

that when MW is very high or very low individuals become more susceptible to 

making errors (Hancock & Caird, 1993). In tasks that require a visual search 
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(accuracy checking dispensed items would be classed as a visual search task) high 

MW has been shown to increase the rate of missed errors or ‘targets’ to up to 30% 

(Recarte & Nunes, 2003). Automation has been shown in other fields to significantly 

reduce employees’ MW (Metzger & Parasuraman, 2001). However as previously 

mentioned, reducing MW is not necessarily beneficial. Research has demonstrated 

that low MW (mental underload) can be just as detrimental to performance as high 

MW (mental overload) (Desmond & Hoyes, 1996; Hancock & Caird, 1993; Young & 

Stanton, 2002). 

MW can be defined as the product of the interplay between the demands of the task, 

the expertise and ability of the individual, and the motivational and environmental 

context in which the task is performed (Hockey, 2002; Wickens, 1992). This means 

that routine pharmacy tasks e.g. checking a set of dispensed items, may be 

perceived as demanding or not depending on individuals’ skills and expertise, their 

motivational level and tolerance of environmental conditions (Hockey, 2002). This 

definition illustrates how the factors cited by pharmacists as contributing to or causing 

dispensing errors (interruptions, skill level, knowledge and poor handwriting), may be 

increasing or decreasing pharmacists’ experiences of workload, or more specifically 

their MW.  

1.9 Mental workload and models of cognition  

Grasha, a psychologist who was interested in the relationship between MW and 

dispensing errors made in pharmacies proposed a framework called the cognitive 

systems performance model (see Figure 2 below) (Grasha, 2001b; Grasha & O'Neill, 

1996) which could be used to study the relationship between MW and dispensing 

errors.  This model demonstrates how human information processing and 

subsequent task or work performance is adversely affected by a variety of given 

psychosocial factors. The psychosocial factors included in the cognitive systems 

performance model include the subjective and objective features of the task (e.g. 

task complexity, time allotted to complete the task), the characteristics of the person 

carrying out the task (e.g. age, gender, personality traits), interpersonal relationships 

(e.g. at work and outside of work), organisational characteristics (e.g. organisational 

roles and norms, supervisory practices), extra-organisational influences (e.g. 

interfaces with boards of pharmacy, governmental and commercial pressures on 

pharmacy) and the physical environment (e.g. levels of illumination and noise) 

(Grasha, 2001b).  
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Included within the cognitive systems model are the key aspects of our information 

processing system; the sensory register, long term memory and working memory.  

Figure 3 below shows a more detailed model of our information processing system 

(Wickens, Lee, Liu, & Gordon Becker, 2004a). Importantly this model of information 

processing also includes attentional resources which are not included in the cognitive 

systems performance model, but are very important to the understanding of MW and 

the functioning of our information processing system.  

 

Figure 2: Cognitive systems performance model (With Permission,Grasha, 2001b; 

Grasha & O'Neill, 1996) 
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 Figure 3: A model of human information processing (with permission from Wickens, 

et al., 2004a, pp.122) 

Using this model of human information processing we can begin to understand the 

mental processes that are involved when a pharmacist carries out an accuracy 

checking task. First the pharmacist uses their senses to gather information about the 

dispensed item and prescription they are checking. Their eyes providing information 

on the visual appearance of the prescription and dispensed item, and as they hold 

the medicine somatosensory information about how the medicine feels (e.g. weight). 

This raw un-coded sensory information hits the sensory register where it is stored 

very briefly (1-4 seconds) (G. Cohen, 1993) and filtered to identify what information 

will be processed (this filtering happens in two ways, firstly, certain sensory 

information will capture your attention (e.g. telephone ringing) and other information 

will be selected as it is related to the task at hand. In the case of checking sensory 

information relating to the prescription and medicine is selected. Sensory information 

that is not selected decays. The information selected for processing is then 

perceived, i.e. our brain produces a meaningful interpretation of the sensory 

information through interaction with the long-term memory stores, where our prior 

knowledge is stored. Perception can lead straight to response selection and 

execution (i.e. the pharmacist decides that the medicine and label match what has 
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been requested on the prescription) most often however the response selection and 

execution is delayed whilst the perceived information is manipulated in working 

memory (Baddeley, 2003) and paired with other knowledge and experience to form a 

decision. For example the pharmacist may pause to consider has the patient had this 

medicine before in this dose? Working memory underlies many of our conscious 

thought processes e.g. rehearsing, planning, understanding. Working memory2 is a 

temporary store that interacts with our perception and long-term memory and it is 

therefore also involved in the process of converting new information into memories to 

be stored in our long term memory (Baddeley, 2003). Once the pharmacist has 

decided they have considered all the information they will then select a response and 

execute it. A feedback loop is also included as we routinely monitor and perceive our 

own actions (Wickens, et al., 2004a). 

Figure 3 above shows that all the stages of information processing rely on attention 

resources and they are generally considered to be a pool of resources which can be 

allocated and divided between tasks as required. Two types of attention are 

distinguished in the literature. Selective attention relates to what we are purposefully 

attending to or focusing on at any one time, and is required for (but does not 

guarantee) perception. Divided attention relates to our ability to attend to more than 

one thing at once (Wickens, et al., 2004a). Both of these characteristics of our 

attentional resources are particularly important to consider when designing 

interventions to improve safety. 

Two aspects of this information processing model are capacity or resource limited, 

working memory and attention. Tasks will feel effortful when we are using most or all 

of our working memory or attention resources, this directly relates to the concept of 

mental overload, and our mental workload. Having considered in detail how a 

pharmacists’ cognitive processes might be working when carrying out a final 

accuracy check task, it is clear to see how the psychosocial factors identified in 

Grasha’s cognitive systems model (see figure 2 above) may interact and impact on 

the amount of mental workload experienced by the pharmacist. For example a one 

item prescription may require less working memory space compared to a multi-item 

prescription to accuracy check. A noisy working environment will lead to more divided 

attention and possibly working memory space being used if the pharmacist is 

monitoring or thinking about the noise around them. 

                                                
2 Working memory is often referred to as our short-term memory 



14 

 

1.10 The subjective experience of mental workload 

There is a large body of evidence to suggest that individuals are consciously aware 

of when their MW is too high or too low (Hockey, 2002). Data from indirect measures 

such as subjective reports measured by MW questionnaires, in particular the widely 

used National Aeronautics and Space Administration Task-Load Index (NASA-TLX), 

have been supported by direct measures of MW which measure physiological 

indicators of the load on cognitive processes (Hockey, 2002). Already there is some 

support from pharmacy practice research for the validity of assessing pharmacists’ 

perceptions of workload, instead of measures of the physical workload (e.g. number 

of prescriptions dispensed). For example, Holden et al (2010) found that pharmacists’ 

self-reported MW (as measured by a modified version of the NASA-TLX) was 

significantly related to their perceptions of the likelihood that they would make or miss 

a dispensing error. However, this only tells us how susceptible pharmacists say they 

feel, it does not tell us whether pharmacists go on to make an error. Feeling 

susceptible to making an error does not actually mean individuals will make one. In 

fact it might improve their performance as individuals may invest more cognitive 

resources (e.g. attention) into making sure they do not make an error if they are 

aware of the possibility.  

A team of researchers in the US have carried out several studies into MW and 

pharmacy tasks (Grasha, 2002; Grasha & Schell, 2001; Reilley, Grasha, Matthews, & 

Schafer, 2003; Reilley, Grasha, & Schafer, 2002; Schell & Cox-Fuenzalida, 2005; 

Schell & Grasha, 2000; Schell & Grasha, 2001; Schell, Reilley, Grasha, & Tranum, 

2003; Tranum & Grasha, 2002). Grasha and his colleagues asked their participants 

to carry out simulated dispensing and checking tasks whilst the researchers 

measured MW and individual difference factors. Whilst these studies found some 

interesting results e.g. the personality trait of neuroticism was linked to slightly better 

performance on a checking task (Schell & Cox-Fuenzalida, 2005), there were several 

issues with these studies that limit their generalisability to pharmacy practice. First, 

many of the studies listed above used undergraduate psychologists as participants 

rather than pharmacists or other pharmacy staff (with the exception of two studies: 

Grasha (2002); Tranum & Grasha (2002)). This limits the generalisability of individual 

difference factor findings such as the effect of the personality trait of neuroticism as it 

may be that a group of psychologists score more highly on different personality traits 

compared to pharmacists. Second, as they used undergraduate psychologists to 

carry out their simulated experiments they could not use real medicines or realistic 

prescriptions (medicines were simulated with nuts and bolts). This meant that no 
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pharmacy knowledge was required to carry out the task. As a result many aspects of 

the dispensing and checking processes such as the clinical and legal checks, 

identifying whether the right form, strength, dose of the medicine has been correctly 

dispensed or checks of the directions on how to use the medication, were not 

conducted in this simulated study. Finally, because these studies only used 

undergraduate students with limited experience of the task (one brief practice 

session before the experiments started) these studies could not account for the 

impact of expertise on performance of a dispensing or checking task, or indeed how 

much mental workload was experienced.  

1.11 The impact of task expertise on mental workload 

The definition of MW states that expertise in the task has an effect on the MW an 

individual experiences when carrying out that task (Hockey, 2002). This is because 

the knowledge required to carry out a task, through practice, becomes stored in our 

long-term memory (Ericsson & Towne, 2010). This is important because long term 

memory has no capacity limits. Until knowledge, routines, plans and schemas for 

how to carry out a task are stored in our long-term memory, this information is held in 

our working memory (see Baddeley, 2003 for a review), which as previously 

mentioned has a very limited capacity (up to seven chunks of information (an 

example of a chunk is a number, or a word) (Miller, 1956)). Importantly when the task 

control structures needed to carry out a task are actively held in working memory (as 

they would be by novice or student pharmacists), more attentional resources are 

required to carry out the task and any factor that draws their attention away (e.g. 

distracting noise in the dispensary) or requires some portion of attentional resources 

may reduce a novice’s performance on the task (Beilock, Bertenthal, McCoy, & Carr, 

2004).  What this means is that novice and expert pharmacists are likely to be 

affected by workload or workplace pressures in very different ways. Therefore, failing 

to account for expertise could lead to a situation where a new policy or modified 

practice improves expert pharmacists’ working environment, performance and MW 

but has the opposite, negative impact on novice pharmacists’ performance, MW and 

working environment.  

Currently little is known about the specific factors that can affect the cognitive 

processes involved in a final accuracy check carried out by a pharmacist. It is also 

unclear whether the community pharmacy workload is overloading or underloading 

community pharmacists’ cognitive processes and contributing to the occurrence of 

dispensing errors. 
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1.12 Aims and Objectives 

1.12.1  Aims 

The aims of this study were to: 

(1) investigate the role of perceived mental workload (MW) in community 

pharmacists’ performance (measured in terms of correctly detected 

dispensing errors) of a final accuracy check of dispensed medicines, and 

 

(2) investigate community pharmacists’ perceived levels of MW during routine 

pharmacy tasks and how they manage their work if and when they feel 

mentally under or overloaded.  

1.12.2  Objectives 

The objectives of this study were to: 

(1) measure the relationship between perceived MW and dispensing errors 

 

(2) measure the differing impact of task and environment characteristics on 

performance of checking tasks and reported levels of MW 

 

(3) evaluate the contribution of individual difference factors (e.g. age, sex, 

amount of experience, personality traits, mood states) on perceived MW and 

performance of a checking task, and, 

 

(4) explore in depth, community pharmacists’ individual experiences and 

perceptions of MW 
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Chapter 2: Methods and Methodology 

2.1 The research approach 

A mixed method approach (Creswell, Fetters, & Ivankova, 2004)  was used to 

provide a detailed account of the mental workload involved in the practice of a final 

check of dispensed medication for any dispensing errors. Both quantitative and 

qualitative methodologies were employed in the design, collection and analysis of 

data. The design of this study was informed by a pilot study conducted in 2011 with a 

small sample of qualified community pharmacists and student pharmacists. The 

results of the pilot study were used to validate the questionnaires and trial the 

checking task for validity and ease of administration. In order to fulfil the aims and 

objectives of this study two simulated pharmacy experiments (the quantitative phase) 

were conducted followed by a small number of semi-structured interviews and some 

field work with a subset of the participants, to explore the context surrounding any 

experimental findings (the qualitative phase).  

Qualified community pharmacists currently practising in the UK were strategically 

recruited to participate in the quantitative phase. The quantitative phase compared, in 

two separate simulated pharmacy experiments, community pharmacists’ 

performance on a final accuracy check of dispensed items and related this to the 

levels of MW reported by participants during the task. An experimental psychology 

approach was taken for the simulated pharmacy studies. During these simulations 

the task and environmental conditions were manipulated to explore the impact this 

had on number of dispensing errors correctly identified by participants and collected 

their reports of MW. Further details about this experimental approach are given in 

Section 2.3.  The data from the quantitative phase were pooled with data from an 

identical study currently being undertaken by the research team with student 

pharmacists. Although this part of the student study is outside the brief of the funders 

and is on-going, it has enabled us to ascertain if and how expertise impacts on levels 

of MW experienced, and performance at a final check task. This in turn, contributed 

to the recommendations we have made in the closing chapter of this report (see 

Chapter 5) which are relevant to both novice and expert pharmacists. 

A subset of the participants from the quantitative phase were invited to take part in a 

follow-up qualitative study to explore in-depth their experiences of MW (see Sections 

2.4 and 2.5). The pharmacists involved in the follow-up study completed a MW diary 

during a shift at their community pharmacy and fifteen of the participants who 
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completed the MW diary also participated in a semi-structured interview (conducted 

and analysed according to Interpretative Phenomenological Analysis (IPA; Smith, 

Flowers, & Larkin, 2009).  

2.2  Pilot study 

A pilot study was conducted at the beginning of 2011 with 18 final year MPharm 

students from the University of Bath and 7 community pharmacists who also worked 

at the University of Bath. The main aim of the pilot study was to test the simulated 

accuracy checking exercises and the questionnaires chosen for validity, reliability 

and ease of administration.  

The accuracy checking tasks were found to be easy to administer and no changes 

were made to the design or set up of this aspect of the study. However the pilot study 

participants asked several questions during the study (e.g. can I use the British 

National Formulary) and this information was subsequently outlined in a participant 

instruction sheet for the main study. 

The validated personality, mood state and MW measures were assessed using the 

think aloud method (Collins, 2003; Sudman, Bradburn, & Schwarz, 1996; van 

Someren, Barnard, & Sandberg, 1994) to ensure they were appropriate for use in 

conjunction with each other and in this setting.  The reason the think aloud method is 

deemed important is because the way a question is worded and structured can affect 

how a question is answered. Furthermore, as the majority of items of the proposed 

questionnaires were answered on rating scales it is especially difficult to tell whether 

a question has been answered as intended as respondents simply circled a number 

in response to the question, providing no indication that they understood the question 

(Collins, 2003). Some participants experienced significant comprehension issues with 

the wording of items on the mood state and MW questionnaire (Family, Weiss, & 

Sutton, 2012) (see section 2.8.4 for details on the questionnaires) the author of the 

questionnaire was contacted and it was agreed that extra information and definitions 

would be provided in footnotes on the questionnaire for the items which participants 

had struggled to fully comprehend. This change was then re-piloted with four more 

pharmacists who were working at the University of Bath, to ensure that the change 

had not caused an unexpected difference in their comprehension or the way they 

answered the questionnaire items. No further issues were encountered. 
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2.3 Quantitative phase 

Two simulated pharmacy experiments were carried out. Both experiments required 

participants to carry out a final accuracy check of a set of 50 pre-dispensed items, 

some of which contained deliberate dispensing errors. The two experiments explored 

the different effects of inducing high cognitive load on working memory (task 

characteristics manipulation) and an environment manipulation in the form of 

distractions and interruptions, on participants’ accuracy at identifying dispensing 

errors in a final accuracy check task.  

Experiment one sought to understand the relationship between performance on a 

checking task and working memory load (task characteristic manipulation). 

Experiment two sought to measure the relationship between divided attention due to 

distraction and interruptions (environment manipulation) and performance on a 

checking task.  

These experimental manipulations were chosen to mimic the nature of the 

community pharmacy environment in which a routine final check task would be 

carried out. For example, the information and knowledge pharmacists use to make 

decisions is complex and often novel (e.g. patient histories), so likely requires a large 

amount of working memory involvement. Also, as Flynn et al (1999) demonstrated, 

pharmacy environments can often be distracting and interrupting to pharmacists 

trying to attend to a task. The method of conducting the two experiments is described 

in section 2.8.6. 

2.3.1 Sample size 

Community pharmacists currently practicing in the UK were recruited to take part in 

either experiment 1 or 2. Previous research suggests that a large effect is likely to be 

observed in both experiments. For example, Recarte and Nunes (2003) found that 

concurrent mental tasks designed to load cognitive processes reduced detections of 

targets in visual search by up to 30% compared to the control condition (no extra 

cognitive loading). Also, the observational study conducted by Flynn et al (1999) 

found that distractions and interruptions doubled the incidence of dispensing errors. 

Based on Cohen’s (1992) widely cited paper on powering research studies 

adequately, the sample size required to detect a large difference between two 

independent sample means with power of .80 at α=0.05 is N=52 (26 per condition).  
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2.4 Mental Workload Diaries 

Due to the unexpected level of interest in the follow-up (semi-structured interview + 

MW diary) study for this project, the research team extended the MW diary aspect of 

the follow-up to those who could not be recruited for the full follow-up study (which 

also involved taking part in a semi-structured interview). The aim of the MW diaries 

was to identify the levels of MW that pharmacists normally encounter in their day-to-

day work and how closely these related to the levels reported in experiments 1 and 2. 

The MW diary took the form of a postal survey, participants who expressed an 

interest were asked to complete a minimum of two MW ratings throughout a day at 

work, and answer some demographic questions about their pharmacy, once 

complete the participant posted them back in a freepost envelope to the research 

team. Each MW rating was completed on a page which contained the NASA-Task 

Load Index Scale (Hart & Staveland, 1988). No sample size was set or required for 

this aspect of the study as it was an exploratory survey of the MW levels of 

pharmacists to supplement the findings of the two experiments and the semi-

structured interviews. 

2.5 Qualitative phase 

The experimental findings identified factors that might influence performance on a 

final accuracy check task. However, pharmacists may or may not be aware of these 

factors that are affecting their performance. Pharmacists may also already have 

specific coping mechanisms or procedures in place for when they feel mentally over-

or under-loaded. Therefore the overall aim of the qualitative phase was to provide 

contextual evidence from the participants themselves for how these factors might be 

managed or experienced in “real life” pharmacy practice. A further aim was to 

compare MW scores reported under experimental conditions with those reported in 

“real-life” through references to the MW diaries they kept for one day before meeting 

the researcher to complete the interview. This information enabled the research team 

to comment on the extent to which the experiments captured the type of MW 

experienced in practice, and to identify issues that are not being managed or that 

pharmacists are currently unaware may be affecting their practice.  

2.5.1 Sample size 

Following participation in the experimental phase of the study, participants were 

invited to take part in the qualitative follow-up study. Ten participants were required 

for this follow-up study, however fifty-seven participants responded to say they would 

be interested in taking part. From these expressions of interest fifteen participants 
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were chosen to take part in the follow-up study. This was done purposively, and 

participants were selected to reflect a range of ages and mental workload scores 

reported during the study, an even mix of the two sexes and the type of community 

pharmacy they worked for (independent, multiple, supermarket, locum). These 

participants took part in a MW diary study and a semi-structured interview. IPA 

(Smith, et al., 2009) was the methodology chosen for the semi-structured interviews 

as we were particularly interested in pharmacists’ individual experiences of mental 

workload and how they make sense of these experiences as well as how their 

experiences were similar or different to those reported by the other participants.  

2.6 Ethics 

Research ethics approval was granted by the Research Ethics Approval Committee 

for Health (REACH) at the University of Bath for this study on 24th February 2012. 

2.7 Methods  

Ethical approval having been received this research commenced in March 2012.   

Experiments 1 and 2 were carried out simultaneously, to aid the strategic recruitment 

process for the two samples. The qualitative study also took place concurrently, as 

and when participants from experiments 1 or 2 expressed an interest in participating 

in an interview at a later date. The two phases of the study are described in detail in 

the following section. 

2.8 Experiments 1 and 2 

2.8.1 Recruitment 

Recruitment was carried out on a ‘top down’ basis. Chief Executives/Superintendent 

Pharmacists of small, medium and large chain pharmacies were contacted directly 

with information about the study and a request to invite pharmacists employed by 

their organisation to participate in the study. Agreement was received from eight of 

the nine largest3 pharmacy organisations to allow their staff to be recruited to the 

study, two local medium pharmacy chains and one small pharmacy chain. The study 

was also advertised at local pharmacy forum meetings and locum pharmacist 

agencies, through the study blog and study twitter account. Pharmacists working in 

the participating organisations were contacted by letter inviting them to take part. To 

comply with the Data Protection Act 1998 this letter was distributed through a gate 

                                                
3 The nine largest pharmacy organisations = Boots, Lloyds, Rowlands, The Co-operative Pharmacy, 

Superdrug, ASDA, Sainsbury’s, Tesco and Morrison’s pharmacies.  
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keeper (e.g. pharmacy manager) except where pharmacists in each organisation 

gave their consent for their employers to pass on their contact details to the research 

team. Pharmacists also independently expressed an interest in participating in the 

study when they heard about the research from colleagues, or the research blog and 

twitter account. 

The inclusion criteria for participation were (1) the participants were qualified 

pharmacists and (2) they were currently working in a UK community pharmacy. 

Participants were strategically recruited in order to ensure a sample representative of 

UK community pharmacists was obtained for both experiments 1 and 2. In particular, 

the research team endeavoured to recruit community pharmacists from a range of 

community pharmacy settings as shown below: 

 Large chain pharmacies, medium and small chain pharmacies and 

independent pharmacies  

 A range of experience (e.g. pharmacists who have recently completed their 

pre-registration training year through to pharmacists with 20-30 years or 

more experience working in a community pharmacy). 

