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Abstract. Many tasks with interfaces require entering data accurately, for 
example, entering patient data in an electronic records system or programming 
infusion pumps. However, human error is inevitable. Paradoxically, results 
from cognitive psychology suggest that representing information in a poorer 
quality format increases the likelihood of memorising the information 
accurately. This is explained by the dual system account of cognition where 
slower, more effortful but more accurate thinking is invoked via the poorer 
quality representation. We present two studies where we transfer these results to 
the domain of data- entry and show that poorer quality format of to-be-copied 
information leads to increased accuracy in transcription tasks. Moreover, this is 
not a consequence of the typical speed-accuracy tradeoffs. The results of our 
novel approach have implications for the design of data-entry tasks in domains 
such as healthcare.  
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1 Introduction 

Routine data transcription tasks occur in a large number of settings, e.g. entering 
student marks into a spreadsheet, and paying bills via an online-banking system. But 
people are also prone to errors and while a wrong letter or number is sometimes little 
more than an inconvenience, things can get pretty ugly in safety-critical domains. One 
such domain, depending on a high standard of accuracy and data quality, is 
healthcare. For example, nurses are often required to enter large amounts of sensitive 
data in electronic health records (EHRs) and to program drug infusion pumps with 
information located on a prescription or infusion bag.  

A simple slip while transcribing patient data or programming a syringe pump in a 
hospital can quickly turn a routine task into a serious situation. Previous studies have 
shown that human errors are the source of more than 50% of incidents in most 
domains and in aviation can be as high as 90% [20]. In healthcare the process of 
studying errors is only now emerging [19]. Recent studies have shown that people 
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make transcription errors frequently and many systems do little to detect and prevent 
errors [18]. These issues strongly motivate our interest in reducing error rates in 
transcription tasks and we view this work as demonstrating an important new 
approach in this area. 

Transcription tasks require users to perceive the target information, which is then 
coded into easily remembered parts in their memory. This is followed by the 
decomposition of the remembered chunks into separate characters to associate  
the matching keystroke to the relevant character. Once this association is complete, 
the individual characters are then translated into movements to press the proper key 
during the data- entry process [14]. Previous research has shown that the ease with 
which a user can access the to-be-copied text impacts the strategies used to complete 
the tasks. So, how far away the to-be-copied content [3] is or whether or not the user 
has to click to reveal it [8], can lead to differences in accuracy of performance. This is 
explained by the Soft Constraints Hypothesis [8], which suggests that people are more 
likely to use a potentially less accurate memory-intensive strategy over a more 
accurate perceptual-motor one when the cost of accessing information is higher. Gray 
et al. (ibid) demonstrate that memory-intensive strategies can lead to higher error rates 
in transcription tasks and therefore argue that reducing the effort required to access 
information can be beneficial. 

Whilst much research has focused on decreasing the costs of accessing 
information, recent research has demonstrated that there may be disadvantages to this 
approach if the information processing strategy adopted is too passive [11]. 
Supporting evidence from [5] suggests that increasing the effort required to access 
information to be transcribed can be beneficial. Specifically, they argue that 
information represented in a less readable format can increase the likelihood of 
accurately memorising the information [5]. One explanation for this finding is that, in 
order to make sense of the text or the numbers, the user experiences cognitive 
dysfluency when reading and so moves away from more automatic reading processes 
towards more effortful processes [2]. Different names are used to describe these kinds 
of processes such as for example implicit and explicit [7, 13] and the more neutral, 
and increasingly common terms, System 1 vs. System 2 [17]. System 1 refers to 
automatic, hard to control, effortless and fast processes [10]. In contrast, System 2 is 
slow in execution, effortful and is limited in its capabilities [10]. Whether a System 1 
or a System 2 process is chosen to complete a task is influenced by the task at hand. 
For example, when a calculation task changes from a relatively simple to a difficult 
task System 2 takes over. An example of such a scenario is thinking of tasks such as 
the question of what is the result of 2x2 or the question of what is the result of 
342x319. In the latter example, System 2 takes control over the thinking process to 
produce an answer. The literature also presents an expansion of these well established 
thought processes by a third one namely System 3. This third process reflects on 
complex problem solving and prolonged major decisions, which take a very long time 
(i.e. months or years) and are therefore not applicable in this experimental context [6]. 

