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Abstract: 
 

Purpose – This research evaluates factors influencing undergraduate students’ acceptance of a computer-aided 

learning (CAL) resource using the Phantom Omni haptic stylus to enable rotation, touch and kinaesthetic 

feedback, and display of names of three-dimensional (3D) human anatomical structures on a visual display. 

Design/methodology/approach – Software was developed using the software development life cycle, and was 

tested by students enrolled in various bachelor degrees at three stages of development within Technology 

Acceptance Model, action research and design research methodology frameworks, using mixed methods of 

quantitative and qualitative analysis. 

Findings – The learning system was generally well-accepted, with usefulness (72 ± 18, mean ± standard 

deviation, 0-100 visual analogue scale) rated higher (p<0.001) than ease of use (57 ± 22).  Ease of use ratings 

declined across the three versions as modules were added and complexity increased.  Students with prior 

experience with 3D interfaces had higher intention to use the system, and scored higher on identification of 

anatomical structures.  Students with greater kinaesthetic learning preferences tended to rate the system higher.  

Haptic feedback was considered the best aspect of the system but students wanted higher spatial resolution and 

lower response times.  

Originality/value – Previous research relating to haptic devices in medical and health sciences has largely 

focused on advanced trainees learning surgical or procedural skills. The present research suggests that 

incorporating haptic feedback into virtual anatomical models may provide useful multisensory information in 

learning anatomy at the undergraduate level. 
 
 

Keywords: Haptic, force-feedback, kinaesthetic learning, VARK learning styles, human anatomy, undergraduate 

medical students 

 
 

Article Classification: Research article 

 
 
 

 

Introduction  
[The first paragraph of this SMUR version has been deleted, as it has been replaced with 

a rewritten paragraph in the version of record].  

Teaching and learning human gross anatomy may use various resources, including 

lectures, textbooks, atlases, dissection of human cadavers, prosected wet and plastinated 

specimens, three-dimensional (3D) printed specimens based on prosections or medical 

imaging data, plastic anatomical models, living surface anatomy, body painting, radiological 

images, and multimedia on computers, tablets, and mobile devices (Sugand et al., 2010; 

Gaglani and Topol, 2014; Rengier et al., 2010; Lim et al., 2015).  Dissection combines visual 

and touch sensation with auditory sensation through discussion amongst teachers and 

students, and thus engages multiple sensory modalities (Granger, 2004), as do 3D specimens 

and models.  Due to reduced time available for gross anatomy in crowded curricula, medical 

and other health sciences students typically have only limited opportunities to learn from 

cadavers, prosected specimens, and/or 3D physical models (Fitzgerald et al., 2008; Drake et 

al., 2009; Craig et al., 2010; Bouwer et al., 2015). Furthermore, some universities lack access 

to donated cadavers and dissection facilities, or have eliminated dissection due to cost, ethical, 

safety, sociocultural or religious concerns, and potential negative effects on students’ attitudes 

towards future patients (McLachlan et al., 2004; Lim et al., 2015).  In part as a consequence 

of the above issues, as well as to take advantage of the potential of technology to enhance 

learning experiences (Burns, 2013) and to provide greater flexibility in the place and tempo of 

learning (Johnson et al., 2013), computer-aided learning (CAL) resources for anatomy have 

been developed. 

Many CAL resources for anatomy are based upon multimedia design principles and 

cognitive load theory, with non-redundant images, text, and auditory information integrated to 

take advantage of the user’s parallel cognitive processing of visual and auditory information 
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and multisensory learning mechanisms (Clark and Mayer, 2003; Shams and Seitz, 2008; van 

Merrienboer and Sweller, 2010; Ayres, 2015).  Basic e-book versions of traditional anatomy 

textbooks and atlases use static 2D images. In contrast, many CAL resources provide fadable, 

layered 2D images allowing virtual dissection (Saltarelli et al., 2014) and/or rotatable 3D 

images (with or without stereoscopic viewing) (Cornwall and Pollard, 2012; Lewis et al., 

2014b; Temkin et al., 2006; Yammine and Violato, 2015).  A meta-analysis of 36 studies 

found that 3D images are superior to 2D in spatial and factual anatomical knowledge, 

satisfaction and perceived effectiveness (Yammine and Violato, 2015).  Comparing 3D CAL 

resources with dissection has produced mixed results, either similar performance on spatial 

anatomical knowledge (Codd and Choudhury, 2011) or worse performance from 3D CAL 

resources on identification and explanation questions (Saltarelli et al., 2014).  