 Age of pharmacists 

 Full-time and part-time pharmacists 

 Representative proportions of male and female pharmacists and different 

ethnicities.  

It was made clear to participants that recruitment was a two stage process and that in 

the case of over subscription of one factor (e.g. a larger number of expressions of 

interest from pharmacists who were recently qualified) then they may not be asked to 

take part.  

The workforce census data (Seston & Hassell, 2011) has provided the research team 

with information on the proportions of pharmacists under each demographic category 

(age, sex, ethnicity) this information was used to stratify the recruitment of 

participants. Years of experience in community pharmacy and working hours were 

also taken into account, although specific data on these variables were not available. 

Communication with the Company Chemist’s Association (06.04.2012) and the 

General Pharmaceutical Services report (NHS Information Centre, 2010)  provided 

the research team with information relating to the number of independent 

pharmacies, small and medium pharmacy chains, supermarket pharmacy chains and 
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large pharmacy chains to enable us to recruit a proportionate number of pharmacists 

from these community pharmacy settings. 

As participants were strategically recruited, recruitment for experiments 1 and 2 was 

concurrent to expedite the process. As access to pharmacists was reliant on gate-

keepers, follow-up of non-response was done through these gate keepers. In the 

instance of non-response from a pharmacy or chain of pharmacies the researchers 

contacted the gate-keeper a further two times following initial contact, to remind them 

to send out the invitation letters to their pharmacists, and to ask them to send out a 

repeat invitation if necessary.  

So that participants did not have to take time off work to participate in the study, their 

employers were reimbursed for the time their pharmacists spent participating in the 

study (e.g. costs to allow for locum cover). However, some participants preferred to 

take part on a day off and they were therefore reimbursed the equivalent of a locum 

fee for their participation. This meant that participating pharmacists received their 

normal salary or wage for participating in the study. Participants travel expenses 

were reimbursed. 

2.8.2 Design of study materials 

Realistic prescriptions and medication labels were generated using ePRMx© 

(CoAcS). This is a computer programme developed to produce realistic prescriptions 

for the training of student pharmacists. These prescriptions included all the 

information normally seen on a prescription, as well as mimicking the format of 

prescriptions written in the UK (see figure 4). Although the layouts and format of the 

prescriptions and labels should have been familiar to participants, to rule out any 

unfamiliarity effects, all participants were given a sample prescription and medication 

label to inspect. This meant they could familiarise themselves with the study 

materials prior to the commencement of the experiment. 
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Figure 4: Example of a prescription and labelled medication that was used in 

experiment 1 and 2 

Real medicines were used in our study. They were borrowed from existing stock 

used for the training of student pharmacists and included medicines that would be 

expected to be dispensed at a UK community pharmacy. All medicines were 

dispensed and checked by qualified pharmacists who were members of staff working 

in the department of pharmacy and pharmacology during the study.  

Five out of the total 50 (10%) dispensed items contained a purposeful error (this 

could either be a labelling error or a content error – something that is wrong with the 

medication, e.g. wrong strength, amount or formulation). Importantly, we did not 

simulate multiple errors on a dispensed item, although this may happen in real-life. 

Table 2 in chapter 3 shows the errors. Errors were designed to mimic those most 
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commonly reported in community pharmacies. In addition, published data on 

dispensing errors in community pharmacy (Ashcroft, et al., 2005; Chua, et al., 2003; 

Franklin & O'Grady, 2007; James, et al., 2009) regarding the most frequently 

reported types of dispensing errors were used to design  the errors in this study. 

Pooling the data from these three studies (Ashcroft, et al., 2005; Chua, et al., 2003; 

Franklin & O'Grady, 2007) the most common (prevented or unprevented) dispensing 

error was supply of the wrong drug, followed by the wrong drug name on the 

medication label, and supply of the wrong quantity of medication.  

2.8.3 Study environment 

Participants took part in the experimental phase of the study in a simulated 

dispensary. Within the dispensary there are three sound-proofed consulting rooms 

fitted with a telephone point and cordless telephone, a desk and two chairs. The light 

and room temperature are identical and kept constant (throughout the year) in all 

three. The consulting rooms provided a controlled environment within which the 

participants could complete the experiment. This ensured that any differences in 

performance were due to the experimental manipulations (working memory load or 

distractions and interruptions) and not differences in the lighting, sound levels or 

temperature of the environment as would have been the case if participants had 

conducted the experiment in their own place of work.  

2.8.4 Measures – questionnaire tools 

All three of the questionnaires used in this study have been validated and used 

extensively in studies of performance in a range of work settings. The purpose of 

these questionnaires is to assess a range of transient and stable individual difference 

factors as well as the MW involved in a checking task. These questionnaires have 

been further validated for use in a pharmacy setting in a pilot study conducted by the 

research team with student and qualified community pharmacists (see section 2.2 for 

details of the pilot study). Brief descriptions of the measures are provided below, and 

detailed descriptions (including example items and information on how these 

questionnaires can be accessed can be found in the Appendices (sections A1 to A3). 

Dundee Stress State Questionnaire (DSSQ) (Matthews et al., 2002; Matthews et 

al., 1999) was used to assess transient individual difference factors known to affect 

performance in the workplace. The DSSQ is comprised of 96 items, which are split 

into five questionnaires with 13 subscales. The five questionnaires assess 11 primary 

dimensions of mood, motivation, and cognition in performance settings (Matthews et 

al., 2006). The questionnaire items in the DSSQ were developed from a mixture of 
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pre-existing scales and items on stress-related constructs important to task 

performance. For example, the DSSQ includes the NASA-TLX (Hart & Staveland, 

1988) which is a highly regarded and widely used measure of MW (Nygren, 1991). 

Items in the DSSQ are measured on 4 point, 5 point and 11 point Likert scales.  

Previous experimental studies have shown that the DSSQ scales are appropriately 

sensitive to task and environmental stressors (Matthews, et al., 2002; Shaw et al., 

2010). Individual item scores were reversed where required and then subscale 

scores for each scale were calculated according to the author’s guidelines 

(Matthews, et al., 2002). The DSSQ was administered before the first task in order to 

collect baseline data. It was then repeated after each task so that changes in 

subjective states, in response to each task, could be measured. The first 

administration of the DSSQ does not include the NASA-TLX items, but the second 

and third administration does. Detailed descriptions of the questionnaires and sub-

scales, including example items are provided in Table 24 (see Appendix, section A1).  

The NASA-TLX (Hart & Staveland, 1988) is a 6 item questionnaire used to assess 

the mental workload an individual experiences during a task. In this study a modified 

version of the NASA Task Load Index (NASA-TLX; Hart, 2006; Hart & Staveland, 

1988) which forms part of the DSSQ was used. The DSSQ version of the NASA-TLX 

measures the MW experienced by participants during the task on 6 dimensions, each 

scored on an 11 point visual-analogue scale ranging from 0-“low” to 10-“high.” The 

original NASA-TLX is measured on a 21 point visual analogue scale ranging from 

“low” to “high” for five of the items, the sixth item, measuring “performance” is 

measured on a 21 point visual analogue scale ranging from “good” to “poor.” In the 

DSSQ version of the scale, all six items are rated on the same scale but scores on 

the performance items are reversed before analysis. 

The six dimensions by the NASA-TLX are: mental demand, physical demand, effort, 

(task) frustration, performance concern and temporal demand (time pressure). Each 

item can be analysed separately and an overall score is produced (from the mean of 

the six item scores), to give an overall level of MW (which is scored between 0-10) 

(Hart, 2006; Hart & Staveland, 1988). 

The Big Five Inventory (John, Donahue, & Kentle, 1991; John, Naumann, & Soto, 

2008) was used to measure participants’ personality traits. Personality is a stable 

individual difference factor which has been linked to performance in other professions 

and in pharmacy (Schell & Cox-Fuenzalida, 2005). Personality traits were measured 

using the Big Five Inventory (Benet-Martinez & John, 1998; John, Donahue, & 
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Kentle, 1991; John, Naumann, & Soto, 2008). The scale has 44 items rated on a five 

point scale where ‘1’ indicates that a participant ‘strongly disagrees’ with a statement 

and ‘5’ indicates they ‘strongly agree’ with a statement. Scores were reversed and 

then summarised (the mean score of all the items which relate to each trait, giving a 

maximum score of 5 for each trait) according to the BFI instructions, this produced 

five summary scores reflecting the five dimensions of personality (these traits are 

outlined in Table 25, see Appendix, Section A3 at the end of the report).  

Demographic Information: participants were asked to report their age, sex, amount 

of community pharmacy and other pharmacy experience, and the last time they 

worked a shift in a community pharmacy. These items do not come from an existing 

questionnaire but were validated during the pilot study.  

2.8.5 Measures – checking task performance in experiments 1 and 2 

The aim of the simulated final accuracy check task was for participants to detect 

whether a dispensed item contained an error (referred to as task performance). 

Measurement of task performance in this study was based on signal detection theory 

(Green & Swets, 1988). 

Participants were asked to identify dispensing errors (known as ‘targets’) amongst 

correctly dispensed items (known as ‘noise’). Signal detection theory provides a 

method for calculating the participants’ perceptual sensitivity (how good they are at 

identifying what is a dispensing error and what isn’t) to dispensing errors and of their 

decision criterion or response bias (the likelihood that they will say yes or no to an 

error being present for each item). Signal detection theory has been used widely in 

studies of work performance (e.g. Van Wert, Horowitz, & Wolfe, 2009) and studies of 

medical diagnostics (Oliver, Bjoertomt, Greenwood, & Rothwell, 2008). The response 

bias and the perceptual sensitivity values can be affected by work or task 

interventions (Wickens, Lee, Liu, & Gordon Becker, 2004b), as well as the 

prevalence of the targets (dispensing errors) (Van Wert, et al., 2009; Wolfe, et al., 

2005; Wolfe, et al., 2007). Therefore both of these have been calculated in order to 

index the impact of the number memory task (experiment 1: task characteristic 

manipulation) and the distraction condition (experiment 2: environment characteristic 

manipulation) on pharmacists’ ability to detect errors. Larger criterion values 

(denoted by c) suggest that the observer’s response criterion is more conservative, 

this can be simply described as the observer requires more evidence before they 

consciously realise that a target is present (a pharmacist using a conservative 

criterion may need to see both the wrong packaging and wrong drug name on the 
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product) before they will respond that an error (or target) is present (i.e. they are not 

strongly biased towards saying yes there is an error (or target) present). Lower 

values of c represent a more liberal criterion, meaning that the observer requires less 

evidence before they respond that yes there is a target present e.g. a liberal 

response criterion may mean that the colour of the packaging is enough for a 

pharmacist to detect an error). More liberal criterions are usually coupled with a 

higher number of false alarms (saying there is a dispensing error (or target) present 

when there isn’t). Higher values of d’ (the measure of participants perceptual 

sensitivity to the targets) indicate an increase in perceptual sensitivity (Wickens, et 

al., 2004b; Wolfe, et al., 2007).  

2.8.6 Procedure 

Participants who agreed to participate in the study were invited to take part in 

experiment 1 or 2 at a time convenient to them.  Figure 5 below shows a flow chart of 

the procedure for experiment 1 and 2. 

Experiment 1: Working Memory  

The day before (or earlier) participants were due to take part in experiment 1 they 

were asked to complete the Big Five (personality) Inventory and the demographic 

questions either on a web-based version of the questionnaire or a paper and pencil 

version, which was sent to them (by e-mailed link or posted paper version) on 

expression of interest. Once standard informed consent procedures had been 

followed participants were seated in one of the consulting rooms and asked to 

complete the DSSQ. They were then given a set of pre-dispensed items to check and 

told they had 25 minutes to check the items. Participants were given a timer which 

counted down how much time was left (as there were no clocks in the study area) to 

allow them to pace their work in the way they may in practice when working to timed 

deadlines. All participants in experiment 1 were randomised to either a high working 

memory or low working memory condition.  
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Figure 5: Flow chart of the procedure for experiments 1 and 2 
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High Working Memory Condition 

Those in the high working memory condition were asked to remember a string of six, 

two-digit numbers presented to them on a piece of paper for 30 seconds before 

commencing checking of the dispensed items. Participants were told that they would 

be required to recall these numbers to the researcher once they had checked all the 

items and were not allowed to write these numbers down. This is an example of a 

simple digit span task, commonly used in IQ tests, and also as a measure of WM 

capacity. Without using specific memory techniques (e.g. chunking of information), in 

UK and US populations WM capacity for digit span is presumed to be 7±2 numbers 

(numbers greater than two-digits long may have smaller spans) (Miller, 1956). This 

number memory task was therefore anticipated to add significant load to WM during 

the task. However, if participants rehearsed the numbers, this would (after some 

rehearsal) allow them to be committed to memory and thus would not need to be 

held in WM after this point (Baddeley, 2003). Further number memory tasks were not 

added throughout the checking tasks as this would be equivalent to an interruption, 

however this may mean that WM was not consistently loaded throughout the 

checking tasks.  

 

Low Working Memory Condition 

Those in the low working memory condition were given one, two-digit number on a 

piece of paper for 5 seconds to remember and recall at the end of the checking task.  

 

Once the checking task and number recall had been completed participants in both 

the conditions were given the DSSQ to complete again, this time including the NASA-

TLX mental workload scale. Once these questionnaires had been completed, an 

identical checking and number recall task was carried out by participants (they 

stayed in the same conditions, so those in the high working memory condition 

received another 6 numbers to remember). On completion of the checking and 

number recall task participants were given the DSSQ and NASA-TLX questionnaires 

to complete one last time. Participants were then debriefed, thanked and invited to 

take part in an interview at a later date. 

Experiment 2: Distraction  

The same procedure used in experiment 1 was followed in experiment 2. However, 

instead of a high or low working memory condition where participants were required 

to remember numbers whilst carrying out a checking task, in experiment 2 

participants were randomly allocated to a distraction or no distraction condition.  
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No Distraction Condition 

In the no distraction condition participants checked 25 items in 25 minutes with no 

extra tasks and no distractions or interruptions. This group of participants were also 

the only group not to receive a timer which counted down how much time they had 

left to complete the task. This was a modification to the original study plan following 

results from the pharmacy student study which found that temporal demand 

(perceived time pressure) was related to hit rates. This was an unexpected result as 

the time allotted for the task was based on the pilot study findings of how long it 

would take to check the items at a comfortable pace. The pilot study participants 

were not given a timer so they were unaware of how much time they had spent 

completing the checking tasks. Therefore to identify whether the presence of a time 

limit, the time allotted or the timer was related to temporal demand we did not give 

these 26 participants a timer. As experiments 1 and 2 with our community pharmacist 

sample were running concurrently, it was decided that a no-timer condition would be 

useful in case similar temporal demand levels were found in experiment 1 with the 

community pharmacists.  The time taken to complete the task was also measured for 

all participants in experiment 1 and experiment 2 so that the time taken to complete 

the task could also be correlated with hit rates and temporal demand scores to 

identify whether this was also related to temporal demand.  

 

Distraction Condition 

In the distraction condition participants had 30 minutes to check 25 items. Extra time 

was allowed for the distraction condition participants. This was required to prevent 

time pressure becoming a confounding variable that could explain any differences in 

participants’ performance and MW reports, between the distraction and no distraction 

conditions. An extra 5 minutes was chosen as the distractions and interruptions 

(described below) took no more than 5 minutes in total.  

As participants only participated in one condition, they did not know that they had 

received extra or less time compared to the other group. At random points during the 

30 minutes, participants in the distraction condition were deliberately interrupted and 

attempts were made to distract them from their task as follows: 

 Telephone calls were made to the participant (on the handsets available in 

the sound-proofed consulting rooms) and they had to answer questions 

about pharmacy relevant (e.g. have you checked patient XX’s medication 

yet?) and pharmacy irrelevant questions (e.g. what is eight times fourteen?). 
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 The experimenter opened the door from time to time and put their head into 

the consultation room where the participant was checking items, in order to 

distract them.  

 The experimenter entered the consultation room and asked the participant 

pharmacy relevant or irrelevant questions.  

 The telephone might have also rung once and then stopped ringing before 

the participant had time to answer it.   

 Participants in both the distraction and no distraction condition were informed 

before-hand to answer the phone if it rang but were not told whether there 

will be any other interruptions and distractions. 

2.8.7 Hypotheses 

The following experimental and null hypotheses were tested in experiments 1 and 2. 

i. Participants in the high working memory load condition will have a lower hit 

rate (correctly identified dispensing errors) compared to participants in the low 

working memory load condition. (see results section 3.1.5) 

H0: No difference will be found in the hit rates obtained by the 

participants in the high working memory load group compared to the 

low working memory load group. 

ii. Participants in the distraction condition will have a lower hit rate compared to 

participants in the no-distraction condition. (see results section 3.1.6) 

H0: No difference will be found in the hit rates obtained by the 

participants in the distraction condition compared to the no-distraction 

condition. 

iii. Participants in the high working memory load condition will miss fewer errors 

(i.e. have a higher hit rate) than participants in the distraction condition. (see 

results section 3.1.7) 

H0: No difference will be found in the hit rates obtained by participants 

in the high working memory load condition compared to the distraction 

condition. 

iv. When all data (from experiments 1 and 2 and all four conditions) is pooled 

and analysed according to reports of overall mental workload, participants 

who report overall high mental workload (scores of 7-10 on the NASA-TLX) or 
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overall low mental workload (scores of 3-0 on the NASA-TLX) will have a 

lower hit rate than those who report average mental workload (scores of 4-6 

on the NASA-TLX). (see results section 3.1.9) 

H0: No difference will be found in performance when participants are 

compared according to their mental workload reports. 

2.8.8 Statistical analysis  

 
Experiments 1 and 2 
All questionnaire and checking task data were entered and analysed using a 

database created in IBM SPSS Statistics version 20. Before carrying out the analysis 

the data set was screened for any unexpected or impossible values and for outlying 

data. Descriptive statistics were produced for participants’ characteristics and 

performance on the tasks. Independent samples t-tests and one-way ANOVAs were 

carried out to compare the four experimental groups’ performance on the task, MW 

and their stable and transient individual differences. Bivariate correlations were 

conducted to explore the relationships between the mood state, mental state 

variables and task performance. Repeated measures t-tests and ANOVAs were 

carried out to determine how performance, and mood states and mental states 

changed between task 1 and task 2. The data from experiments 1 and 2 were then 

pooled and split into 3 groups according to their MW scores to specifically explore 

why some participants reported higher levels of MW than others. Finally the data 

were pooled again and split based on whether participants had detected all the errors 

or not in order to identify whether there were any differences in the characteristics, 

mood states or mental states of pharmacists who detected all the errors and those 

who didn’t. 

Mental Workload Diaries 
The mental workload diary entries were entered and analysed using a database 

created in SPSS version 20. Before carrying out the analysis the data set was 

screened for any unexpected or impossible inconsistencies in values and for outlying 

data. Descriptive statistics were produced for participants’ characteristics, pharmacy 

characteristics and their mental workload scores. These MW scores were then 

compared to the MW scores obtained in experiments 1 and 2 with a series of 

independent samples t-tests. Independent samples t-tests or bivariate correlations 

were also carried out to explore whether MW scores varied according to participant 

demographics.  
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2.9  Semi-structured interviews and recording of mental workload 

during “real life” practice 

2.9.1  Recruitment 

Recruitment for the semi-structured interviews and MW dairy follow-up followed the 

same strategic procedures as recruitment for experiments 1 and 2. The employer 

and participant reimbursement procedures used in experiments 1 and 2 were also 

followed for participants taking part in this aspect of the study. 

Participants who took part in the MW diary follow-up (but not the qualitative interview) 

were an opportunity sample, and were given a £5 shopping voucher as a token of 

thanks for taking part in the MW diary follow-up study. 

2.9.2  Procedure 

Participants who agreed to take part in this aspect of the study were given a small 

diary containing seven copies of the NASA-TLX mental workload measure. They 

were asked to complete this during one day of work (ideally 24-48hours before the 

face-to-face interview). They were asked as a minimum to rate their workload during 

one busy period in the pharmacy and one quiet period in the pharmacy and if 

possible at regular intervals throughout the day, noting the date and time of each 

measurement. This should not have interrupted or interfered in their work as the 

NASA-TLX is a 6-item scale and pilot participants took less than a minute to 

complete it.  

Participants were asked to bring their completed diary to the interview with them. The 

diaries acted as a starting point for the interview and interviewer was able to ask 

each interviewee to talk about: 

 how they were feeling when they rated their mental workload very high or 

very low,  

 what was happening in the pharmacy at the time,  

 was anything else happening away from the pharmacy 

 what they were doing before and after completing each rating of MW 

 if they knew why they felt mentally over-or under-loaded.  

Other questions were used to explore whether interviewees had particular ways of 

dealing with times they felt over- or under-loaded and whether there were specific 

procedures already in place in their pharmacy. Some questions related to their 

experiences as a novice and an expert pharmacist and what factors they thought 
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helped or improved their performance at tasks over time. Their views were sought as 

to whether they thought any of these learning processes could be fostered at an 

earlier point e.g. taught in undergraduate pharmacy programmes. Further questions 

not previously defined were asked to explore specific findings from experiments 1 

and 2 as they related to each individual. A  full copy of the interview topic guide can 

be found in the Appendix, section A5. 

2.9.3  Analysis 

Qualitative data from the semi-structured interviews was transcribed verbatim and 

analysed according to Interpretive Phenomenological Analysis (Smith, et al., 2009).  

