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ABSTRACT 

Number entry is present in many facets of everyday life. In busy safety critical 

environments such as hospitals, it needs to be as fast and accurate as possible. Based 

on number entry data gathered from infusion pump logs by Wiseman, Brumby and 

Cox (2012a), this study proposed the redesign of three infusion pump number entry 

interfaces – the keypad, the chevron and the dial. The data from Wiseman et al 

(2012a) represents actual numbers being used in hospitals and analysis of this data 

found patterns such as frequently recurring numbers. Based on these, the designs of 

the three interfaces were tailored to make number entry faster and more accurate.   

30 participants took part in a mixed factorial design experiment investigating if 

tailoring these interfaces would result in increased number entry speed and reduced 

error rates. Using a physical prototype of an infusion pump with interchangeable 

interfaces, each participant used the standard and tailored version one interface. 

They entered 120 numbers from the data gathered by Wiseman et al (2012a) on each 

interface and their key press data was recorded.  

The results indicated that tailoring the interfaces significantly improved number 

entry speed on the chevron interface and dramatically reduced key presses across all 

three interfaces. However, the differences in speed on the tailored keypad and dial 

were not statistically significant and neither were the changes to error rates on each 

of the interfaces. In the long term, the goal of the study is that information presented 

here about tailoring could contribute towards standardisation of an optimal interface 

design. This study differs from others of its kind by its use of real number entry data 

making our results representative of actual number entry in hospitals.  
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CHAPTER 1. INTRODUCTION 

Number entry is ubiquitous, a task many of us carry out each day. We enter our 

PIN at the ATM to withdraw money, we enter digits on a television remote control 

to select a channel or we dial numbers on our mobile phones to call somebody. 

Given the simple and routine nature of these tasks we often do not give them a 

second thought, however there are some number entry tasks that warrant more 

careful consideration. In hospitals, entering numbers is a fundamental part of 

programming infusion pumps to deliver medication to patients. Given the busy 

hospital environment and the safety-critical nature of the task, number entry needs 

to be easy, efficient and error free.  

Human error is persistent in almost all domains, but in tasks such as 

programming infusion pumps the consequences of error can be severe. It is widely 

accepted that human error can be classified as either mistakes or slips. Reason 

(1990) describes mistakes as the result of a lack of knowledge about a system or a 

procedure. In contrast, slips are not due to a lack of knowledge they are errors in 

executing the steps of a task and occur even if those steps are well known. Medical 

staff are extensively trained, making it unlikely that they will make mistakes. 

However the hospital environment is extremely busy meaning they may have to deal 

with interruptions and distractions which are notorious causes of slips as discussed 

by Reason (1990). A slip when programming an infusion pump can result in serious 

harm or even death of a patient as Vicente (2003) and Thimbleby (2008) have 



documented. It is therefore imperative that number entry interfaces support simple, 

efficient interactions that are as error-free as possible.  

There is a growing body of research attempting to understand how numbers are 

entered in the medical domain, the errors that are made and the effect of different 

interface types on error detection. This study aims to contribute to this work by 

investigating if redesigning three common infusion pump interfaces can increase the 

speed of the number entry task and reduce errors on these interfaces.   

 

Figure 1: Keypad interface 

 

Figure 2: Chevron interface
  

Figure 3: Dial interface 

The keypad interface (Figure 1) contains a series of number keys and a number 

is programmed by entering it serially, digit-by-digit, starting from the leftmost digit 

(Graseby, 2002). The chevron interface (Figure 2) is an incremental interface and it 

generally contains two sets of chevron or arrow keys. The double chevron keys 

usually increase or decrease the on-screen number by 10 and the single chevron 

keys usually manipulate it by 1 (Cardinal Health, 2008). The dial interface (Figure 

3) is another incremental interface where the on-screen number is controlled by the 

rotation of the dial. A Clockwise rotation usually increases the value by a set 

amount and an anti-clockwise rotation decreases it (Xin He Feng Medical, 2009).  
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Using data gathered by Wiseman, Cox and Brumby (2012a) the keypad, chevron 

and dial interfaces were tailored to better suit the number entry task. Tailoring an 

interface refers to modifying the design to make it more suitable for the task it is 

intended to perform. Wiseman et al (2012a) gathered data from infusion pump logs, 

collecting 2442 numbers entered over a period of 40 days. This data contains 

numbers entered for ‘rate of infusion’ (rate) and ‘volume to be infused’ (VTBI) on 

32 infusion pumps. For this study, the data was examined and patterns emerged such 

as the repetition of several numbers that accounted for a large proportion of the data 

set. Using this data the interface designs were tailored with the intention of reducing 

the key presses required to enter the most common numbers.  

The interfaces and how they were tailored are described in more detail in 

Chapter 3. It was hypothesised that reducing the number of key presses required to 

enter common numbers on the tailored designs should make the number entry task 

faster and easier. By reducing the amount of interaction with the interface, there is 

also the potential to reduce the amount of motor slips being made. Zhang, Patel, 

Johnson and Shortliffe (2004) divide slips into execution and evaluation slips based 

on Norman's action cycle (1990). Motor slips are a type of action execution slip 

occurring at the execution stage of the task. In number entry, this is the stage when 

numbers are being entered. Although it is impossible to completely prevent slips, 

tailoring the interface should reduce the potential for motor slips occurring by 

reducing the amount of key presses or dial rotations needed to program common 

numbers.  
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The next section, Chapter 2, discusses relevant literature and research, 

presenting a detailed background and motivation to this study. Chapter 3 describes 

the interfaces and how they were tailored in greater detail. Chapter 4 describes a 

GOMS analysis and slip analysis which were conducted to predict the performances 

of each interface. Chapter 5 describes the method of a controlled laboratory 

experiment that investigated participant performance using the standard and tailored 

interfaces. Chapter 6 summarises the results of the experiment and Chapter 7 

discusses the findings and their implications. It also acknowledges the limitations of 

the study and identifies future areas of research. The final chapter, Chapter 8 

summarise and concludes the report.  
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CHAPTER 2. BACKGROUND & MOTIVATION 

The aim of tailoring the keypad, chevron and dial interfaces is to investigate new 

ways of optimising them to better support the number entry task. This chapter will 

discuss the principle of tailoring using examples of other tailored interfaces. Related 

number entry research will be examined and relevant principles from transcription 

typing of alphabetical text will also be introduced to build an understanding of what 

numbers are being entered on infusion pumps and how we enter numbers. Research 

into number entry interfaces and errors that will inform this study will also be 

discussed making it evident how this work can build on and contribute to previous 

research in the area.  

 

2.1. Tailoring Interfaces  

The notion of tailoring interfaces to fit a specific task is not a new one and such 

tailoring already exists in other domains. Those designing text entry interfaces on 

smartphones have attempted to make the task easier by creating context-specific 

shortcuts such as the ‘@’ and ‘.com’ keys which appear when typing an email 

address (Figure 4). This type of task-based tailoring is also present on some number 

entry devices. For example, some cash registers contain shortcut keys for common 

notes making it easier for their operators to carry out transactions (Figure 5). Some 

interfaces used by opticians also contain shortcut keys making it easier for them to 

select the appropriate prescriptions for glasses (Figure 6). 



 

Figure 4: Smart phone keyboard with ‘@’ and ‘.com’ shortcuts 

 

 

Figure 5: Cash register with £5, £10 and 
£20 shortcuts 

Figure 6: Optician’s interface with .00, .25, 
.50 and .75 keys for selecting prescriptions 

 

When redesigning these interfaces, it is important to understand the tasks that are 

being carried out. The shortcuts described above are useful as they represent letters 

and numbers that are entered frequently as part of a specific task. As Wiseman et al 

(2012b) mention, if buttons such as ‘@’ and ’.com’ were constantly present on the 

smartphone interface it would be considered a waste of space for other tasks such as 

typing a text message or entering a phone number. In this study, understanding the 

task is crucial to tailoring the number entry interfaces. Previous research into 
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number distribution and number entry can help us understand aspects of the number 

entry task on infusion pump interfaces, such as what numbers are being entered and 

how we enter these numbers.  

 

2.2. Examining What Numbers Are Being Entered 

Benford’s Law (1938) is a well-known study of how digits are distributed. 

Benford found a trend in naturally occurring numbers where the probability of the 

leading digit being 1 is close to 30%. This continues with 2 being more likely than 

3, which is more likely than 4 and so on. Wen, Kramer, Hoey, Hanley & Usher 

(1993) investigated the terminal digit of numbers recorded by staff taking blood 

pressure readings and reported evidence of a certain amount of preference behind 

the digits chosen. They found that 78% of the time the reading ended in 0 showing a 

clear bias to round numbers. They also found that 15% of the readings ended in an 

even digit, 5% ended in 5 and 2% ended in an odd digit other than 5.  

In the case of programming an infusion pump numbers are not naturally 

occurring. Numbers entered for ‘rate’ and ‘VTBI’ are based on human decision 

which generally results from a combination of bag size, a set value outlined by 

certain treatments or human calculations (Wiseman et al, 2012b). Examining the 

data gathered from infusion pump logs, Wiseman et al (2012a) found that the digits 

0, 1, 2, 5 and 9 occurred most frequently. In addition to human bias, Wiseman et al 

(2012a) offer some explanations for the unusual distribution. The high level of 0s 

was attributed to numbers being rounded to the nearest 10, 100 or 1000. The 

occurrence of digits 1, 2, and 5 could indicate the natural quarter boundaries of a 
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litre. The digit 9 occurred most frequently on the surgery ward and could suggest 

attempts to rapidly infuse medication to a patient by pressing 9 repeatedly and 

entering the highest possible number into the pump.  

This work by Wiseman et al (2012a) means we now know what numbers are 

being used when programming infusion pumps in hospitals. In this investigation the 

data will directly influence the redesign of the number entry interfaces, ensuring that 

they are tailored for the specific task of programming the ‘VTBI’ and ‘rate’ numbers 

into the infusion pump. The data also enables these interfaces to be tested with 

participants using a set of realistic numbers. This differentiates this study from 

others of its kind as the use of real number entry data means that results will be 

representative of actual number entry in hospitals.  

 

2.3. Investigating How We Enter Numbers 

To understand how we enter numbers, it is possible to draw some knowledge 

from the research into how we enter alphabetical text which is more established than 

the number entry research. There has been a significant amount of research into the 

transcription typing of alphabetical text, which has been compiled into a series of 

transcription typing phenomena by Salthouse (1986).  Some of these phenomena can 

inform this investigation. For instance Salthouse (1986) explains that due to typists’ 

familiarity with letter pairs that occur frequently in normal language, they were 

typed faster than infrequent pairs. A similar expectation could be true for entering 

common digit combinations on the keypad interface. Medical staff may become 

familiar with them and type these faster than unfamiliar digits. This has implications 
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for the redesign of number entry interfaces in this study. Although tailoring the 

interfaces may improve performance in the long term, if the design is dramatically 

altered Dunlop and Levine (2012) state it may cause extra cognitive load on the user 

in the beginning and be met with resistance. For example users have become 

accustomed to the typical keypad layout which has been in existence since the 1960s 

(Deininger, 1960) and radically changing this interface to an unfamiliar layout could 

result in slower number entry.  

Dunlop and Levine (2012) redesigned the standard QWERTY keyboard for 

smartphones in an attempt to make text entry faster. As familiarity is an essential 

factor of learnability, they were careful to focus on maximising familiarity of the 

redesigned interface by placing most keys in close proximity to their original 

location. They measured typing speed and workload using a NASA TLX 

questionnaire. Their results indicated that keeping the new design quite similar to 

the typical QWERTY layout had a positive effect on learning time and performance. 

