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An Empirical Study of the Usability of Consenting Systems: iPad, 

Touchscreen and Paper-based Systems 
 

Kapil Chalil Madathil, Reshmi Koikkara, Anand K. Gramopadhye, Joel S. Greenstein 

Clemson University 

 
While much research has been conducted on the software system architecture needed for capturing and 

managing patient consents and research permissions in health care facilities, limited information is 

available on the usability of such capture systems. Typically, a general consenting process involves the 

patients indicating their choices and then signing/initialing to verify these preferences.  This study proposes 

four new ways of capturing these consents/research permissions using Apple iPad and touchscreen-based 

systems, investigating their feasibility and usability by comparing them to the conventional paper-based 

consenting process. Fifteen participants completed the consenting process using five capture systems: iPad-

based system with pagination and scrolling interfaces, touchscreen-based system with pagination and 

scrolling interfaces and the paper-based system. After each consenting condition, the participants 

completed the NASA Task Load Index (NASA-TLX), the computer system usability questionnaire 

(CSUQ), and a post-test subjective questionnaire ranking the consenting systems based on preference. 

Statistically significant differences among the consent capture systems were found for all dependent 

variables except for task completion time.  The iPad and touchscreen systems with pagination interfaces 

were preferred. 

 

INTRODUCTION 
 

Many healthcare systems have begun to use electronic 

systems for capturing, storing and managing health records. 

While these systems facilitate sharing health information 

among healthcare providers and patients, they raise concerns 

about the confidentiality of this information (Win & Fulcher 

2007).  According to the Health Insurance Portability and 

Accountability Act (HIPAA), patient health records can be 

shared only with explicit consent from the patient. Moreover, 

the HIPAA privacy rule (2003) mandates that use of a 

patient’s protected health information for research requires a 

privacy authorization that a) describes the information to be 

disclosed or used, b) names the person(s) authorized to make 

the disclosure, c) names the person(s) to whom the 

information will be given, d) specifies an expiration date for 

the transaction,  d) states the individual’s right to revoke the 

authorization, e) sets limits to the ability to share the 

information, and f) is signed and dated by the individual.  

These compliance issues are further complicated by the 

increase in patient interest in participating in clinical research. 

Because of ethical and legal requirements in the United States, 

healthcare providers require that their patients sign a general 

consent form prior to any medical treatment.   However, 

current hospital management systems lack an effective way to 

capture and manage such permissions. Many hospitals still use 

paper-based consent forms including questions pertaining to 

participating in  research activities However, these consent 

forms, which are typically scanned and stored in a document 

handling system, are seldom accessed and used to recruit 

participants for  research studies.  Transferring these existing 

paper-based preferences to an electronic format and using this 

format in the future could increase the viable participant pool. 

An additional advantage of such an electronic system is the 

ease with which this pool could be searched and indexed.   

 The current method for capturing and managing patient 

permission and authorization for research has been a topic of 

research for decades. Recently, Coiera et al. (2004) has 

suggested that the next generation of electronic consenting 

infrastructure should address privacy and compliance issues to 

make electronic consenting more viable in the current medical 

environment.  It should facilitate providing consent to those 

needing to access valuable health information while 

addressing the stipulations mandated by HIPAA, providing a 

balance between the patient’s right to privacy and the  ease 

and efficiency afforded by an electronic data system.    

Although many studies have been conducted on the 

system architecture needed for such a consent managing 

system, limited research is available on patients’ perceptions 

of the usability of such interfaces. Typically, a consenting 

process involves the patient making individual choices and 

signing his/her name or initials verifying them.  The goal of 

the research reported here is to investigate design 

specifications for enhancing the general consenting process 

using mobile interfaces such as iPads and touchscreens. 

For this study, four interfaces were developed for consent 

capture: two for an Apple iPad, one using scrolling and one 

with pagination; and two interfaces for a touchscreen, one 

using scrolling and one with pagination.  These interfaces 

were compared to the conventional paper-based system using 

task performance and subjective metrics.  