All interviews were digitally recorded and these recordings were then professionally 

transcribed. We checked the tapes by listening to each one whilst simultaneously 

reading the transcriptions. At that time, minor alterations were made such as adding 

or correcting words that the transcriber had not heard clearly and correcting any 

typing errors. Contextual information noted during each interview such as laughter, 

pauses and facial expression were also added to the transcripts. After completing 15 

interviews we felt that the themes relevant to mental workload had been saturated 

within the context of the study’s objectives. The volume and richness of data 

collected from the participants was deemed to be sufficient for the purposes of the 

analysis. 

IPA provides researchers with clear guidelines which allow for the identification and 

progressive integration of themes. In this way the analysis of each participant’s 

unique view of the issues covered in the interview could be explored. Of particular 

interest were exemplars of mental workload as perceived by participants. These 

provided us with a better understanding of what mental workload meant to the 

pharmacists in our study and an idea of the similarities and differences across 

participants.  

Our analysis began with an examination of individual transcripts.  During the analysis 

themes were identified which were gradually refined and renamed, as patterns in the 

words and phrases began to emerge which were common to participants narratives. 

To check the reliability of the coding of the transcripts two members of the research 

team (HF and JS) coded one transcript and then compared codes to ensure 

agreement of both meaning and context. Once the first stage of coding had been 

completed by one researcher, the second researcher confirmed the first two themes 

by checking the participants’ narratives. 
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The data from the MW diaries were compared with the MW ratings obtained in the 

experimental setting to see how closely our experimental data represented the MW 

experienced by pharmacists during busy and quiet periods in “real life” community 

pharmacies. 

2.10 Mental Workload Diaries: Follow-up study 

Participants who agreed to take part in this aspect of the study were given a small 

diary containing seven copies of the NASA-TLX mental workload measure and some 

demographic questions about them and their pharmacy. They were asked to 

complete this during one day of work. They were asked as a minimum to rate their 

workload during one busy period in the pharmacy and one quiet period in the 

pharmacy and if possible at regular intervals throughout the day, noting the date and 

time of each measurement. This should not have interrupted or interfered in their 

work as the NASA-TLX is a 6-item scale and pilot participants took less than a 

minute to complete it.  

2.11 Research meetings 

2.11.1 Meetings of the research team 

Meetings of two or more members of the research team have been held weekly since 

the commencement of the study. 

2.11.2  Meetings of the project management group (PMG) 

The PMG was formed in February 2012 to advise the research team on the conduct 

of the research. The members are as follows: 

 The Research Team: 

Dr Jane Sutton, Professor Marjorie Weiss and Mrs Hannah Family 

Internal PMG members: 

Dr K. Lynette James and Dr Philip Rogers  

 External PMG members: 

Mr Simon Harris, Mr Sultan SID Dajani, Mr Rob Darracott  

The PMG met on 6th April 2012 to discuss the initial stages of recruitment, on 25th 

June 2012 as half the study period had been completed and to feedback initial 

results and on 10th January 2013 at the end of the study to discuss the findings of the 

study and the implications of the results.   
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Chapter 3: Results 

The results of the experimental phase of the research are presented first, followed by 

the results of the MW diaries and the findings from the qualitative interviews.  

3.1  Experiments 1 and 2 

The results from experiments 1 and 2 are presented together, first we will look at the 

errors that pharmacists (across both experiments) missed and how often they missed 

errors. Next we present the mental workload scores for the four experimental 

condition and the findings in relation to the four experimental hypotheses outlined in 

section 2.8.7 which predicted the impact of a task manipulation (high vs low WM 

task), a manipulation of the pharmacy environment (distraction vs no distraction). 

Finally we present results which identify factors that were associated with 

pharmacists failing to detect dispensing errors. 

3.1.1  Participants  

One hundred and four community pharmacists took part in the experiments, 52 took 

part in experiment 1 and the other 52 in experiment 2.  

3.1.2  Participant characteristics  

Participants for the two experiments were strategically recruited to ensure a 

representative mix of sex, age, ethnicity, pharmacy background and experience (see 

section 2.8.1 which provides more detail on the strategic recruitment criteria and 

procedure). Participants were then randomly allocated to groups but despite random 

allocation it can be seen the two groups were well matched. There were differences 

observed in the mean years of experience that participants had in community 

pharmacy settings, overall pharmacy experience, and the mean number of days 

since the participants last worked. However a series of one-way ANOVAs (for 

continuous data) and chi-square analyses (for categorical data) were carried out and 

showed no significant differences for any of the variables listed in Table 1. 
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Table 1: Participant characteristics  

Demographics / Characteristics Low WM 
group 

High 
WM 

group 

No 
Distraction 

group 

Distraction 
group 

Sex 
 

Male (N)   10   14     14     12 

Female (N)   16   12     12     14 

Mean Age (years)   41.77   39.15     37.38     37.27 

Ethnicity White (N)   17   17     17     18 

Mixed (N)     1     2       1       1 

Asian (N)     4     7       5       5 

Chinese (N)     1     0       2       1 

Black (N)     2     0       1       0 

Personality Traits 
(Mean scores) 

Openness to 
Experience 

3.33 3.48 3.49 3.33 

Conscientiousness 4.05 3.88 3.77 4.00 

Extraversion 3.33 3.45 3.36 3.34 

Agreeableness 3.93 3.98 3.90 3.91 

Neuroticism 2.56 2.53 2.57 2.75 

First Language English (N)   22   20     22     22 

Other Language (N)     4     6       4       4 

Type of 
Pharmacy the 
pharmacist 
participant 
currently works 
in 

Supermarket (N)     4     2       4       3 

Multiple (N)     9   14     10     12 

Small-Medium 
Chain  (N) 

    3     2       2       2 

Independent (N)     8     6       7       7 

Locum (N)     2     2       3       2 

Pharmacist’s 
working hours  

Full-time (N)   18   21     20     20 

Part-time (N)     8     5       6       6 

Mean number of years of community 
pharmacy experience 

  16.87   14.20     10.65 9.82 

Mean number of years of pharmacy 
experience (overall) 

  18.33   15.30     12.97     10.59 

Mean time since last shift (days) 5.52 6.87 1.73 1.31 

 

3.1.3  Detection of dispensing errors through a final accuracy check 

The average hit rate (correctly detected dispensing errors) for tasks 1 and 2 for both 

experiments 1 and 2 was 82.63% (SD=15.70). Many participants in our two 

experiments failed to detect all the dispensing errors in the set of 50 dispensed items. 

As can be seen in figure 6 below, only 35% of participants detected all the dispensing 

errors. 
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3.1.4  Labelling errors missed the most 

As can be seen from table 2 below, the most frequently missed errors were 

labelling errors. The number of times each item was checked is included as 

participants were given a randomised set of items to check (so not all the errors 

were checked the same number of times). The randomisation was particularly 

important because this removed any potential confounding effect that the order 

participants checked items in could have on their performance at this task. 

Many of the labelling errors missed would not have resulted in patient harm 

however the error on item 35 was missed 30% of the time. This is a concern as 

this product was a controlled drug, pethidine 50mg. The error for this item was in 

the directions on the label. The directions on the prescription were for 1-2 tablets 

every 4 hours, but the label directions read 1-2 four times a day (see Figures 7 

and 8 below for a picture of the prescription and labelled item). 

A one-way ANOVA was carried out to identify whether participants in the 4 

experimental conditions differed in the types of errors they identified most often, 

no significant difference was found. 

What our data cannot tell us is whether participants were routinely checking the 

label for errors as well as the product. They were advised to check for both label 

and content errors in the task instructions. So this result may either represent a 

failure to check the labels, or a failure to perceive (on looking) the labelling error. 

36, 35%

49, 48%

15, 14%

2, 2%
1, 1%

0, 0%

Figure 6: Rates of dispensing error detection

All 5 errors detected

4/5 detected

3/5 detected

2/5 detected

1/5 detected

0/5 detected
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Table 2: The dispensing errors, how often they were missed and the types of errors 
missed 

Item no Type of error 
(Content/Label) 

What the error actually was Missed 
(%) 

Number of 
times checked 

37 Label Wrong drug name on label 50 42 

  9 Label Wrong quantity on label 47 38 

54 Label Wrong drug name on label 44 43 

55 Label Wrong patient name on label 36 14 

35 Label Wrong directions on label 30 40 

41 Label Wrong strength on label 18 50 

34 Content Wrong formulation dispensed   7 44 

  2 Content Wrong quantity dispensed   7 42 

22 Content Wrong quantity dispensed   4 48 

10 Content Wrong drug dispensed   3 59 

48 Content Wrong drug dispensed   0 45 

11 Content Wrong strength dispensed   0 53 

 

 

 

Figure 7: Photograph of item number 35 with the erroneous label 
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Figure 8: Photograph of the prescription for item number 35 

3.1.5  Error detection rates for the high and low WM groups (Testing hypothesis i) 

We hypothesised that because more of the participants’ mental processes would be 

required in the six number memory condition these participants would detect fewer 

dispensing errors in the final accuracy check task compared to those who only had 

one number to remember (this is hypothesis 1: see section 2.8.7). No significant 

difference was found in error detection rates between the high and low WM groups 

(see table 3 below) meaning that the additional number memory task did not result in 

a reduction in error detection (where task 1 is the first time participants carried out 

the accuracy check and task 2 is the second time).  
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Table 3: The percentage of correctly identified errors (hit rates) made by the high 
WM and low WM groups of participants in experiment 1 

 Number memory condition Mean Std. Deviation Std. Error 
Mean 

Hit rates task 1 Low WM condition 88.46 18.12 3.55 

High WM condition 89.74 17.69 3.47 

Hit rates task 2 Low WM condition 76.28 27.15 5.32 

High WM condition 75.00 25.50 5.00 

Overall Hit rate Low WM condition 83.08 14.63 2.87 

High WM condition 81.92 17.89 3.51 

 

3.1.6  Comparing error detection rates between the distraction and no distraction 

group in experiment 2 (testing hypothesis ii) 

As can be seen from table 4 below there was a significant difference, with a medium 

effect size in hit rates between the two groups for task 2 (t(50)=2.59, p<.05, r = .34). 

However this difference was not found for task 1 or overall hit rates. We have 

therefore found some support for hypothesis 2 that the hit rate for participants in the 

distraction condition are lower than those in the no-distraction condition.  

 
Table 4: The percentage of correctly identified errors (hit rates) made by the two 
groups of participants  

 Experimental condition Mean Std. Deviation Std. Error 
Mean 

Hit rates task 1 No Distraction 80.13 21.61 4.24 

Distraction 89.74 17.69 3.47 

Hit rates task 2 No Distraction 89.74 27.92 5.48 

Distraction 69.87 27.50 5.39 

Overall Hit rate No Distraction 84.74 15.27 2.99 

Distraction 80.77 15.47 3.03 

 

3.1.7  Comparison of hit rates for the high WM and Distraction conditions (testing 

hypothesis iii) 

The third hypothesis for this study (see section 2.8.7) predicted that the participants 

in the distraction condition of experiment 2 would miss significantly more errors than 

those in the high working memory condition of experiment 1. The hit rates for each 

group for task 1 and task 2 and overall can be found in tables 3 (high WM group) and 

4 (distraction group) above. An independent samples t-test was carried out to test 

hypothesis 3 and no significant difference was found in hit rates so we fail to reject 

the null hypothesis; no difference was found between the distraction and high 

working memory group participants’ in the number of dispensing errors they correctly 

identified. 
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3.1.8  Comparing mental workload between the four experimental conditions 

As well as looking for differences in error detection between the four experimental 

conditions we were also interested in identifying whether the task manipulation in 

experiment 1 and the distraction manipulation in experiment 2 had an impact on 

reports of mental workload made by the participants. If so, did the differences in hit 

rates observed between the distraction and no distraction group relate to mental 

workload? Table 6 on the next page shows the mental workload scores for the four 

groups of participants. A series of one way ANOVAs showed no significant difference 

between the groups in overall mental workload scores after task 1 and task 2, and 

none of the individual items except for levels of frustration with the task after task 2 

(F(100,3)=4.89, p<.01). A Games-Howell post hoc test was carried out for each of 

the comparisons for the frustration scores (Games-Howell was chosen because the 

data violated the assumption of homogeneity of variance). The post-hoc analyses 

indicated that a significant mean difference of -2.46 lay between the low and high 

WM group participants’ frustration scores for task 2 (p<.01, 95% CI [-4.05, -.87]) but 

no other significant differences were found between the other groups. An 

independent samples t-test showed there was also a difference between these two 

groups on the anger/frustration subscale of the UWIST mood scale after task 1 

(t(39.61)=-2.22, p<.05, r = .33) and after task 2 (t(36.5)=-2.88, p<.01, r = .43), the 

mean scores are shown in table 5 below. There were therefore no significant 

differences in MW scores that could account for the differences in error detection 

between the distraction and no distraction group. 

Table 5: Mean scores on the anger/frustration subscale of the UWIST mood scale 
reported after task 1 and 2 for the two participant groups in experiment 1 

 
It can be seen from the range column in Table 6 below that participants’ scores on 

the mental workload items showed a reasonable range, although the range of scores 

were clipped on some items (e.g. task performance scores after task 2, where the 

range of scores was clustered around the lower end of the scale, and mental demand 

scores after task 1 were not scored below 3 by participants). It can be seen from 

Table 15 (see page 55) how the range of scores vary in “real-life” practice compared 

to the simulated pharmacy setting. It is not surprising that the range of scores on the 

MW items are much greater in “real-life” as participants are in much more diverse 

Mood State subscale Working memory 
condition 

Mean Std. 
Deviation 

Std. Error 
Mean 

UWIST Anger/Frustration 
(task 1) 

Low WM condition 5.85 1.22 .24 

High WM condition 6.92 2.15 .42 

UWIST Anger/Frustration 
(task 2) 

Low WM condition 5.62 1.27 .25 

High WM condition 7.23 2.56 .50 
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settings whereas the simulated setting was purposely controlled, which likely had an 

impact on the range of scores reported. 

 

3.1.9  Comparing participant’s hit rates based on their reports of mental workload 

(testing hypothesis iv) 

We did not find a significant difference in overall mental workload scores between 

any of the four groups of participants groups despite finding a difference in the task 2 

hit rates between the distraction and no distraction group. As we also did not find a 

significant difference in hit rates between the high and low WM groups in experiment 

1, or between the high WM and distraction group hit rates, we pooled the data to 

identify whether mental workload scores were related to hit rates in this study. The 

fourth hypothesis for this study (see section 2.8.7) predicted that the participants who 

reported the highest levels of overall mental workload (averaged across the reports 

after task 1 and task 2), and those who reported the lowest levels of mental workload 

would have a lower hit rate than the participants who reported moderate levels of 

mental workload. The hypothesis also stated the values of high (score of 7-10), 

medium (score of 4-6) and low mental workload (score of 0-3). However, on 

inspection of where the upper and lower quartiles sat for this group, we amended the 

values used to reflect low, medium and high mental workload for our sample. The 

bottom quartile of participants reported mental workload scores of 4.02 and below, 

and the upper quartile, reported scores of 5.39 and higher. The participants were split 

into groups on the basis of these scores. A one-way ANOVA was carried out to test 

for differences in the hit rates for the three groups. No significant difference was 

found and so we fail to reject the null hypothesis for hypothesis four. 

 
 
 



Table 6: Mean mental workload scores (individual items and overall mental workload) 
reported by the four groups of participants after task 1 and after task 2 

 Experimental condition Mean Range Std. 
Deviation 

Std. Error 
Mean 

The mental demand of 
the task (Task 1) 

Low WM condition 7.62 3-10 1.47 .29 

High WM condition 7.54 4-10 1.61 .32 

Distraction 7.88 4-10 1.61 .32 

No Distraction 7.65 3-10 1.70 .33 

The physical demand of 
the task (Task 1) 

Low WM condition 2.62 0-8 2.06 .40 

High WM condition 2.73 0-7 2.13 .42 

Distraction 2.31 0-7 2.13 .42 

No Distraction 2.00 0-5 1.39 .27 

The temporal demand of 
the task (Task 1) 

Low WM condition 6.65 2-10 2.26 .44 

High WM condition 5.58 0-9 2.70 .53 

Distraction 6.58 1-9 2.30 .45 

No Distraction 6.54 1-10 2.66 .52 

Your performance on the 
task (Task 1) 

Low WM condition 1.54 0-6 1.45 .28 

High WM condition 1.85 0-5 1.41 .28 

Distraction 2.65 0-8 1.85 .36 

No Distraction 2.62 0-7 1.60 .31 

The effort needed to do 
the task (Task 1) 

Low WM condition 6.69 2-9 1.96 .38 

High WM condition 6.85 3-9 1.62 .32 

Distraction 7.58 2-10 1.60 .32 

No Distraction 7.00 2-10 1.96 .38 

The frustration you 
experienced during the 
task (Task 1) 

Low WM condition 2.15 0-7 2.09 .41 

High WM condition 2.81 0-7 2.67 .52 

Distraction 4.04 0-9 2.92 .57 

No Distraction 3.08 0-8 2.70 .53 

Overall Mental Workload 
Score (Task 1) 

Low WM condition 4.54 1.50-6.00 1.11 .22 

High WM condition 4.56 2.33-7.00 1.24 .24 

Distraction 5.17 2.33-7.83 1.24 .24 

No Distraction 4.81 1.83-7.17 1.34 .26 

The mental demand of 
the task (Task 2) 

Low WM condition 7.23 1-9 2.05 .40 

High WM condition 7.62 3-10 1.88 .37 

Distraction 7.96 5-10 1.34 .26 

No Distraction 7.62 2-10 1.68 .33 

The physical demand of 
the task (Task 2) 

Low WM condition 2.58 0-8 2.06 .40 

High WM condition 2.85 0-8 2.19 .43 

Distraction 2.73 0-8 2.32 .46 

No Distraction 2.38 0-8 2.10 .41 

The temporal demand of 
the task (Task 2) 

Low WM condition 5.85 1-9 2.43 .48 

High WM condition 5.15 0-10 2.69 .53 

Distraction 2.73 0-10 2.34 .46 

No Distraction 6.04 1-10 2.63 .52 

Your performance on the 
task (Task 2) 

Low WM condition 1.50 0-4 1.21 .24 

High WM condition 1.81 0-5 1.13 .22 

Distraction 2.42 0-6 1.72 .34 

No Distraction 2.15 0-4 1.19 .23 

The effort needed to do 
the task (Task 2) 

Low WM condition 6.77 1-10 1.93 .38 

High WM condition 7.15 2-10 1.87 .37 

Distraction 7.19 3-10 1.58 .31 

No Distraction 6.92 3-10 1.65 .32 

The frustration you 
experienced during the 
task (Task 2) 

Low WM condition* 1.58 0-5 1.42 .28 

High WM condition* 4.04 0-10 2.66 .52 

Distraction 3.08 0-9 2.71 .53 

No Distraction 2.69 0-8 2.36 .46 

Overall Mental Workload 
Score (Task 2) 

Low WM condition 4.25 .67-6.00 1.28 .25 

High WM condition 4.77 2.33-7.17 1.24 .24 

Distraction 4.94 2.00-7.00 1.24 .24 

No Distraction 4.63 2.33-8.17 1.30 .26 

* An ANOVA and post hoc tests showed a significant difference in task frustration levels for 
these two groups



3.1.10  Factors related to dispensing error detection rates 

Why did only 35% of the pharmacist participants in experiment 1 and 2 detect all the 

errors?  To identify variables that might affect whether a pharmacist detected all the 

errors or not, we pooled the data from experiment 1 and 2 and produced a correlation 

matrix to identify variables that were correlated with hit rates. The variables that 

correlated with hit rates are reported below in Table 7 with the corresponding 

Pearson correlation coefficients. Included in these variables is the mental demand of 

the task which was positively related to hit rates indicating that higher levels of 

mental demand (one aspect of MW) was related to greater performance on the 

checking task for task 1. Also of interest are the criterion and discriminability index 

scores which are strongly related to hit rates, correlation would be expected as these 

values are calculated based on the hit rate and false alarm rate but are useful 

indexes of what mental processes might underlie checking performance. States of 

task related interference and concentration reported at baseline (before the checking 

tasks started) were also correlated with hit rates in this study and these relationships 

are explored further in figure 9 (correlation web) below. 
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Table 7: Pearson correlation coefficients for the variables that correlated with hit 
rates for task 1, task 2 and overall. 

Variables correlating with hit rates for task 1 Pearson Correlation Coefficient 

Participant sex  -.26** 

Time taken (in minutes) to check the 25 
dispensed items for task 1 

 .20* 

Discriminability index (overall)   .30** 

Criterion (overall)   -.42*** 

The mental demand of the task (Task 2)  .21* 

UWIST Tense Arousal (Task 1)  .20* 

Variables correlating with Hit rates for task 2 Pearson Correlation Coefficient 

Participant age (in years) -.22* 

Time of day (that they participated in the study)  .20* 

Discriminability index (overall)   .55*** 

Criterion (overall)   -.43*** 

Concentration (baseline) -.21* 

Task related interference (baseline)  .23* 

Variables correlating with Hit rates overall Pearson Correlation Coefficient 

Participant sex -.20* 

Time of day  .23* 

Hours of working (full time vs part time)  .19* 

Percentage of dispensing errors correctly 
identified in task 1 

   .58*** 

Criterion value for task 1  -.26** 

Discriminability index value for task 1  .22* 

Percentage of dispensing errors correctly 
identified in task 2 

   .78*** 

Criterion value for task 2   -.49*** 

Discriminability index value for task 2    .57*** 

Discriminability index (overall)    .65*** 

Criterion (overall)   -.61*** 

Concentration -.22* 

*p <.05, ** p<.01, *** p<.001 

An independent samples t-test was carried out to assess the difference in hit rates for 

men and women as participant sex was found to be correlated with hit rates (as can 

be seen in Table 7 above).  A significant difference was found between the hit rates 

of male and female pharmacists in this study (t (102) = 2.01, p>.05, r =.20) with 

women (mean hit rate = 86% (SD=14.75)) detecting significantly more errors than 

men (mean hit rate = 80% (SD= 16.22) although the effect size of this difference was 

small. Another independent samples t-test showed that pharmacists who worked 

part-time had significantly higher hit rates in this study (mean hit rate=88% (SD= 

15.28)) compared to pharmacists who worked full-time (mean hit rate=81% (SD= 

15.54)) (t (102)=-1.99, p<.05, r = .19). A significant correlation was also observed 

between hit rates and time of day, however a graph of this relationship showed no 

clear time periods where pharmacists when pharmacists made more errors.  
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Having pooled the data set, we split the dataset into two new groups according to 

whether they had detected all 5 errors (n=36), or not (n=68). We then ran a series of 

independent samples t-tests to check for differences in the (continuous) demographic 

variables (age, years of experience, personality) the mental workload, mood state, 

and mental state measures as well as the false alarm, criterion and discriminability 

index values for task 1 and task 2. For the categorical demographic variables (sex, 

type of pharmacy the participant works in, ethnicity, first language and working hours) 

we ran chi-square tests to check for differences between the groups on these 

variables. No significant differences between the two groups of participants were 

found for the categorical variables, but differences were found for several continuous 

variables and these are shown in table 8 below.  

