


 

ABSTRACT 

Measuring the Usability of Home Healthcare Devices 

by 

Meiyuzi Gao 

 

As the trend of home-delivered healthcare grows, the number of healthcare devices being 

utilized in the home setting also increases greatly, but the usability of these devices has not been 

examined systematically. Although usability testing is regarded as the standard practice of 

usability assessment, it may not be as cost-effective as alternative methods such as retrospective 

measures. This study collected data for healthcare devices from a usability test and a 

retrospective survey. Four measures including the ISO 9241-11 metrics of effectiveness, 

efficiency, and satisfaction (ISO, 1998), and the System Usability Scale (SUS, Brooke, 1996) 

scores were compared between methods. Despite the inconsistency in effectiveness and 

efficiency with the usability test, the retrospective survey generated assessments that 

differentiated between devices. Retrospective assessments may thus be useful for comparative 

evaluations of medical devices, but cannot substitute standard usability tests for collecting 

objective usability data. 
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INTRODUCTION 

 Home delivered healthcare is the fastest growing sector in the health service industry 

(Sultz & Young, 2010), with 12 million individuals in the United States receiving care at home 

in 2010 (National Association for Home Care & Hospice, 2010). Home healthcare allows 

patients to be discharged earlier from the hospital and receive treatment in their home, which is a 

more familiar and comfortable environment for most patients. In addition, home delivered 

healthcare reduces patients’ cost by a large margin. For example, a ventilator-dependent adult 

can save two thirds of the cost of staying in the hospital by choosing home delivery, and children 

dependent on oxygen equipment can save as much as half the charge of hospitalization (National 

Association for Home Care & Hospice, 2010). The current study aimed to facilitate the 

understanding of home healthcare by discussing both the challenges associated with using home 

healthcare devices in the home setting and the methods of assessing the devices. 

Challenges of Using Home Healthcare Devices 

The delivery of healthcare at home requires great caution for several reasons. Healthcare 

devices are sometimes operated by users who are not sufficiently trained in medicine and do not 

have complete understanding of the mechanism of the devices they use. When the patients 

themselves operate an automated device, they may be reluctant to use it if they do not fully 

understand its mechanism (Sawyer, Aziz, Backinger, Beers, Lowery, & Sykes, 1996). Sawyer 

and colleagues (1996) also suggested that the medications of a patient can influence his/her use 

of medical equipment. Another concern is associated with the demographic characteristics of 

home healthcare patients. The majority of the patients are elderly people (Caffrey, Sengupta, 

Moss, Harris-Kojetin, & Valverde, 2011) who may be prone to make mistakes because of their 
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decline in cognitive abilities and motor functioning (Chodzko-Zajko, 1991; Smith, Umberger, 

Manning, Slevin, Wekstein, Schmitt, Markesbery, Zhang, Gerhardt, Kryscio, & Gash, 1999).  

Using home healthcare devices is challenging not only due to the characteristics of the 

users, but also because of the lack of user involvement in the development of the devices. In the 

published literature, involvement of users in the development and evaluation of medical devices 

is either limited or underreported (Martin, Norris, Murphy, & Crowe, 2008). In an interview with 

healthcare professionals, Vince and Blandford (2011) found that participants in usability tests 

were only allowed to comment on the aesthetics of the product.  

Without involving users in device development, design problems embedded in the user-

system interaction are difficult to detect. Failure to detect problems in the system is more 

problematic for healthcare devices than for everyday systems such as software programs. This is 

because software programs (e.g. Microsoft Word, Adobe Photoshop) usually feature error 

recovery functions that allow user to revert to a previous step in the operation and correct their 

mistakes.  

In healthcare devices, however, errors may affect patients’ health adversely. For instance, 

misuses of epinephrine auto-injectors can lead to fatal anaphylaxis (Bonds, Asawa, & Ghazi, 

2015). Using a blood pressure monitor wrongly can cause miscategorization of people’s blood 

pressure. Jones, Appel, Sheps, Roccella, and Lenfant (2003) found that a systematic error of 

under- or over-estimating the true blood pressure by 5 mm Hg could mislabel peoples’ blood 

pressure as either “high normal blood pressure” or “hypertension.” The underestimation would 

overlook patients who should be treated for hypertension and mislabel them as “high normal 

blood pressure.” The overestimation, on the other hand, would cost people expenses to treat false 

conditions and even cause adverse drug effects.   
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Incidents of human errors in using medical devices are also prevalent. In a study by 

Sicherer, Forman, and Noone (2000), 62% of the adolescent patients and their parents, 79% of 

the doctors, and 64% of pediatric residents failed to demonstrate the correct way of using an 

EpiPen. Jones and colleagues (2003) indicated that between 21 million and 27 million people in 

the United States could be affected by underestimating and overestimating the blood pressure by 

5 mm Hg. There were also more than 50,000 recorded cases on the misuse of infusion pumps 

between 2005 and 2009 (US Food and Drug Administration, 2010). In addition, overall 

understanding of the use of inhalers was poor (Price, Bosnic-Anticevich, Briggs, Chrystyn, 

Rand, Scheuch, & Bousquet, 2013). Misuse of metered dose inhalers was found in 50% of the 

cases on average across 21 studies in the review. In one of the reviewed studies, only 5% of the 

medical interns were able to use the metered dose inhalers correctly.  

This study aimed to address these issues by investigating user-centered methods of 

assessing home healthcare devices. Such methods should allow usability researchers and 

practitioners to distinguish usable devices from un-usable ones, and should be helpful for 

reducing human error and ensuring successful delivery of healthcare treatment at home.  

Usability Assessment 

To determine whether a healthcare device is usable, one can assess its usability with 

human factors approaches. The definition of usability is based on the ISO 9241-11 standard 

(ISO, 1998), which states that a system of high usability should have high efficiency, 

effectiveness, and satisfaction. These metrics of usability are important in guiding the system 

design and testing so that problems in the system will not be overlooked (Dumas & Redish, 

1999). Depending on the goal of the assessment, they can take different forms (Hornbæk, 2006). 

Previous studies assessing the system effectiveness have adopted measures such as the success or 
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failure of using the system, number of errors, and how much of the task is completed. The 

efficiency metric has been defined as the task completion time, the input rate, and mental effort. 

Satisfaction is usually measured by standard questionnaires or users’ preferences between 

several systems.  

Among the ISO metrics of usability, effectiveness is closely related to researchers’ and 

evaluators’ emphasis on the safe and effective operation of medical devices (Sawyer et al., 

1996). Professionals who frequently use medical technology rated “difficult to make errors” as 

the largest component of overall usability among five components including “difficult to make 

errors” “easy to learn” “efficient to use” “easy to remember” and “pleasing to use” (Liljegren, 

2006). Because of such consensus on minimizing human errors, it is important to assess the 

effectiveness metric in the in the usability examination of medical devices. Hospitals also seek to 

reduce medical errors and enhance patient safety when they make procurement decisions about 

purchasing new infusion pumps (Ginsburg, 2005). 

The current study assessed not only effectiveness, but also efficiency and satisfaction to 

capture the usability of home healthcare devices from multiple angles. Previous studies have 

acknowledged the importance of measuring efficiency and satisfaction. For example, in order to 

validate the usability of a novel design of syringe infusion pumps, Schmettow, Schnittker, and 

Schraagen (2017) compared the task completion time of using a novel design and an existing 

design, and found that the novel one was more efficient. Anderson (2005) reviewed 29 studies on 

users’ preference for and satisfaction with inhaler devices. He defined satisfaction as users’ 

evaluation of the process and outcome of using a medical device. Although no robust association 

between satisfaction and clinical outcomes was found due to the inconsistency between studies, 

the author suggested that these subjective outcomes from user reports are worthy of scientific 
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studies and should be assessed as rigorously as other subjective outcomes such as health-related 

quality of life (Guyatt, Feeny, & Patrick, 1993). 

Research on the relationships between the three ISO metrics of usability has found small 

to medium correlations between one another. In a meta-analysis of 73 usability studies, Hornbæk 

and Law (2007) found a correlation of .25 between efficiency and effectiveness, .20 between 

efficiency and satisfaction, and .16 between effectiveness and satisfaction. These relationships 

persisted in different interface types and study conditions, but attenuated when the measure of 

effectiveness became as complex as the expert assessment. Sauro and Kindlund (2005) also 

discovered positive, moderate, and significant correlations between satisfaction, time, errors and 

binary task completion. They then created a single summated usability metric out of the four 

measures as an index for comparing systems before and after changes in the design. Hornbæk 

and Law (2007) argued that Sauro and Kindlund overestimated the relationships between ISO 

metrics by using simple measures and a specific type of task. They believed that the three aspects 

of the ISO metrics cannot be reduced to one dimension not only due to weak correlations 

between the individual metrics, but also because the metrics reveal usability information in 

different ways. 

A usability assessment should consider the system, the user, and their interaction because 

usability is not a specific property of a system (Brooke, 2013), based on the ISO 9241-11 

definition. The assessment should be related to the user’s goal with using the system so that the 

outcome is interpretable and meaningful. It should also account for users’ expectations and 

knowledge with the device. Nielsen (1994a) found that mismatching between the system and the 

real world in terms of users’ background knowledge and conceptual models may cause usability 

problems. For example, human operators’ mental model being different from the actual system 
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played a crucial role in the disasters of the Three Mile Island and Chernobyl (Reason, 1990). A 

less tragic example is the message icon in a social networking mobile application (Facebook) not 

being linked to the message page. When users click on the message icon, they are directed to a 

web page prompting them to download a separate application for reading and sending messages. 

This design may deviate from users’ mental model of how interactive components in the social 

networking applications work, and may affect the experience and performance of users who do 

not expect an additional operation in order to read a message.  

Usability Tests 

A usability assessment of a system can be conducted in many different methods, and 

usability testing is a common one (e.g., Rubin & Chisnell, 2008). A usability test evaluates how 

well people uses a system (Zhang & Adipat, 2005) based on users’ performance in completing 

tasks with the system. The collection of user performance distinguishes usability testing from 

analytical usability evaluation methods (Liljegren, 2006) such as heuristic evaluation and 

cognitive walkthroughs (Nielsen, 1994b). The analytical methods rely heavily on the judgment 

of human factors professionals, who have to “know, understand, and work with people who 

represent the actual or potential users of the product” to make accurate assessments (Dumas & 

Redish, 1999). A usability test does not have this concern because it collects data from users 

empirically. The strength of usability tests has been demonstrated in the comparison with other 

usability assessment methods (Jeffries, Miller, Wharton, & Uyeda, 1991). Jeffries and colleagues 

(1991) showed that usability tests were superior to cognitive walkthroughs or published 

guidelines in identifying serious and recurring problems in the system. Usability tests are also 

better at discovering problems than focus groups in which users tend to share their feelings 

toward the system instead of finding specific problems (Nielsen, 1997). 
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Usability testing is similar to controlled experiments (Rubin & Chisnell, 2008), and it 

shares many advantages of experimental studies. First, researchers are able to manipulate the test 

settings, including the tasks to be performed, the system and the type of users, as well as the 

environment in the test. They can compare different systems, or even parts of the system (Dumas 

& Redish, 1993) in the test as long as other factors are controlled for or equivalent. Second, 

researchers can collect both quantitative and qualitative data on users’ performance in the test. 

