
 

  
 

 

The Design and Evaluation of an Innovative Head 

Mounted Display Counselling Tool for Warfarin 

 
Shane Prenzler 

 
-Bachelor of Pharmaceutical Science, Master of Pharmacy- 

 

 
 

 

 

 

 

 

 

 

 
Submitted in fulfilment of the requirements for the degree of Master of Medical Research 

 

 

 

 

 

January, 2019 

 



 

i 
 

  



 

ii 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- This page has been intentionally left blank     - 
   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

iii 
 

Statement of Originality 

 

 

This work has not previously been submitted for a degree or diploma in any university. To the best of 

my knowledge and belief, the thesis contains no material previously published or written by another 

person except where due reference is made in the thesis itself. 

 

 

                                19th of October 2018 

 

           Shane Prenzler 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

iv 
 

Abstract 
 

Background Emergent and disruptive technologies such as augmented reality (AR) and 

head-mounted display (HMD) have not been explored in the context of pharmacy to date 

despite the potential benefits for the use of these technologies. Patient counselling could be 

potentially be modulated to better reflect their level of health literacy and the standardisation 

of the counselling given to each patient. Further benefits may also be seen with the continual 

education of pharmacists who use the HMD-AR warfarin counselling guide, as pharmacists 

have been found to favour interactive forms of continuing education. For this reason, a 

previously validated educational framework was used for the development of the HMD-AR 

warfarin counselling guide, the mobile augmented reality education (MARE) design 

framework. The acceptance of the HMD-AR warfarin counselling guide was gauged using 

the previously validated e-learning technology acceptance model (TAM). The use of TAM 

gives significant insight into participants perceived ease of use (PEU), perceived usefulness 

(PU) and their behavioural intention (BI) which correlate highly to actual use of technology 

being tested. Aims and Objectives: The aim of this study was to develop and test acceptance 

of a counselling tool for the drug warfarin using both HMD and AR (HMD-AR warfarin 

counselling guide). The objectives of this study were to (i) conduct background literature 

research prior to the developments of the HMD-AR warfarin counselling guide, followed by 

a (ii) pilot study with 7 Griffith University School of Pharmacy and Pharmacology academic 

staff. Use pilot study feedback to (iii) redevelop the HMD-AR warfarin counselling guide as 

well as the accompanying adapted TAM survey. Conduct a (iv) larger mixed method cohort 

study with a pre- and post-test with 40 Australian registered pharmacists.  Methods: The 

HMD-AR warfarin counselling guide was developed in the same documented way as MARE 

framework. TAM was assessed in the post-test on a five-point Likert scale. The redeveloped 

HMD-AR warfarin counselling guide used in the larger cohort of 40 pharmacists to gauge 

acceptance of the redeveloped HMD-AR warfarin counselling guide. Descriptive statistics, 

two-tailed Spearman’s rank analysis, Wilcoxon signed rank test and qualitative analysis were 

then utilised. A pre-and post-test assessment was conducted on participants willingness to use 

technology and the usefulness of HMD-AR warfarin counselling guide. Results and 

Discussion: It was shown that even though overall each construct of TAM had an average 

positive result, this fluctuated. PEU was shown to be the best performing construct with an 

average score of 1.68 on a five-point Likert scale, while BI showed the lowest average score 

of 2.74. Spearman rank analysis showed the pre-test question regarding usefulness of the 

HMD-AR warfarin counselling guide was associated with the post-test statements for PU, 

AT, BI and SN. Wilcoxon signed rank analysis showed both the post-test additional question 

for usefulness of the HMD-AR warfarin counselling guide (p= 0.005) and willingness to use 

technology normally (p= 0.025) had declined compared to the same questions in the pre-test. 

Qualitative feedback was coded to form three major categories which were then split into two 

sub-categories each. This qualitative feedback showed a negative perception most 

participants towards the HMD-AR warfarin counselling guide, some praise was seen for the 

content and potential of the counselling guide itself however. This study was able to 

document the early acceptance of the HMD-AR warfarin counselling guide with the use of 40 

recruited pharmacists. Expectations were higher prior to use of the HMD-AR but dropped 

after participants trialled the HMD-AR warfarin counselling guide. Perceptions regarding the 

HMD-AR technology incorporated into this device were more negative compared to the 

content and information of the counselling guide. This may have influenced the BI construct 

having a near neutral on average response from participants, this indicated a possible 

reluctance for actual use of the HMD-AR warfarin counselling guide in practice. This was 
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despite other constructs of TAM like PEU having a more positive average score indicating 

participants found the HMD-AR warfarin counselling guide easy to use. Conclusion: This 

study was successful in developing the HMD-AR warfarin counselling guide and testing for 

acceptance. Current technology available fell below expectations of usefulness for most 

participants. Future applications of this technology could mean the use of HMD-AR 

technology for other drugs. Further research would need to be conducted on a larger sample 

of participants from more diverse professional backgrounds in order further understand 

acceptance.                                   

Keywords: augmented reality, head-mounted display, educational theory, warfarin, 

pharmacy 
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Chapter 1 
 

1.0  Introduction 

 

     The concepts of augmented reality (AR), virtual reality (VR), mixed reality (MR) and 

head-mounted display (HMD) have had little exposure in the field of pharmacy thus far. 

However, there has been some clear interest from within the profession, as Google Glass® 

has been discussed for potential uses in the past, including dispensing and clinical services 

(1).  There has been significant use of these technologies at least experimentally in other 

health fields and industries, such as medicine, rehabilitation and surgery. AR, VR, MR and 

HMD are best described as emerging and disruptive technologies which have the ability to 

change the way practice is conducted. Emergent technology has been defined as technology 

which encompasses the following attributes: radical novelty, relatively fast growth, 

coherence, prominent impact and uncertainty and ambiguity (2). While it has been noted that 

disruptive technologies have had a history of upsetting existing practices (3).  The 

construction and evaluation of a HMD, AR capable (HMD-AR) counselling guide for the 

drug warfarin was the primary aim for this study. Warfarin was chosen due to the complexity 

of it as a treatment for a patient and the ongoing monitoring, and dose changes required for 

the patient (4). Importantly for new technologies to be utilised by a group such as 

pharmacists, they must first accept them. Therefore, if HMD-AR technology was to aid in 

warfarin counselling the acceptance and the feasibility of the technology must first be gauged 

(5). Due to this, one of the primary measures for the objectives of this study were elements of 

the technology acceptance model (TAM), to determine among other things the perceived 

usefulness (PU) and perceived ease of use (PEU) (5, 6). Drug counselling is a very important 

activity conducted by pharmacists, one that has patient safety at its centre, and it would be 

important for any new means of counselling to be able to improve this process. Pharmacists 

could potentially use the HMD-AR counselling guide for warfarin during counselling or as an 

educative tool prior to counselling to refresh important points they would need to convey (7).  
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1.1 Pharmacist Role in Drug Counselling 

 

      Pharmacists in their key role as medication experts have a great deal of responsibility in 

counselling patients on their medications (8). The role of the pharmacist has maturated 

further into the role of drug information specialists in the last few decades (8). It is also true 

that some medications have far greater knowledge requirements than others. Medication such 

as warfarin is one such example due to its sheer complexity, not only initially but even on an 

ongoing basis for the patient (4). The specifics of this complexity for warfarin will be 

explained in the course of this thesis. This requires the pharmacist to always have this in 

mind when counselling patients who receive warfarin for the first time, and then again to 

adequately address any problems or questions which arise during therapy. One of the main 

concerns regarding adequate drug counselling is if it is adequately conveyed at all times (9). 

Indeed, it has been shown that various factors beyond the control of either the pharmacist or 

the patient can reduce the quality and duration of pharmacist drug counselling to patients (9). 

Factors such as the age of the pharmacist, any regulations stating minimum requirements for 

counselling, and the busy nature of the pharmacy all may hamper the information given to a 

patient (9). Patient factors such as health literacy levels may also impede understanding of 

health information, making drug information counselling all the more important.  

 

     It has been shown that up to 60% of adults may have inadequate levels of health literacy 

(10). Patient focused drug information material has been shown to even exceed the average 

level of health literacy of the community (11). When health information is directed at the 

patient level of understanding medical information is more effectively conveyed to patients 

(12). Currently adjusting counselling to meet patient health literacy needs is not standardised 

practice, which leaves this for the pharmacist to gauge understanding during counselling. 

Having an accepted means to ensure a consistent level of drug information is given to a 

patient is then paramount to uphold the pharmacist-patient relationship (8). Furthermore, 

pharmacist conducted patient counselling has been shown to be more effective at instructing 

patients with their metered dose inhaler (MDI) technique then other forms of patient 

information, including written information and videos (YouTube and official Centre for 

Disease Control patient education videos) (13). It was found that pharmacist counselling was 

significantly better than these other methods of counselling both combined (p< 0.0001) and 

individually (p< 0.03) (13).   
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1.2 Warfarin 
 

      The drug of focus for this study is warfarin, the complexities which surround it entail the 

patient is introduced to an array of vast sometimes complex information (4). Warfarin is an 

anticoagulant drug, which works by inhibiting an enzyme called vitamin-k epoxide reductase 

(VKOR), which prevents the activation of clotting factors 2,7,9 and 10, as well as the 

antithrombotic factors protein C and S (4). This effectively prevents harmful coagulation in 

susceptible patients, particularly those with atrial fibrillation (AF), both valvular and non-

valvular (4). Other indications include deep vein thrombosis (DVT), prevention and treatment 

of venous thrombus embolism (VTE), prevention of VTE in patients with prosthetic heart 

valves and prevention of stroke in patients with previous myocardial infarction (MI) (4). The 

most common and perhaps major complication of warfarin therapy is bleeding (4). This is 

made harder to manage due to the large list of interactions that exist for warfarin, particularly 

anything which causes change to vitamin-k metabolism (4). This is because either elevating 

or lowering the body’s vitamin-k stores can lead to inadequate warfarinisation or potentially 

high, toxic levels of warfarin effectiveness (4). Correspondingly warfarin requires monitoring 

for this reason and is done so using the international normalised ratio (INR) (4). Normally 

INR would be monitored closely until the patient is well stabilised, at which point monitoring 

can become less frequent but on an ongoing basis for the patient (4). The range for most 

patients to be in while on treatment is an INR of between 2-3, however in some instances this 

may be higher (4). As INR increases so does the relative risk of bleeding, while a lower INR 

would indicate a higher risk of harmful clotting occurring (4).  

      

       Due to the overall complexity of warfarin, it was selected as the drug to be included in 

the HMD-AR counselling guide. Ideally the information given during warfarin counselling 

would be consistent for each patient, and care is taken during warfarin counselling to ensure 

that each patient is aware of the complexities of warfarin. It is true that adequate education on 

warfarin to patients can help to prevent the adverse effects of having inadequate 

anticoagulation with the risk or dangerous clotting or over anticoagulation with the risk of 

bleeding (14, 15). However, having a step-by-step guide as an educational tool underpinned 

by educational theory, could help educate pharmacists who are less aware of the specific 

counselling points for certain drugs. It may also refresh facts for those who have not 

encountered a certain drug for some time and would be expected to counsel on it. Due to the 

previously mentioned health literacy problems which exist for many patients, the HMD-AR 
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warfarin counselling guide provides the pharmacist with expert information, but it is then up 

to the patient to convey this to the patient in an understandable manner. It has already been 

shown that clinical pharmacist services can help in reducing poor patient outcomes around 

the time of warfarin initiation (16).     

      

     There is evidence that the interventions that are implemented into pharmacy can be 

improved with the introduction of innovative technology into these pharmacy services (17, 

18). This study is novel, and HMD and AR have not been investigated in the context of 

pharmacy or warfarin prior to this. It is hoped that emerging technology like those used in 

this study will help to provide services more effectively to patients either directly or through 

education of pharmacists. There have been instances where the incorporation of technology 

into pharmacy has achieved this. The ability of technology to improve the extension of 

services to rural areas has been documented in previous studies in the environment of a 

pharmacist managed anticoagulation clinic (PMAC) (18). Timeliness of counselling for 

patients has also been improved by new technology where overall counselling time has been 

reduced without compromising efficacy (18). A PMAC in North Carolina trialled video 

technology for patient counselling and compared comprehension about their warfarin therapy 

with that of traditional pharmacist counselling both for continuing patients and newly 

initiated patients (17). The results showed that not only was there a considerable reduction in 

time spent counselling patients with the video technology display group (17). This was 

however more apparent in continuing patients who had previously started warfarin therapy 

compared to those who were being initiated (17). This was seen where the reduction in time 

counselling continuing patient had been reduced to 5.15min when considering mean total 

time, making the result significant (p < 0.001) (17). This was in contrast to the initiating 

patients that although still had a reduction in mean total time taken for counselling of 2.31min 

the result was non-significant (p= 0.472) (17).  

 

     An Oral Anticoagulation Test (OAK) was utilized to show patient comprehension (17). 

The OAK test consists of 20 validated multiple-choice questions which focus on warfarin 

dosing, monitoring, as well as drug and food-based interactions (17). This was done prior to 

and after counselling in both the video technology group as well as in the traditional 

counselling group, where scores range from 0-100% (17) There was no significant difference 

in either the traditional pharmacist counselling group or the video technology counselling 

group post-counselling (video technology group mean score 74.3% and a mean score for 
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traditional counselling of 71.3% p-value of 0.372) (17). A descriptive 7 day follow up was 

also conducted due to drop out cases and lack of power at this end point in the study (video 

counselling and traditional counselling mean (SD) at baseline, post counselling and 7 day 

follow-up were 53.1(18.9)%, 71.9(13.9)%, 77.5(14.4)% and 64.0(22.6)%, 75.0(21.2)%, 

73.5(27.1)%, respectively) (17). The baseline results still showed a significant prediction for 

the post-counselling scores (p-value <0.001) (17). This shows how technology incorporation 

into pharmacy can increase efficiency of patient counselling without reducing the quality of 

patient counselling (17). The consistency of scores both at baseline and post counselling for 

both groups and the trend for the 7-day follow-up scores for the OAK tests gives valuable 

evidence for this (17).  

 

     Another study used similar technology in order to extend pharmacy services to warfarin 

patients in rural and remote areas where a community-based outpatient clinic (CBOC) for 

warfarinised patient due to the lack of availability for a clinical pharmacist (18). The solution 

to this staff shortage was to utilize clinical video telehealth (CVT) technology to enable these 

patients similar access to clinical services as their metropolitan counterparts (18). The results 

after 6 months of using this technology for these patients revealed comparable time in 

therapeutic range (TTR) percentage comparable to that of traditional or face-to-face 

counselling as with similar CBOCs in metro areas (mean ± SD of 76.4% ± 18.8% for face-to-

face counselling, and 80.8% ± 16.1%) (18). A more rigorous study design needs to be 

completed with regard to this form of technology to prove that the use of such technology is 

indeed comparable however (18). Although these examples do not display AR or HMD. They 

show promising data for the innovation of drug counselling in relation to warfarin, with at 

least indicating that innovative technology may be at least as effective as traditional 

counselling (18). Although these studies represent cases where pharmacy has used 

technology in order to bring about an outcome, whether that be a faster and equally effective 

means of counselling or services to remote areas (17, 18). In neither case has there been 

acceptance of these technologies assessed, for either patients or pharmacists. User acceptance 

of technology is vital to ensure that actual use of the technology is achieved (5, 6).  
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1.3 Emergent Technology 

 

1.3.1 HMD, AR and VR 

 

      The concepts of AR and VR have been in explored in recent years with their gradual 

incorporation into many areas of society. Their use has been complimented increasingly with 

the use of HMD. AR has been defined as the integration of information in the form of 

graphics, text, audio and other virtual augmentation with real-world objects (19). This adds 

value to the user’s experience of the real world with the addition of virtual modifications 

(19). This is in contrast to VR, as VR is more widely regarded as a complete simulation 

which lacks the real-world component of AR (20). VR is defined as something that provides 

an immersive 3D computer generated environment for the user, and the environment is able 

to respond to a user’s actions in a natural way (20). Both AR and VR are usually coupled to 

the use of HMD technology and may even be coupled with motion tracking gloves which can 

also give the user touch sensory feedback for the virtual environment they are in (19, 20 21). 

HMD is defined as technology which comprises of small displays or projection technology 

that has been incorporated into head mountable device (e.g. eyeglasses, helmet or hat) (21). 

The Gartner Hype Cycle allows for the graphical interpretation of the maturity and adoption 

of technology over time; from the initial trigger, peak of inflated expectations, trough of 

disillusionment, slope of entitlement and plateau of productivity (22). In most cases both AR 

and VR have had high expectations around what they could contribute as new technologies 

and in line with the Gartner Hype Cycle, have had moments of disillusionment prior to their 

utilisation (figure 1) (20, 22). The use of HMD has also had a similar cycle, with this 

technology utilising both AR and or VR we are yet to see wide ranging incorporation of this 

technology into society (22, 23). When observing the Gartner Hype Cycle for Emerging 

Technology in 2017, we can see that VR is currently in a state of enlightenment and is an 

approximate 2-5 years away from mainstream use (figure 1) (24). In contrast, AR is further 

behind VR and is currently moving through the period of disillusionment, with an estimated 

5-10 years before mainstream use of AR is seen (figure1) (24). With regard to HMD 

technology, it was seen also in the Gartner Hype Cycle for Consumer Devices in 2015, it was 

potentially 5-10 years away from mainstream use (figure 2) (23). Further, HMD technology 

given its position in 2015 on the Gartner Hype Cycle it may still be moving through a period 
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of disillusionment (figure 2) (23). The Gartner Hype Cycle confirms the novelty this 

technology presents to pharmacy and the application of drug counselling. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. This figure shows the relative position of both AR and VR in the Gartner Hype 

Cycle (24). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. This figure shows the relative position of HMD in the Gartner Hype Cycle (23). 
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1.3.2 Utilisation of AR/VR/MR and HMD Technology in Health 

 

      Areas which have studied the feasibility and or use of these forms of technology in 

practice include medicine, surgery, rehabilitation, pharmacy and nursing (25-32). Within the 

health context there have been numerous cases where the introduction of AR, VR, MR and 

HMD have been met with both praise and mixed feelings about the perception of usefulness 

and willingness to use it in practice (33, 34). In many cases there has been noted benefits of 

using AR/VR/MR technology with or without HMD, however there have also been instances 

where the devices have underperformed to expectations. Usually these are instances that can 

be remedied with improvements of technology, or that further research needs to be conducted 

in order to understand fully what the potential incorporation of this technology would mean 

for a specific area. In cases of surgery utlilisation of this technology it has been received with 

mixed responses. When Google Glass® was studied in the field of urological surgery, it was 

found that many activities were possible while using the HMD device during surgery (33). 

These activities included, accessing patient specific information such as scans, recording 

surgery both in video and photograph form, teleconferencing with other doctors and nurses 

during an operation and even accessing the internet to find health specific information (33). 

The overall usefulness of the device was rated highly by surgeons, with no reports of 

distraction occurring (33). It was noted that although no significance was found, surgeries 

completed with the HMD and AR device were done so faster by a median time of 8.5min 

quicker (33). Google Glass® was also reviewed by pharmacists as a possible future tool for 

incorporation into the profession where areas for development were for use in dispensing and 

clinical activities, although no testing had been done to date (1).  

 

     A considerable problem when looking at HMD technology is cybersickness, which is a 

unique form of motion sickness encountered when using digital media (35). However, this 

has mainly been encountered in HMD when coupled to VR (35). This is an important area of 

further research, as cybersickness was not specifically tested for in the study conducted for 

this thesis, and it would be important that in the future any further research assess tolerance 

as well. 
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1.3.3 Healthcare education and AR 

 

      AR applications generally have the following characteristics in common; the combination 

of both the real and virtual world, accurately registering 3D real and virtual objects, and real-

time interaction (36). The major premise of AR technology is that it offers a way of 

seamlessly interacting with both the real and virtual world, and from this AR garners its 

educational potential (36). In combining the real and virtual world of the user into a single 

platform, the user has no distraction from one to the other, which would occur with more 

traditional computer formats that draw users focus from the real world (36).  It is understood 

that by achieving this merging of the real and virtual is what gives AR the ability to motivate 

students and support both learning and teaching (36). The use of learning theory to construct 

AR applications in education has been somewhat haphazard, especially in health education 

applications concerning AR.  

 

        Nursing education has benefitted with the use of HMD specifically Google Glass ® 

(37). This was shown when the use of Google Glass ® allowed 12 pre-licensed nursing 

students to use augmented reality to assess a clinical situation centred around a manikin (37). 

In this study the students were shown a video displayed on Google Glass ® which displayed 

a video from YouTube ® which simulated a patient in respiratory distress using an actor (37). 

The students were given stimuli from the video in the form of the video and audio which 

outlined the patient in distress (37). The students were after viewing the video on the HMD 

device then instructed to approach a simulated clinical situation on a manikin (37). The 

students were surveyed immediately afterwards on their beliefs related to self-confidence, 

scenario design in simulated learning experiences, student satisfaction with regard to the 

instruction during the simulation and self-confidence in learning simulation (37). The results 

reflect responses from 5-point Likert scale questions, where 1 was to mean strongly disagree 

and 5 to mean strongly agree, the tool presented to these students rated highly (37) There was 

strong approval for the HMD simulation to enhance realism in a simulation with a mean 

score of 4.75 (+/-0.45) (37). When asked if the realism of the technology contributed to 

problem solving the mean score denoted to the tool was 4.75 (+/- 0.45), and when asked if 

they found this to be motivational the mean score was 4.58 (+/- 0.90) (37). When asked if the 

students enjoyed being instructed with the HMD tool in this study the mean score among this 

group of students was 4.83 (+/- 0.39) (37).  The student feedback to open ended questions 

was mixed (37). When asked “Can you tell us more about your overall experiences with the 
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scenario?” (37). The responses all reflected that the video displayed through the HMD 

enhanced the perceptions of the clinical scenario presented to the students (37). Feedback 

included, “I felt more connected to the patient (37). In addition, it was especially helpful 

since the patient was in distress and that is hard to visualize on a manikin just lying there 

(37).” When probed on limitations of the HMD tool used, feedback was negative on some 

important aspects of the tool (37). One student stated “It was distracting… The reason why is 

because my eyes have to look at two things” (3). Overall though 80% of the students 

surveyed said they would recommend the use of this tool in future clinical simulation 

experiences (3). Likewise, in other health education contexts such as medicine, mixed 

opinions were found to exist about the usefulness of HMD technology. 

 

      HMD was used for medical residents who responded to a simulated cardiac arrest, the PU 

and PEU of the tool were then examined among participants using the TAM (34). The 

medical residents were also observed to see if teleconsultation improved adherence to 

guidelines set by the American Heart Association (AHA) (34). Nine groups were formed, 

groups consisted of 5 or 6 residents and both had to respond to a mock cardiac arrest scenario 

(34).  Groups that were shown the HMD that was to be used in the scenario prior to testing, 

however only some groups proceeded in using the device for the scenario where as the other 

persisted without the assistance of the HMD for the scenario (34). Each team had one team 

leader and this was the most senior resident on each team, and the one who was responsible 

for using the HMD for teleconferencing to the consultant physician (34). It was shown that 

the PU of the tool was not statistically significant when comparing the results of both groups 

(p=0.708 vs p=0.95) (34). It should be pointed out that the team leader who was the only 

direct user of the HMD in the scenario scored it significantly higher with respect to PU 

(U=53 p=0.1), although statistically not significant (34). In terms of the team adherence to 

AHA guidelines, both teams adhered to the guidelines although the team using the HMD 

initiated these quicker although the time difference between each team was non-significant 

(34).  