 

Table 8: Variables in the study that were significantly different between participants who 
detected all the dispensing errors and those who didn’t 
Variables Participant 

group 
Mean Std. 

Deviation 
Std. 
Error 
Mean 

t 
(df) 

P Effect 
size  
(r) 

Discriminability index 
value for task 1 

Detected all the 
errors 

2.38   .49   .08 

2.56 
(102) 

<.05 .25 
Failed to detect 
all the errors 

2.08   .62   .08 

False alarm rate for 
task 2 

Detected all the 
errors 

2.87 4.05   .67 

-2.32 
(95.23) 

<.05 .23 
Failed to detect 
all the errors 

6.22    10.58 1.28 

Criterion value for 
task 2 

Detected all the 
errors 

  .50   .16   .03 

-3.88 
(102) 

<.001 .36 
Failed to detect 
all the errors 

  .67   .30   .04 

Discriminability index 
value for task 2 

Detected all the 
errors 

2.66   .29   .05 

7.11 
(99.26) 

<.001 .58 
Failed to detect 
all the errors 

2.00   .66   .08 

Tense Arousal 
(Average of scores 
reported at baseline, 
task 1 and task 2) 

Detected all the 
errors 

17.49 4.13   .69 

2.11 
(102) 

<.05 .20 
Failed to detect 
all the errors 

15.87 3.49   .42 

 

 
It is interesting that reported tense arousal levels differed between participants who 

detected all the errors and those that didn’t, because this subscale measures mood 

on a scale ranging from nervous to calm. It is also interesting that this difference was 

present at baseline, before the accuracy checking task started. Participants who 

detected all the errors scored higher on the tense arousal scale which indicates 
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higher levels of nervousness. As can be seen in table 7 above tense arousal scores 

were also correlated with hit rates for task 1. Below (see figure 9) is a correlation web 

which shows the many variables that correlated with tense arousal, and how these 

variables also related to each other. This shows how differences in tense arousal 

levels could cause increases or decreases in other subjective states which have 

importance for work performance for example concentration.  

We also see that the participants who detected all the errors and those who didn’t 

significantly differed in their false alarm rates, discriminability index and criterion 

values. This is important as it is suggestive that participants are using different 

strategies to detect errors. According to these statistics, participants who detected all 

the errors had a more liberal criterion (i.e. they were more likely to report there was 

an error as indicated by a lower criterion value) and made fewer false alarms. 

Normally participants who show a more liberal criterion also make more false alarms 

as they are less strict in terms of the evidence they require before they report that an 

error has been made. Often signal detection is measured in tasks where participants 

have to respond as quickly as they can to computer generated visual search tasks 

and sometimes a response is made by mistake due to a motor (movement error) 

error rather than because they have seen or not seen a target. It could be that 

because our participants could go back and look at items if they were suddenly 

uncertain that we see a lower false alarm rate for this reason. There was also a 

difference in sensitivity to the target with participants who detected all the errors 

having on average a larger discriminability index score compared to the participants 

who did not detect all the errors.



 

Figure 9: A “correlation web” showing all the variables that correlated with tense arousal scores and how they also correlated with each other. 
Where there are relationships between red and blue boxes, these indicate negative correlations, e.g. as reported levels increase in tense 
arousal levels in self-esteem decreased
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3.1.11  Dispensing error detection over time 

Hit rates for all participants in experiment 1 and 2 were calculated for both task 1 and 

task 2 and were compared. A repeated measures t-test was carried out in order to 

compare mean hit rates (reported in table 9 below) for task 1 and task 2 and a 

significant difference was found (t(103)=2.80, p <.01, r =.27) indicating that hit rates 

significantly declined over  time.   

Table 9: Hit rates (for all participants in experiment 1 and 2) for task 1 compared to 
task 2 

 Mean Std. 
Deviation 

Std. Error 
Mean 

Hit rate task 1 87.02 19.00 1.86 

Hit rate task 2 77.72 27.64 2.71 

 
False alarm rates for all participants in experiment 1 and 2 were also calculated for 

task 1 and task 2 and a repeated measures t-test was carried out to compare the 

mean hit rates for the two tasks. No significant difference was found indicating that 

false alarm rates did not significantly change over time. Table 10 below shows the 

mean false alarm scores for task 1 and task 2. 

Table 10: False alarm rates (for all participants in experiment 1 and 2) for task 1 
compared to task 2 

 Mean Std. 
Deviation 

Std. Error 
Mean 

False alarm rate task 1 6.98 8.49 .83 

False alarm rate task 2 5.06 9.00 .88 

 
The criterion values for all participants in experiment 1 and 2 were calculated to 

identify if the mean criterion value differed for task 1 and 2. Table 11 below shows 

the mean criterion values and it can be seen that the criterion value has increased 

between task 1 and task 2, a repeated measures t-test found this increase between 

task 1 and 2 to be significant (t(103) = -4.12, p<.001, r =.38). This means that 

participants had set a more conservative criterion in task 2 compared to task 1. This 

means that participants required more or stronger evidence before they would report 

an error, or that they became more stringent with regards to what constituted a 

dispensing error. 

Table 11: Mean criterion values (for all participants in experiment 1 and 2) for task 1 
compared to task 2 

 Mean Std. Deviation Std. Error Mean 

Criterion for task 1 .46 .32 .03 

Criterion for task 2 .61 .27 .03 
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The mean discriminability index values for all participants in experiment 1 and 2 were 

calculated for task 1 and task 2. Table 12 below shows the mean discriminability 

scores and a repeated measures t-test showed no difference in the discriminability 

values for task 1 and 2 meaning that participants’ perceptual sensitivity to the 

dispensing errors did not change between the tasks. 

Table 12: Mean discriminability index values for task 1 compared to task 2 

 

 

 

 
 

Finally the mean time taken to complete task 1 and task 2 was calculated for all 

participants in experiment 1 and 2 (these values are reported in table 13 below) and 

a repeated measures t-test showed that there was a significant difference in the time 

participants took to complete task 1 compared to task 2 (t(103)=8.87, p<.001, r=.66). 

Table 13: Time taken (for all participants in experiment 1 and 2) to check the items in 
task 1 compared to task 2. 

 Mean Std. 
Deviation 

Std. Error 
Mean 

Time taken (in minutes) task 1 24.12 5.15 .50 

Time taken (in minutes) task 2 21.23 4.93 .48 

 

3.1.12  Summary of findings from experiments 1 and 2 

 Only one third of the community pharmacists in this study detected all the 

dispensing errors when they carried out a final accuracy check. 

 Labelling errors were missed the most often. 

 Number memory tasks did not interfere with community pharmacists’ ability to 

detect errors but distractions and interruptions did. 

 Participants in the high WM condition reported significantly higher levels of task 

frustration compared to the low WM condition participants. They also reported 

higher levels of anger and frustration on the UWIST mood state scale.  

 No difference in hit rates was found when the data from all participants was 

pooled and re-grouped according to whether they reported low, medium or high 

levels of MW compared to the other participants. 

 Female pharmacists and pharmacists who worked part-time were found to have 

significantly higher hit rates (although sex of the participant and their working 

 Mean Std. 
Deviation 

Std. Error 
Mean 

d’ Task 1 2.18 .59 .06 

d’ Task 2 2.23 .64 .06 
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hours were not a significant difference when analyses were run to identify the 

differences between participants who did and did not detect all the errors). 

 Comparisons of pharmacists who detected all the errors with pharmacists who 

missed one or more dispensing errors showed that success on this task was 

related to higher levels of tense arousal (higher levels of nervousness), a greater 

discriminability index score, a more liberal criterion score and a low false alarm 

rate. 

 Hit rates were found to significantly decline over time and this was coupled with a 

shift towards a more conservative criterion (participant is less likely to say yes 

there is an error) but false alarms did not change and neither did perceptual 

sensitivity. The time taken to complete the checking tasks also significantly 

declined between task 1 and 2.  

3.2 The mental workload diary study 

3.2.1  Participants 

Due to the unexpected level of interest in the follow-up study for this project, the 

research team extended the MW diary aspect of the follow-up to those who could not 

be recruited for the full follow-up study. Forty-two participants who had taken part in 

either experiment 1 or 2 and had expressed an interest in taking part in the 

qualitative follow-up study were invited to take part in the mental workload diary 

follow-up, thirty-five of these participants agreed to take part in the MW diary follow-

up and were sent a diary by post. Of these 35 MW diaries, 26 (74%) were returned. 

Fourteen diaries were also completed by community pharmacists who were taking 

part in the semi-structured interview meaning that a total of 40 MW diaries were 

collected. 

3.2.2  Participant characteristics 

The participants who took part in the mental workload diary were not strategically 

selected. The mental workload diaries were collected from community pharmacists 

who took part in either experiment 1 or 2, and had expressed an interest following the 

experiment in completing a diary of their mental workload during a day at work and 

returned this diary to the research team. Table 14 below outlines the demographic 

characteristics of the pharmacists who returned the diaries. Participants were asked 

to complete a minimum of two mental workload ratings throughout the day, however 

they were given the space for 7 ratings (for more details about the MW diary methods 

see section 2.10). All forty participants completed two ratings, although the majority 
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of participants completed more than two and across the forty diaries there were 186 

mental workload ratings completed. 

Table 14: Participant characteristics of pharmacists who completed a mental 
workload diary 

Demographics / Characteristics N / Mean 

Sex 
 

Male  19 

Female  21 

Mean Age in years (range)    39.4  
      (24-61) 

Ethnicity White 30 

Mixed    3 

Asian    4 

Chinese    2 

Black   1 

Type of Pharmacy the pharmacist 
participant was working in the day they 
completed the mental workload diary 

Supermarket   7 

Multiple 16 

Small-Medium 
Chain   

  3 

Independent    9 

Locum    4 

Pharmacist’s working hours  Full-time (N) 29 

Part-time (N) 11 

Mean number of years of community pharmacy experience 
(range) 

     16.25  
       (1-40) 

 

3.2.3  Comparing the mental workload scores reported by participants in 

experiments 1 and 2 with those reported on mental workload diaries 

The 186 MW ratings collected through the MW diaries were compared to the 208 

MW ratings obtained during experiments 1 and 2 to see how similar they were. An 

independent samples t-test was performed for each of the individual items of the 

mental workload scale and the overall mental workload score. The mean scores are 

reported in table 15 below along with the results of the independent samples t-tests. 

As can be seen from table 15 overall mental workload scores were very similar and 

did not significantly differ, however participants scored the physical demand and the 

frustration with their work significantly higher compared to when they were working in 

the experiment. Participants rated their mental effort and mental demand significantly 

lower in the diary compared to during the experiment. Temporal demand and 

performance scores did not significantly differ. 

 
 
 
 



Table 15: Mean mental workload scores reported by participants in experiments 1 and 2 and the subset of participants who completed the 
mental workload diaries 
 Where the mental workload 

ratings were made 
Mean 

 
Range of 
scores 

Std. 
Error 

Std. 
Deviation 

t 
(df) 

P 

Effect 
size 
(r) 

The mental demand of 
the task  

Diary  6.28 0-10 .18 2.50 -6.25 
(315.90) 

p<.001 .33 
Experiment 7.64 1-10 .15 1.66 

The physical demand of 
the task  

Diary  4.23 0-10 .19 2.60  7.17 
(351.03) 

p<.001 .36 
Experiment 2.52 0-8 .19 2.05 

The temporal demand of 
the task  

Diary  5.88 0-10 .21 2.88   -.71 
(392) 

p>.05 
Experiment 6.08 0-10 .22 2.57 

Your Performance on 
the task  

Diary  2.23 0-10 .14 1.88     .95 
(392) 

p>.05 
Experiment 2.07 0-8 .14 1.51 

The effort you put into 
the task  

Diary  6.53 0-10 .17 2.32 -2.32 
(343.87) 

p<.05 .12 
Experiment 7.02 1-10 .16 1.77 

Your Frustration with 
the task  

Diary  4.51 0-10 .23 3.19   5.38 
(355.17) 

p<.001 .27 
Experiment 2.93 0-10 .22 2.57 

Overall mental workload 
score  

Diary  4.94 .67-9.83 .14 1.98   1.3 
(392) 

p>.05 
Experiment 4.71 .67-8.17 .11 1.26 

  



3.2.4  Mental workload throughout the day 

Participants were asked to rate their mental workload a minimum of twice throughout 

their day of work. Figure10 below charts how mental workload changes throughout 

the day for our 40 participants. Of particular interest is that performance scores are 

highest first thing in the morning despite all the other items from the mental workload 

score being low at this time. Low scores on the performance item mean that 

pharmacists feel that their performance is high (and not impaired by their mental 

workload or other factors) so high scores represent a feeling that their performance is 

not as high as it could be. This was also an experience reflected by pharmacists 

during the interviews (see participant 67, section 3.3.1). 

For the pharmacists in this study, mental demand and mental effort was highest 

when pharmacists were working late shifts (around 8pm). Mental effort also peaked 

(although not as high) first thing in the morning. A large dip in all MW items is seen 

around 7pm, this could be because pharmacists who had been working during the 

day time were coming to the end of their shift or because the pharmacy had closed to 

customers and they were using the time to catch up on other tasks. We also asked 

pharmacists to rate how busy their pharmacy was at the time they completed the 

mental workload score and the mental workload diaries suggest that there are two 

peaks in the busyness of the pharmacy around 11am and 5pm. This chart also 

shows that the MW items that were highest pressures throughout the day were 

mental effort and demand and physical demand was the lowest. 

Throughout the day, many aspects of MW varied in line with the busyness off the 

pharmacy (see Figure 10 below), for example, peaks in temporal and mental demand 

seem to occur at the same time as the busyness of the pharmacy. However, other 

aspects, for example performance concern vary at different times, and more often 

throughout the day compared to the busyness of the pharmacy, mental and temporal 

demand ratings. 

3.2.5  The impact of pharmacists’ demographics and community pharmacy setting 

on their mental workload ratings 

The mental workload ratings were compared according to participant demographics 

(age, sex, years of experience, the type of community pharmacy the participant 

works for and whether they work full-time or part-time). An independent samples t-

test was carried out to compare the mental workload ratings of men and women and 

no significant differences were found (94 of the 186 ratings we received in total were 

made by men and 92 by women).  
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Bivariate correlations were produced for participants’ age and their mental workload 

ratings, no significant correlations were found between the participants’ age, overall 

mental workload, the individual mental workload items and pharmacy busyness 

indicating that there was no relationship between participants’ age and their mental 

workload scores. Similarly no correlation was found between participants’ years of 

pharmacy experience and their mental workload scores. 

We received 48 mental workload ratings from pharmacists who work part-time and 

138 ratings from pharmacists who work full-time. Table 16 below reports the mean 

mental workload and pharmacy busyness scores made by pharmacists who worked 

full-time and part-time. Independent samples t-tests showed that pharmacists who 

worked part-time reported significantly lower levels of physical demand, performance 

concern and overall mental workload. 

One-way ANOVAs were carried out to identify whether there were any significant 

differences in mental workload ratings according to the type of pharmacy the 

pharmacists work for. No significant differences were found, although this may be 

due to small numbers of participants in each group. 

 



 
Figure 10: Mental workload items and pharmacy “busyness” plotted against time of day 



Table 16: Mental workload and pharmacy busyness ratings made by participants who work 
full-time and those who work part-time 

 Working 
hours 

Mean Std. 
Deviation 

Std. 
Error 
Mean 

t 
(df) 

P Effect 
size 
(r) 

How busy is your 
pharmacy at the 
moment? 

Full time 5.38 2.73 .23   1.37 
(184) 

p>.05 

Part time 4.75 2.75 .40 

Mental Demand Full time 6.34 2.52 .22     .51 
(184) 

p>.05 

Part time 6.13 2.46 .35 

Physical Demand Full time 4.69 2.64 .23    5.00 
(111.40) 

p<.001 .42 

Part time 2.90 1.94 .28 

Temporal Demand Full time 5.94 2.89 .25     .48 
(184) 

p>.05 

Part time 5.71 2.87 .41 

Performance Full time 2.46 1.96 .17    2.83 
(184) 

p<.01 .20 

Part time 1.58 1.44 .21 

Mental Effort Full time 6.70 2.25 .19    1.71 
(184) 

p>.05 

Part time 6.04 2.48 .36 

Task Frustration Full time 4.70 3.20 .27    1.35 
(184) 

p>.05 

Part time 3.98 3.13 .45 

Overall Mental 
Workload 

Full time 5.14 1.99 .17    2.29 
(184) 

p<.05 .17 

Part time 4.39 1.86 .27 

 

3.2.6 Summary of findings from the mental workload diaries 

 MW diary ratings of MW levels during “real life” pharmacy practice were 

compared to MW ratings obtained during experiments 1 and 2. No significant 

difference was found between overall MW ratings. However, differences were 

observed for some of the individual items on the MW scales: 

o reports of physical demand and frustration were higher during “real life” 

practice, 

o mental effort and mental demand were rated significantly lower on the 

MW diaries compared to during the experiment, 

o temporal demand and performance item scores did not differ. 

 The MW diary ratings were plotted against time to see how they varied at 

throughout the day.  

o Pharmacists felt their performance was poorest first thing in the morning 

o Mental demand and mental effort scores were highest around 8pm 

o A large dip in all the MW items is seen around 7pm which is probably 

simply a reflection of most pharmacists preparing to finish their shift for 

the day (or when the pharmacy closes to patients). 

o Pharmacy “busyness” peaks were seen at 11am and again at 5pm. 
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 The MW diary ratings were analysed to see if they varied according to pharmacist 

demographics. Pharmacists who worked part-time reported significantly lower 

(overall) MW scores compared to the pharmacists who worked full-time.  

3.3  Semi-structured interviews 

The findings reported below describe the participants’ experiences of working in a 

community pharmacy and extracts from their narratives are shown in italics in the 

text. These are quoted verbatim to retain the authenticity of the participants’ 

narratives. 

3.3.1 Participant characteristics 

From the 42 community pharmacists who expressed an interest in participating in the 

qualitative follow-up study, 15 were purposively selected, based on their role, the 

type of community pharmacy they worked for, their age, sex, years of experience, 

hours of working  (full-time vs. part-time) and their mean MW score reported during 

the quantitative phase. Table 17 below reports the characteristics of the community 

pharmacists who were interviewed.  

  



Table 17: Characteristics of community pharmacist interview participants 

CP 
participant 

number 

Job title Type of 
Pharmacy 

Age Sex Years of 
Community 
pharmacy 

Experience 

Full-time 
or Part-

time 

Mean MW 
Score 

 3 Pharmacy 
Manager 

Supermarket 
Chain 

30 Femal
e 

  6 Full-Time 4.92 

9 Relief 
Pharmacis

t 

National 
Pharmacy 

Chain 

49 Femal
e 

27 Part-Time 6.58 

10 Pharmacy 
Manager  
Co-owner 

Independent 49 Male 27 Full-Time 3.00 

12 Pharmacy 
Manager  
Co-owner 

Independent 30 Male   8 Full-Time 6.25 

14 Pharmacis
t 

Small Chain 35 Femal
e 

12 Full-Time 3.58 

29 Pharmacy 
Manager 

National 
Pharmacy 

Chain 

28 Male   4 Full-Time 3.17 

35 Pharmacis
t 

Independent 32 Femal
e 

8 Full-Time 5.00 

38 Pharmacy 
Manager 

National 
Pharmacy 

Chain 

51 Femal
e 

30 Full-Time 5.25 

41 Pharmacy 
Manager 
Owner 

Independent 55 Femal
e 

33  Full-Time 5.42 

42 Locum 
Pharmacis

t 

Small/mediu
m chains 

46 Male 22 Part-Time 1.08 

47 Pharmacy 
Manager 

Small/ 
Medium 
Chain 

43 Femal
e 

15 Full-Time 4.75 

49 Locum 
Pharmacis

t 

Independent 
and small-

chain 
pharmacies 

67 Femal
e 

42 Part-time 4.33 

54 Pharmacy 
Manager 

National 
Pharmacy 

Chain 

38 Male 11 Full-Time 6.83 

60 Pharmacy 
Manager 

National 
Pharmacy 

Chain 

24 Male   1 Full-Time 4.17 

67 Pharmacy 
Manager 

Supermarket 
Chain 

26 Male   3 Full-time 7.25 

 



3.3.2 Mental workload 

As the study was concerned with MW and its effect on the detection of dispensing 

errors the interviews began with a discussion about the completion of the MW diaries 

(see section 2.10  for a description of the MW diaries) and some of the ratings each 

participant had made, in particular where they reported much higher or lower levels 

of MW. A general discussion about MW took place and throughout the interviews 

participants used words or phrases to describe what MW meant to them. Some 

examples of their descriptions are given below and refer to both how it felt to them to 

be mentally overloaded, mentally under-loaded and also those things that contributed 

to MW. Emboldened text is used to highlight phrases that suggest mental workload 

itself. Pharmacist 3 talked about managing medicine use review (MUR) targets and 

how these were always in the back of her mind when she was doing others things in 

the pharmacy.  