There are also attempts in the literature to examine ways to stimulate increased 
cognitive engagement in certain situations. In one particular study [5], researchers 
tried to provoke people to think harder by manipulating the ease with which fonts 
could be read, and measuring the impact on the participants’ ability to memorise 
specific information. Their results indicate that there is potential for great 
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improvement in performance of people's memory when presenting information in a 
harder to read font. 

In this paper, we present two studies to explore the effects of System 1 vs. System 2 
on data transcription tasks. This is a novel application of results of [5], which are about 
memory, to the domain of interaction by which we might contribute to the findings of 
Gray et al [8]. In our first study we investigate the effects of dysfluency of text in the 
domain of text-entry. We chose text-entry as an initial study because it is widely known 
that number-entry studies produce a very low error presentation rate (usually below 5%) 
[12,18]. As we are specifically looking for errors, a text-transcription task seemed ideal 
to simply get enough data to work with. The research instrument in the first experiment 
was the text-entry game TypoMadness, which we designed specifically for this purpose 
(see Fig. 2). Participants had to transcribe text phrases as quickly and as accurately as 
possible in two different conditions Clear & Obscured. In the second study, we 
transferred the results from text- directly to number-entry, comparable to the tasks in a 
healthcare environment. The task for participants in the second study was to re-enter 
given numbers in a calculator style interface i.e. serial interface in three different 
conditions Clear, Medium and Obscured. 

2 Text-Entry Experiment 

At first pass, it appears intuitive that text that is less easy to read (illegible or 
dysfluent text) would result in a higher number of errors in a text-transcription task as 
a user may be more likely to misperceive the text. However, evidence from [5] & [11] 
suggests that dysfluent text could encourage the adoption of an alternative 
information processing strategy, resulting in fewer errors. The hypothesis for this 
study was that people would make fewer errors and therefore archive a higher score in 
the Obscured condition than in the Clear condition. 

2.1 Participants 

20 participants (9 men) with a mean age of 27.2 years (st.dev = 8.5) and mostly students 
at the University of Anonymous were randomly recruited by email as well as personal 
invitation. Nine participants stated that the task was difficult. However, only four of these 
nine people were part of the Obscured group. Moreover, these four participants further 
stated other reasons such as being unable to use the backspace-key than the visibility of 
the given text as the reason why they felt the task was difficult. None of the participants 
had dyslexia or any other disability related to vision and reading. Additionally, all of the 
participants stated that they had normal or corrected to normal vision. 

2.2 Design 

A between-subjects design was used with ten participants in each group. The 
independent variable is the grade of visibility of the text. There were two conditions: 
Clear, which used clear visible content, (font-colour; #000000) and Obscured, which 
used less clear i.e. less visible content (font-colour: #BABABA) (see Fig. 1). 
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Fig. 1. Example of the text displayed in the Clear (upper) and Obscured (lower) conditions 

The dependent variable was the score. It is the accumulated sum of correct entered 
characters in each task reduced by errors. An error in this study is anything that is not 
identical to the target text. This could be an additional space, upper or lower case 
difference, wrong or missing letters generally any sign different from the displayed 
text. Due to limitations of space, we have not reported an analysis by error type (slip, 
mistake etc.) in this paper. The set of 26 text phrases was counterbalanced across the 
study to avoid ordering effects. 

2.3 Materials 

The task was framed as a game in which the aim was to enter as many sentences as 
accurately and as quickly as possible within 15 minutes. Each sentence had between 
95 and 161 characters and was displayed in either Clear or Obscured format. 
Additionally, the sentences were not connected in prose or any other form, so 
participants could not have predicted them. The sentences were randomly chosen 
from news and boulevard press websites such as theguardian.co.uk or cnn.com.   