 

      Interestingly the scenario for the cardiac arrest was setup so that the students might find 

an empty medicine bottle which could be eluded to contain Percocet (an American trade 

name medicine containing both oxycodone/paracetamol) (34). This was a test to see which 
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teams additionally considered the reversible causes of cardiac arrest in line with AHA 

guidelines, in this case would have necessitated the use of naloxone injections (34). The 

teams which had access to HMD teleconferencing with the consultant physician were two 

times more likely to consider the reversible causes of cardiac arrest during the scenario, with 

two teams considering the use of naloxone (34). The consultant physicians who acted as 

teleconsultants scored the PU of the HMD tool the lowest out of all groups in this study and 

may reflect a lack of experience in this role (median=13.5) (34). As the team leaders in the 

groups using HMD were the only ones to utilise this tool during the cardiac arrest scenario 

they scored PU higher than other group members (34). This highlighted that the perception of 

the HMD would depend on the firsthand experience gained from using it in context of a 

clinical situation (34). Also noted in this study was the notion of distraction the HMD 

provided while in a critical incident scenario (34). Many stated the potential usefulness for 

wearable hands-free technology used in the context of procedures like lumber puncture or 

central line placement instead of the situation given in this study (34). Unlike the previous 

example with the nursing students this study showed the educational potential of this 

technology with qualified healthcare professionals. The lack of rich learning experience and 

positive perceptions gained from the use of HMD and or AR technology could potentially be 

explained by the lack of effective learning theory incorporation into the tool. 

 

         Areas of utilisation that have come up in the literature searches on the topics of 

AR/VR/MR and HMD have highlighted a variety of areas, in some form these uses have 

incorporated elements of education. The main beneficiaries of this new technology 

incorporation into health education have been students, although there have been instances of 

qualified health professionals and patients also benefitting. The majority of cases of health 

education utilizing these forms of technology, AR is the predominant form of technology 

present. And although VR has a role in health education, it is mostly done so using gaming 

technology which may not be applicable in all cases of health education. One important 

aspect among the various technologies being used is the distinct lack of educational theory to 

guide their development before use (38). The use of educational theory allows for a richer 

learning experience and the lack of learning theory use in education using technology like AR 

and HMD is an oversight and may be testament to its infancy (38). 
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1.4 Hypothesis, Research Questions, Aims and Objectives 
 

 

1.4.1 Hypothesis  

 

The acceptance new forms of technology by pharmacists will likely be impacted by PEU and 

PU of the technology resulting in implications for potential use.  

 

1.4.2 Research Questions 
 

• Is it feasible to develop a counselling tool that combines HMD and AR for use in 

warfarin counselling? 

• Will the developed warfarin counselling tool with HMD and AR change the 

perception of the technology among the participants in the main study? 

• How will acceptance to the developed HMD-AR warfarin counselling guide be rated 

among participants in the main study when using a TAM to gather feedback? 

 

1.4.3 Aim 
 

     The aim of this study was to construct a platform for drug counselling which incorporated 

both AR and HMD. This HMD-AR counselling guide concept would then be tested for 

acceptability among pharmacists. The drug warfarin was chosen as it is NTI and requires a 

great deal of patient counselling regarding its safe use.  

 

1.4.4 Objectives 
 

The specific objectives of this study were as follows: 

• Conduct a thorough literature search on the areas of research which feature 

prominently with this study. Then utilise this learned information to construct the 

initial HMD-AR warfarin counselling guide for the pilot study; 

• Conduct a pilot study on Griffith University School of Pharmacy academic staff using 

the developed HMD-AR warfarin counselling guide;  
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• Utilizing the feedback gathered from the pilot study, make alterations to the HMD-AR 

warfarin counselling guide and; 

• Use the modified HMD-AR counselling guide in the main study with 40 Australian 

registered pharmacists to see if their perceptions of this technology changed after 

using it. 

 

1.5 Overview of Study Design 

 

     This study was designed as a mixed method cohort study encompassing a pre- and post-

test model. Prior to the pilot study, a literature review was conducted to help inform the 

creation of the HMD-AR warfarin counselling guide. During this literature review 

construction of the survey document for testing participants was also created, with elements 

of TAM. Phase 1 which consisted of a pilot study was first used for face validity of survey 

questions and statements, and to provide feedback about improvements the HMD-AR 

warfarin counselling guide (39, 40) This was done as outlined in the description of CFAM 

from the MARE framework discussed earlier, where each of the steps mentioned took place 

to develop the HMD-AR warfarin counselling guide. The HMD-AR warfarin counselling 

guide was redeveloped after the pilot study, this was then followed by Phase 2 which 

consisted of the main study. Below is an outline of the study design (figure 3).  
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Figure 3. Study Design 

Chapter 2.0 
 

2.0 Literature Review 
 

2.1 Using an Educational Theory Framework as the Basis for the 

Development of the HMD-AR Warfarin Counselling Guide  

 

     In the design of the HMD-AR warfarin counselling guide, it was decided that using a 

design framework to construct the counselling guide would be optimal as opposed to using 

the more traditional technology-driven approach. A design framework would allow for 

connections to be made with applied problems to provide comprehensive understanding of 

phenomena and guide practice. This is different to what has previously been conducted for 

the development of AR tools in health, which have normally followed a technology-driven 

approach with a learning strategy similar to “see one, do one, and teach one”.  Using an 

educational theory framework as a means for development of the HMD-AR warfarin 

counselling guide, was seen as beneficial as the use of learning theory has previously been 

described to enable AR to perform optimally in a health education setting (38). Although, the 
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HMD-AR warfarin counselling guide is primarily a counselling tool, it would also provide 

the pharmacist with an educational experience too. There was limited research available 

regarding this method, and the use of learning theory is unfortunately rare in AR platform 

design. The most comprehensive method found for AR design in healthcare was the mobile 

augmented reality education (MARE) design framework, which was used for this study (38). 

 

     The use of educational theory framework for technology such as AR within the 

perspective of healthcare, has shown an undesirable lack of research conducted which 

addresses this area. The lack of effective educational frameworks surrounding the use of AR 

applications has been addressed previously when Zhu et al. in 2015 detailed the education of 

General Practitioners (GP) on the judicious use of antibiotics using AR and smartphone 

technology (38). This study created the MARE design framework and used it to guide the 

development of an AR educational application for GPs (38). In this research it was noted the 

most applicable learning theories were experiential, situated and transformative learning 

theories. Each of these theories has similar concepts associated with them with more precise 

emphases in each category (38). Regardless of the learning theory used it is paramount for 

educational success that a learner’s personal paradigm be shifted from less than optimal 

frames of reference (38). Frames of reference are shaped by a learner’s attitudes, perceptions 

as well as their experiences (38). Incorrect or non-optimal frames of reference can be a result 

of many things, including previous incorrect practice (38). These frames of reference which 

require alteration can be identified by comparing professional expectations to a learner’s 

personal paradigm (38). Transforming these frames of reference to more optimal ones for 

patient care can be completed by cycles of learning activities guided by AR (38). In the study 

which used MARE as a framework, the following research questions were addressed: 

 

1) Which theories of learning are suitable for use as guides to the design of the AR 

education app? 

 

2) What are the factors are involved in designing MARE framework and are able to 

support effective health care education using AR? 

 

3) How could the designed MARE framework be applied to a health education 

scenario, such as judicious prescribing of antibiotics? 
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      These research questions could easily be applied to other healthcare education scenarios 

such as the development of the HMD-AR warfarin counselling guide in this study as the 

MARE framework was in this case applied to healthcare professionals in order to teach them 

a skill (38). In a similar fashion the use of the HMD-AR warfarin counselling guide could 

potentially be applied to the ongoing education of pharmacists that use it. MARE was used as 

a concept for the development of the HMD-AR warfarin counselling guide, although 

educational outcomes were not measured or even an objective of this study.  

 

     MARE in the study regarding GP education, was developed using the conceptual 

framework analysis method (CFAM) (38). These methods were also utilised in the 

development of the HMD-AR warfarin counselling guide. CFAM is based on the qualitative 

methods of grounded theory and comprise of multidisciplinary research approaches which 

aim at critical thinking during the cyclic iterative processes of research (38). The use of 

CFAMs in the design of conceptual frameworks comes from the use of reference materials 

and multidisciplinary publications (38). Frameworks developed then go on to try and connect 

the problems identified using the concepts to be applied so to provide understanding of 

phenomena (38). Previously CFAMs have been used in the design of conceptual frameworks 

which illustrate social considerations for education, work/practice research and healthcare 

(38). As learning is a complex process the multidisciplinary approach of CFAMs makes them 

particularly valuable in designing a framework like MARE for that study (38). It had been 

suggested that CFAM had eight steps when in use: 

 

1) Mapping data from selected sources; 

2) Reviewing the literature, then categorising the data selected; 

3) Identification and naming of concepts; 

4) Deconstruction and categorisation of concepts; 

5) Integration of concepts; 

6) Cycles of synthesis and re-synthesis, in an effort to make it all make sense; 

7) Validation of the conceptual framework; and 

8) Revising the conceptual framework. 

 

      Developing a learning framework such as MARE with CFAMs saw the development of 

three levels of construction, which can be described as the foundation level, outcomes level 

and functional level (38). Each level interacts inevitably with the following, so that the 
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outcome level is where the learning objectives are addressed, the foundation level is then 

where theories are addressed which support the framework as well as the AR characteristics 

(38). The function level is guided by learning theories in an effort to achieve the outcomes 

(38) (figure 4). 

 

Figure 4. MARE framework (38) 

 

      The outcome level helps with understanding which abilities healthcare learners may 

gather from the framework, as well as helping to develop the functional level (38). In the 

outcome level things like the learner’s paradigm which would be located in the functional 

layer and the professional certification of the learner influences the learning objectives both 

of which are located in the outcome level (38). The functional layer informs how health care 

learning could be achieved with the designed framework (38). The functional layer largely 

depends on the learner’s personal paradigms and requires suitable learning materials and 

activities, as well as an appropriate environment (38). The learning materials and activities 

should be chosen and created whilst considering the learning objectives and the learner’s 

paradigm along with the AR environment (38). Furthermore, the choice of learning activities 

and learning environment should be grounded in learning theory which are located in the 

foundation level, as well as the specific characteristics of AR (38). This was satisfied with the 

cycles of redevelopment which followed the pilot study.  

 

     The foundation level gives reason to why the developed educational framework is useful 

for health care education and depends largely on available learning theories (38). Learning 
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theories have different views on learning and are the foundation for the development of 

materials, activities and the learning environment of the educational framework that would be 

developed (38). In the study which created the MARE educational framework, it was pointed 

out that there was a noticeable lack of learning theory when constructing AR tools for health 

care education (38). To create the MARE framework the authors of this particular study 

utilised three learning theories; experiential learning, situated learning and transformative 

learning (38).  

 

     Due to the similar nature of the HMD-AR warfarin counselling guide and the GP 

judicious prescribing of antibiotics AR application, it was decided using MARE was 

reasonable to guide development for this study. However, during literature searches on AR in 

health education it was shown that other learning theories would potentially apply to the use 

of the HMD-AR warfarin counselling guide in addition to those originally used with MARE. 

This adds to the foundation layer of the modified MARE framework and these additional 

theories will be discussed later in this thesis. Due to this alteration, the form of MARE used 

was an augmented form for the purposes of this study. The HMD-AR warfarin counselling 

guide was not tested for educational abilities in this study, but the potential benefits of it as an 

educational tool for pharmacists may be tested in subsequent studies.  

 

 

2.2 Learning Theories Applicable to the HMD-AR Warfarin Counselling 

Guide     

 

     The foundation layer of the adapted MARE framework used in the development of the 

HMD-AR warfarin counselling guide is composed of learning theories which guided 

development (38). Several learning theories were utilised for the original MARE framework, 

these included experiential, situated and transformative learning (38). It was discovered in 

literature searches that other learning theories may be suitable for the development of the 

HMD-AR warfarin counselling guide. These additional learning theories included, cognitive 

information processing theory (CIPT) and dual coding theory (DCT) and were additionally 

applied to the augmented MARE framework used in this study (38). 
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2.2.1 Experiential Learning 

 

      The primary assumption in experiential learning theory is that it is a holistic process for 

adaptation to the world (38, 41). The learning perspective it presents can be described as a 

combination of experience, cognition, perception and behaviour, and it regards learning as a 

process of transformative experiences, including both abstract conceptualisation and concrete 

experience (38, 41). This form of learning theory creates environments for learning which are 

for thinking, feeling, reflecting and acting (38, 41). Using this theory, learners experience 

reflective observation and active experimentation in order to gather knowledge (38, 41).   

 

       The ability of experiential learning theory to allow a learner to have the freedom of 

independent thinking, feeling and active reflection allows for situations which have occurred 

in the past to help in future decision making (41, 42). This is primarily done through the 

transformation of attitudes and prompting the reflection on extrinsic behaviour, as learners 

convert the experience they have gained in a learning activity into an integral part of their 

lives (41, 42). Experiential learning has four stages which a learner must go through in order 

to complete their learning experience (41, 42). These four stages include: (1) concrete 

experience, (2) observation and reflection, (3) the formation of abstract concepts and 

generalisations, and (4) testing in new situations (41, 42). These stages are cyclical and 

continuous, with experience being able to occur at any time (41, 42). This process can be 

potentially applied to the use of the HMD-AR warfarin counselling guide by pharmacists. 

The use of this device during or in the absence of a counselling session with a patient may 

give the pharmacist reflective experiences to draw from in order to remember important 

counselling points. With this in mind it, would be plausible for such learning to give a 

pharmacist confidence in knowing these counselling points due to the concrete experience it 

may provide.   

 

 

2.2.2 Situated Learning 

 

      Situated learning specifically tries to address how knowledge is obtained from an 

authentic activity (36, 43). The context of learning is an important aspect affecting learning 

performance and can influence both the efficiency and interest in learning (36, 43). 
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Meaningful knowledge can only be constructed once learning processes are integrated with 

both life and cultural contexts in mind (36, 43). When learners interact actively with contexts 

in the real-world they can apply authentic knowledge, as well as social knowledge to the 

everyday environments they find themselves in (36, 43). The assertion that situated learning 

makes is that learning occurs when a learner is present in specific context, and that this 

context significantly impacts the learning (36, 43). AR has the requirements of the 

combination for both a real and virtual world, the relatability to situated learning theory is 

manifestly true (36, 43). AR applications have the advantage of allowing learning to take 

place by introducing virtual information to a learner while they are in a given context in the 

real-world (36, 43). In doing so this poses to give a learner a close to real-life experience 

without the added risk that a real-life situation may entail (36, 43). This is uniquely different 

to VR, as AR allows for a “sense of presence” whereas VR places a learner in a new situation 

which is void of real-world context (36, 43). This “sense of presence” relates to that learners 

would ideally remember a learning experience in the context that it occurred, as an actual 

event rather than a simulated experience in a virtual world (36, 43). And in this way AR 

provides an appropriate avenue for the “sense of presence” to be constructed for the learner 

without the risks potentially associated with traditional experiential learning (36, 43).  

 

       Possible future applications for the HMD-AR warfarin counselling guide include, the 

ongoing education of pharmacists as a refresher tool or for moments of counselling in place 

of traditional resources. In this sense, the environmental conditions of situated learning would 

be satisfied, as it requires a real-life situation where the learning occurred (38, 44). And the 

pharmacist could use the HMD-AR warfarin counselling guide to learn through observation, 

collaboration and communication of the counselling points while talking to a patient (38, 44). 

This would then support the adapted MARE framework shown in this study by allowing 

pharmacists more understanding of the real-life clinical environment they are in while using 

the HMD-AR warfarin counselling guide (38, 44). 

 

   

2.2.3 Transformative Learning 

  

      Transformative learning is the process of changing the frame of reference of a learner 

(45). This theory of learning takes into account that adults have acquired a coherent body of 

experience, including concepts, feelings, values and associations which form their frame of 
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reference (45). It is this frame of reference which enables the learner to then define their life 

world (45). Where a life world is their perception of the world around them and how they 

interact with it (45). The frames of reference are best defined as the structures of assumptions 

which help us understand our experiences (45). The frames of reference selectively delimit 

and shape, feelings, cognition, perceptions, and expectations (45). They set our boundaries 

for what is acceptable. Once our boundaries are set in this way, there is an automatic move 

from one specific activity (behavioural or mental) to another activity (45). With these 

boundaries in place there can be a strong tendency towards the rejection of ideas which fail to 

fit our preconceptions, with such ideas being automatically labelled as being nonsense or 

irrelevant (45). However, if circumstances permit, transformative learning allows for the 

shifting of a frame of reference which is more inclusive, integrative of experience and self-

reflective (45).  

 

      A frame of reference includes emotional, conative and cognitive components (45). There 

are two distinct dimensions to a frame of reference and they include habits of mind, as well as 

a point of view (45, 46). Habits of mind are abstract, broad, orienting, habitual ways of 

feeling, acting and thinking which are in turn influenced by assumptions that form a set of 

codes (45, 46). These codes can be social, educational, political, cultural, economic or 

psychological (45). Habits of the mind become articulated to form a specific point of view 

(45). A point of view in this regard can be described as an attitude, feeling, value judgement 

and constellation of belief which shapes a specific interpretation (45). Ethnocentrism is a 

predisposition to view those from outside one’s group as inferior and is an example of the 

dimension habit of mind (45). The point of view which results from ethnocentrism is a 

complex mix of judgements, attitudes, feelings or beliefs regarding certain individuals or a 

specific group (e.g. ethnocentrism) (45). Frames of reference result predominantly from 

idiosyncratic influences of primary caregivers and cultural assimilation (45). When 

comparing a point of view to a habit of mind, it is clear a habit of mind is more durable than 

that of a point of view and therefore least open to change (45). This is because points of view 

are open to continuous reflection of either the content or process by which assumptions can 

be modified or problems solved (45). Whenever actions that do not work the way we had 

intended them to work occur and we try understanding them, and this constitutes our ongoing 

reflection process (45). We can approach things from another person’s point of view, but not 

from their habit of mind if it is different from our own (45). This is because points of view 

can be modified with feedback from others and are more accessible to awareness (45).     
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      Problem solving, and learning are intrinsically related to each other, as both may be 

instrumental, impressionistic, normative or communicative (45). When describing both 

problem solving and learning as instrumental, it can be seen that the manipulation of others or 

an environment may be needed to enhance efficacy in the improvement of performance (45). 

Impressionistic is used to describe, when learning to enhance one’s impression onto others 

(45). With regard to normative, learning which is orientated towards common values and a 

normative sense of entitlement (45). A good example of this sense of entitlement is a group 

of individuals being entitled to expect a certain level of behaviour (45). The description of 

problem solving and learning being communicative can be best described as learning to 

understand meaning within what has been communicated (45). Therefore, communicative 

learning can simply be a minimum of two people working towards the understanding a 

justification for a belief or the meaning of an interpretation (45). Both parties in this sense 

would be striving to meet some form of consensus (45).  

 

       Communicative learning involves the understanding of values, beliefs, purposes and 

feelings (45). It then becomes essential for a learner to reflect critically on assumptions which 

underlie the intentions of the values, feelings and beliefs (45). This is in direct contrast to 

instrumental learning, which carries the assertion that the truth can be obtained through the 

use of empirical tests (45). The assumptions which need to be overcome in communicative 

learning can be done through tentative best judgment which are believed to be objective, 

informed and rational (45). Another factor is discourse which needs to be engaged in, so as to 

validate what is being communicated (45). The only other way to overcome the assumptions 

which are brought up using communicative learning is to turn to tradition or an authority to 

make judgments for us (45).  

       

       Discourse is the use of dialogue in assessing the reasons which are presented in support 

of competing interpretations (45). The assessment here is done through the critical analysis of 

the alternative points of view, arguments and evidence (45). There is the correlation between 

the amount of interpretations available for a given belief, and the likelihood of finding a 

dependable interpretation (45).  By learning together and analysing related experiences of 

others it is possible to arrive at a common understanding which can then hold until new 

arguments or evidence present themselves (45).  
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     Frames of reference may be transformed through critical reflection of the assumptions 

which beliefs, interpretations, and habits of mind or points of view (45). When problems are 

solved using instrumental or communicative learning it is possible to be more critical of the 

assumptions we or others have made (45). Critical reflection of assumptions may occur when 

hearing a point of view, reading a book, engaging in self-reflective assessment of ideas and 

beliefs (subjective reframing) or task-oriented problem solving (objective reframing) (45, 47). 

It is possible that personal transformation can be achieved with the use of subjective 

reframing (45).  

      

     When assumptions are critically explored there may be supporting a cultural, social, 

political, economic, psychological or educational system, they may even be in the 

autobiographical context of a belief (45). The transformations that occur in the frames of 

reference for a learner can take place through the process of critical reflection with the 

corresponding transformation of habit of mind, or they may result from a gradual build-up of 

transformation in the point of view of a learner (45, 47).  

       

     With regard to transformative learning theory, there are four processes which can achieve 

learning (45). Using the example of ethnocentrism, which is when someone looks at other 

groups of people as inferior, we can illustrate all four of these processes (45). Firstly, by 

seeking more evidence to support an initial bias towards a group of people, it may be possible 

to expand the range and strength of the ethnocentric point of view being held (45). The 

second process of learning possible using transformative learning theory is to develop new 

points of view (45). This would be possible if for instance a new group of individuals was 

encountered and by developing new points of view regarding their perceived failings, which 

would fall in line with the ethnocentric habit of mind in this example (45). Thirdly, a 

transformation of an existing point of view may be possible (45). If someone with an 

ethnocentric habit of mind, with a corresponding point of view towards a particular group has 

an experience which makes them critical reflect on this point of view they may go through 

subject reframing (45). This may see that individual’s point of view transform with regard to 

that group, and their tolerance may improve (45). If this same situation was continued for 

other groups that this individual came into contact with, then the sheer magnitude of 

transformations in points of view may lead to the gradual transformation of the ethnocentric 

habit of mind (45). The fourth process of learning which is in line with transformative 

learning theory is critical self-reflection and change of habit of mind (45). This would be for 
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instance if someone had critical self-reflection of their own general bias towards people of 

other groups and underwent a transformation of their overall habit of mind so as to be more 

tolerant (45). However, such changes are rare and difficult, as transformative changes do not 

occur provided what we learn is in line with current frames of reference (45). 

 

 2.4 Other Plausible Learning Theories 

 

      Apart from the learning theories already mentioned, multiple other learning theories to 

complement the design of AR for the incorporation into education also emerged (48). These 

theories included CIPT which states that the information from AR application may 

correspond to the formation of the learner’s short-term memory (48). With further use this 

theory predicts this information could be incorporated into working memory and then to 

long-term memory with greater use of an AR application (48). The use of both textual 

information complimented by diagrams and images may result in DCT whereby the mental 

load of the user is increased resulting in improved overall learning (48). These theories 

mentioned could potentially have a place for use in AR applications such as the one in this 

study due to the operation and content and the use of HMD (48).  These additional learning 

theories could be added to the foundation level of the adapted MARE framework, proposed 

in this study.      

 

 

2.4.1 Cognitive Information Processing Theory  

 

      CIPT is also known as information processing theory (IPT), focuses on how people 

encode information that is to be learnt and how they then relate it to the knowledge they have 

in their memory (49). It also focuses on how people store new knowledge and retrieve it 

when needed, and how they attend environmental events (49). IPT is not the name of a single 

theory but, it is a generic name applied to theoretical perspectives dealing with the 

sequencing and execution of cognitive events (49). And as such is made of multiple theories 

but none which are dominant and is the reasoning behind the collective nature of the 

terminology (49). IPT holds the belief that forming associations between pieces of knowledge 

allows for their acquisition and retention in memory (49). IPT theorists are focused on mental 

processes which intervene between stimuli and responses (49). And it is acknowledged that 



 

25 
 

learners actively seek and process information (49). IPT states that learners select and attend 

to aspects of their environment, augment and rehearse information, connect new information 

to previously acquired information, and organise their gained knowledge into a meaningful 

form (49, 50). Information processing is thought to occur in the processes which exist 

between receiving stimuli and the response generated from them (49).  

 

       One assumption is that information processing is similar to the processing conducted by 

a computer, albeit metaphorically (49). This is shown when it is regarded that the human 

system can receive information, store it, and retrieve it as necessary (49). The degree to 

which this analogy is true is debatable considering the problem-solving capabilities of 

computers versus humans, although IPT is used in the field of artificial intelligence (AI) (49). 