They found participants quickly became accustomed to the new design and 

produced fast typing speeds in a relatively short period of time. In this study, it is 

important that tailoring the interfaces does not negatively impact on the learning 

period required to become familiar with the new interfaces.  Learning from Dunlop 

and Levine (2012), the tailored interfaces in this study will be kept as similar to the 

originals as possible with the aim of making them easier to learn and use.  
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2.4. Number Entry Errors 

In order to reduce the number of errors on the tailored interfaces it is important 

to understand the causes of number entry error and the types of error that are made. 

Another Salthouse phenomenon (1986) examined substitution errors, these occur 

when one key is mistakenly typed instead of another. He found that many errors 

involved adjacent keys with 35% of these being horizontally adjacent and 17% 

being vertically adjacent. This can impact decisions made about the number entry 

interface design in this study. It indicates that twice as many errors are made on 

horizontally adjacent keys and this could inform the placement of certain keys on 

the interface to reduce error and the consequences of error. For example on the 

keypad, keys of a similar value could be placed horizontally adjacent to each other 

to minimise the consequences if a slip is made. 

Wiseman Cairns and Cox (2011) conducted an experiment designed to elicit 

number entry errors using a keypad interface and used the results to create a 

taxonomy of number entry errors. They identified errors such as ‘digit missing’ 

errors where one digit of the number was omitted, ‘digit added’ errors where an 

extra digit was incorrectly added to the number and ‘anagram errors’ where the 

participant entered the correct digits but in the wrong sequence. This taxonomy is 

useful when investigating how to tailor the interfaces in this study. For example the 

implementation of shortcuts for frequently entered numbers on the tailored keypad 

interface could potentially reduce the instances of these errors occurring as only one 

key would be pressed to enter a number even if it is several digits long.  
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There is also potential for this study to contribute to the work of Wiseman et al 

(2011). This investigation will use real numbers gathered by Wiseman et al (2012a) 

meaning any errors that occur will be representative of actual number entry error in 

hospitals. Their taxonomy was created from errors made solely on the keypad 

interface, but this study will be examining the chevron and dial interfaces also. It 

may be possible to identify errors on these incremental interfaces that could be 

added to the taxonomy. 

‘Zero for decimal’ and ‘decimal for zero’ are two errors identified in the number 

entry error taxonomy by Wiseman et al (2011). These errors occur when users press 

one key instead of the other and could be a result of different manufacturers 

interchanging the positioning of the zero and decimal keys on number entry 

interfaces. There is conflicting information about the positioning of the zero key and 

decimal key in standards and guidelines surrounding the design of medical devices. 

The Association for the Advancement of Medical Instrumentation (AAMI, 2009) 

use diagrams showing the zero key in the centre of the bottom row of keys on the 

interface and they make no reference to the decimal key. The National Patient 

Safety Agency (NPSA, 2010) recommend that the decimal key and zero key should 

not be adjacent and use diagrams showing the zero key on the left and the decimal 

key on the right of the bottom row of keys. It is clear that better standardisation of 

number entry interface design could greatly reduce the potential for these types of 

errors occurring. Results from this study could contribute towards future work 

surrounding the standardisation of an optimal interface design to be used on infusion 

pumps and other medical devices. 
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2.5. Number Entry Interfaces  

To better understand the interfaces being tailored in this study we can examine 

recent number entry research that focuses on the impact of different interfaces on 

how errors are made and recognised. Oladimeji, Thimbleby & Cox (2011) examined 

two of the interfaces being investigated in this study, exploring whether users were 

more effective at error detection on the keypad or chevron interface. They reported 

that the keypad was the faster of the two interfaces. However, using eye-tracking 

technology they found that users paid more visual attention to the input rather than 

the display when using the keypad interface and this resulted in some errors not 

being detected. They found that users exhibited opposing behaviour when using the 

chevron interface, stating that with incremental interfaces users tend to monitor the 

display to see the results of their actions, meaning that they are more likely to detect 

and correct errors. These results can inform some predictions about how participants 

will perform in the laboratory experiment of this study. It can be expected that 

participants using the keypad interface will perform the number entry task faster 

than those using the chevron interface and that there will be more uncorrected errors 

made on the keypad than on the chevron interface.   

Building on his previous work, Oladimeji (2012) is also compiling a 

classification of number entry interfaces. He considers the design, usability and 

safety properties of several existing number entry interfaces, including the keypad 

and the chevron interfaces which are being examined in this study. In addition to 

speed, Oladimeji (2012) offers other advantages to the keypad interface, such as the 



 - 18 - 

high level of precision (several decimal places) to which numbers can be entered. 

However he classifies the keypad as having poor safety features due to the fact that 

it is susceptible to syntax errors.  These include entering multiple decimal points in 

one number and the fact that there is no opportunity to manipulate a number once it 

has been entered; instead the user has to clear it and start again. On the chevron 

interface the results of mis-keying can be reversed simply by pressing an opposing 

key and syntax errors cannot be made on this interface. Incremental interfaces are 

considered to be more accurate as users are more likely to notice and correct errors. 

However, as Oladimeji highlights, there are also limitations to this interface. 

Number entry is slow and the decimal point is generally located at a fixed position 

on the screen giving the user no control over the amount of decimal places being 

entered. Oladimeji’s classification (2012) is useful for this study as it identifies the 

strengths and weaknesses of each interface which can be considered when exploring 

how to tailor the interfaces. For example by tailoring the increment value on the 

chevron and dial interfaces there is the potential to increase the speed of number 

entry on these interfaces without compromising their accuracy.  

 

2.6. Current Study  

Research into number entry is relatively recent, however the work referenced 

here has made significant steps in understanding number entry interfaces and 

number entry errors in the medical domain. The aim of this study is to contribute to 

number entry research by investigating if it is possible to improve speed and 

accuracy by redesigning number entry interfaces. The work of Wiseman et al 
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(2012a) has offered insight into what numbers are being entered in hospitals 

allowing us to tailor these interfaces for this task, but it is also essential to 

understand how we enter numbers. The research into number entry and alphabetical 

text entry referenced here has provided a greater understanding of how we enter 

numbers, what causes errors and how these errors could possibly be prevented. 

Using all this data, the keypad, chevron and dial interfaces will be tailored to reduce 

the key presses required to enter the most common numbers. This is described in 

more detail in the next chapter. 

We will examine participants’ performances entering numbers gathered by 

Wiseman et al (2012a) on both the standard and tailored interfaces. The standard 

interfaces are representative of infusion pumps currently used in hospitals and the 

results from the experiment may give further insight into the effects of these existing 

interfaces on number entry speed and error rates. The aim of tailoring the keypad, 

chevron and dial interfaces is to investigate new ways of optimising them to better 

support the number entry task being carried out. If we can improve task 

performance, it is the long-term goal of the study that these results could contribute 

towards the standardisation of an optimal interface design to be used on infusion 

pumps and other medical devices.  
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CHAPTER 3. INTERFACES 

A prototype infusion pump was used to test the interfaces in this study. These 

interfaces are described in detail in the following sections. The standard interfaces 

are representative of existing infusion pump interfaces currently being used in 

hospitals (Graseby, 2002; Cardinal Health, 2008; Xin He Feng Medical, 2009). The 

tailored interfaces are modified versions of the standard interfaces designed to 

improve the speed and accuracy of the number entry task.  

 

3.1. Standard Keypad Interface  

Figure 7 shows the standard keypad interface used in this experiment. This 

interface consists of 10 keys representing digits 0 – 9, a decimal point key and 

additional function keys. On this interface the user enters the required number 

serially from left to right. There can be some variation in how this interface is 

designed. Some manufacturers position keys in a layout similar to a calculator 

where the top row consists of 7 8 9 and others position the keys like telephone keys 

as shown in the image below. The telephone layout is generally preferred (NPSA, 

2010; AAMI, 2009) and was used in this experiment. There were two additional 

function keys located to the left of the interface – ‘clear’ and ‘enter’ keys. The 

‘clear’ key deletes all the digits of the number that has been typed and the ‘enter’ 

key submits the number. Additional unused function keys on the prototype were 

concealed to avoid confusion.  



 

Figure 7: Standard keypad interface  

 

3.2. Tailored Keypad Interface  

Figure 8 shows the tailored keypad interface used in this experiment. It behaved 

in an identical manner to the standard keypad with one exception. Five shortcut keys 

were added. Examination of the data gathered by Wiseman et al (2012a) identified 

several numbers that were entered repeatedly. In the VTBI data set, the top three 

recurring numbers were 100 (accounting for 30% of the data set), 500 (accounting 

for 9%) and 1,000 (accounting for 9%). In the rate data set, the top three recurring 

numbers were 200 (accounting for 20% of the data set), 125 (accounting for 9%) 

and 999 (accounting for 8%). Therefore the top 5 recurring numbers over all are 

100, 200, 500, 1,000 and 125. These were added to the interface as shortcut keys 

enabling common numbers to be entered using only one key press. A reduction in 

the number of key presses should speed up the number entry task and reduce the 

potential for motor slips. Due to the constraints of the physical prototype, only five 

shortcut keys could be created and they were located alongside the standard keypad. 
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Ideally it would be more suitable to include additional shortcut keys for other 

common numbers and increase the separation between the traditional keys and the 

shortcuts which would reduce the potential for motor slips and make the shortcut 

keys easier to locate and scan.   

 
Figure 8: Tailored keypad interface 

  

3.3. Digit Distribution Keypad 

Figure 9 shows a keypad interface where the positioning of the keys is based on 

how frequently the digits occur in the data gathered by Wiseman et al (2012a). The 

most common digits are placed in the most prominent positions on the interface. 

This interface was excluded from this investigation after the GOMS analysis due to 

its poor performance. The analysis indicated that the unfamiliar layout would 

require users to continually search the interface to locate the correct keys resulting 

in slower number entry than the standard keypad and it was therefore removed from 

the experiment. 
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Figure 9: Digit distribution keypad  

 

 

3.4. Standard Chevron Interface  

Figure 10 shows the chevron interface used in this experiment. The chevron 

interface is an incremental interface where the on-screen number is increased or 

decreased using chevron keys. This interface typically contains a set of keys with 

double chevrons and a set of keys with single chevrons. In this experiment the 

double chevron keys increased and decreased the on-screen number by 10 and the 

single chevron keys manipulated it by 1. The maximum number that could be 

entered was 1,000 and the numbers wrapped around from 1,000 to 0 and from 0 to 

1,000. As with the keypad interfaces, the ‘clear’ and ‘enter’ keys were located to the 

left of the interface and behaved as previously described.  
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Figure 10: Chevron interface 

 

3.5. Tailored Chevron Interface  

The tailored chevron looked and behaved in an identical manner to the standard 

chevron (Figure 10) with one exception. The double chevron keys increased and 

decreased the on-screen number by 25 instead of 10. The single chevron keys did 

not change, manipulating the number by 1. In total 61.5% of the data set gathered by 

Wiseman et al (2012a) were multiples of 25, including the top five recurring 

numbers. Changing the major increment to 25 on the tailored interface should allow 

users to reach their target numbers in fewer key presses, which should make the 

number entry task faster and reduce the potential for motor slips.  

 

3.6. Standard Dial Interface  

Figure 11 shows the dial interface used in this experiment. This is another 

incremental interface where the on-screen number is manipulated by rotating the 

dial. In this experiment a clockwise rotation increased the on-screen number by 10 
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and an anti-clockwise rotation decreased the on-screen number by 10. Keeping the 

dial pressed while rotating it manipulated the on-screen number by 1. As with the 

chevron interface, the maximum number that could be entered on this interface was 

1,000 and the numbers wrapped around from 1,000 to 0 and from 0 to 1,000. The 

‘clear’ and ‘enter’ keys also behaved as previously described.  