Quantitative data, such as the task completion time and the count of errors, can be measured and 

interpreted unambiguously. If users spend longer time on using one system than another system 

to achieve the same goal, then the first system can be regarded as more efficient than the second. 

Qualitative data, such as think-aloud quotes from users, are also informative and may reveal 

usability issues that are overlooked by human factors researchers or system designers (Desurvire, 

Kondziela, & Atwood, 1992). Third, because researchers can analyze users’ performance 

through direct observation or by video recording the test, they may find usability problems that 

are not articulated by the users. Last but not least, when key ecological settings cannot be 

replicated in the laboratory, usability tests can be conducted in the field environment where the 

system are typically used (Macleod, 1994).  

Despite the merits, a usability test can be difficult to conduct for several reasons. It may 

take longer time to conduct that other methods of usability assessment (Dumas & Redish, 1999). 

Consequently, users' compensation for participating in a usability test is more expensive than 

that in many other methods. Another obstacle is the availability of users of certain products 

(Macleod, 1994). In Haklay and Tobón’s (2003) discussion of applying usability evaluation 

techniques to Geographic Information Systems (GIS), the authors mentioned that users matching 

the expected profile was limited since only a small proportion of the world population use GIS 
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products on a regular basis. To test the GIS products with a reasonable sample size, the 

researchers need to spend a long period of time with heavy financial commitment in order to 

recruit enough users. Alternatively, researchers can expedite the recruitment process by reducing 

sample size. This, unfortunately, leads to the controversy of small sample sizes. Nielsen (2000) 

argued that running small-scale tests with five users could produce the best results without 

wasting resources. On the other side of the debate, Faulkner (2003) showed that the percentage 

of usability problems revealed in the random groups of 5 participants ranged from 55% to 99%, 

while groups of 10 or 20 participants could find at least 80% and 95% of the problems 

respectively. Spool and Schroeder (2001) also found that five users were insufficient for finding 

85% of the problems in all the four websites evaluated in their study. Depending on the specific 

situations, researchers should carefully consider the trade-off between discovering sufficient 

usability problems and reducing the cost. In addition to the issues above, usability tests do not 

always ensure ecological validity. Many tests are limited to the laboratory settings due to either 

the high cost of or uncertainty about replicating an actual context of use. Duh, Tan, and Chen 

(2006) compared usability tests on mobile devices in the laboratory and in the field, and found 

more usability issues in the latter environment. Some of the issues found in the field could not 

have been found in the laboratory because they were associated with the field environment. 

Rubin and Chisnell (2008) even argued that usability tests are always artificial because “the very 

act of conducting a study can itself affect the result” no matter how close to reality the test 

environment is.  

Retrospective Measures 

Retrospective measures are another method for usability assessment. They can take the 

form of questionnaires that require users to assess past experiences associated with using a 
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system. Many questionnaires have been developed for retrospective measurement with known 

psychometric properties, such as the Software Usability Measurement Inventory (SUMI, 

Kirakowski & Corbett, 1993), the Computer Usability System Questionnaire (Lewis, 1995), the 

Post-Study System Usability Questionnaire (Lewis, 1995), the Mobile Phone Usability 

Questionnaire (Ryu & Smith-Jackson, 2006), and the System Usability Scale (SUS, Brooke, 

1996). These questionnaires of different lengths serve similar purposes of investigating users’ 

perceptions of outcomes and interactions (Hornbæk, 2006).  

Retrospective measures are powerful for several reasons. They are efficient in measuring 

usability (Kortum & Sorber, 2015). While users need to have past experiences with the system 

before they can evaluate a system or product on the retrospective questionnaire, they do not have 

to perform a task with the system immediately before they evaluate. Users’ participation in the 

retrospective study can be much shorter and researchers’ financial and time commitment can be 

lower than that of a usability test. A retrospective questionnaire can also assess more systems 

than a usability test in the same amount of time because it does not rely on real-time interaction 

between users and the system. Moreover, retrospective measures are as useful as a usability test 

for comparing designs (Albert, Tullis, & Tedesco, 2009). Kortum and Bangor (2013) recruited 

about 1000 participants to evaluate 14 everyday products on the SUS metric. Such scope would 

be much more difficult to achieve in a usability test.  

Retrospective measures have high face validity (Kortum & Sorber, 2015). When users are 

asked to recall and integrate incidents of using the system from their episodic memories, they are 

at liberty to decide the weights of different functions of the system and make their assessments 

accordingly. Retrospective surveys are also easy to distribute and collect. Similar to the remote 

usability tests in which users complete designated tasks online, retrospective measures allow 
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many participants to answer a questionnaire at the same time without a researcher attending to 

the process (Tullis, Fleischman, McNulty, Cianchette, & Bergel, 2002). 

Disadvantages of using retrospective measures should also be addressed. When users 

answer a retrospective questionnaire, they mostly rely on their memory, which can be an 

unreliable source of information. The imprecision of human memory has been demonstrated in 

many psychological phenomena, such as eyewitnesses giving inaccurate testimony due to false 

memory (Brainerd & Reyna, 2005) and false allegations of child abuse (Finkelhor, 1984.) The 

body of research on time perception also suggests that people’s judgment of time can be affected 

by the amount of information they process during the period of time (Hicks, Miller, & 

Kinsbourne, 1976). The limited attention span can also give rise to inaccurate recall of past 

experiences. An unexpected object in the scene may not be noticed by the participants when their 

mind is preoccupied with other tasks (Simons & Chabris, 1999). In retrospective measures, users 

may overlook and fail to report certain issues associated with using a system if the task of using 

the system is highly demanding. Due to such limitations of human cognition, retrospective 

measures need to be constructed cautiously to ensure that users’ experiences and memory can 

positively contribute to the usability assessment.  

The duration of retrospective measures should be controlled such that users do not 

exhaust themselves in the test. As Albert and colleagues (2009) suggested, users’ attention starts 

to fade 20 or 30 minutes into answering a questionnaire. When researchers adopt long 

questionnaires such as the SUMI, they should restrict the scope of assessment to a few systems 

to ensure the quality of user responses. 
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Measuring Usability of Home Healthcare Devices 

In the usability assessment of home healthcare devices, both usability testing and 

retrospective measures have their merits and limitations. Usability tests can provide first-hand 

usability data on user performance, but they may not be cost-effective. Many generic home 

healthcare devices have multiple models and variations available on the market. Usability tests 

either cannot cover every variation exhaustively or they will consume too much time and 

expense. The preparation for a test can also be strenuous. The protocol for testing healthcare 

devices, especially the invasive ones, must be evaluated and permitted by the research ethics 

board (e.g. the Institutional Review Board). Besides, researchers need to establish a 

comprehensive plan to prevent injuries and to ensure that sensitive information will not be 

revealed in the test of certain devices (e.g. HIV test kits, pregnancy tests).  

Recruiting users to the test can be difficult or expensive depending on the type of medical 

devices. Researchers may struggle to find a sufficient number of typical users of a device, or to 

bring elderly or handicapped users to the test lab. If the test takes place at the users’ home, then 

the researchers need to be able to afford the expense of scheduling and travelling in order to 

collect user performance data. 

Retrospective measures, on the other hand, can be adopted to collect a large amount of 

data with relative low expense and effort. Because users do not face any physical risks associated 

with using a healthcare device, retrospective studies can be more easily approved by the research 

ethics board than usability tests can. When the measures are collected on the internet, neither the 

researchers nor users are required to travel to a designated place to conduct the assessment. Users 

have the freedom to complete the questionnaires at anytime from anywhere. This flexible feature 

of online questionnaires can make recruiting easier in a retrospective study than in a usability 
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test. Because retrospective questionnaires are fast to complete, users can evaluate multiple 

devices in the questionnaire within a short period of time. This allows researchers to assess a 

variety of healthcare devices available on the market by inviting self-identified users of the 

device to submit their evaluations.  

Caution should also be taken when applying the retrospective measures. As mentioned 

before, the limitations of human cognition may hinder users from recalling their experiences 

accurately. Even if the recall is precise, users’ perception based on the memory may be 

inconsistent with the objective reality. Many psychology studies have demonstrated the 

difference between objective and subjective measures. Yeh and Wickens (1988) found four 

situations in which objective and subjective workload measures dissociate. For example, when a 

motivational incentive is present, both the objective performance and the subjective perception 

of workload increase. In personnel psychology, objective and subjective measures of employee 

performance are not interchangeable despite their medium sized significant correlation 

(Bommer, Johnson, Rich, Podsakoff, & MacKenzie, 1995). In a more recent study, Hornbæk and 

Law (2007) also demonstrated that users’ subjective assessment of effectiveness was not 

significantly correlated with the actual effectiveness.  

Because of the distinction between subjective and objective assessment, retrospective 

usability data of home healthcare devices may not reflect the objective usability that is 

emphasized by the regulatory authority in many countries including the U.S., the European 

Union, Japan, and China (Kramer, Tan, Sato, & Kesselheim, 2014). For example, the Food and 

Drug Administration (FDA) in the U.S. requires that a medical device with significant risk (Class 

III) must be tested in the scientific lab and clinical studies and its safety and effectiveness data 

well-documented when its manufacturer applies for a premarket approval (Sapirstein, Alpert, & 
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Callahan, 1994). The importance of regulating medical devices can be seen in previous examples 

of the prevalence of human error in using medical devices (e.g., Sicherer, Forman, & Noone, 

2000), and the fatal consequences associated with human error (e.g., Bonds, Asawa, & Ghazi, 

2015). Retrospective data do not demonstrate the objective effectiveness or safety of using a 

medical device in such a premarket approval application because users’ perception and 

recollection cannot substitute usability data collected in a laboratory test. 

Research Objective and Design 

This study examined the retrospective measures with regard to its inter-method validity 

and discrimination between devices. The inter-method validity referred to whether retrospective 

measures can capture the usability characteristics (effectiveness, efficiency, and satisfaction) of 

home healthcare devices as accurately as the usability test does. To examine the inter-method 

validity, this study made a comparison between usability data collected in the retrospective 

survey with that in the usability test. The discrimination between devices was the capability of 

generating different usability assessment for different devices. If these properties of retrospective 

measures were confirmed, usability researchers and practitioners would have more confidence in 

adopting this cost- and time-efficient method to measure the usability of home healthcare 

devices. 