The game used for this study was implemented as a website in PHP with 
JavaScript. The website was connected to a MySQL database allowing the entered 
text phrases to be stored in the database for each participant. The displayed score was 
calculated out of the matching characters of each submitted text phrase. Each score 
for individual text phrases was stored in the database and displayed via cookies on the 
game website. The game website consisted of a display area in the centre of the page 
where the text paragraphs were displayed, a textbox for typing the text and a red 
button to submit the entered text and continue with the next task. The backspace 
button and the cursor keys were disabled in the text field so that participant could not 
change their entered text. All entered sentences no matter what they might be were 
saved in the database after a participant pressed the red button. The entered sentences 
were saved as a string in the database and compared to the original text. If there was 
any difference the score for that task was modified accordingly. It should be noted 
that where an error arose due to inserting an extra character, this did not cause all 
subsequent characters to be classed as erroneous.  

The game was played on a MacBook Pro with a UK English keyboard layout and a 
13'' size display at 1280x800 resolution. The browser used for the experiment was 
Google Chrome running under Apple Mac OSX 10.7.5 (Lion). The game website ran 
in the browser, the browser window was maximised and controls were disabled from 
being shown so that only the game itself was visible. All other applications were 
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closed. In addition, there was also an informed consent to sign at the beginning of the 
study and a brief paper-based demographic questionnaire to fill out by participants 
after they completed the main task. The demographic questionnaire was used to 
specify the participants but not further used in the analysis reported here. A 
smartphone was used to stop the time by the experimenter. 

2.4 Procedure 

After reading the instructions, participants completed two training sentences, which 
were separate from the main sentence set of the experiment. The target text was 
presented in a textbox in the centre of the individual webpage. After the participants 
finished entering the training session a new start page was displayed only with a start 
button.  Participants could see their score (in form of a character count as seen in Fig. 2) 
displayed on the right side of the text field. On completion of the training, the 
participant proceeded to the main study by clicking on the start button. 

The target text was presented either Clear or Obscured depending on the condition. 
Participants were instructed to enter the target text as quickly and as accurately as 
possible. In order to get the highest possible score, all tasks had to be completed 
within 15 minutes though participants were not shown how long they had been 
playing. The experimental design in form of a game made it necessary to put 
participants under some form of time-pressure. This was also done as means of 
increasing the error rate. Each time the participant pressed the red button, their score 
was updated though there was no direct indication of any errors. If they completed the 
task within the 15 minutes, the final pages displayed the overall score. The 
experimenter controlled the smartphone and stopped the participant at the end of the 
given time limit. After finishing the entry task, the experimenter offered each 
participant a small break before asking the participants to fill out a demographic 
questionnaire. The participants were then debriefed as to the goals of the study.  

 

Fig. 2. The interface of the game TypoMadness 
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2.5 Results 

The hypothesis for this study was that there would be significantly fewer errors in the 
Obscured group (i.e. a higher score) than in the Clear group. The mean of the errors 
made in the Clear group was 830.1 (sd = 516.3) whereas in the Obscured group was 
360.4 (sd = 127.0). The spread of errors is much higher in the Clear group than in the 
Obscured group (see Fig. 3). 

 

Fig. 3. Boxplot of total number of errors made by all participants in each condition 

A Mann-Whitney-W test was conducted, as error data does not follow a normal 
distribution, which revealed a significant difference between the two groups (W = 23, 
p = 0.04). Furthermore, though we had a directional hypothesis, a more acceptable 
two-tailed test was chosen to avoid the controversies around one-tailed testing [1]. 
This move also resulted in a higher threshold for significance and therefore would 
give us more confidence in our findings.  

In terms of speed of completing the task (see Fig. 4), the mean rate for entering 
sentences for the Clear group was 1.69 sentences/min (sd = 0.45) and for the 
Obscured condition 2.02 sentences/min (sd = 0.49). There was no significant 
difference in the rate of entering sentences (W = 26, p = 0.07).  

 

Fig. 4. Boxplot of the rate of typing (sentences/min) of participants in each condition 
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Moreover, the participants in the Clear group entered a mean of 23.1 (sd = 2.99) 
sentences and the in the Obscured group 25.0 (sd = 1.63). A boxplot illustrates the 
sentences entered by group (see Fig. 5). There were also no significant differences 
between the number of sentences participants completed (W = 32, p = 0.15).  