 

METHOD 
 

Participants 
 

 Fifteen college students, 11 males and 4 females between 

the ages of 21 and 45(M = 27) with experience working with 

computers, were recruited by email and word-of-mouth. All 

were screened for physical disabilities, in particular those 

limiting their mobility, motor and visual functions, through a 

self-reporting questionnaire. 
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Apparatus 
  

 The study used three modalities of consent capture:  a 

conventional paper-based system, a touchscreen-based system, 

and an Apple iPad-based system.  The paper-based system, 

which served as the control, was the form used at a major US 

hospital.  Two types of screen presentation were developed for 

both the iPad and touchscreen:  a conventional scrolling 

interface, showing one page and a pagination display with 

nine pages.  Participants were also provided with a stylus to 

interact with these systems. The touchscreen-based system 

used a Planar 15” resistive touchscreen monitor. The web-

based consenting interfaces were developed using 

HTML5/CSS3 and were deployed on an Apache Tomcat 6.0 

web server. These interfaces were optimized for the iPad and 

Touchscreen-based systems. 

 

Experimental Tasks 

 

 The study used a within-subject experimental design. All 

participants were exposed to all five types of the consent 

capturing systems investigated:  

1) iPad with a scroll interface  

2) iPad with a pagination interface as seen in Figure 1 

3) Touchscreen with a scroll interface  

4) Touchscreen with a pagination  interface as seen in 

Figure 2 

5) Paper-based consent form 

 To minimize order effects, the systems were presented to 

each participant in a different order. The order in which the 

participants received each condition was randomized using 

random sequence generator. 
 

Hypotheses 

 

 To compare the effectiveness of the proposed 

consenting systems with the conventional paper-based system, 

the following null research hypotheses were investigated:  

 Hypothesis 1.There will be no significant differences 

in the time taken to complete the consenting process under all 

five consenting conditions. 

 Hypothesis 2.There will be no significant differences 

in the number of errors made by the participants under all five 

consenting conditions. 

 Hypothesis 3. There will be no significant differences 

in the participants’ subjective satisfaction under all five 

consenting conditions. 

 Hypothesis 4. There will be no significant differences 

in the workload experienced by the participants under all five 

consenting conditions. 
 

 

Procedure 
 

 The researcher greeted the participants and provided 

them with a brief overview of the study. They were then asked 

to read and sign an informed consent form and to complete a 

pre-test questionnaire asking for basic demographic 

information. The participants subsequently performed the 

experimental task of completing the healthcare consent form 

under the first condition. This general consenting process 

required the participants to go through each section of the 

form, select their preferences such as willingness to be an 

organ donor and initial/sign at the appropriate locations.   
 

 
 

Figure 1. iPad with a pagination interface 
 

 
 

Figure 2. Touchscreen with a pagination interface 
 

The researcher was colocated with the participant and 

determined the time taken to complete the consent form and 

the number of errors made by the participant. To simulate the 

current consenting process used in hospital systems, a letter X 

was used to indicate where the participant was to sign under 

the paper-based condition.  Subsequently, the participants 

completed the NASA Task Load Index (NASA-TLX)  (Hart & 

Staveland, 1988) and the computer system usability 

questionnaire (CSUQ) (Lewis, 1995) about their experiences 

with the interface. They then completed the remaining four 

experimental conditions, each followed by administration of 

the NASA-TLX and the CSUQ.  After finishing all the tasks, 

the participants completed a final post-test subjective 

questionnaire ranking the interfaces based on their 

preferences. The time required to complete the entire 

experiment was approximately 80 minutes.  

 

Dependent Variables 
 

 Five metrics were analyzed to determine the usability of 

the consent capturing systems: the time taken to complete the 

consent form, the number of errors made, the NASA-TLX 
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work load indices, the CSUQ scales and the preference 

ranking. 

 

RESULTS 
 

PASW 18.0 was used to analyze the data. To determine 

the presence of significant differences across the different 

consent capture systems, repeated measures one-way ANOVA 

was used with a 95% confidence interval. Post-hoc LSD 

comparisons were used to determine the locus of significant 

differences. Because of the nonparametric nature of the ranked 

preference data, the Friedman Test was used to identify 

significant effects for this metric. The error bars in the graphs 

show +/-1 standard error. 
 