Haptic feedback includes a combination of somatosensory (touch) sensation mediated by 

tactile receptors in skin, and kinaesthetic sensation, mediated by kinaesthetic receptors in 

muscles, tendons, and joints (Panait et al., 2009).  Physical anatomical models can be 

explored with sight and touch, and improve spatial anatomical understanding more than 

textbooks and CAL resources without haptic feedback (Preece et al., 2013).  Touch and 

kinaesthetic sensation through feeling and manipulating real human tissues is available 

through studying cadavers, prosected specimens, and living human models (McLachlan and 

Patten, 2006; Dev et al., 2002), and is particularly important for surgical and procedural 

training (Dev et al., 2002).  Thus, adding haptic feedback to CAL resources has been an active 

area of research and development for two decades, including for surgical training (Hoffman 

and Vu, 1997; Dev et al., 2002; Panait et al., 2009; Fang et al., 2014; Ruthenbeck and 

Reynolds, 2015; Basdogan et al., 2004; Esteban et al., 2014; Kim et al., 2013; Schvartzman et 

al., 2014; Thomas, 2013; Wu et al., 2014), clinical procedural training (Arevalo et al., 2013), 

palpation training (Howell et al., 2008; Ullrich and Kuhlen, 2012), and anatomical education 

(Dev et al., 2002; Kinnison et al., 2009; Sakellariou et al., 2009; Ingole et al., 2015; Khot et 

al., 2013; Lewis et al., 2014a; Weber et al., 2012).   

Student acceptance of and learning from CAL resources incorporating haptic feedback 

have been evaluated in various contexts.  For example, performance of complex laparoscopic 

surgery tasks is improved by provision of haptic feedback compared to no haptic feedback 

(Panait et al., 2009).  Medical residents rated virtual dissection of a temporal bone simulator 

using a Phantom Omni haptic device similar to plastic models, but lower than cadaveric 

temporal bone dissection (Fang et al., 2014). Students trained only on HapTEL virtual teeth 

performed as well as those trained on traditional manikins with plastic teeth (Arevalo et al., 

2013).  Most first year veterinary students who used a ‘haptic cow’ rectal palpation simulator 

agreed that it was useful for learning the feel and locations of anatomical structures (Kinnison 

et al., 2009).  Post-graduate surgical trainees using a 3D stereoscopic virtual reality system 

with haptic interface (CyberTouch gloves) improved their knowledge of inguinal canal 

anatomy more than the traditional 2D resources group, and rated the system higher on 

engagement, ease of use, and learning spatial relationships (Sakellariou et al., 2009). 

This research article describes the evaluation of a CAL resource with a visual display and 

a Phantom Omni haptic interface for learning human anatomy, designated ‘Learning Anatomy 

with Haptic Feedback System’ (LAHFS), within frameworks of the Technology Acceptance 

Model, action research and design research.  A previous study (Yeom et al., 2013) reported 

preliminary analysis of user acceptance of two versions of the system by students in the 

Bachelor of Computing (BComp) or Bachelor of Medicine / Bachelor of Surgery (MBBS).  

The present study included a third version of the system incorporating a formative quiz for 

rehearsal of knowledge; involved an additional study population of students from several 

Bachelor courses including health sciences and education enrolled in a second-year anatomy 

and physiology unit; and analysed factors influencing user acceptance, including increasing 
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complexity of the system from versions 1 to 3, gender, course/unit of study, prior experience 

with haptic or 3D systems, and preferred learning styles.  Research questions (RQ) of the 

present study were the following: 

 RQ1: What are undergraduate students’ levels of acceptance of LAHFS? 

 RQ2: Which user characteristics influence learning from and acceptance of 

LAHFS? 

 RQ3: Which elements of LAHFS influence user acceptance? 

 

 

Methods  

Research Methodologies 

Action research and design research frameworks, incorporating quantitative survey 

questions and qualitative thematic analysis were used. Action research includes cycles of 

planning, acting, observing, and reflecting (Lingard and Kennedy, 2010).  Similarly, design 

research includes cycles of analysis, design, evaluation and revision to develop a solution for 

a problem in a context (Plomp, 2009).  Initial discussions with an anatomy lecturer and a 

survey of third year medical students explored issues in learning anatomy (Yeom, 2011) and 

informed development of version 1 of the haptic system.  Further development of the haptic 

system through versions 2 and 3 was informed by feedback from an anatomy lecturer and 

undergraduate students in various bachelor degrees (courses, majors) or units (subjects) as 

described below.  

Educational context 

This study was conducted at the University of Tasmania, Australia, as approved by the 

Social Science Human Research Ethics Committee Tasmania Network (reference H0011743), 

and involved undergraduate students in several courses.  The majority of participants were 

Bachelor of Medicine / Bachelor of Surgery (MBBS) students; gross anatomy teaching in this 

course has been described previously (Choi-Lundberg et al., 2015, 2016). Additionally, 

Bachelor of Computing (BComp) students participated in user test 1.  Furthermore, students 

in the second-year unit Anatomy and Physiology 2 (A&P2), which covers several organ 

systems including cardiovascular, respiratory, digestive, urinary and reproductive, 

participated in user test 3.  Students in A&P2 were enrolled in one of several courses 

including Bachelor of Education (Health and Physical Education and Outdoor Education), 

Bachelor of Exercise Science, and Bachelor of Human Movement.   