In addition, this study examined whether participants in the usability test and in the 

retrospective survey responded to the subjective usability survey in the same way. In usability 

tests, users usually complete subjective usability after using the system. It has not been well 

understood how users would rate a device that they are familiar with in the survey without 

interacting with the product in the immediate past. The SUS was adopted as the subjective 

usability questionnaire because it is one of the standard and non-proprietary retrospective 
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measures. It is also a quick and reliable tool (Lewis & Sauro, 2009) with 10 items that can 

effectively capture subjective usability assessments. Besides, the SUS is technology-agnostic, 

allowing for evaluations on a wide range of objects. It has been successfully applied in 

examining commercial electronic products (Nithyanand, Saxena, Tsudik, & Uzun, 2010) and 

everyday products (Kortum & Bangor, 2013).  

Relationships between the ISO metrics of usability in the usability test were compared 

with previous findings (i.e. Hornbæk & Law, 2007; Sauro & Kindlund, 2005). Despite the 

emphasis on improving safety and reducing errors in the usability assessment of healthcare 

devices, there could be valuable insights in comparing home healthcare devices with computer-

related systems (Hornbæk & Law, 2007) and financial/accounting systems (Sauro & Kindlund, 

2005) with regard to the associations between ISO metrics.  

This study consisted of a usability test with college students and a retrospective survey 

with the general population. Experiment 1 was the lab-based usability test and measured the ISO 

metrics of usability and subjective overall usability with the SUS. Four home healthcare devices 

(a pulse oximeter, a temporal artery thermometer, a spirometer, and a manual blood pressure 

monitor) were evaluated in the test.  

Experiment 2 utilized the retrospective measures to evaluate common healthcare devices. 

A questionnaire including the ISO metrics and multiple subjective usability metrics were 

distributed via Mechanical Turk on the internet. Users evaluated five devices of their choice on 

the questionnaire. Multiple questions regarding each of the ISO metrics and the SUS were 

included in the questionnaire.  
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METHOD 

Experiment 1 

Participants. Seventy-four undergraduate students at Rice University, with an average 

age of 19.3 years old (range 18 to 22) were recruited to participate in the experiment. Forty 

participants were female, and thirty-four were male. Participants were compensated with credits 

towards a course requirement. 

Experiment design. This experiment used a within-subjects design. Participants used 

four home healthcare devices to complete four separate tasks. Each person was assigned a 

random sequence of the tasks to counter-balance the task difficulties.  

Effectiveness of an individual task was measured on a dichotomous scale of success or 

failure. A successful task required the participants to complete all the necessary actions with the 

device and the device to generate an acceptable numerical reading. For example, to use the 

thermometer successfully, the participant must remove the cap of the thermometer, point the 

sensor to one side of the forehead near the temple, press down the button, and swipe the device 

across the forehead. The reading on the device must be in the range between 95 to 105 °F. Task 

completion time was the primary indicator of efficiency. Due to time limitations, a task would be 

terminated after 15 minutes regardless of success or failure. Satisfaction scores were calculated 

based on answers to a modified After-Scenario Questionnaire (ASQ, Lewis, 1991) distributed 

after each task. Subjective usability was calculated based on answers to the SUS. The ASQ 

satisfaction score ranges from 1 to 5 and the SUS score from 0 to 100. 

Apparatus and materials. A manual blood pressure monitor, a pulse oximeter, a 

temporal artery thermometer, and a spirometer that measures air capacity of the lungs were the 

home healthcare devices evaluated in this experiment. They were chosen because they are non-
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invasive, gender-context free, and they do not require human body fluid for the health 

evaluation. It is therefore unlikely to risk the users’ health or breach their privacy in the testing of 

these devices. 

A survey package consisted of a post-task report, a satisfaction form, a System Usability 

Scale form, and a previous experience survey. The post-task report asked for users’ perception of 

the task success and the reading on the device if they succeeded. A modified ASQ (Lewis, 1991) 

using a five-item Likert scale was used to measure the level of satisfaction with the device. The 

questionnaire included three statements in the original ASQ (“Overall, I am satisfied with the 

ease of completing the tasks with this device.” “Overall, I am satisfied with the amount of time it 

took to complete the tasks with this device.” “Overall, I am satisfied with the support 

information (online help, messages, documentation) when completing the tasks.”), and an 

additional statement “Overall, I’m satisfied with this device.” A System Usability Scale was 

adapted from Brooke’s (1996) the original version. The word “cumbersome” in one statement 

was replaced with “awkward” because the former was a less frequent word and previous research 

has reported that some participants had trouble understanding its meaning (Bangor, Kortum, & 

Miller, 2008). The word “product” in every item was also substituted with “medical device.” 

Such change reinforced the context of interacting with healthcare devices without affecting the 

results of the survey (Lewis & Sauro, 2009). The rating scale in the SUS metric was also 

reversed in order to keep the consistency with other questionnaires in the package. This would 

not introduce response bias because the scoring of the SUS metric can be adjusted accordingly. 

The reliability of all-positive SUS scale has also been demonstrated by Sauro and Lewis (2011). 

They found no response bias in that alternative version of SUS. A seven-item Likert scale of 

overall adjective descriptors (Bangor et al., 2008) was added to the form, together with an item 
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rating the medical device on the university grading scale from A to F (Bangor, Kortum & Miller, 

2009). At the end of the survey package, a previous experience survey asked participants to rate 

their past experience of how often they used each type of device. The background survey also 

included items about the gender and age of the participants. 

Procedure. The experiment was conducted with one participant per session in a quiet 

room with minimal distraction. The participants were given an IRB approved consent form and 

then the background survey before the first task. In each task, they were asked to use a home 

healthcare device to measure their basic physiological status. They did not receive any training 

or demonstration from the experimenter. The instruction manual was included with the device, 

but was not mentioned in the task explanation. The participants were also told to inform the 

experimenter as soon as they finished the task, with a proper reading from the device.  Upon 

finishing each task, the participants filled out one survey package. After completing all four 

tasks, they were debriefed and thanked. 

Experiment 2 

Participants. Seven hundred and nineteen subjects were recruited via Amazon 

Mechanical Turk. After incomplete surveys were excluded, five hundred and twenty participants 

who completed the survey were compensated between $0.25 to $1 and their responses were 

included in the data.  

Among the 520 participants in the sample, there were 279 female, 240 male, and 1 person 

identifying as the “other” gender. The average age of the sample was 37.4 years old (range 18 to 

83), with a median of 33 years old. From the perspective of ethnicity, the sample consisted of 

Caucasian American/White (72.9%), African American/Black (9.2%), Asian American/Asian 
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(8.7%), Latino American/Hispanic (4.8%), Native American (0.4%), and multi-racial (4.0%) 

participants.  

Among the 520 participants, 257 indicated that they did not have any chronic condition. 

The rest of the participants indicated that they were experiencing chronic health problems: 85 

had asthma, followed by 53 people having hypertension and 25 having diabetes; 2 with chronic 

pulmonary disease, 7 with coronary heart disease, along with 30 with other chronic condition and 

61 with multiple chronic conditions.  

Materials and apparatus. The online survey consisted of a consent form, a demographic 

questionnaire, five usability questionnaires, and a question on the value users might place on this 

kind of usability information. 

Demographic questionnaire. The demographic questionnaire asked participants for 

information regarding their gender, age, race, scale of resident community (rural, suburban, and 

urban), as well as health condition. Specifically, participants were asked to report their chronic 

health condition by selecting from the following: Diabetes, Hypertension, Asthma, Chronic 

Pulmonary Disease, and Coronary Heart, others, or none of the above. The conditions listed 

above are some of the most common ones in the U.S. (Bodenheimer, Chen & Bennett, 2009; 

Schiller, Lucas, Ward, & Peregoy, 2012). 

Usability questionnaire. Each usability questionnaire contained 18 items: two items each 

on effectiveness and efficiency of the device, three items from the After Scenario Questionnaire 

(ASQ, Lewis, 1991), ten items from the SUS, and one item on the likelihood to recommend (net-

promoter score, Reichheld, 2003).  

The two items related to efficiency (see Figure 1) asked participants how long they take 

to use the device in terms of minutes (referred to as “completion time”), and how efficient they 
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are in using the device on a 7-point Likert scale (Callahan & Koenemann, 2000, referred to as 

“efficiency rating”). The two items on effectiveness (Figure 2) inquired how often the 

participants successfully use the device on the first try (referred to as “effectiveness of first try”), 

and how many tries they takes to succeed (referred to as “tries needed to succeed”).  These items 

were intended to measure the efficiency and effectiveness aspects of the ISO 9241-11 metric.  

Figure 1. Questions about efficiency of the device. 

 
 The ASQ metric (Figure 3) was included to measure satisfaction in the ISO metrics. The 

scale in the current version is reversed from the original version created by Lewis (1991) to keep 

the formatting consistent throughout the questionnaire.  

 

 

Figure 2. Question about on effectiveness of the device. 
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The SUS metric in Figure 4 was used to measure subjective usability. This version of the 

SUS was almost identical to the one used in Experiment 1, except one feature: the rating scale in 

the current version remained the same as in the original metric constructed by Brooke (1996).  

 

Figure 3. Questions in the ASQ. 
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Figure 4. Modified System Usability Scale in Experiment 2. 

 
The last item on the usability questionnaire was another measure of satisfaction that 

asked participants about their willingness to recommend the evaluated healthcare device to other 

people (Figure 5). The likelihood to recommend (LTR, Reichheld, 2003) metric is conceptually 
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consistent with subjective usability. The LTR item was included to examine whether the 

measurement from the SUS is strongly related to other subjective usability constructs. 

Figure 5. Question about the likelihood to recommend. 
 
 Value of Information. The very last item in the whole survey was concerned with users’ 

interest in public data on the healthcare device usability (Figure 6). Those data, exemplified by 

Consumer Reports that publishes research based reviews and comparisons of products, might 

help consumers make more informed decisions about their selection of healthcare devices 

(Longo, Land, Schramm, Fraas, Hoskins, & Howell, 1997). At the same time, device 

manufacturers would have more incentive to improve their products if they had data about their 

devices compared to other similar products, as determined by actual users. This item on the 

survey was thus included to find out whether the users of healthcare devices would find these 

data helpful.  

 

Figure 6. Question about the value of data on the healthcare devices. 
 