Performance Measures 
 

Consent form completion time. This metric was measured 

by determining the time taken from when the consent form 

was presented to when the participant completed it by signing 

at appropriate places. The results indicated no significant 

differences in the average time to complete the task, Wilks’ 

Lambda = 0.460, F (4, 11) = 3.23, p = 0.055, as shown in 

Figure 3.  

 

Figure 3. Time taken to complete the consenting task (minutes) 

 
 

Errors. An error was registered if the participant 

experienced any of the following: participant clearing 

signature from the signature box, participant not able to 

complete the task, participant crossing out the signature and 

participant completing the consenting process without 

signing/initialing in one or more of the designated fields.  The 

number of errors made by the participants differed 

significantly among the different consent capture systems, 

Wilks’ Lambda=0.393, F (4, 11) = 4.243, p = 0.03, as shown 

in Figure 4.  Post-hoc analysis indicated significant differences 

between the paper-based condition (M=0, SD=0) and the iPad 

scrolling condition (M=0.46, SD=0.83), the paper-based 

condition and the touchscreen paging condition (M=1.06, 

SD=1.27), the paper-based condition and the touchscreen 

scrolling condition (M=1.27, SD=2.15), and the iPad paging 

condition (M=0.13, SD=0.35) and the touchscreen paging 

condition.  Participants committed the most errors under the 

touchscreen scrolling condition. They committed no errors 

under the paper-based condition. 
 

 
 

Figure 4. Number of errors made by the participants 

 

Subjective Measures 
 

 Overall Satisfaction. The overall satisfaction scores 

differed significantly among the consent capturing systems, 

Wilks’ Lambda = 0.101, F (4, 11) = 24.45, p < 0.001, as 

shown in Figure 5, with higher values suggesting better 

usability. Significant differences were found between the 

paper-based condition (M=2.76, SD=0.66) and the iPad 

paging condition (M=4.10, SD=0.50), the paper-based 

condition and the iPad scrolling condition (M=3.83, 

SD=0.86), the paper-based condition and the touchscreen 

paging condition (M=4.01, SD=0.41), the iPad paging 

condition and the touchscreen scrolling condition (M=3.42, 

SD=0.84), and the touchscreen paging condition and the 

touchscreen scrolling condition.  The CSUQ also 

decomposes overall satisfaction into subscales measuring 

system usefulness, information quality and interface quality as 

shown in Figure 5. 

 
 

Figure 5. Subjective satisfaction of the participants  
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System usefulness. The system usefulness scores differed 

significantly among the consent capturing systems, Wilks’ 

Lambda = 0.146, F (4, 11) = 16.03, p < 0.001, as shown in 

Figure 5. Significant differences were found between the 

paper-based condition (M=2.93, SD=0.82) and the iPad 

paging condition (M=4.26, SD=0.57), the paper-based 

condition and the iPad scrolling condition (M=3.86, 

SD=0.98), the paper-based condition and the touchscreen 

paging condition (M=4.05, SD=0.57), the iPad paging 

condition and the touchscreen scrolling condition (M=3.32, 

SD=1.03),  and the touchscreen paging condition and  the 

touchscreen scrolling condition.    
Information quality. Information quality differed 

significantly among the consent capturing systems, Wilks’ 

Lambda = 0.183, F (4, 11) = 12.28, p < 0.001, as shown in 

Figure 5. Significant differences were found between the 

paper-based condition (M=2.61, SD=0.64) and the iPad 

paging condition (M=3.87, SD=0.49), the paper-based 

condition and the iPad scrolling condition (M=3.64, 

SD=0.85), the paper-based condition and the touchscreen 

paging condition (M=3.85, SD=0.29), the paper-based 

condition and the touchscreen scrolling condition (M=3.54, 

SD=0.69), and the iPad paging condition and the touchscreen 

scrolling condition. 
Interface quality. Interface quality differed significantly 

among the consent capturing systems, Wilks’ Lambda = 

0.054, F (4, 11) = 48.47, p < 0.001, as shown in Figure 5. 