 

Fig. 5. Boxplot of the number of sentences entered by each participant in each condition 

Four participants from the Clear group and seven participants from the Obscured 
group managed to enter all the 26 given text phrases and finished ahead of time. This 
leaves six participants from the Clear and three from the Obscured group who could 
not finish in time and therefore used the full 15 minutes. 

2.6 Discussion 

As predicted, the results showed that participants in the Obscured group achieved 
higher accuracy scores (i.e. fewer errors) than those in the Clear group. One 
explanation for this reduction in errors could be a speed accuracy trade-off. However 
there was no significant difference between the two conditions in neither the rate of 
entering sentences or on the total number of sentences entered by each group. Indeed, 
the participants in the Obscured group entered more sentences, working at a faster 
rate suggesting that the reduced readability of the font was not slowing the 
participants down. Nonetheless, they made fewer errors than the Clear group.  

Our manipulation is identical to that of [5] who suggest that increasing the effort 
required to access information results in an increase in the likelihood of accurately 
memorising the information [5]. However, we only focussed on representing the to-
be-entered information in a faded font-colour but not also in a different font-style, 
which indicates a more robust outcome. The results therefore suggest that a more 
memory intensive strategy may have been adopted by the participants in the Obscured 
group which, in this case, resulted in enhanced performance.  

Focusing on limitations, it can be argued that the size of our sample (20 
participants) is simply too small to have confidence in our data. This might be true 
and requires further studies to get a more robust set of data, which is one reason why 
we decided to present a second study on the effect of System 1 and System 2 in this 
paper. On the other hand a larger sample size might just present a larger effect of our 



 Increasing Accuracy by Decreasing Presentation Quality in Transcription Tasks 387 

detected result as we have chosen to examine our data with a higher threshold of 
significance (two-tailed test). An improved experimental design would suggest to use 
sentences, which are all of the same length to avoid possible control confounds. 
Additionally, grey text can be more legible than black text under specific 
circumstances, depending on the level of contrast with its background and the overall 
level of luminance. Some types of dyslexia respond well to contrast reduction for 
improving readability. However, there were no dyslexic participants (at least not that 
they were aware of) in our study. Additionally, prior experience in data-entry work of 
participants ore even any prior knowledge of the material might have influenced their 
performance in our task; therefore a more careful selection of participants for future 
studies needs to be considered. Moreover, there is also the argument that a too high 
grade of obscurity of text may result in participants getting frustrated or suffer from 
fatigue and therefore abandon the task. We regard this as major issue and designed 
our next study to explore performance across a range of levels of obscured 
information.  

3 Number-Entry Experiment 

As the results from our initial text-entry study were very promising we were keen on 
exploring the discovered effect of System 1 vs. System 2 in number-entry. Therefore, 
we directly transferred the task from text- to number-entry in the next experiment. 
The hypothesis for our second experiment was that there is a significant difference in 
the number of errors between the conditions Clear, Medium and Obscured. 

3.1 Pilot 

The reason why the number-entry study consists of three conditions resulted out of an 
initial pilot study among 53 first-year undergraduate students in computer science. 
This pilot to measure the effect of System 1 vs. System 2 in the domain of number-
entry was designed accordingly to the previous text-entry experiment with two 
conditions Clear and Obscured to measure a significant difference in the amount of 
errors between these two groups. We discovered that participants did make more 
errors in the Clear condition but not significantly more errors. We also noted that our 
initial design of our Obscured condition was too strong i.e. the obscured numbers 
were too faded, which made it too hard to read for participants. It was then decided to 
design this study with three conditions to explore a wider range of different levels of 
obscurity. These three conditions were all less obscure than in the pilot study. The 
participants of this pilot study were not allowed to take part in the described follow-
up study. 

3.2 Participants 

Participants were randomly recruited by personal invitation or by email. There were 
30 participants (16 men) with a mean age of 26.5 years (st.dev = 8.2) in total. 
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Participants were mostly familiar with a calculator based number-entry interface as 
used in the study but none of them had previous experience of working in the 
healthcare sector. However, three participants stated that they were familiar with 
infusion pumps. Two people stated that they found the task difficult (one in the Clear 
and one in the Obscured group) and two different participants stated that they did not 
consider themselves to have normal vision (also one in the Clear and one in the 
Obscured group). Five participants had never used a number pad before, 7 rarely used 
it, 14 sometimes used it and only 4 participants (one each in group Clear and 
Obscured and two in group Medium) often use a number pad to enter numbers.  