“I think it is something in the back of my head, always there, that I think ‘Yes 

it is a service I can offer’. So as a pharmacist I would like to offer my patients 

everything that I can, but realistically I would offer it as and when I felt it was 

appropriate rather than because I have to do a set number”. Pharmacist 3 

Pharmacist 3 also described the accumulation of mental demands that built up over 

the day saying: 

“I think the number of hour days [she worked 12 hour days] can contribute to 

it definitely. The staff that you have got, what else is going on in the business 

umm not pressures but things that the PCT need you to do, paperwork that 

the PCT need you to do. You have always got that constant thing in the 

back of your head thinking ‘Gosh I must get this training or this new product 

has come off prescription, I need to learn about that as it is on our shelf’. But I 

actually haven’t had time to do the reading. I hope that nobody comes in and 

asks me about it. Pharmacist 3 

All participants used the phrase ‘in the back of my mind’ several times during the 

interviews and it seems that they all found it necessary to hold information in their 

heads so that they would not forget it. This pharmacist used the expression in the 

context of a busy period at the end of the day when there was a short time frame 

when there would be fewer staff in the pharmacy: 
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“I know that it [time] is going to be a little more stretched from 4.30, 5 o’clock 

until 6 o’clock, so there is always in the back of your mind that you need to 

get everything done”. Participant 12 

The same participant also described the effect of increased mental workload as 

feeling as if they were “Just a little bit over a barrel” 

Another participant talked of mental overload as “the cogs sort of break up” 

(Participant 67) and that the effect of this was a loss of concentration on the task. 

This participant then went on to describe when they would have left the pharmacy 

clear the night before and would come in the following day to find everything in a 

mess because it was so busy. 

“I could come back in the morning it might have been absolutely empty, the 

bench might be nice and clean …….you come in and it is absolutely packed 

out, you know your brain just goes ‘Wow what is going on’ 

Interviewer: Your brain just goes instant mental workload 

“Instant yeah, instant mental workload, now at 10 o’clock in the morning you 

are awake but are you going to be at your 100% sharpest? …..I just need 

about 15, 20 minutes to get into it and then I will sort of start it.” Participant 67 

Here the pharmacist talks about the feeling of mental overload but also how they deal 

with this by slowing down because they don’t feel as sharp when they first get to 

work. This was also reflected in the MW diary ratings where scores on the MW 

performance scale were high indicating that pharmacists felt that their performance 

was not at 100% at this time (see section 3.2.4). Similarly, pharmacists’ 

concentration scores before the checking tasks started in experiments 1 and 2 were 

also found to be negatively related to hit rates (see section 3.1.10) showing that not 

feeling as “sharp” may be linked to an increased likelihood of missing errors.  A 

number of participants talked about slowing down when the pharmacy became more 

busy and this is discussed in section 3.3.8 below.  First it is essential to explore the 

perceived pressures reported by participants. 

3.3.3 Pressure 

Throughout their narratives participants described the pressures that they faced on a 

day-to-day basis. These ranged from organisational pressures e.g. completing MUR 

targets and meeting the expectations of their employer to the effect of personal life 
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issues on their performance. The following quote is from a pharmacist manager who 

had worked for a number of different pharmacy organisations and they compared the 

differences. As might be expected the pharmacist felt that the targets they were 

expected to meet such as completing a certain number of MURs per day, had a 

significant effect on the way they worked (a sentiment shared by the majority of 

participants). This pharmacist felt that they were being slowed down in a setting 

where targets took priority:  

“I’ve worked before where I wasn’t a pharmacy manager I was working with 

non-pharm[acist] managers where when it comes to doing the MURs and 

things like that we had this constant pressure. So we have to do 2 today you 

just end up not doing any sometimes [that’s] just the way it is. Where you 

have the flexibility to do it then you just do it ‘cause you enjoy doing it and [it] 

doesn’t become a number game it’s not a game of numbers not trying to 

reach a number and that’s it.  I mean I’ve worked in the past for a different 

employer where there wasn’t [sic] targets for me ‘cause I was a relief. So 

there wasn’t a target as such and kind of I was doing more. Where you get 

targets given to you it slows you down somehow it actually does slow you 

down”. Pharmacist 29   

This was expressed in another way by Pharmacist 49 who said (again as others did) 

that they would like to have more time to spend with patients and in this case made 

the point that they wanted time to make sure patients understood everything they 

needed to know about taking their medicines safely and effectively. (Further safety 

issues will be explored at the end of this section). 

“Yeah I would like to do more and concentrate my time on making sure that 

people understand what they are doing and all the safeguards are in place. 

But when you have got a bench full of prescriptions needing [to be] checked 

and know you have got to go out and talk to somebody sometimes you will 

think ‘Oh I haven’t got time for that those’. You should have time and the 

other thing is the medication use reviews. You are under a lot of pressure to 

do that, and you know that is a really good thing to do but if you are going to 

do it properly and you need time, and now again if you have got a bench load 

of scripts to check, and you know loads of people are coming back and they 

are going to be stamping around saying ‘Well my prescription is not 

ready……. I have been away 15 minutes’.” Pharmacist 49 
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However, MUR targets were not the only organisational issues that placed 

participants under time pressure. Other issues such as changes in the law and the 

introduction of new processes also took their toll and increased the burden of work as 

the following quote demonstrates. 

“But even the workload, you know the paperwork has gone up significantly 

and you are not getting any more hours and you know it is something that you 

do discuss with your regional manager saying, ‘Right well, legislation has 

changed’. Therefore we need to fill out, you know, 4 more forms than we 

needed to fill out this time last year and go through a process I think a 

particular new [err] new process that came down probably about 8 months 

ago has added at least 2 hours onto our end of month progress and yet you 

don’t get any more hours in the day to do that.” Pharmacist 3 

Clearly there were differences in the perceptions of pharmacists who had managerial 

responsibilities and those who did not. Additional responsibilities brought with them 

pressures of a different nature that could create tension in the workplace. This 

tension just added to the pressure pharmacy managers were under and one 

pharmacist spoke of the intrusion of personal life issues into work. 

“I think it varies on so many factors as in like the personal factors for instance. 

It might be [umm] girl trouble or man trouble for instance, yeah, there is your 

social life, then there is work……if you are a manager, for instance, you have 

done everybody’s so called timetable that ‘You are coming in in break time 

you are not’, and somebody might say ‘Why is a, b and c in and why am I not 

in’, So that causes a so called tension around the workload, yeah that, it 

doesn’t increase your workload but it gives you more so called tension”. 

Pharmacist 67 

3.3.4 Responsibility 

Responsibility was an important issue for many of our participants, not just those with 

managerial responsibilities. Some talked of taking personal responsibility for their 

patients, having concerns about patients that stayed in their minds and sometimes 

feeling guilty that they had not fulfilled the responsibilities they felt they should have. 

One pharmacist talked about how corporate and individual responsibility could 

become confused. 
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“I think when you go into a premises as the pharmacist you need to know 

what is your responsibility and what isn’t. The trouble is I think they 

[organisations] confuse corporate responsibility with individual responsibility 

and they merge the two and I think they need to sort that out because it really 

gave a get out clause for a lot of the big corporations.” Pharmacist 47 

This same participant went on to talk about how at one time they were taking on so 

much responsibility that they just could not ‘switch off’. They went on to talk about 

pharmacy as a profession wanting to take on the responsibility for everyone. 

“I was making the situation so much worse for myself because there are bad 

situations but it’s that saying isn’t it and it is such a trite saying but it is how 

you deal with the bad situations. I do really think that you have to remind 

yourself of that because at the end of the day you are the only one that loses 

out. It is only a job at the end of the day, I know pharmacists forget it, but it is 

only a job, there comes a point where we are not responsible for the world 

and I do think as a profession we do take on too much responsibility because 

we are the end person. We are the ones fronting that person and we know 

that, that old lady is going to be on her own with no medication and nobody 

there and we want to take care of them and I think that’s our strength. But it is 

our weakness because it then ensures that we get bullied into things that we 

shouldn’t by other professions and perhaps even within a profession we get 

that because we care too much in a way and we don’t want to leave that 

person on their own, it is quite hard to do that as well”. Pharmacist  47 

This quote illustrates the perception that not only does the profession of pharmacy 

need to reduce its expectations of pharmacists, but that pharmacists themselves 

need to know the limits of their responsibility in order to reduce the work pressure this 

brings. This is explored further in section 3.3.3. However, the reality is that 

pharmacists do have personal responsibility for their pharmacies as this pharmacist 

said,  

“Anything that happens in a pharmacy on a given day when you’re working is 

your responsibility. I mean if a dispenser makes as many dispensing errors as 

they want to then ultimately it’s down on your head and that’s always going to 

be”. Pharmacist 10 
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The issue of responsibility was also discussed in terms of making mistakes. 

Participants generally expressed the view that they were not allowed to make 

mistakes and that brought added personal responsibility. The following quote 

illustrates how one participant felt that the general public and some GPs did not 

appreciate how seriously the pharmacy profession takes errors and how they take 

responsibility to ensure medicines are supplied in the correct way. 

“I think it makes me a bit frustrated cause  people don’t appreciate it, people 

are very, very quick to complain and have got such a minor error and [they 

are] massively quick to complain. They have no idea what they’re talking 

about and I often think it’s almost the same with GPs the sense of we’re their 

safety net. So I’d have lots of scripts. For example I might have scripts for ear 

drops, 2 to be taken [sic] 4 times a day and it’s just a random dosage that’s 

been put on there and you think to yourself, ‘well that’s not right you can’t take 

2 ear drops 3/4 times a day’. You have to make sure that you’re alert enough 

to spot those mistakes and I will have quite a high censorship in quick 

dosages from that particular place……….I do it myself, I take responsibility for 

it.  So if I get incorrect dosages if I have a statin written up [to be taken] in the 

morning, I just change to 1 at a night. Pharmacist 42 

In the above quote, the pharmacist talks about their frustration that both the public 

and other health care professionals do not appreciate the responsibilities inherent in 

the role of the pharmacist. In the next section we explore the feeling of frustration 

reported by our pharmacist participants. 

3.3.5 Frustration  

The results of the quantitative phase of this research showed that respondents 

reported feeling significant levels of frustration. The results reported in section 3.1.8 

show that levels of frustration with the task after task 2 increased as measured by the 

NASA task load index. Further analysis revealed that the difference lay between the 

low and high working memory group. Interrogation of the results of the UWIST Mood 

Scale also revealed a difference between these two groups on the anger/frustration 

subscale of the UWIST mood scale after task 1 and task 2 (see section 3.1.8 for 

further details). 

Throughout the interview transcriptions participants talked of frustrations of one kind 

or another. Sometimes participants related these feelings to not being able to provide 
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the service they would like (Pharmacist 12) and others related this to the 

pharmacist’s role (Pharmacist 47). 

One participant spoke of their frustration at the poor lines of communication between 

the local health centre and them. They described not being put through to doctors to 

rectify problems with prescriptions because the receptionists in the surgery did not 

recognise this as urgent. The pharmacist reported having contacted the PCT to ask 

for a direct dial telephone number so that they could contact GPs quickly because 

sometimes they had to wait for some time for a response from the doctor. This meant 

that patient had to wait even longer for their prescription to be dispensed. The 

pharmacist said how they dealt with this depended on how they were feeling at the 

time - in other words their ‘mood state’. 

“I think it depends again how you are feeling, if you are feeling sort of upbeat 

and everything you are just like ‘Oh well that is just how it is’, you know you 

have got to make the best of a bad situation so you do just sit there for 20 

minutes. On the flip side you do get really frustrated and again it just comes 

back to sort of the pharmacy’s pace.” Pharmacist 3 

This lack of communication, this time where the doctor’s practice had two sites, was 

highlighted by Pharmacist 41 in the following exchange with the interviewer. 

“We had an incident today with someone. We were in the shop and they had 

forgotten to collect their prescription and they phoned the other surgery 

saying ‘I have forgotten my prescription I need it now you will have to do me 

another one’. But if they had phoned the shop they would have found that we 

were there and they could have popped down and collected it [umm] the 

surgery is actually in the next village which actually can take half an hour to 

get to because the traffic is so bad”  

Interviewer: So did the patient come to you in the end?   

“No because it had already been resolved because no one had even thought 

to phone us to see whether we were still there”.  

Interviewer: So what happened, had you dispensed that item already? 

“Yes it was sitting waiting to be collected so it is always a bit frustrating 

because if people had communicated a bit better”. Pharmacist 41  
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The greatest sense of frustration seemed to come when participants were so busy, “I 

do constantly feel a little bit frustrated, I just can’t get on top of everything because 

you feel like you are fighting fires all the time” (Pharmacist 12).The same pharmacist 

described this as ‘being pulled in different directions’. Another pharmacist spoke of 

the frustration they felt over the failure of manufacturers to deliver stock that had 

been ordered saying, 

“I think now that some manufacturers are only selling their drugs through 

certain wholesalers it is very difficult if you can’t get them. You can’t go to 

another wholesaler and say ‘can I have this?’, because they are not supplying 

another wholesaler…… there isn’t a quota system, you just phone them [the 

manufacturer] up and say you want more but why should you have to do that 

in the first place, you wouldn’t order it if you didn’t want it …………If you 

haven’t got a prescription for it I wouldn’t be ordering it, so it is very frustrating 

and it sure takes a lot of time”. Pharmacist 41 

The following quote is from a participant who was discussing their scores on the 

mental workload diary and how they described frustration. 

“Well I think it depends on how you interpret frustrated as in like if I know 

there are a whole load of tasks to be done and I haven’t completed them, 

even though I know they are going to be done it is still frustrating because it is 

not done.” Pharmacist 67 

The above extract indicates that there is more to workload than physically having 

many tasks to complete. As the pharmacist says, the knowledge that they have ‘a 

load of tasks’ that are still outstanding – even though they know they can complete 

them, increases their frustration and as our results from experiments 1 and 2 show, 

there is an association between frustration and mental workload (see Figure 9 

above). 

A number of participants talked of not being able to take a proper break and so not 

being able to eat at regular times. Pharmacist 12 said “the lunchtime spike is quite 

hectic and then part of my frustration is that I don’t get to have lunch until later on” 

and the fact that pharmacists are going without food is a serious problem for some of 

them. One participant had diabetes and so for them being unable to eat regularly had 

a significant effect on their concentration. The pharmacist in question said, “Usually 
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between 11 and 12 I will need a little bit of lucozade, a lot of that is because of the 

physical and mental demand”. Pharmacist 60. 

For this participant and for others being hungry was not only frustrating but was a 

distraction that reduced their concentration. However, having a break was important 

for reasons other than to eat as Pharmacist 67 points out ‘We are entitled to a break 

[umm] obviously it is hard sometimes to take a break, but you have to take a mental 

break if that makes sense, whether that means to go outside and you know have a 

sandwich and stuff or whether that means to stay in the pharmacy’. The mental break 

was important to this pharmacist as it is hard for people who are doing highly skilled 

tasks to concentrate on those tasks without being able to take time to clear their 

mind. Some of our participants recognised when they needed a break and if they 

were unable to take one it became a distraction to them. Distractions and 

interruptions were built into the design of the mental workload study and the results in 

section 3.1.6 showed that there was a difference in dispensing error detection 

between participants in the distraction and no distraction groups.  

3.3.6 Distractions and interruptions 

Distractions and interruptions were described in different ways by our participants 

and some events in the pharmacy were experienced as causing greater interruption 

and distraction than others. In the following two extractions from the same 

pharmacist they describe different types of interruption and their effect. 

“I must admit if you try to check prescriptions and then we get all these factors 

come together then they’ll disturb you from checking that prescription. You 

have to go back to the prescription and then start again from where you left it. 

But sometimes you might actually ignore that factor and think that you’ve 

finished it and that’s the risk there where it comes to interruptions. So there’s 

also sometimes the fact that you try to rush things also I’ve noticed that if you 

try to rush things and people are under pressure as well, they might make 

mistakes. Then if you rush it you’re not 100% checking.  Pharmacist 29 

“Then I go to the consultation room to do an MUR then come back, so there’s 

all these things happening also you get an interruption doing your work so 

you might be checking a prescription and then you get someone talking to 

you so that’s an interruption.  You might be doing a prescription and then the 

phone rings and someone wants to speak to you then again that’s an 
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interruption. So you do have lots of interruptions during the working day”. 

Pharmacist 29 

Another participant talked about the effect of interruptions when doing specific tasks 

such as preparing methadone for supervised consumptions and someone comes in 

for advice. 

“You are doing the methadone and you don’t want to leave it in the middle of 

doing something, and then go back to that so you try and finish off what you 

are doing and then go and check it off, then come back to it afterwards. 

Sometimes you lose your mind set”.  Pharmacist 67 

Being interrupted whilst dispensing can have some serious repercussions and in the 

following extract Pharmacist 9 describes an incident where a prescription for a new 

medicine went missing in the pharmacy. They described how it took all of the staff 

over an hour to eventually find the prescription and the pharmacist reflected on what 

had happened. 

“I think the phone rang as it does she [the pharmacist] got interrupted she put 

it down on the pile of prescriptions near another pile of prescriptions. A 

number of the staff came and put the pile on the side ready to be labelled and 

also there were so many repeat slips and everything it just got tucked inside 

there”. Pharmacist 9 

Participant 9 also talked about the constant interruptions they faced on a daily basis 

and what increased their mental workload.  

“It’s the constant interruptions really so and standing and checking for an hour 

suddenly is monotonous…………. I think this is where the most dispensing 

errors happen, you are constantly interrupted, and the phone is always 

ringing. The staff workload - they’ve got so many jobs to do as well. 

Somebody wants to buy a packet of tissues and this is on the counter and 

look around and there’s no staff and you think ‘I don’t really want to stop what 

I’m doing’ but at the end of the day they are a customer so you do.  So I think 

it’s the constant interruptions when trying to do so many things at the same 

time”. Pharmacist 9 

All of our participants spoke of how the sometimes constant interruptions distracted 

them from what they were doing but other distractions came from concern about 
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what was going on in the pharmacy when they were in another room doing an MUR. 

The pharmacist in the following extract described how they could hear noises from 

outside the consulting room but could not see what was going on. 

“You are then consciously thinking you know trying to think what has just 

walked through the door ……. you can’t see them but you can kind of hear 

them. You shouldn’t be able to hear them but the walls are not [soundproof], if 

there are screaming kids basically you can hear that there are screaming kids 

in there and you are thinking there is probably a lot more. A lot of it is in the 

mind I expect but a lot of people are going to be waiting there, getting more 

grumpy because I am doing an MUR and it is like oh, if I don’t do the MUR 

then I got told off for not doing the MURs.  I like doing the MURs but I know 

that there are people waiting out the front so I need to come out and check 

and then they don’t understand why I have been away Pharmacist 60 

Pharmacist 67 described the physical environment and said that whilst they were 

working they could see what was going on in the shop because “it is about chest 

height to me as soon as I stand up I can see everybody over the top and sometimes 

that is a good thing and sometimes that is a bad thing”. They went on to explain this 

by saying, 

“Well [umm] if you see someone frustrated across the counter you know your 

mind does wander with the whole why are they like that? Is it going to kick off, 

have we done something, have we made an error for instance you know. Or if 

you see someone in the morning at 9 o’clock and they come back the same 

day around 3 o’clock you think ‘oh hold on have we made an error, is that the 

reason why she has come back you know twice in one day’. Or 9 times out of 

10 touch wood they want something else yeah, but your mind does wander”.  

Pharmacist 67 

The above description of the pharmacist’s mind wandering from the task is 

something that most people have experienced and generally it is possible to pick up 

the task without any problems. However, in jobs where people’s health and safety 

are dependent on a high level of accuracy and concentration (as in the pharmacy 

final dispensing check) the consequences of distraction can be dire. At the end of this 

section we provide some examples from the participants’ narratives of how errors 

happen and as we outlined in the introduction to this report, the importance of 
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attention to successful perception, which is crucial for the detection of dispensing 

errors. 

3.3.7 Attention 

As we have discussed in the previous section (3.3.6) participants spoke of how 

difficult it was to attend to what they were doing whilst also listening to what was 

going on in other parts of the pharmacy. They all said that dispensing required a high 

degree of concentration and one pharmacist said “but you can’t take your eye off the 

ball in terms of dispensing side of things and do over the counter trade and you know 

simple checking prescriptions you just can’t do it” (Pharmacist 12). Another 

participant spoke of how difficult it was sometimes to switch focus from the task they 

were doing to questions from staff or customers. 

“It depends on what you are doing, well there are sometimes where you have 

to switch off what you are doing here and focus that there. There are other 

times where you think yeah you could possibly still carry on but I guess that is 

when your mental ability is not one hundred per cent if that makes sense”.  

Pharmacist 67 

In cognitive terms the above quote does make sense because there are times when 

the brain just cannot do two things at once. This may be because one or other of the 

tasks is demanding too much of the working memory or attentional resources to be 

shared (see Figure 3 in Chapter 1). This is an example of high mental workload 

where the pharmacist above was describing an occasion where they did not have 

enough mental resources to carry out both tasks. This may be because of physical 

tiredness or perhaps being distracted by lack of food as mentioned earlier in section 

3.3.6. Psychological theories of attention tell us that there are times when we are 

primed to ‘listen out’ for particular words or phrases that when heard grab our 

attention and make us immediately alert, this is known as the cocktail party effect 

(Pollack & Pickett, 1957). The following quote gives an excellent example of this. 