Procedure. At the beginning of the online survey, the participants completed an IRB 

approved consent form, and answered the demographic questions. After completing the 

 



 23 

demographic questionnaire, they were asked to choose five frequently-used home healthcare 

devices and rate one by one on the usability questionnaires. They could either choose from the 

63 devices listed in Table 1, or name other devices. Table 1 was adapted from the home health 

equipment listed in the National Research Council workshop on the topic of human factors in 

home health care (Story, 2010). Once all five devices were evaluated, the participants answered 

one last question regarding the value of usability information about healthcare devices to 

complete the survey. They were then debriefed and thanked.  
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Table 1 
 
Home Healthcare Devices list adapted from Story (2010) 

Administration Equipment Meters Treatment Equipment 

Inhalers Thermometer IV equipment 

Blunt Syringes Stethoscope Infusion pump 

Syringes Blood Glucose meter Dialysis machine 

Medication patches Blood Coagulation meter Transcutaneous Electrical 
nerve stimulation (TENS) 
system 

Test Kits Pulse oximeter Feeding Equipment 

Pregnancy test  Blood pressure monitor Enteral pump 

Cholesterol test  Apnea monitor Nasogastric feeding tube 

Allergy test  Electrocardiogram monitor Gastronomy feeding tube 

Bladder infection test Fetal monitor Jejunostomy feeding tube 

HIV test Weight Scale Infant Care 

Hepatitis test Respiratory Equipment Incubator 

Drug test Ventilator Radiant warmer 

Nicotine test CPAP device Bilirubin lights 

Alcohol test BiPAP device Phototherapy 

Stress hormone test DPAP device Apnea monitor 

Ovulation test Cough assist machine Durable Medical Equipment 

First Aid Equipment Suction machine Hospital bed 

Defibrillator Manual resuscitation bags Lift equipment 

Snake bite kit Nebulizer Special Commode 

Heating pad Cannulas Bedpan 

Traction Oxygen cylinder Specialized mattress 

Ostomy care Oxygen concentrator Voiding Equipment 

Tracheotomy care  Catheter 

Suture removal kit  Colostomy bag 
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RESULTS 

Experiment 1 

One user was excluded because of incomplete answers in the questionnaire. Six users 

were also excluded because their task completion time of at least one device was more than 3 * 

IQRs (interquartile range) greater than the third quartile of the sample distribution of time on that 

device. In total, 67 users were included in the data. Three were stopped by the researcher when 

they reached the 15-minute limitation in using a device. The False Discovery Rate (FDR) 

adjustment of p values (Benjamini & Hochberg, 1995) was performed when necessary, and the 

power analyses assumed a two-tailed design with α = .05. 

Descriptive statistics of usability measures. 
 

Effectiveness measures. The device with the most objective success was the pulse 

oximeter, with a 100% success rate (Table 2). All users were able to measured their pulse and 

blood oxygen level successfully. The spirometer had the second highest success rate of 95%, 

followed by the temporal artery thermometer at 61% success rate. For the manual blood pressure 

monitor with the lowest success rate, the majority of the users failed the task within the time 

limit.  

Users’ perception of effectiveness did not align with the objective outcome (Table 2). 

The subjective success rate based on the self assessment was higher than the objective success 

rate in all four devices. Users who reported subjective effectiveness were mostly convinced that 

they succeeded in using the thermometer, the spirometer, and the pulse oximeter. There were 

twice as many users reported being successful as those who actually used the blood pressure 

monitor correctly. There were users who did not report their perception of success, as the 
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missing n in Table 2 shows. Some commented that they were uncertain about the device 

mechanism and whether the reading from the device was correct. 

Table 2  
Number of Successful and Failed Users based on Objective Criteria and Subjective Assessment 

  Effectiveness 
 Objective  (N= 67)  Subjective 

Device Success Failure   Success Failure Missing n 
Blood pressure monitor 12 (18%) 55 (82%)  29 (52%) 27 (48%) 11 
Pulse oximeter 67 (100%) 0 (0%)  40 (100%) 0 (0%) 27 
Spirometer 64 (95%) 3 (5%)  58 (100%) 0 (0%) 9 
Temporal artery 
thermometer 

41 (61%) 26 (39%)  54 (98%) 1 (2%) 12 

Note. Numbers in parentheses indicate row percentage in the objective/subjective section. 

  
Objective and subjective evaluations of success were compared for each user by device 

(Table 3). Users either reported a success subjectively when they failed the task objectively 

(inconsistency), or correctly reported the outcome (consistency). No one reported a failed task 

when they objectively succeeded.  

Table 3 

Users Whose Subjective Evaluations of Success Were Inconsistent and Consistent with Objective 
Effectiveness 

Device Inconsistency Consistency Total 
Blood pressure monitor 19 37 56 
Pulse oximeter 0 40 40 
Spirometer 2 56 58 
Temporal artery thermometer 20 35 55 

 

 A second measure of effectiveness was the number of tries a user took to use a device. 

The number of tries were coded as one plus the number of unnecessarily repeated actions. If the 

user completed the task within one series of actions without any unnecessary repetition, he/she 

completed the task with 1 try. Users spent 1.4 tries on average (SD = 0.59, n = 55) to use the 
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pulse oximeter, 2 tries (SD = 0.96, n = 53) to use the temporal artery thermometer, and 2.3 tries 

(SD = 1.14, n = 62) to use the spirometer.  

Observations in the blood pressure monitor task were difficult to code because users 

struggled in certain actions (e.g., wrapping the cuff on the upper arm tightly) and had to repeat 

multiple times to do the action correctly. In addition, the actions required to use the blood 

pressure monitor were not strictly sequential. For example, shutting the pressure control valve on 

the cuff was flexible in the sequence. The action only needs to be performed after releasing the 

air from the cuff and before inflating the cuff. For the reasons above, the number of tries were 

not coded for the blood pressure monitor. A few observations of the other three devices were 

also excluded from the the analysis on the number of tries for similar reasons. 

Efficiency measure. The quantitative representation of efficiency was the task 

completion time. It was measured as the interval between the first time the user touched the 

device package and the user announcing his/her completion. Users on average spent about six 

minutes in using the manual blood pressure monitor (Table 4), and less than 2 minutes in using 

the other three devices. A repeated measures ANOVA of completion time showed a significantly 

longer time in using the blood pressure monitor, F(1.3, 88.2) = 102.74, p < .001 with 

Greenhouse-Geisser adjustment, ω2 = .50. Such difference was expected because components in 

the blood pressure monitor were difficult to operate by one user.  

Table 4 

Mean, Standard Deviation, and Median of Task Completion Time (seconds) 

Device M SD Mdn 
Manual Blood Pressure Monitor 379 212 354 
Pulse Oximeter 102 63 95 
Spirometer 117 72 100 
Temporal Artery Thermometer 91 47 93 

Note. N = 67. 
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Satisfaction. The manual blood pressure monitor had significantly lower ASQ scores 

than other three devices (Table 5). A repeated measures ANOVA of satisfaction scores found a 

significant effect of device, F(2.4, 161.3) = 109.19, p < .001 with Huynh-Feldt adjustment, ω2 

= .52. Low ASQ score of the blood pressure monitor indicated negative assessment of 

satisfaction. In contrast, the ASQ scores of the other three devices indicated high user 

satisfaction with the tasks. 

Table 5 

Descriptive Statistics for SUS and Satisfaction by Device 

  SUSa   Satisfaction (ASQ)b 

Device M SD Mdn   M SD Mdn 
Manual blood pressure monitor 35.7 16.5 35  2.3 0.93 2 
Pulse oximeter 78 13 77.5  4.2 0.6 4 
Spirometer 73.5 12.6 75  4.1 0.68 4 
Temporal artery thermometer 74.9 15.4 75   4.1 0.79 4.3 

Note. N = 67. Higher value represents more positive evaluation on the device. 
aRange of 1 to100. bRange of 1 to 5. 

 
SUS, Adjective scale and letter grade scale. Similar to comparison in the satisfaction 

scores, the SUS score was the lowest in the manual blood pressure monitor (M = 35.7, see Table 

5), which corresponded to “poor” usability based on the adjective scaling by Bangor and 

colleagues (2009). The other three devices had mean SUS scores between 70 and 80, which 

indicated “good” usability. The difference between the blood pressure monitor and the other 

devices was significant in a repeated measures ANOVA, F(3, 198) = 157.00, p < .001, ω2 = .59. 

When the adjective scale developed by Bangor and colleagues (2009) was adopted in the 

experiment, adjective ratings in Table 6 matched their corresponding SUS scores. The blood 

pressure monitor was “poor” (M = 3.2), and the rest three devices were between “good” and 

“excellent.” There was a significant effect of device on the adjective scores in the repeated 



 29 

measures ANOVA, F(3, 198) = 121.82, p < .001, ω2 = .55. Consistent with the SUS and the 

adjective scale, the letter grade scale in Table 6 also indicated the worst rating in the blood 

pressure monitor, with a “D+” or “C-” score. The pulse oximeter, the spirometer, and the 

thermometer were rated with scores between “B+” and “A-.” The result in the repeated measures 

ANOVA was significant, F(3, 198) = 130.76, p < .001, ω2 = 56. 

 
Table 6 

Descriptive Statistics for Adjective Scale and Letter Grade Scale Scores by Device 

  Adjective scalea   Letter grade scaleb 

Device M SD Mdn   M SD Mdn 
Blood pressure monitor 3.2 0.87 3  1.6 0.82 1.7 
Pulse oximeter 5.7 0.82 6  3.6 0.7 4 
Spirometer 5.4 0.8 6  3.4 0.69 3.7 
Temporal artery thermometer 5.5 1.06 6   3.4 0.72 4 

Note. N = 67. Higher values represent more positive evaluation on the device. 
aRange of 1 to 7. bRange of 0 to 4.33. Scores were converted from letters such that“A” = 4, “B” 
= 3, …, “F” = 0. “+” and “-” adds and removes 0.33 respectively to the score (e.g. “B-” = 2.67).    
 
 Previous experience. On average, users in the usability test did not have much previous 

experience with using the four devices (see Table 7). More than half of them did not have any 

experience before this experiment. For every device, there were no more than 10 experienced 

users in the combined categories of “sometimes” “often” and “a lot.” The spirometer was the 

least familiar device, with 56 out of 67 users had never used it before the experiment.  

Table 7  
Number of Users with Different Levels of Familiarity with the Devices 

 Frequency of using the device/ similar device 
Device First time Occasionally Sometimes Often A lot 

Blood pressure monitor 41 18 6 1 1 
Pulse oximeter 45 17 2 1 2 
Spirometer 56 6 2 2 0 
Temporal artery thermometer 40 17 8 1 1 

Note. First time means the user had never used the device or similar ones before. 
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Relationships between Usability Metrics. To understand the relations between the 

usability metrics, this study analyzed how the number of tries (effectiveness), the completion 

time (efficiency), and the ASQ score (satisfaction) were related to one another, and how they 

were related to the SUS metric. The relations between the SUS and adjective scale/letter grade 

scale were also examined and compared with the findings of Bangor and colleagues (2009.) A 

power analysis revealed a 70% probability of finding a medium effect size (r = .3), with a sample 

size of 67 in a two-tailed design with α = .05. 

