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ABSTRACT 

Evaluation of Preview Cues To 
Enhance Recall of  

Auditory Sequential Information 

by 

LAU Tsz Chun Marco 

Master of Philosophy 

Background: In previous work, an auditory vital sign display of five patients was developed. 

Sounds denoting the vital signs of each patient were delivered in order, with a special sound 

for any patient whose vital signs were all normal. Although the display was effective, accuracy 
decreased as the number of abnormal patients increased. We wondered whether accuracy 

would improve with a preview sound indicating the number of patients with abnormal vital 

signs in the upcoming sequence by reducing working memory load. We also wondered 
whether the preview sound would affect the performance of responding to concurrent task.  

 

Methods: A 3 (preview cue type) x 4 (number of abnormal patients) mixed-factorial design 

was adopted. Preview cue type (between-subjects) was either time-compressed speech or an 
abstract sound containing white noise pulses to indicate the upcoming number of abnormal 

patients, or no preview cue. The number of abnormal patients (within-subjects) was zero, one, 

two, or three.  
 

Results: Preview cue did not improve non-clinician participants’ ability to identify the 

location in the sequence or the vital signs of patients with abnormal vital signs. Response 

accuracy dropped as the number of patients with abnormal vital signs increased. The preview 
cue types did not affect the accuracy of responding to the concurrent task, However, the users 

tended to ignore the concurrent task when preview cue created by abstract sound with white 

noise pulses was used . 
 

Conclusion: The current preview cue did not improve or hurt the performance of identifying 

abnormal patients’ locations and vital signs. However, it would degrade the concurrent task 
performance. Therefore, the current design of preview cue can be eliminated in future auditory 

display design.   
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1. INTRODUCTION 

Clinicians usually monitor up to five patients in medical-surgical ward (McHugh et al., 

2021). They rely on medical alarms to alert them to otherwise unnoticed patient 

deteriorations while they work on other tasks (Hendrich, 2008). The auditory modality can 

help clinicians monitor patients in an eyes-free manner while performing visually-intensive 

tasks. In previous work, an auditory display of the status of multiple patients was developed, 

using time-compressed speech (Li et al., 2019a; Sanderson et al., 2019). Although results 

were encouraging, working memory limitations (Cowan, 2010) seemed to compromise the 

display’s effectiveness as the number of patients with abnormal vital signs increased 

(Hickling et al., 2017; Li et al., 2019a). Accordingly, in the present study we investigated 

whether an auditory preview cue indicating the number of patients with abnormal vital signs 

would help participants orient their attention better when listening to the upcoming display 

of multiple patients, and reduce the load on working memory. 
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2. LITERATURE REVIEW 

In hospital wards, medical alarms are used to alert clinicians if the patient’s vital sign is 

deviated from normal range or a medical device is not functioning properly. However, most 

of these are false alarms, which do not require any action from clinicians (Ruskin & Hueske-

Kraus, 2015). The frequent exposure to false alarms is a threat to patient safety because 

clinicians will learn to delay their responses or ignore the alarms (Ruskin & Hueske-Kraus, 

2015; Dewan et al., 2019). The patient may die due to the delayed treatment.  

Auditory Display 

Rather than redesigning the medical alarm, we proposed to use auditory display to 

monitor patients. Auditory display presents the patients’ status, which is the vital sign levels, 

continuously and intermittently (Walker et al., 2013; Li et al., 2017; Li et al., 2019a). The 

vital sign levels are broadcasted sequentially based on their patient ID. By using auditory 

display, clinicians will know the actual vital sign levels of the patient when the patient’s 

situation is deteriorating (Li et al., 2017). Also, clinicians can confirm the normality of 

patients with auditory display because it is announced in the display, but not in medical 

alarm.  

Earcon and Spearcon are two types of auditory display. In previous research, earcon and 

spearcon were used to present the oxygen saturation (SpO2) and heart rate (HR) levels of 

patients. Earcon conveys those vital signs by non-speech sound with manipulation of its 

parameters such as tremolo and timbre (Blattner et al., 1989; Hickling et al., 2017; Li et al., 

2017). Spearcon presents the vital signs through time-compressed speech of user’s native 

language (Davidson et al., 2019; Li et al., 2017; Li et al., 2019a; Li et al., 2019b; Sanderson 

et al., 2019; Walker et al., 2013). Training related to the mapping between the sounds and its 

meanings is necessary for target users to understand the messages from both earcon and 

spearcon. But spearcon is easier to learn compared with earcon because the mapping of 

spearcon is self-explanatory (Li et al., 2017; Walker et al., 2013). Also, comparing to 

conversational speech, the content presented by spearcon could be understood by target users 

only (Li et al., 2017; Sanderson et al., 2019). Then, in healthcare context, the spearcon would 

not disturb the other people but alert the clinicians only. Although earcons do not convey 

their meanings as readily as spearcons do, they are useful as families of alerts or simple 

notifications, and users can be trained to understand their meanings (Brewster, 1998).  

In Hickling et al. (2017), a sequence of earcons was proposed to present the patients’ 

status at regular interval, including a specific sound for patient with all normal vital signs. In 

subsequent work, and current study, spearcons are used to represent the SpO2 and HR levels 

in a patient sequence (Li et al., 2019a; Sanderson et al., 2019). Non-clinician’s participants 
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were required to identify the location in the sequence and vital sign levels of any patients 

with any abnormal vital signs.  

Although the above results were promising, individuals’ ability to identify patient’s 

location in the sound sequence and abnormal vital signs decreased as the number of patients 

with abnormal vital signs increased (Hickling et al., 2017; Li et al., 2019a). The decrease 

was even greater when concurrent tasks required individuals to use verbal working memory 

(Li, et al., 2019b; Davidson et al., 2019). Limited working memory is the obstacle for users 

to recall the location and vital signs accurately in multitasking context (Davidson et al., 

2019; Hickling et al., 2017; Li et al., 2019a; Li et al., 2019b).  

Hickling et al. (2017) suggested that increasing the time interval between two sounds of 

patients’ status in patient sequence could preserve the accuracy of identifying the location 

and vital signs of abnormal patients. It allowed users to consolidate and maintain the vital 

signs in working memory (Hickling et al., 2017).  

However, this may not be an effective solution for monitoring multiple patients in 

multitasking context because of the following two reasons. First, the working memory 

allocated to the patient sequence may be less than the condition of having no current task 

because part of the verbal working memory is used for the current task in multitasking 

(Baddeley et al., 2001; Li et al., 2019b; Lin et al., 2016). It may require even longer time 

interval between two patients’ status to preserve the identification performance as in 

Hickling et al. study. Second, the clinicians could not notice the urgent change of patients 

due to the delayed presentation of their vital signs with the even longer time interval, which 

may lead to delayed treatment. Therefore, it is necessary to find a way, other than increasing 

the time interval between two sounds of patients’ status, to preserve participants’ ability to 

report the location and vital signs as the number of abnormal patients increases.  

Adding “Preview Cue” in Auditory Display 

One potential solution is to borrow the idea from visual display design of a preview that 

gives users an expectation of the forthcoming details. Preview provides initial high-level 

information about the pattern or ordering of data in summary format (Greene et al., 2000; 

Shneiderman, 1996) whereas the subsequent display gives the detail of the data (Hornbæk & 

Hertzum, 2011). The users could determine whether or not to look at the details by having a 

brief prior understanding from the preview (Greene et al., 2000; Hasani et al., 2018). The 

preview can be presented in either visual or auditory modality, but regardless of the 

modality, the users cannot revisit the preview once it has been presented (Greene et al., 

2000).  