 
Figure 11: Dial interface 

 

3.7. Tailored Dial Interface 

The tailored dial looked and behaved in an identical manner to the standard dial 

(Figure 11) with one exception. Turning the dial clockwise increased the on-screen 

number by 25 and turning the dial anti-clockwise decreased the on-screen number 

by 25. As before, keeping the dial pressed while rotating it manipulated the value by 

1. Changing the major increment to 25 on the tailored dial interface should allow 

users to enter the intended number in fewer dial rotations making the number entry 

task faster and reducing the potential for motor slips. 
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CHAPTER 4. PREDICTING PERFORMANCE 

Before conducting the laboratory experiment, a KLM-GOMS analysis was used 

to predict the time it would take users to carry out the number entry task on each 

interface. A slip analysis was also conducted on each interface to predict the 

potential consequences of motor slips. These analyses are useful for predicting 

performance but there are likely to be some inaccuracies. They generally only 

consider the motor actions of users and the GOMS analysis assigns a standard time 

to all mental processing which does not realistically represent the cognitive 

processes of users. However they still provide useful information ahead of the 

laboratory experiment, for example in the case of the digit distribution keypad, the 

GOMS analysis excluded this interface design indicating that it would perform 

poorly in comparison to the standard keypad interface. 

 

4.1. GOMS Analysis  

A KLM-GOMS analysis was conducted to predict how long it would take 

participants to carry out a number entry task on each interface. This analysis predicts 

the performance of an expert user executing an error-free task (Card, Moran & 

Newell, 1983). The predictions therefore give an indication of performance but may 

not be completely accurate as there are factors such as learning and errors that will 

alter participants’ performance in the experiment.  
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The operators for this analysis are described in Table 1. ‘M’ and ‘H’ are the 

standard GOMS operators proposed by Card et al (1983). Instead of using a standard 

GOMS key press operator, ‘K’ was calculated using the actual key press timings of 

six participants using the infusion pump prototype. This method was chosen to 

ensure the predictions were as accurate as possible. The mean time of all their key 

presses was calculated at 0.48 seconds.  ‘D’ was calculated in the same way using 

dial rotation timings of six participants. The mean time of their dial rotations was 

calculated at 0.21 seconds. Calculations for this timing include both types of dial 

movements - rotating the dial and keeping the dial pressed while rotating. It is likely 

that there are differences in the speed of these movements but they were not 

examined here.  

Table 1: KLM GOMS timings 
Operator  Description Time (secs) 
M  
H 
K 
D 
TVTBI 

TRate 
Texecute 

Mentally prepare to do something 
Move hands over the interface ready to type
Pressing a single key or button 
Dial rotation 
VTBI completion time 
Rate completion time 
Task execution time 

1.35 
0.40 
0.48 
0.21 

 

The GOMS analyses for each interface are described in the following sections. 

The analysis calculated the speed of entering one prescription on each interface. A 

prescription consists of one VTBI number and one rate number. The chosen VTBI 

number was 100 which accounts for 30% of the VTBI data set and the rate number 

was 89 which accounts for 1% of the rate data set. These numbers were chosen to 

facilitate analysis of both common and uncommon numbers.  
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4.1.1. GOMS Analysis of Keypad Interfaces 

Table 2 and Table 3 show that on the tailored keypad it is faster and requires 

fewer key presses to enter 100, which accounts for 30% of the VTBI data set. There 

is no difference when entering 89, which accounts for 1% of the rate data set.  

Table 2: Standard keypad interface model 

Standard keypad  Operator Time 

Locate & read VTBI number  M 1.35 

Move hand over the interface  H 0.40 

Press ‘1’ key K 0.48 

Press ‘0’ key  K 0.48 

Press ‘0’ key  K 0.48 

Visually confirm input  M 1.35 

Move finger to enter key  H 0.40 

Press enter key  K 0.48 

VTBI completion time TVTBI 5.42 

 

Locate & read rate number M 1.35 

Move hand over the interface  H 0.40 

Press ‘8’ key K 0.48 

Press ‘9’ key  K 0.48 

Visually confirm input  M 1.35 

Move finger to enter key  H 0.40 

Press enter key  K 0.48 

Rate completion time  Trate 4.94 

Task execution time  Texecute 10.36 
 

Table 3: Tailored keypad interface model 

Tailored keypad  Operator Time 

Locate & read VTBI number  M 1.35 

Move hand over the interface   H 0.40 

Press ‘100’ key K 0.48 

Visually confirm input  M 1.35 

Move finger to enter key  H 0.40 

Press enter key  K 0.48 

VTBI completion time TVTBI 4.46 

 

Locate & read rate number M 1.35 

Move hand over the interface  H 0.40 

Press ‘8’ key K 0.48 

Press ‘9’ key  K 0.48 

Visually confirm input  M 1.35 

Move finger to enter key  H 0.40 

Press enter key  K 0.48 

Rate completion time  Trate 4.94 

Task execution time  Texecute 9.40 
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Table 4 and Table 5 show that it would most likely be slower and require an 

equal number of key presses to enter both numbers on the digit distribution keypad. 

Due to this poor performance it was not tested during the laboratory experiment. 

Table 4: Standard keypad interface model 

Standard keypad  Operator Time 

Locate & read VTBI number  M 1.35 

Move hand over the interface  H 0.40 

Press ‘1’ key K 0.48 

Press ‘0’ key  K 0.48 

Press ‘0’ key  K 0.48 

Visually confirm input  M 1.35 

Move finger to enter key  H 0.40 

Press enter key  K 0.48 

VTBI completion time TVTBI 5.42 

 

Locate & read rate number M 1.35 

Move hand over the interface  H 0.40 

Press ‘8’ key K 0.48 

Press ‘9’ key  K 0.48 

Visually confirm input  M 1.35 

Move finger to enter key  H 0.40 

Press enter key  K 0.48 

Rate completion time  Trate 4.94 

Task execution time  Texecute 10.36 
 

Table 5: Digit distribution keypad model 

Digit distribution keypad Operator Time 

Locate & read VTBI number  M 1.35 

Move hand over the interface   H 0.40 

Press ‘1’ key K 0.48 

Locate ‘0’ key M 1.35 

Press ‘0’ key K 0.48 

Press ‘0’ key K 0.48 

Visually confirm input  M 1.35 

Move finger to enter key  H 0.40 

Press enter key  K 0.48 

VTBI completion time TVTBI 6.77 

 

Locate & read rate number M 1.35 

Move hand over the interface  H 0.40 

Press ‘8’ key K 0.48 

Locate ‘9’ key M 1.35 

Press ‘9’ key  K 0.48 

Visually confirm input  M 1.35 

Move finger to enter key  H 0.40 

Press enter key  K 0.48 

Rate completion time  Trate 6.29 

Task execution time  Texecute 13.06 
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4.1.2. GOMS Analysis of Chevron Interfaces 

Table 6 and Table 7 show that on the tailored chevron it is faster and requires 

fewer key presses to enter 100, which accounts for 30% of the VTBI data set. It is 

slower and takes more key presses to enter 89, however 89 accounts for only 1% of 

the rate data set. Overall task execution time is faster on the tailored chevron.  

Table 6: Standard chevron interface model 

Standard Chevron  Operator Time 

Locate & read VTBI  M 1.35 

Move hand over interface  H 0.40 

Press double chevron (x10) K x10 4.80 

Visually confirm input  M 1.35 

Move finger to enter key  H 0.40 

Press enter key  K 0.48 

VTBI completion time TVTBI 8.78 

 

Locate & read rate  M 1.35 

Move hand over interface  H 0.40 

Press double chevron (x9) K x9 4.32 

Press single chevron K 0.48 

Visually confirm input  M 1.35 

Move finger to enter key  H 0.40 

Press enter key  K 0.48 

Rate completion time  Trate 8.78 

Task execution time  Texecute 17.56 
 

Table 7: Tailored chevron interface model 

Tailored Chevron  Operator Time 

Locate & read VTBI M 1.35 

Move hand over interface  H 0.40 

Press double chevron (x4) K x4 1.92 

Visually confirm input  M 1.35 

Move finger to enter key  H 0.40 

Press enter key  K 0.48 

VTBI completion time TVTBI 5.90 

 

Locate & read rate  M 1.35 

Move hand over interface  H 0.40 

Press double chevron (x4) K x4 1.92 

Press single chevron (x11) K x11 5.28 

Visually confirm input  M 1.35 

Move finger to enter key  H 0.40 

Press enter key  K 0.48 

Rate completion time  Trate 11.18 

Task execution time  Texecute 17.08 
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4.1.3. GOMS Analysis of Dial Interfaces 

Table 8 and 9 show that it is faster and requires fewer dial rotations to enter 100 

(accounting for 30% of the VTBI data set) on the tailored dial interface. It is slower 

and takes more dial rotations to enter 89 however this number accounts for only 1% 

of the rate data set. Overall task execution time is faster on the tailored dial.  

Table 8: Standard dial interface model 

Standard Dial  O  Time 

Locate & read VTBI number  M 1.35 

Move hand over interface  H 0.40 

Rotate dial clockwise (x10) D x10 2.10 

Visually confirm input  M 1.35 

Move finger to enter key  H 0.40 

Press enter key  K 0.48 

VTBI completion time TVTBI 6.08 

 

Locate & read rate number M 1.35 

Move hand over interface  H 0.40 

Rotate dial clockwise (x9) D x9 1.89 

Press & rotate dial 
anticlockwise  

D 0.21 

Visually confirm input  M 1.35 

Move finger to enter key  H 0.40 

Press enter key  K 0.48 

Rate completion time  Trate 6.08 

Task execution time  Texecute 12.16 
 

Table 9: Tailored dial interface model 

Tailored Dial interface O  Time 

Locate & read VTBI number  M 1.35 

Move hand over interface  H 0.40 

Rotate dial clockwise (x4) D x4 0.84 

Visually confirm input  M 1.35 

Move finger to enter key  H 0.40 

Press enter key  K 0.48 

VTBI completion time TVTBI 4.82 

 

Locate & read rate number M 1.35 

Move hand over interface  H 0.40 

Rotate dial clockwise (x4) D x4 0.84 

Press & rotate dial 
anticlockwise (x11) 

D x11 2.31 

Visually confirm input  M 1.35 

Move finger to enter key  H 0.40 

Press enter key  K 0.48 

Rate completion time  Trate 7.13 

Task execution time  Texecute 11.95 
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4.2. Slip Analysis  

A number entry interface in a hospital environment needs to not only be 

optimised for efficiency but for safety as well. The consequences of mis-keying on 

the tailored interfaces need to be understood. Salthouse (1986) found that many 

substitution errors involved adjacent keys with 35% of these being horizontally 

adjacent and 17% being vertically adjacent. This slip analysis investigates the 

consequences of accidentally pressing adjacent keys on each keypad interface. It 

also examines the consequences of overshooting on the chevron and dial interfaces. 

 

4.2.1. Standard Keypad Slip Analysis  

Numbers are entered serially from left to right on the keypad so the magnitude 

of the slip depends on which digit in the number is being entered at the time of the 

slip. Figure 12 shows the differences between the keys. A slip analysis was 

conducted using the numbers 100 and 89. As stated before, 100 accounts for 30% of 

the VTBI data set and 89 accounts for 1% of the rate data set. The results of the 

analysis are shown in Table 10.  Examining the number 100, if the error is made on 

the first digit the number could be out by 100 or 300. If it is made on the second 

digit, the number could be out by 99 or 80. Finally if it is made on the third digit, the 

number could be out by 90 or 8. The most severe consequences are seen if a user 

presses the 4 key instead of the 1 key for the first digit which would result in the 

number being out by 300. However as this key is vertically adjacent, according to 

Salthouse (1986) this slip is less likely to occur than a horizontal mis-key.   