Correlations among ISO metrics and SUS. Tests on the relation between effectiveness 

and efficiency found a medium to large positive correlation in both the data of spirometer, r(60) 

= .52, p < .001, and in the thermometer data, r(51) = .39, p = .004 (Table 8). There was also a 

weak and negative correlation between effectiveness and satisfaction in the thermometer, r(51) = 

-.34, p = .012. No evidence of a correlation between satisfaction and efficiency was found. 
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Table 8 
Correlation Analysis on Pairs of Usability Measures 

Pair of measures Device df r p 
Effectiveness, Efficiency Pulse oximeter 53 .31 .019 
 Spirometer 60 .52 < .001* 
 Thermometer 51 .39 .004* 

Effectiveness, Satisfaction Pulse oximeter 53 -.26 .055 
 Spirometer 60 -.13 .32 
 Thermometer 51 -.34 .012* 

Efficiency, Satisfaction Pulse oximeter 65 -.04 .77 
 Spirometer 65 -.07 .57 
 Thermometer 65 -.28 .022 
 Blood pressure monitor 65 -.27 .028 

SUS, Efficiency Pulse oximeter 65 -.15 .22 
 Spirometer 65 -.10 .44 
 Thermometer 65 -.13 .28 
 Blood pressure monitor 65 -.05 .72 

SUS, Effectiveness Pulse oximeter 53 -.22 .11 
 Spirometer 60 -.07 .58 
 Thermometer 51 -.28 .041 

SUS, Satisfaction Pulse oximeter 65 .74 < .001* 
 Spirometer 65 .71 < .001* 
 Thermometer 65 .77 < .001* 
 Blood pressure monitor 65 .75 < .001* 

Note. * indicates significant p value after FDR adjustment. 

Our results also suggested a strong positive correlation between SUS and satisfaction 

across devices, with r ranging from .71 to .77, p < .001. However, the SUS was not correlated 

with effectiveness or efficiency in the current data. 

 Correlations between SUS, Adjective scale and letter grade scale. Kortum and Bangor 

(2013) found an average correlation of .68 between the SUS and the adjective scale/letter grade 

scale in the study of everyday electronic systems. In an earlier study by Bangor and colleagues 

(2009), a stronger correlation was found between the SUS and the adjective scale, with r = .82. 
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Correlations found in the current experiment were within the range of previous results (Table 9). 

The SUS and the adjective scale were positive correlated, with coefficient r between .77 and .85. 

Similarly, the SUS was correlated with the letter grade scale, with r between .69 and .80. All 

eight correlations were statistically significant after controlling the family-wise type I error rate 

with the FDR procedure.  

Table 9 
Correlations between SUS and Two Subjective Scales by Device 

Device SUS vs. Adjective scale SUS vs. Letter grade scale 
Manual Blood Pressure Monitor .78 .73 
Pulse Oximeter .77 .69 
Spirometer .79 .73 
Temporal Artery Thermometer .85 .80 

Note. Numbers in the table are r values, df = 65, ps < .001.  

 

Experiment 2 

 Data Screening. When surveys are distributed via Mechanical Turk, there is a greater 

probability of participants being inattentive to the survey when no proctor was present 

(Oppenheimer, Meyvis, & Davidenko, 2009). Participants who agreed or disagreed to all the 

SUS statements were flagged as inattentive and removed. For example, participants who rated 

“5” of Strongly Disagree in all the statements were excluded from the data. Disagreeing to all the 

SUS statements was a sign of inconsistency (Albert, Tullis, & Tedesco, 2009) because the 

statements alternated positive and negative wording. If a participant strongly disagreed with the 

first statement, it would be inconsistent for him/her to disagree with the next statement. 

Similarly, responses with the same ratings of 1s, 2s, or 4s were also excluded because they did 

not reflect accurate evaluation (Sauro, 2010). Evaluated devices were also sifted such that each 
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device had at least five evaluations in total, and at least two evaluations each from participants 

with and without chronic conditions.  

Eighty-three evaluations with a completion time equal to or longer than 60 minutes were 

excluded because none of the devices in Experiment 2 required one hour to set up and use. 

Evaluations with “0” tries to succeed were not included in the data analysis because at least one 

try was required to use a device successfully. After the screening process, there were 2198 

evaluations in total on 35 devices from 483 participants. Evaluations from participants with 

chronic pulmonary diseases were all excluded in this screening process. 

Descriptive analysis. Descriptive statistics for the usability measures across the devices 

are presented in Table 10. Participants reported that they spent 6 minutes on average to use home 

healthcare devices of their choice; they agreed that the devices were efficient to use with an 

average efficiency rating of 2.01 (1 = strongly agree and 7 = strongly disagree). They were 

satisfied with the device with 5.87 ASQ scores on average (1= strongly dissatisfied and 7 = 

strongly satisfied); they rated the devices at 77 points on the SUS, which indicated 

good/acceptable usability (Bangor et al., 2009). Participants also recalled that they usually 

succeeded on the first try (1 = always, 7 = never), and took 1.5 tries on average to operate the 

device successfully. They were also likely to recommend the devices to others, with an average 

LTR score of 8.07 (1 = Not at all likely, 10 = Extremely Likely). This score surpassed the 

median score from more than 400 companies in 28 industries reported by Reichheld (2003). In 

addition, participants considered the usability data on the healthcare devices useful (M = 2.44, 

SD = 1.15, Mdn = 2) on a 7-point Likert scale (1 = strongly useful, 7 = strongly useless) if the 

data were presented in a format similar to Consumer Reports.  
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Table 10 
Means and Standard Deviations of Usability Measures 

Measure Mean Standard Deviation 
Completion time (min) 6.0  7.41 
Efficiency rating 2.01 1.11 
Satisfaction 5.87 1.10 
SUS 77.2 19.1 
Effectiveness of first try 2.07 1.28 
Tries needed to succeed 1.50 1.07 
Likelihood to recommend 8.07 2.19 

 
  

The numbers of evaluations by device (Table 11) demonstrated unequal sample sizes in 

Experiment 2. The most frequently assessed devices were rated by more than 200 participants, 

including the thermometer, the weight scale, the heating pad, and the inhaler. In contrast, eight 

devices were assessed by less than 10 participants. Overall, seven health statuses (six conditions 

and no condition) were reported in the experiment. Forty-nine percent of the evaluations were 

reported by participants with no health conditions. Further categorization of the evaluations by 

participants’ health conditions also revealed discrepancies (Table 11). For example, 59 percent of 

participants who evaluated the pregnancy test had no chronic health condition. In contrast, 

devices such as the apnea monitor, the blood glucose meter, the lift equipment, and the pulse 

oximeter were assessed mostly (more than 70 percent) by people with chronic conditions.  
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Table 11  
Number of Evaluations of Devices by Health Condition 

  Health condition of evaluators 

Device Total Asthma 
Coronary 

Heart 
Disease 

Diabetes Hyper-
tension Multiple Other None 

Alcohol test 11 1 2 0 2 0 0 6 
Allergy test 48 16 2 3 5 3 0 19 
Apnea monitor 15 5 2 1 2 2 0 3 
Bedpan 20 2 0 0 2 2 2 12 
Bladder infection test 11 2 0 0 1 1 0 7 
Blood Coagulation meter 7 1 0 1 1 1 0 3 
Blood Glucose meter 82 9 4 18 6 16 6 23 
Blood pressure monitor 185 18 3 10 37 28 12 77 
Blunt Syringes 9 0 0 0 0 0 1 8 
Catheter 8 1 0 1 1 1 1 3 
Cholesterol test 29 7 2 2 6 1 0 11 
CPAP device 10 1 0 1 1 2 0 5 
Drug test 40 5 1 1 6 6 1 20 
Heating pad 240 30 1 10 27 17 18 137 
HIV test 15 4 0 2 1 1 1 6 
Hospital bed 30 3 0 2 1 1 3 20 
Inhalers 209 77 2 5 18 31 7 69 
IV equipment 6 2 0 0 0 0 1 3 
Lift equipment 9 1 0 0 1 3 2 2 
Medication patches 39 4 0 2 5 4 4 20 
Nebulizer 66 21 0 2 5 14 2 22 
Ovulation test 38 9 0 3 1 1 2 22 
Oxygen concentrator 5 1 0 0 0 1 1 2 
Oxygen cylinder 7 3 0 0 1 1 0 2 
Phototherapy 7 0 0 0 0 1 0 6 
Pregnancy test 159 26 0 4 12 14 9 94 
Pulse oximeter 31 8 1 1 7 5 2 7 
Specialized mattress 13 1 0 0 0 3 1 8 
Stethoscope 88 16 5 3 7 8 5 44 
Suture removal kit 12 2 0 0 0 3 0 7 
Syringes 55 6 0 11 3 9 3 23 
Thermometer 353 48 1 12 36 32 22 202 
TENS system 12 0 0 1 0 1 2 8 
Ventilator 11 4 1 0 1 1 0 4 
Weight Scale 318 45 2 13 31 31 16 180 

Note. TENS = Transcutaneous Electrical nerve stimulation; None = no chronic health condition.
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Repeated measures ANOVA. Usability data on the four devices with the largest sample 

sizes (see Table 11 above) from the same participants were selected for a series of repeated 

measures ANOVAs. The analyses investigated how participants’ retrospective assessment varied 

depending on the devices. The four devices are the thermometer (n = 353), the weight scale (n = 

318), the heating pad (n = 240), and the inhalers (n = 213). Cross-device examination found 46 

participants who evaluated all four devices. Each of the seven usability measures from Table 10 

was examined separately in a repeated measures ANOVA, with 46 independent observations and 

4 conditions.  

Table 12 
Mean and Standard Deviation of Usability Measures in Four Devices in the Repeated Measures 
ANOVA 

    Device 

 Measure   Inhalers Thermometer Heating 
pad 

Weight 
Scale 

Effectiveness 
of first try 

M 2.3 2.13 1.72 1.46 
SD 1.36 1.38 1.05 0.81 

Tries needed to 
succeed 

M 1.35 1.37 1.17 1.07 
SD 0.67 0.85 0.53 0.25 

Completion 
Time (min) 

M 3.24 2.65 14.6 1.3 
SD 4.73 1.98 9.86 1.03 

Efficiency 
rating 

M 2.07 2.04 1.98 1.63 
SD 1.1 1.28 1.09 0.74 

Satisfaction 
(ASQ) 

M 6.04 5.92 5.9 6.19 
SD 0.8 1.02 0.97 0.85 

SUS 
M 77.0 80.8 83.8 86.1 
SD 17.5 15.8 17.5 15.6 

Likelihood to 
recommend 

M 7.63 8.41 8.41 8.65 
SD 1.85 1.96 1.86 1.54 

Note. ns = 46. 
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 Descriptive statistics for the usability measures by device are presented in Table 12. For 

the majority of the measures, the mean by device did not deviate greatly from the mean across 35 

devices in the original data. The only exception was the completion time, as it was either shorter 

(in the inhaler, thermometer, and weight scale) or much longer (in the heating pad) than the 

cross-device mean of 6 minutes.  