Significant differences were found between the paper-based 

condition (M=2.60, SD=0.60) and the iPad paging condition 

(M=4.20, SD=0.54), the paper-based condition and the iPad 

scrolling condition (M=4.15, SD=0.77), the paper-based 

condition and the touchscreen paging condition (M=4.22, 

SD=0.70), the paper-based condition and the touchscreen 

scrolling condition (M=3.40, SD=1.11), the iPad paging 

condition and the touchscreen scrolling condition, the iPad 

scrolling condition and the touchscreen scrolling condition,  

and the touchscreen paging condition and the touchscreen 

scrolling condition. 
Workload. The NASA-TLX indices of the workload 

associated with each of the consent capturing systems are 

shown in Figure 6. Significant differences were found for the 

total workload experienced among the consent capturing 

systems, Wilks’ Lambda = 0.26, F (4, 11) = 7.82, p = 0.003. 

Significant differences were found between the paper-based 

condition (M=60.24, SD=18.33) and the iPad paging 

condition (M=29.24, SD=20.10), the paper-based condition 

and the iPad scrolling condition (M=40.37, SD=22.35), the 

paper-based condition and the touchscreen paging condition 

(M=41.89, SD=17.73), the iPad paging condition and the 

touchscreen paging condition, the iPad paging condition and 

the touchscreen scrolling condition (M=52.53, SD=21.84), and 

the touchscreen paging condition  and the touchscreen 

scrolling condition. 

 The NASA-TLX scale decomposes the workload into 

subscales of mental demand, physical demand, temporal 

demand, effort, performance and frustration. 
Mental demand. There was a significant difference in 

mental demand among the consent capturing systems, Wilks’ 

Lambda = 0.257, F (4, 11) = 7.96, p = 0.003, as shown in 

Figure 6. Significant differences were found between the 

paper-based condition (M=18.37, SD=7.71) and the iPad 

paging condition (M=7.46, SD=5.75), the paper-based 

condition and the iPad scrolling condition (M=9.77, 

SD=8.18), the paper-based condition and the touchscreen 

paging condition (M=8.82, SD=7.67), and the paper-based 

condition and the touchscreen scrolling condition (M=8.55, 

SD=8.63). 

 
Figure 6. NASA-TLX workload indices 

 

Physical demand. There was a significant difference in 

physical demand experienced under the consent capturing 

systems, Wilks’ Lambda = 0.412, F (4, 11) = 3.93, p = 0.032, 

as shown in Figure 6. Significant differences were found 

between the  paper-based condition (M=1.22, SD=1.88) and 

the iPad scrolling condition (M=2.80, SD=2.83), the paper-

based condition and the touchscreen paging condition 

(M=4.06, SD=4.90), the paper-based condition and the 

touchscreen scrolling condition (M=9.26, SD=10.41), the iPad 

paging condition  (M=1.64, SD=1.61) and the touchscreen 

scrolling condition,  the iPad scrolling condition  and the 

touchscreen scrolling condition, and the touchscreen paging 

condition and the touchscreen scrolling condition.  

Performance. There was a significant difference in 

performance among the consent capturing systems, Wilks’ 

Lambda = 0.395, F (4, 11) = 4.214, p = 0.026, as shown in 

Figure 6. Significant differences were found between the 

paper-based condition (M=11.15, SD=7.37) and the iPad 

paging condition (M=6.35, SD=4.59), and the iPad paging 

condition and the touchscreen scrolling condition (M=9.48, 

SD=6.01). The test participants felt that their performance was 

better with the iPad-paging condition, touchscreen paging and 

iPad-scrolling conditions. 
Frustration. There was a significant difference in the 

frustration experienced among the consent capturing systems, 

Wilks’ Lambda = 0.361, F (4, 11) = 4.87, p = 0.017, as shown 

in Figure 6. Significant differences were found between the 

paper-based condition (M=14.37, SD=9.93) and the iPad 

paging condition (M=3.80, SD=5.44), the paper-based 

condition and the iPad scrolling condition (M=6.02, 

SD=8.88), the paper-based condition and the touchscreen 

paging condition (M=5.66, SD=7.53), and the iPad paging 
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condition and the touchscreen scrolling condition (M=10.22, 