A preview cue for a visual interface has been shown to preserve both single-tasking 

(Qvarfordt et al., 2013; Schraefel et al., 2003) and multitasking performance (Reissland & 
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Manzey, 2016) regardless of the modality of the preview cue. Qvarfordt et al. (2013) showed 

that the visual preview helped users discover more useful information from the visual 

display compared with a no preview cue condition.  In addition, Schraefel et al. (2003) found 

that when search for a target in a visual display, users were quicker to locate the target with 

the aid of auditory preview cue than with no preview cue. Further, in multitasking situations, 

Reissland and Manzey (2016) found that preview cue reduced users’ task-switching time. 

Reissland and Manzey suggested that the preview cue provided the users expectation of an 

interruption, which allowed them to mentally prepare for the pending task switch while 

working on a concurrent task.  

We postulated that this idea, and possibly its benefits, could be extended to the design of 

auditory displays, including our patient sequence display (Hickling et al., 2017; Li et al., 

2019a; Sanderson et al., 2019; Davidson et al., 2019). We prolongate our patient sequence 

display by inserting an auditory preview cue before presenting the details of patients’ status. 

However, the effectiveness of having a preview cue is unknown for a complex auditory 

display such as a patient sequence. Auditory displays using sound sequences to represent 

multiple patients’ information can help listeners locate and identify abnormal vital signs with 

above-chance accuracy (Li et al., 2019a). But the participants note that locating patients with 

abnormal vital signs is not easy and identifying those vital signs is even harder (Li et al., 

2019a). Therefore, it is unclear whether a preview would reduce the load on working 

memory sufficiently for performance to improve.  

One implementation of a preview cue could indicate, in advance, how many patients 

have abnormal vital signs. It would suggest the amount of attention needed to find all 

necessary information from the upcoming patient sequence. This might reduce uncertainty 

and allow clinicians to anticipate the attention and working memory demands in the 

upcoming sequence. They could then allocate sufficient mental resource to identify the 

patients’ status from the patient sequence.  

A preview cue could take the form of either a spearcon or earcon as noted before and 

either could indicate the number of patients in an upcoming patient sequence who have 

abnormal vital signs. The meaning of a spearcon is more readily apparent than the meaning 

of an earcon (Li et al., 2017; Sanderson et al., 2019). Therefore, a spearcon-based preview 

cue (spearcon preview cue) may be more effective than earcon-based preview cue (earcon 

preview cue) at reducing the working memory demands associated with multiple-patient 

monitoring. 
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Effect on Concurrent Task Performance 

In this study, the participants are required to carry out a concurrent task—a forced-pace 

arithmetic task—while monitoring the vital signs of multiple patients. The concurrent task 

performance in spearcon preview cue condition may be the worst compared with other 

preview cue types due to its higher emotional arousal. Röer et al. (2017) found that the focal 

attention on the concurrent task would be captured by changing and emotional arousing 

speech in the background, which degraded the concurrent task performance. Compare with 

earcon preview cue, spearcon preview cue is more emotional arousing because it presents the 

urgency of patient sequence in speech across time. It may capture the focal attention from 

concurrent task and allocate to patient sequence as in Röer et al. study. Therefore, the 

concurrent task performance in spearcon preview cue condition may be worse than earcon 

preview cue condition and no-cue condition.  

Hypotheses 

In the study reported herein, the primary outcomes are participant’s accuracy at 

identifying (1) the location of abnormal patients in patient sequence (“patient location 

accuracy”) and (2) the vital sign levels of abnormal patients (“vital sign accuracy”). We 

hypothesize (H1) that both accuracies will be better with a preview cue than without, and the 

increases will be larger for the spearcon preview cue than the earcon preview cue. We also 

hypothesize (H2) an interaction between preview cue type condition and number of 

abnormal patients. The accuracy improvements due to the presence of preview cue will be 

the smallest when there is no or only one abnormal patient in the sequence, and will increase 

as the number of abnormal patients in the sequence increases. The no-cue condition will 

show the greatest decreases in accuracy as the number of abnormal patients increases. This 

interaction is hypothesized because there is very little load on working memory to report the 

location and vital signs of one abnormal patient, but an increasing load on working memory 

as the number of abnormal patients increases (Hickling et al., 2017; Li et al., 2019a; Li et al., 

2019b; Sanderson et al., 2019). 

The secondary outcomes are related to the concurrent task performance.  They are the 

accuracy of providing correct responses (“arithmetic attempted accuracy”) and the rate of 

giving no response per minute (“arithmetic non-response rate) in the concurrent arithmetic 

task during the broadcast of patient sequence. Speech is particularly effective at capturing 

focal attention from the concurrent arithmetic task due to its linguistic form, which disrupts 

the performance of the concurrent task related to memory and number (Röer et al., 2017). 

Possibly, the spearcon preview cue may impair both arithmetic attempted accuracy and 

arithmetic non-response rate. The users may focus more on the patient sequence and neglect 
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the concurrent task after knowing the number of abnormal patients in the upcoming 

sequence from the spearcon preview cue. Therefore, the arithmetic attempted accuracy and 

arithmetic non-response rate are predicted (H3) to be worse with the spearcon preview cue 

than with the earcon preview cue and no-cue conditions.  
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3. METHOD 

Design 

The experiment used a 3 (preview cue type) x 4 (number of abnormal patients) mixed-

factorial design. Preview cue type was a between-subjects factor with three levels: no-cue, 

earcon preview cue and spearcon preview cue. Number of abnormal patients in a sequence 

was a within-subjects factor with four levels: zero, one, two, or three abnormal patients. The 

experiment was conducted through Zoom because of COVID-19 restrictions on face-to-face 

testing. All tasks were completed on participant’s computer under the instruction of an 

experimenter who followed a standardized running protocol. 

The primary outcomes were the accuracy with which participants located abnormal 

patients in the five-patient sequence (“patient location accuracy”) and identified vital sign 

levels for patients who had at least one abnormal vital sign (“vital sign accuracy”). The 

secondary outcomes were participants’ accuracy at the concurrent arithmetic task 

(“arithmetic attempted accuracy”), the rate of giving non-responses to the arithmetic task per 

minute (“arithmetic non-response rate”) during the broadcast of the patient sequence, and 

participants’ responses to questions about the sounds. 

Power Analysis 

A pilot study with 18 non-clinician’s participants (six being randomly assigned to each 

of the three conditions) was conducted. Mixed ANOVA was used to analyse the data for 

primary outcomes. The main effect of preview cue type on patient location accuracy was not 

significant, F(2, 15)=1.43, p=.27, ηp
2=.16. The interaction between number of abnormal 

patients and preview cue type on patient location accuracy was also not significant, F(6, 

45)=0.93, p=.49, ηp
2=.11. However, the effect of number of abnormal patients on patient 

location accuracy was significant, F(3, 45)=10.42, p<.001, ηp
2=.41. For vital sign accuracy, 

the main effect of preview cue type was not significant, F(2, 15)=1.15, p=.34, ηp
2=.13. Also, 

the interaction between number of abnormal patients and preview cue type on vital sign 

accuracy was not significant, F(6, 45)=0.47, p=.82, ηp
2=.06. Similarly, the effect of number 

of abnormal patients on vital sign accuracy was significant, F(3, 45)=49.35, p<.001, ηp
2=.77. 

Since we decided to detect the effect with given effect sizes and desired statistical 

power, a power analysis was conducted to calculate the required sample size for the main 

experiment. Based on the interaction between preview cue type and number of abnormal 

patients, the effect size (f) of patient location accuracy was 0.35 and the effect size of vital 

sign accuracy was 0.25. To provide sufficient power to find any significant interactions in 

both patient location accuracy and vital sign accuracy, we based the power analysis on the 
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smaller effect size of vital sign accuracy. Using G*Power with power = 0.95, α = 0.025, the 

minimum total sample size required was 90 (Faul et al., 2009).  