Another assumption of IPT is that information processing is involved in all activities of 

cognition (49). This includes rehearsing, problem solving, thinking, forgetting, remembering 

and imaging (49).  

 

      The use of the HMD-AR warfarin counselling guide would satisfy the concepts behind 

IPT. As pharmacists use this tool over time, they would transfer this knowledge into short 

term memory and reconnect his to existing information while counselling (49, 50). The 

augmentation of this knowledge into a meaningful form, will allow for it to be recorded into 

medium term working memory and with further recollection be transformed into long-term 

memory (49, 50). As most pharmacists are aware of many of the intricacies of warfarin 

counselling already, the HMD-AR counselling guide may assist with rehearsing the details 

which are forgotten over time, and help link these to existing knowledge and committing 

these facts to memory.     

 

2.4.2 Dual Coding Theory 

 

       DCT concerns mental representations which are associated theoretically with distinct 

verbal and non-verbal symbols that retain the properties of a concrete sensorimotor event that 

they are based on (51, 52, 53).  The verbal cues are actually arbitrary symbols that denote 

actual objects, events and abstract ideas (51, 53). As an example, the English word “shoe” 

and the German word “schuh” are arbitrary labels which code for the same object (51). Both 
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words can be associated with connection to mean the same actual object even though they 

remain separate entities (51, 53). The majority of the time verbal representations code for 

information sequentially or in series (51, 52). This can be represented by the sentence “Schuh 

is the German word for shoe” (51).  A verbal description of an event or scene similarly would 

be described verbally as a sequence (51). 

 

     Non-verbal representations in DCT include shapes that are modality-specific (e.g. 3D 

chemical structure), actions (e.g. drawing), sounds from the environment (e.g. phone ringing), 

Visceral or skeletal representations which relate to emotion (e.g. rapid heart-beat), as well as 

other non-linguistic events and objects (51). These non-verbal representations are analogous 

or perceptually similar to an individual as the events that they denote and can be a substitute 

for arbitrary linguistic symbols like text or speech (51). Therefore, mental images have 

tactual, visual and other perceptual qualities which are similar to those evoked by objects for 

which the images used are based (51). Similarly, mental images evoked by phrases or words 

which are emotionally laden, illicit similar visceral responses as those experienced when in 

the presence of the affective object (51). In contrast to verbal representations in DCT, an 

image can encode information in parallel or simultaneously rather than having to do so in 

sequence (51, 53). A single complex image can contain so much detailed information, as an 

image can integrate parts of events or information, causing objects in an image may lose the 

separation of their identity and be spatially embedded in the whole imaginal structure (51). 

This has many educational implications and has the potential to facilitate learning of text 

book materials for instance (51). Furthermore, unlike verbal representations it is possible with 

non-verbal representations to give dynamic spatial transformations that are not possible with 

verbal representations (51). A good example of this is the rotation of a 3D chemical structure, 

which gives a point of view which is not analogous to what could be provided to a learner via 

verbal instructions (51).  

 

      Another prominent feature of DCT is the linkage that occurs between both visual and 

verbal representations into what is a complex associative network (51, 53). The links which 

occur between two systems (verbal and non-verbal) in DCT are referred to as referential 

connections (51). These connections allow for joining the corresponding verbal and imaginal 

codes used and such operations as naming to pictures or imaging to words (51, 53). Examples 

include the word “warfarin” which to a pharmacist may illicit visual images to tablet 

packaging, disease states, particular patients or other nonverbal stimuli (51). Similarly, the 
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words “valvular atrial fibrillation” or “anticoagulant” may illicit the reference to the drug 

warfarin for a pharmacist, including a representative strength which visually is a different 

colour to other strengths (51). There can also be negative and positive aversions from verbal 

to non-verbal stimuli (51). Examples include the words “over anticoagulation” and 

“subtherapeutic anticoagulation”, these verbal representations may illicit associated meaning 

with images of bleeding or stroke respectively (51).  

 

     Another linkage in DCT is associative connections, which join representations within both 

the verbal and non-verbal systems (51, 53). When associative connections are made within 

the verbal system words are linked to other related words (51, 53). A good example of this 

can again be seen with the word “warfarin” as this in the mind of a health professional such 

as a pharmacist may illicit the word “anticoagulation” in their mind (51). Further, the 

association between instance and category may also be elicited using associative connections 

(51). For instance, the word “warfarin”, “apixaban”, “rivaroxaban” or “dabigatran” may also 

draw reference to “anticoagulants” as a class of drugs (51). Regarding the non-verbal system, 

associative connections between images when they are from the same or different sensory 

modalities (51). Keeping with the example of warfarin, an image of a warfarin bottle may 

illicit other images in the head of a health professional such as bleeding which is a closely 

related sensory modality in this case (51). However, it could have also elicited images of 

other drugs as commonly people who are being treated with warfarin may have other 

conditions such as high cholesterol (51). The successive links between images may also form 

substance for education, similar to what someone does after reading image rich texts like 

books (51, 53).    

 

      There are many assumptions regarding the linkage of ideas in a mental network 

irrespective of the nodes being connected are verbal or non-verbal (51). An individual’s 

ability to form a referential connection or an associative connection may vary depending on 

several factors unique to that individual (51). Metaphorically the mental landscape of human 

cognition is ever changing with both elevated and low-lying areas, reminiscent of both 

aroused and depressed mental codes (51). The shape of an individual’s landscape would then 

entirely depend on the subtle, yet complex associative mechanisms which exist for that 

learner (51). This may mean the connections made between nodes could be different 

depending on the individual and their past experiences (51). As the mental representations an 

individual has at their disposal for the mental connections to continue are widely thought to 
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come from the previous experience of that individual (51). For example, when presented with 

the words “warfarin compliance” as a verbal reference, it could lead a pharmacist to think of 

a physical image of a dose administration aid (DAA) (51). However, a pharmacist who has 

more experience with warfarin may think that a DAA would be in some cases not advised, 

due to what could be frequent changes to dosing of warfarin and the complexity with 

adjustments (51). Connections beyond a simple referential or associative connection expand 

then to include other verbal and non-verbal references that the learner can link to from their 

cognitive landscape (51, 53). This extensive network of interconnected nodes will depend on 

past experience of the learner as well as other variables (51). This includes the learning style 

of the learner, the way the material is presented, as well as the ability of a given reference to 

provide a connection which may be individually dependent (51).  

 

      The style of learning may impact the ability of a learner to adequately use DCT due to 

their ability to form visual representations in their mind being inadequate (51). However, 

given the stringent nature of pharmacy education, this may be less of a problem but should be 

taken into consideration as a possibility (51). Problems such as these have been highlighted in 

learners previously who have difficulty in understanding spatial facts in a definite way, might 

do unsatisfactorily in spelling difficult words, and perform poorly at visualising steps in a 

geometric proof (51). This comes down to the learner lacking the ability to create imagery 

from the stimuli they are presented (51). Whether the stimuli is verbal or non-verbal, a 

learner may have considerable difficulty forming related mental images from this (51, 53). 

 

      The way that materials are presented to a learner may help to present them with 

connections more easily than others (51). Activities which ask a learner to think of synonyms 

and even antonyms to verbal and non-verbal stimuli help to activate both representative and 

associative connections by temporarily enhancing activation of some connections while 

inhibiting others (51). This same principle can be shown when asking learners to generate 

images for pairs of words which will prime the imagination of that individual, increasing the 

likelihood those words will generate a representative connection (51).     

 

      The use of certain verbal representations to generate thought and connections can be more 

effective than others at generating connections which are predictable and meaningful (51, 

53). This can be seen with more predictable verbal representations like “warfarin” and “atrial 

fibrillation” (51). The lack of concrete meaning will have a less structured way of forming 
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connections and are more ambiguous in nature (51, 53). An example of ambiguous verbal 

representations include words like “success” and “ability” (51). Terms such as this have no 

reference to a tangible event or item, and therefore are less likely to refer to specific verbal or 

non-verbal stimuli (51). The relative concreteness of verbal and non-verbal representations 

has a direct impact on its ability to form imagery, impacting its educational potential (51, 53). 

  

      DCT would have a place in the HMD-AR counselling tool as throughout the counselling 

guide there are numerous representations both verbal and contextual images for a user to link 

with prior knowledge. Although this theory was not originally included in the MARE 

framework, its prior use in AR healthcare education warrants its description in this study. 

 

2.5 Resistance to Change in Pharmacy 
 

       The introduction of the internet has seen ramifications in many industries and pharmacy 

has been no exception (54). This includes the ability to improve consistency, accuracy, use of 

terminology and nomenclature, and standardisation of procedures (55). For pharmacists, 

information technology (IT) can facilitate structured patient records, electronic dispensing, 

administration of medicines, automate the supply chain handling of medications, and provide 

tools for monitoring the safety and efficacy of medicines being used (55). Cloud computing 

has in 2017 shown a great deal of improvement in pharmacy services (54). These 

improvements have included areas such as medicine reconciliation, business agility and the 

purchase of pharmacy software services compared to the expenditure seen on capital items 

(54).  

 

       Pharmacy practice does however face numerous challenges to the progression of the 

profession (56). In the last few years pharmacists have taken on new responsibilities such as 

immunizations, but in retrospect these have been slow in their introduction to pharmacy 

practice (56). This has drawn to conclusion of whether pharmacy selects for those who are 

less likely to be able to take on the role as decision-makers or those more likely to fit the role 

of educator (56). Another explanation is that the role of pharmacist and culture of the 

profession may actually bestow changes to the personality of the individuals, making the 

barriers for change and progression a more apparent (56) 
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       In terms of the argument that pharmacy graduates themselves maybe holding the 

profession back from progression, a recent study indicated that the majority of Australian 

students actually did not study pharmacy as a first choice (56). Furthermore, current 

pharmacists surveyed showed that they themselves often redefined their own role to an 

educator instead of a decision-maker (56). In fact, pharmacists often went to great lengths to 

avoid decision-making and would defer this to the authority of others (56). However, it was 

noted that pharmacists only felt this way as they felt as though they lacked a role as a clinical 

decision-maker and their personality traits were fundamentally different to physicians (56). In 

some parts of the world pharmacy curriculum is quickly changing and adapting to a more 

clinical nature with degrees changing from a traditional bachelor level degree to a doctor of 

pharmacy degree (56). Newly graduated pharmacists in Australia have had curriculum 

changes already, however are told by current pharmacists in a culturally oppressive way 

“that’s not what we do” (56). In this sense the current culture of the profession is diminishing 

the strategies which are being put in place by pharmacy schools (56). Furthermore, many 

pharmacists felt as though the current climate of pharmacies was too busy and left little time 

for professional clinical services (56).  

 

      Due to the complex array of issues facing pharmacy and the lack of decision-making 

momentum in pharmacy as a profession, fundamental changes are required (56).  It is 

proposed that through knowledge translation and the change of management strategies 

pharmacy may change its course and destiny (56). This lack of ability to change and adapt 

may be a barrier to even the use of the designed HMD-AR warfarin counselling guide 

designed from this study. This highlights the necessity to understand the acceptance of this 

tool to pharmacists prior to use knowing that although technology is increasing its prevalence 

in pharmacy the fact that pharmacy progression is slow may be a hindrance to its use. The 

TAM used to create the survey documents in this study helped to gauge the acceptance of the 

HMD-AR counselling guide for this reason.   

 

 

2.6 Why the HMD-AR Warfarin Counselling Guide 
 

     Pharmacist counselling can make a major contribution to the health and well-being of 

patients, and the importance of consistency in patient counselling, ensuring each patient is 
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fully aware of how to take their medication safely is the main priority (8).  Together with the 

fact that pharmacists have described a lot of their current work conditions as being time poor, 

new innovative technology may help ease some of this burden by allowing pharmacists to 

have sources in a form which can be used whilst counselling a patient in an easy to look up 

form (9). With frequent use of this tool, on a when required basis, or for revision of 

knowledge this HMD-AR warfarin counselling guide could become an important educational 

tool for pharmacists. There has been a distinct lack of educational theory used in AR 

applications, and normally they have been done with a “see one, do one, teach one” approach 

(38). However, the application of learning theory to the HMD-AR warfarin counselling guide 

may allow for a richer learning experience for pharmacists (38).  This is the reasoning behind 

the adoption of the MARE framework for this study, as well as the addition of IPT and DCT. 

Knowing that pharmacists have recently started to incorporate more technology into their 

practice but at the same time can be reluctant to change and adapt in certain areas necessitates 

that acceptance by pharmacists for any new technological contribution be gauged (54, 55, 

56). To satisfy this need an adaptation of TAM has been created to survey pharmacists who 

have participated in this study to see how well this technology could be received by 

pharmacists before further study of this HMD-AR counselling guide and BT-300 smart 

glasses takes place.     
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Chapter 3 
 

3.0 Methods 

 
3.1 Technology Acceptance Model 
 

       With regard to the utilisation of technology, TAM is a widely accepted way of determining if a 

population is willing to accept a new form of technology (6, 57, 58). TAM is one of the most 

influential and most widely used models in the field of services, technology and information systems 

(57, 59). Furthermore, TAM has been validated as a powerful tool for determining user acceptance of 

new technology, by predicting acceptance and attempting to diagnose design problems early (57, 59). 

TAM has evolved from the Theory of Reasoned Action (TRA). This theory attempts to explain broad 

ranging behaviours that are based upon specific combinations of personal attitudes and beliefs, as well 

as the beliefs of others who are close to the individual (5, 57). The basis of TAM lies in principles 

from Fishbein and Ajzen (1975), and the attitude paradigm from psychology (5, 57). This paradigm 

specifies how the behaviour-relevant components of attitudes are to be measured, how behaviour, 

beliefs and attitudes are linked to external stimuli and how to distinguish between beliefs and attitudes 

(59). The original TAM seems to be able to account for 40-50% of user acceptance theoretically (6). 

However, TAM has evolved over time, and the extension denoted TAM2 has been able to explain PU 

and intentions of use including social influence (voluntariness, subjective norm and image), 

experience and cognitive instrumental processes (result demonstrability, job relevance and output 

quality) (6). TAM2 was then able to account for 60% of user adoption, this improved TAM model 

was adopted as a baseline along with more traditional TAM properties in the study for e-learning (6). 

It was then this modified version of TAM that this current study used to gather feedback, as the 

questions had their nomenclature minorly changed in order to reflect the context of this study.  

Noticeably the constructs of voluntariness (V), image (IM), job relevance (JR), output quality (OQ) 

and result demonstrability (RD) were not included for the assessment of the HMD-AR warfarin 

counselling guide, as they were not appropriate for this novel technology being used on under 

experimental conditions (6). TAM has been utilised in the fields of medicine, nursing and pharmacy 

previously as an experimental tool in research (34, 60, 61) 

 

     Previously pharmacy has used TAM to assess the use of personal digital assistants (PDAs), also 

referring to the TAM assessment as eTAM (60). This study was not completed under the same 
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conditions as the HMD-AR warfarin counselling guide study, as PDAs were already in use at 

pharmacy testing sites, and the assessment of their use was not always completed with researchers 

present (60). This study also included categories not included in the TAM assessment for the HMD-

AR warfarin counselling guide. These categories closely resembled that of previously discussed 

TAM2 without the modifications of the discussed e-learning study, and contained V, IM, JR, OQ and 

RD (60). It was decided that the TAM used in the e-learning study was better placed to be used to 

assess the HMD-AR warfarin counselling guide. This decision acknowledged the differences seen 

with the PDAs study as the technology being examined was already in current use and therefore 

constructs such as voluntariness were assessed (60). Also, due to the nature of the development of the 

HMD-AR counselling guide utilising educational theories, it was more closely aligned with e-learning 

rather than an existing form of technology already in use.  

 

    The HMD-AR warfarin counselling guide can also be thought of as a e-learning tool, due to the 

potential use of the tool being comparable with the that of e-learning (6, 62). The definition of e-

learning is the utilisation of electronic technologies to access educational curriculum outside of a 

traditional classroom (62). The technology being studied here fits the e-Learning definition well as the 

HMD-AR warfarin counselling guide is a cloud-based platform, which can be accessed anywhere 

using the HMD-AR counselling guide and the BT-300 smart-glasses (63). Although, the HMD-AR 

warfarin counselling guide is not being studied as an educational tool the educational capacity is 

present if the tool was to be used in practice, and this study primarily looks at the acceptance it has as 

a new form of technology. TAM has previously shown to be an effective means of predicting and 

explaining user behaviour for information technology, and specifically whether users will accept or 

reject it (6). TAM allows for tracing of external variables and their influence on attitude, belief and 

intention to use a form of technology (5, 6, 59). 

 

     TAM consists of categories of statements to gauge the acceptance among a population being tested 

for a specific form of technology, these categories are known as constructs (6). The constructs used in 

this study were adapted from a previous study using e-learning technology (6). Each construct 

contains usually multiple statements relating to that particular construct and are based on a 5-point 

Likert scale (1-strongly agree and 5-strongly disagree, with a neutral point at 3) (6). The constructs 

include PU, PEU, behavioural intention (BI), attitude (AT), system accessibility (SA), self-efficacy 

(SE) and subjective norm (SN) (5, 6, 57, 58, 60, 64) (figure 5). There are four major domains that 

these constructs fall into, and each domain affects acceptance of technology according to TAM (6). 

These domains include external factors, the cognitive domain, the affective domain and the 

behavioural domain (6). External factors of TAM include 3 sub-factors which include social factor, 

individual factor and organisational factor; each of which include a unique construct of TAM which 

affect the other domains in specifics ways (6) (figure 5).  
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Figure 5. The interrelatedness of the TAM constructs, each arrow represents hypothesised causal 

relationship between constructs. (6)     

 

 

      Although each external factor impacts all subsequent domains, there are specific examples where 

each factor has unique influences on specific constructs (6). Social factor includes the construct SN, 

the individual factor includes the construct SE, while the organisational factor includes the construct 

SA (6). When referring to social context, social influence on a personal acceptance of e-learning use 

may occur (6). One of the main social influence variables is SN, as it refers to social pressure and its 

impact on learner behaviour, making someone perform or not perform a task (6, 65). SN is the 

perception an individual may have from their peers on whether they should or should not perform an 

action (65). There is an importance to determining how social influences have an effect on the 

commitment of the user to using the e-learning system, for understanding, predicting and explaining 

both acceptance behaviour and system usage (6). Where as in organisational contexts an 

organisation’s influence impacts on one’s e-learning use (6). Organisational contexts like SA can 

impact on both PU and PEU, likewise higher information accessibility corresponds to higher use of 

information and a greater PEU (6). SE forms the individual factor in TAM and has a corresponding 
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impact on PEU, as the easier it is for a learner to access and use a e-learning system the higher level 

of PEU (6). Due to these many external variables which can impact the successful use of technology, 

learner acceptance is best assessed to ensure these new forms of technology will be well received (6).   

 

     The cognitive domain includes both the PU and PEU constructs of TAM (6). PEU is defined as the 

extent that an item of technology is believed to be free from cognitive effort by the user (6, 57, 59, 

66). In the context of this study, PEU would refer to participants belief that their use of the HMD-AR 

warfarin counselling guide is free from effort (57). Meanwhile, PU is defined as the extent to which a 

user believes an item of technology to be useful is helping to complete a task (6, 59, 66). PU is 

thought to have a more direct and substantial effect on the predicting BI, as previous studies have 

shown a strong association between positive PU and BI (57). The cognitive domain impacts both the 

affective and behavioural domains of TAM which include AT and BI, respectively (6). AT towards a 

form of technology which is developed by the preceding constructs can be highly influential on the 

TAM as it is formed from a combination of external factors and the cognitive domain (6). The 

strength and resolve of AT towards a form of technology can be influenced by persistent first-hand 

use of technology (66). This would suggest those who have had exposure to technology similar to the 

HMD-AR warfarin counselling guide may have a stronger AT towards the technology being 

employed here and in turn this would affect the BI (66).  

 

     The behavioural domain is made up of the single construct of BI and indicates whether users have 

the intention to use the form of technology by their own choice in their daily activities (6). 

Furthermore, even though BI is in turn highly influenced by AT, it is also directly influenced by the 

external factors and the cognitive domain (figure 5) (6). In fact, as the domains of TAM progress from 

external factors, to cognitive domain, then to affective domain and finally the behavioural domain it is 

clear that all previous constructs impact the following constructs (figure 5) (6). However, the reverse 

is not thought to occur, where more progressed domains for instance like BI inversely also influence 

the affective domain, cognitive domain or external factors (figure 5) (6).      

    

      These factors show how important and variable the acceptance to a new form of technology can 

be. Given the slow adapting nature of the pharmacy profession, gauging the acceptability of 

technology like the HMD-AR warfarin counselling guide to an audience of pharmacists is necessary 

to see if the technology would be used if available to them. Assessment of the constructs of TAM can 

be completed in a number of ways in order to draw conclusions from the data gathered. When the 

numbers of participants are large with 100 or more, then the LISREL program may be used in order to 

make mathematical models for the assessment of TAM with structural equation modelling (SEM) (6, 

64). Stepwise regression has been another means by which statistical analysis of TAM has been 

completed. These are normally coupled with a measure of reliability such as Cronbach alpha which 
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assesses the relatability of the statements within each construct to each other (60, 67). For assessment 

of the TAM used to assess the HMD-AR warfarin counselling guide, it was decided that although an 

adapted TAM had been used and modified with nomenclature to fit this study, validity and reliability 

were required to be tested.  

 

 

3.2 Development of the HMD-AR Warfarin Counselling Guide 

 

     The process involved in the original development of the HMD-AR counselling guide included first 

a literature review to gather information about what had previously been done in this area. This was 

followed by the development of the counselling guide using current educational and counselling 

information available on warfarin, such as the Important Information for Patients Warfarin booklet 

and the Australian Medicines Handbook (4, 68). The initial design of the counselling guide was then 

completed using the website development service Wix®. The chosen device for displaying the 

counselling guide was the EPSON® BT-200 smart glasses. During the development of the HMD-AR 

warfarin counselling guide each of the steps mentioned earlier for CFAM were carried out, in order to 

comply with the MARE framework design (38). Due to the nature of the development process a large 

amount of multidisciplinary resources had to be gathered and used in the development of the HMD-

AR warfarin counselling guide. This included information to be included in the counselling guide, 

device specifications and comparison to other devices currently available, and current research 

conducted in this area. Furthermore, the redevelopment of the counselling guide and device used was 

conducted after cycles of resynthesis based on expert feedback from the pilot study conducted earlier. 

Validation in this instance for both the HMD-AR warfarin counselling guide and accompanying 

survey tools was performed through face validity during the pilot study (39, 40). Following the pilot 

study, the smart glasses utilised were updated to the EPSON® BT-300 smart glasses. The main 

purpose of this study remained to assess the HMD-AR warfarin counselling guide using TAM and to 

see if the perception among participants changed after use.  

 

3.2.1 Survey 
 

      TAM was enlisted so that a more fundamental means of assessing whether the HMD-AR 

counselling guide for warfarin was acceptable to participants. A form of TAM used for e-

learning was adapted from a previous study (6). As the TAM requires a large sample sizes of 

several hundred to be used in order for mathematical procedures to be conducted on the data, 

this could not be carried out on this data as both pilot and the main study had considerably 

less participants (6). With this in mind an appreciation of acceptability could be taken from 
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the TAM data in this study, but no mathematical assessment could be done.  