3.3 Design 

A between-subjects (3 groups) design was used with 10 participants in each group. 
The independent variable is the grade of visibility of the presented numbers and the 
textbox where participants enter the numbers. There were three conditions: Clear, 
which used clear visible content (font-colour; #000000), Medium (font-colour; 
#BDBDBD) and Obscured (font-colour: #DFDFDF), which used less clear i.e. less 
visible (light-grey colour) content (see Fig. 7). The dependent variables were the total 
number of errors made, particularly the rate of errors and also the number of corrected 
errors in each group. A single error is counted when any number is entered other than 
the displayed number. Further, a corrected error is an error where participants noticed 
that they made an error and entered the number again. These errors were not added to 
the total number of errors. As previously, error type is not considered in our analysis. 

3.4 Materials 

The task set for participants was designed as a game in which the aim was to enter as 
many numbers as accurately and quickly possible in a calculator-based interface 
within 5 minutes. Compared to the first experiment a five-minute limit was chosen for 
this study as the pilot study showed that participants could transcribe content that 
consists of numbers considerably faster than text. The visual design of the serial i.e. 
calculator-based number-entry interface was carefully created after real world 
infusion pumps such as the Baxter© AS40A or the GrasebyTM 3400 syringe pump (see 
Fig. 6). For the purpose of this study only the number pad of the infusion pumps with 
an Enter and a Clear key was replicated all other buttons of the original interface 
design were removed from the interface as they could have a possible unwanted effect 
on participants. 

The interface was implemented in PHP and JavaScript with a logging feature, 
which recorded all user interactions with the virtual device and wrote all interactions 
into a MySQL database. The interface provided thirteen functional buttons usable by 
the keyboard-only interaction (numpad). 

The display itself consisted of 16 components. Three number displays (number to 
be entered, score and number input field), Enter and Cancel buttons and 0-9 number 
buttons including the decimal key. By pressing the Enter key the current displayed 
number was saved and at the same time the display was cleared. The display itself 
provided participants to enter a 5-digit number with two digits after a separating 
decimal point as previously gathered numbers from infusion pump logs confirmed the 
validity of this number range [19]. 
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Fig. 6. Infusion pump models Baxter
©
 (left) and GrasebyTM (right) 

 

Fig. 7. Experimental setup; serial interface in the Medium condition 

There were three versions of the interface used in the study. One where the number 
to be entered was displayed with a normal font-colour (black on white background) 
(group Clear), one where the number was displayed with a slightly lesser visible font-
colour (light-grey on white background i.e. #BDBDBD) and the last one where the 
number to be entered was displayed in a hard to read faded font-colour (strong-faded 
grey on white background, i.e. #DFDFDF) in group Obscured. 

In addition to the interface described above, which was accessed via logging into a 
website, the instructions as well as an informed consent document were printed out on 
paper for the participants to read and sign. Additionally, there was also a brief 
demographic questionnaire, which was implemented as a Google form. Again, this 
was not used in the analysis reported here. 

The computer used was an Apple MacBook Pro 13” connected to an external 
keyboard and monitor with a 17” size display at 1920x1080 resolution. The browser 
used for the experiment was Mozilla Firefox 10 running under MacOSX 10.7.5 
(Lion). 
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The interface ran in the browser, the browser window was maximised and controls 
were disabled from being shown so that only the interface area itself was visible. All 
other applications on the machine were closed and the auto-completion mode of the 
browser was deactivated. Furthermore, the keyboard was prepared so that participants 
could only use the numpad to enter numbers all other keys were disabled. Stickers 
were put in place on the ’+’ key to make it easier for the participants to associate the 
particular ’Clear’ key function. 