“If I am on the phone, if I am on the email I am focussing on what I am doing 

here but my ears are out there listening to every conversation that colleagues 

are having with patients. So I am trying to check prescriptions, but I am 

stopping because someone has said something inappropriate or given the 

wrong advice……  

Interviewer: “Or you have heard that key word like……” 
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“Child or heart disease or something like that, high blood pressure, anti-

depressants something like that so you stop and go”.  Pharmacist 3 

In the final extract in this section the participant describes how they feel that they are 

never giving customers their full attention because they are trying to follow 

conversations between staff or staff and other customers. The consequences of this 

may be that some customers may not be given the correct information or may not be 

given the opportunity to clarify their understanding of their medicine. 

“Really there’s so much going on in your mind that you’re perhaps trying to 

follow a conversation that’s going on elsewhere in the shop, that’s really 

important that you make sure that staff are doing it as properly.  So I do feel 

that as I’m talking to a customer I’m never giving them a 100% of my mental 

attention which sounds awful ‘cause there are always other things that you’re 

thinking about. So actually your conversation to the customer can be hard 

work and that’s sort of mental and physical really”. Pharmacist 9 

3.3.8 Reducing pressure  

By using the words of our participants we have been able to provide examples of 

their perceptions of mental workload and begin to develop a picture of the things that 

pharmacists say contribute to their mental workload. Some of these are feeling 

responsible for patients, dealing with distractions and interruptions and being alert to 

important events in the pharmacy whilst being able to do dispensing tasks. There are 

times when the mental demands of the task are too high and pharmacists have to 

stop and focus (as described by Pharmacist 67 in the previous section). Participants 

were asked how they dealt with the many pressures that they faced on a day-to-day 

basis and half of our participants used the phrase ‘juggling tasks’ or the term ‘multi-

tasking’. Pharmacist 3 talked about this in terms of weighing up situations where 

patients might become annoyed with them. 

“But again I think you have got to sort of weigh that up against time 

constraints, not how angry your patient is because I would always you know 

say ‘Ok well if you are getting angry with me here is your prescription back, I 

am trying to act in your best interest but if you don’t want me to that is 

absolutely fine, you can try somewhere else”. Pharmacist 3 

Some participants spoke of the need to understand themselves and their own limits 

so that they could recognise when their mental workload was so high that their 



| 75 

 

 

performance might be affected. In the following extract Pharmacist 12 talked about 

organising the preparation of methadone according to how they felt during the day. 

“I have never really felt like the pressures later on in the day particularly that 

late which is why I try and do it [the methadone] between sort of around about 

4ish something like that because the last hour you’re just sort of winding 

down and preparing, writing yourself lists for the following day”. Pharmacist 

12 

Participants talked about the need to ‘switch off’ for a while during the day and the 

following is an example of this 

“I do like to have that breather because I think mentally it does really allow 

you to switch off. It means that if there are things that you have to do - visit a 

home or literally do something for yourself for half an hour, you can do it 

without feeling as though you are going to be interrupted”. Pharmacist 41  

Many said that the understanding of and the ability to ‘switch off’ came with 

experience and early years pharmacists might find it harder to cope with mental 

demands. The most interesting strategy that experienced pharmacists talked about, 

was to slow down as soon as they felt themselves becoming overloaded. An example 

of this comes in the following extract. 

“I think I am quite fast but I think I am - well I hope I am fast and safe you 

know or not too fast that I am not safe ……. one thing I do if it becomes very 

pressured I would deliberately slow down and in fact if I have made any 

mistakes it is always because I have done it too quickly so it is definitely doing 

things too quickly is likely to make errors yeah definitely……….. the whole 

purpose of this is to make people realise that there is a limit to the speed that 

things should be done at and that pressure you are under.” Pharmacist 49 

One participant talked of how they used to carry all their concerns with them ‘like a 

notepad’ to ensure that they did not forget anything but that eventually they learned 

how to ‘switch off’ 

“No I guess you do, you do leave it you do carry it around but then it comes to 

a point where you don’t let it affect you. At the beginning you let it affect your 

personal life and your social life and everything else then there comes to a 
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point where you sort of know how to switch off and I think that is where a lot 

of people do struggle”. Pharmacist 67. 

3.3.9 How errors happen 

The purpose of this research was to try to explain, using cognitive theories, how 

errors happen. If we can do this then ultimately we can contribute to improved 

outcomes for patients and patient safety. Throughout the interviews pharmacists 

talked about the reasons for doing things in a certain way, having a routine and the 

importance of having work processes in place that ensured that patient safety was 

considered all the time. The mental workload diaries showed that participants’ levels 

of mental demand, effort and frustration changed depending on quiet and busy times 

of the day and during the interviews participants talked about doing certain mentally 

demanding tasks during quiet periods where the risk of distraction was at its lowest. 

Pharmacist 41 talked about managing risk. 

“You have always got to be aware that, that is a risk for you if you have made 

a mistake but it is knowing how you manage that risk yourself because you 

know that what you do is supposed to be perfect because you aren’t 

supposed to give people the wrong things and you are supposed to make 

sure that everybody knows what they are doing with their medicines.” 

Pharmacist 41 

This resonates with a number of themes that emerged from the interviews – that 

personal responsibility, experience, management of the work environment and 

knowing oneself are key to patient safety. However, Pharmacist 47 talked about the 

‘snowball effect’ where there was no single reason that an error is made but it is the 

culmination of a number of events. Here the pharmacist describes an event where a 

patient did not get their medicine when they should have and why. 

“Well they [the locum pharmacist] did something different to what should 

happen which wasn’t a major problem but it did create, it snowballed a little 

bit. There was no dispensing error at the end of it as such, but things were 

done, it wasn’t a great customer service and the patient didn’t get the 

medicine when they should have got it. Because if the SOP had been 

followed things would have arrived on time, but the SOP wasn’t right anyway 

when I went to read it and then I realised that none of my locums had signed 

it”. Pharmacist 47 
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The above chain of events highlights the importance of ensuring that all pharmacists, 

particularly those who work in more than one pharmacy, understand the standard 

operating procedures for each pharmacy. It also reinforces the responsibility of the 

pharmacy manager and pharmacy organisation to make sure that all pharmacists 

who work for them understand the procedures. 

Another participant described how a labelling error happened but was detected and 

related this to the procedure in place in their pharmacy. 

“For example, one technician labels then another technician picks and then 

sticks the labels on, now - they should walk around the dispensary with the 

prescription in their hand and then they should go and pick up the 

prescription, then they should look at the label, look at the prescription, look at 

the label check the label goes with the item and stick it on; put it to one side. 

Say there are four items they do the four items and then as they are putting 

their initial on and putting it in the basket for me to check they should check 

that they have done it right - but they don’t and I know they don’t and that is 

how I find errors are made because they go round with the labels”. 

Pharmacist 49 

Finally, participants talked about how they felt they were more likely to make an error 

when they were experiencing mental ‘under load’. As this participant described: 

“I find that I come back after my lunch and I find I had that half an hour - it 

almost feels like a Monday morning because you are not quite in that work 

mode, reboot and it is quite interesting, I have noticed that a couple of the 

mistakes that I have made have been in that half an hour”. Pharmacist 47 

This experience fits with our findings from the MW diaries, as we see a peak in the 

task performance scale (indicating a drop in perceived levels of task performance) 

and a simultaneous peak in mental demand just after lunchtime (see figure 10 in 

section 3.2.4).  

Other participants talked about coming back to work after a holiday and ‘not being up 

to speed’ (Pharmacist 41). 

It would appear from the narratives of our participants that pharmacists are aware of 

the effect of different mental demands on their work performance and that they see 

low mental workload as being as dangerous as high mental workload in terms of the 
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risk of making an error. These experiences are supported by the findings from 

experiments 1 and 2 as mental demand (one aspect of MW) was positively correlated 

with hit rates indicating that low levels of MW were related to reduced detection of 

dispensing errors (see section 3.1.10).  In our discussion the quantitative and 

qualitative findings will be drawn together to explore how dispensing errors happen 

and at the end of this we will make some recommendations for future practice. 

3.3.10 Summary of findings from the semi-structured interviews 

 MW was described by pharmacists as feeling like something that was always 

in the back of their head, or mind. 

 Pharmacists reported many aspects of their work that increased aspects of 

MW including, MUR targets, time pressures, changes in the law which caused 

an increase in paperwork each month. Pharmacy managers also spoke about 

extra pressures that they needed to manage for example staff tensions. 

 Responsibility was an important issue for all our participants, particular issues 

were noted around the confusion there seems to be between personal and 

corporate responsibility for safety. Participants also talked about having to 

learn to switch off this responsibility so that it didn’t impact on your personal 

life and also the frustration they experienced because other healthcare 

professionals and the public were unaware of the responsibilities pharmacists 

have. 

 Frustration was a key theme throughout the experimental studies and the MW 

diaries, and this was also a key theme in the pharmacists’ experiences. 

Frustration levels were increased due to: 

o difficult lines of communication between the pharmacist and GPs,  

o a feeling that they were never able to get on top of their work or 

complete all outstanding tasks each day, 

o issues with getting stock from manufacturers and wholesalers 

o the difficulty in finding time to take a lunch break 

 Pharmacists spoke in detail about the constant interruptions they experienced 

and the impact this had on their work, for example, having to remember to 

start the task again from where they broke off, having to split their attention 

between the task they are currently doing and to monitoring what is 

happening in the pharmacy. They also noted that some tasks required so 

much attention that it was not possible to split their attention to monitor the 
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pharmacy without feeling like their mental ability was reduced and insufficient 

to carry out the primary task. 

 Some pharmacists were aware of the times when their MW and mental 

processes were not 100% and so they would specifically avoid doing safety 

critical tasks during these times. Other pharmacists talked about slowing 

down when they felt the pharmacy was getting very busy, or when they felt 

under more time pressure so that they did not do their work so quickly that 

they made an error. Other pharmacists related the importance of having a 

mental break, whilst others noted that the time immediately after a break was 

a period where they felt mentally under-loaded and more susceptible to 

making errors.  

 Pharmacists gave examples of errors that had happened in their pharmacies 

and related experiences where situations had snow-balled (e.g. several small 

issues had combined that day) and led to an error, this error had highlighted 

the importance of standard operating procedures and ensuring all pharmacy 

staff had read and understood them. 

3.4  Student Pharmacist accuracy checking study 

Two accuracy checking experiments identical to those conducted with community 

pharmacists were carried out with 4th year Master of Pharmacy (MPharm) students 

enrolled at the University of Bath. Below we present a few initial results which relate 

to the key aims of this in-depth study into MW and community pharmacists’ ability to 

detect dispensing errors on a final accuracy check. These results show how 

important it is to consider how differently novice and expert pharmacists may perform 

at the same task.  

3.4.1 Participants 

Fifty-two MPharm students participated in experiment 1 and 41 students participated 

in experiment 2. Participants were not strategically recruited as there were limited 

numbers of pharmacy students who could be recruited to take part in the checking 

studies. Only final year MPharm students were recruited so that we could ensure that 

all student pharmacist participants had achieved the required level of dispensing and 

checking proficiency (which is examined in their 3rd year). Unfortunately we were 

unable to reach our required sample size of 52 for the distraction study due to limited 

numbers of pharmacy students signing up to participate. Participants were recruited 

through an e-mail invitation (sent by HF) and project posters. Participants who 
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expressed an interest in participating took part at a time convenient for them and 

were paid £20 for their participation.  

3.4.2 Participant characteristics 

Participants were randomly assigned to conditions. There are some differences 

observed between participant characteristics however, a series of one-way ANOVAs 

(for continuous data) and chi-square analyses (for categorical data) were carried out 

and showed no significant differences for any of the variables listed in Table 18. 

Table 18: Participant characteristics  

Demographics / Characteristics Low WM 
group 

High WM 
group 

No 
Distraction 

Group 

Distraction  
Group 

Sex 
 

Male 2 6 6 5 

Female 24 20 15 15 

Mean Age (years) 21.73 22.12 22.42 22.42 

Personality 
Traits 

Openness to 
Experience 

3.32 3.36 3.09 3.31 

Conscientiousness 3.80 3.74 3.75 3.70 

Extraversion 3.48 3.46 3.28 3.36 

Agreeableness 4.07 3.96 4.08 4.03 

Neuroticism 2.73 2.87 2.73 2.70 

First Language 
 

English 21 21 15 12 

Other Language 5 5 6 8 

Community Pharmacy Experience 
(weeks) 

16.48 37.12 26.97 18.68 

Pharmacy Experience (all settings) 
(weeks) 

21.04 40.00 44.95 20.82 

Time since last shift (weeks) 32.68 31.56 23.16 12.32 

 

3.4.3 Pharmacy students’ detection of dispensing errors through a final accuracy 

check 

The average hit rate (correctly detected dispensing errors) for tasks 1 and 2 for both 

experiments 1 and 2 for our pharmacy student study was 75.70% (SD=18.92). Like 

the community pharmacist participants, many of the pharmacy student participants in 

our two experiments also failed to detect all the dispensing errors in the set of 50 

dispensed items. As can be seen in figure 11 below, only 25% of participants 

detected all the dispensing errors. 
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3.4.4 The types of errors pharmacy students missed 

As can be seen from table 19 below, unlike our community pharmacist 

participants the pharmacy student participants missed label and content errors 

with equal frequency. 

Table 19: The dispensing errors, how often they were missed and the types of errors 
missed for the pharmacy student study 

Item no Type of error 
(Content/Label) 

What the error actually was Missed 
(%) 

Number of times 
checked 

35 Label Wrong directions on label 96 26 

48 Content Wrong drug dispensed 85 34 

54 Label Wrong drug name on label 53 36 

55 Label Wrong patient name on label 38 26 

22 Content Wrong quantity dispensed 28 36 

37 Label Wrong drug name on label 26 35 

34 Content Wrong formulation dispensed 17 35 

10 Content Wrong drug dispensed 11 46 

9 Label Wrong quantity on label 8 38 

41 Label Wrong strength on label 7 42 

11 Content Wrong strength dispensed 6 34 

2 Content Wrong quantity dispensed 5 39 

 

 

23, 25%

36, 39%

26, 28%

8, 8%

0, 0% 0, 0%

Figure 11: Pharmacy student rates of dispensing error detection

All 5 errors detected

4/5 detected

3/5 detected

2/5 detected

1/5 detected

0/5 detected
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3.4.5 Error detection rates for the high and low WM groups for the student study 

experiment 1 

A one-way ANOVA was conducted to compare hit rates for task 1, task 2 and overall 

for the student participants in the high and low WM condition and the distraction and 

no distraction condition.  No significant difference was found in hit rates between any 

of the four groups (including the distraction group). The hit rates for experiment 1 

(comparing low vs high WM participants) are reported below in table 20. These 

results are similar to those reported for community pharmacist study 1 although as 

expected the hit rates are slightly lower.  

Table 20: The percentage of correctly identified errors (hit rates) made by the high 
WM and low WM groups of student pharmacist participants in experiment 1 

 Number memory condition Mean Std. Deviation Std. Error 
Mean 

Hit rates task 1 Low WM condition 68.91 29.02 5.69 

High WM condition 70.19 24.06 4.72 

Hit rates task 2 Low WM condition 81.41 23.25 4.56 

High WM condition 78.85 26.48 5.19 

Overall Hit rate Low WM condition 75.40 18.07 3.54 

High WM condition 73.33 20.26 3.97 

3.4.6  Comparing error detection rates between the distraction and no distraction 

group for the student study experiment 2  

As can be seen from table 21 below there was no significant difference between 

student’s performance in the distraction and no distraction group. Interestingly for the 

pharmacy student participants, distraction seemed to increase hit rates although this 

was not statistically significant.  

Table 21: The percentage of correctly identified errors (hit rates) made by the two 
groups of pharmacy student participants  

 Experimental condition Mean Std. Deviation Std. Error 
Mean 

Hit rates task 1 No Distraction 72.62 26.50 5.78 

Distraction 78.33 25.99 5.81 

Hit rates task 2 No Distraction 80.16 25.07 5.47 

Distraction 80.00 26.27 5.87 

Overall Hit rate No Distraction 75.87 19.17 4.18 

Distraction 79.00 18.89 4.22 
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3.4.7 Hit rates improve between task 1 and task 2 

There is a trend in the data to suggest that contrary to the community pharmacist 

study, pharmacy student’s hit rates improve between task 1 and 2. The data from the 

pharmacy student study were pooled and a repeated measures t-test was conducted 

for hit rates for task 1 and task 2. The t-test showed a significant increase in hit rates 

between task 1 and 2 (t(92) =-2.21, p<.05, r=.22). 

3.4.8 Levels of MW experienced by the pharmacy students 

Pharmacy students were also compared using a series of one-way ANOVAs across 

the 4 groups for their mental workload scores after task 1 and after task 2. Two of the 

individual items of the NASA-TLX MW scale showed a significant difference between 

the groups for scores on mental effort (F(89,3)=2.86, p<.05)  and mental demand 

(F(89,3)=4.30, p<.01). Bonferroni post-hoc analyses revealed that a significant 

difference in the mental demand scores for task 2 was observed between the no 

distraction group and the high WM group (p<.05, 95% CI [-2.22, -.15]) and the no 

distraction and distraction groups (p<.05, 95% CI [-2.40, -.19]). A bonferroni post-hoc 

analysis revealed that a significant difference in the mental effort reports for task 2 

was present (p<.05, 95% CI [.09, 2.57]). 

Table 22: Mean mental demand and mental effort scores reported after task 2 by pharmacy 
student participants in the 4 experimental conditions   

 N Mean Std. 
Deviation 

Std. 
Error 

The mental demand 
of the task (Task 2) 

Low WM condition 26 7.62 1.416 .278 

High WM condition 26 8.04 1.076 .211 

No Distraction 21 6.86 1.711 .373 

Distraction 20 8.15 .875 .196 

The effort needed to 
do the task (Task 2) 

Low WM condition 26 7.35 1.648 .323 

High WM condition 26 7.42 1.362 .267 

No Distraction 21 6.62 1.717 .375 

Distraction 20 7.95 .999 .223 

3.4.9 Summary of findings from the pharmacy student study  

We have reported some initial findings from our two experimental studies with 

pharmacy students. The key findings are: 

 Only 25% of pharmacy students detected all the errors in the checking task 

 Pharmacy students missed both labelling and content errors with equal 

frequency 

 Unlike the community pharmacist experiments, no difference was found 

between the pharmacy students in their hit rates for pharmacy students who 
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undertook the checking task whilst being distracted and interrupted. However, 

pharmacy students who were distracted reported significantly higher levels of 

mental effort and mental demand after task 2 compared to students who were 

not distracted suggesting that extra mental resources were invested by these 

pharmacy students to negate any detrimental effects the distractions and 

interruptions may have had.  

 Unlike the hit rates for our community pharmacist participants, pharmacy 

student’s hit rates improved between task 1 and task 2.  

3.5 Summary of results in relation to original objectives 

Table 23 below shows the original objectives of the study and a summary of the 

results relating to these objectives. 

Table 23: Objectives of study and summary of results in relation to original objectives 

Objectives of the study Progress in relation to original objectives 

1. measure the relationship 

between MW and dispensing 

errors 

 

 

Experiments 1 and 2 were carried out to identify 

the relationship between MW and dispensing 

errors. No relationship was found between overall 

MW and dispensing errors, however mental 

demand (one aspect of the MW as measured by 

the NASA-Task Load Index measure) was 

significantly positively correlated with hit rates. 

This indicates that as mental demand increased 

pharmacists’ detection of errors improved. 

This finding was supported by statements in the 

semi-structured interviews indicated that 

pharmacists felt more likely to make errors just 

after they had had a mental break e.g. after lunch, 

or when they came back from holiday as it takes a 

few minutes to re-gain that “work mode” 

2. measure the differing impact of 

task and environment 

characteristics on performance 

of checking tasks and reported 

levels of MW  

Our task characteristics manipulation (1 vs 6 

number memory task) in experiment 1 did not 

affect dispensing error detection rates. However 

distractions and interruptions were found to reduce 

error detection performance in experiment 2 for the 
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community pharmacist participants, but not 

pharmacy student participants. Task frustration 

levels significantly differed between the high and 

low WM groups suggesting that the task 

characteristics manipulation led to this difference 

in task frustration. Task frustration is an aspect of 

MW so this is considered a factor which was 

increasing pharmacists’ experience of MW.  

Findings from the MW diaries study also showed 

that task frustration was an issue that community 

pharmacists experienced in their day to day 

practice and at significantly higher levels than 

measured in our simulated pharmacy tasks. The 

semi-structured interviews revealed a key source 

of task frustration was the constant struggle to 

catch up, get on top of their workload, and 

knowing how many outstanding tasks there were 

and that there would not be enough time in the day 

to complete them. 

3. evaluate the contribution of 

individual difference factors 

(e.g. age, sex, amount of 

experience, personality traits, 

mood states) on MW and 

performance of a checking task, 

and, 

 

The pooled data from experiments 1 and 2 

indicated that one aspect of community 

pharmacists’ mood states – tense arousal - was 

related to significantly better dispensing error 

detection. Measures of response bias and false 

alarm rates also significantly differed between 

participants who detected all the errors and those 

who didn’t. 

Female pharmacists and pharmacists who worked 

part-time performed significantly better on the 

accuracy checking tasks in experiments 1 and 2. 

Although these differences were not present when 

pharmacists who detected all the dispensing errors 

were compared to pharmacists who failed to detect 

all the errors. 
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Part-time pharmacists also reported significantly 

lower MW in the MW diary study compared to full-

time pharmacists. 

Years of experience was not related to error 

detection or MW in the community pharmacist 

study. However when pharmacy students and 

community pharmacists were compared across 

these tasks expertise was found to impact on, the 

overall hit rate and the types of errors missed. 

Pharmacy student’s performance also improved 

over time whereas community pharmacists’ 

performance decreased. Unlike community 

pharmacists our pharmacy students did not miss 

more errors when distracted.   

4. explore in depth, community 

pharmacists’ individual 

experiences of MW 

The MW diary study provided a unique insight into 

the levels of MW that pharmacists’ experience in 

their “real-life” day-to-day practice. These diaries 

also showed how MW varies throughout the day. 