 

      Adapting to a previously created TAM survey, statements needed to be altered by the 

research team in order for these to reflect the participants which were included in this study 

(6). The TAM is made up of several constructs or categories of statements which aim to 

determine the intention to use technology by gauging the PEU, PU, AT, BI, SE, SN and SA 

of participants (table 1) (6). Further items were added to gather additional feedback from 

participants, these accounted for questions 17, 18 and statement 20 (table 2). However, these 

additional items were examined separately to TAM and were not treated with the same 

statistical analyses (e.g. Cronbach alpha). The TAM statements from the post-test were 

presented to participants in the form of a statement that participants respond to using a five-

point Likert scale. Each point on the Likert scale is represented with a response which are 

able to be selected for each statement and include; “strongly agree”, “agree”, “neutral”, 

“disagree” and “strongly disagree”. Each response was then nominated a number to allow for 

statistical analysis, for instance strongly agree was given the score of 1, agree given 2, neutral 

given 3, disagree given 4 and strongly disagree given 5. When detailing results of these 

Likert scales, a more positive result for a statement or question would be indicative of more 

participants placing their responses between 1 and 2. Likewise a more negative result would 

be if participants had placed a larger proportion of responses between 4 and 5. A neutral point 

was included as the number 3. 
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Table 1. Adapted TAM survey used in the Main Study 

 

 

 

 

3.2.2 Pilot study 
 

      For this pilot study 7 academic staff were purposively selected from Griffith University 

School of Pharmacy for their expert feedback. Ethics was sought from Griffith University 

Human Research Ethics Committee (GUHREC) and granted prior to conducting testing 

(ethics approval number 2016/290). This pilot study which was conducted utilized purposive 

sampling, with participants being vetted as to having to be lecturers at Griffith University 

School of Pharmacy and Pharmacology. Further, the lecturers who were selected must be also 

registered Australian pharmacists. The reason for this is that at this early stage in 

experimenting with this novel technology, Australian registered pharmacists was the focus of 

the main study. 
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      Not only was this pilot used to gather feedback on the HMD-AR warfarin counselling 

guide but was also to validate the accompanying survey (Appendix A, Pilot Study). The 

survey was a pre-and post-test which included qualitative questions, which were designed to 

elicit further information from participants. This pre- and post-test design also allowed for 

analysis of any change in perceptions for willingness and usefulness of the HMD-AR 

warfarin counselling guide after it was used by participants for the first time to be examined 

with the use of Wilcoxon signed rank analysis (table 2).   

 

Table 2. Additional non-demographic pre- and post-test questions unrelated to TAM 

Pre-test questions • How willing are you to use technology 

normally?* 

 

• How useful would it be to have the 

innovative counselling tool for warfarin in 

practice?** 

 

Additional post-test questions and statement • Are you willing to use technology 

normally?  ** (Q17) 

• It would be useful to have the innovative 

counselling tool for warfarin in practice?  * 

(Q18) 

• The head mounted display (HMD) was 

distracting (Q20) 

 

 

*and ** questions were matched to each other in a pre- and post-test analysis to describe any  

change in perceptions after using the HMD-AR warfarin counselling guide.  

 

 

3.3 Development of the Technology Aspects    
 

     The feedback gathered from the pilot study suggested that the counselling guide needed to 

be improved and it was reprogrammed onto Adobe® for the final study. The HMD used for 

the HMD-AR counselling guide initially for the pilot study was the EPSON BT-200® smart 

glasses, but due to updated technology becoming available was switched to the EPSON BT-

300® for the main study (63, 69) (figure 6). This update in technology gave the HMD-AR 

counselling guide improved performance compared to the earlier pilot study model. Much of 

this improved performance can be placed on the visual modifications given to the HMD-AR 

counselling guide after changing to Adobe® for the design aspect of the guide, as well as the 
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updated CPU and operating system of the EPSON® BT-300 smart glasses (63). Another 

improvement with the EPSON® BT-300 as opposed to the BT-200 is that the headset weight 

was reduced by approximately 20% (63, 69). See the below table for comparison of the specs 

for both devices (table 3). 

 

Table 3. Comparison table EPSON® BT-200 Vs. EPSON® BT-300 (63, 69) 

 

 

 

   Figure 6. EPSON® BT-200 (left) and the EPSON® BT-300 (right) (63, 69) 

 

 

        For the most part, content of the steps for warfarin counselling in the HMD-AR 

counselling guide stayed the same from the pilot study to main study, however some 

adjustments in content were put in place from feedback in the pilot study (Appendix B, 

HMD-AR warfarin counselling guide schematic). However, the length of the counselling 

 EPSON® BT-200 EPSON® BT-300 

Operating system Android 4.0.4 Android 5.1 

CPU TI OMAP 4460 1.2GHz Dual Core Intel® Atom™ 5, 1.44GHz Quad Core 

Optical Display LCD Poly-silicon TFT active matrix Si-OLED display 

Weight of headset ~88 grams ~70.4 grams 
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guide was made significantly shorter due to the feedback from the pilot study stating the 

among of steps involved were too long. Alterations were also made to the structure, quantity 

and type of questions in the survey document for participants so as to better reflect TAM 

(Appendix A, pilot survey document and main study survey document).   

 

       The HMD-AR counselling guide was designed so that participants using the HMD would 

be presented with a projection of the counselling tool which was broken down into specific 

steps which mostly aligned with patient teaching materials found (Appendix B). The 

participant was able to progress through the HMD-AR with the use of a handset touchpad 

connected to the headset. The smart glasses were designed so that the projected image would 

sit in the centre of the field vision however seeing through the projection to view real-world 

objects was possible. These properties remained unchanged with the transition of the tool 

design from pilot study to main study, and from EPSON® BT-200 used in the pilot study to 

EPSON® BT-300 used in the main study. The counselling guide itself was a 10-step 

procedure, structured to resemble common educational materials for warfarin counselling. 

And the users of the HMD are able to progress through each step after they feel confident 

they have satisfied each of the requirements (figure 7). The final step of the HMD-AR 

warfarin counselling guide was a checklist, so that the user would be able to confirm that 

each step had been successfully covered. Although not used in this study, The BT-300 smart 

glasses are able to video record a counselling session for later reflection.  
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Figure 7. HMD-AR warfarin counselling guide use. (70) 

 

3.4 Phase 2: Main Study 
 

       Ethics for this study was sought from GUHREC and granted approval (ethics approval 

number 2016/936).  

 

3.4.1 Setting 

 

After being recruited for this study via invitation through publicly listed email addresses of 

community pharmacies, potential participants were sent an information sheet and were 

encouraged to book a time to participate. The setting for this part of the study was on the 

Griffith University Campus, School of Pharmacy and Pharmacology Building G16 Room 

4.19B. This was a private room where the only occupants were the participant and the 

researcher(s).       
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3.4.2 Participants 

 

The total number of participants in this study was 40 registered pharmacists and was the 

target aspired to during planning of the study. This sample size of participants was deemed 

necessary for the study due to the exploratory nature of the research being conducted and the 

existing consensus that 40 participants is ideal for instrument development (71). Sampling for 

the participants was conducted using a purposive sampling method where registered 

pharmacists were approached through email or by convenience and asked if they would like 

to participate. After participation all feedback from recruited pharmacists was de-identified 

and stored according to GUHREC recommendations. 

 

Inclusion criteria: The criteria for a participant to be included in main study was for them to 

be an Australian pharmacist with current Australian Health Practitioner Regulation Agency 

(AHPRA) general registration. The reason for this was that this study was to focus on 

pharmacists as they are normally involved with patient counselling regarding warfarin and 

have a comprehensive knowledge taught to them about this drug and others.   

 

Exclusion criteria: Overseas pharmacists who did not have current registration with AHPRA 

or those who have retired and no longer possess current AHPRA registration were 

fundamentally excluded. However, no potential participants volunteered who did not meet 

the inclusion criteria.  

 

3.4.3 Protocol 

 

Participants upon arrival were greeted by a member of the research team involved in this 

study and were given the consent form and another copy of the information sheet to reread. 

Upon reading the information sheet participants were then given the consent form to read and 

sign, to provide evidence of willing participation of the study. The information sheet explains 

what will be asked of the participant and briefly explain the technology involved, while the 

consent form reiterates this and tells the participant that their involvement will be confidential 

and the data they have provided secured.  
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    Following on from the signing of the consent form, participants were able to see the HMD-

AR device without being able to use it and given the pre-test survey to complete. After 

completing the pre-test survey, participants were demonstrated the operation of the HMD-AR 

warfarin counselling guide. Participants are given the HMD-AR device while the warfarin 

counselling guide has already been accessed for them. They are then encouraged to progress 

through the tool at their own pace, observing features they encounter along the way. 

Researchers do not interfere with this process of discovery by the participants, except when 

requested to assist when technical difficulties arise. Once participants have progressed 

through the HMD-AR warfarin counselling guide fully, they are then given the post-test to 

complete.  

 

     Participants in the main study were instructed to complete a survey which included two 

parts. The pre-test asked participants demographic questions regarding gender, age, and YoE. 

Also, asked in the pre-test questions were two Likert style questions regarding willingness 

(“How willing are you to use technology normally?”) and usefulness (“How useful would it 

be to have the innovative counselling tool for warfarin in practice?” where the innovative 

counselling tool for warfarin was the HMD-AR warfarin counselling guide). Following this 

the pre-test also included several short response questions regarding their ability to warfarin 

counsel. After completing the pre-test only then were participants permitted to try and 

progress through the HMD-AR warfarin counselling guide at their own pace and ask for 

assistance from the researcher if required. When the participants had then progressed fully 

through the HMD-AR warfarin counselling guide, participants were then instructed to 

complete the post-test which included an adapted version of TAM, an additional two Likert 

scale questions and one additional statement, as well as several short response questions 

(Appendix A, Main Study).   

 

     

3.5 Data Analysis 

 
     Statistical analysis of the quantitative data was carried out using SPSS® v25, descriptive 

statistics were derived from the pre-test data with the use of bar-charts to show the 

distribution of the participants in terms of their demographic data. The post-test data was 
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used to derive descriptive statistics as well, with each of the Likert scale statements that 

participants responded to were used to create bar-charts, allowing for the distribution of the 

participant feedback to be described. A significance level of 0.05 α was used to determine the 

significance of results from post-hoc testing. The post-hoc testing conducted on the data from 

this study included both Spearman rank testing and Wilcoxon rank testing (72, 73). Spearman 

rank testing was conducted on all post-test Likert scale statements and questions with that of 

all pre-test Likert scale questions to see if there is a significant association between the pre- 

and post-test (72). Assessing the data this way enabled the data to be checked for significant 

associations using a two-tailed test. Spearman rank analysis was chosen due it being an 

appropriate non-parametric test and the Likert scale questions giving ordinal data (72).  

 

     In order to assess the reliability of the TAM constructs and whether the questions 

contained within each construct were related to each other a Cronbach’s alpha assessment. 

This was completed on TAM constructs which had more than a single statement contained in 

them. Due to this being exploratory research, a minimum Cronbach alpha score of 0.70 was 

used as a benchmark (67). If a score of 0.70 is reached for a given TAM construct, then that 

construct can be thought to have an acceptable level of internal consistency (67). The 

importance of this can be seen as the TAM questions for this study have been adapted from a 

previous study (6). It is then necessary to confirm that the adapted questions have a high level 

of inter-relatedness to each other as they are being grouped together. 

 

      Wilcoxon signed-rank tests were conducted on the paired questions from the pre- and 

post-tests in order to see any effect the HMD-AR counselling guide had on participants; and 

whether their perceptions had changed. The reason Wilcoxon signed-rank was chosen was 

due to the need for a non-parametric test due to the ordinal nature of the data from the Likert 

scale questions (73). Conducting this test was able then to help determine whether a median 

difference had occurred for participants (73). This was regarding any change in their 

willingness to use technology normally and whether there was any change with regard to how 

useful they thought the HMD-AR warfarin counselling guide was to them. These perceptions 

were represented by matched questions from the pre- and post-tests of the survey.  

 

      Qualitative analysis of post-test questions was carried out using NVivo v11, where the 

data from the surveys collected and the answers to these questions was transcribed verbatim. 

The data was then coded into major categories and then further coded into sub-categories so 
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that major themes could be identified amongst the data collected. These categories were not 

pre-meditated but developed from the data itself.  
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Chapter 4 

 

 
4.1 Results and Discussion 
 
 

4.1.1 Phase 1: Pilot Study 
 

      The first testing stage of this study was the pilot study, which involved the use academic 

staff from Griffith University School of Pharmacy and Pharmacology (table 4). The purpose 

of this testing was to gauge early acceptance of the HMD-AR warfarin counselling guide and 

to redevelop the counselling guide with the expert feedback obtained from the participants. 

Piloting the HMD-AR warfarin counselling guide also was able to give face validity to the 

pre- and post-test surveys, as well as encourage changes to be adapted prior to the main 

study. The face validity was deemed to be strong as the items contained in the pre- and post-

test surveys for the pilot were considered to be testing strongly for acceptance, which the 

survey questions had intended to do (39, 40). It was noted that the TAM questions should be 

altered to better reflect the TAM observed previously in studies on e-learning. The HMD-AR 

aspect of the tool was updated after the pilot study according to feedback accordingly. 

 

Table 4. Demographics of Participants, Pilot Study  

Number of participants Participant Details (%) 

Number of participants (N)  7 

Gender  

Male 2 (29%) 

Female 5 (71%) 

Age  

Median >35 years 

Range <25 years to  >35 years 

Years of Experience (YoE)  

Median 5-10 years 

Range <5 - > 10years experience 

 

     The HMD-AR warfarin counselling guide itself changed considerably according to 

feedback. Most of this feedback was directed towards problems associated with the HMD and 

its relative bulkiness, the AR component and the relative vision problems, and the control 

mechanism for the user was at times confusing. This was largely remedied to the best extent 

possible by updating the technology used from the EPSON® BT-200 to the EPSON® BT-

300 smart glasses (table 3). Some aspects of the counselling guide also required alteration as 
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a major concern which came from the pilot study feedback was the time taken to complete 

the counselling guide. The counselling guide was made to be more streamlined using Adobe 

Muse® instead of Wix® which had been the original design platform. With the addition of 

aspects of like a clock and progress bar, users were also able to better track the time taken for 

them to progress with the HMD-AR warfarin counselling guide. The pilot study ultimately 

did lead to the development of the HMD-AR warfarin counselling guide which was used in 

the main study of this project. 

 

 

4.1.2 Phase 2: Main Study 

 

     A total of 40 Australian registered pharmacists were recruited for this study, with the 

population of both genders reflecting the current distributions of practising male and female 

pharmacists with general registration (table 5)(74). The backgrounds of these pharmacists 

were a mix of both community and hospital pharmacy, with each having pharmacy 

experience which had in most cases included components other than the position they were 

currently in. This included clinical services such as HMRs and hospital experience if they 

were currently working in community pharmacy at the time of testing. The range of ages 

included in this study were broad, with individuals in the category of 20-24 years to 55-59 

years also included, however the median age for participants in this study was found to be 30-

34 years (table 5). The years of experience recorded for the participants ranged as well, with 

those included having less than 5 years to more than 10 years of experience, with the median 

being 5-10 years of experience (table 5).   

 

Table 5. Demographics of participants main study  

Number of participants Participant Details (%) 

Number of participants (N)  40 

Gender  

Male 15 (37.5%) 

Female 25 (62.5%) 

Age  

Median 30-34 years 

Range 20-24 years to 55-59 years 

Years of Experience (YoE)  

Median 5-10 years 

Range <5 - > 10years experience 
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     During the pre-test survey, participants were asked two questions relating to their 

willingness to use technology normally and whether they thought that the HMD-AR warfarin 

counselling guide was potentially useful in practice. There was a trend for participants to be 

in favour of willing to use technology normally and to for them to perceive the HMD-AR 

warfarin counselling guide as useful without having seen or used the device or guide at that 

point in time (figure 8). When participants were asked “How willing are you to use 

technology normally?” 29 participants recorded “strongly agree” (72.5%) while the 

remaining 11 participants recorded “agree” (27.5%) as their response. Participants responded 

strongly towards both “strongly agree” and “agree” when asked “How useful would it be to 

have the innovative counselling tool for warfarin in practice?”. This was seen as 19 

participants indicated “strongly agree” (47.5%) to this question, while 14 indicated “agree” 

(35%), 6 indicated “neutral” (15%), while only 1 participant had indicated “disagree” (2.5%). 

 

 

 

(A)                                                                         (B)  

 

(C)                                                                         (D) 

                                                                                     

Figure 8. Representative bar charts on participant demographics, these questions were asked prior to 

utilising the HMD-AR warfarin counselling guide. Distribution of age is represented in (A), years of 

experience is represented in (B), how willing they were to use technology is represented in (C) and 

how useful they would find the HMD-AR warfarin counselling guide represented in (D).  
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4.2 Analysis using TAM 
 

     Analysis of results from participants was completed using descriptive statistics which 

enabled the visualisation of the ordinal data from the post-test analysis. This was further 

extended using clustered bar charts in an effort to observe overt trends between pre-test and 

post-test items. In order to identify statistically significant trends in data a spearman rank test 

was conducted on the data.  

 

     Descriptive statistics of the TAM constructs were obtained if appropriate in the form of 

mean, SD and Cronbach alpha (table 6). This was further extended to descriptors of the 

individual statements contained in the constructs such as percentage of responses to Likert 

scale categories (i.e. strongly agree to strongly disagree), as well as to the mean and SD of the 

individual statements (table 6). Overall the reliability of the TAM constructs was good, and in 

most cases the Cronbach alpha score was above the 70% reliable variance normally dictated 

as the minimum dictated for exploratory research (table 6) (39, 46). This showed that all 

constructs of TAM had acceptable levels of internal consistency, except for SE which was 

below minimum recommendations at 64.7% reliable variance (table 6) (67). Item deletion 

would not have improved this Cronbach alpha score due to only two items being included in 

this modified version of TAM (60). 

 

      Future research may need to disregard SE as an external factor or modify it to improve 

internal reliability. Due to the issue of accessibility being affected by the experimental nature 

of this study, future research with an improved HMD-AR warfarin counselling guide should 

be conducted so that pharmacists access the system independently for counselling of patients. 

This would allow for a more reliable measure of accessibility. Furthermore, as has been 

found in previous research making the use of the HMD-AR warfarin counselling guide 

mandatory would remove any possible negative effect voluntariness has on BI (60). This 

would enable users to escape the dilemma of first time use (60). Overall, TAM proved 

particularly beneficial in terms of offering an explanation regarding acceptance of the HMD-

AR warfarin counselling guide among the sampled participants. All constructs had majority 

positive responses, as evident by the mean score of each construct. The major exception to 

this was BI, which although still had a mean positive response the score was closer to neutral 

at 2.738 (table 6). 
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Table 6 Descriptive measures of TAM constructs (n=40) 

 

 

 

Constructs of TAM (mean, SD, Cronbach 

coefficient alpha) 

%Strongly 

agree 

%Agree %Neutral %Disagree %Strongly 

disagree 

Mean 

± SD 

Perceived Ease of Use (1.675, 0.032, 0.854)       
I find the innovative counselling tool for warfarin easy 

to use (Q1) 
45.0 37.5 10.0 5 2.5 1.83 ± 

0.98 
Learning how to use the innovative counselling tool 

for warfarin is easy for me (Q2) 
60.0 37.5 0.00 0 2.5 1.48 ± 

0.75 
It is easy to become skilful at using the innovative 

counselling tool for warfarin (Q3) 
47.5 42.5 7.50 0 2.5 1.73 ± 

0.82 

Perceived Usefulness (2.225, 0.001, 0.898)       
The innovative counselling tool for warfarin would 

improve my learning (Q4) 
37.5 27.5 15.0 15.0 5.00 2.23 ± 

1.25 
The innovative counselling tool for warfarin would 

improve my education with regard to counselling (Q5) 
40.0 22.5 15.0 17.5 5.00 2.25 ± 

1.30 
The innovative counselling tool could make it easier 

to learn to counsel patients (Q6) 
35.0 35.0 10.0 15.0 5.00 2.20 ± 

1.22 

Attitude (1.983, 0.003, 0.933)        
Counselling with the innovative counselling tool for 

warfarin is a good idea (Q7) 
42.5 37.5 10.0 5.00 5.00 1.93 ± 

1.10 
I have positive feelings towards the innovative 

counselling tool for warfarin (Q8) 
40.0 35.0 5.00 7.5 5.00 2.03 ± 

1.14 
Learning to counsel with the innovative counselling 

tool for warfarin is a wise idea (Q9) 
40.0 32.5 15.0 12.5 0.00 2.00 ± 

1.04 

Behavioural Intention (2.738, 0.003, 

0.907) 

      

If I could have access to the innovative counselling 

tool for warfarin, I would use it frequently (Q10) 
27.5 20.0 15.0 30.0 7.50 2.70 ± 

1.36 
I would use the innovative counselling tool for 

warfarin heavily when conducting warfarin 

counselling (Q11) 

22.5 25.0 17.5 22.5 12.5 2.78 ± 

1.37 

E-learning Self-efficacy (1.763, 0.025, 

0.647) 

      

I feel confident finding information in the innovative 

counselling tool for warfarin (Q12) 
40.0 42.5 10.0 5.00 2.50 1.88 ± 

0.97 
I have the necessary skills for using the innovative 

counselling tool for warfarin (Q13) 
45.0 47.5 5.00 2.50 0.00 1.65 ± 

0.70 

Subjective Norm (2.150, 0.094, 0.769)       
What the innovative counselling tool stands for is 

important for me as a pharmacist (Q14) 
50.0 30.0 12.5 5.00 2.50 1.80 ± 

1.02 
 I like using the innovative counselling tool based on 

the similarity of my values and society values 

underlying its use. (Q15) 

20.0 35.0 35.0 7.50 2.50 2.38 ± 

0.98 

The innovative counselling tool for warfarin provided 

a good counselling experience (Q16) 
27.5 35.0 25.0 7.50 5.00 2.28 ± 

1.11 

System Accessibility (2.575)        
I have no difficulty in accessing the innovative tool for 

warfarin with the use of the smart glasses. (Q19) 
22.5 30.0 22.5 17.5 7.50 2.58 ± 

1.24 



 

52 
 

4.3 Assessment of the Constructs of TAM 

 

4.3.1 Perceived Ease of Use  

 

     According to TAM, PEU is by definition the extent to which technology is free from 

cognitive effort by the user (6, 57, 59, 66). Therefore, how easy it is for users to utilise the 

technology being tested. The trends seen in the questions regarding PEU indicate largely how 

easy it was for participants to utilise the tool. The overall trend for the data in the 3 

statements which constituted the PEU construct showed the majority of participants found the 

HMD-AR counselling tool for warfarin easy to use. When presented with the statement “I 

find the innovative counselling tool for warfarin easy to use”, the data showed a trend 

towards “strongly agree” and “agree” (figure 9). It was shown that 45% of participants 

indicated “strongly agree” while 37.5% of participants indicated “agree” (table 6). This is in 

contrast to those who indicated neutral, disagree or strongly disagree which accounted for 

10%, 5 % and 2.5% of participants respectively (table 6). The mean score for this statement 

was 1.83 which corresponding to the “agree” response, meanwhile the range for the data was 

1-5 indicating the responses were spread between “strongly agree” and “strongly disagree”.  

 

 

Figure 9. This is a bar chart representation of participant response to the statement “I find the 

innovative counselling tool for warfarin easy to use”. 
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     When presented with the statement “Learning how to use the innovative counselling tool 

for warfarin is easy for me” showed similar trends to the first statement of this construct. The 

data showed a strong trend towards “strongly agree” from the participant feedback (figure 

10). It was observed that 60% of participants indicated that they “strongly agreed”, while 

37.5% of participants indicated they “agreed” and only 2.5% of participants indicated that 

they “strongly disagreed” (table 6). This data trend was reinforced by the mean of the data 

which was 1.48, however the range of the data was still from 1-5 (strongly agree to strongly 

disagree).  

 

 
Figure 10. This is a bar chart representation of participant response to the statement 

“Learning how to use the innovative counselling tool for warfarin is easy for me”. 

 

 

     When participants were presented with the statement “It is easy to become skilful at using 

the innovative counselling tool for warfarin”, similar trends already seen were observed for 

this construct (figure 11). Participants trended towards both “agree” and “strongly agree” 

were observed with 47.5% and 42.5% of participants responding in this manner (table 6). 