Participants 

Ethical approval was obtained from Lingnan University’s Sub-Committee on Research 

Ethics (reference number: EC031/1819). Email informed consent (See Appendix A2) was 

received from each participant before the experiment.  

Ninety-three non-clinician participants were recruited in total through mass email sent to 

all students in Lingnan University, including 33 males and 60 females. The age of 

participants ranged from 17 to 38 years (M = 20.7, SD = 2.9). Inclusion criteria were: (a) 

ability to provide a Windows PC with headphones or earphones, (b) current enrolment at 

Lingnan University, (c) native speaker of Cantonese, (d) self-reported normal or corrected-

to-normal hearing ability, (e) competence at using mouse and keyboard, and (f) no prior 

participation in any auditory display study. Participants who completed the experiment 

received HKD$150 (USD$19.25).  

Since the present study was related to patient monitoring in hospital ward, it was more 

suitable to recruit clinicians as participants. However, clinicians was not available for the 

experiment due to COVID-19 pandemic. Also, the present study aimed at testing the 

usability of the preview cue by experiment, which could be achieved by testing non-clinician 

participants. Therefore, we recruited non-clinician in the present study and clinicians could 

be recruited for future investigations. 

Sound Stimuli 

Figure 1 shows a typical sequence of sounds in each patient sequence. First, there was an 

alert signal to alert users to the start of patient sequence. The alert signal was a ‘ding’ sound 

with a fundamental frequency of f0=2926 Hz that lasted for 700 ms.  

In the preview cue type conditions, a preview cue then indicated the number of abnormal 

patients in the upcoming patient sequence. For the spearcon preview cue, the number was 

presented by Cantonese time-compressed speech: it was either “all normal” (「全正常」) or 

if there were one, two, or three abnormal patients, the phrase would be “one person” (「一

個」), “two people” (「兩個」), or “three people” (「三個」) respectively. After 

compression, the duration for the “all normal” spearcon preview cue was 477 ms, and for the 

one, two, or three abnormal patients spearcon preview cue was 257 ms, 254 ms, or 248 ms 

respectively. 

Each earcon preview cue consisted of a 355 Hz sine wave tone punctuated by zero, one, 

two, or three pulses of white noise, representing the number of patients with abnormal vital 
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signs in the upcoming patient sequence. The sine wave tone lasted for 474 ms and the 

duration for one, two, or three abnormal patients earcon preview cue was 471 ms, 465 ms, or 

497 ms respectively. If there was no abnormal patient, there would be no white noise and 

only the sine wave tone would be played. 

Cantonese Spearcons. The Cantonese spearcons were the same as in Li et al. (2019a). 

The vital signs for each patient included SpO2 (represented by「氧」, meaning “oxygen”) 

and HR (represented by「心」, meaning “heart”). Each vital sign has five levels: “very 

high” (「好高」), “high” (「高」), “normal” (「正常」), “low” (「低」), and “very low” 

(「好低」). For each patient, participants heard a sequence of four spearcon elements: the 

SpO2 label, SpO2 level, the HR label, and HR level. The spearcon elements were recordings 

of a native Cantonese-speaking female voice and each was time compressed to 25% of its 

original length yielding spearcons that were around 500 ms long. Spearcons were used only 

for patients with one or more abnormal vital signs. If both vital signs were normal for a 

patient, a 500-ms “boop” tone would be played instead of a “SpO2 normal HR normal” 

spearcon.  

Patient Sequence. The preview cue started playing 1 s after the alert signal. The 

sequence of spearcons started playing 1.5 s after the preview cue (see Figure 1). In no-cue 

condition, the sequence of spearcons started playing 1 s after the alert signal. There were 

800-ms between spearcons. Because the preview cue had different durations, the duration of 

patient sequences differed across preview cue type conditions. The average duration of 

patient sequences without preview cue was 7.4 s, while in the spearcon preview cue and 

earcon preview cue conditions it was 9.2 s and 9.4 s respectively. 
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Figure 1. Structure of experimental trials. Each trial presented either two, three, four or five patient sequences before the response panel appeared. 

Each patient sequence was structured as in the lower timeline, with or without a preview cue, where times are indicated in ms. Earcon and spearcon 

preview cue durations are given for zero, one, two, and three patients with abnormal vital signs. The arithmetic task presented equations every 7 s, 

unless the participants responded before 7 s, at which point a new equation was immediately presented. 
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Tasks 

Monitoring Task. Participants listened to a series of patient sequences, and at an 

unpredictable point after two, three, four, or five patient sequences, a response screen 

appeared (see Figure 1). The response screen provided a panel for each the five patients (see 

Figure 2). Participants identified the level of both vital signs (SpO2 and HR) of any patient 

who had either one or two abnormal vital signs, including any vital sign that was normal for 

that patient. For patients whose vital signs were both normal, however, participants were told 

not to enter responses. The monitoring task resumed as soon as the participant clicked the 

“Back to testing” button. 

Concurrent Arithmetic Task. The concurrent arithmetic task was a metaphor of the 

administrative tasks in a medical-surgical ward, such as performing drug dosage 

calculations. An equation with two-digit addition or subtraction was displayed in the center 

of the screen (see Figure 3). For each equation, participants determined its correctness and 

clicked either the “TRUE” or “FALSE” button using the mouse. Feedback stating that the 

answer was “CORRECT” or “WRONG” immediately appeared under the two buttons for 

around 1 s before the next equation appeared. If a participant did not select an answer within 

7 s a new equation appeared; this would be counted as a non-response. 

Trial structure. Following Li et al. (2019b), each trial contained two to five patient 

sequences followed by a response panel at 8, 12, or 16 s after the last patient sequence. As 

shown in Figure 1, the first patient sequence played 3 s after the beginning of trial after 

which the inter-sequence interval was set at 20 s. The order in which trials were presented 

was randomly generated by the software to eliminate learning effects or bias.  
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Figure 2. Response panel for the monitoring task 
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Figure 3. Software interface for the concurrent arithmetic task.  
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Questionnaires 

Pre-testing Questionnaire. The pre-testing questionnaire collected data about each 

participant’s age, gender, music training experience, and hearing ability (See Appendix A3).  

Post-testing Questionnaire. To understand user’s subjective feeling of identifying the 

location and vital signs of abnormal patients with or without preview cue, the post-testing 

questionnaire investigated participants’ perceived difficulty and confidence of completing 

the monitoring task and the concurrent arithmetic task. Participants gave their responses on 

an ordinal scale ranging from 1 (not difficult at all/ not confident at all) to 9 (extremely 

difficult/ extremely confident). Open-ended questions probed participants’ strategy for 

remembering the location and vital signs of abnormal patients, and their judgment of the 

effectiveness of the preview cue on the monitoring task if they were in spearcon or earcon 

preview cue condition (See Appendix A5).  

Outcome Measures 

Participants’ responses in both concurrent arithmetic task and monitoring task were 

collected by the custom software. As shown in Figure 1, a task trial started when the 

concurrent arithmetic task started and ended after the participant entered their responses in 

the monitoring task response panel. Performance in each trial was determined as follows.1  

Patient Location Accuracy. Patient location accuracy measured participants’ accuracy at 

identifying the location of any patients in the sequence with abnormal vital signs. To 

determine this, each patient in the sequence was scored as either correct or incorrect. A 

normal patient was scored as correct if the participant had made no entry for abnormal level 

(i.e., Very High, High, Low, Very Low) in either vital sign column. An abnormal patient was 

scored correct for location if the participant made an entry for abnormal vital sign level (i.e., 

Very High, High, Low, Very Low) in either vital sign column and press “Normal” in another 

column or in both vital sign columns, even if the wrong vital sign level was selected. Normal 

patients with abnormal vital sign entries, and abnormal patients with no vital sign entries 

were scored as incorrect.  