SD=10.56). 
Preference. Preference data were obtained using a ranking 

scale, with a lower score indicating a higher preference. The 

analysis of these data using the Friedman Test indicated 

significant differences in the participants’ preferences for a 

particular interface, χ
2
 (4) =33.387, p<0.05. The Wilcoxon-

signed rank test indicated that participants preferred the iPad 

paging (M=1.73), the touchscreen paging (M=2.13), and the 

iPad scrolling (M=2.67) over the Touchscreen scrolling 

(M=4.0) and the paper-based (M=4.40) systems. 

 

DISCUSSION  

The purpose of this study was to identify differences in 

the effectiveness, if any, among the five modes of consent 

capture investigated. The type of consent capture system did 

not influence the time taken to complete the task. However, it 

did influence the number of errors made by the participants. 

The most errors were made in the touchscreen scrolling 

condition and the fewest in the paper-based condition, perhaps 

because the paper consent form had a letter X  indicating 

where signatures were needed.  There were no significant 

differences in the number of errors made under the iPad 

paging condition and the paper-based condition.  

The error rate, total workload, mental demand, physical 

demand and frustration level were low for the iPad paging 

interface.  Participants appeared to enjoy viewing each section 

as a separate page and using the pagination interface.  Though 

the number of interactions/button clicks required to complete 

the consenting process using this interface was relatively high, 

participants still assigned it the highest overall preference 

ranking. One of the participants commented that “the sections 

are well organized in the paging interface and it helps in the 

decision making process.” This may have contributed to its 

low workload and high overall satisfaction scores.  

The participant preference rating for the touchscreen 

paging interface was comparable to the iPad paging interface.  

However, the number of errors made by the participants was 

higher than for the paper-based and the iPad-based conditions. 

Since the system was based on a resistive touchscreen 

technology, the pressure required to initial/sign was higher 

than for the iPad and paper-based technologies. This higher 

pressure could have led to the higher workload, physical 

demand and frustration levels for the touchscreen paging 

interface.  Further research investigating capacitance-based 

touchscreens for consent capture is needed. 

The iPad scrolling interface was ranked fairly highly by 

the participants. However, the number of errors committed 

under this condition was relatively high, and in many 

instances the participants missed one or more boxes requiring 

initials or signatures.  Its interface quality was rated high, and 

its physical demand and frustration were rated low.  

The touchscreen scrolling interfaces was ranked slightly 

higher than the paper-based system. Some participants found it 

difficult to scroll down using the touchscreen scrolling 

interface. Though the participants had a clearer understanding 

of which sections of the consent form were complete when 

compared to the other systems, this advantage was offset by 

the scrolling difficulty.  It was observed informally that 

participants found it difficult to interact with this interface, 

consistent with the higher workload, physical demand and 

frustration levels under this condition. 

The paper-based system was the least preferred, though it 

resulted in the fewest errors. Participants appeared to 

experience difficulty in comprehending this form, with one 

suggesting that it was “information overload.” The poor 

quality of the information and the interface combined with the 

crowded information were perhaps the cause of the high 

physical demand, frustration and workload levels. Participants 

appeared to prefer seeing the information presented section by 

section, as it was in the paging interfaces. 

The results of this preliminary study suggest that it is 

feasible to replace the existing paper-based system with an 

electronic consent capture system.  Moreover, the participants 

indicated that they had more control over their privacy and 

that they could more easily move forward at their own pace 

using this system. It was also found that the pagination 

interface was preferred over the scrolling interface, findings 

consistent with those of Schwarz et al. (1983). The major 

limitation of this study was that the population is 

unrepresentative of typical patients, since college students 

were used in this study. These results will be employed in the 

development of an electronic signature capture interface, 

which will then undergo field testing in the hospital systems of 

South Carolina. Future studies will address such issues as 

accessibility, portability and scalability to integrate with 

existing electronic systems. 
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