Only 7.5% and 2.5% of participants responded by indicating “neutral” or “strongly disagree” 

respectively (table 6). The mean of the data in this case was 1.73, with a range of 1-5 

(strongly agree to strongly disagree).  
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Figure 11. This is a bar chart representation of participant response to the statement “It is 

easy to become skilful at using the innovative counselling tool for warfarin”. 

 

    The high proportion of positive responses in each of the statements included in the PEU 

construct indicates several possible things about the sample population used and their 

perception of the HMD-AR warfarin counselling guide. The positive result indicates that the 

sample overall views the HMD-AR warfarin counselling guide as being largely free of 

cognitive effort and easily utilisable (6, 57, 59, 66). This result may also be indicative of the 

effect of other constructs of TAM which have an influence on PEU (6). The positive results 

seen for the external factors which have an effect on PEU also could potentially explain the 

result for PEU (6, 65). 

 

 

4.3.2 Perceived Usefulness  

 

     PU is defined as the extent to which a user of a form of technology would perceive that 

technology to be useful in helping them complete tasks (6, 59, 66). The construct of PU 

showed that the participants did in fact show a strong indication that the opinion held by 

participants, was that the HMD-AR warfarin counselling guide may help with the completion 

of tasks. The general trend for the PU construct is that the participants feedback moved 

towards the “strongly agree” and “agree” in their response for this construct (figures 12-14). 

item 6 was the first statement in the PU construct and participants were presented with the 

statement, “The innovative counselling tool for warfarin would improve my performance”. 
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The trend for the majority of participants to select “strongly agree” or “agree” was noticeable 

(figure 12). It was shown that 37.5% of participants selected “strongly agree”, 27.5% selected 

“agree”, 15% selected “neutral”, 15% selected “disagree”, and 5% selected “strongly 

disagree” (table 6). This trend was further eluded to as the mean score for this statement was 

2.23, however the range of scores was however still from 1-5 (strongly agree to strongly 

disagree).    

 

 
Figure 12. This is a bar chart representation of participant response to the statement “The 

innovative counselling tool for warfarin would improve my performance” 

 

 

     Participants were presented with the statement “The innovative counselling tool for 

warfarin would increase counselling productivity” for item 5, with participant feedback again 

largely favoured “strongly agree” and “agree” showing a positive trend (figure 13). It was 

shown that 40% of participants selected “strongly agree”, 22.5% of participants selected 

“agree”, 15% selected “neutral”, 17.5% selected “disagree” and 5 % selected “strongly 

disagree” (table 6). This was the first time in this series of survey statements that the response 

for “disagree” was rated as high as 17.5% of responders (table 6). The trend for the majority 

of participants to select 1 and 2 (strongly agree and agree) was seen as the mean score for this 

statement was 2.25.  
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Figure 13. This is a bar chart representation of participant response to the statement “The 

innovative counselling tool for warfarin would increase counselling productivity” 

 

 

     When participants were presented with the statement “The innovative counselling tool 

could make it easier to counsel patients on warfarin”, a trend for the majority of participants 

was to select “strongly agree” or “agree” in their responses (figure 14). This can be seen as 

35% of participants selected “strongly agree”, 35% of participants selected “agree”, 10% 

selected “neutral”, 15% selected “disagree”, and 5% of participants selected “strongly 

disagree” (table 6). This trend data was emphasised when the median score for this statement 

was 2.20. The range of the data for this statement was from 1-5 (strongly agree to strongly 

disagree).  
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Figure 14. This is a bar chart representation of participant response to the statement “The 

innovative counselling tool could make it easier to counsel patients on warfarin”. 

 

      The positive response for the statements of the PU construct indicates that the sample of 

participants viewed the HMD-AR warfarin counselling guide as potentially useful in 

completing tasks, primarily warfarin counselling (6, 59, 66). This is may then have had a 

more direct and substantial impact on the BI of participants for the HMD-AR warfarin 

counselling guide, compared to PEU (36). Due to the overall positive result for the cognitive 

domain of TAM (ie. PEU and PU), it is expected that there would be a more profoundly 

positive impact on both the affective and behavioural domains (6). 

 

 

4.3.3 Attitude  
 

     AT towards technology ultimately influences the use of the technology by impacting 

strongly on BI. This is due to AT being influenced by the cognitive, affective and behavioural 

domains, as well as the PEU and PU constructs. Having a positive result for the AT construct 

is a good indicator that there could also be a positive trend seen in BI which then influences 

use of technology. There seems to be a noticeable trend for the AT construct where the 

majority of participants selected the more positive answer (figures 15-17). However, it was 

observed that in item 9, more participants responses were less positive on the Likert scale 

compared to other items in this construct, despite there still being and overall positive result 
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for this statement (figure 17).  

 

     This trend is emphasized in item 7 where participants were presented with the statement 

“Counselling with the innovative counselling tool for warfarin is a good idea” (figure 15). 

Feedback from this statement showed 42.5% of participants selected “strongly agree”, 37.5% 

of participants selected “agree”, 10% selected “neutral”, 5% selected “disagree” and a further 

5% selected “strongly disagree” (table 6). The mean score for the data was 1.93, meanwhile 

the data ranged from 1-5 indicating the preference for the more positive answers in the Likert 

scale.  

 

 

Figure 15. This is a bar chart representation of participant response to the statement 

“Counselling with the innovative counselling tool for warfarin is a good idea”. 

 

     In item 8 of the AT construct participants were presented with the statement “I have 

positive feelings towards the innovative counselling tool for warfarin”. It was observed that 

item 8 of the AT construct showed very similar trends to that of the previous statement in 

item 7. The majority of participants responded positively by selecting “strongly agree” (40%) 

or “agree” (35%). Only small percentages of participants selected “neutral” (5%), “disagree” 

(7.5%) or “strongly disagree” (5%) (figure 16) (table 6). This trend was reinforced when 

considering the mean score was again 2.03, indicating a high preference for the more positive 
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end of the Likert scale. This was despite the data collected ranging from 1-5.  

 

 

Figure 16. This is a bar chart representation of participant response to the statement “I have 

positive feelings towards the innovative counselling tool for warfarin”. 

 

     For item 9 of the AT construct participants were presented with the statement “Learning 

to counsel with the innovative counselling tool for warfarin is a wise idea”. The trends seen 

in statements 7 and 8 continued into statement 9, where the majority of participants 

responded positively with gradual reductions of participants indicating more negative 

responses (figure 17). This trend can be seen as 40% of participants indicated “strongly 

agree”, 32.5% “agree”, 15% “neutral”, and 12.5% “disagree” (table 6). This was further 

emphasised with the mean score again being 2.00, however the range was only 1-4 in this 

dataset with no participants indicating “strongly disagree”.  
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Figure 17. This is a bar chart representation of participant response to the statement 

“Learning to counsel with the innovative counselling tool for warfarin is a wise idea.” 

 

     AT constitutes the entirety of the affective domain and is influenced by the cognitive 

domain and the external factors of TAM making it highly influential on BI (6). The positive 

result that was obtained from the AT construct indicates that the sample of participants have a 

positive attitude towards the use of the HMD-AR warfarin counselling guide and this in turn 

may be explained by the positive result received from external factors and the cognitive 

domain as well (6). Another consideration is the influence of repeated use which correlates to 

the AT construct, as the use of similar technology by users on previous occasions can result 

in a more positive result being obtained for AT (66). It could be possible that as this type of 

technology becomes more normalised in society that the attitude of users would improve, 

creating a more positive result for the AT construct.  

 

 

4.3.4 Behavioural Intention  

 

     BI is the construct which aims to predict the intention to use a form of technology, or in 

this case the HMD-AR warfarin counselling guide (6). This construct is reflective of TAM, 

and a positive result in this construct indicates that there is support among participants for the 

uptake and use of the HMD-AR warfarin counselling guide (6). The trends previously seen 

for statements in other constructs were not seen as clearly in statement 10 of the BI construct, 
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where participants were presented with the statement; “If I could have access to the 

innovative counselling tool for warfarin, I would use it frequently”. The percentages of 

responses from the participants, where 27.5% indicated “strongly agree”, 20% indicated 

“agree”, 15% indicated neutral, 30% indicating “disagree” and 7.5% indicating “strongly 

disagree” (figure 18) (table 6). Previously seen trends of a high proportion of participants 

indicating “strongly agree” and “agree” with considerably less participants indicating other 

categories were not seen, instead having a substantial proportion of participants indicating 

“disagree” goes against this trend. The change in trend is again re-emphasised with the mean 

score being 2.70. However, the range for the data of this statement was 1-5 as it had been for 

the majority of the statements preceding it.  

 

 
Figure 18. This is a bar chart representation of participant response to the statement “If I 

could have access to the innovative counselling tool for warfarin, I would use it frequently”. 

 

     There was no clearly visible trend in the data for statetment 11, where participants were 

presented with the statement, “I would use the innovative counselling tool for warfarin 

heavily when conducting warfarin counselling”. The percentages of participants for each 

response category did not allow for the identification of overt differences (figure 19). The 

proportions of participants were 22.5% of participants indicated “strongly agree”, 25% 

indicated “agree”, 17.5% indicated “neutral”, 22.5% indicated “disagree”, and 12.5% 

indicated “strongly disagree” (table 6). The mean score for the data set of this statement was 

2.78, and reinforced the change seen in the BI construct compared to previous constructs 

used. 
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Figure 19. This is a bar chart representation of participant response to the statement “I would 

use the innovative counselling tool for warfarin heavily when conducting warfarin 

counselling”. 

 

     The less positive and even more neutral responses for the items in the BI construct 

indicate that given the chance to use the HMD-AR warfarin counselling guide in day-to-day 

activities, participants may be reluctant to do so (6). This is despite the largely positive result 

achieved for external factors, the cognitive domain and the affective domain. The reasoning 

behind this result, which seems to contradict the prior constructs of TAM tested would 

indicate that there are acceptance issues which would need to be further divulged from the 

participants.  

 

 

4.3.5 E-learning Self-efficacy  

 

    The construct of SE shows how easy it is for an individual to access and use the HMD-AR 

warfarin counselling guide. This construct forms the individual domain which affects the 

PEU construct, due to the accessibility on the individual level being a factor for PEU of 

technology. Overwhelmingly the responses to the SE construct have shown a positive trend. 

Participants were presented with the statement “I feel confident finding information in the 

innovative counselling tool for warfarin”, as the first statement in the SE construct. The 

percentages of participant responses to statements regarding statement 12 of the SE construct 

were 40% “strongly agree”, 42.5% “agree”, 10% “neutral”, 5% “disagree”, 2.5% “strongly 
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agree” (figure 20) (table 6). A median score of 2 was recorded for this statement. The 

overwhelming majority of participants indicated a positive response to this statement 

highlighting a visible trend showing the overall preference for participants to respond in this 

way. The mean score being 1.88 further emphasised this trend.  

 

 
Figure 20. This is a bar chart representation of participant response to the statement “I feel 

confident finding information in the innovative counselling tool for warfarin”. 

 

     For statement 13 participants were presented with the statement, “I have the necessary skills 

for using the innovative counselling tool for warfarin”. The percentages of participants in each 

response to statement 13 were 45% for “strongly agree”, 47.5% for “agree”, 5% for “neutral” 

and 2.5% for “disagree” (table 6). The mean score for this data was 1.65, reinforcing that a 

similar trend exists for statement 13 as statement 12 (figure 21).  
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Figure 21. This is a bar chart representation of participant response to the statement “I have 

the necessary skills for using the innovative counselling tool for warfarin”. 

 

 

    The overall result for the SE construct was then shown to be positive, as both statements in 

this construct had a majority of positive responses. A positive result in this construct like this 

would indicate that as individuals, the participants had little difficulty accessing the HMD-

AR warfarin counselling guide (6, 75). This could however be a side effect of the 

experimental conditions of the study whereby participants were aided in their access of the 

HMD-AR warfarin counselling guide initially. Further study would need to be accompanied 

to show whether this result would change, where the use of the HMD-AR warfarin 

counselling guide was a choice among pharmacists. This would also enable other previously 

discarded notions of TAM to be introduced including voluntariness, although as previously 

discussed this may sometimes constitute less acceptance (60). 

 

 

4.3.6 Subjective Norm  

 

     SN refers to social pressure, as social pressure influences user behaviour and whether 

someone is willing to perform a task is dependent on social norms. This construct is 

important to study due to the influence it has on both acceptance behaviour and system usage. 

The participants reviewing the HMD-AR warfarin counselling guide showed a positive trend 

for the SN construct with all statements showing the majority of responses were positive.  
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     Participants were presented with the statement “What the innovative counselling tool 

stands for is important for me as a pharmacist” for the first statement of the SN construct. 

There was an obvious trend emerging in statement 14 which could be noticed from the 

percentage of participants in each response. The responses showed 50% of participants 

indicated “strongly agree”, 30% indicated “agree”, 12.5% indicated “neutral”, 5% indicated 

“disagree” and 2.5% indicated “strongly disagree” (table 6). The mean score for this data was 

1.80 and indicated an even further move towards the positive end of the Likert scale than 

previous statements (figure 22). This data shows a visible trend towards “strongly agree” with 

only small amounts of participants indicating a neutral or negative response. 

 

 
Figure 22. This is a bar chart representation of participant response to the statement “What 

the innovative counselling tool stands for is important for me as a pharmacist”. 

 

     For statement 15 participants were presented with “I like using the innovative counselling 

tool based on the similarity of my values and society values underlying its use”. There was a 

less visible trend for participants in this statement, although still a visible shift away from 

negative responses (figure 23). Responses showed 20% percent of participants indicated 

“strongly agree”, 35% indicated “agree”, 35% indicated “neutral”, 7.5% indicated “disagree” 

and a further 2.5% indicated “strongly disagree” (table 6). The mean score for this data was 

2.38, indicating that while there was a visible transition in trend towards neutral in this 

statement, compared to similar trends seen in other statements where responses were directed 

towards positive responses.  
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Figure 23. This is a bar chart representation of participant response to the statement “I like 

using the innovative counselling tool based on the similarity of my values and society values 

underlying its use”. 

 

     Participants were given the statement “The innovative counselling tool for warfarin 

provided a good counselling experience” for the SN construct. There was a visible trend 

present for the data in statement 16 with the majority of participants indicating that there was 

a probable preference for positive responses (figure 24). The percentages for this statement 

included 27.5% of participants indicating “strongly agree”, 35% indicating “agree”, 25% 

indicating “neutral”, 7.5% indicating “disagree” and 5% indicating “strongly disagree” (table 

6). The mean score for the data in this statement was a 2.28, indicating the preference for 

positive responses in this statement.  
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Figure 24. This is a bar chart representation of participant response to the statement “The 

innovative counselling tool for warfarin provided a good counselling experience”. 

 

      The overall positive result for SN which constitutes the social factor of TAM, shows that 

participants are not under any social influence which would negatively impact on their use of 

the HMD-AR warfarin counselling guide (6, 65). This societal pressure can be influenced on 

both BI and PU, through internalisation and identification (60). Internalisation which impacts 

BI, means the incorporation of societal influence into personal beliefs about the usefulness of 

technology. This would mean that social influences may impact the belief system of a given 

participant and this would impact their response to the BI construct through SN (60). 

Identification is the gaining of status in the work environment which comes with the use of 

technology, so if those who used the HMD-AR warfarin counselling guide and had the 

impression it gave status then this would positively impact PU (60). However, this result may 

have occurred for a number of reasons and does not constitute a generalisable result with 

regard to the HMD-AR warfarin counselling guide being free from social influence, whether 

negative or positive. Participants use of the HMD-AR warfarin counselling guide being under 

experimental conditions may have impacted SN. The presence of social influence may not 

have existed in the same way it would have if the participants were given to use this 

technology without researchers being present.   
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4.3.7 System Accessibility  
 

     Similar to SE, SA is concerned with the accessibility of technology however instead of 

individual factors influencing the use of the HMD-AR warfarin counselling guide the 

accessibility is determined on an organisational level (6). For statement 19, participants were 

presented with the statement “I have no difficulty in accessing the innovative tool for 

warfarin with the use of the smart glasses”. This statement was the only statement included 

in the SA construct and there was a less noticeable trend for the SA construct compared to 

previous constructs of TAM. A larger proportion of participants indicated “agree” compared 

to “strongly agree”. Despite this there was still an overall positive trend present (Appendix 

C). Statement 19 showed that the response of 22.5% of participants was “strongly agree”, 

while 30% responded “agree”, 22.5% responded “neutral”, 17.5% responded “disagree” and 

7.5% responded “strongly disagree” (table 6). This was further emphasised as the mean score 

for this statement was 2.58, indicating the majority of responses are in the positive spectrum 

of the results.  

 

 

Figure 25. This is a bar chart representation of participant response to the statement “I have 

no difficulty in accessing the innovative tool for warfarin with the use of the smart glasses”. 

 

The positive result from the SA construct would indicate that participants had good access to 

the HMD-AR warfarin counselling guide on an organisational level (6). However, this 
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construct has the same inherent flaws as SE as in this study all participants are exposed to the 

HMD-AR warfarin counselling guide only under experimental conditions and do not have 

timely access to it at any other point in time. To truly determine the effect that the use of this 

technology or similar technology have with regard to SA and SE for that matter, participants 

must have a timely access to it (6). Perhaps if this tool was to be used in counselling actual 

patients at some stage and the pharmacists were granted unrestricted access to the HMD-AR 

warfarin counselling guide these constructs may become more pertinent.  

 

 

4.4 Additional Post-test Questions 
 

There was a desire to introduce additional items to the post-test survey which were separate 

to the included constructs of TAM, this included two additional questions and one additional 

statement for participants to respond too. Descriptive data including the mean, SD and the 

distribution of participant responses in the Likert scale were obtained for these questions 

(table 7).  

 

Table 7. Additional Post-test Items 

Additional Items from the 

Post-test Survey 

%Strongly 

agree 

%Agree %Neutral %Disagree %Strongly 

disagree 

Mean ± SD 

Are you willing to use 

technology normally? (Q17) 

57.5 37.5 0.00 5.00 0.00 1.53 ± 0.75 

It would be useful to have 

the innovative counselling 

tool for warfarin in practice? 

(Q18) 

25.0 45.0 10.0 12.4 7.50 2.33 ± 1.21 

The head mounted display 

(HMD) was distracting 

(Q20) 

32.5 30.0 30.0 5.00 2.50 2.15 ± 1.03 

 

 

     In question 17 participants were presented with the question “Are you willing to use 

technology normally?” There was a clearly visible trend for a positive response among 

respondents (figure 26). This was seen as those who indicated “strongly agree” made up 

57.5% of total respondents, while those who indicated “agree” made up 37.5% of respondents 

and only 5% of respondents indicated “disagree” (table 7). This disproportionate level of 
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response created a strong trend which also resulted in the median score for this question 

being 1, and the range for the data being only 1-4. 

 
Figure 26. This is a bar chart representation of participant response to the question “Are you 

willing to use technology normally?” 

 

     In question 18, participants were presented with the question “It would be useful to have 

the innovative counselling tool for warfarin in practice?” There was a distinct trend visible 

with a higher proportion of participants indicating a positive response to this question (figure 

27). It was shown that 25% of participants indicated “strongly agree”, 45% indicated “agree”, 

10% indicated “neutral”, 12.5% indicated “disagree” and 7.5% indicated “strongly disagree” 

(table 7). This trend was further emphasised by the median score for this question which was 

2, despite the data ranging in responses from 1-5.  
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Figure 27. This is a bar chart representation of participant response to the question “It would 

be useful to have the innovative counselling tool for warfarin in practice?” 

 

 

     Statement 20 was presented to participants with the statement “The head mounted display 

(HMD) was distracting”. There was a strong trend in statement 20 towards the positive aspect 

of the Likert scale (figure 28). The proportions of respondents describe this trend well, as 

32.5% of responses were “strongly agree”, 30% responded “agree”, 30% responded 

“neutral”, 5% responded “disagree” and 2.5% responded “strongly disagree” (table 7). The 

median score was 2, which indicated the most frequent response to this statement was 

positive in nature. 
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Figure 28. This is a bar chart representation of participant response to the statement “The 

head mounted display (HMD) was distracting” 

 

     Additional statements 17 and 18 allowed a means to test participant willingness to use 

technology and their perceived usefulness of the HMD-AR warfarin counselling guide before 

and after its use. The analysis of the pre- and post-test analysis of these questions will be 

addressed shortly. The post-test analysis showed however that overall participants were 

willing to use technology normally and that they perceived the HMD-AR warfarin 

counselling guide as useful. The additional question gave extra insight into the usability of 

the HMD-AR warfarin counselling guide by specifically addressing the issue of distraction 

caused by the HMD-AR. This was important due to the feedback received from the pilot 

study where the size and bulk of the EPSON BT-200 smart glass was an issue for some of the 

participants in the pilot study. The results of this question reveal that the HMD-AR was 

distracting for many of the participants.    
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4.5 Comparison of Pre- and Post-test 

 

4.5.1 Comparison of Demographic Variables to Post-test Statements and Questions 

 

     A series of comparison bar charts were formulated to show possible trends between 

demographic variables and the statements and questions from the post-test (figures 29-129). 

A series of trends were discovered, however only one relationship showed significance when 

examined using Spearman rank testing, which was statement 16 from the SN construct and 

gender (p(38)= 0.380, P=0.016). This significant result means that the null hypothesis is 

rejected in that there is an association between gender and statement 16 for the SN construct. 

Typically, there are many other trends occurring which do not constitute statistically 

significant results for trends. However, due to the visible nature of some of these trends they 

are worth highlighting. The following statements will be discussed in terms of the constructs 

they are a part of as well as individually with regard to trends which may have been occurring 

with the participant demographic variables. 

 

     There is a general trend for the PEU construct that among both genders, the majority of 

responses do indicate “strongly agree” and “agree” (figures 29-31). However, it was noted 

that there was a mild trend which saw female participants responding negatively more often 

than male participants. With regard to YoE there were no obvious trends in statements 1 and 

2 of PEU (figures 32-33). However, there was a slight trend in statement 3 for those with 

more than 10 years of experience to be slightly less in agreement than other categories of 

YoE (figure 34). In terms of age, those in younger age brackets trended towards stating that 

they strongly agreed with each statement in PEU (figures 35-37).  
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Figure 29. This figure shows the responses to I find the innovative counselling tool for 

warfarin easy to use (Q1) being assessed with regard to gender. 

 

 

Figure 30. This figure shows the responses to Learning how to use the innovative counselling 

tool for warfarin is easy for me (Q2) being assessed with regard to gender. 
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Figure 31. This figure shows the responses to It is easy to become skilful at using the 

innovative counselling tool for warfarin (Q3) being assessed with regard to gender. 

 

Figure 32.  This figure shows the responses to I find the innovative counselling tool for 

warfarin easy to use (Q1) being assessed with regard to YoE. 
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Figure 33. This figure shows the responses to Learning how to use the innovative counselling 

tool for warfarin is easy for me (Q2) being assessed with regard to YoE. 

 

Figure 34.  This figure shows the responses to It is easy to become skilful at using the 

innovative counselling tool for warfarin (Q3) being assessed with regard to YoE. 
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Figure 35. This figure shows the responses to I find the innovative counselling tool for 

warfarin easy to use (Q1) being assessed with regard to age. 

 

Figure 36. This figure shows the responses to Learning how to use the innovative counselling 

tool for warfarin is easy for me (Q2) being assessed with regard to age. 
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Figure 37. This figure shows the responses It is easy to become skilful at using the innovative 

counselling tool for warfarin (Q3) being assessed with regard to age. 