Patient location accuracy for each trial was calculated as follows. 

!"#$%&#	()*"#$)&	+**,-"*.(%) = !".		"%	&"''(&)*+	*"&,)(-	.,)/(0)1
2 × 100% (Eq. 1) 

 
1 Formulae are slightly different from those in Hickling et al. (2017), Li et al. (2019a), 

Sanderson et al. (2019) and others. The present study included trials in which there were no abnormal 

vital signs, which was not the case for the previous studies. Figures of merit had to reflect accurate 

responding in such trials to test the effect of preview cue even for all-normal patient sequence. 
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Vital Sign Accuracy. Vital sign accuracy measured the performance of identifying 10 

vital sign levels. The vital sign was correctly identified only if the participants chose the 

correct vital sign level for the correctly located patient.  

Vital sign accuracy for each trial was calculated as follows. 

5$#"6	7$8&	+**,-"*.(%) = !".		"%	&"''(&)*+	/-(0)/%/(-	3/),*	1/401
56 × 100%   (Eq. 2) 

Arithmetic Attempted Accuracy. Performance on the concurrent arithmetic task was 

calculated as proportion accuracy across all trials. Number of attempts was the total number 

of correct and incorrect responses in the concurrent arithmetic task. Number of correct 

responses was the total number of correct responses to the concurrent arithmetic task. 

+-$#ℎ:%#$*	+##%:;#%<	+**,-"*.(%) = !".		"%	&"''(&)	'(1."01(1
!".		"%	,))(7.)1 × 100%   (Eq. 3) 

Arithmetic Non-Response Rate. The total number of equations that the participant did not 

respond to during all trials was counted. To avoid the confound of time differences in 

different patient sequences, the total number of non-responses was divided by the product of 

average duration of patient sequence in the same preview cue conditions and 56 which was 

the total number of patient sequences. By multiplying by 60 seconds, the arithmetic non-

response rate can be interpreted as the rate per minute at which the participant was ignoring 

the concurrent arithmetic task while patient sequences were being played. 

+-$#ℎ:%#$*	=)& − ?%@;)&@%	?"#% = A 8"),*	0".		"%	0"09'(1."01(1
:3(',4(	-;',)/"0	"%	.,)/(0)	1(<;(0&(×2>B × 60    (Eq. 4) 

Procedure 

There were four phases in the experiment: (i) introduction, (ii) familiarization, (iii) 

testing, and (iv) debriefing.  

Introduction. Eligibility for participation was confirmed verbally. The participant 

completed the pre-testing questionnaire and the experimenter explained the principle of 

using spearcons to monitor multiple patients.  

Familiarization. In each subpart of the familiarization phase, the participant learned 

about one aspect of the testing phase and could practice it. They received feedback and could 

have a second attempt if they answered incorrectly the first time. First, the participant 

watched a video demonstrating how to complete the concurrent arithmetic task, then they 

practiced the task for 30 s. Second, the participant was introduced to all the spearcons, 

learned how to monitor one patient using spearcon, and completed four practice trials at 

identifying the spearcon. Third, the participant learned how to monitor multiple patients 

using the spearcon or earcon preview cue and then the patient sequence and they completed 

two practice trials. Finally, the participant learned how to do the monitoring and concurrent 

arithmetic tasks at the same time, and practiced it (See Appendix A4 for the training answer 

sheet). 
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Testing. Participants performed 16 trials of the monitoring task. During each trial, 

participants also performed the concurrent arithmetic task. When the 16 trials were 

completed, participants completed the post-testing questionnaire. 

Debriefing. The participant was compensated for their participation and informed about 

the purpose of this study by an educational debrief sheet (See Appendix A6).  

Statistical analysis 

For the primary outcomes, mixed ANOVAs were used with a between-subjects factor of 

preview cue type condition and within-subjects factor of number of abnormal patients. For 

the secondary outcomes, a one-way ANOVA was used with a between-subjects factor of 

preview cue type condition. The Greenhouse-Geisser correction was adopted if sphericity 

was violated. Residuals analyses were carried out to test conformity of data to assumptions 

on ANOVA. Mixed ANOVA with experimenter and preview cue type conditions as the 

between-subject factors and number of abnormal patients as within-subject factor was used 

to examine whether there was experimenter effect on all outcomes. The Likert-scale 

responses from post-testing questionnaire were analysed with Kruskal-Wallis test if the 

normality assumption was violated in one-way ANOVA.  
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4. RESULTS 

Ninety participants were initially recruited. The data from three participants were 

excluded either for technical reasons or because the participant did not follow instructions. 

For example, one participants revealed that she used pen and paper to note down the answers 

for monitoring task while listening to the patient sequence, which was prohibited. They were 

replaced by another three participants who were recruited during the data collection period. 

Data from two participants were also excluded due to evidence that they had responded at 

random on both tasks as found in data analysis process. Four participants did not follow the 

instructions in answering the monitoring task on one trial by pressing “Normal” in both vital 

sign columns for a patient, so those specific data points were excluded. An extra trial with 

one abnormal patient occurred in one session, and the data point from that trial was also 

excluded. The final number of patients for data analysis was N=88.  

Although the main experiment was executed by two experimenters, there was no 

experimenter effect on all outcomes (See Appendix B1).  

Residuals were negatively skewed for all ANOVA analyses, except the arithmetic non-

response rate which was positively skewed. Exponential transformation and square root 

transformation were performed respectively, but the change of residual distributions was 

minor with no effect on the substantive outcomes (See Appendix B2). Therefore, the 

untransformed results are reported.  

Most of the outcomes met the assumption of homogeneity of variance, as assessed with 

the Levene’s test. The assumption of homogeneity of variance was not met for the location 

and vital sign accuracy in the zero abnormal patient condition, because all but three 

participants obtained maximum scores of 100%. Given the very small difference in sample 

size in each preview cue type condition, it was concluded that the non-homogeneity of 

variance in the zero abnormal patient condition would not distort the substantive outcome.  

Primary Outcomes 

Patient Location Accuracy. Results are summarized in Table 1 and Figure 4. The main 

effect of preview cue type on patient location accuracy was not significant, F(2, 85)=0.65, 

p=.52, ηp2=.02, and the interaction between number of abnormal patients and preview cue 

type was not significant, F(4.92, 208.88)=0.45, p=.81, ηp2 =.01. However, participants’ 

accuracy at identifying the location of abnormal patients in the sequence decreased as the 

number of abnormal patients increased, F(2.46, 208.88)=87.33, p<.001, ηp2=.51. Post-hoc 

tests showed that overall patient location accuracy decreased as the number of abnormal 

patients increased from zero (M = 99%, SD = 3%) to one (M = 93%, SD = 9%), t(85)=7.49, 

p<.001, from one to two (M = 86%, SD = 16%), t(85)=4.46, p<.001, and from two to three 

(M = 78%, SD = 15%), t(85)=5.87, p<.001.  



 
 

18 

 

Vital Sign Accuracy. Results are summarized in Table 1 and Figure 5. The main effect of 

preview cue type on vital sign accuracy was not significant, F(2, 85)=0.14, p=.87, ηp2 =.003 

and the interaction between number of abnormal patients and preview cue type was not 

significant, F(4.49, 190.97)=0.06, p=1.00, ηp2 =.001. Again, vital sign accuracy dropped as 

the number of abnormal patients increased, F(2.24, 190.97)=314.07, p<.001, ηp2 =.79. Post-

hoc tests showed that overall vital sign accuracy decreased as the number of abnormal 

patients increased from zero (M = 100%, SD = 2%)2 to one (M = 94%, SD = 7%), 

t(85)=8.56, p<.001, from one to two (M = 82%, SD = 12%), t(85)=11.17, p<.001, and from 

two to three (M = 64%, SD = 14%), t(85)=12.34, p<.001.  