 
Figure 12: Differences between keys on the standard keypad interface 

 

 

Table 10: Consequences of mis-keying when entering 100 and 89 on standard keypad  
Intended 

key 
Horizontally 
Adjacent key 
(35%) 

Horizontally 
Adjacent key 
(35%) 

Vertically  
Adjacent key 
(17%) 

Vertically  
Adjacent key 
(17%) 

1 2 (out by 100)  4 (out by 300)  
0 .  (out by 99)  8 (out by 80)  
0 . (out by 90)  8 (out by 8)  
     

8 7 (out by 100) 9 (out by 100) 5 (out by 300) 0 (out by 800) 
9 8  (out by 1)  6 (out by 3)  

 

 

4.2.2. Tailored Keypad Slip Analysis  

Figure 13 shows the differences between the keys on the tailored keypad 

interface. This interface behaves in the same way as the standard keypad with the 

exception of the shortcut keys.  
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Figure 13: Differences between keys on the tailored keypad interface 

 

Table 11 shows the results of the slip analysis. The most severe consequences 

are seen if a user presses the 1000 key instead of the 100 key which would result in 

the number being out by 900. This is a horizontal mis-key which, according to 

Salthouse’s findings (1986), is more likely to occur than a vertical slip. An 

examination of the scale of the slips between the standard and tailored interfaces 

shows that the tailored keypad has the potential for slips of a greater magnitude due 

to the shortcuts being adjacent to the standard keypad. However as discussed earlier, 

this placement is due to the constraints of the physical prototype being used for this 

experiment and if this was to be implemented it would be more suitable to separate 

the shortcut keys. It is also important to note that there are fewer opportunities to 

make errors on this interface as 100 requires only one key press whereas it requires 

three key presses on the standard interface.  
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Table 11: Consequences of mis-keying when entering 100 and 89 on tailored keypad  
Intended 

key 
Horizontally 
Adjacent key 
(35%) 

Horizontally 
Adjacent key 
(35%) 

Vertically  
Adjacent key 
(17%) 

Vertically  
Adjacent key 
(17%) 

100 0 (out by 100) 1000 (out by 900) 9 (out by 91)  
     
8 7 (out by 100) 9 (out by 100) 5 (out by 300) 0 (out by 800) 
9 8  (out by 1) 500 (out by 411) 6 (out by 3) 100(out by 11) 

 

4.2.3. Standard Chevron Slip Analysis 

Figure 14 shows the slip analysis conducted on the standard chevron interface. A 

slip on this interface between the double chevron and single chevron keys could 

result in the entered number being out by 9. A slip between the single chevron keys 

could result in the entered number being out by 2 except where the interface wraps 

around from 0 to 1,000 or 1,000 to 0. Here the entered number could be out by 999. 

Although the scale of this slip is quite large, it is important to note that Oladimeji et 

al (2011) found users are more likely to notice and correct an error on incremental 

interfaces as their attention is focused on the screen. 

 
Figure 14: Slip analysis of standard chevron interface 
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4.2.4. Tailored Chevron Interface  

Figure 15 shows the slip analysis carried out on the tailored chevron interface. A 

slip on this interface between the double chevron and single chevron keys could 

result in the entered number being out by 24. As with the standard chevron interface, 

a slip between the single chevron keys could result in the entered number being out 

by 2 with the exception of where the interface wraps around from 0 to 1,000 or 

1,000 to 0 where the entered number could be out by 999. 

 
Figure 15: Slip analysis of tailored chevron interface 

 

4.2.5. Standard Dial Slip Analysis  

Overshooting or undershooting on the standard dial interface could result in the 

entered number being out by 10 or out by 1 if the dial was pressed in while rotating.  

The exception to this is where the interface wraps around from 0 to 1,000, where the 

entered number could be out by 990 or 999.  Like the chevron interface, the dial is 

an incremental interface and it is important to note Oladimeji et al (2011) found that 

users are more likely to notice and correct an error on this type of interface. 
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4.2.6. Tailored Dial Slip Analysis  

Overshooting or undershooting on the tailored dial interface could result in the 

entered number being out by 25 or out by 1 if the dial was pressed in while rotating. 

The exception to this is where the interface wraps around from 0 to 1000, where the 

entered number could be out by 975 or 999. 

 

4.3. Performance Predictions 

Having conducted GOMS and slip analyses, it was possible to make some 

predictions as to how participants would perform using these interfaces in the 

laboratory experiment.  

The task execution times from the GOMS analyses indicated that of the three 

interface types, the keypad would be the fastest interface. This was followed by the 

dial with the chevron interface being the slowest. The results from the GOMS 

analyses also indicated that participants would complete tasks in a faster time on the 

tailored interfaces than on their standard counterparts.   

The findings of Oladimeji et al (2011) suggested there would be more 

uncorrected errors made on the keypad interface than the chevron and dial 

interfaces. The slip analysis indicated that the consequences of a slip on the tailored 

keypad interface could be greater than a slip made on the standard keypad interface. 

However it was difficult to predict if the novelty of the shortcut keys would cause 
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participants to pay more attention when using this interface, which might impact on 

their error rates. The GOMS and slip analyses showed that fewer key presses were 

required to enter the common numbers on each tailored interface which should 

reduce the opportunities for errors on these interfaces, resulting in lower error rates.  

The GOMS analyses indicated that it would take more key presses to enter 

numbers on the chevron interface than on the keypad interface. This could cause 

frustration or exert a larger workload on the participants. The results from these 

analyses combined with the research discussed in Chapter 2 informed the 

hypotheses being tested in the laboratory experiment. This is described in the next 

chapter.  
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CHAPTER 5. EXPERIMENT METHOD 

The experiment described in this chapter examined the impact of interface type 

(keypad, chevron or dial) and interface design (standard or tailored) on participants’ 

speed and error rates during a number entry task.  

The first hypothesis being tested was that the number entry task would be 

performed faster on the tailored interfaces than on each of their standard 

counterparts. This was based on results from the GOMS analysis which predicted 

faster times on all three tailored interfaces.  

The second hypothesis was that fewer errors would be made on the tailored 

interfaces. This was based on there being fewer key presses needed to enter common 

numbers which should reduce the potential for mis-keying.  

As participants could have been unfamiliar with some of these interfaces, this 

experiment also investigated if tailoring interface design had an impact on the 

learnability and workload of the interface.  

The final goal of this study was to compare participants’ performance on each of 

the standard interfaces. The standard interfaces represent infusion pumps currently 

used in hospitals and by examining these results we can provide further empirical 

evidence about the effects of existing number entry interfaces on number entry, 

error rates and error detection.  

 



5.1. Materials 

A prototype of an infusion pump was used for this experiment and it was 

mounted in a vertical position at seated eye-level (Figure 16). This prototype had 

three input methods – a series of customisable keys in a 4x4 grid, a rotary dial and a 

7 inch touch-screen (800 x 480 resolution). The dial and keys could be interchanged 

and were both used to create the six interfaces described in Chapter 3 – standard and 

tailored versions of the keypad, chevron and dial interfaces. The prototype was 

connected by USB to a MacBook Pro computer.  

Figure 16: Infusion pump prototype with interchangeable interfaces  

 

The MacBook Pro display represented an electronic prescription form displaying 

the rate and VTBI numbers to be entered and the prototype’s screen displayed the 

participants’ input. This was done through a website that used JavaScript to display 

the prescriptions to be entered and recorded each key press made by participants 

along with the time it was made at. At the end of each session that data was 

outputted to a CSV file. 
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A set of 120 numbers (Appendix A) was selected from the data gathered by 

Wiseman et al (2012a) for this experiment. The number set contained 60 VTBI and 

60 rate numbers which made up 60 prescriptions. The numbers were all whole 

numbers between 1 and 1000. In the data gathered by Wiseman et al (2012a), the 

most frequently occurring rate numbers were 200, 125 and 999 and the most 

frequently occurring VTBI numbers were 100, 500 and 1000. The number set for 

this experiment mirrored the frequency at which these numbers occur. For example, 

the number 100 makes up 30% of the data set gathered by Wiseman et al (2012a) so 

it makes up 30% of the number set for this experiment. The remainder of the 

numbers were selected randomly from the data set, however numbers that appear 

only once were excluded in case any of them had been originally entered in error.  

A computer-based NASA TLX questionnaire (Hart & Staveland, 1988) was 

completed by participants after using each interface to assess the perceived 

workload associated with completing the number entry task on that interface. The 

software automatically recorded the participants’ responses to six subscales (mental 

demand, physical demand, temporal demand, performance, effort, frustration) and 

the sum of these is the NASA TLX score. The higher the score, the more demanding 

the interface was perceived to be. An online questionnaire was also completed by 

participants at the end of the experiment recording their preferences and opinions on 

the interfaces.  
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5.2. Design 

This experiment was a mixed factorial design. A mixed design was chosen in 

order to avoid practice effects and fatigue in participants. Interface type was the 

between-subjects independent variable with three levels - keypad, chevron and dial. 

This ensured that each participant used only one type of interface. The within-

subjects independent variable was interface design with two levels - standard and 

tailored. Every participant experienced both a standard and tailored interface and the 

presentation order was counterbalanced. The experiment was also designed so that 

the numbers in the number set were randomised for each participant. Half of the 

participants were instructed to complete the number entry task as quickly as possible 

and half were instructed to complete it as accurately as possible. The dependent 

variables for this experiment were speed, error rate, learnability and workload. 

 

5.3. Measures 

Speed was measured as the time taken to enter a prescription (consisting of one 

VTBI and one rate number) on each interface.   

Uncorrected and corrected error rates were measured. Uncorrected errors are 

errors which have not been corrected resulting in an incorrect number being 

submitted. Corrected errors are those which have been noticed and corrected. Error 

rates were percentages, calculated by dividing the number of errors by the number 

of opportunities for error. Each trial consisted of 120 numbers so there were 120 

opportunities to make an uncorrected error. The opportunities for corrected errors 
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are potentially infinite as there is no limit to the amount of times a number can be 

corrected. However for this experiment corrected errors were treated as noticed 

uncorrected errors making the corrected error rate also a percentage of 120. 

Learnability was measured by examining the preparation times for each 

prescription during the trial. This is the time taken between finishing with one 

prescription and beginning the next. An improvement in preparation times during 

the trial could indicate a level of learning. Therefore the stage in the trial where 

participants achieved their shortest preparation time was used to measure how 

learnable each interface was. 

Workload was measured using the NASA TLX scores and participants’ 

responses to the online questionnaire. 

 

5.4. Participants 

30 participants (13 female) took part in the trials with the majority recruited 

from the UCL psychology subject pool. Their ages ranged from 18 to 43; the mean 

age was 26.43 years (SD =6.96 years).  Participants were screened for repetitive 

strain injury and a small incentive of £5 was given for taking part. Each of the 30 

participants took part in the interface design condition (standard/tailored) and 10 

participants took part in each of the interface type conditions (serial, chevron, dial). 
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5.5. Procedure 

At the beginning of the experiment, a briefing sheet was read to participants 

(Appendix B). It explained the format of the experiment but it did not mention that 

key presses were being recorded so as not to pressurise participants. Any questions 

from the participants were then answered and, once they were satisfied, they were 

asked to sign a consent form (Appendix C) before beginning the experiment.  

The experiment contained two trials. In one trial participants entered numbers on 

a standard interface and in the other trial they entered numbers on its tailored 

counterpart. Before beginning each trial, participants were given a demonstration of 

how to use the particular interface. Following this participants were invited to carry 

out a training task. This involved entering five prescriptions on the interface to 

become familiar with it. After completing these, they were asked if they would like 

to go through the training task again but all indicated they were ready to begin.  