Each number a participant had to enter, whether it was for the training to get 
familiar with the controls or the main study, was randomly generated in the game and 
displayed in the left upper corner of the interface (see Fig. 7). A smartphone was also 
used for this study to stop the total duration each participant used to enter as many 
numbers as possible. 

3.5 Procedure 

After a participant had read the instructions, he or she was asked to become familiar 
with the use of the keyboard controls and the display of the interface. For this purpose 
they were asked to run 10 training trials, which were separate from the main 
experiment. Participants were asked to sit straight in front of the monitor to avoid a 
possible effect on the perception of the numbers as the Medium and Obscured 
information could be perceived differently from a different angle. After a participant 
became familiar of how the serial number-entry interface worked he or she was then 
asked to proceed to the main study. Randomly selected participants (first come first 
serve basis) were asked to enter the given numbers either in the Clear, Medium or 
Obscured group within 5 minutes as quickly and as accurately as possible. The 
experimenter stopped the participant at the end of the 5-minute timeframe. During the 
experiment participants themselves could not see how much time had passed. Each 
time a participant pressed the Enter-key the number he or she just entered which was 
shown in the centre display was saved to the database and a new number was instantly 
and randomly generated at the upper left display. Additionally, at the same time the 
numbers in both displays were compared and if they matched the score were 
increased by 100 points. Any other entry than the correct number resulted in a 
decreasing of the score by 50 points. After finishing the number-entry task, the 
experimenter offered each participant a small break. Each participant was then asked 
to fill out a small online demographic questionnaire and the participants were 
debriefed as to the goals of the study.  

3.6 Results 

The hypothesis for this experiment was that there is a significant difference in the 
number of errors between the three conditions Clear, Medium and Obscured. 
Participants entered in total 2391 numbers for all three groups (see Fig. 8), which 
resulted in 44 total errors (1.8%) and 149 corrected errors. 849 numbers were entered 
in group Clear (28 errors), 796 in group Medium (12 errors) and 746 in group 
Obscured (4 errors), respectively. The mean of the errors made in the Clear group 
was 2.8 (sd = 2.20) whereas in the Medium group was 1.2 (sd = 1.39) and in the 
Obscured group 0.4 (sd = 0.52).  
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Fig. 8. Boxplot of amount of numbers entered by all participants in each condition 

A Kruskal-Wallis test was conducted, as error data does not follow a normal 
distribution (see Fig. 9). The results showed a highly significant difference between 
the errors made in the three groups (H = 9.78; df = 2; p = 0.007). However, there was 
no significant difference in the total numbers entered between the groups (H = 2.08; 
df = 2; p = 0.35) (see Fig. 8) and the number of corrected errors (H = 0.23; df = 2; p = 
0.89). The mean of the numbers entered in the Clear group was 84.9 (st.dev = 5.45) 
whereas in the Medium group was 79.6 (st.dev = 13.95) and in the Obscured group 
74.6 (st.dev = 17.61). Additionally, the mean of the corrected errors in the Clear 
group was 5.2 (st.dev = 5.18), whereas in the Medium group was 5.3 (st.dev = 6.80) 
and in the Obscured group 4.4 (st.dev = 3.59). 

 

Fig. 9. Boxplot of the number of errors made by all participants in each condition 

Additionally, taking into account the number that each individual entered in 
relation to the errors, the rate of errors was also significantly different (H = 8.89; df = 
2; p = 0.01). Moreover, the follow-up multiple comparison testing (p = 0.05) of the 
total errors made by each participant in each group revealed, that only the difference 
between group Clear and Obscured is significant (observed difference of 11.75 > 
critical difference of 9.43). A second follow-up test (p = 0.05) of the rate entered by 
each participant in each group revealed also that only the group Clear is significantly 
different from group Obscured (observed difference of 11.30 > critical difference of 
9.43). 
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Fig. 10. Boxplot of the error-rate of each participant in each group 

Eleven participants (36%) made at least one error with only one person making no 
error in the Clear group, 4 persons making no error in the Medium group and 6 
persons making no error in the Obscured group. 