Secondary Outcomes 

There was also no significant difference in arithmetic attempted accuracy across preview 

cue type conditions, F(2, 85)=0.25, p=.78, ηp2 =.01 (see Table 1 and Figure 6). However, 

there was a significant difference in the arithmetic non-response rate across preview cue type 

conditions, F(2, 85)=3.12, p=.049, ηp2=.07, with non-responses being more frequent in the 

earcon preview cue condition (M = 2.21, SD = 1.72) than in the no-cue condition (M = 1.20, 

SD = 1.45), t(85)=-2.50, p=.04 (see Table 1 and Figure 7).  

Table 2 shows the results for the post-testing questionnaire. There was no significant 

difference among preview cue type conditions in the scores on all questions (subjective 

difficulty and confidence in identifying the locations, vital sign levels, and completing the 

concurrent arithmetic task).  

Equivalence Test 

To avoid an inappropriate interpretation of null results, an equivalence test proposed by 

Lakens et al. (2018) was conducted. The equivalence bounds were set as the raw mean 

difference between two preview cue type conditions. The equivalence bounds were ± 10% 

because Lim and Sanderson (2019) adopted 10% as a criterion for clinical relevance when 

examining whether an alternative earcon improved the accuracy of identifying the vital signs 

compared with a control earcon.  

Table 3 showed the results of equivalence tests in pairwise comparisons across three 

preview cue types. Location accuracy and vital sign accuracy were statistically equivalent 

across three preview cue type conditions for all numbers of abnormal patients except for 

location accuracy with two abnormal patients, where the non-significance of the equivalence 

 
2 In this case, the mean and standard deviation were, in fact, 99.7% and 1.7% respectively 

corrected to one decimal place. To keep reporting the percentage in the main text consistent, the 

means and standard deviations were rounded to the nearest whole number. 
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test was caused by one outlying data point that could not be excluded under our criteria. The 

effect of preview cue type on arithmetic attempted accuracy was also statistically equivalent. 
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Table 1 

Descriptive statistics for all performance measures, by preview cue type and by number of 

abnormal patients. 

 No-Cue Earcon  

Preview  

Spearcon  

Preview  

 M  (SD)  

[CI] 

M  (SD) 

[CI] 

M  (SD) 

[CI] 

Patient location accuracy    

    0 abnormal patient 100% (0%) 

[100%, 100%] 

98% (5%)  

[96%, 100%] 

100% (0%)  

[100%, 100%] 

    1 abnormal patient 92% (8%)  

[89%, 95%] 

92% (10%)  

[88%, 96%] 

93% (10%)  

[90%, 97%] 

    2 abnormal patients 88% (14%) 

[83%, 93%] 

83% (18%)  

[76%, 90%] 

88% (14%)  

[83%, 93%] 

    3 abnormal patients 77% (14%) 

[72%, 82%] 

77% (16%)  

[71%, 82%] 

79% (15%)  

[73%, 84%] 

Vital sign accuracy    

    0 abnormal patient 100% (0%) 

[100%, 100%] 

99% (3%)  

[98%, 100%] 

100% (0%)  

[100%, 100%] 

    1 abnormal patient 94% (6%)  

[92%, 96%] 

93% (8%)  

[90%, 96%] 

94% (8%)  

[92%, 97%] 

    2 abnormal patients 82% (11%) 

[78%, 86%] 

81% (13%)  

[77%, 86%] 

83% (11%)  

[79%, 87%] 

    3 abnormal patients 64% (14%) 

[59%, 69%] 

64% (14%)  

[59%, 69%] 

65% (16%)  

[59%, 70%] 

Arithmetic attempted accuracy    

    Overall 86% (10%) 

[82%, 89%] 

84% (12%)  

[80%, 88%] 

85% (10%)  

[82%, 89%] 

Arithmetic non-response rate (per minute)   

    Overall 1.20 (1.45) 

[0.68, 1.72] 

2.21 (1.72)  

[1.58, 2.83] 

1.68 (1.47)  

[1.14, 2.22] 

Note. No-Cue = no-cue condition; Earcon Preview = earcon preview cue condition; 

Spearcon Preview = spearcon preview cue condition; CI = 95% confidence interval for 

mean. 
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Table 2 

Descriptive statistics and Kruskal-Wallis Test results of post-testing questionnaire responses, by preview cue type.  

 No-Cue  Earcon Preview  Spearcon Preview  Kruskal-Wallis Test 

Question Median CI  Median CI  Median CI  χ2 (2) 
p 

value 

Effect 
size 
(ε2) 

1: Subjective difficulty identifying 

location 

6 [5, 7]  6 [4, 7]  6 [5, 7]  0.37 .83 .004 

2: Confidence in identifying location 5 [4, 6]  5 [4, 6]  6 [4, 6]  1.16 .56 .01 

3: Subjective difficulty identifying 

vital signs 

7 [7, 7]  6 [5, 7]  7 [7, 8]  4.02 .13 .05 

4: Confidence in identifying vital signs 4 [3, 5]  4 [3, 5]  4 [3, 5]  1.08 .58 .01 

5: Subjective difficulty in arithmetic 

task 

7 [6, 8]  7 [6, 8]  7 [6, 8]  0.39 .82 .004 

6: Confidence in arithmetic task 5 [4, 6]  4 [3, 5]  4 [3, 5]  2.28 .32 .03 

Note. CI = 95% confidence interval for median 
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Table 3 

Equivalence test results of location accuracy, vital sign accuracy, and arithmetic attempted accuracy, by preview cue types’ pairwise comparisons.  

  No-Cue vs  

Earcon Preview 

 No-Cue vs 

Spearcon Preview 

 Earcon preview vs  

Spearcon preview 

Outcome Measures 

Number of 

abnormal 

patients t(57) p value  t(57) p value  t(56a) p value 

Location accuracy 0 -12.30 <.001**  N/Ab N/Ab  -12.09 <.001** 

 1 -4.09 <.001**  -4.88 <.001**  3.22 .001** 

 2 1.24 .11  -2.77 .004**  1.19 .12 

 3 2.38 .01*  2.21 .02*  1.92 .03* 

Vital sign accuracy 0 -20.92 <.001**  N/Ab N/Ab  -20.56 <.001** 

 1 -6.06 <.001**  -6.21 <.001**  -5.66 <.001** 

 2 3.03 .002**  3.23 .001**  2.79 .004** 

 3 -2.68 .01*  2.47 .01*  2.56 .01* 

Arithmetic attempted 

accuracy 

N/Ac 2.87 .003**  -3.62 <.001**  2.95 .002** 

Note.  * = p < .05; ** = p < .01; 
aTwo participants (one in earcon preview and one in spearcon preview) were removed from data analysis due to reasons outlined in Results;  
bThe data for both no-cue and spearcon preview cue conditions were the same, therefore the effect of preview cue types would be the same and the equivalence test 

was not applicable; 
cThe effect of number of abnormal patients was not examined in arithmetic attempted accuracy, therefore it is not applicable.
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Figure 4. Accuracy of identifying the locations of abnormal patients with no-cue, earcon 

preview cue, and spearcon preview cue. Error bars are 95% confidence intervals for mean. 
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Figure 5. Accuracy of identifying the vital sign levels of abnormal patients with no-cue, 

earcon preview cue, and spearcon preview cue. Error bars are 95% confidence intervals for 

mean. 
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Figure 6. Accuracy of responding to the concurrent arithmetic task during the broadcast of 

patient sequence with no-cue, earcon preview cue, and spearcon preview cue. Error bars are 

95% confidence intervals for mean. 
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Figure 7. Rate of giving no responses in concurrent arithmetic task per minute during the 

broadcast of patient sequence, with no-cue, earcon preview cue, and spearcon preview cue. 