  In each trial, participants entered 60 prescriptions.  A prescription was entered 

by entering a VTBI number and pressing the ‘enter’ key, then entering a rate 

number and pressing ‘enter’ again to submit the prescription. This would also 

display the next prescription to be entered. This was repeated until all 60 

prescriptions were entered.  At the end of each trial, participants rated the 

experience using the NASA TLX questionnaire. Participants were allowed a five 

minute break between trials and at the end of the two trials, participants were asked 

to complete the online questionnaire outlining their preference of interface.  
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At the end of the experiment participants were debriefed in compliance with the 

British Psychological Society’s guidelines (BPS, 2009) and informed that their key 

presses had been recorded. 

 

5.5.1. Pilot 

It is worth noting that a pilot study was carried out before the experiment began 

and as a result, several changes were made. A table was positioned beside the 

prototype for participants to rest their elbow on while entering numbers so as to 

reduce the possibility of repetitive strain. The number set was reduced from 200 

numbers to 120 numbers to reduce the timing of the experiment. The chevron and 

dial interfaces were also modified to include the wrap-around feature described 

earlier. Piloting illustrated that this was a necessary feature given the excessive 

amount of time it was taking to enter larger numbers. 
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CHAPTER 6. RESULTS 

As described in the previous chapter, several sets of data were recorded during 

the experiment. From this data the following could be calculated:  

 Preparation times - the time taken to begin each prescription 

 Prescription entry times - the time to enter one rate and one VTBI number 

 Key presses required to enter 60 prescriptions  

 Total number of errors  

 Corrected errors, those noticed and corrected by participants  

 Uncorrected errors, those resulting in an incorrect number being submitted  

 Error types  

 Workload scores  

 Participants’ preferences for interfaces 

These results were analysed to understand the impact of interface type (keypad, 

chevron or dial) and design (standard or tailored) on the participants’ speed and 

error rates. The NASA TLX results were analysed to assess the perceived workload 

associated with each interface. Improvements in preparation times over the trials 

were analysed to understand the learnability of each interface. Further to this, the 

questionnaire results were examined to determine participants’ preferred interface.  

The next sections describe the results of a detailed statistical analysis of the data. 

A mixed-design ANOVA was conducted for each dependent variable and where the 

results showed statistical significance, a post-hoc Bonferroni analysis or dependent 

t-test was conducted to identify where the significance lies. It should be noted that 

these results were tested for normality and it was found that they were not normally 

distributed. This should be kept in mind when reading and interpreting these results. 



6.1. Standard Interfaces 

The standard interfaces’ results were analysed to determine the speed, error 

rates, workload and learnability of each interface type. Standard interfaces represent 

infusion pumps currently used in hospitals. This study differs from others of its kind 

as it can provide empirical evidence about these interfaces based on tests conducted 

with real number entry data gathered by Wiseman et al, (2012a). 

 

6.1.1. Prescription entry time  

Figure 17 shows the mean prescription entry times for each standard interface, 

this is the time taken to enter one rate and one VTBI number.  

 

Figure 17: Mean prescription entry times on the standard interfaces 

 

These results are in line with the GOMS analysis which predicted the keypad 

interface would be the fastest, followed by the dial and then the chevron. However, 

the participants’ mean times are faster than the predicted times (Table 12). 
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Table 12: Prescription entry times for each type of standard interface  
Interfaces Mean Standard deviation 
Keypad 
Chevron  
Dial  

5.82 
13.55 
7.73 

1.50 
2.23 
1.08 

GOMS keypad 
GOMS chevron 
GOMS dial 

10.36 
17.56 
12.16 

 

 

The results from the mixed-design ANOVA on these times indicated a 

significant main effect of interface type on prescription entry times, F (2, 30) = 

49.41, p = .00. The Bonferroni analysis compared the interfaces in pairs and 

confirmed that the difference between all interface comparisons was statistically 

significant. The difference in the keypad/chevron comparison and the dial/chevron 

comparison were highly significant, p = .00. The difference in the keypad/dial 

comparison was significant but not to the same extent as the other pairs, p = .01.  

 

6.1.2. Uncorrected errors  

A total of 20 uncorrected errors were made on the standard keypad interface, 8 

were made on the chevron and 8 were made on the dial.  Table 13 shows these 

results expressed as error rates - percentages of the total opportunities for 

uncorrected errors. The mixed-design ANOVA indicated there was no statistically 

significant difference between the uncorrected error rates of these interfaces F (2, 

30) = 1.34, p = .278.  

Table 13: Uncorrected error rates for the standard interfaces 
Standard interfaces Mean Standard deviation 
Keypad 
Chevron  
Dial  

1.67 
0.67 
0.67 

2.04 
0.53 
0.86 



6.1.3. Corrected error rates 

Corrected errors on the keypad interface were calculated as the total number of 

times the ‘clear’ key was pressed. Corrected errors on the two incremental interfaces 

were calculated as the number of times participants overshot or undershot the target 

number. Intentional overshooting, such as entering 89 by overshooting to 90 and 

then refining the number by one, was not considered a corrected error. In total 16 

corrected errors were made on the standard keypad, 30 were made on the chevron 

and 211 were made on the dial. Figure 18 shows these results expressed as error 

rates, percentages of the total opportunities for corrected errors. 

  

Figure 18: Mean corrected error rates for the standard interfaces 

 

Table 14: Corrected error rates for the standard interfaces  
Standard interfaces Mean Standard deviation 
Keypad 
Chevron  
Dial  

1.33 
2.50 
17.58 

0.58 
1.92 
4.80 
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 The results (Table 14) were analysed and the mixed-design ANOVA indicated a 

significant main effect of interface type on corrected error rates, F (2, 30) = 

111.03, p = .00. The Bonferroni analysis compared the interfaces in pairs and 

confirmed that the difference in the dial/keypad and dial/chevron comparisons were 

highly significant p = .00. However as illustrated in Figure 18, the difference in 

keypad/chevron comparison was not significant, p = 1.00. 

 

6.1.4. Preparation Times  

Figure 19 shows the mean preparation times on each standard interface. This is 

the time between finishing one prescription and beginning the next.   

 

Figure 19: Preparation times on standard interfaces 

 

The dial has the fastest preparation time followed by the keypad and then the 

chevron (Table 15). The results from mixed-design ANOVA indicated a statistically 

significant difference in preparation times, F (2, 30) = 4.17, p = .026. The 
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Bonferroni analysis compared the interfaces in pairs and indicated a slight 

significance in the difference of the dial/chevron comparison, p = .049. The 

differences in the keypad/chevron comparison (p = 1.00) and the keypad/dial 

comparison, (p =.064) were not significant. 

Table 15: Preparation times for each type of standard interface  
Standard interfaces Mean Standard deviation 
Keypad 
Chevron  
Dial  

1.58 
1.63 
1.18 

0.33 
0.32 
0.21 

GOMS  1.75  

 

 In the GOMS analysis, this stage of the interaction was treated as identical for 

each interface. It was modelled using two operators proposed by Card et al (1983). 

These operators were mental preparation (1.35 seconds) and moving a hand over the 

interface (.40 seconds). This gives a preparation time figure of 1.75 seconds, which 

was slower than the participants’ mean preparation times. 

 

6.1.5. Learnability  

Participants’ familiarity with the interfaces was assessed through the 

questionnaire. They were asked if they had ever used an infusion pump before and 

all participants indicated that they had not. They were also asked how familiar they 

were with the type of interface they had used (Table 16).  

Table 16: Participants familiarity with interface types  
Interface Often used 

similar  
Used similar 
but not often 

Never used 
before  

Keypad 
Chevron  
Dial 

5 
3 
2 

4 
4 
7 

1 
3 
1 



Figure 20 shows the mean preparation times for each interface throughout the 

trial and was used to determine the learnability of each interface. As described in the 

previous chapter, improvement in preparation times could indicate a level of 

learning or increasing familiarity with the interface. Therefore the stage in the trial 

where participants achieved their fastest preparation time was used to measure how 

learnable each interface was. 

 

Figure 20: Learnability of standard interfaces 

 

The dial interface has a fastest mean preparation times overall but it took 55 

prescriptions for participants to achieve the fastest time which was quite close to the 

end of the trial indicating that they may have still been improving. The fastest 

preparation time on the keypad was achieved after 23 prescriptions indicating it may 

be the most learnable interface. The fastest time on the chevron was achieved at 45 

prescriptions.  
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6.1.6. Workload  

The standard interfaces’ NASA TLX scores were analysed and mixed-design 

ANOVA indicated no significant difference, F (2, 30) = 1.51, p = .239. However 

examination of the individual scales shows some trends. Figures 21 and 22 show the 

physical demand and frustration scores for each interface and the chevron has a 

much higher score for both of these. This is likely due to the number of key presses 

required to enter numbers, as was indicated during the GOMS analysis.  

 

Figure 21: NASA TLX physical demand scores of standard interfaces 

 

 

Figure 22: NASA TLX frustration scores of standard interfaces 
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6.2. The Effect of Tailoring on the Keypad Interface 

The results from the standard and tailored keypad interfaces were analysed to 

determine if tailoring had an effect on the speed, error, workload and learnability. 

6.2.1. Prescription entry times 

 
Figure 23: Mean prescription entry times on standard and tailored keypad interfaces 

 

Figure 23 shows the mean prescription entry times for the standard and tailored 

keypads. These times were quite similar and a dependent t-test indicated no 

statistically significant difference in the time taken to enter a prescription on these 

interfaces, t(9) = 1.48, p =.172. These results are in line with the GOMS predictions 

however both times are considerably faster than what was predicted (Table 17).  

Table 17: Mean prescription entry times on standard and tailored keypad interfaces 
Interface Mean Standard deviation 
Standard keypad 
Tailored keypad  

5.82 
5.33 

1.50 
1.57 

GOMS standard  
GOMS tailored  

10.36 
9.40 
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6.2.2. Key presses  

Figure 24 shows that fewer key presses were required to complete each trial on 

the tailored keypad than on the standard keypad interface (Table 18). A dependent t-

test confirmed that there was a statistically significant difference in the amount of 

key presses made on these interfaces t(9) = 28.87, p =.000. 

 

Figure 24: Mean key presses per trial on standard and tailored keypad interfaces 

 

Table 18: Mean key presses per trial on standard and tailored keypad interfaces  
Interface Mean Standard deviation 
Standard keypad 
Tailored keypad  

446 
350.9 

7.47 
7.23 

 

6.2.3. Uncorrected errors  

The mean uncorrected error rate for the standard keypad interface was slightly 

higher than the tailored keypad interface (Table 19). A dependent t-test indicated 
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that there was no statistically significant difference between these results, t(9) = 

1.26, p =.24. 

Table 19: Mean uncorrected error rate for standard and tailored keypad interfaces  
Interface Mean Standard deviation 
Standard keypad 
Tailored keypad  

1.67 
1.16 

2.04 
1.12 

 

A total of 20 uncorrected errors were made on the standard keypad interface and 

a total of 14 were made on the tailored keypad. Figure 25 shows these errors 

categorised by type. The most noticeable differences between the designs is the 

reduction of ‘digit missing’ errors made on the tailored interface.  

 

Figure 25: Uncorrected error types exhibited on the standard and tailored keypad interface 

 

6.2.4. Corrected errors  

The mean corrected error rate is the same for the standard and tailored keypad 

interfaces (Table 20). A total of 16 corrected errors were made on each design. 
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Table 20: Mean corrected error rate for standard and tailored keypad interfaces  
Interface Mean Standard deviation 
Standard keypad 
Tailored keypad  

1.33 
1.33 

0.58 
0.13 

 

Figure 26 shows these errors categorised by type. The biggest changes between 

the designs are a reduction in the number of ‘digit added’ errors on the tailored 

interface and an increase in the amount of ‘nonsense number’ errors.   