User tests 

Recruitment of students and testing environments for user tests 1 and 2 were described 

previously (Yeom et al., 2013). For user test 3, students in MBBS year 1 (MBBS1) and A&P2 

were invited to participate via an email or learning management system announcement, along 

with a reminder at the beginning of the practical laboratory class at which the haptic system 

was set up.  The MBBS1 practical was on the basic anatomy of several organ systems, 

including cardiovascular, respiratory, and digestive.  The A&P2 practical was on the urinary 

(renal) system; the cardiovascular, respiratory and digestive systems were covered in 

practicals earlier in the semester.   

In each user test, the student was first given the participant information sheet to read and 

sign.  After a brief explanation and demonstration of LAHFS, the participant was invited to 

try the modules, as described below.  Finally, the participant was given the questionnaire 

(described below). 
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Description of haptic system 

The ‘Learning Anatomy with Haptic Feedback System’ (LAHFS) was built by the first 

author. The Software Development Life Cycle, particularly the waterfall model, was used for 

developing and implementing LAHFS, including identifying system and software 

requirements, preliminary design based on analysis, program design, code and debug, test and 

pre-operations, operations and maintenance, with iterations between successive steps (Davis 

et al., 1988; Royce, 1970; Bassil, 2012). LAHFS provides haptic feedback on selected organs 

and enables the user to rotate and select anatomical structures on a computer screen using the 

Phantom Omni haptic feedback stylus (Yeom et al., 2013). The system was developed with 

Visual Studio 2010 in C++ and OpenGL with OpenHaptic API (Itkowitz et al., 2005).  3D 

images of organs were received from Mark Billinghurst of the HITLab, NZ.  The computer 

system for user test 1 was an Intel ® Core ™ Duo CPU @ 2GHz, RAM 2GB, and for user 

tests 2 and 3 was Intel® Core ™ i7-2600 CPU @ 3.4GHz, RAM 16GB.  Visual data was 

updated at 30Hz and haptic feedback at 1000 Hz as suggested by Coles and colleagues 

(2011). The implementation took account of behavioral rehearsal as an active learning 

technique and its positively moderated relationship to skills (Edmunds et al., 2013).  The 

system implementation was informed by cognitive load theory (Paas et al. 2003), with 

simplification of tasks in learning and self-assessment designed to reduce extraneous 

cognitive load (Young et al., 2014). 

Version 1 of LAHFS had one module, consisting only of the liver and lungs, to provide 

contrasting haptic feedback.  Version 2 of LAHFS had two modules, module 1 from version 

1, and module 2 with heart chambers and blood vessels with 21 labelled structures, with labels 

turned on and off by clicking a button on the haptic device while hovering over a structure 

(Yeom et al., 2013).  Version 3 of LAHFS had three modules, modules 1 and 2 as above with 

four additional blood vessels labelled in module 2, and module 3 consisting of a quiz, with 10 

questions requiring the user to click on a named structure, randomly and without repetition 

selected from the 25 structures of module 2.  The cardiovascular system was chosen for 

modules 2 and 3 to enable MBBS students to gain useful learning aligned to the learning 

objectives of the practical laboratory class at which the user tests were conducted. 

Survey instruments 

The questionnaire in all three user tests included several items using a Visual Analogue 

Scale (VAS) response scale (0 to 100), a few multiple-choice or fill-in-the-blank demographic 

questions, open-response feedback, and, in user test 3 only, Neil Fleming’s VARK (visual, 

aural, read/write, and kinesthetic) learning style questionnaire version 7.2  (Fleming, 1995; 

VARK Learn Limited, 2016).  Demographic questions included age, gender, course/unit of 

study, and previous experience using haptic or 3D interfaces.  Several VAS questions were 

based on the Technology Acceptance Model (TAM), which posits that usage of technology is 

influenced by perceived usefulness and ease of use (Chuttur, 2009; Marangunić and Granić, 

2015; Zacharis, 2012). Although several items are usually used to measure each construct of 

perceived usefulness and ease of use, each has high internal consistency (Legris et al., 2003); 

therefore, in the present study, single survey items were used for these constructs, an approach 

supported by other studies (Jonas and Norman, 2011).   

Survey questions were rephrased slightly across user tests; user test 3 versions (except as 

indicated) were as follows: 

 Were you performing well with the system?   

 Was the system useful for exploring the anatomical region? 