Error bars are 95% confidence intervals for mean. 
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5. DISCUSSION 

Overall, the current preview cue designs, with earcon or spearcon, did not improve the 

performance of monitoring multiple patients. Contrary to H1, the experiment did not show 

that the spearcon or earcon preview cue improved location accuracy or vital sign accuracy, 

compared with the no-cue condition. Moreover, contrary to H2, as the number of abnormal 

patients increased, accuracy decreased to the same extent for all preview cue type conditions 

rather than to a greater extent in the no-cue condition than the other conditions. There was 

also no evidence to suggest the current spearcon preview cue led to worse concurrent 

arithmetic task performance than other preview cue type conditions.  

Limitations of Current Preview Cues 

Recalling patient information from auditory patient sequence is still a challenge even in 

the current study. Prior evidence suggests that similar working memory challenges exist 

when the patient sequence is presented visually (Sanderson et al., 2019). People can store 

three to five chunks of items in working memory. But if the items to be recalled are 

presented very closely in time in either modality, there is interference among them and the 

participant does not have enough time to encode them (Cowan, 2010). Given that there were 

only 800 ms between spearcons in the patient sequences in the present study, the participants 

might not have enough time to encode both the location and vital sign levels of abnormal 

patients. Therefore, the patient location and vital sign accuracy were similar to previous 

studies (Hickling et al., 2017; Li et al., 2019a; Li et al., 2019b; Sanderson et al., 2019).  

The suitable method to preserve the location and vital sign accuracy still remains 

unknown. As argued, increasing the time interval between two sounds of patients’ status in 

patient sequence is not effective in clinical context due to the possibility of delayed 

treatment. Also, the present study found that inserting the current preview cue in patient 

sequence, which indicated the number of abnormal patients, did not preserve the accuracies. 

There are two reasons for this phenomenon. 

First, the current auditory preview cue provided insufficient information to guide the 

users to find the answers directly. The preview cue in current study provided only minimum 

information about the upcoming patient sequence—the number of abnormal patients—

whereas participants were asked about the location of abnormal patients in the sequence and 

the levels of their vital signs, both of which changed across trials. Preview cues usually work 

by informing users to the area in which the answer is to be found (Singleton, 1971) or by 

indicating the general pattern of results at a high level (Shneiderman, 1996). However, the 

current auditory preview cue did not assist in constraining the possible responses in these 

ways; no direct information was given about patient location or about vital sign levels. In the 

post-testing questionnaire, a participant from earcon preview cue condition said the preview 
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cue was not useful for identifying the location of abnormal patients because “(I can) only 

know the number of (abnormal) patients, but not their location” from the preview cue. Also, 

the participants from both spearcon and earcon preview cue conditions revealed that the 

preview cue did not help identify the abnormal vital signs because “the oxygen saturation 

and heart rate for each individual were different.” These responses showed that the 

participants still had to retrieve all the information needed for their responses from the detail 

part of the patient sequence even the preview cue was included. Therefore, the current 

preview cue did not preserve the location and vital sign accuracy by guiding their attention 

allocation to find the necessary information of abnormal patients in patient sequence. In 

future design, the information provided by the preview cue should match with the user’s 

needs in completing the monitoring task, which is to include sufficient information about the 

details of patient sequence for the identifications. 

Second, since the monitoring task was excessively difficult, the preview cue could not 

preserve the performance of identifying abnormal patient’s location and vital signs. With 

three abnormal patients and therefore six vital signs to recall, participants were reaching the 

limits of dynamic working memory and were probably experiencing some degree of output 

interference (Hickling et al., 2017). With output interference, the items’ content will interfere 

the memory performance because of its similarity. The latest vital signs might not be 

sufficiently consolidated in verbal working memory and they might be overwritten by 

previously memorized vital signs consequently when there were more abnormal patients 

(Hickling et al., 2017; Roediger, 1974). Also, the participants were lack of confidence in 

identifying the location and vital signs and felt difficult on both identifications (See Table 2). 

With such high task difficulty, the current additional preview may even lead to cognitive 

fatigue (Chen et al., 2018). Hence, the preview cue did not work as predicted when the 

monitoring task was extremely difficult. The task difficulty should be considered when we 

design a preview cue that intends to preserve the monitoring task performance in the future. 

Effect of Current Preview Cue on Concurrent Task 

The current preview cue did not affect how accurate the participants responded to the 

concurrent arithmetic task during patient monitoring. But there were more non-responses in 

earcon preview cue condition than no-cue condition.  

There was similar arithmetic attempted accuracy in concurrent arithmetic task because 

the participants in different preview cue type conditions might undergo the same process 

when they were responding to it. Regardless of the preview cue type, the participants needed 

to listen and rehearse the location and vital signs from patient sequence. Concurrently, they 

needed to respond to the concurrent arithmetic task. Both tasks burden the phonological 

loop, which is responsible to process verbal and auditory information. In this case, the 
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performance of the concurrent arithmetic task might be interfered by the patient sequence 

because of the resource competition in phonological loop (FÜrst & Hitch, 2000). Twenty-

five participants across different preview cue type conditions revealed that they would “keep 

murmuring the oxygen saturation and heart rate levels they have heard repeatedly” while 

responding to the concurrent arithmetic task in the post-testing questionnaire. Therefore, 

both concurrent arithmetic task and monitoring task burdened the phonological loop heavily 

regardless of the preview cue type, which led to similar results in arithmetic attempted 

accuracy.  

Although the arithmetic attempted accuracy was similar across preview cue type 

conditions, more non-responses appeared in earcon preview cue condition than no-cue 

condition. It implied that the participants tended not to respond to the concurrent arithmetic 

task if they were using earcon preview cue compared with no-cue. It is possible that the 

abstractness of earcon preview cue may motivate participants sometimes to suspend their 

arithmetic responses. Given that the earcon is an abstract sound, users have to associate its 

sound to its meaning when they process it (Li et al., 2017). As noted by Watson and Gill 

(2004), participants can become distracted when they must process a newly-learned earcon 

sound. In our experiment, when participants heard the earcon preview cue, they might 

suspend the response to the concurrent arithmetic task in order to preserve their performance 

on the monitoring task. Although the responding accuracy of concurrent arithmetic task 

would not be affected by the preview cue, the preview cue may motivate the participants to 

suspend the response in arithmetic task, which impairs the concurrent task performance in 

another way. Hence, the preview cue may harm the concurrent task performance by 

motivating to suspend the response.  

Design Implication 

Auditory sequences representing complex information can impose heavy demands on 

listeners. A design implication is to have specific but cognitive undemanding content in an 

auditory preview cue, in this case indicating which patient(s) have abnormal vital signs 

rather than the number of patients with abnormal vital signs. For example, the content 

presented by the auditory preview cue could be more specific, e.g., “Two-Five”, to indicate 

patients in the second and fifth location are in abnormal states. Another example is to 

provide a visual preview cue which allows the users to see the ID of abnormal patients in the 

upcoming patient sequence on both screens for concurrent arithmetic task and monitoring 

task until the new patient sequence is about to broadcast (See Figure 8). But the specific 

auditory preview cue is preferred because it supports eyes-free monitoring, which may not 

impair the visual concurrent task compared with the visual preview cue. With the new 

auditory preview cue, the performance of identifying the location and vital signs of abnormal 
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patients may be preserved by guiding the attention allocation and reducing much memory 

load.  