 

Figure 26: Corrected error types exhibited on the standard and tailored keypad interface 

 

 

6.2.5. Learnability  

Figure 27 shows the mean preparation times for the standard and tailored keypad 

for each of the 60 prescriptions in the trial. The fastest mean preparation time for the 

standard interface occurred at prescription 23. The fastest mean preparation time for 

the tailored interface occurred at prescription 46. This could indicate that the 

standard keypad interface is easier to learn than the tailored keypad interface.  
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Figure 27: Mean prescription preparation times on standard and tailored keypad interface 

 

6.2.6. Workload  

The NASA TLX scores were analysed and there no statistically significant 

difference between these results t(9) = 1.46, p =.178.  

 

6.2.7. Participant Preference  

The questionnaire results showed that of the participants who used the keypad 

interfaces, two preferred the standard and eight preferred the tailored keypad.  

 

 

6.3. The Effect of Tailoring on the Chevron Interface 

The results from both chevron interfaces were compared to determine if tailoring 

the design had an impact on the speed, error rates, workload and learnability results.   
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6.3.1. Prescription entry times  

Figure 28 shows that the mean prescription entry time for the tailored chevron 

was faster than the mean prescription entry time for the standard chevron interface. 

 

Figure 28: Mean prescription entry times on standard and tailored chevron interfaces 

 

A dependent t-test indicated that there was a statistically significant difference in 

the time taken to enter a prescription on these interfaces, t(9) = 5.99, p =.000. These 

results are in line with the GOMS predictions however both times are considerably 

faster than what was predicted (Table 21). 

Table 21: Mean prescription entry times on standard and tailored chevron interfaces  
Interface Mean Standard deviation 
Standard chevron 
Tailored chevron 

13.55 
11.20 

2.23 
2.19 

GOMS standard 
GOMS tailored 

17.56 
17.08 
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6.3.2. Key presses 

Figure 29 shows the mean number of key presses required to complete the trial 

using the standard and tailored chevron interfaces. 

 

Figure 29: Mean key presses per trial on standard and tailored chevron interfaces 

 

Significantly fewer key presses were required on the tailored chevron  than on 

the standard chevron (Table 22). A dependent t-test confirmed there was a 

statistically significant difference in these results, t(9) = 31.50, p =.000. 

Table 22: Mean key presses per trial on standard and tailored chevron interfaces  
Interface Mean Standard deviation 
Standard chevron 
Tailored chevron 

1804.8 
1221.7 

81.00 
88.39 
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6.3.3. Uncorrected errors  

The mean uncorrected error rates for the standard and tailored chevron interfaces 

were quite similar (Table 23). A dependent t-test indicated that there was no 

statistically significant difference between them, t(9) = -1.63, p =.138.  

Table 23: Uncorrected error rate for standard and tailored chevron interfaces  
Interface Mean Standard deviation 
Standard chevron 
Tailored chevron 

0.67 
1.08 

0.53 
0.97 

 

A total of 8 uncorrected errors were made on the standard chevron interface and 

a total of 13 were made on the tailored chevron. Figure 30 shows these errors 

categorised by type. The most noticeable difference between the designs is the 

increase in ‘out by minor increment’ errors made on the tailored interface.  

 

Figure 30: Uncorrected error types exhibited on the standard and tailored chevron interface 
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6.3.4. Corrected errors  

The mean corrected error rates for the standard and tailored chevron interface 

were also quite similar (Table 24). A dependent t-test indicated that there was no 

statistically significant difference between them, t(9) = -.08, p =.942.  

Table 24: Corrected error rate for standard and tailored chevron interfaces  
Interface Mean Standard deviation 
Standard chevron 
Tailored chevron 

2.50 
2.58 

1.92 
3.05 

 

A total of 30 corrected errors were made on the standard chevron interface and a 

total of 31 were made on the tailored chevron. Figure 31 shows these errors 

categorised by type. ‘Out by major increment’ is the most common type of error for 

each interface design.    

 

Figure 31: Corrected error types exhibited on the standard and tailored chevron interface 
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6.3.5. Learnability  

Figure 32 shows the mean preparation times for the standard and tailored 

chevron. The fastest preparation time was achieved after 45 prescriptions on the 

standard interface and 46 prescriptions on the tailored. This indicates that both 

interfaces took a similar amount of time to learn.  

 

Figure 32: Mean prescription preparation times on standard and tailored chevron interface  

 

6.3.6. Workload  

The NASA TLX scores were analysed and there was no statistically significant 

difference between the results t(9) = .15, p =.883.  

 

6.3.7. Participant Preference  

The questionnaire results showed that of the participants who used the chevron 

interfaces, three preferred the standard and seven preferred the tailored chevron. 
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6.4. The Effect of Tailoring on the Dial Interface 

The results from the tailored and standard dial interfaces were compared to 

determine if tailoring the design had an impact on the speed, error rates, workload 

and learnability results.  

 

6.4.1. Prescription entry times  

 

Figure 33: Mean prescription entry times on standard and tailored dial interfaces 

 

Figure 33 shows the mean prescription entry times for both dial interfaces. The 

mean prescription entry times for the standard and tailored dial were quite similar 

although the tailored was the slower of the two (Table 25). A dependent t-test 

confirmed that there was no statistically significant difference between them, t(9) = -

.54 p =.601. These results are not in line with the GOMS analysis which predicted 

that the tailored dial would be faster. The participants’ times are also considerably 

faster than the GOMS predictions. 
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Table 25: Mean prescription entry times on standard and tailored keypad interfaces 
Interface Mean Standard deviation 
Standard dial 
Tailored dial 

7.73 
7.89 

1.08 
0.82 

GOMS standard dial  
GOMS tailored dial 

12.16 
11.95 

 

 

6.4.2.  Dial rotations  

Figure 34 shows the mean number of dial rotations required to complete the trial 

on the standard and tailored dial interfaces.  

 

Figure 34: Mean dial rotations per trial on standard and tailored dial interfaces  

Significantly fewer dial rotations were required on the tailored interface than on 

the standard interface (Table 26). A dependent t-test confirmed a statistically 

significant difference between the two, t(9) = 9.78, p =.000. 

Table 26: Dial rotations per trial on standard and tailored dial interfaces  
Interface Mean Standard deviation 
Standard dial 
Tailored dial  

2132.10 
1569.20 

137.84 
127.24 
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6.4.3. Uncorrected errors  

The mean uncorrected error rate was the same for both the standard and tailored 

dial interface (Table 27). 

Table 27: Mean uncorrected error rate for standard and tailored dial interfaces  
Interface Mean Standard deviation 
Standard dial 
Tailored dial 

0.67 
0.67 

0.86 
1.09 

A total of 8 uncorrected errors were made on each interface. Figure 35 shows 

these errors categorised by type 

 

Figure 35: Uncorrected error types exhibited on the standard and tailored dial interface 

 

 

6.4.4. Corrected errors  

The mean corrected error rate for the tailored dial was greater than that of the 

standard dial (Table 28). However a dependent t-test indicated that the difference 

between them was not statistically significant, t(9) = -2.2, p =.54.  
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Table 28: Mean corrected error rate for standard and tailored dial interfaces  
Interface Mean Standard deviation 
Standard dial 
Tailored dial 

17.58 
22.50 

4.80 
7.28 

 

A total of 211 corrected errors were made on the standard dial interface and a 

total of 270 were made on the tailored dial interface. Figure 36 shows these errors 

categorised by type. ‘Out by major increment’ is by far the most common type of 

error for each interface design.    

 

Figure 36 Corrected error types exhibited on the standard and tailored dial interface 

 

 

6.4.5. Learnability  

Figure 37 shows the mean preparation times for the standard and tailored dial 

interfaces. The fastest mean preparation time for the standard interface occurred at 

prescription 55. The fastest time for the tailored interface occurred at prescription 
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57. As with the chevron interface, these results could indicate that it took 

participants a similar amount of time to become familiar with both the standard and 

tailored dial interfaces. 

 

Figure 37: Mean prescription preparation times on standard and tailored dial interface  

 

6.4.6. Workload  

The NASA TLX score were analysed and there was no statistically significant 

difference between these results t(9) = 1.67, p =.129.  

 

6.4.7. Participant Preference  

The questionnaire results showed that out of the ten participants who used the 

dial interfaces, nine preferred the standard interface and one preferred the tailored.  
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CHAPTER 7. DISCUSSION  

The primary goal of this research is to determine if tailoring interface design 

could improve number entry task performance on the keypad, chevron and dial 

interfaces. Performance was measured by two dependent variables, speed and error 

rate. Performance was considered to have improved if either or both of these are 

significantly improved without negatively impacting the other. Any effect of 

tailoring on learnability and workload was also investigated.  

A secondary goal of this research is to compare participants’ performance on 

each of the standard interfaces. These interfaces represent infusion pumps currently 

used in hospitals and by examining these results we can provide further empirical 

evidence about the effects of the keypad, chevron and dial interfaces on number 

entry speed and error rates. This study differs from others of its kind as the number 

entry task used numbers extracted from the data gathered by Wiseman et al (2012a), 

making it representative of number entry in hospitals. 

The previous chapter outlined the experiment results and analysis.  Comparing 

the standard interfaces, we found that the keypad was the fastest and the chevron 

was the slowest. The keypad had the highest uncorrected error rate and the dial had 

the highest corrected error rate. We found that tailoring had the biggest effect on the 

chevron interface, significantly increasing number entry speed. However, the 

differences in speed on the tailored keypad and dial were not statistically significant 

and neither were the changes in error rates across the interfaces. A lack of 

significance could be attributed to the low statistical power of the sample size and it 
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would be beneficial to test these again with a larger sample. This chapter will 

discuss these results and their implications in greater detail. Potential future work 

and any limitations of the study will also be identified. 

 

7.1. Keypad Interface  

With a mean prescription entry time of 5.82 seconds, the keypad interface was 

significantly faster than the other two standard interfaces. It was almost two seconds 

faster than the dial and over twice as fast as the chevron. Given the busy hospital 

environment it is important that number entry interfaces are efficient, however it is 

equally important that this speed does not compromise the accuracy of the interface.  

Examining error rates, we found the keypad interface had the highest 

uncorrected error rate, 1.67%. This was 1% higher than the chevron and dial but the 

difference was not statistically significant. Despite this, the results should not be 

dismissed as the consequences of uncorrected errors are serious. They represent 

numbers that have been incorrectly submitted thereby posing a risk to patient safety. 

The results are also in line with the findings of Oladimeji et al (2011), who 

compared the keypad and chevron, finding more uncorrected errors on the keypad 

interface. They attributed these to the speed of number entry on the keypad and 

participants focussing more visual attention on the keys instead of the display.  
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7.2. Chevron Interface  

The chevron interface was significantly slower than the keypad and dial 

interfaces with a mean prescription entry time of 13.55 seconds. This is more than 

seven seconds slower than the keypad interface and could be attributed to the 

amount of key presses required to reach certain numbers. As well as speed, the 

effect of key presses can be seen in aspects of the workload scores.  There was no 

statistically significant difference in the overall NASA TLX scores, but the chevron 

had the highest score on the physical demand and frustration scales, mirroring 

participants’ comments about this interface describing it as tiring and physically 

demanding.  

In the questionnaire, participants highlighted the difficulty of reaching large 

numbers such as 500. This was one of the common numbers in the number set but 

was very slow to enter on the standard chevron interface, taking 50 key presses. The 

chevron interface tested by Oladimeji et al (2011) had an additional press-and-hold 

feature for faster increments which may be a more suitable alternative for large 

numbers and could alleviate some of the physical demand and frustration felt by 

users. 

The chevron interface had a corrected error rate of 2.50%, which is almost 

double that of the keypad interface which has a corrected error rate of 1.33%. 

Although not statistically significant, these findings are in line with those of 

Oladimeji et al (2011) who credited the higher rate of corrected errors on the 

chevron interface to participants focussing more on the display when using 
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incremental interfaces. They believed this makes them more suitable for safety 

critical environments as they support better error detection.  