     When comparing the PU construct with gender as the comparator, we see that there can be 

noticeable differences among the male and female participants. In statement 4, female 

participants make up the majority of those who responded by answering “neutral” or 

“disagree” (figure 38). However, female participants for this statement also made up the 

majority of those who answered, “strongly agree”. The male population in this statement 

answered “agree” more than the female population for this statement. In statement 5, gender 

differences are also apparent (figure 39). Female participants tended to have a more gradual 

decline in answers compared to males. When examining statement 6 with the comparator of 

gender, differences occur again between male and females. Females have the largest 

proportion of their population indicating “agree”, while the same proportion of both genders 

had indicated “neutral”, “disagree” and “strongly agree” (figure 40). 
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Figure 38.   This figure shows the responses to The innovative counselling tool for warfarin 

would improve my learning (Q4) being assessed with regard to gender. 

 

 
Figure 39. This figure shows the responses to The innovative counselling tool for warfarin 

would improve my education with regard to counselling (Q5) being assessed with regard to 

gender. 
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Figure 40. This figure shows the responses to The innovative counselling tool could make it 

easier to learn to counsel patients (Q6) being assessed with regard to gender. 

 

 

     The general trends for statement 4 when using the comparator of YoE, showed that all 

participant YoE categories had indicated “strongly agree” the highest, with each YoE 

category then gradually declining towards “strongly disagree” (figure 41). The exceptions 

which occurred to this general trend include the equal proportions of those with <5 years of 

experience who indicated “neutral” and “disagree”. Those with >10 years of experience had a 

highest proportion of those indicating “disagree”. Noticeably those in the 5-10 YoE category 

were absent from both the “disagree” and “strongly disagree” groups. The examination of 

statement 5 with the comparator YoE, showed a similar trend to that of statement 4, with the 

largest proportions of results indicating “strongly agree” and then these categories gradually 

reduce in proportions towards the other end of the Likert scale (figure 42). However, 

differences exist in the sense that a higher proportion of those in the <5 years of experience 

indicated “neutral”, while equal proportions indicated “agree” and “disagree”.  The results of 

statement 6 showed that there were differences among the different YoE categories (figure 

43). The general trend of all categories having the highest proportion listed then reducing 

gradually as the Likert scale moves from “strongly agree” to “strongly disagree” does not 

hold entirely in this instance. The < 5 years category in YoE had a comparably larger 

proportion of individuals indicating “disagree” compared to the “neutral” category which 
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preceded it in the Likert scale. However, it is worth mentioning that there also were no 

participants from this category of YoE who indicated a response for “strongly disagree”. 

Another example of a deviation from the overall trend was that participants in the YoE 

category of 5-10 years did not register results as either “neutral” or “strongly disagree”. 

Those in the YoE category of >10 years had the same proportion of participants indicate 

“strongly agree”, “neutral”, “disagree” and “strongly disagree”.    

 

 
Figure 41. This figure shows the responses The innovative counselling tool for warfarin 

would improve my learning (Q4) being assessed with regard to YoE. 
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Figure 42. This figure shows the responses to The innovative counselling tool for warfarin 

would improve my education with regard to counselling (Q5) being assessed with regard to 

YoE. 

 

 

 

Figure 43. This figure shows the responses to The innovative counselling tool could make it 

easier to learn to counsel patients (Q6) being assessed with regard to YoE. 
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     With regard to the PU construct from TAM, age seemed to be a potential factor across all 

statements in this construct (figures 44-46). Despite this all ages seemed to appear in the 

“strongly agree” or “agree” categories across the PU construct. It appeared as though 

advanced age may not always be a factor for a more negative result as the oldest participant 

in the age bracket of 55-59 years indicated “strongly agree” for statements 4 and 5, and 

“agree” for statement 6. However, only one participant made up the sample of participants in 

the age bracket 55-59 and more study would be needed to suggest more accurately the 

responses of those in this age bracket. Older populations with the exception of the 55-59 age 

bracket, as the majority of negative responses were from those aged 35 years and older. 

However, it did appear that age was a factor more generally as those aged 25 years of more 

were more likely to indicate a positive response.  

 

 
Figure 44. This figure shows the responses to The innovative counselling tool for warfarin 

would improve my learning (Q4) being assessed with regard to age. 
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Figure 45. This figure shows the responses to The innovative counselling tool for warfarin 

would improve my education with regard to counselling (Q5) being assessed with regard to 

age. 

 

 
Figure 46. This figure shows the responses to The innovative counselling tool could make it 

easier to learn to counsel patients (Q6) being assessed with regard to age. 

 

     Gender differences for the AT construct showed that female participants tended to have a 

slight trend towards indicating a less positive answer compared to males (figures 47-49). This 
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was a trend that could be observed in each of the three statements of this construct. It was 

also noted that as the YoE of the participants increased there was a tendency to indicate a 

more negative response to the statements asked in this construct (figures 50-52). In terms of 

the age of the participants having an impact on the AT construct, data showed possible trends 

which indicate that as age of participants increase the are responding more negatively to the 

AT construct statements (figures 53-55).  

 

 

Figure 47. This figure shows the responses to Counselling with the innovative counselling 

tool for warfarin is a good idea (Q7) being assessed with regard to gender. 
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Figure 48. This figure shows the responses to I have positive feelings towards the innovative 

counselling tool for warfarin (Q8) being assessed with regard to gender. 

 

 

 

 

Figure 49. This figure shows the responses to Learning to counsel with the innovative 

counselling tool for warfarin is a wise idea (Q9) being assessed with regard to gender. 
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Figure 50. This figure shows the responses to Counselling with the innovative counselling 

tool for warfarin is a good idea (Q7) being assessed with regard to YoE. 

 

 

Figure 51. This figure shows the responses to I have positive feelings towards the innovative 

counselling tool for warfarin (Q8) being assessed with regard to YoE. 
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Figure 52. This figure shows the responses to Learning to counsel with the innovative 

counselling tool for warfarin is a wise idea (Q9) being assessed with regard to YoE. 

 

 

Figure 53. This figure shows the responses to Counselling with the innovative counselling 

tool for warfarin is a good idea (Q7) being assessed with regard to age. 
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Figure 54. This figure shows the responses to I have positive feelings towards the innovative 

counselling tool for warfarin (Q8) being assessed with regard to age. 

 

 

 

Figure 55. This figure shows the responses to Learning to counsel with the innovative 

counselling tool for warfarin is a wise idea (Q9) being assessed with regard to age.  
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     With regard to the BI construct, males tended to have a more positive response than 

females, and females were the only gender to register a response in the “strongly disagree” 

field. This trend for gender was present in both statements 10 and 11 (figures 56-57). When 

considering YoE and statement 10, those with less than 5 years of experience had the highest 

level of response in the “strongly agree” field and also the highest in the “disagree” field 

(figure 58). It was also seen that there was a visible trend for those with 5-10 YoE to be the 

most positive in the sample for statement 10, while it was hard to determine whether those 

with <5 YoE were more negative than those with >10 YoE. For statement 11, both those with 

<5 and 5-10 YoE showed the more positive trend for this data set (figure 59). This is in 

comparison to those with >10 YoE as they seemed the most negative.  In both statements of 

the BI construct, those aged 35-49 seemed the most negative as they were the only categories 

which appeared in both statements under “strongly disagree” (figures 60-61). Interestingly 

those aged 25-29 were far more positive in their responses with regard to statement 11 

compared to statement 10. 

 

 

Figure 56. This figure shows the responses to If I could have access to the innovative 

counselling tool for warfarin, I would use it frequently (Q10) being assessed with regard to 

gender. 
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Figure 57. This figure shows the responses to I would use the innovative counselling tool for 

warfarin heavily when conducting warfarin counselling (Q11) being assessed with regard to 

gender. 

  

 

 
Figure 58. This figure shows the responses to If I could have access to the innovative 

counselling tool for warfarin, I would use it frequently (Q10) being assessed with regard to 

YoE. 
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Figure 59. This figure shows the responses to I would use the innovative counselling tool for 

warfarin heavily when conducting warfarin counselling (Q11) being assessed with regard to 

YoE. 

 

 
Figure 60. This figure shows the responses to If I could have access to the innovative 

counselling tool for warfarin, I would use it frequently (Q10) being assessed with regard to 

age. 
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Figure 61. This figure shows the responses to I would use the innovative counselling tool for 

warfarin heavily when conducting warfarin counselling (Q11) being assessed with regard to 

age. 

 

      General trends for the data in the SE can be seen when split according to responses from 

the pre-test. Gender differences seem to suggest that for the SE construct female participants 

while still showing majority support for positive responses (i.e. “strongly agree” and 

“agree”), seemed to be more inclined to indicate neutral or negative responses as well 

compared to male participants (figures 62-63). Trends also emerged from YoE, as those with 

more experience tended to have a higher likelihood of indicating a neutral or negative 

response compared to those who have less YoE (figures 64-65). Age differences may have 

also impacted as those 34 years and younger were generally indicating their responses in the 

more positive categories for this construct (figures 66-67).  
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Figure 62. This figure shows the responses to I feel confident finding information in the 

innovative counselling tool for warfarin (Q12) being assessed with regard to gender. 

 

 

Figure 63. This figure shows the responses to I have the necessary skills for using the 

innovative counselling tool for warfarin (Q13) being assessed with regard to gender 
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Figure 64. This figure shows the responses to I feel confident finding information in the 

innovative counselling tool for warfarin (Q12) being assessed with regard to YoE. 

 

 

Figure 65. This figure shows the responses to I have the necessary skills for using the 

innovative counselling tool for warfarin (Q13) being assessed with regard to YoE. 
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Figure 66. This figure shows the responses to I feel confident finding information in the 

innovative counselling tool for warfarin (Q12) being assessed with regard to age. 

 

 

Figure 67. This figure shows the responses to I have the necessary skills for using the 

innovative counselling tool for warfarin (Q13) being assessed with regard to age. 

      Typically gender for the SN construct meant there was a visible trend, with both genders 

having a mainly positive majority present which gradually reduced in number towards the 
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less positive aspect of the bar chart (figures 68-70). However, slight differences arose in 

statements 15 and 16. In statement 15 the majority of male participants indicated “neutral” as 

their preferred response, while no negative responses were seen by males in this statement it 

did show a trend away from positive responses. Female participants were also less positive in 

this statement with a larger proportion of female participants indicating “agree” rather than 

“strongly agree”. Female participants were also the only gender with responses in the 

“disagree” and “strongly disagree” categories. Statement 16 showed a clearer trend and 

difference between gender as the majority of male participants chose “strongly agree” as their 

response with a gradual reduction in the proportion of response seen for both “agree” and 

“neutral”. Males in this statement also did not register any response in the “disagree” or 

“strongly disagree” categories. This is in contrast to female participants who in statement 16 

registered a slightly more negative response where the majority of participants registered 

responses in the “agree” and “neutral” categories, as well as having responses although 

appreciably small placed in the “disagree” and “strongly disagree” categories.   

 

 
Figure 68. This figure shows the responses to What the innovative counselling tool stands for 

is important for me as a pharmacist (Q14) being assessed with regard to gender. 
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Figure 69. This figure shows the responses to I like using the innovative counselling tool 

based on the similarity of my values and society values underlying its use (Q15) being 

assessed with regard to gender. 

 

 
Figure 70. This figure shows the responses to The innovative counselling tool for warfarin 

provided a good counselling experience (Q16) being assessed with regard to gender. 
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     There were trends exhibited in the SN construct with regard to YoE, as it was seen that 

generally as YoE progressed the more negative responses were seen from participants 

(figures 71-73). The only exceptions to this general trend seen in this construct occurred in 

statements 15 and 16. In statement 15, those with less than 5 years of experience had the 

highest proportion of responses for the “neutral” category. In contrast, for statement 16 those 

with 5-10 years of experience had the highest proportion of responses for the “agree” 

category. In all statements those with more than 10 years of experience had the highest 

amount of responses for the categories “disagree” and “strongly disagree”. It was shown 

those between 20-29 years of age did not have a response in the “disagree” or “strongly 

disagree” categories in any of the statements contained in the SN construct (figures 74-76). 

Those with more advanced age were more likely to respond “disagree” or “strongly 

disagree”, where as those in younger age categories tended to respond the most positively. An 

exception to this trend was shown in statement 14, where the age bracket 45-49 recorded the 

second highest response in the category “strongly agree”.  

 
Figure 71. This figure shows the responses to What the innovative counselling tool stands for 

is important for me as a pharmacist (Q14) being assessed with regard to YoE. 
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Figure 72. This figure shows the responses to I like using the innovative counselling tool 

based on the similarity of my values and society values underlying its use. (Q15) being 

assessed with regard to YoE. 

 

 
Figure 73. This figure shows the responses to The innovative counselling tool for warfarin 

provided a good counselling experience (Q16) being assessed with regard to YoE. 
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Figure 74. This figure shows the responses to What the innovative counselling tool stands for 

is important for me as a pharmacist (Q14) being assessed with regard to age. 

 

 
Figure 75. This figure shows the responses to I like using the innovative counselling tool 

based on the similarity of my values and society values underlying its use (Q15) being 

assessed with regard to age. 
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Figure 76. This figure shows the responses to The innovative counselling tool for warfarin 

provided a good counselling experience (Q16) being assessed with regard to age. 

 

     There may be a trend present in questions 17 and 18 with female participants. Although 

female participants still had an overall positive response to questions, they also had a higher 

incidence of responding neutral and negative in their response as well (figures 77-78). This 

was especially true for statement 18, while statement 17 did not incur any neutral responses 

from either gender. With regard to YoE, responses, statement 17 from all levels of YoE 

showed a general trend which included a highly positive majority for responses recorded 

followed by a gradual reduction, with only two slight representations present in the 

“disagree” category for both <5 and >10 years of experience (figure 79). Statement 18 

showed some differences between YoE, as those in both the <5 and >10 years categories 

showed to be more negative than the 5-10 YoE category (figure 80). However, the majority 

of responses for all categories in statement 18 for YoE was the “agree” category which in 

itself indicates a trend away from the more positive responses seen in other constructs of 

TAM. In terms of age, there was a slight trend visible in statement 17 where all negative 

responses were from participants over the age of 40, all other categories of age only indicated 

positive responses (figure 81). Statement 18 showed that the most negative participants were 

more likely to be 35 years and over (figure 82).    
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Figure 77. This figure shows the responses to Are you willing to use technology normally? 

(Q17) being assessed with regard to gender.  

 

 
Figure 78. This figure shows the responses to It would be useful to have the innovative 

counselling tool for warfarin in practice? (Q18) being assessed with regard to gender 
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Figure 79. This figure shows the responses to Are you willing to use technology normally? 

(Q17) being assessed with regard to YoE. 

 

 
Figure 80. This figure shows the responses to It would be useful to have the innovative 

counselling tool for warfarin in practice? (Q18) being assessed with regard to YoE. 
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Figure 81. This figure shows the responses to Are you willing to use technology normally? 

(Q17) being assessed with regard to age. 

 

 
Figure 82. This figure shows the responses to It would be useful to have the innovative 

counselling tool for warfarin in practice? (Q18) being assessed with regard to age. 

 

 

     Females seemed slightly more positive overall in statement 19 compared to males (figure 

83). When considering YoE it was observed that those who had less than 5 years of 
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experience or more than 10 years of experience tended to have more negative responses while 

those with 5 to 10 years of experience were primarily positive or neutral (figure 84). With 

regard to age of participants, overall those aged 25-29 years of age were the most positive 

group, while those aged 30-34 were most neutral and those aged 40-44 were most negative 

(figure 85).   

 

 

Figure 83. This figure shows the responses to I have no difficulty in accessing the innovative 

tool for warfarin with the use of the smart glasses. (Q19) being assessed with regard to 

gender. 
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Figure 84. This figure shows the responses to I have no difficulty in accessing the innovative 

tool for warfarin with the use of the smart glasses. (Q19) being assessed with regard to age. 

 

 

 
Figure 85. This figure shows the responses to I have no difficulty in accessing the innovative 

tool for warfarin with the use of the smart glasses. (Q19) being assessed with regard to YoE. 
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     Converse to the trend seen in the results to other post-test data, question 20 seems to show 

that female participants make up the majority of the positive respondents, with male 

participants substantially more “neutral” in their response (figure 86). When considering YoE 

several trends emerge from the data, notably those with less than 5 years of experience 

trended to be positive as did those with more than 10 years of experience (figure 87). 

However, those with 5-10 years of experience trended towards neutral and were slightly more 

negative in their responses compared to other categories. There was no immediately 

observable trend when looking at the data from statement 20 and the age of participants 

(figure 88). 

 
Figure 86.  This figure shows the responses to The head mounted display (HMD) was 

distracting (Q20) being assessed with regard to gender. 
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Figure 87. This figure shows the responses to The head mounted display (HMD) was 

distracting (Q20) being assessed with regard to YoE. 

 

 
Figure 88. This figure shows the responses to The head mounted display (HMD) was 

distracting (Q20) being assessed with regard to age. 

 

    Although there are many visible trends emerging from the data when considering 

demographic variables only one significant result was seen during analysis. The most 
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probable reason may be due to a lack of power as this is an exploratory study, only a small 

pool of participants had been given the opportunity to partake. However, further research 

with a larger sample of participants may give further insight into any differences which may 

affect the result of TAM and therefore acceptance of HMD-AR technology. 

 

 

4.5.2 Analysis of Pre-test Willingness and Usefulness, to Post-test Statements and 

Questions 

 

     In the pre-test component of this study two questions were asked of participants which 

gauged their willingness to use technology normally, as well as their anticipated usefulness of 

the HMD-AR warfarin counselling guide (table 2). These questions were presented in a 

Likert scale like that of the of the post-test statements and questions. A comparison was 

conducted to examine the shift in responses from the pre-test willingness and usefulness to 

that of the responses to post-test statements and questions. Where statistically significant 

results were obtained using Spearman rank analysis and presented. When examining the 

TAM constructs of PEU and PU, certain noticeable correlations had come to light (figures 

89-100). Those who indicated “strongly agree” to the pre-test willingness and usefulness 

questions trended towards “strongly agree” more heavily than any other group for the post-

test PEU statements (figures 89-94).  
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Figure 89. This figure shows the responses to I find the innovative counselling tool for 

warfarin easy to use (Q1) being assessed with regard to pre-test question regarding apparent 

usefulness of the HMD-AR warfarin counselling guide. 

 

 
Figure 90. This figure shows the responses to Learning how to use the innovative counselling 

tool for warfarin is easy for me (Q2) being assessed with regard to pre-test question regarding 

apparent usefulness of the HMD-AR warfarin counselling guide. 
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Figure 91. This figure shows the responses to It is easy to become skilful at using the 

innovative counselling tool for warfarin (Q3) being assessed with regard to pre-test question 

regarding apparent usefulness of the HMD-AR warfarin counselling guide. 

 
Figure 92. This figure shows the responses to I find the innovative counselling tool for 

warfarin easy to use (Q1) being assessed with regard to pre-test question regarding 

willingness to use technology normally. 
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Figure 93. This figure shows the responses to Learning how to use the innovative counselling 

tool for warfarin is easy for me (Q2) being assessed with regard to pre-test question regarding 

willingness to use technology normally. 

 

 
Figure 94. This figure shows the responses to It is easy to become skilful at using the 

innovative counselling tool for warfarin (Q3) being assessed with regard to pre-test question 

regarding willingness to use technology normally. 

When comparing the results of the pre-test question regarding usefulness and the PU 

construct of TAM it was shown that certain trends likely existed. Observing the clustered bar 
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charts from this comparison, a general trend for those who indicated “strongly agree” on the 

pre-test question for usefulness would be more likely to indicate in the statements for the PU 

construct a “strongly agree” response as well (figures 95-97). This effect was also observed 

from those indicating “agree” in the pre-test, however the effect was less observable with 

larger proportions of these individuals also indicating lower on the Likert scale for the PU 

construct. For those who indicated neutral on the pre-test question, their responses on the PU 

construct were spread with proportions even allocated to the “strongly agree” or “agree” 

categories. The participant who indicated “disagree” in the pre-test question was unchanged 

in their response to statements in the PU construct. Statements 4, 5 and 6 all were found to 

have significant results regarding this pre-test question (statement 4 p(38)= 0.398, P= 0.011; 

statement 5 p(38)= 0.338, P= 0.033; statement 6 p(38)= 0.343, P= 0.030). This means that it 

is necessary to reject the null hypothesis and that the PU construct has a positive association 

with the pre-test question regarding usefulness (Appendix C, table 8). 

 

 

 
Figure 95. This figure shows the responses to It is easy to become skilful at using the 

innovative counselling tool for warfarin (Q3) being assessed with regard to pre-test question 

regarding apparent usefulness of the HMD-AR warfarin counselling guide. 

 



 

115 
 

 
Figure 96. This figure shows the responses to It is easy to become skilful at using the 

innovative counselling tool for warfarin (Q3) being assessed with regard to pre-test question 

regarding apparent usefulness of the HMD-AR warfarin counselling guide. 

 
Figure 97. This figure shows the responses to The innovative counselling tool could make it 

easier to learn to counsel patients (Q6) being assessed with regard to pre-test question 

regarding apparent usefulness of the HMD-AR warfarin counselling guide. 

     Regarding the pre-test question for the participants willingness to use technology 

normally, trends were again observable within the PU construct (figures 98-100). The 

participants who answered “strongly agree” in the pre-test were more likely to answer 
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“strongly agree” again in the PU construct. As the remaining participants answered “agree” in 

the pre-test in this case, these participants were also more likely to respond more negatively 

in the PU construct.  However, no significant associations observed in the case for the pre-

test willingness variable and the PU construct (Appendix C, table 8). 

 

 
Figure 98. This figure shows the responses to The innovative counselling tool for warfarin 

would improve my learning (Q4) being assessed with regard to pre-test question regarding 

willingness to use technology normally. 
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Figure 99. This figure shows the responses to The innovative counselling tool for warfarin 

would improve my education with regard to counselling (Q5) being assessed with regard to 

pre-test question regarding willingness to use technology normally. 

 

 
Figure 100 This figure shows the responses to The innovative counselling tool could make it 

easier to learn to counsel patients (Q6) being assessed with regard to pre-test question 

regarding willingness to use technology normally. 
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    When looking at the data from the AT construct being split in terms of responses to the 

pre-test question regarding the usefulness of the HMD-AR warfarin counselling guide, 

possible trends were noticed (figures 101-106). Those who responded with “strongly agree” 

or “agree” were likely to indicate the same in the post-test for the AT construct. Meanwhile 

another possible trend included those indicating “neutral” in the pre-test tended to have a 

more positive result in the AT construct statements. Statement 7 showed a significant result 

with the pre-test question regarding usefulness (p(38)= 0.329, p-value 0.038), as did 

statement 9 (p(38)= 0.371, p-value 0.018). This result indicates it is appropriate to reject the 

null hypothesis and that there is a positive association between these two statements and the 

pre-test question for usefulness. With regard to the participants response to the pre-test 

question regarding their willingness to use technology, those who indicated “strongly agree” 

in the pre-test were slightly less represented indicating this in the post-test statements or the 

AT construct (figures 104-106). Although, this theoretical trend for pre-test willingness was 

not statistically significant (Appendix C, table 8). 

 
Figure 101. This figure shows the responses to Counselling with the innovative counselling 

tool for warfarin is a good idea (Q7) being assessed with regard to pre-test question 

regarding apparent usefulness of the HMD-AR warfarin counselling guide. 
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Figure 102. This figure shows the responses to I have positive feelings towards the 

innovative counselling tool for warfarin (Q8) being assessed with regard to pre-test question 

regarding apparent usefulness of the HMD-AR warfarin counselling guide. 

 
Figure 103.  This figure shows the responses to Learning to counsel with the innovative 

counselling tool for warfarin is a wise idea (Q9) being assessed with regard to pre-test 

question regarding apparent usefulness of the HMD-AR warfarin counselling guide.  
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Figure 104. This figure shows the responses to Counselling with the innovative counselling 

tool for warfarin is a good idea (Q7) being assessed with regard to pre-test question 

regarding willingness to use technology normally. 