However, the specificity of preview cue should be carefully balanced with respect to the 

detailed view. Otherwise, it loses the purpose of being a preview, which is to give listeners a 

high-level summary before the details. Further testing about the effectiveness of auditory 

display with the new preview cue should be conducted before implementing it in the 

healthcare context.  
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Figure 8. The illustrations of having visual preview cue (at the top right-hand corner) on 

screen. It indicates that patient two and patient five are abnormal in the current patient 

sequence. It appears on both screens for concurrent arithmetic task and monitoring task until 

the new patient sequence is about to broadcast. 
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6. LIMITATIONS AND FURTHER STUDIES 

There are four limitations that can be addressed in future research. First, participants 

revealed that they memorized the locations of abnormal patients using their fingers and 

auditory imaginary to offload memory in the post-testing questionnaire. But this strategy 

may not be available in clinical context. The clinicians may have other ways to remember 

the details of abnormal patients because of their professional experience. In the future 

studies, clinicians working in hospital wards could be the participants. Nevertheless, the 

current study has shown the limitations of the current preview cue design and implied that 

redesigning the preview cue is necessary before conducting further testing.  

Second, the response demand imposed on participants in the experiment were extreme. 

Clinicians would seldom need to report the locations and vital signs of multiple patients at a 

time, but instead may focus on the patient with highest acuity or the most concerning 

change. However, the current study aimed at examining the effect of auditory preview cue in 

initial stage, which could not be accomplished if the participants are asked to report partial 

information about abnormal patients only. When the new preview cue has been found to be 

effective, the participants can be asked to report partial, rather than full, information, which 

is more typical of clinical use, in the further studies about the preview cue. 

Third, more representative clinical tasks were not used in this study. The concurrent 

arithmetic task used in this study served as a metaphor of administrative tasks in hospital 

ward. So, the interface of concurrent task was not clinically relevant. Since the participants 

in the present study were not clinicians, clinical task was not used. It would take longer time 

for participants to learn how to perform a clinical task if it was adopted in the current study. 

Also, the jargon in clinical task might distract the participants during the experiment, which 

could affect the concurrent task performance as an extraneous variable. In future 

experiments with clinicians as the participants, realistic clinical task should be used to 

examine the effect of auditory display on concurrent task performance.  

Fourth, there might be some undesirable impacts of testing participants through zoom on 

the study outcomes. For example, participants might be distracted by the notifications on the 

computer. They might also feel fatigued with 1.5-hour video call. These could affect 

participant’s responses to the tasks. However, following the study protocol, the 

experimenters would ask the participants to turn off notification alert function before the 

experiment started. Also, 2-minute breaks were provided to participants between two phases. 

Then, the impacts of using zoom to test could be minimized. Face-to-face testing is preferred 

in future experiment, depending on the restrictions under COVID-19.  
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7. CONCLUSION 
In summary, using spearcons or earcons as an auditory preview cue indicating the 

number of patients with abnormal vital signs in an upcoming sequence does not help 

participants locate abnormal patients or identify the vital sign levels of abnormal patients. 

The preview cue tested in this study may make participants aware of the number of patients 

with abnormal vital signs, indicating the ease or difficulty of reporting the upcoming patient 

sequence, but it does not increase their accuracy at reporting the details. Moreover, the 

current design of earcon preview cue suggested that a poorly-designed preview cue may 

even demand further cognitive processing in order to be understood, causing participants to 

suspend performance unnecessarily on concurrent tasks, which is the antithesis of what 

effective auditory displays should do. All in all, neither the spearcon-based nor the earcon-

based preview cue of the present design (i.e., indicating number of abnormal patients) 

improves performance over no cue, so such design can be eliminated as an effective option 

when designing auditory display for multiple-patient monitoring in future.  
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APPENDIX A: PAPER MATERIALS 

A1. Information Sheet 

 
Department of Applied Psychology 

 
Participant Information Sheet 

Multiple-Patient Monitoring Experiment (PEAD03) 
 

The purpose of the study  
The purpose of this study is to examine the effectiveness of adding 
preview cue in patient sequence to monitor multiple patients. This study is 
being conducted by LAU Tsz Chun Marco under the supervision of Dr. 
Alan Lee.   
 
Participation and withdrawal  
Participation in this study is completely voluntary and you are free to 
withdraw from this study at any time without prejudice or penalty. If you 
wish to withdraw, simply stop completing the exercises. If you do withdraw 
from the study, the materials that you have completed to that point will be 
deleted and will not be included in the study.  
 
What is involved?  
Once you have consented, you will receive some training on the 
judgements you need to make about the patients. You will be given plenty 
of practice before the real testing begins. During the test trials, you may be 
asked to indicate the properties or meanings of auditory and/or visual 
displays. These displays could be words, pictures, or sound clips. The 
sounds may represent the status of patients (e.g., heart rate, level of 
oxygen saturation), Participation in this study is around 1.5 hour.   
 
Risks 
Participation in this study should involve no physical or mental discomfort, 
and no risks beyond those of everyday living. You may feel tired or bored 
during the experiment. If, however, you should find any question or 
procedure to be invasive or offensive, you are free to omit answering or 
participating in that aspect of the study. 
 
Confidentiality and security of data  
All data collected in this study will be stored confidentially. Only members 
of the research team will have access to any identified material such as 
consent forms. All data will be coded in a de-identified manner and 
subsequently analysed and reported in such a way that responses cannot 
be linked to any individual. The data you provide will only be used for the 
specific research purposes of this study.  
 
Ethics Clearance and Contacts 
This study has been cleared in accordance with the ethical review 
processes of Lingnan University. You are, of course, free to discuss your 
participation with project staff.  
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If you would like to learn the outcome of the study in which you are 
participating, you can contact one of us on the email listed below, and we 
will send you an Abstract of the study and findings. 
 
Thank you for your participation in this study.  
Dr. Alan L. F. Lee & Lau Tsz Chun Marco 
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A2. Consent Form 

 
Department of Applied Psychology 

Participant Informed Consent Form 

Project Title: Multiple-Patient Monitoring Experiment (PEAD03) 
Your informed consent to participate in this study is needed. Please read the following 
statements. If you agree with them, please copy/paste the following text into an email and 
send it to the experimenter at marcolau@ln.hk / chiuwingsum@ln.hk . 
============================================================ 

With regards to the experiment titled  

Multiple-Patient Monitoring Experiment (PEAD03) 

I, [insert your full name] on [insert today’s date] agree that: 
• The nature of this project has been explained to me and I have read and understood 

the Participant Information Sheet provided.  
• I agree to participate in the study as described in the Participant Information Sheet.  
• I understand that my participation in this study is voluntary and that I am free to 

withdraw from the study at any time, without penalty and without needing to provide 
any reason. 

• I understand that any personal data collected at the start of the study will remain 
confidential and that data collected during the study is de-identified. 

• I have been informed that I can contact the researcher if I want feedback on this 
study.  