 Seven tests of repeated measures ANOVA are presented in the following sections. Five 

tests showed significant results after the FDR procedure, with the exception of tests on the ASQ 

score and on the tries needed to succeed. The probability of detecting a post-hoc contrast with its 

corresponding effect size was calculated assuming a two-tailed design with α = .05.  
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1. Effectiveness of first try. 
 

The repeated measures ANOVA of the effectiveness of first try showed a statistically 

significant effect of device (see Figure 2.1), F(2.6, 117.8) = 8.77, p < .001 with Huynh-Feldt 

adjustment, ω2 = .068.  

A post-hoc linear contrast was constructed to further explore the effect. The linear 

contrast was based on the ranking of mean SUS scores of the devices: 

L1 = (-3) * Minhaler + (-1) * Mthermometer + 1 * Mheating pad + 3 * Mweight scale      

With the Scheffé adjustment, the critical value of F was 9.22 (3 times Fcritical(2, 117)). The linear 

contrast was statistically significant, F(1, 45) = 18.1, p < .05, d = 0.62, power = .98. 

 

Figure 7. Boxplots of ratings on the effectiveness of first try by device (range of 1 to 7), with 

mean values represented by “+.” Boxplots are sorted by the mean effectiveness rating in the 

descending order. 
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2. Tries needed to succeed  
 

The repeated measures ANOVA of the tries needed to succeed found no significant 

result, F(2.6, 116.6) = 2.75, p = .05 with Huynh-Feldt adjustment, ω2 = .025. All four devices 

were able to be used within 2 tries on average. 

 

Figure 8. Boxplots of number of tries needed to succeed by device. Boxplots are sorted by the 

mean number of tries in the ascending order. The boxplots of the weight scale and the heating 

pad are flat lines because their upper and lower quartiles are equal. Mean values are represented 

by “+” signs. 
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3. Completion time. 
	
There was a significant effect of device on the completion time, F(1.4, 63.5) = 63.5, p 

< .001 with Greenhouse-Geisser adjustment, ω2 = .47. The heating pad on average required 10 

minutes longer time to use than the rest three devices. A post-hoc contrast was conducted to 

verify this speculation: 

L2 = (-1) * Minhaler + (-1) * Mthermometer + (3) * Mheating pad + (-1) * Mweight scale     

It was statistically significant, F(1, 45) = 74.2, p < .05 with the Scheffé adjustment (Fcritical = 3 * 

Fcritical(1, 63) = 11.98), d = 1.27. In addition, a linear contrast different from L1 was constructed 

based on the ranking of the mean completion time in Figure 8. Coefficients (3, 1, -1, -3) were 

assigned to the weight scale, thermometer, inhaler, and heating pad respectively. The linear 

contrast was also statistically significant, F(1, 45) = 89.7, p < .05, d = 1.58, power =1. 

 

Figure 9. Boxplots of completion time by device. Boxplots are sorted by the mean completion 

time in the ascending order. The boxplot of the weight scale is a flat line because its upper and 

lower quartiles are equal. Mean values are represented by “+” signs. 
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4. Efficiency rating. 
	
This experiment also found a significant effect of device on the efficiency rating, F(3, 

135) = 3.02, p = .032, ω2 = .018. The linear contrast L1 was not statistically significant after the 

Scheffé adjustment with a critical F value of 8.01, F(1, 45) = 6.69, p > .05, d = 0.38, power 

= .71. 

 

Figure 10. Boxplots of efficiency rating by device. Boxplots are sorted by the mean completion 

time in the ascending order. Mean values are represented by “+” signs.  
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5. Satisfaction (ASQ). 
	
Satisfaction measured by the ASQ was not significantly different between devices 

(Figure 2.5), F(2.4, 108.4 ) = 1.82, p = .16 with Huynh-Feldt adjustment, ω2 = .007.  

 

Figure 11. Boxplots of Satisfaction (ASQ) by device. Boxplots are sorted by the mean ASQ 

scores in the ascending order. Mean values are represented by “+” signs. 
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6. System Usability Scale.  
	
The repeated measures ANOVA showed an overall significant effect of device on the 

SUS scores (Figure 2.6), F(2.1, 93.9) = 8.22, p < .001 with Greenhouse-Geisser adjustment, ω2 

= .036. A post-hoc linear contrast using coefficients of L1was examined. The Scheffé adjustment 

set the critical value of F for the contrast at 9.28 (3 * Fcritical(2, 94)) . L1 was significant after the 

Scheffé adjustment, F(1, 45) = 20.1, p < .05, d = 0.66, power = .99. 

 

Figure 12. Boxplots of SUS scores sorted by mean SUS scores by device. Boxplots are sorted by 

the mean SUS score ascendingly. Mean values are represented by “+” signs. Range is 0 to 100. 
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7. Likelihood to recommend.  
	
The repeated measures ANOVA of the likelihood to recommend (LTR) showed a 

significant effect of device (Figure 2.7), F(3, 135) = 6.76, p < .001, ω2 = .038. Because the mean 

LTR scores of the thermometer and the heating pad were the same (M = 8.41), the linear contrast 

in Equation 1 could not be applied in the data on LTR. Instead, a contrast testing the difference 

between the inhaler (M = 7.63) and the weight scale (M = 8.65) was used: 

L3 = (-1) * Minhaler + (0) * Mthermometer + (0) * Mheating pad + (1) * Mweight scale      

The critical value of F after the Scheffé adjustment was 8.01 (3 times Fcritical(3, 135)). The 

contrast L3 was significant after comparing its statistics with the critical value, F(1, 45) = 22.3, p 

< .05 with the Scheffé adjustment, d = 0.69, power = .99. 

 

Figure 13. Boxplots of LTR ratings by device. Boxplots are sorted by the mean LTR in the 

ascending order. Mean values are represented by “+” signs. Range is 0 to 10.  
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Comparing Data from Experiment 1 and 2 

 This study compared usability data from the usability test (Experiment 1) and the 

retrospective survey (Experiment 2) to investigate whether the two methods provide similar 

usability assessment. Four usability measures were compared between the methods for two 

devices that overlapped in two studies. The measures included the task completion time 

(efficiency), number of tries needed to succeed (effectiveness), the ASQ score (satisfaction), and 

the SUS score (subjective usability). The overlapping devices were the thermometer and the 

pulse oximeter. The other two devices in Experiment 1 were excluded from the comparison for 

different reasons. The spirometer had too few data (less than 5 evaluations) in Experiment 2. The 

blood pressure monitor was also excluded because of the largely unequal sample sizes in 

Experiment 1 (n1 = 12) and 2 (n2 = 201) after controlling for task success. The small number of 

successful tasks in Experiment 1 was likely due to the difficult operations required for using a 

manual blood pressure monitor by oneself. The FDR adjustment of p values (Benjamini & 

Hochberg, 1995) was applied to every test in the comparison.  

 The ASQ was implemented as a 5-point Likert scale in Experiment 1 and a 7-point Likert 

scale in Experiment 2. To overcome this design discrepancy, ASQ scores in both experiments 

were transformed to a 10-point scale. Dawes (2008) reported that data collected with a 5-point 

scale and with a 7-point scale did not differ significantly in their descriptive characteristics 

(mean, variance, skewness and kurtosis) after the two scales were both transformed to a 10-point 

scale. Based on this finding, an ASQ score X in Experiment 1 was converted to (X * 2.25 – 

1.25), and a score of Y in Experiment 2 to (Y * 1.5 – 0.5). Statistics for the ASQ scores were 

consequently computed from the rescaled scores. 
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Pulse Oximeter. Data on the pulse oximeter for between-method comparison were 

comprised of 67 and 33 evaluations from Experiment 1 and 2 respectively. Effectiveness 

measured by number of tries were less than two on average in both, while users in Experiment 1 

were slightly more effective (Table 13). Users in Experiment 1 spent 1.72 minutes to use the 

device while participants in Experiment 2 reported a 1-minute longer completion time. Subjects 

in both experiments were satisfied with the pulse oximeter with an average ASQ score of 8.17 on 

the range of 1 to 10. Similar attitude was reflected in the average SUS scores, which were in the 

range of 75 and 80 and corresponded with “good” usability (Bangor et al., 2009). For every 

usability measure, the standard deviation in the retrospective survey was consistently larger than 

that in the usability test.  

Table 13 
Mean and Standard Deviations (in Parentheses) of the Usability Measures of the Pulse Oximeter 

Method 
Effectiveness 

(tries) 
Efficiency  
(unit: min)a 

Satisfaction 
(ASQ) SUS 

Usability test (Exp. 
1) 1.36 (0.59) 1.72 (1.11) 8.17 (1.36) 78.02 (12.98) 

Retrospective 
survey (Exp. 2) 1.84 (1.44) 2.79 (2.71) 8.17 (1.87) 75.82 (21.56) 

Note. aThe difference between two methods was statistically significant. 
 
 

Four independent t-tests were conducted for between-method comparisons. There was a 

significant difference in efficiency, t(98) = 2.80, p = .006, d = 0.59, 95% CI = [0.31, 1.83]. The 

task completion time in the usability test was shorter than that in the retrospective report. We 

failed to find evidence for differences in effectiveness, ASQ, or SUS scores between the two 

methods (Table 14). The difference in effectiveness was close to the significance level, with a 

95% CI almost overlapping with 0. The probability (1-β) of detecting a medium effect (d = 0.5) 

with the current sample sizes (n1 = 67, n2 = 33) is .64.  
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Table 14  
Inferential Statistics from the t-test and O’Brien’s test (1981) for Unequal Variance on Usability 
Measures of Pulse Oximeter 

  O'brien test   t-test 
Measure F p 		 t df p 95% CI d 

Effectiveness 5.92 0.02  1.76 35.7 .09 [-0.07, 1.02] 0.48 
Efficiency* 3.48 0.07  2.8 98 .006 [0.31, 1.83] 0.59 
ASQ 4.82 0.03  0.02 49.2 .98 [-0.66, 0.64] 0.006 
SUS 18.87 < .001   0.54 43.8 .59 [-10.42, 6.00] 0.135 

  
 
Thermometer. There were 41 evaluations on the thermometer from Experiment 1 after 

controlling for successful tasks and 378 evaluations from Experiment 2. Users in the usability 

test spent on average 1.64 minutes to use the thermometer, which was about one minute faster 

than the self-reported duration in the retrospective survey (Table 15). Users in the test spent more 

tries than participants recalled in the survey. Despite these differences, subjects in both studies 

assessed the thermometer positively in the ASQ and in the SUS, suggesting a high level of 

satisfaction and “good” usability (Bangor et al., 2009) respectively.  