 

 
Figure 105. This figure shows the responses to I have positive feelings towards the 

innovative counselling tool for warfarin (Q8) being assessed with regard to pre-test question 

regarding willingness to use technology normally. 
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Figure 106. This figure shows the responses to Learning to counsel with the innovative 

counselling tool for warfarin is a wise idea (Q9) being assessed with regard to pre-test 

question regarding willingness to use technology normally. 

 

     It could be seen that in the BI construct, overall the data had become less positive across 

both the pre-test variables regarding usefulness and willingness (figures 107-110). Responses 

like “neutral”, “disagree” and “strongly disagree” became more prominent for the BI 

construct. Regardless of this visible trend, statement 10 of this construct and the pre-test 

question regarding usefulness there was a significant result reported (p(38)= 0.404, p-value 

0.010). A significant result was also reported for statement 11 regarding the pre-test question 

for usefulness (p(38)= 0.350, p-value 0.027) (Appendix C, table 8).  These two results 

indicate there is a need to reject the null hypothesis and acknowledge that there is a positive 

association between the BI construct and the pre-test question for usefulness.  

 



 

122 
 

 
Figure 107. This figure shows the responses to If I could have access to the innovative 

counselling tool for warfarin, I would use it frequently (Q10) being assessed with regard to 

pre-test question regarding apparent usefulness of the HMD-AR warfarin counselling guide. 

 

 
Figure 108. This figure shows the responses to I would use the innovative counselling tool 

for warfarin heavily when conducting warfarin counselling (Q11) being assessed with regard 

to pre-test question regarding apparent usefulness of the HMD-AR warfarin counselling 

guide. 
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Figure 109. This figure shows the responses to If I could have access to the innovative 

counselling tool for warfarin, I would use it frequently (Q10) being assessed with regard to 

pre-test question regarding willingness to use technology normally. 

 
Figure 110 This figure shows the responses to I would use the innovative counselling tool for 

warfarin heavily when conducting warfarin counselling (Q11) being assessed with regard to 

pre-test question regarding willingness to use technology normally. 

     Similarly, to most other constructs discussed so far, the data for the SE construct split by 

the pre-test questions regarding usefulness of the HMD-AR for warfarin counselling and their 
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willingness to use technology normally showed possible trends. These trends were similar in 

nature to trends observed in other constructs so far, and those who indicated “strongly agree” 

were more likely to indicate so again for this construct while those who indicated less 

positively in the pre-test were also more likely to do so again (figure 111-114). These 

possible trends were observed visually but were however statistically not significant 

(Appendix C, table 8).  

 

 
Figure 111. This figure shows the responses to I feel confident finding information in the 

innovative counselling tool for warfarin (Q12) being assessed with regard to pre-test question 

regarding apparent usefulness of the HMD-AR warfarin counselling guide. 
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Figure 112. This figure shows the responses to I have the necessary skills for using the 

innovative counselling tool for warfarin (Q13) being assessed with regard to pre-test question 

regarding apparent usefulness of the HMD-AR warfarin counselling guide. 

 

 

 
Figure 113. This figure shows the responses to I feel confident finding information in the 

innovative counselling tool for warfarin (Q12) being assessed with regard to pre-test question 

regarding willingness to use technology normally. 
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Figure 114. This figure shows the responses to I have the necessary skills for using the 

innovative counselling tool for warfarin (Q13) being assessed with regard to pre-test question 

regarding willingness to use technology normally. 

 

     There was one major trend in the data for the SN construct when splitting the data, by 

comparing the results to those of the pre-test question regarding usefulness of the HMD-AR 

warfarin counselling guide (figures 115-117). Those who responded positively in the pre-test 

question were more likely again to respond positively. In fact, those who responded “neutral” 

to the pre-test question were also likely to respond positively in the SN construct statements. 

The major exception to this was statement 15, where those who had responded “agree” in the 

pre-test had responded “neutral” to an appreciably high degree and had a relatively small 

proportion of respondents in the “strongly agree” and “agree” fields. It is important to note 

that statement 15 in this regard showed a significant correlation with usefulness when 

examined using Spearman rank (p(38)= 0.379, P= 0.016) (Appendix C, table 8). This result 

indicates that for statement 15 it is appropriate to reject the null hypothesis and that there is 

an association between statement 15 and the pre-test question for usefulness.     
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Figure 115. This figure shows the responses to What the innovative counselling tool stands 

for is important for me as a pharmacist (Q14) being assessed with regard to pre-test question 

regarding apparent usefulness of the HMD-AR warfarin counselling guide. 
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Figure 116. This figure shows the responses to I like using the innovative counselling tool 

based on the similarity of my values and society values underlying its use (Q15) being 

assessed with regard to pre-test question regarding apparent usefulness of the HMD-AR 

warfarin counselling guide. 

 

Figure 117. This figure shows the responses to The innovative counselling tool for warfarin 

provided a good counselling experience (Q16) being assessed with regard to pre-test question 

regarding apparent usefulness of the HMD-AR warfarin counselling guide. 
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     When the SN construct is examined by splitting the data according to the responses of the 

pre-test question regarding willingness to use technology, certain trends emerged from the 

data (figures 118-120). Typically, those who responded “strongly agree” in the pre-test were 

more likely to respond positively to the statements in the SN construct. This was less of a 

noticeable trend for those who had responded “agree” in the pre-test question. An anomaly 

with this trend was statement 15 which showed a higher proportion of those who had 

responded “strongly agree” in the pre-test responding “neutral” in this question. Also, in 

statement 15 less of those who had responded “strongly agree” in the pre-test responded to 

“strongly agree” less so than “agree” in statement 15. However, none of these theoretical 

trends proved to be a significant association (Appendix C, table 8). 

 

 
Figure 118. This figure shows the responses to What the innovative counselling tool stands 

for is important for me as a pharmacist (Q14) being assessed with regard to pre-test question 

regarding willingness to use technology normally. 
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Figure 119. This figure shows the responses to I like using the innovative counselling tool 

based on the similarity of my values and society values underlying its use (Q15) being 

assessed with regard to pre-test question regarding willingness to use technology normally. 

 

 

 
Figure 120. This figure shows the responses to The innovative counselling tool for warfarin 

provided a good counselling experience (Q16) being assessed with regard to pre-test question 

regarding willingness to use technology normally. 
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     Regarding the comparison between the responses from the pre-test question regarding how 

useful participants anticipated the HMD-AR warfarin counselling guide would be and 

question 17, distinct trends were observed (figure 121). Those who had responded “strongly 

agree”, “agree” and “neutral” in the pre-test responded mainly positively in the post-test, 

while the respondent who responded “disagree” in the pre-test question also responded 

“disagree” in question 17. In question 18 it was seen that the responses from the pre-test 

question were mainly spread across each response category (figure 122). An exception to this 

however were those who had responded “strongly agree”, as they mainly responded 

positively to question 18. However, there was no significant association discovered between 

either question 17 or 18, and that of the pre-test question for usefulness (Appendix C, table 

8). 

 

 

Figure 121. This figure shows the responses to Are you willing to use technology normally? 

(Q17) being assessed with regard to pre-test question regarding apparent usefulness of the 

HMD-AR warfarin counselling guide. 
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Figure 122. This figure shows the responses to It would be useful to have the innovative 

counselling tool for warfarin in practice? (Q18) being assessed with regard to pre-test 

question regarding apparent usefulness of the HMD-AR warfarin counselling guide. 

 

      When examining the pre-test responses to the question regarding how willing participants 

were to using technology normally to responses from question 17, distinct trends emerged 

(figure 123). Those who had responded “strongly agree” in the pre-test responded entirely 

positively, while those who responded “agree” in the pre-test were overall positive as well 

but more negative in response compared to those who had preciously responded “strongly 

agree”. This was mainly due to the small amount of responses from the pre-test “agree” group 

who had responded “disagree” to question 17. The trend between question 17 and willingness 

was confirmed with a significant result found when a Spearman rank test was performed 

(p(38)= 0.421, P= 0.007). Correspondingly due the significant result obtained from the 

Spearman rank test indicates it is necessary to reject the null hypothesis and state that there is 

an association between question 17 and the pre-test question for willingness. For the same 

pre-test question, the responses from question 18 also saw the emergence of a visible trend 

(figure 124). The majority of the pre-test response categories were evenly spread across 

question 18, although those who had responded “strongly agree” in the pre-test were more 

likely to respond positively in question 18. However, it should be noted that unlike question 

17, question 18 did not correlate with a statistically significant result when compared to the 

pre-test question regarding willingness (Appendix C, table 8).  
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Figure 123. This figure shows the responses to Are you willing to use technology normally? 

(Q17) being assessed with regard to pre-test question regarding willingness to use technology 

normally. 

Figure 124. This figure shows the responses to It would be useful to have the innovative 

counselling tool for warfarin in practice? (Q18) being assessed with regard to pre-test 

question regarding willingness to use technology normally. 
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     Trends were exhibited by statement 19 when examined against responses from the pre-test 

regarding the pre-test question for usefulness (figure 125). The main trend seen was that 

those who responded “agree” to the pre-test question were also likely to respond “agree” to 

statement 19. There was no discernible correlation seen for statement 19 when compared to 

the pre-test question regarding willingness to use technology normally (figure 126). 

Furthermore, no trends were found to be statistically significant when comparing pre-test 

willingness and usefulness to statement 19 (Appendix C, table 8). 

 

 

Figure 125. This figure shows the responses to I have no difficulty in accessing the 

innovative tool for warfarin with the use of the smart glasses (Q19) being assessed with 

regard to pre-test question regarding apparent usefulness of the HMD-AR warfarin 

counselling guide. 
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Figure 126. This figure shows the responses to I have no difficulty in accessing the 

innovative tool for warfarin with the use of the smart glasses (Q19) being assessed with 

regard to pre-test question regarding willingness to use technology normally. 

 

      When considering the pre-test question responses regarding the question about how 

useful participants would regard the HMD-AR warfarin counselling guide with statement 20, 

certain trends emerged (figure 127). Mainly of those who responded positive to the pre-test 

question also responded positively to statement 20. While those who responded neutrally in 

the pre-test also responded mainly “neutral” in statement 20. When considering the pre-test 

question regarding willingness to use technology normally and statement 20, there was only 

one visible potential trend emerging (figure 128). When considering those who had 

responded to the pre-test question with “agree”, they represented no negative responses at all 

compared to those who indicated “strongly agree in the pre-test question. However, there 

were no statistically significant correlations present regarding statement 20 and either the pre-

test question for usefulness or willingness (Appendix C, table 8).  
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Figure 127. This figure shows the responses to The head mounted display (HMD) was 

distracting (Q20) being assessed with regard to pre-test question regarding apparent 

usefulness of the HMD-AR warfarin counselling guide. 

 

 

 
Figure 128. This figure shows the responses to The head mounted display (HMD) was 

distracting (Q20) being assessed with regard to pre-test question regarding willingness to use 

technology normally. 
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      When considering the importance of PU in TAM, and the highly relatable question of 

perceived usefulness regarding the pre-test question for perceived usefulness of the HMD-AR 

warfarin counselling guide; explanations regarding the interrelatedness of TAM are 

paramount. The fact that the pre-test question regarding usefulness correlated for TAM 

statements whereas the pre-test question for willingness did not is conceivable as TAM has 

less to do with willingness compared to notions of usefulness towards technology. The 

constructs of TAM which had positive correlations towards the pre-test question for 

usefulness were SN, PU, AT and BI. Considering the causal relationships which exist 

between these constructs when looking at an overview of TAM (figure 5), the relationships 

make further sense especially considering the highly positive responses reached in relation to 

TAM constructs from participants. No correlation was shown with SA or SE and this may be 

because of accessibility being affected due to experimental conditions of this study, more 

research would need to be conducted to make any conclusions on the effects of experimental 

conditions to TAM. Surprisingly no association was found between the PEU construct and 

the pre-test question. This may be explainable with other results in mind especially that of 

Q20 from the post-test which asked if the HMD was distracting to which the majority had 

indicated that it was. Further the qualitative feedback obtained from the post-test may also 

indicate reasons as to why prior expectations of usefulness did not correlate with PEU, these 

will be addressed later in this discussion. 

 

    

4.6 Pre- and Post-test Analysis of Willingness and Usefulness 
 

     With regard to the comparison of willingness and usefulness before and after the 

introduction of the HMD-AR warfarin counselling guide to participants a Wilcoxon signed 

rank test was performed. This test was performed due to the need for a non-parametric test as 

the data being dealt with was ordinal in nature. Question 17 of the post-test was compared to 

the pre-test question “How willing are you to use technology normally?”. And question 18 

was compared to the pre-test question “How useful would it be to have the innovative 

counselling tool for warfarin in practice?” (table 2). Both comparisons returned statistically 

significant results, with the question 17 and pre-test question for willingness having a 

significance of 0.025 below the alpha of 0.05 (z-score -2.236). This indicated a reduction in 
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willingness after the intervention of the HMD-AR counselling guide for warfarin. This was 

best shown as the mean rank for the pre-test was originally 7.77 whereas the mean rank for 

question 17 was then reduced to 6.50. This was a similar case for Question 18 and the pre-test 

question for usefulness. The significance level shown was 0.005, below that of the set alpha 

of 0.05 (z-score -2.822). Furthermore, the mean rank for the pre-test question was 15.50 and 

saw a reduction compared to post-test question 18, which had a mean rank score of 13.4. 

Both of the results here indicate that although there was still a willingness to use technology 

among the participants before and after the use of the HMD-AR warfarin counselling guide 

there was a significant reduction in this sentiment post-test. This was further emphasised 

when a Spearman rank analysis showed a significant correlation between question 17 (the 

post-test question for willingness) and the pre-test question for willingness. There was a 

reduction post-test in the sentiment towards the usefulness of the HMD-AR warfarin 

counselling guide, as the participants had higher expectations prior to use compared to after 

use.    

 

 

4.7 Qualitative Feedback, Main Study 

 

     Participants were given the opportunity to give qualitative feedback for the HMD-AR 

warfarin counselling guide in a series of open ended questions located in the pre-test as well 

as at the end of the post-test survey. The responses to these questions were recorded verbatim 

into the qualitative research software Nvivo v10. Using this software as a database for 

participants responses to questions, these responses were examined and placed into major 

categories and then further coded into sub-categories. In all 3 major categories were 

discovered for which the participant responses could be placed into. Each of these major 

categories were then further split into another two sub-categories each, allowing for the 

further differentiation of results (figure 129).  
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Figure 129. This flowchart shows the interrelatedness of the major and minor categories of 

coded qualitative data obtained from recipients. 

 

     The major categories formed after examining the data were, Technology accepting (71 

references), Technology resistant (78 references) and Warfarin (72 references). Responses 

were then placed into these categories depending on their content. The major category 

Technology accepting was further split into the sub-categories Acceptance of content and 

information (38 references) and Acceptance of device (4 references). Information gathered 

from participant responses was then moved into either sub-category where it best fit from the 

major category. The sub-categories for the major category Technology resistant were Dislike 

of content and information (14 references) and Dislike of device (52 references). The major 

category Warfarin was further split into the sub-categories Confident (16 references) and Less 

confident (20 references). If a response did not closely pertain to a sub-category due to the 

vague nature of the response, it remained only within the major category it most closely 

pertained too.  

 

     It was shown that there was a disproportionate amount of responses given to some sub-

categories over others. There was a higher proportion of responses which fell into the sub-

category Acceptance of content and information compared to Acceptance of device. 

Furthermore, there were a higher proportion of responses which fell into Dislike of device 

compared to Dislike of content and information. With regard to the sub-categories for the 
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major category Warfarin, there were a higher proportion of responses registered for Less 

confident compared to Confident. These themes and coded data included in them will then be 

discussed in terms of the constructs of TAM that they relate to. 

 

 

     With regard to the qualitative feedback expressed by participants in this study a great deal 

of it would reflect a number of constructs of TAM. The feedback received with regard to both 

the major categories Technologically accepting and Technologically resistant. These two 

major categories are able to broadly split the feedback from participants into positive and 

negative feedback with regard to the HMD-AR warfarin counselling guide. When subdivided 

these major categories focused specifically on both the information and content of the 

warfarin counselling guide, and the HMD-AR technology used in their production separately. 

Warfarin was another major category used in separating feedback with many of the responses 

in this category gathered from pre-test survey question feedback. This category was then sub-

categorised into both Confident and Less confident. Surprisingly more participants described 

their abilities in a way indicating that they were less confident with regard to warfarin 

counselling. 

 

     There is a clear contrast in the number of responses from participants which reflect poorly 

on the HMD-AR technology compared to the content and information contained within the 

warfarin counselling guide. This is highly evident when considering both major categories in 

this case had similar amounts of total responses. After being further categorised further with 

either Acceptance of content and information, Acceptance of device, Dislike of content and 

information and Dislike of device trends began to emerge. The majority of responses were 

located in the sub-categories of Acceptance of content and information and Dislike of device. 

This pattern was further exemplified with the subcategories Acceptance of device and Dislike 

of content and information, both constituting the least responses. This trend discloses 

immediately that participants take issue with the device a great deal more than they do with 

the content of the HMD-AR counselling guide.  

 

    Some feedback received regarding the major category Technologically accepting showed 

that participants had drawn their own conclusions about the usefulness of the HMD-AR 

warfarin counselling guide as a tool. Participant 1 was quoted as saying “Saving time to look 

for information as well as dealing with patient as we are looking for information”. This quote 
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represents PEU and reinforces the narrative that came through in the TAM assessment where 

PEU garnered an overall positive result. And that it “could improve pharmacist performance 

on being more up to date”, this is representative of the same sentiment formed in TAM for 

PU, where a positive result was largely seen as well. Meanwhile participant 10 was quoted 

“easy/fun/interesting” and that they thought “excellent as training/refresher for patient 

counselling. Probably would not use on a consistent basis. Technology perhaps useful as a 

clinical back up to counselling”. These two quotes represent two elements of TAM closely as 

AT and BI respectively, also reinforcing the positive nature of the TAM result for these 

constructs. The positive qualitative feedback indicates that there is approval of the HMD-AR 

warfarin counselling guide across this cohort of pharmacists.         

 

     When considering the sub-category of Acceptance of device, it was shown that although 

there were many responses that fell into this category, not one referenced the HMD aspect as 

being of benefit. All the positive feedback regarding the device itself mainly focused on the 

AR aspect of the tool and the user interface rather than HMD. An example of such a quote 

comes from participant 20 when they were quoted “virtual checklist which saves time”. The 

sub-category Acceptance of content and information showed a high level of response, but 

these were mainly concentrated on the consistency of counselling steps the HMD-AR 

warfarin counselling guide offered and the ease of use it offered. This is best shown when 

participant 19 was quoted stating “I think it is useful because it is very thorough & 

comprehensive. It is useful for a medicine like warfarin which comes with large risks, I think 

it could be useful for other medicines with large risks with more counselling”.  

 

     The major category Technologically resistant mostly contains coded quotations from 

participants pertaining towards the HMD being distracting, hard to use and concerns of 

patient acceptability.  A particular quote which stood out regarding this was from participant 

14, where they were quoted stating “Setting up and use may be slightly off putting for 

patients particularly the elderly, as they may be distracted by the novelty instead of listening 

to the information. For me making it fit properly was an issue”. There were also some points 

of criticism of the information contained in the counselling guide. An example of this 

sentiment was shown in participant 13 when they “Hopefully a registered pharmacist should 

have this basic knowledge on a medication that has been around for years. If I wore this while 

counselling my patients I feel they would lose confidence in my abilities as a pharmacist. It’s 

pretty much a teleprompter”. Feedback such as these would indicate a shift away from PEU, 
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PU, AT, BI and subsequent actual use. This is consistent to some extent with the feedback for 

TAM as although the majority of the response, there was a sizeable amount of negative 

response for these constructs as well and the feedback seen here is a testament to that 

resistance. 

 

     When the major trend Technologically resistant is sun-categorised into Dislike of content 

and information and Dislike of device trends which were earlier shown and discussed were 

reinforced. Where the majority of feedback was coded into the sub-category of Dislike of 

device compared to Dislike of content and information. This emphasised the lack of regard 

for the HMD compared to the content and information contained in the HMD-AR warfarin 

counselling guide. A good example of a quote representing Dislike of content and 

information is from participant 10, where they are quoted saying “Reformat the design so 

some objects are not directly in the eyeline of the patient (eg. clock). Have all the info on one 

side. Seemed to be quite technical in content but extremely basic towards the end”. A good 

example of Dislike of device can be seen in the feedback from participant 12 was quoted 

stating “Minimise hardware” and when participant 15 was quoted stating “Remove the use of 

the smart glasses and use the underlying program as a PC application that the pharmacist can 

get the patient involved in”. These quotations not only follow the trend seen before where 

there is a significant amount of criticism placed on the HMD compared to the content and 

information of the HMD-AR warfarin counselling guide but also reflect trends seen in TAM. 

This is because many of the issues raised in the feedback have consequences reflective of the 

constructs of TAM, in particular for PEU, PU, AT, BI and actual use of the HMD-AR 

warfarin counselling guide. Where this feedback partially describes the feedback from 

participants when they answered TAM statements and there was some negative feedback 

present, indicating some participants had less actual intention to use the HMD-AR warfarin 

counselling guide in practice if given the chance.  

 

      With regard to the major category Warfarin it was shown that many participants felt less 

confident in their abilities to conduct warfarin counselling. And this may reflect the fact that 

warfarin is a drug that requires significant counselling and patients are normally first given 

warfarin in a hospital setting and many pharmacists practising in the community do not have 

to do this task often. Many pharmacists thought that although they could complete warfarin 

counselling they would need significant use of resources for this reason. An example of the 

sub-category for Confident is when participant 17 stated “Confident, have counselled in 
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hospital”. Whereas an example of Less confident would be when participant 22 stated “Fairly 

confident- feel as though I’d forget some points that would be important to pass onto the 

patient.” These are reasonable considering the lack of warfarin counselling that would occur 

in most pharmacy settings but does open up opportunities to refresh knowledge so that 

pharmacists can be better prepared to conduct this patient service. 

 

 

4.8 Implications of Using Educational Theory Framework  

 

    When an adapted form of the MARE framework was used for the development of the 

HMD-AR warfarin counselling guide, it was for the benefit of potential future application of 

this technology. The primary benefit which could be possible with the use of educational 

theory framework is the potential for health professional education. Although the HMD-AR 

counselling guide was designed as a tool to help pharmacists educate patients during 

counselling, the potential is similar to the use of MARE for GPs and the pharmacists 

themselves could also be educated with its use. This would occur with changes to the frames 

of reference of pharmacists from incorrect or non-optimal frames of reference, which could 

occur as a result of many things including previous incorrect practice (38).  With repeated use 

of the HMD-AR warfarin counselling guide, frames of reference could be shifted to more 

appropriate ones. As stipulated with the original MARE framework, the characteristics of the 

AR technology, learning activities and the learning environment should all be grounded in 

learning theory, located in the foundation level of the framework (figure 4). The learning 

theories deemed applicable to the development of the HMD-AR warfarin counselling guide 

were sourced from both the original MARE framework study, as well as in other literature 

where learning theories had specifically been used in relation to AR. The learning theories 

utilised in the development of the HMD-AR warfarin counselling guide were experiential 

learning, situated learning, transformative learning, CIPT and DCT learning theories. And 

although the development was of the HMD-AR warfarin counselling guide was done so with 

these learning theories in mind further study is needed to see the value in educational terms. 

 

 

4.8.1 Experiential Learning and the HMD-AR Warfarin Counselling Guide 
 

     Pharmacists using the HMD-AR warfarin counselling guide may be able to form 

experiences from which they will learn and adjust their own behaviour towards their role in 
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warfarin counselling (38, 41).  This is because experiential learning allows for freedom of 

independent thinking, and active reflection on experiences to help with decisions in the future 

(38, 41, 42). If a pharmacist had specific attitudes about what might be less important in 

terms of warfarin counselling to a patient, having an experience with a counselling guide 

which reinforces specific points to them may transform these less than optimal attitudes to 

counselling (38, 41). The four steps to experiential learning which include concrete 

experience, observation and reflection, formation of abstract concepts and generalisations, 

and testing in new situations can be applied to a pharmacist using the HMD-AR warfarin 

counselling guide (38, 41). Using the HMD-AR warfarin counselling guide in a counselling 

session would constitute concrete experience, then the pharmacist would be able to 

afterwards observe and reflect on this experience, forming ideas on how this changes their 

practice (38, 41). In the future that pharmacist may have a transformed attitude towards the 

emphasis they place on all steps of warfarin counselling, and their practice may have changed 

as a result of using the HMD-AR warfarin counselling guide (38, 41). If such a process was 

to occur, it would be both continuous and cyclical and would be dependent on the 

pharmacists use of the counselling guide. 