============================================================ 
Researcher Details:   
Professor Penelope Sanderson, Professor, School of Psychology, UQ 
Dr Simon Y. W. Li, Senior Lecturer, School of Psychological Science, UWA 
Professor Robert Loeb, Clinical Professor of Anesthesiology, University of Florida, 
Gainesville. 
Dr. Lee Lap Fai Alan, Department of Applied Psychology, Lingnan University 
Marco Lau, MPhil (Psychology) student, Department of Applied Psychology, Lingnan 
University 
Chiu Wing Sum, Research Officer, Department of Applied Psychology, Lingnan University 
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A3. Pre-testing Questionnaire 

 
PEAD03 測試前問卷 

Participant ID: 
Condition: Spearcon Cueing / Earcon Cueing / No Cueing 
 
音樂訓練經驗 

 

1. (a) 你是否曾接受一年或以上的正式音樂訓練（例如學樂器或唱歌）？ 

  是 / 否 

 

(b) 如是，請問曾接受多少年的正式音樂訓練？___________ 

 

2. (a) 你現在是否正接受一年或以上的正式音樂訓練（例如學樂器或唱歌）？ 

是 / 否 

 

(b) 如是，已完成最高等級為 ___________ 

 

3. (a) 你自己有否進行定期練習（如一星期一次） 

有 / 沒有 

 

聽力 

 

1. 你有沒有正常或已被糾正的聽力？ 

有 / 沒有 

 

年齡：_______ 

 

性別：男 / 女 / 不願透露 
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A4. Training answer sheet  

 
 



  

39 

 

 
 



  

40 

 

 



  

41 

 

 
 
 



  

42 

 

 



  

43 

 



  

44 

 

 
 



  

45 

 

 



  

46 

 

 
 
  



  

47 

 

A5. Post-testing Questionnaire 

PEAD03 測試後問卷 
Participant ID:  
 
Condition: Spearcon Cueing / Earcon Cueing / No Cueing 
 

1. 在整個測試階段，你認為辨認異常病人的位置有多大難度？ 
 
極不困難                                                                                       極困難 
 
1______2______3______4______5______6______7______8______9 
 

2. 在整個測試階段，你認為辨認異常病人的位置有多大信心？ 
 
極沒信心                                                                                       極有信心 
 
1______2______3______4______5______6______7______8______9 
 

3. 在整個測試階段，你認為辨認異常病人的氧濃度水平和心跳值水平有多大難

度？ 
 
極不困難                                                                                       極困難 
 
1______2______3______4______5______6______7______8______9 
 

4. 在整個測試階段，你認為辨認異常病人的氧濃度水平和心跳值水平有多大信

心？ 
 
極沒信心                                                                                       極有信心 
 
1______2______3______4______5______6______7______8______9 
 

5. 在整個測試階段，當多名病人狀態聲音正在播放時，你認為要在心算遊戲中提

供正確答案有多大難度？ 
 
極不困難                                                                                       極困難 
 
1______2______3______4______5______6______7______8______9 
 

6. 在整個測試階段，當多名病人狀態聲音正在播放時，你認為要在心算遊戲中提

供正確答案有多大信心？ 
 
極沒信心                                                                                       極有信心 
 
1______2______3______4______5______6______7______8______9 
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7. 你在測試中用了什麼方法來辨認異常病人的位置？ 

 
 
 
 
 
 
 
 
 

8. 你在測試中用了什麼方法來辨認異常病人的氧濃度水平和心跳值水平？ 
 
 
 
 
 
 
 
 
 
 
For Spearcon Cueing or Earcon Cueing condition:  
 

9. 你覺得異常病人數目的聲音對你辨別異常病人的位置有幫助嗎？請簡短解釋。 

 
 
 
 
 
 
 
 

 
10. 你覺得異常病人數目的聲音對你辨別異常病人的氧濃度水平和心跳值水平有幫

助嗎？請簡短解釋。 
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A6. Debrief Sheet 

 
Department of Applied Psychology 

 
Educational Debrief Sheet 

 
Multiple-Patient Monitoring Experiment (PEAD03) 

 
Earcons are short structured sequences of artificial tones that can be used to convey information and 
combined to provide multiple messages (Brewster et al., 1995). Unlike visual displays, earcons allow eyes-
free monitoring. The operator can attend to other tasks while being peripherally aware of the status and 
trends of vital information. Earcons have been tested and found to be a successful method for 
communicating complex messages in sound (Brewster et al., 1994). 
 
“Spearcons” (speech earcons) is one type of earcons. They contain the name of an alarm (e.g., “pulse 
high”) pronounced in human voice, but in a time-compressed format. Recent studies have shown that 
spearcons also offer an effective way of monitoring patients as the users could achieve very high accuracy 
in perceiving the message (Li et al., 2019; Lim and Sanderson, 2019).  
 
As you have experienced, the clinicians need to identify the vital signs of abnormal patients from the 
patient sequence in multiple-patient monitoring. The patient sequence is the sequence of sounds you heard 
in the experiment. Li et al. (2019) showed that the accuracy of identifying the vital signs drops when there 
are more abnormal patients due to the limited memory. But the decrement of accuracy may be lightened if 
we indicate the number of abnormal patients in the patient sequence. It is because the clinicians can 
determine whether they focus more on listening to the sequence or not based on the number of abnormal 
patients provided (Shneiderman, 2003; Jeon et al., 2009). Our study examines the effectiveness of 
providing that information in the patient sequence on the performance of multiple-patient monitoring.  
 
The number of abnormal patients is called “preview cue”. It is an preview of the coming patient sequence. 
This cue is designed with spearcon and earcon as described in the above. Spearcon may be a better tool for 
providing the preview because of the benefit of spoken language and intuitiveness. (Lucas, 1984; Thorn et 
al., 2002). In this study, we also compare the effectiveness of spearcon preview cue and earcon preview cue 
on multiple-patient monitoring.  
 
This research is an example of human factors psychology. It is only one of the many projects being 
undertaken by a team consisting of clinicians at the New Territories West cluster of Hospital Authority and 
researchers from The University of Queensland, University of Western Australia, University of Florida, and 
Lingnan University. If you would like to learn the outcome of the study in which you are participating, you 
can contact Dr. Alan Lee at alanlee@ln.edu.hk, and he will send you an Abstract of the study and findings. 

 
Dr. Lee Lap Fai Alan & Lau Tsz Chun Marco 
alanlee@ln.edu.hk ; marcolau@ln.hk  
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APPENDIX B: STATISTICAL TABLES AND GRAPHS 

B1. Experimenter Effect 
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Note. Number of ABN patients = Number of abnormal patients 
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B2. Residual Distribution Graphs 

• The histogram under “Untransformed” section shows the residual distribution of raw 

data.  

• The histogram under “Exponential Transformation” section presents the residual 

distribution of the data being transformed by exponential transformation.  

• The histogram under “Square Root Transformation” section displays the residual 

distribution of the data being transformed by square root transformation.  

 

(a) Patient location accuracy 

i. Untransformed  

 
As shown in the above histogram, the residuals of raw data for patient location accuracy was 

negatively skewed. Therefore, exponential transformation was used to transform the raw 

data in order to get normal distributed data.   
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ii. Exponential Transformation 

 
As presented in the above histogram, the residuals for patient location accuracy were still 

negatively skewed after conducting exponential transformation. Hence, the exponential 

transformation did not work.  
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(b) Vital sign accuracy 

i. Untransformed  

 
As shown in the above histogram, the residuals of raw data for vital sign accuracy was 

negatively skewed. Therefore, exponential transformation was used to transform the raw 

data in order to get normal distributed data.   
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ii. Exponential Transformation 

 
As presented in the above histogram, the residuals for vital sign accuracy were still 

negatively skewed after conducting exponential transformation. Hence, the exponential 

transformation did not work.  
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(c) Arithmetic attempted accuracy 

i. Untransformed  

 
As shown in the above histogram, the residuals of raw data for arithmetic attempted 

accuracy was negatively skewed. Therefore, exponential transformation was used to 

transform the raw data in order to get normal distributed data.   
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ii. Exponential Transformation 

 
As presented in the above histogram, the residuals for arithmetic attempted accuracy were 

still negatively skewed after conducting exponential transformation. Hence, the exponential 

transformation did not work.  
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(d) Arithmetic non-response rate 

i. Untransformed  

 
As suggested in the above histogram, the residuals of raw data for arithmetic non-response 

rate were positively skewed. Therefore, square root transformation was used in order to get 

normal distributed data.   
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ii. Square Root Transformation 

 
As presented in the above histogram, the residuals for arithmetic non-response rate were still 

positively skewed after conducting square root transformation. Hence, the square root 

transformation did not work.  
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