 
Table 15 

Mean and Standard Deviation (in Parentheses) of the Usability Measures of the Thermometer 

Method 
Effectiveness 

(tries)a 
Efficiency      
(unit: min)a 

Satisfaction 
(ASQ) SUS 

Usability Test 
(Exp. 1) 2.06 (0.91) 1.64 (0.78) 8.34 (1.51) 78.72 (13.11) 

Retrospective 
survey (Exp. 2) 1.44 (1.05) 2.81 (2.55) 8.51 (1.54) 81.03 (16.92) 

Note. aThe between-method difference was statistically significant.  

 
Independent t-tests were conducted on the four measures between two methods. 

Efficiency was significantly different between the methods, t(417) = 2.93, p = .004, d = 0.48, 

95% CI = [0.39, 1.96]. There was also a significant difference in the measure of effectiveness, 
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t(383) = 3.22, p = .001, d = 0.59, 95% CI = [-0.24, -1.00]. The ASQ and SUS scores were again 

not statistically different between the methods, as the 95% CIs of the difference contained 0 (see 

Table 16.) The probability (1-β) of detecting a medium effect (d = 0.5) with the current sample 

sizes (n1 = 41, n2 = 378) is .86. 

Table 16 

Inferential Statistics from the t-test and O’Brien’s test (1981) for Unequal Variance on Four 
Usability Measures of Thermometer 

  O'brien   t-test 
Measure F p 		 t df p 95% CI d 

Effectiveness 0.1 .75  3.22 383 .001 [-1.00, -0.24] 0.59 
Efficiency 1.65 .19  2.93 417 .004 [0.39, 1.96] 0.48 
ASQ 0.01 .91  0.67 417 .50 [-0.33, 0.67] 0.11 
SUS 3.42 .06   0.85 417 .40 [-3.04, 7.68] 0.139 

 
 

DISCUSSION 

Retrospective Survey vs. Usability Test 

If retrospective survey was as accurate at measuring usability as a usability test, it would 

be unlikely to find statistical differences in the usability measures (ISO metrics and the SUS) 

between the two methods. Contrary to such hypothesis, results in the current study showed that 

the usability data differed from two aspects between the methods. The effectiveness and 

efficiency measures were inconsistent between methods with varying degrees (Table 17). This 

study failed to find statistically significant differences in the satisfaction and SUS scores between 

the methods.  
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Table 17 
Difference in Usability Measures Between Usability Test (UT) and Retrospective Survey (RS) 

  
Effectiveness 
(tries) 

Efficiency 
(time) 

Satisfaction 
(ASQ) SUS 

Pulse Oximeter — UT < RS — — 
Thermometer UT > RS UT < RS — — 

Note. “—” = failed to find evidence for significant difference between the methods.  
 

Effectiveness and Efficiency. Effectiveness is an important aspect of usability in the 

home healthcare devices. An accurate assessment of effectiveness allows human factor 

researchers as well as device manufacturers to judge if there are potential design problems. For 

individual users, effectiveness also indicates how well a user has performed in the task and 

whether he/she has received the correct medical treatment or diagnosis.  

When effectiveness of thermometers was operationalized as the number of tries needed to 

succeed, users in the usability test took 0.6 more tries on average than participants in the 

retrospective survey reported. Because the difference was statistically significant, researchers 

should not treat the effectiveness data collected from the retrospective survey as an accurate 

reflection of user performance and cannot rely on the retrospective data to find design problems 

in the home healthcare devices.  

The difference in effectiveness may be accounted for by users’ familiarity with the 

device. In the usability test, 40 out of 67 users indicated that they had never used the temporal 

artery thermometer before. In contrast, participants in the retrospective survey rated familiar 

devices. Participants’ interpretations of the “number of tries” could differ depending on the 

individuals. Some participants might count in the attempts in which they did not complete all the 

required operations; some might define completing all the operations as one try. It is uncertain 

what definition was adopted by the participants in Experiment 2.  
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Unlike effectiveness measures that focus on outcomes such as success/failure or accuracy 

(Hornbæk, 2006), efficiency measures are more related to the process of the user-system 

interaction. High efficiency is important for healthcare devices used in emergency, where a 

patient’s health condition may change unexpectedly. However, for the thermometer and the pulse 

oximeter assessed in the current research, high efficiency may not be the most important aspect 

of usability because of the lack of time pressure to use those devices as quickly as possible. 

Efficiency reported by participants in the retrospective survey was about 1.2 minutes 

longer than users’ task completion time in the usability test in both thermometer and the pulse 

oximeter. There are several explanations for the between-method difference. First, models of the 

thermometer/pulse oximeter evaluated by participants could require longer time to use than the 

models used in the usability test. Second, participants did not recall the time duration correctly 

because they did not complete the survey in the environment where they typically use the 

devices (Zakay & Block, 2014). Third, when participants used the devices, their actions might 

slow down when the time pressure was low. 

In addition to the reasons above, the different nature of the usability data collected in two 

methods should also be taken into consideration. Because the usability measures in the 

retrospective survey originated from users’ perception or attitudes towards the system or the 

interaction (Hornbæk, 2006), the effectiveness and efficiency measures in Experiment 2 are 

fundamentally subjective. In contrast, those two measures in the usability test are objective 

because they did not depend on users’ judgment. As mentioned before, the difference between 

objective and subjective measures has been demonstrated repeatedly in the previous research 

(e.g. Yeh & Wickens, 1988; Bommer et al., 1995; Hornbæk & Law, 2007). It is therefore not 
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surprising to find inconsistency between objective and subjective measures of effectiveness and 

efficiency in the current study.   

Satisfaction and the SUS. With regard to satisfaction (ASQ) and SUS measures in Table 

17, this study failed to find any evidence of statistical differences between the two methods in 

either measure, with p values greater than .3. The effect sizes are small for both measures in both 

devices, d < .2 (see Table 15 & 16). A power analysis suggests low probabilities of finding a 

small difference (d = .2) in the mean of either measure, permitted that the difference exists, with 

15% in the pulse oximeter and 23% in the thermometer.  

The lack of evidence for significant differences in the subjective measures can be 

ascribed to the simplicity of devices and the availability of instruction manuals in Experiment 1. 

In the usability test, both the thermometer and the pulse oximeter had less than three interactive 

elements in their designs, and both required a linear series of operations. To use the thermometer, 

a user should remove the cap, put the scanner on the head near the temple, and swipe across the 

forehead while holding a button pressed. To use a pulse oximeter, a user should squeeze the 

handles of the spring clamp and insert his/her finger into the jaw. Most users also read the 

instruction manuals in the package, which might have helped them through the tasks. Because 

the tasks were simple and manuals were provided, users rated the devices positively on the 

subjective measures. A second explanation for non-significant results was the limited scales of 

the subjective measures. For example, on the 7-point Likert scale, people could select “somewhat 

agree” “agree” or “strongly agree” to express their acceptance of the statement in the 

questionnaire. However, they could not take a stance between “agree” and “strongly agree”, and 

had to choose between the two adjacent options. Because a 5- or 7-point Likert scale was 
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incapable of capturing people’s perception most accurately, the subjective evaluations in a 

usability test and in a retrospective survey could appear to be no different. 

Comparing Devices in Retrospective Measures 

 In the retrospective survey, the inhaler, the thermometer, the heating pad, and the weight 

scale were treated as the repeated conditions in the repeated-measures ANOVAs, and found the 

effect of device on the usability measures of effectiveness of first try, completion time, efficiency 

rating, the SUS, and the likelihood to recommend. However, no effect on the tries needed to 

succeed and the ASQ score were found in the current study.  

  A linear post-hoc contrast L1 with the order of the inhaler, thermometer, heating pad, and 

weight scale was examined in the effectiveness of first try, efficiency rating, and the SUS (Table 

18). It was statistically significant in the effectiveness of first try and the SUS, and close to the 

significance level in the efficiency rating. Different contrasts were applied to the likelihood to 

recommend and the completion time because the relative rankings of the devices were different 

in those measures.   

Table 18  
Results in Repeated Measures ANOVA and Post-Hoc Contrasts 

    Contrast Coefficients  		

Measure  Overall F Inhaler Thermometer 
Heating 

pad Weight scale 
Contrast 

F 
Effectiveness of first try √ -3 -1 1 3 √ 
Tries needed to succeed ✕ — — — — — 
Completion time √ -1 1 -3 3 √ 
Efficiency rating √ -3 -1 1 3 ✕ 
Satisfaction (ASQ) ✕ — — — — — 
SUS √ -3 -1 1 3 √ 
LTR √ -1 0 0 1 √ 

Note. “√” means the F value is statistically significant, “✕” means it’s not significant.  
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 The effect of devices was found in the majority of the usability measures collected in the 

retrospective survey. Specifically, the post-hoc testing of linear trends was significant in three 

measures (Table 18). Therefore, the retrospective survey can be used as a usability assessment 

method to compare the four healthcare devices in the current study on certain aspects of 

usability.  

The relative ranking of devices was not consistent across the usability measures due to 

the characteristics of the evaluated devices. For example, our data showed that the heating pad 

had the second highest usability in most measures, except in the completion time. Participants 

reported 15 minutes on average to use the heating pad, and less than 3 minutes to use the other 

devices. Such discrepancy was likely due to the warming up procedure before using a heating 

pad, which could take several minutes. Therefore, to compare the usability of healthcare devices 

using the retrospective survey, researchers should adopt measures that match with their research 

interests to ensure that the results can be correctly interpreted.  

The difference in effectiveness of first try by device was found in the retrospective 

survey. This suggests that the retrospective method may be a viable approach to identifying 

systems with relatively low effectiveness, and help researchers and device manufactures 

prioritize their resources and effort in the devices with the lowest success rate on the first try. On 

the other hand, if researchers want to know the total number of tries need to use a device 

successfully, permitted that a few reversible errors are acceptable, the retrospective survey may 

not be very helpful. Our data showed very weak evidence (p = .05) of the effect of device on the 

number of tries in the repeated measures ANOVA.  

While a halo effect (Nisbett & Wilson, 1977) in participants’ self-report could have 

influenced their input in the retrospective survey, it is unlikely that participants’ global 
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evaluation of a device had dictated their evaluations on specific usability measures. This study 

found different relative rankings of devices in some measures, such as the completion time being 

different from effectiveness of first try, suggesting that participants considered their experiences 

with the device from multiple aspects and did not sole rely on the holistic impression of the 

device.  