3.7 Discussion 

Like the text-entry study the results showed that participants in the Medium and 
Obscured group achieved higher accuracy i.e. less errors than those in the Clear group. 
However, only the difference between Clear and Obscured is significant, which again 
suggests that the experimental manipulation similar to those suggested by the pilot has 
worked and there is a trend indicating that a more obscured representation of 
information can lead to less errors being made in data-transcription tasks.  

Still, as observed in the pilot a presentation of content that is too obscure might 
have the opposite effect of making numbers simply too hard to read and therefore 
resulting in people abandoning the task.  

Nevertheless, the discovered result is not due to possible speed-accuracy tradeoffs. 
Yes, participants entered fewer numbers in the Obscured group than in the other 
groups however not significantly different.  

Interestingly, whilst the number of committed errors was fewer there is no 
difference in the number of the corrected errors. This may suggest that people use 
different strategies to correct errors or people are self-detecting their slip errors. While 
people who commit the errors think their action was correct, those who correct errors 
are aware of their mistakes suggesting that they are self-evaluating their actions on the 
fly. However, if people use a memory intensive strategy i.e. a strong encoding in 
memory then perhaps the corrected errors are made by comparison with memory 
rather than comparison with the original. It is interesting to note that there are fewer 
corrected errors, which also suggests different mechanisms behind corrected and 
uncorrected errors.  

Like other comparable studies [12, 18] the rate of number-entry errors is still low 
(1.8% in this case) but this does not mean it is less important to investigate why these 
errors happen. It is known that misprogrammed infusion pumps are the second most 
frequent cause of medication errors making it imperative to reduce as many errors as 
possible [16]. An error rate of 1.8% in medical device context can still result in grave 
consequences. And therefore, whilst the total number of errors is modest, there is still 
much to explore and to learn. 
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4 Overall Discussion and Conclusions  

We have presented two studies, which showed that less visible content could affect 
the information processing strategy adopted in a text-entry as well as in a number-
entry task and, counter-intuitively, improved accuracy in the specific task.  

This therefore suggests that less visible information can result less errors being 
committed in both text- and number-entry tasks. Moreover, the results show a strong 
support for the effect of System 1 vs. System 2 in the context of interaction. If tasks 
require a higher cost of access then evoking System 1 vs. System 2 might overcome 
the various problems presented by [8]. 

Further work employing eye-tracking measures is required to explore whether the 
information processing strategies adopted by those in the two groups result in 
differences in the number of fixations on, and the speed of reading of the target text.  
Specifically, it will be important to understand whether the enhanced performance of 
participants in the Obscured group is the result of slower more deliberate processes 
such as additional perceptual monitoring of the target text resulting in enhanced 
memory for the text or more careful execution of the motor movements required to 
enter the content. When focusing on design, our discovered results represent a 
potentially important contribution for the design of future medical devices. 

However, there is the possibility that this effect will wear off over time. Future 
work will focus on a long-term study, where we can explore how long the discovered 
effect lasts in data-entry tasks.  

Additionally, fatigue is another issue that needs to be examined in this context. 
There is evidence in the literature that, for example, nurses who are on extended work 
duty possess a significantly decreased level of vigilance [15]. The grade of frustration 
is another interesting aspect to explore. For example, if the visibility of the Obscured 
text is too low i.e. if the text is too hard to read then there is the potential that people 
will get too frustrated in entering numbers (or text) and simply lower their efforts 
towards a successful completion of the task or even abandon the task completely. In 
future studies, we are keen to consider how this effect can be applied further and 
explored to improve safety-critical systems such as infusion pumps. 

Moreover, as healthcare personnel do not usually transcribe information from an 
electronic source but also from paper-based sources there is further room to explore 
the application of our findings in this context. 

There is also the argument in the literature that text is processed differently in 
sense of string and individual characters [4, 9]. Additional work is required to explore 
the relations between these paradigms. For example, an alternative design for a text-
entry study could focus on using content in welsh-language and let participants re-
enter the text again in form of a game to investigate how people process text either in 
individual characters or as connected strings. 

We believe our results revealed important findings based on a new approach to 
understanding the text-entry task. This may have significant implications for the 
design of tasks in safety-critical systems. We are therefore keen to continue to explore 
this seemingly fruitful research direction. 
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