The interviews with participants found that most 

pharmacists described MW at work as a pressure 

that was always in the back of their mind. The 

personal and professional responsibility of their job 

added to their experience of MW at work. Many 

pharmacists reported experiencing high levels of 

frustration at work (e.g. due to the struggle to keep 

up with the amount of work they had to do) which 

is an aspect of MW. Pharmacists also talked about 

the constant distractions in the pharmacy 

dispensary which meant tasks had to be stopped 

mid-way through and feeling the need to split their 

attention between the task they are currently 

undertaking and monitoring the pharmacy. As 

pharmacists gained more experience they 

developed strategies for dealing with these 
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experiences of MW (e.g. intentionally slowing 

down and taking their time with their work as the 

pharmacy got busier) and also organised their 

most safety critical work for times when the 

pharmacy wouldn’t be busy and they were feeling 

at their most alert. Particular issues pharmacists 

had identified that had led to errors were mental 

under-load and incorrect standard operating 

procedures.  
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Chapter 4: Discussion of Results 

This report has presented the findings of a mixed methods study into the impact of 

mental workload (MW) on community pharmacists’ ability to detect dispensing errors 

when carrying out a final accuracy check. The aims and objectives of this study were 

to measure MW whilst community pharmacists carried out a final accuracy check 

under controlled conditions, and to purposefully vary aspects of the task and the 

simulated pharmacy environment to identify whether this impacted on pharmacists’ 

MW and/or their ability to detect dispensing errors. The study also sought to explore 

how community pharmacists manage their work when they felt mentally under or 

overloaded. A further aim was to disentangle the impact of individual difference 

factors on pharmacists’ ability to carry out a final accuracy check and their 

experiences of MW. We have also reported a small portion of the findings from two 

experimental studies (identical to experiments 1 and 2 of this study) which were 

carried out with pharmacy students in order to identify whether novice pharmacists 

perform differently on this task to expert pharmacists.  

4.1 Main findings 

The findings from the semi-structured interviews, MW diaries and experiments 1 and 

2 clearly showed that community pharmacists are at times experiencing high levels of 

MW as well as mental underload (low MW). The semi-structured interviews revealed 

that pharmacists were aware of the impact of mental underload and overload on their 

ability to work safely and factors that contributed to changes in levels of their MW. 

Pharmacists reported that they employed different working strategies (e.g. slowing 

down) and avoided key safety critical tasks (e.g. preparation of methadone doses) at 

times when they knew they would be mentally overloaded. However, they did not 

report strategies for managing mental underload suggesting that pharmacists have 

intuitively developed appropriate strategies to cope with mental overload, but have 

not been successful in identifying ways to manage mental underload.  

 

Whilst MW was recognised as an important safety issue by pharmacists, the overall 

MW scores were not found to be related to successful detection of dispensing errors 

in the final accuracy checks carried out in experiments 1 and 2. However, scores on 

the mental demand item of the NASA-TLX (which asks participants to rate how much 

mental and perceptual activity was required to carry out the task) were significantly 

positively correlated with hit rates. This means that participants who reported higher 
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levels of mental demand were more likely to detect the dispensing errors, although it 

is important to note that correlation alone does not indicate causation.  

 

Importantly despite no relationship between MW and dispensing errors we still 

observed that many pharmacists were unable to detect all the dispensing errors. 

Only one third of the community pharmacists in this study detected all the dispensing 

errors present in the tasks in experiments 1 and 2. Further analyses revealed that 

community pharmacists who successfully detected all the dispensing errors 

displayed a higher level of tense arousal (a group of mood states relating to 

nervousness), and had a more liberal detection criterion (meaning that they had a 

less strict definition of what defined a dispensing error) and made fewer false alarms 

(so were more accurate in identifying which items did not contain a dispensing error). 

The pharmacists who detected all the errors also had a higher mean discriminability 

score indicating they showed higher levels of perceptual sensitivity for dispensing 

errors.   

Over time pharmacists’ criterion shifted to a more conservative position, meaning that 

as they carried out the task their definition of what determined the presence of a 

dispensing error became stricter. This was related to a significant reduction in hit 

rates in task 2 for both experiments 1 and 2, and links to the finding that the 

pharmacists who successfully identified all the dispensing errors in the two checking 

tasks had a more liberal decision criterion, i.e. these pharmacists did not show this 

shift to the same extent. This finding has some real-life implications as pharmacists 

adapt to the natural error rate and types of errors that occur in their own pharmacies. 

Also, interestingly our novice pharmacists’ performance improved between task 1 

and task 2 which suggests that expertise has a strong impact on the setting of the 

decision criterion for an accuracy checking task.  

The addition of a number memory task did not affect community pharmacists’ ability 

to detect dispensing errors, or their overall levels of MW, suggesting that it did not 

sufficiently load working memory or lead to greater perceptions of MW. However, 

levels of task frustration, and a more general mood state of anger and frustration was 

found between the participants who did the 1 (low WM) compared to the 6 (high WM) 

number memory task, suggesting that even small changes in task characteristics can 

lead to changes in aspects of MW. Task frustration was also an aspect of MW that 

was highlighted by the MW diaries as key to community pharmacy work.  The semi-



| 90 

 

 

structured interviews indicated that this task frustration was likely related to an 

insurmountable volume of work.  

One group of participants received a small number of distractions and interruptions 

whilst carrying out the accuracy checking task and a significant difference was found 

in the error detection rates (hit rates) between participants who were distracted and 

those who weren’t in the second checking task. This provides some initial evidence 

that pharmacists’ ability to detect dispensing errors is reduced when interrupted or 

distracted whilst carrying out an accuracy check. Pharmacy students’ hit rates were 

not affected by distractions and interruptions however, pharmacy students in the 

distraction condition reported higher levels of mental effort and mental demand (two 

aspects of MW) which suggests that they deployed extra mental resources in order to 

maintain their level of performance on the checking task.  

The findings presented in this report illustrate the complex relationship between MW 

and pharmacy safety. Below we discuss the strengths and limitations of this study, 

before considering the findings in relation to previous research.    

4.2  Strengths and limitations of the study 

This study employed mixed methods to provide a detailed account of the relationship 

between MW and dispensing errors detected in a final accuracy checking task. An 

experimental setting was useful to study the relationship between missed dispensing 

errors and MW under controlled conditions as shown in the cognitive systems 

performance model (see figure 2 in chapter 1). This model highlights the confounding 

effect that the task characteristics and working environment can have on the 

cognitive processes that pharmacists use to carry out a final accuracy check as well 

as the amount of MW experienced.  The experimental setting also allowed for 

comparisons to be made across participants as they all carried out the same task, 

with the same batch of dispensed items, in the same setting which is not possible in 

observational studies of pharmacies and dispensing errors, or through analysis of the 

national reports of near-miss and unprevented dispensing errors.  

Our experimental study into the relationship between MW and unprevented 

dispensing errors is based on previous research carried out by researchers in the 

United States of America (Grasha, Reilley, Schell, & Tranum, 2001; Reilley, et al., 

2003; Reilley, et al., 2002; Schell & Cox-Fuenzalida, 2005; Schell, Woodruff, Corbin, 

& Melton, 2005). These studies were also conducted under controlled conditions, and 
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used the same measures of MW, mood and mental states. However, aspects of the 

task design (the percentage of dispensed items that contained dispensing errors) and 

the participants they used in these studies (mainly undergraduate psychology 

students, although one larger scale study also involved pharmacists and pharmacy 

technicians) limited the generalisability of some of these findings to a UK community 

pharmacy setting. The present study involved community pharmacists from the UK 

who were strategically recruited to match the national demographic characteristics of 

community pharmacists practising in the UK to provide the most feasibly 

representative sample possible.  

Our study also used a lower error rate (10% of dispensed items contained an error) 

compared to the studies carried out in the US (≥24% of dispensed items contained 

an error). The lower error rate in our study was used because such high dispensing 

error rates have not been observed or reported in UK community or hospital 

pharmacies. This was important as the prevalence of targets (i.e. prevalence of 

dispensing errors) has been shown to affect performance on ecologically valid visual 

search tasks (e.g. airport security baggage scans: Van Wert, et al., 2009; Wolfe, et 

al., 2005; Wolfe, et al., 2007) and therefore this confounding variable had to be held 

constant at an ecologically valid level throughout the study. This presented a difficulty 

for this research as there were very few opportunities for pharmacists to miss or 

detect errors in the two accuracy checking tasks which may have restricted the ability 

to identify differences in performance between the 4 groups of participants and to 

measure the impact of the task characteristic (number memory) and environmental 

(distractions) manipulations. One way to provide more opportunities to measure 

pharmacists’ accuracy checking performance was to add in more tasks and therefore 

more study participation time for each participant. However this needed to be 

balanced against the potential for increasing participants’ levels of study induced 

cognitive fatigue, which may confound error rates and MW ratings. Although most 

community pharmacists will work shifts longer than 2 hours which was the time it took 

to complete our study so likely experience these fatigue effects in real life. 

Interestingly, one of the most complicated aspects involved in setting up this study 

was ensuring that no un-intended dispensing errors entered the task items. During 

the pilot study we found a couple of errors that had been made during the dispensing 

of the task items but had not been picked up by two community pharmacists who 

were asked to independently check the items before they were used in the study. 
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This is further illustration of how difficult it is to catch all dispensing errors on a final 

accuracy check.  

A great strength of this study was the ability to account for the change in cognitive 

processes as participants move from novice by comparing the pharmacy students’ 

and community pharmacists’ performance on the checking tasks. However, a 

limitation of this study was that we were unable to also recruit pharmacy technicians 

to take part in our study.  

In this research we also found that the working memory task used for experiment 1 

did not sufficiently load our pharmacists’ or pharmacy students’ working memory or 

cause an increase in mental workload as expected which meant that we were unable 

to test directly the impact of a task which carries higher cognitive load on participants’ 

ability to detect errors.  

The MW diary study which allowed participants to rate their MW throughout a day at 

work has not been used in community pharmacy practice before. The diary study 

showed that the overall MW scores obtained under controlled experimental 

conditions were comparable to those pharmacists’ reported experiencing in their 

“real-life” pharmacies. However, there were differences found on the individual items 

of the NASA-TLX questionnaire. For example, reports of physical demand involved in 

the task were higher on the MW diary. This finding is not surprising, as pharmacists 

were asked to sit down whilst checking the dispensed items in task 1 and 2 and 

reflects a key limitation of the study that we did not have standing height work 

benches for pharmacists to work from. Standing height benches are commonplace in 

community pharmacies and pharmacists will spend most of their working day on their 

feet, thereby increasing the physical demand of their job. We were also unable to 

simulate the increases in task frustration pharmacists reported in their diaries which, 

the semi-structured interviews identified as relating to feeling that the amount of work 

they were required to complete was not possible in the time available. This aspect of 

MW reflects the complexity of the pharmacists’ role in balancing many competing 

demands and tasks each day and emphasises the importance of carrying out diary 

studies like this to identify factors which increase MW which cannot be reliably 

reproduced in a laboratory setting. This also highlights the benefits of carrying out 

semi-structured interviews with pharmacists which allow us to identify other issues 

relating to MW, for example, the strategies that pharmacists use to manage their MW 
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which would allow them to reduce their MW during an experimental task, as well as 

in their day-to-day work.   

Carrying out experimental work into the relationship between dispensing errors and 

MW is advantageous for the reasons mentioned above, however, the limitations of 

this approach include, the time consuming and costly nature of this work compared to 

survey and interview studies. This limited the sample of participants that could be 

recruited for the experimental phase of the research which may have restricted the 

power to detect significant findings, despite a-priori power calculations being carried 

out.  

Another limitation is that the experimental setting required the deconstruction of a 

complex task like dispensing into discrete stages so that the specific cognitive 

processes involved in a final accuracy check could be measured. This limits the 

generalisability of these findings to other aspects of the dispensing process or other 

tasks pharmacists undertake which have safety critical elements. The final accuracy 

check itself was also designed in a way that would avoid pharmacists carrying out 

other checks (e.g. the legal and clinical check) of the prescription, all participants 

were asked to focus on the accuracy check and single item prescriptions were used 

to avoid pharmacists looking for drug-drug interactions. Many prescriptions that 

community pharmacists dispense and check will have multiple items listed, therefore 

this is a further limitation of this study as it does not quite reflect the complexity of the 

accuracy checking process that occurs in community pharmacies.  

Previous research has also shown that pharmacists vary in the strategies, or more 

specifically the order in which they verify the label and dispensed item against the 

prescription (Anto et al., 2013). The checking procedure that participants utilised was 

not assessed in our study and therefore we cannot identify whether their checking 

strategy was related to their performance on the accuracy checking task. 

4.3 Target prevalence and dispensing error detection 

The average hit rate across experiments 1 and 2 was 82% meaning that 18% of the 

time participants missed errors. A detection rate of 82% through a final accuracy 

check is comparable to the findings of  the error reporting study by Ashcroft et al  

(2005) and the National Patient Safety Agency estimates (NPSA, 2007). In this study 

there were 5 deliberate errors in the set of 50 dispensed items which equated to a 

10% error rate. This is the first study where community pharmacists have carried out 
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an accuracy check on a set of dispensed items which have contained an ecologically 

valid number of dispensing errors. This is important because as previously 

mentioned the prevalence of the targets, or in this case dispensing errors may affect 

pharmacists’ ability to detect the errors. Previous research in other applied fields (e.g. 

airport hand-luggage security x-ray) has examined the impact of different target 

prevalence rates (1%, 10%, 50%) on successful detection of the target (Van Wert, et 

al., 2009; Wolfe, et al., 2005; Wolfe, et al., 2007). Interestingly, the hit rate of 82% 

obtained in our accuracy checking study is comparable to the hit rates found in these 

studies, when 10% of the airport hand-luggage images contained a target (knife, 

bomb etc) the hit rate was 84% (Wolfe, et al., 2005). This suggests that the 

dispensing error detection rate that we observe through simulated studies and 

national error reporting systems may be related to a target prevalence effect. This is 

important as it has been proposed that the prevalence effect is due to observers 

setting a strict or conservative criterion which minimises false alarms, but this also 

has the effect of also reducing hit rates (Oliver, Bjoertomt, Greenwood, & Rothwell, 

2008; Wolfe, et al., 2007).  

The presence of a prevalence effect on pharmacists’ ability to detect dispensing 

errors has implications for the way pharmacy errors are regulated by the General 

Pharmaceutical Council (GPhC) and potential prosecutions of pharmacists for errors 

which have caused harm to patients under section 64 of the Medicines Act 1968. 

Individuals motivated to succeed on a visual detection task will not be consciously 

aware of times when their criterion shifts due to a low prevalence of targets. This 

means that individuals do not have control over this reduction in their ability to detect 

errors. Factors such as these should be taken into account when designing tasks, but 

also are important for the regulatory body to be aware of.  

4.4 Reduction in error detection over time 

The reduction in community pharmacists’ error performance over time in our study 

was linked to a significant shift in participants’ decision criterion from a liberal setting 

to a more conservative position as the study progressed. Schell and Cox-Fuenzalida 

(2005) and Bilsing-Palacio and Schell (2003) also found a similar criterion shift when 

they asked undergraduate psychology students to undertake a simulated accuracy 

checking task.  Bilsing-Palacio and Schell (2003) suggested a change in criterion 

would be expected because as participants carry out the task they will be 

dynamically forming impressions about the task and re-evaluating these every time 
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they come across an error or error-free item. This also relates to the feedback loop 

shown in figure 3 in Chapter 1, which highlights how we continually monitor and 

analyse our performance on a task. A similar criterion shift may occur over time as a 

pharmacist gets used to the other members of the pharmacy team and the 

dispensing errors that are commonly made by themselves and other members of the 

team. 

4.4.1 Shifting the criterion and increasing perceptual sensitivity 

The criterion can be shifted to a more liberal criterion to aid the detection of targets 

by increasing the target prevalence. Increased target prevalence also often leads to 

the reporting of more false alarms (incorrectly reporting that a dispensed item 

contains an error). Increased reports of false alarms can improve hit rates, but it can 

also be costly, e.g. if a pharmacist makes a false alarm, another member of staff may 

have to check or re-dispense the item which has already been dispensed correctly, 

or in medical screening patients may undergo unnecessary interventions or further 

tests due to a false-positive test result. There are also costs incurred in increasing 

the target prevalence especially in a pharmacy setting as the accuracy checking task 

is time consuming and adding more “pretend” erroneously dispensed items for 

pharmacists to check would not be feasible. Previous research carried out by human 

factors experts has shown that the criterion can be shifted in other ways e.g. Wickens 

et al (2004b) highlight three means of shifting the criterion, increasing the target 

frequency as discussed above, changing the payoffs (e.g. an organisation could 

reduce the perceived costs of making a false alarm by actively encouraging it) and 

providing incentives to report false alarms and errors. However, it is important to note 

that the criterion may shift to a more conservative setting for other reasons than 

target prevalence e.g. fatigue or stress (which are also defined as criterion decision 

payoffs) can cause a reduction in false alarms rates because they are costly in time 

and effort, which are resources that are lacking when individuals are fatigued or 

stressed (Oliver, et al., 2008). This illustrates how high MW may exacerbate the 

criterion shifts seen in this study. Payoffs have not yet been explored in relation to 

accuracy checking of dispensed items but Schell, Hunsaker and Kelley found that 

payoffs did improve detection accuracy for prescription errors (2006). 

Our study also found that participants who detected all the errors had on average 

higher perceptual sensitivity (d’) scores. There are many ways relevant to pharmacy 

practice that can change an observer’s perceptual sensitivity to the target stimulus, 

for example providing frequent rest breaks from a task, providing feedback on the 
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results of the task and slowing down the rate of item presentation (Wickens, et al., 

2004b). It may be that pharmacists are intuitively using these techniques already. For 

example some pharmacists that participated in our semi-structured interviews talked 

about feeling the need to slow down when MW is high so that they are able to detect 

errors.  

4.5 Labelling errors were missed more often 

This study found that labelling errors were missed more often than content errors 

(errors relating to the wrong, type, amount, formulation of medicine). One reason that 

pharmacists were more successful in detecting errors with the medicines compared 

to labelling errors may be related to the fact that more sensory information is 

provided by the packaging and feel of a medicine compared to the information which 

is generated by the pharmacy label. Medicine packaging varies in colour, weight, 

size, text font and feel which potentially could provide multiple signals that an error 

had been made. Whereas the medicine labels will all be printed on the same 

stationary, using the same font, and similar format and the same colours meaning 

that visual look and feel of labels will not vary as much as the packing and feel of 

medicines.  

Another explanation of pharmacists detecting fewer labelling errors may be related to 

the amount of time participants were given to check each set of 25 items.  One study 

found that the volume of prescriptions to check in a given period of time affected the 

types of errors missed. When participants were asked to check 120 items in 

120minutes they missed significantly more labelling errors compared to participants 

who were asked to check 72 dispensed items in 120minutes. The participants in this 

study were undergraduate psychologists so the checking task did not employ realistic 

prescriptions, or real medicines (Reilley, et al., 2002). However, it is interesting that 

the condition which allowed a minute per item which is equivalent to the time 

provided in our own study led to significantly more labelling errors being missed. The 

time given to participants to check the items in our study was based on pilot study 

findings of how long participants took on average to complete the task. Further 

research is required to identify whether pharmacists would miss fewer labelling errors 

if they were given more time to check the dispensed items.  
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4.5 The relationship between MW and mood states and dispensing 

errors 

4.5.1  MW and dispensing errors 

Our study found no relationship between overall MW and dispensing error rates. 

Similarly, the study reported above by Reilley et al (2002) which showed that 

increases in objective workload decreased the ability of participants to detect 

labelling errors, did not find a significant difference between the two objective 

workload groups in their reports of MW. Our experimental data, together with 

previous research suggest that overall MW does not affect error detection on a final 

accuracy check task. However, the experimental manipulations (WM load and 

distractions) used in our study did not lead to significant differences in overall MW 

between the groups which may be why no effect of overall MW on dispensing error 

rates was seen.  

Whilst no effects of overall MW on error detection rates were observed in our study, 

mental demand an aspect of MW which indexes how much mental and perceptual 

activity participants felt was required to complete the task, was related to error rates. 

A specific relationship between mental demand and hit rates in a pharmacy accuracy 

task has not been reported before. Although, this finding makes sense on face value 

as the pharmacists who detected more errors were those who reported higher levels 

of mental demand were required to carry out the task. Further research is required to 

identify whether mental demand specifically relates to pharmacists’ ability to detect 

dispensing errors.  

Task frustration which is also an item of the NASA-TLX MW scale was significantly 

different between the two number memory conditions of experiment 1, with 

pharmacists who had to remember 6 numbers reporting significantly higher levels of 

task frustration compared to pharmacists who only needed to remember 1 number. 

We are unable to ascertain why this is based on the experimental data alone. 

However, task frustration was a theme also found in the MW diary ratings and 

pharmacists’ narratives around their experiences of MW. Key aspects of their work 

which pharmacists reported increased their task frustration were related to difficulties 

contacting GPs and in getting stock from manufacturers and wholesalers, being 

unable to provide the level of service they wanted for their patients or to complete the 

amount of work required in the time available and difficulties in taking a lunch break 

due to time pressures at work. Task frustration was also reported by pharmacists to 
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have a distracting effect on their concentration, which may have important 

implications for safety critical tasks. Similar frustrations have been reported in 

previous research with community pharmacists (e.g. communication with GPs: 

Hughes & McCann, 2003). Some frustrations that pharmacists report e.g. difficulties 

finding time for a lunch break are frustrations that could be reduced and managed 

without the need for major organisational or professional changes. Such interventions 

should be considered as frustrations may also impact upon the payoff decisions 

(described in sections 4.4 and 4.4.1) which affect pharmacists’ decision criterion 

when carrying out accuracy checks.  