Relationships between Usability Measures in the Usability Test 

 Within ISO metrics. Experiment 1 investigated the relationships between the ISO 

metrics of efficiency (completion time), effectiveness (number of tries), satisfaction (ASQ), and 

the SUS. The results between all three ISO metrics were less robust that the significant 

correlations found by Sauro and Kindlund (2005). There was no strong evidence of correlation 

between efficiency and satisfaction metrics (Table 19). Besides, the relationship between 

effectiveness and efficiency/satisfaction metrics was not consistently significant in all the 

devices. Specifically, the correlation between effectiveness and efficiency was only significant in 

the spirometer (r(60) = .52) and the temporal artery thermometer (r(51) = .39). The effectiveness 

and satisfaction metrics were only significantly correlated in the test of the thermometer, r(51) = 

-.34. 

Table 19 
Significant Correlations Between the ISO Metrics of Usability and SUS in the Usability Test 

  Effectiveness Efficiency  Satisfaction SUS 
Effectiveness — Partly Partly No 
Efficiency — — No No 
Satisfaction — — — Yes 

Note. “Yes/No/Partly” means the correlation was significant in all/no/some devices.  
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To evaluate the significant correlations from a broader perspective, results in the current 

study was compared with that in Hornbæk and Law’s meta-analysis (2007). Regardless of the 

level of significance, the directions of association in the current study were consistent across the 

devices, and were consistent with Hornbæk and Law’s summary, such that low effectiveness is 

associated with low satisfaction/efficiency. The effect sizes were also greater in the current 

study. For the correlation between effectiveness and efficiency metrics, our coefficients of .52 

and .39 were greater than .25 in the meta-analysis. The medium size correlation between 

effectiveness and satisfaction in the thermometer was also greater than .16 in the meta-analysis. 

To cite Hornbæk and Law’s comment on the Sauro and Kindlund’s (2005) findings, our effect 

sizes could have been overestimated because of “simple measures” (e.g. completion time, tries) 

used in the study, the “specific type of task” (measuring physiological status), as well as small 

sample sizes. On the other hand, it could be argued that Hornbæk and Law aggregated across a 

variety of systems in their data, which could have masked the differences in the effect sizes 

between domains of systems. Since the current study focused on home healthcare devices 

exclusively, the correlation coefficients might be different from those in the aggregated data.  

Relationships between SUS and ISO metrics. The SUS metric did not completely 

capture the usability aspects in the ISO 9241-11, as its relationship with the ISO metrics 

indicated (Table 19). We had barely any evidence of correlations between the SUS and the 

efficiency/effectiveness metric. However, the positive correlation between satisfaction (ASQ) 

and the SUS scores was consistent in all devices, r(65) > .70, p < .001. The contents of the ASQ 

and SUS measures were similar as they both probed into users’ perception of their experiences. 

In an item analysis of usability questionnaires, Chung and Sahari (2015) found that both the ASQ 

and the SUS focused on the utilitarian attributes of usability (e.g., benefit, efficiency, 
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responsiveness) rather than experiential attributes (e.g., attractiveness, challenge, enjoyment, and 

stress). Therefore, it is likely that the satisfaction measure and the SUS evaluated similar or the 

same underlying aspect of the usability in the current research.  

Limitations 

This study should be viewed in the context of several limitations of sample and device 

selection. The subject samples in the usability test and the retrospective survey had distinctively 

different characteristics. Users in the test were college students from 18 to 22 years old. 

Participants in the retrospective experiment reported a much larger range of age from 18 to 83 

years old. Being the younger sample, users in the test might have superior cognitive and motor 

abilities that benefitted their task performances. Another distinction between the two subject 

samples was people’s familiarity with the devices. While participants in the survey were able to 

rate any device that they were familiar with, more than half of the users in the usability test had 

no previous experience with the designated devices in the lab.  

Data collected from the subject samples could have been influenced by many factors. In 

the usability test, the data might have been distorted by the presence of a researcher. Users might 

feel pressured to behave and respond in a socially desirable manner (Dumas, 1999) and 

consequently altered their behavioral performance and subjective responses. In the retrospective 

survey, participants’ responses were hard to verify. Although most participants were well-

intended, a few were excluded due to inconsistent responses in the SUS. For other measures in 

the survey, there was no obvious strategy to judge if the answers were honest and serious. 

Similar issues have been discussed by Kittur, Chi, and Suh (2008). They suggested that it is 

difficult to detect malicious participants on the crowdsourcing websites because the online 

survey asks for subjective opinions in which there is no definite answer.  
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 Because the current study only analyzed data of the thermometer and the pulse oximeter 

in the comparison between the usability test and the retrospective survey, our conclusion on the 

issue has very limited general applicability. Both meters are non-invasive, and are not designed 

solely for urgent situations. Without knowing how high levels of stress affect users’ subjective 

evaluation, the difference between objective and subjective measures of usability found in the 

current study may not hold in the devices for urgent situations.  

Participants in the retrospective survey could own different models and brands of the 

same type of device. The disparity in the individual models of a device was not collected in the 

survey, and was consequently treated as noise in the data. Although the temporal artery 

thermometer used in Experiment 1 was known, there was no information about the specific 

models of thermometer evaluated in the retrospective survey. If the participants in Experiment 2 

owned a medical mercury thermometer, they would spend longer time to use it because they had 

to leave the tip of the thermometer under the tongue or at other body parts for at least 2 minutes.  

In the repeated measures ANOVA on the retrospective survey data, the number of 

conditions (devices) was chosen to maximize the numbers of both independent observations and 

conditions. The effect of device on the usability measures were subsequently limited in its 

generalizability. Specifically, the relative ranking of devices based on usability measures should 

be interpreted only in the context of the four devices in the ANOVA. Because these devices were 

of high subjective usability with SUS scores between 77 and 86, there was no evidence that 

devices with low subjective usability could also elicit differences in usability scores when they 

are measured retrospectively. 
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GENERAL DISCUSSION 

Two methods of usability assessment in home healthcare devices, including usability 

testing and retrospective measures, were discussed in this study. The properties of the 

retrospective method and the relationships between the data collected in the usability testing 

method were also examined in the current study.  

Although the retrospective method can be applied to evaluate multiple systems or devices 

with low time commitment, its assessment of usability was not consistent with data from the 

usability test. Specifically, effectiveness measured as the number of tries and efficiency 

measured as completion time were different between the two methods. Despite being time- and 

resource-efficient, the retrospective measures cannot capture the usability of home healthcare 

devices as accurately as usability tests do. Retrospective surveys are not interchangeable with 

usability testing when the goal of the assessment is to collect precise information, especially 

effectiveness and efficiency, about the devices.  

Retrospective measures are not particularly useful for troubleshooting or error-reduction 

in a specific healthcare device. The standard retrospective measures ask about users’ perception 

and recollection of past experiences holistically. However, to find design problems in the device, 

researchers are more interested in knowing when and where users have made errors. Information 

of this kind is better obtained via usability testing. Further, in the retrospective measures that do 

inquire the timing and details of errors, users may fail to report if they are not aware of their 

mistakes in the task. Several users in Experiment 1 who did not remove the covering cap from 

the thermometer when using the device and still regarded themselves as successful. Because 

retrospective measures do not require immediate interaction with the devices, users may be more 



 59 

likely to overlook or forget to report the errors they have made. Their self-reports are therefore 

an unreliable source of information for troubleshooting home healthcare devices. 

 Despite their inability to gather detailed and accurate usability of home healthcare 

devices, retrospective measures can be applied to rank devices. Experiment 2 demonstrated that 

scores in five measures were affected by the evaluated devices. Moreover, four post-hoc 

contrasts were statistically significant, which enabled us to confidently rank the devices on the 

corresponding measures. As mentioned before, a potential application of the retrospective 

measures is to identify the least usable device(s). In the research of home healthcare devices 

where the variety and quantity of devices are large, retrospective measures allow researchers to 

gather users’ evaluations on a large group of devices and find devices of the lowest usability. It 

can help researchers utilize resources more effectively by narrowing the scope of device 

assessment. The rankings based on the retrospective measures should not be the only criterion 

for selecting devices for usability assessment. Researchers should also consider the specific 

purpose of their study to determine the devices to assess.  

With the limited data on SUS scores in both the usability test and the retrospective 

survey, it is uncertain that the lack of difference in SUS scores between the methods was due to 

the robustness of this metric. However, with p values of .59 and .40, it is speculated that the SUS 

probably will not be statistically different between the two methods when assessing other 

devices. If more evidence supporting such speculation could be found, then the SUS would be a 

robust metric that could be applied independently to assess the subjective usability of a device. 

 Our analysis on the relationships between the ISO usability metrics of effectiveness, 

efficiency, and satisfaction showed weak associations. Unlike the previous study on the financial 

and accounting system (Sauro & Kindlund, 2005) with significant correlations between all three 
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metrics, Experiment 1 in the current study only found significant correlations between 

effectiveness and satisfaction/efficiency in some devices. In addition, the magnitude of 

correlation was greater in the current study than in Hornbæk and Law’s (2007) meta-analysis.  

 These results suggest the multi-dimensional nature of usability, with effectiveness, 

efficiency, and satisfaction capturing the users’ interaction with the system from different angles. 

The magnitude and significance level of the correlations may depend on the particular system in 

the assessment. For example, the correlation between effectiveness and efficiency/satisfaction 

was found in the assessment of the temporal artery thermometer, but not exist in the pulse 

oximeter. The practical implications of the correlations between ISO metrics should also be 

interpreted in the context of the individual systems. In the assessment of a healthcare device, 

researchers aim to improve effectiveness to ensure successful and safe usage of the device. How 

effectiveness of a healthcare device is associated with users’ satisfaction may not be a major 

concern to the medical device industry. 

 The multi-dimensionality of usability is also reflected in the relationship between the 

SUS and ISO metrics. Effectiveness and efficiency did not correlate with the SUS in any device, 

and satisfaction was consistently correlated with the SUS in all the devices. The subjective 

usability measured by SUS was only “one component of the overall construct of usability” 

(Brooke, 2013). This study only confidently estimated the relative level of satisfaction based on 

the SUS scores, and could not make inferences about effectiveness or efficiency in the same 

way.  

 Healthcare devices examined in the current study are limited in their number and variety. 

If the effect of device on retrospective usability measures was found in more devices, usability 

researchers would be more confident in using the retrospective measures to investigate the 
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relative usability of home healthcare devices. With data on the thermometer and the pulse 

oximeter only, the current study was not able to conclude whether the between-method 

difference in the completion time was systematic. Researchers of future studies should address 

these questions with a more diverse selection of healthcare devices. They may refer to Table 11 

with 35 devices to estimate the prevalence and popularity of different home healthcare devices, 

and choose devices cautiously. Future research should also explore different measurements of 

effectiveness, efficiency, and satisfaction metrics to examine if our findings persist. As Hornbæk 

and Law (2007) suggested, the magnitude of the correlations between the metrics decreases 

when the measurement becomes complex.  
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