 

 

4.8.2 Situated Learning and the HMD-AR Warfarin Counselling Guide 
 

Counselling a patient is an authentic activity which takes place in the real-world (36, 38, 43, 

44). Due to the HMD-AR warfarin counselling guide being potentially used during 

counselling, this offers a real-world context for pharmacists to educate themselves on 

counselling points which may have been forgotten or overlooked (38, 44). The importance of 

the real-world context for warfarin counselling to occur is stipulated in situated learning as 

learners who interact actively in real-world contexts have their learning impacted on by that 

context (38, 44). The AR technology incorporated into the HMD-AR warfarin counselling 

guide would enable pharmacists to access counselling steps while simultaneously being able 

to interact with the patient. This could potentially be able to facilitate learning for the 

pharmacist by bringing virtual information to the attention of the pharmacist and being 

overlaid on their real-world context. Further research needs to be conducted to study the 

impact of using the HMD-AR warfarin counselling guide in actual warfarin counselling 

scenarios and with real patients before any definitive conclusions can be made regarding its 

potential use as an educational tool. 
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4.8.3 Transformative Learning and the HMD-AR Warfarin Counselling Guide 
 

     Transformative learning may occur with the use of the HMD-AR warfarin counselling 

guide by pharmacists. This would ultimately occur only in those pharmacists with a less than 

ideal habit of mind and subsequent point of view with regard to warfarin counselling (45). 

This is because the HMD-AR warfarin counselling guide offers objective information 

directly presented to the pharmacist during counselling. If the pharmacist has time to reflect 

on their own practice and their points of view, provided the point of view they hold in 

inconsistent with best counselling practice this point of view may be shifted and transformed 

to a more ideal point of view (45, 47). It may be unlikely that the less than ideal point of view 

a pharmacist may have regarding warfarin counselling would extend to a habit of mind, as a 

habit of mind is a deeply entrenched way of thinking (45). However, if this was to occur 

repeated use of the HMD-AR warfarin counselling guide may be sufficient in transforming 

this also (45). 

 

4.8.4 CIPT, DCT and the HMD-AR Warfarin Counselling Guide 

 

     The concept of CIPT or IPT learning theories may provide educational opportunities for 

pharmacists if the HMD-AR warfarin counselling guide was ever used patient counselling. 

Due to associations that form between information that may have been observed in the HMD-

AR warfarin counselling guide and linked to the existing knowledge of the pharmacist, when 

required this added information could then be retrieved and utilised in counselling (49). This 

may be the case if parts of the knowledge of the pharmacist are forgotten over time and then 

revised using the steps from the HMD-AR warfarin counselling guide where links are then 

made with the steps included and existing knowledge (49). With regard to DCT learning 

theories, they have some relatability to CIPT, in how they may help with learning and 

retaining information for pharmacists in this context. 
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     DCT could occur with many of the non-verbal visual representations presented to users of 

the HMD-AR warfarin counselling guide (51, 53). These non-verbal visual representations 

would allow for associations to existing knowledge to be formed and explained to the patient 

with greater meaning (51, 53). For example, there is a graph describing the adverse effects 

consistent with high and low INR included in the steps of the HMD-AR warfarin counselling 

guide (51, 53). This would form referential associations with the knowledge base of 

pharmacists for them to recall information they would already possess and that they would 

then be ready to relay to patients (51, 53). 

 

4.9 Implications of Study Results 
 

      A pharmacist’s role in drug counselling has evolved to the point where patient education 

is paramount, making them a drug information specialist (8). Medications like warfarin 

require intensive patient education due to their complexity and ongoing monitoring that the 

patient needs to be aware of. There can be concerns regarding whether counselling is 

adequately conveyed to patients at all times (9). Numerous factors can influence this 

including age of the pharmacist, any regulations stating minimum requirements for 

counselling and the busy nature of the setting for the counselling (9). Health literacy of the 

patient being counselled may also be a factor, given that up to 60% may have inadequate 

health literacy and that printed patient focused drug information material may exceed that of 

the average patient comprehension (10). Furthermore, directing drug information to 

correspond with patient health literacy levels may improve patient understanding of 

information given to them (12). Comparatively it has been shown that pharmacist drug 

counselling has the potential to be more effective than other forms of education for patients 

(13). The HMD-AR technology utilised in this study could one day be adapted to alter 

information so that it meets the level of the patient being counselled, potentially giving it 

another caveat to help with patient drug information needs. Due to the sheer novelty of this 

technology in pharmacy practice this study only tested acceptance of the HMD-AR warfarin 

counselling guide on a sample of 40 Australian registered pharmacists. Following on from an 

initial pilot study involving 7 academic staff, a proto-type HMD-AR warfarin counselling 

guide was modified according to feedback. The survey consisting of both a pre- and post-test 

was also modified according to feedback and to better reflect the TAM which was emulated 

from a previous study regarding e-learning (6) The HMD-AR warfarin counselling guide was 
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tested using TAM so that perceptions of participants regarding acceptance could be recorded 

and studied (6).  

 

 

     Certain identified factors can affect information given to patients such as the age of the 

pharmacist (9). There had been non-significant trends involved with the age of participants 

who in most cases seemed to be more negative to TAM and the additional post-test 

statements and question with advancing age. This would need to be further studied with 

larger samples in order to see if these theoretical trends present a significant occurrence. 

Technology has been shown to improve the services offered by pharmacists to patients with 

regard to drug information (17, 18). This was documented in two studies where technology 

was used to better utilise pharmacy services to warfarinised patients in rural settings (17, 18). 

Both cases are examples of emergent and disruptive technology being put into practice to 

revolutionise the state of practice being delivered to patients. However, very few studies 

involving the use of technology in pharmacy have gauged the perception of user acceptance 

of that technology, and no studies were found that gauged perception of technology which 

aided in services like counselling. Even though this study is primarily explorative, it is unique 

in its focus on user acceptance of technology.  

 

     Currently both HMD and AR are both in the midst of their Hype Cycle as suggested by 

Gartner (22, 24). However, the utilisation of this type of technology thus fair in health has 

been considerable even though also largely experimental (34, 37, 38, 59). Pharmacy although 

traditionally slow to adapt to change, has incorporated instances of emerging and disruptive 

technology into practice (17, 18, 54, 55). With regard to warfarin, PMACs have been studied 

which have utilised video technology which has enabled the extension of clinical pharmacist 

services to remote areas, reduced counselling time and without any reduction in therapeutic 

benefits for the patients involved (17, 18). However, there was no information found in 

research on the topic of pharmacy utilising HMD. And this study was entirely explorative 

with patient perception still requiring substantial research to gauge acceptability as well, least 

of all effectiveness for the purposes of counselling.  

 

    The use of the HMD-AR warfarin counselling guide in this study also constitutes a 

disruptive form of technology for pharmacy. Not only does it potentially address the 

aforementioned problems regarding patient education, but it may also address issues of 
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pharmacist re-education as well. As pharmacists themselves have identified interactive 

platforms of continual education as a preferred method of continual education (7). It was 

noted in the study which first used MARE that GPs were to use a smart phone application in 

order to educate themselves on the judicious prescribing of antibiotics (38). In a similar way 

it could be postulated that the HMD-AR counselling guide could in fact be educating 

pharmacists themselves regarding a set of steps involved and information required to be 

reiterated to the patient for warfarin counselling. This was also the reason why the MARE 

framework and its heavy use of educational theories had been utilised in the development of 

the HMD-AR warfarin counselling guide (38). 

 

     This study proved it was feasible to construct a counselling tool for warfarin 

encompassing both HMD and AR technology. There was a change in the perceptions of study 

participants as measured statistically in the main study. Several trends emerged from the data 

collected after using the HMD-AR warfarin counselling guide. Perceptions regarding its 

usefulness of the HMD-AR warfarin counselling guide, and their willingness to use 

technology had changed significantly. The results of this study indicate that although there 

was a positive result for all TAM constructs which would indicate good PU, PEU and BI 

there were still issues which ultimately could affect the actual use of the HMD-AR warfarin 

counselling tool. This worked to also help reinforce the hypothesis that acceptance can 

ultimately determine actual use by pharmacist for newer forms of technology. However, 

further study would be required where the use of the HMD-AR counselling guide is extended 

to counselling patients in order to better confirm the hypothesis stated here. These issues 

mainly focused on the invasiveness of the tool, including issues regarding patient perception 

and distraction during counselling. In order for this technology to be widely accepted by both 

healthcare workers and patients alike the invasiveness of the technology would need to be 

minimised. This is to reduce distraction to both the patient and the pharmacist, which was a 

highlighted issue in the qualitative feedback among participants. Feedback from participants 

included concerns they could not see the patient; as well as any potential patient being 

counselled may not be focusing on what is being counselled if they are distracted by the 

HMD being worn by the pharmacist. As technology advances and HMD and AR both reach 

mainstream utilisation, this form of counselling aid might be feasible, not only to warfarin but 

through extension other drugs and pharmaceuticals which require in depth counselling. This 

would entail that the HMD-AR warfarin counselling guide could potentially be used by 

pharmacists for initial warfarin counselling and for when knowledge refreshment is required. 
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This would allow the pharmacist to use their counselling skills to then paraphrase the 

presented information to the patient.  
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Chapter 5 
 

5.1 Conclusion 
 

     This study demonstrated that the HMD-AR warfarin counselling guide which constituted 

both emergent and disruptive technologies which under the experimental conditions showed 

relative acceptance using TAM. In doing so this study investigated all research questions, 

aims and objectives sufficiently. An educational framework was found in the form of MARE 

and adapted for the development of the HMD-AR warfarin counselling guide in this study, 

with the focus on expanding the use of educational learning theory within the developmental 

stages. This was done after a significant literature search in this area which aided the 

development of the initial HMD-AR warfarin counselling guide used in a pilot study 

involving Griffith University School of Pharmacy academic staff. The results of the pilot 

study then aided in the redevelopment of the final HMD-AR warfarin counselling guide used 

in this study. Furthermore, it gave an interesting insight into how pharmacists perceived 

technology aids for use in counselling which fit the description of emerging and disruptive. 

This study provided some insight into the feasibility of the development of a tool which 

combined both HMD and AR for the purpose of warfarin counselling.    

 

     The information gathered had pointed to certain trends which emerged from the data both 

in regard to demographic variables and how they may have affected the outcomes of this 

study. Significant correlations were found between both the pre-test question for usefulness 

and the entire PU construct, statements 8 and 9 of the AT construct, the entire BI construct, 

and statement 15 of the SN construct. This was largely conclusive of the relation of 

usefulness to the different concepts that these constructs represented. As PU relates directly 

to usefulness, the AT construct would also relate to PU in that the attitude shown towards 

technology can directly influence the usefulness of technology. Ultimately all constructs of 

TAM directly relate to BI which in turn will have a direct impact in determining actual use of 

the HMD-AR warfarin counselling guide. This is corresponding to the fact that the BI 

construct showed a significant positive correlation with the pre-test question regarding 

usefulness. However, BI had a marked reduction in the positivity of which participants 

responded compared to other constructs of TAM, indicating that the rate of actual use of this 

device if available to participants would be limited. An understanding of whether the use of 

the HMD-AR warfarin counselling guide was perceived as useful prior to using it and 
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whether its use had changed the participants willingness to use technology generally was also 

assessed. In both cases, although the feedback was optimistic there was a decline in how 

positive participants were after using the HMD-AR warfarin counselling guide. Qualitative 

feedback gathered in this study also provided reasoning behind the majority of the feedback 

from TAM, highlighting both perceived strengths and weaknesses.  

 

    There were limitations to what this study could achieve however, as the sample size of this 

study was to reflect that this was an explorative study and very little if no research was 

completed prior. Considering the volume of registered Australian pharmacists there are 

currently, 40 pharmacists is not enough to make representative conclusions on the acceptance 

of the HMD-AR warfarin counselling guide overall. Further research would need to be 

conducted in order examine acceptance and feasibility. Furthermore, to fully utilise TAM in a 

way that is statistically significant, a far larger sample size would be warranted. Another 

limitation is the selection of pharmacists for this study was conducted in a relatively small 

geolocation of Gold Coast Queensland, expanding this study to pharmacists elsewhere in the 

country and outside metropolitan areas may lead a better scope of study. This coupled with a 

broader means of recruiting pharmacists may provide greater insight, as the vast majority of 

pharmacists were community pharmacists as a result of the recruitment emails being sent to 

publicly listed community pharmacy email addresses. As this study was conducted only 

under experimental conditions and no counselling was provided by the pharmacists on 

patients, future research should incorporate patient acceptance and feasibility as well. 
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APPENDIX A 

 

Pilot Study: 

 

 

Title of Project: 

The Design and Evaluation of an Innovative Head Mounted Display 

Counselling Tool for Warfarin 

Pre-test Survey 

(tick the relevant box corresponding with your answer) 

Gender: 

     Male        Female 

Age: 

       Under 25         26-30 years          31-35 years        over 35 years 

Years of pharmacy experience: 

             <5 Years            5-10 Years             >10 Years 

 

For the following questions indicate on a scale of 1 to 7 with a tick your preferred response. 

 

How willing are you to use technology ordinarily?  

  

Not willing                                                                                              Very willing 

  

 

How useful would it be to have the innovative counselling tool for warfarin in practice? 

 

Not very useful                                                                      Very useful 

 

 

For the following questions you are encouraged to give a detailed answer. 

 

When was the last time you conducted warfarin counselling?  

 

1 2 3 4 5 6 7 

       

1 2 3 4 5 6 7 
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How confident are you in conducting warfarin counselling? 

 

 

 

 

 

 

 

 

 

 

 

What resources have you used in warfarin counselling that you have previously conducted? 
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Post-test 

For the following questions indicate on a scale of 1 to 7 with a tick your preferred response 

 The innovative counselling tool for warfarin showed the information I expected. 

 

Not at all                                                                                    All information was provided     

  

  

 

How easy was the innovative counselling tool for warfarin to use? 

 

Very hard Very easy            

  

  

The innovative counselling tool for warfarin was intuitive to use 

  

Strongly disagree                                                                                                  Strongly agree            

  

 

The innovative counselling tool for warfarin helped me in my decision making 

 

Strongly disagree                                                                          Strongly agree         

  

 

It was easy to learn how to use the innovative counselling tool for warfarin  

        

Strongly disagree                                                                          Strongly agree         

  

  

Was the head mounted display (HMD) distracting? 

 

1 2 3 4 5 6 7 

       

1 2 3 4 5 6 7 

       

1 2 3 4 5 6 7 

       

1 2 3 4 5 6 7 

         

1 2 3 4 5 6 7 

         

1 2 3 4 5 6 7 

         

1 2 3 4 5 6 7 
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 Strongly disagree                                                       Strongly agree         

 

 

 

 

The innovative counselling tool for warfarin provided a good counselling experience 

 

 

 

Strongly disagree                                                                                                                          Strongly agree                     

 

  

I have positive feelings towards the innovative counselling 

tool for warfarin 

 

 

 

Strongly disagree                                Strongly agree 

 

 

 

The innovative counselling tool for warfarin was a good idea 

 

Strongly disagree                              Strongly agree 

   

 

Augmented reality (AR) was very useful during counselling  

                                             

Strongly disagree                       Strongly agree 

                                                                        

                  

 

For the following questions you are encouraged to give a detailed answer 

 

 

 

What do you think the benefits of the innovative counselling tool for warfarin are? 

 

 

 

 

1 2 3 4 5 6 7 

         

1 2 3 4 5 6 7 

         

1 2 3 4 5 6 7 
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What do you think the limitations of the innovative counselling tool for warfarin are? 

 

 

 

 

 

 

 

 

Are there any modifications you would like to see to the tool for improvement? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Why do you feel these modifications would be necessary? 
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What if any were the positive aspects of the tool you would like see retained? 

 

 

 

 

 

 

 

 

 

 

 

What if any were the negative aspects associated with the tool you wold like to see changed or 

removed? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Can you see this technology being used in contexts other than warfarin counselling? 

 

 

 

 

 

Thank you for your help in aiding with this research. 
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Main Study: 

 

Research Ethics reference number: 2016/936 

 

Pre-test Survey  

(tick the relevant box corresponding with your answer) 

 

Gender: 

     Male        Female 

Age: 

       20-24 years      25-29 years        30-34 years       35-39 years 

 

       40-44 years      45-49 years        50-54 years       55-59 years  

       60-64 years      65-69 years        70-74 years       75-79 years 

 

     80-84 years         85+ years  

 

Profession: 

 

        Doctor           Pharmacist        Nurse          Other (e.g. specialist, please specify:                         )  

 

Years of experience in your field of practice: 

      0-4 Years         5-9 Years             10-14 Years        15-19 years       20+ years 

  

For the following questions please tick the most appropriate response. 

 

Are you willing to use technology normally?  

 

Strongly agree   □   Agree   □   Neutral   □   Disagree  □   Strongly disagree  □ 

 

It would be useful to have the innovative counselling tool for warfarin in practice. 

 

Strongly agree   □   Agree   □   Neutral   □   Disagree  □   Strongly disagree  □ 

 

For the following questions you are encouraged to give a detailed answer. 

 

When was the last time you conducted warfarin counselling?  
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Post-test 

 

I find the innovative counselling tool for warfarin easy to use. 

 

Strongly agree   □   Agree   □   Neutral   □   Disagree  □   Strongly disagree  □ 

 

Learning how to use the innovative counselling tool for warfarin is easy for me. 

Strongly agree   □   Agree   □   Neutral   □   Disagree  □   Strongly disagree  □ 

 

It is easy to become skilful at using the innovative counselling tool for warfarin. 

Strongly agree   □   Agree   □   Neutral   □   Disagree  □   Strongly disagree  □ 

 

The innovative counselling tool for warfarin would improve my performance. 

Strongly agree   □   Agree   □   Neutral   □   Disagree  □   Strongly disagree  □ 

 

The innovative counselling tool for warfarin would increase counselling productivity. 

Strongly agree   □   Agree   □   Neutral   □   Disagree  □   Strongly disagree  □ 

 

The innovative counselling tool could make it easier to counsel patients on warfarin. 

Strongly agree   □   Agree   □   Neutral   □   Disagree  □   Strongly disagree  □ 

 

Counselling with the innovative counselling tool for warfarin is a good idea.  

Strongly agree   □   Agree   □   Neutral   □   Disagree  □   Strongly disagree  □ 

 

I have positive feelings towards the innovative counselling tool for warfarin.  

Strongly agree   □   Agree   □   Neutral   □   Disagree  □   Strongly disagree  □ 

 

If I could have access to the innovative counselling tool for warfarin, I would use it frequently. 

Strongly agree   □   Agree   □   Neutral   □   Disagree  □   Strongly disagree  □ 

 

I would use the innovative counselling tool for warfarin heavily when conducting warfarin 

counselling. 

Strongly agree   □   Agree   □   Neutral   □   Disagree  □   Strongly disagree  □ 

 



 

166 
 

I feel confident finding information in the innovative counselling tool for warfarin. 

Strongly agree   □   Agree   □   Neutral   □   Disagree  □   Strongly disagree  □ 

 

I have the necessary skills for using the innovative counselling tool for warfarin. 

Strongly agree   □   Agree   □   Neutral   □   Disagree  □   Strongly disagree  □ 

 

What the innovative counselling tool stands for is important for me as a health professional? 

Strongly agree   □   Agree   □   Neutral   □   Disagree  □   Strongly disagree  □ 

 

I like using the innovative counselling tool based on the similarity of my values and society values 

underlying its use. 

Strongly agree   □   Agree   □   Neutral   □   Disagree  □   Strongly disagree  □ 

 

The head mounted display (HMD) was distracting. 

Strongly agree   □   Agree   □   Neutral   □   Disagree  □   Strongly disagree  □ 

 

The innovative counselling tool for warfarin provided a good counselling experience. 

Strongly agree   □   Agree   □   Neutral   □   Disagree  □   Strongly disagree  □ 

 

Are you willing to use technology normally?  

 

Strongly agree   □   Agree   □   Neutral   □   Disagree  □   Strongly disagree  □ 

 

It would be useful to have the innovative counselling tool for warfarin in practice. 

 

Strongly agree   □   Agree   □   Neutral   □   Disagree  □   Strongly disagree  □ 
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Could you please comment on how this tool could be improved for use? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

What role do you believe this tool, or even other forms of innovative technology could play in terms 

of patient counselling? 
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APPENDIX B  

 

HMD-AR Warfarin Counselling Guide Schematic 

(Disclaimer: Information contained in the HMD-AR warfarin counselling guide is designed for health professionals and is to interpreted to patients.) 
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APPENDIX C 
 

Table 8. Spearman Rank Analysis, Pre- and Post-test 

 Pre-test How Willing Pre-test How Useful AGE Years of Experience Gender 

Correlation -

Coefficient 

Significance 

(two-tailed) 

Correlation -

Coefficient 

Significance 

(two-tailed) 

Correlation -

Coefficient 

Significance 

(two-tailed) 

Correlation -

Coefficient 

Significance 

(two-tailed) 

Correlation -

Coefficient 

Significance 

(two-tailed) 

Q1 0.136 0.402 0.115 0.478 0.052 0.751 -0.086 0.600 -0.058 0.722 

Q2 0.164 0.311 0.045 0.783 0.235 0.144 0.009 0.955 0.016 0.923 

Q3 -0.040 0.805 0.213 0.186 0.148 0.364 0.066 0.684 -0.002 0.988 

Q4 0.101 0.535 .398* 0.011 0.156 0.338 0.049 0.763 0.075 0.647 

Q5 0.033 0.840 .338* 0.033 0.092 0.573 0.032 0.847 0.042 0.797 

Q6 0.056 0.732 .343* 0.030 0.167 0.303 0.200 0.215 0.042 0.796 

Q7 -0.211 0.192 .329* 0.038 0.154 0.344 0.132 0.418 0.185 0.254 

Q8 -0.092 0.570 0.267 0.095 0.065 0.691 0.020 0.901 0.130 0.423 

Q9 -0.077 0.638 .371* 0.018 0.150 0.355 0.075 0.645 0.210 0.193 

Q10 0.068 0.679 .404** 0.010 0.128 0.431 0.140 0.389 0.263 0.101 

Q11 -0.146 0.367 .350* 0.027 0.227 0.158 0.219 0.175 0.254 0.114 

Q12 -0.079 0.630 0.153 0.347 -0.028 0.866 0.004 0.983 0.051 0.756 

Q13 0.068 0.678 0.044 0.786 0.182 0.261 0.157 0.334 -0.060 0.713 

Q14 -0.264 0.100 0.046 0.780 -0.115 0.481 0.008 0.960 -0.034 0.835 

Q15 -0.020 0.901 .379* 0.016 0.121 0.456 -0.022 0.892 0.099 0.545 

Q16 -0.010 0.951 0.147 0.366 0.104 0.524 0.205 0.204 .380* 0.016 

Q17 .421** 0.007 -0.052 0.752 0.088 0.591 -0.005 0.978 0.167 0.303 

Q18 -0.033 0.838 0.277 0.084 0.121 0.458 -0.009 0.954 0.078 0.631 

Q19 0.002 0.988 0.132 0.416 0.116 0.475 0.002 0.989 -0.104 0.525 

Q20 -0.066 0.686 0.072 0.659 -0.087 0.591 0.068 0.679 -0.129 0.428 

 