Many pharmacists reported significant pressures that were caused by the way work 

was required to be carried out e.g. medicine use review (MUR) targets which one 

pharmacist felt made them less efficient at carrying out their other work, but also in 

conducting MURs.  Other pharmacists reported that changes in legislation brought 

additional paperwork and processes which substantially increased their workload. 

Pharmacists who were pharmacy managers also reported pressures relating to the 

management of staff. This study was unable to measure the impact of work 

processes and additional roles on pharmacists MW, however a significant difference 

was found between part-time and full-time pharmacists in their MW scores which 

may be of relevance (e.g. as pharmacists who work full-time may be more likely to 

hold pharmacy manager positions). The addition of work processes, targets and 

additional roles may increase MW, therefore it may be worthwhile to assess the 

impact new processes and targets have on pharmacists MW before rolling these out 

permanently.  

4.5.2 Tense arousal and dispensing errors 

Tense arousal was found to be significantly higher for pharmacists who detected all 

the dispensing errors in the accuracy checking tasks. Increases in tense arousal 

were found in a similar accuracy checking study (Reilley, et al., 2002) however tense 

arousal was not linked to improved performance on the checking task. This may be 

because the participants in this study were undergraduate psychologists and so were 

novices at this task compared to the community pharmacists in our study. In our 

study tense arousal positively correlated with overall MW and individual items of the 

MW score indicating that as tense arousal increased so did perceptions of MW. 

Previous research has linked tense arousal levels to differences in performance on a 

visual detection task and MW (Matthews & Westerman, 1994) however lower levels 

of tense arousal were related to superior performance in this study which is contrary 
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to our findings where higher levels of tense arousal was related to improved 

performance. It is unclear why our findings are different from those of previous visual 

search studies, however our sample had significant expertise in the task they carried 

out, and there were real life connotations for success or failure on this task. 

Therefore increased levels of tense arousal may be related to the real life 

implications of this task. Other studies have found that the personality trait of 

neuroticism is linked to superior performance on accuracy check tasks (Schell & Cox-

Fuenzalida, 2005) and neuroticism is linked to a greater expression of mood states 

like those captured by the DSSQ tense arousal measure. In our study tense arousal 

was positively related to trait neuroticism but neuroticism did not relate to hit rates. 

Further research will be required to identify whether this mood state profile is a 

reliable predictor of accuracy checking performance. 

4.6 The relationship between distractions, MW and dispensing errors 

Previous research has shown that distractions in clinical settings are related to higher 

levels of MW (Weigl, Müller, Vincent, Angerer, & Sevdalis, 2011) and dispensing 

errors (Flynn, et al., 1999; Flynn et al., 1996) although the impact of distractions has 

not been specifically measured in relation to accuracy checking task performance. 

Our study provides some support for a negative impact of distractions and 

interruptions on pharmacists’ ability to detect dispensing errors through a final 

accuracy check. However we did not find a significant increase in overall MW 

between community pharmacists who were distracted and those who were not, but 

we did find differences between pharmacy students who were interrupted and those 

who weren’t suggesting that expertise may also impact on the levels of MW 

experienced for environmental stressors. The number of interruptions and 

distractions involved in this study were modest (one every 5 minutes) it would be 

interesting to see the impact of a greater number of interruptions and distractions on 

pharmacists’ performance to relate to the experiences pharmacists’ reported of 

splitting their attention to attend to the advice other members of staff are giving to 

patients about medicines. Nevertheless this finding clearly indicates a serious need 

to consider the reduction of interruptions within the pharmacy environment to support 

safety as this study adds to the growing body of evidence that interruptions can 

significantly reduce patient safety for many aspects of pharmacy work. Many other 

industries have reduced the distractions in areas where safety critical work is carried 

out and this has shown significant improvements in safety. In pharmacy practice, a 

distraction free pharmacy modelled on the “sterile cockpit” used by pilots was created 
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in an American outpatient pharmacy and was found to significantly reduce errors 

(LePorte, Ventresca, & Crumb, 2009).  

4.7 Summary of Findings 

 Only 35% of community pharmacists and 25% pharmacy students successfully 
detected all the dispensing errors.  
o Labelling errors were most often missed by community pharmacists. 
 

 Community pharmacists who detected all the dispensing errors in this study 
were more likely to have: 
o a more liberal response criterion (required less evidence to convince them 

a dispensing error was present) 
o made fewer false alarms (were able to distinguish accurately  between 

dispensing errors and error free items) 
o higher levels of tense arousal (mood states related to nervousness). 

 

 Community pharmacists’ accuracy at detecting dispensing errors deteriorated 
over time, whereas pharmacy student’s accuracy improved.  
o A significant shift in community pharmacists’ decision criterion towards a 

more conservative position was also observed between tasks 1 and 2 
suggesting this may relate to the reduction in error detection.  

 

 This study found that community pharmacists and pharmacy students are 
experiencing sub-optimal MW and are concerned about the impact this has on 
the safety of their work.  

o Mental demand scores from the NASA-TLX score were positively related 
to detection of dispensing errors, but no other aspects of MW were related 
to error detection.  

o Pharmacists reported the effective use of strategies to manage times 
when they experienced mental overload but few strategies were identified 
to manage mental underload. 

o Small task characteristic manipulations (i.e. the addition of a six, two-digit 
number memory task) did not significantly increase community 
pharmacists’ or pharmacy students’ overall MW and also did not affect 
their detection of dispensing errors. 

 

 Frustration was a theme which ran across the three sets of data in this mixed-
methods study. 
o Differences in task frustration and in the more general mood state of 

anger and frustration levels were observed between the high and low WM 
load groups of experiment 1 suggesting that this task characteristic 
manipulation did affect community pharmacists’ experience of the task.  

o Task frustration was found to be significantly higher than measured in the 
experiments when MW was measured in pharmacists’ “real-life” practice. 

o Task frustration was a key issue identified by interview participants and 
was related to an insurmountable workload, in particular being unable to 
finish all their work at the end of the day or week.  

 

 Some initial evidence was provided that interruptions and distractions over time 
may affect community pharmacists’ ability to detect dispensing errors, but did 
not affect their MW levels. However, interruptions and distractions did not affect 
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pharmacy student’s error detection, but did lead to a significant increase in MW 
levels.  

 

 Expertise has been shown in this study to play a significant role in the reaction 
of community pharmacy and pharmacy student participants to the 
characteristics of the task and pharmacy environment and detection of 
dispensing errors.  
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Chapter 5: Conclusions and Recommendations  

In this chapter we consider how these findings can be built on by future research, the 

questions which emerge from our findings and what conclusions we can draw. The 

implications of the findings are considered and recommendations for practice are 

made. 

5.1 Future directions for research 

Future research could investigate whether pharmacists are more likely to miss 

labelling errors because of the amount of time available to check the dispensed item 

against the prescription. Our study cannot identify whether errors are missed due to a 

failure to look at where the error is present (a failure in attention) or due to a failure in 

perception where your eyes see one thing, but the interaction between your long-

term memory and expectation causes a misperception e.g. perceiving the wrong 

dose because patients are more frequently prescribed the 5mg strength of a 

medicine compared to the 10mg.  

This study did not involve accuracy checking technicians and it would be interesting 

to identify whether they perform in a similar way on the accuracy checking task, and 

if they report the same MW and mood state profile as community pharmacists during 

the task.  

Future research could assess the MW involved in other aspects of the dispensing 

process, and potentially measure MW in real-life pharmacies in relation to specific 

tasks to identify whether different tasks have different MW signatures. 

Interventions to improve perceptual sensitivity and to shift the decision criterion to a 

more liberal setting could be piloted with pharmacists in both laboratory and real-life 

pharmacy settings to identify whether we can improve on the current accuracy check 

error detection rates. 

Further research into the factors that cause mental underload and overload in 

community pharmacies may support the development of task and environment 

interventions so that pharmacists can maintain an optimal level of mental workload. 

5.2 Recommendations 

The findings of this study lead us to a number of recommendations for Pharmacy 

Research UK to consider and to disseminate to stakeholders in the training and 
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education of pharmacists, policy makers, the GPhC and the Royal Pharmaceutical 

Society.  

 Recommendation 1: Reduce distractions and interruptions in the pharmacy 

Our research and research of other aspects of pharmacy work have shown that 

distractions and interruptions can lead to significant reductions in patient safety. It 

should therefore be considered a priority to reduce the interruptions and distractions 

in areas where medicines are prepared. Evidence already exists of distraction free 

environments reducing errors in a US pharmacy practice setting meaning these 

findings could easily be translated to UK community pharmacies (LePorte, et al., 

2009). 

Recommendation 2: Consideration of the cognitive processes involved in 

pharmacy tasks 

This study has shown that error detection on a final accuracy check is likely 

hampered by natural unconscious cognitive processes, namely the setting of our 

decision criterion and perceptual sensitivity. The criterion and perceptual sensitivity 

can be shifted through minimal work interventions in order to increase the detection 

of errors on a final accuracy check. Such interventions should be piloted to identify 

the intervention which leads to a greater detection of errors without significant 

increases in false alarms. Other aspects of pharmacy tasks should also be 

considered in relation to unconscious processes in order that we can ensure that 

they are designed to work with instead of against our natural cognitive processes.  

Recommendation 3: Support for pharmacists in managing their workload and 

mental workload 

Pharmacists who were interviewed gave several examples of strategies they used to 

avoid the negative consequences of mental overload, but did not report strategies for 

mental underload. Pharmacists could share best practice in minimising mental 

overload and in the future could be trained in strategies to minimise the impact of 

mental overload and underload. Pharmacists are already planning safety critical work 

to avoid times of underload and overload. Further research into the factors that cause 

mental underload in community pharmacies may support the development of task 

and environment interventions so that pharmacists can maintain an optimal level of 

mental workload. This need not be a costly process, interventions to improve mental 
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underload can be as simple as encouraging pharmacists not to spend large amounts 

of time on one type of task when the pharmacy is quiet so that their attentional focus 

does not become too narrow (Nachreiner, 1995).  

5.3 Conclusion 

This study has provided an in-depth and objective insight into the relationship 

between MW and community pharmacists’ ability to detect dispensing errors. MW 

has been shown to be an important issue for pharmacists and one which they feel 

they have to manage in their day to day work. MW was not found to predict 

performance on the accuracy checking task but other mood states and cognitive 

factors were found to be related to improved performance on this task. The most 

important finding of this study is the impact that distractions have on pharmacists’ 

ability to detect dispensing errors. These findings have implications for the 

development of a pharmacy safety culture, the training and regulation of pharmacists, 

pharmacy policy and the design of pharmacy environments in the future.  
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Appendix: Further details on questionnaire measures and interview 

topic guide 

A1. Dundee Stress State Questionnaire  

The Dundee Stress State Questionnaire (DSSQ;Matthews, et al., 2002; Matthews, et al., 

1999) is comprised of 96 items, which is split into 5 questionnaires with 13 subscales. 

The questionnaire assesses 11 primary dimensions of mood, motivation, and cognition 

in performance settings (Matthews, et al., 2006).  

The author of this questionnaire has given their permission for descriptions of the scales 

and example items from each scale to be included in the appendix of this report (see 

table 24 below). To obtain a full-copy of the DSSQ the author, Professor Gerald 

Matthews can be contacted at the University of Central Florida, Institute for Simulation 

and Training, ACTIVE Lab, Partnership II Building, 3100 Technology Parkway, Orlando, 

FL 32826 USA. Telephone: 407-882-0119 or e-mail: gmatthew@ist.ucf.edu.  

 

mailto:gmatthew@ist.ucf.edu
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Table 24: The five DSSQ questionnaires and the 13 subscales with definitions 

DSSQ scales 
and subscales 

Subscale description 

Mood states The mood scale used in the DSSQ is the UWIST Mood Adjective 
Checklist (Matthews, Jones, & Chamberlain, 1990).  Participants are 
given a list of 29 words which describe people’s moods or feelings and 
are asked to indicate how well each word describes how they felt at the 
beginning of the study (administration 1) and during the task 
(administrations 2 and 3). Each item is scored on a 4-point scale that 
ranges from 1- “definitely” to 4 – “definitely not.” For each word, 
participants are asked to circle the answer from 1 to 4 which best 
describes their mood. 

Energetic 
Arousal 

Measures moods ranging from feeling sleepy to awake. The subscale is 
scored out of 32 and higher scores equal feeling awake. 
Example item: Alert? 

Tense 
Arousal 

Measures moods ranging from feeling calm to nervous. This subscale is 
also scored out of 32 with higher scores representing greater feelings of 
calm. 
Example item: Relaxed? 

Hedonic Tone Measures mood states ranging from positive to negative, scored out of 
32 and higher scores represent a more positive mood. 
Example item: Happy? 

Anger / 
Frustration 

Measures levels of anger and frustration, this scale is scored out of 20 
and high scores equate to higher levels of anger and frustration. 
Example item: Impatient? 

Motivation The motivation subscale was written specifically for the DSSQ. 
Participants are asked to rate their attitude towards the task they are 
about to complete (administration 1)/ have just completed 
(administrations 2 and 3). Participants rate their agreement with each 
item on a 4-point scale ranging from 0 - “Not at all” to 4 - “Extremely.” 

Intrinsic 
Motivation 

Intrinsic motivation refers to interest in the task. This scale is scored out 
of 28, high scores represent high levels of intrinsic motivation.  
Example item: “The only reason to do the task is to get an external 
reward (e.g. payment).” 

Success 
Motivation 

Success motivation refers to the motivation to excel in performance and 
at the task, this subscale is scored out of 28 and higher scores equal 
higher levels of success motivation. 
Example item: “I was eager to do well” 

Overall 
Motivation 

This is scored out of 4 and a higher score reflects higher levels of overall 
motivation. 
Example item: “I was motivated to do the task.” 
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Table 24 continued: The five DSSQ questionnaires and the 13 subscales with definitions 

DSSQ scales 
and subscales 

Subscale description 

Thinking Style This is the third part of the DSSQ and it measures current mental states, 
this scale includes modified version of a measure of private self-
consciousness or self-focus (Fenigstein, Scheier, & Buss, 1975). It also 
includes items from Heatherton and Polivy’s (1991) self-esteem scales. 
As well as new items on concentration and perceived control. On this 
scale participants are asked to rate their style of thinking (including 
thoughts about themselves, how their mind is working, how confident 
they are in the task and how well they believe they performed) during the 
task. Participants rate their agreement with each statement on a scale of 
0-“not at all” to 4 – “extremely.” 

Self-focussed 
attention 

Self-focussed attention is thought to increase when an individual is 
experiencing states of stress. There are 8 items measuring self-focussed 
attention meaning this subscale is scored out of a total of 32. High scores 
equal high levels of stress. 
Example item: “I attended to my inner feelings” 

Self-
esteem 

This measures participants’ self-esteem (in the moment rather than in 
general). There are seven items measuring self-esteem and this sub-
scale is scored out of 28 and high scores indicate high self-esteem. 
Example item: “I was concerned about the impression I was making.” 

Control and 
confidence 

This subscale also captures some aspects of self-esteem, but also 
perceived control within the task environment. This sub-scale has seven 
items and is scored out of 28. High scores equal high levels of control 
and confidence. 
Example item: “I performed proficiently on this task.” 

Concentration This subscale measures current levels of perceived concentration or 
attention, it has seven items and is scored out of 28. High scores 
represent good concentration. 
Example item: “My mind wandered a great deal.” 

Thinking 
Content 

This is the fourth part of the questionnaire and it measures mental 
interference (concerning the types of thoughts that go through people’s 
heads when they undertake a task), it is comprised of 16 items from the 
Cognitive Interference Questionnaire (Sarason, Sarason, Keefe, Hayes, 
& Shearin, 1986).  Participants are asked to rate their agreement with a 
series of 16 statements about the types of thoughts they may have had in 
the last 10 minutes. Participants rate their agreement on a 5-point scale 
ranging from 1 - “Never” to 5 - “very often.”  

Task-relevant 
interference 

Measures how much participants are thinking about the task, in particular 
their performance of the task and why they are being asked to do the 
task. There are eight items on this sub-scale, scored out of 40, high 
scores on this scale may reflect a level of fear or worry over their 
performance on the task. 
Example item: “I thought about how much time I had left.” 

Task-
irrelevant 
interference 

Measures how much participants are thinking about other things, for 
example what is going on in their lives. Also scored out of 40, high scores 
indicate a high level of task-irrelevant interference. 
Example item: “I thought about personal worries.” 
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A2. NASA Task Load Index 

In this study a modified version of the NASA Task Load Index (NASA-TLX; Hart, 2006; Hart 

& Staveland, 1988) which forms part of the DSSQ was used. The DSSQ version of the 

NASA-TLX measures the MW experienced by participants during the task on 6 dimensions, 

each scored on an 11 point visual-analogue scale ranging from 0-“low” to 10-“high.” The 

original NASA-TLX is measured on a 21 point visual analogue scale ranging from “low” to 

“high” for five of the items, the sixth item, measuring “performance” is measured on a 21 

point visual analogue scale ranging from “good” to “poor.” In the DSSQ version of the scale, 

all six items are rated on the same scale but scores on the performance items are reversed 

before analysis. 

The six dimensions by the NASA-TLX are: mental demand, physical demand, effort, (task) 

frustration, performance concern and temporal demand (time pressure). Each item can be 

analysed separately and an overall score is produced (from the mean of the six item scores), 

to give an overall level of MW (which is scored between 0-10) (Hart, 2006; Hart & Staveland, 

1988). The questionnaire items are re-produced in Figure 12 below. 

Please rate the MENTAL DEMAND of the task: How much mental and perceptual 
activity was required? 

Low 0 1 2 3 4 5 6 7 8 9  10 High 

Please rate the PHYSICAL DEMAND of the task: How much physical activity was 
required? 

Low 0 1 2 3 4 5 6 7 8 9  10 High 

Please rate the TEMPORAL DEMAND of the task: How much time pressure did you 
feel due to the pace at which the task elements occurred? 

Low 0 1 2 3 4 5 6 7 8 9  10 High 

Please rate your PERFORMANCE: How successful do you think you were in 
accomplishing the goals of the task? 

Low 0 1 2 3 4 5 6 7 8 9  10 High 

Please rate your EFFORT: How hard did you have to work (mentally and physically) to 
accomplish your level of performance? 

Low 0 1 2 3 4 5 6 7 8 9  10 High 

Please rate your FRUSTRATION: How discouraged, irritated, stressed and annoyed 
did you feel during the task? 

Low 0 1 2 3 4 5 6 7 8 9  10 High 

Figure 12: Modified NASA-TLX mental workload measure from the DSSQ scale  
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A3. Big Five Personality Index 

Personality traits were measured using the Big Five Inventory (Benet-Martinez & John, 

1998; John, et al., 1991; John, et al., 2008). The scale has 44 items rated on a five point 

scale where ‘1’ indicates that a participant ‘strongly disagrees’ with a statement and ‘5’ 

indicates they ‘strongly agree’ with a statement. Scores were reversed and then 

summarised (the mean score of all the items which relate to each trait, giving a 

maximum score of 5 for each trait) according to the BFI instructions, this produced five 

summary scores reflecting the five dimensions of personality (these traits are outlined in 

Table 25 below). A full copy of the questionnaire can be requested and downloaded 

from the authors’ website, for more details please visit: 

http://www.ocf.berkeley.edu/~johnlab/bfi.htm.  

Table 25: The Big Five Personality Traits and example questionnaire items 

Big Five 
Personality Trait 

 
Trait description 

Openness to 
experience 

Assesses proactive seeking and appreciation of experience. An 
interest in exploration of the unfamiliar. Those who score highly 
on this trait are curious, creative, imaginative, un-traditional and 
have broad interests. Those who score low on this scale tend to 
be more conventional, down-to-earth, not artistic or analytical. 
Example item: “Has few artistic interests.” 

Conscientiousness Assesses the individual’s level of organization, persistence and 
motivation in goal directed behaviour. Highly conscientious 
people are reliable, hard-working, self-disciplined and punctual. 
Those who score low on this trait tend to be aimless, unreliable, 
lazy, weak-willed and hedonistic. 
Example item: “Tends to be disorganized.” 

Extraversion Assesses the quantity and intensity of interpersonal interaction, 
activity levels, need for stimulation and capacity for joy.  A person 
who scores high on trait neuroticism may, for example be a more 
sociable, active, talkative, person orientated and optimistic 
compared to someone who scores low on this trait who would be 
described as more reserved, aloof, un-exuberant, quiet and task 
oriented.  
Example item: “Is reserved.” 

Agreeableness  Assesses the quality of one’s interpersonal interactions. Those 
who score high on this trait are soft-hearted, good natured, 
trusting, helpful and those who score low on this trait are cynical, 
rude and uncooperative. 
Example item: “Starts quarrels with others.” 

Neuroticism Assesses emotional stability. A person who scores highly on trait 
neuroticism may, for example, tend to worry more, be more 
nervous and experience more feelings of insecurity compared to 
most, by comparison those who score low on trait neuroticism 
tend to be calm, relaxed, less emotional and secure. 
Example item: “Remains calm in tense situations.” 

Table adapted from Pervin and John (2001, Table 8.1, p.25)  

http://www.ocf.berkeley.edu/~johnlab/bfi.htm
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A4. Mental Workload Diary  

The mental workload diary included 7 copies of the NASA-TLX scale (the modified version 

used in the DSSQ). At the top of each NASA-TLX scale in the diary, participants were asked 

to report the time and date of the rating and rate the “busyness of the pharmacy” on the 

same scale as the NASA-TLX items. Before the mental workload ratings participants were 

asked to complete some demographic information about themselves and their pharmacy. 

These demographic questions were designed for the purposes of this study. The MW diary 

instructions, the demographics questions and the first page of the NASA-TLX rating scale in 

the diary are reproduced on pages 116 to 119 below (the other six NASA-TLX rating scales 

in the diary were identical to the ones reproduced below). 
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A5. Interview topic guide 
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