 

7.3. Dial interface  

It took participants a mean time of 7.73 seconds to enter a prescription on the 

dial interface. This is significantly faster than the chevron interface but slower than 

the keypad. The dial is also the only interface to produce significant error rates. At 

17.58% the corrected error rate of the dial was significantly higher than either the 

keypad or the chevron. Unintentional overshooting was the primary reason for this 

high error rate with the most common error being the ‘out by major increment’ 

error. However the high rate of these errors does not necessarily pose a safety risk as 

very few were left uncorrected. They did not affect the accuracy of the dial 

interface, which like the chevron had a mean uncorrected error rate of 0.67%.   

A potential cause for these ‘out by major increment’ corrected errors could be 

explained by examining the dial movement. Similar to the breakdown of rapid 

aimed reaching movements (Zhai, Conversy, Beaudouin-Lafon & Guiard, 2003), 

dial movement can be broken into two sub movements – a ballistic rotation to get 

near to the target number and a controlled rotation to refine the number selection. 

The nature of ballistic movement is fast and inaccurate meaning that as participants 

attempt to get close to the target number they can accidentally overshoot it. 

Surprisingly the large number of corrected errors appeared to have no negative 

impact on the perceived workload of the number entry task. The dial had the lowest 
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scores on the physical demand scale and frustration scale. This indicates that even 

with a large amount of overshoot errors, participants did not experience much 

physical effort or frustration. Essentially it appears that these types of errors are 

easily made but also easily corrected on this type of interface.  

Although not statistically significant, the dial interface had the fastest 

preparation times overall indicating that this type of interface might require very 

little cognitive preparation. One potential explanation is that when using the keypad 

and chevron interfaces, users need to create a plan and decide on what keys to press 

before beginning. However on the dial interface users may not need to create such a 

plan before beginning as there is only one interaction point. Instead, the dial allows 

users to begin interacting while still forming a plan.   

 

7.4. Tailoring the Keypad Interface  

The first hypothesis tested in this experiment was that tailoring the interface 

design would make the number entry task faster. The prescription entry time on the 

tailored keypad was 5.33 seconds, which is slightly faster than the standard keypad 

time of 5.80 seconds but it was not statistically significant and so we cannot draw 

any strong conclusions from it. This is unexpected as the tailored keypad only 

required 350.9 key presses to complete the trial, which was significantly fewer than 

the standard keypad which required 446.  This suggests there could be another 

reason for the slower speeds.  
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Examining learnability, the fastest preparation time for the standard keypad 

happened after 23 prescriptions. This is much earlier in the trial than for the tailored 

keypad, which happened after 46 prescriptions.  This indicates that it took time for 

the participants to learn the additional shortcut keys on the tailored keypad causing 

slower prescription entry times on this interface. However this does not necessarily 

mean the tailored keypad is difficult to learn, it is more likely to be an indication of 

participants’ familiarity with the standard keypad. Of the ten participants who used 

the keypad, five indicated that they often used a similar interface and four indicated 

they had some previous experience. Learnability is not a barrier to use as medical 

staff receive extensive training. With continual use, it is possible that the preparation 

times and prescription entry times on the tailored keypad could match or exceed 

those of the standard keypad.  

The second hypothesis was that tailoring the interface design would reduce 

errors on the keypad interface. The uncorrected error rate on the tailored keypad was 

1.16% which is slightly lower than the rate of 1.67% on the standard keypad, 

however the difference is not significant so we cannot draw any strong conclusions. 

Despite having little effect on error rates, tailoring does influence the types of errors 

made on the keypad interface. The ‘digit missing’ error is the most common 

uncorrected error on the standard keypad but the addition of shortcuts on the tailored 

design greatly reduced this type of error. There was also a reduction in the ‘digit 

added’ corrected error. Shortcuts enable users to enter certain numbers with only 

one key press, reducing the potential for making these types of errors. This 

reduction is noteworthy as ‘digit missing’ and ‘digit added’ errors can produce 
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numbers that are out by a factor of 10 and in the case of uncorrected errors, this 

could have severe consequences for patient safety. It is worth noting that there was 

also an increase in ‘nonsense number’ errors on the tailored interface, for example 

entering 78 instead of 150, however due to the nature of these errors it is difficult to 

identify the cause of this increase or how to prevent it.   

Although the results from tailoring the keypad were not statistically significant, 

eight out of the ten participants indicated a preference for the tailored keypad 

describing it as faster and easier to use. The two participants who preferred the 

standard interface stated that the close proximity of the shortcuts to the main keypad 

on the tailored interface made it difficult to locate the correct shortcut key. As 

mentioned in Chapter 3, the positioning of keys was restricted by the prototype. 

Ideally it would be more suitable to separate the shortcut keys, which could reduce 

the potential for motor slips and make them easier to locate.  

 

7.5. Tailoring the Chevron Interface 

The prescription entry time on the tailored chevron was 11.20 seconds, which is 

significantly faster than the standard chevron time of 13.55 seconds. This supports 

our first hypothesis that tailoring the interface design improves the speed of the 

chevron interface. Changing the value of the major increment from 10 to 25 

significantly reduced the number of key presses required to complete the trial.  It 

took a mean number of 1,805 key presses on the standard chevron compared to 

1,222 key presses on the tailored chevron. This reduction is the most likely cause of 

the faster mean prescription entry time on the tailored chevron interface.  
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Our second hypothesis was that tailoring the design would reduce the amount of 

errors on this interface but there was no significant difference in corrected or 

uncorrected error rates. However a significant improvement in speed without any 

significant negative effect on error rates does indicate that tailoring has enhanced 

task performance on the chevron interface.  

 Examining the types of errors that occurred on the chevron interface, we can see 

that there was a slight increase in both corrected and uncorrected ‘out by minor 

increment’ errors. This increase can be attributed to the change in the major 

increment on the tailored interface. Increasing this increment to 25 meant more 

minor increment key presses were needed to reach numbers that were not factors of 

the major increment. For example entering 63 on the standard interface required six 

double chevron key presses (major increment) and three single chevron key presses 

(minor increment). On the tailored chevron, entering 63 required two double 

chevron key presses and 13 single chevron key presses, increasing the likelihood of 

mis-keying the single chevron and potentially causing an ‘out by minor increment’ 

error. As all the common numbers are factors of 25 and do not require single 

chevron key presses this is likely to only be a problem for uncommon numbers. It 

may be possible to reduce these errors by investigating the effects of different major 

increment values.  

There was little difference in the learnability and NASA TLX scores between 

the standard and tailored chevron indicating that tailoring did not affect participants’ 

ability to learn the interface or the perceived workload associated with it. This could 

be because the only difference with the tailored chevron is the increase in the major 
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increment, which does not change the appearance of the interface or principles of 

the interaction.  

Out of the ten participants who used the chevron interface, three preferred the 

standard design and seven preferred the tailored. The three participants who 

preferred the standard interface indicated that they preferred using increments of 10 

as it made it easier to calculate how to reach target numbers. These comments 

indicate that some participants may have found the mental arithmetic involving 25 

more difficult even though 61.5% of the number set are multiples of 25. However 

this did not appear to negatively affect the speed of the tailored interface.  

 

7.6. Tailoring the Dial Interface  

There was no statistically significant difference between prescription entry times 

on the standard and tailored dial interface. It is worth noting however that this was 

the only tailored interface that was slower than its standard counterpart. The tailored 

dial prescription entry time was 7.89 seconds, which was slower than the standard 

dial time of 7.73 seconds. This is unusual as there were significantly fewer dial 

rotations required to complete the trial on the tailored dial (1569) than the standard 

dial (2132). This indicates that there must be another reason for the slower speeds.  

The only difference between the two designs is the value of the major increment 

which was increased to 25. As with the chevron some participants using the dial 

indicated that they preferred the increment of 10, but as this arithmetic issue did not 
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negatively impact the speed of the chevron interface, it is unlikely to be the singular 

cause of slower speeds on this interface. However the change in the larger increment 

leads to a shorter ballistic movement and a longer controlled refining movement. 

For example, entering 63 on the standard interface requires a longer ballistic 

movement (six increments) to 60 followed by a shorter controlled movement (three 

increments) to refine to 63. On the tailored interface, this requires a shorter ballistic 

movement (two increments) to 50 followed by a longer controlled movement (13 

increments) to refine to 63. By its nature, the controlled movement is slow and is 

therefore likely to be partly responsible for the slower times on the tailored dial.  

Tailoring the interface design of the dial had no significant effect on overall 

error rates, however the shorter ballistic movement on the tailored interface is 

responsible for the rise in ‘out by major increment’ corrected errors. 210 were made 

on the standard dial and 269 were made on the tailored. Observation showed that 

participants misjudged the shorter movement causing them to overshoot. However 

almost all these errors were corrected meaning they do not affect the overall 

accuracy of the interface.    

Of the ten participants who used the dial, nine preferred the standard interface 

describing it as either easier to calculate the target number or easier to use. The poor 

speed results and participants’ feedback about the interface indicates that tailoring 

the dial in this manner did not improve the performance of the interface. 
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7.7. Performance predictions  

GOMS analyses were conducted on all the interfaces in the study with the goal 

of predicting participants’ performances during the experiment. The results 

accurately predicted that the keypad would be the fastest standard interface, 

followed by the dial and that the chevron would be the slowest. It also correctly 

predicted that tailoring would result in faster speeds on the keypad and chevron 

interfaces. It incorrectly predicted that the tailored dial would be faster than the 

standard dial however this is probably as a result of using only one GOMS operator 

to represent both types of dial movement. If two operators had been used, one to 

represent the ballistic movement and one to represent the controlled movement, it is 

likely the GOMS analysis would have produced more accurate results.  

The GOMS predictions were also slower than the prescription entry times on all 

interfaces. This could be due to a number of reasons. The eye tracking results from 

the experiment conducted by Oladimeji et al (2011) indicated that users focus very 

little visual attention on the display when using the keypad interface meaning that 

the ‘visually confirm’ step of the GOMS analysis may not actually take place on this 

interface. However the eye tracking results also found that users do focus on the 

display when using incremental interfaces so this may not account for the 

differences between the GOMS predictions and the chevron and dial results. 

Comparing the mean preparation times from the experiment with the GOMS 

analyses reveal another potential cause for the inaccurate timings. As described in 

Chapter 4, this stage of the interaction is represented by the ‘mental preparation’ and 
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‘hand movement’ operators modelled in sequence. This did not take into account 

that users may perform both of these actions simultaneously resulting in a faster 

time. The GOMS analysis also assumed the same preparation time for each 

interface, however examining the actual preparation times showed differences in 

each. As previously discussed, the dial preparation times were consistently faster 

than the other interfaces which was not represented in the GOMS analysis. These 

inconsistencies do not mean that the GOMS analysis was not beneficial to this 

study. It correctly predicted which standard interface would be fastest and the 

effects of tailoring on two out of the three interfaces. The inconsistencies in timings 

served as indicators to areas that warranted further investigation such as preparation 

times and dial movements. 

 

7.8. Implications  

Of the standard interfaces, which represent those currently used in hospitals, the 

keypad is the fastest interface and most suitable in time sensitive number entry 

tasks. However even though our error results were not significant they are in line 

with the findings of Oladimeji et al (2011) who found a higher rate of uncorrected 

errors on the keypad. The consequences of uncorrected errors are serious as they 

represent numbers that have been incorrectly submitted thereby posing a risk to 

patient safety. Oladimeji et al (2011) advocate the use of the chevron interface for 

safety critical environments, however our results showed that it was the slowest 

interface and caused the participants the most frustration. We believe that the 

standard dial interface strikes a balance between speed and accuracy and may be 
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most appropriate for busy, safety critical environments like hospitals. It was twice as 

fast at the chevron interface but had the same amount of uncorrected errors making 

it just as accurate. The main cause of concern is the large amount of observed 

overshooting on the dial interface however our results indicate that the majority of 

these errors are corrected meaning they do not effect the accuracy of the interface.  

Tailoring had the biggest effect on the chevron interface, making prescription 

entry significantly faster and reducing key presses without negatively affecting the 

number of errors. These results are early indications that there could be potential 

benefits to tailoring interfaces in hospitals. However further research needs to be 

conducted on the implications of changing the major increment, especially 

considering the affect it has on the minor increment errors.  

Despite the significant reduction in dial rotations, tailoring had a negative affect 

on the dial interface resulting in slower prescription entry times and an increase in 

uncorrected errors. The results from tailoring the keypad interface were not 

statistically significant, however there was a slight improvement in speed and error 

rates with a significant reduction in the amount of key presses. It took participants 

longer to become familiar with the tailored keypad which is likely to have impeded 

their performance. These are positive signs that more training on the tailored 

interface in future studies could result in improved performance on the keypad. 

Finally, participants in this study carried out number entry tasks using numbers 

gathered by Wiseman et al (2011). Although it is not clear if using these realistic 

numbers directly affected any of our dependent variables it is important that future 
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number entry research begins to incorporate realistic numbers into testing. This will 

lead to results which are indicative of number entry in hospitals.   

 

7.9. Limitations  

The following sections describe some areas of this experiment that could be 

improved and some points to note when interpreting the data. 

 

7.9.1. Experiment setup  

As discussed earlier there was limited space on the prototype to redesign the 

tailored keypad interface. Future studies would benefit from adding additional 

shortcut keys for other common numbers and increasing the separation between the 

traditional keys and the shortcut keys. It is believed that this may reduce visual 

search times by making the keys easier to locate and scan.  

 

7.9.2. Number set 

The infusion pump log data gathered by Wiseman et al (2012a) influenced both 

the tailoring of the interfaces in this experiment and the number set participants 

were required to enter during the task. The number set was intended to be as realistic 

as possible and the only exception was the exclusion of numbers with decimal 

notation. This was done to reduce the complexity of the chevron and dial interfaces 

in particular, however it meant we could not accurately explore the effects of 
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tailoring the keypad on ‘zero for decimal’ and ‘decimal for zero’ errors. This would 

have been interesting to investigate as several of the common numbers contain the 

digit 0 so the shortcuts may have reduced the incidence of this error type occurring.  

 

7.9.3. Data analysis  

As stated earlier it is important to note that these results were tested for 

normality and it was found that they were not normally distributed. Parametric tests 

were conducted on this data and this should be kept in mind when interpreting the 

results.   

 

7.9.4. Sample Size  

This was a mixed-factorial design experiment. The benefit of this approach was 

that participants would only experience one type of interface (keypad, chevron or 

dial) during the experiment and would not be influenced by other interfaces. 

However the weakness of this approach was that there was a small sample size for 

the between-subjects condition resulting in low statistical power for the analysis. 

This may have affected the findings. The low statistical power of the analysis could 

explain why we did not find significant effects for the speed and error rates of some 

interfaces. However due to time and resource constraints, this particular experiment 

limitation was unavoidable. 
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CHAPTER 8. CONCLUSION 

In hospitals, entering numbers is a fundamental part of programming infusion 

pumps to deliver medication to patients and needs to be easy, efficient and error 

free. In this study, we tailored the keypad, chevron and dial interfaces to investigate 

new ways of optimising them to better support this number entry task. 

We examined participants’ performances on both the standard and tailored 

interfaces and found that tailoring had the biggest effect on the chevron interface, 

making prescription entry significantly faster and reducing key presses without 

negatively affecting the number of errors. This is a first attempt at modifying 

number entry interfaces and we also saw some positive indications in the tailored 

keypad results and some room for improvement with the tailored dial. 

The results from the chevron in particular are early indications that tailoring the 

interface designs has the potential to improve speed without compromising the error 

rates of interfaces, however further extensive research would need to be conducted 

on the implications of tailoring. It is the long-term goal of the study that these results 

could contribute towards the standardisation of an optimal interface design to be 

used on infusion pumps and other medical devices.  

Finally, this study utilised realistic numbers from the data set gathered by 

Wiseman et al (2012a) and it is important that future number entry research begins 

to incorporate realistic numbers into testing. This will lead to more realistic results 

which give a clearer picture of number entry in hospitals 
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APPENDICES 

Appendix A  

Number set used in experiments  (containing 60 VTBI numbers and 60 rate numbers ) 

 

VTBI number set 100, 100, 100, 100, 100, 100, 100, 100, 100, 100, 100, 100, 100, 100, 100, 100, 100, 100, 500, 500, 500, 500, 500, 1000, 1000, 1000, 1000, 1000, 50, 250, 20, 30, 10, 80, 95, 89, 88, 60, 40, 5, 1, 200, 15, 550, 90, 975, 110, 33, 11, 55, 70, 39, 45, 22, 990, 888, 150, 180, 56, 75 

Rate number set 200, 200, 200, 200, 200, 200, 200, 200, 200, 200, 200, 200, 125, 125, 125, 125, 125, 999, 999, 999, 999, 999, 500, 250, 100, 167, 900, 333, 50, 83, 6, 56, 184, 980, 89, 41, 10, 42, 177, 888, 150, 83, 88, 30, 99, 165, 25, 160, 170, 95, 28, 138, 120, 173, 212, 12, 60, 143, 62, 55 
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Appendix B  

Information Sheet 

Title of Project: Can task performance be improved by adapting number entry interfaces to fit the task? This study has been approved by the UCL Research Ethics Committee as Project IDNumber: MSc/1112/001 
Contact Details of Investigators: Orla Hennessy (o.hennessy.11@ucl.ac.uk) Anna Cox (a.cox@ucl.ac.uk) 
Briefing  Thank you for agreeing to take part in my study. Infusion pumps are devices used in hospitals to infuse patients with medicine or blood. Generally two values are entered to program an infusion pump, “rate of infusion” (rate) and “volume to be infused” (VTBI). Pumps are made by many different manufacturers and have different interfaces. I am investigating how people enter numbers on these devices. During this session you will be required to carry out two tasks. Both these tasks involve entering a series of numbers using a prototype of an infusion pump. The numbers represent Rate and VTBI numbers and will be displayed two-at-a-time on the computer monitor and you will see the numbers you have entered on the prototype monitor. You are required to enter these numbers as quickly/accurately as you can. There is a “clear” button on the prototype so you can correct any mistakes you might make.  I will give you a demonstration of how the pump interface works and let you try it out for yourself to get used to it before we begin.  The whole session should take about 30 minutes and you will be paid £5 for your time. All data will be collected and stored in accordance with the Data Protection Act 1998. You will be asked to sign consent form at the beginning but you are free to withdraw from this study at any time.  o you have any questions before we begin?  D  
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Appendix C 

Informed Consent Form for Participants in Research Studies 
(This form is to be completed independently by the participant after reading the Information  
Sheet and/or having listened to an explanation about the research.) 

Title of Project:   Can task performance be improved by adapting number entry interfaces to fit the task? 
This study has been approved by the UCL Research Ethics Committee as Project ID Number: MSc/1112/001 

Participant’s Statement  ………………………...................................... I  …………………agree that I have  
 d to me orally; read the information sheet and/or the project has been explaine
 had the opportunity to ask questions and discuss the study; and 
 received satisfactory answers to all my questions or have been advised of an individual to contact for answers to pertinent questions about the research and my rights as a participant and whom to contact in the event of a research-related injury. 
I understand that I am being paid for my assistance in this research and that some of my personal details will be passed to UCL Finance for administration purposes. I understand that I am free to withdraw from the study without penalty if I so wish, and I consent to the processing of my personal information for the purposes of this study only and that it will not be used for any other purpose.  I understand that such information will be treated as strictly confidential and handled in accordance with the provisions of the Data Protection Act 1998. 
Signed:                                                                Date: 
Investigator’s Statement I  …………………………………………………………………….. confirm that I have carefully explained the purpose of the study to the participant and outlined any reasonably foreseeable risks or benefits (where applicable).  

Signed:                                                                Date:   

 


	ACKNOWLEDGMENTS
	ABSTRACT
	CONTENTSChapter 1. Introductio
	Chapter 1. INTRODUCTION
	Chapter 2. BACKGROUND & MOTIVATION
	2.1. Tailoring Interfaces 
	2.2. Examining What Numbers Are Being Entered
	2.3. Investigating How We Enter Numbers
	2.4. Number Entry Errors
	2.5. Number Entry Interfaces 
	2.6. Current Study 

	Chapter 3. INTERFACES
	3.1. Standard Keypad Interface 
	3.2. Tailored Keypad Interface 
	3.3. Digit Distribution Keypad
	3.4. Standard Chevron Interface 
	3.5. Tailored Chevron Interface 
	3.6. Standard Dial Interface 
	3.7. Tailored Dial Interface

	Chapter 4. PREDICTING PERFORMANCE
	4.1. GOMS Analysis 
	4.1.1. GOMS Analysis of Keypad Interfaces
	4.1.2. GOMS Analysis of Chevron Interfaces
	4.1.3. GOMS Analysis of Dial Interfaces

	4.2. Slip Analysis 
	4.2.1. Standard Keypad Slip Analysis 
	4.2.2. Tailored Keypad Slip Analysis 
	4.2.3. Standard Chevron Slip Analysis
	4.2.4. Tailored Chevron Interface 
	4.2.5. Standard Dial Slip Analysis 
	4.2.6. Tailored Dial Slip Analysis 

	4.3. Performance Predictions

	Chapter 5. EXPERIMENT METHOD
	5.1. Materials
	5.2. Design
	5.3. Measures
	5.4. Participants
	5.5. Procedure
	5.5.1. Pilot


	Chapter 6. RESULTS
	6.1. Standard Interfaces
	6.1.1. Prescription entry time 
	6.1.2. Uncorrected errors 
	6.1.3. Corrected error rates
	6.1.4. Preparation Times 
	6.1.5. Learnability 
	6.1.6. Workload 

	6.2. The Effect of Tailoring on the Keypad Interface
	6.2.1. Prescription entry times
	6.2.2. Key presses 
	6.2.3. Uncorrected errors 
	6.2.4. Corrected errors 
	6.2.5. Learnability 
	6.2.6. Workload 
	6.2.7. Participant Preference 

	6.3. The Effect of Tailoring on the Chevron Interface
	6.3.1. Prescription entry times 
	6.3.2. Key presses
	6.3.3. Uncorrected errors 
	6.3.4. Corrected errors 
	6.3.5. Learnability 
	6.3.6. Workload 
	6.3.7. Participant Preference 

	6.4. The Effect of Tailoring on the Dial Interface
	6.4.1. Prescription entry times 
	6.4.2.  Dial rotations 
	6.4.3. Uncorrected errors 
	6.4.4. Corrected errors 
	6.4.5. Learnability 
	6.4.6. Workload 
	6.4.7. Participant Preference 


	Chapter 7. DISCUSSION 
	7.1. Keypad Interface 
	7.2. Chevron Interface 
	7.3. Dial interface 
	7.4. Tailoring the Keypad Interface 
	7.5. Tailoring the Chevron Interface
	7.6. Tailoring the Dial Interface 
	7.7. Performance predictions 
	7.8. Implications 
	7.9. Limitations 
	7.9.1. Experiment setup 
	7.9.2. Number set
	7.9.3. Data analysis 
	7.9.4. Sample Size 


	Chapter 8. CONCLUSION
	REFERENCES
	APPENDICES
	Appendix A 
	Appendix B 
	Appendix C