 Was it easy to use the system to explore the anatomical region? 

 Did you get mentally stressed while using the system?  
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 Did you get physically stressed while using the system? 

 Would you use this system as an aid to learning when it is fully developed? (user 

test 2 only) 

 Would you recommend the University use a system based on this one? (user test 3 

only) 

 Was the quiz useful as a check on understanding? (user test 3 only)  

 

 

The user test 3 questionnaire also asked students to rank the following anatomy learning 

sessions or resources from 1=most useful to 8=least useful: lectures/tutorials/practicals (LTP) 

(in-class learning), LTP notes, software, websites, textbooks (including eBooks), atlases, the 

LAHFS tactile (haptic) interface system, and other resources.  For the LAHFS, students were 

instructed to consider its potential usefulness in relation to other resources currently used.  

Open-response items varied across the three user tests.  The first and second user test 

questionnaires simply invited comments.  The third user test survey included specific 

questions: ‘What were the best aspects of the system?’, ‘What aspects of the system were 

most in need of improvements?  What suggestions do you have for improvement?’ and ‘What 

other features would you like to see in the system to aid your learning?’  

Statistical analysis 

IBM SPSS Statistics version 22 and Microsoft Excel for Mac 2011 and PC were used for 

quantitative data analysis.  Bar graphs with error bars show mean and standard deviation.  

Data are summarised as mean ± standard deviation with median in parentheses.  Non-

parametric statistical tests (Mann-Whitney U and Kruskal-Wallis one-way ANOVA followed 

by post-hoc Mann-Whitney U) were used if one or more normality tests (skewness, kurtosis, 

and Shapiro-Wilk tests) were p<0.05 in two or more groups, or if one group had one or more 

normality tests p<0.025; otherwise, parametric tests were used (t-tests and one-way Analysis 

of Variance, ANOVA, with Gabriel’s post-hoc for unequal group sizes or Games-Howell 

post-hoc if the equal variance assumption was violated).  Friedman’s two-way ANOVA by 

ranks with Wilcoxon signed ranked tests for pair-wise comparisons were used to compare 

rankings.  To analyse correlations between variables, standard multiple regression or 

Pearson’s r were used.  

Qualitative analysis 

Replies to open-response questions were independently coded by two of the authors, and 

the qualitative methodology of thematic analysis was used to identify themes (Braun and 

Clarke, 2006).   

 

 

Results 
 

Participants in user tests 

Eighty-nine undergraduate students, including 58 males and 31 females, age 21.0 ± 3.4 

(20) years, participated in user tests 1 (n=18), 2 (n=27), and 3 (n=44).  A total of 59 students 

enrolled in the MBBS course participated, 8 of 230 (3.5%) year 2 and 3 students (MBBS2/3) 

in user test 1, 27 of 115 (23.5%) year 1 students (MBBS1) in user test 2, and 24 of 120 (20%) 

MBBS1 (different cohort) in user tests 3.  Additionally, 10 of 20 (50%) invited students in the 

Bachelor of Computing (BComp) course participated in user test 1, and 20 of 64 (31%) 
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students enrolled in the unit Anatomy and Physiology (A&P2) from a variety of Bachelor 

courses participated in user test 3. 

 

User acceptance of the haptic system 

Across all three versions of the system, users gave generally high ratings (on a 100 point 

scale) to usefulness of the system 72 ± 18 (76), their performance with the system 60 ± 24 

(66), and ease of use 57 ± 22 (60).  Usefulness was rated higher than ease of use (p<0.001).  

Ratings of mental stress 28 ± 25 (21) and physical stress 22 ± 24 (14) were low.  Ratings of 

performance, usefulness, and ease of use strongly positively correlated with each other, but 

correlated weakly to moderately negatively with mental and physical stress.  The two stress 

measures strongly positively correlated with each other (Table 1).  

 

[Table 1]  

Table 1.  Correlations (Pearson’s r) between VAS questions across versions 1, 2, and 3.   
a p<0.001, b p<0.01 

  

 System useful 

System easy to 

use 

Mentally 

stressful 

Physically 

stressful 

Performed well  0.473a 0.596a -0.360a -0.291b 

System useful  0.541a -0.147 -0.130 

System easy to 

use   -0.293b -0.208 

Mentally 

stressful    0.648a 

 

 

 

Intention to use the system 

Users of version 2 indicated that they were likely to use the system when fully 

developed, 74 ± 17 (75); and users of version 3 that they would recommend that the university 

use a system based on the present version, 59 ± 21 (63); neither question was included in user 

test 1.  Although these two questions are different, both are related to intention to use the 

system.  Standard multiple regression of these questions against the five VAS questions above 

yielded an overall strong positive correlation, r=0.652, adjusted r2=0.374, F=8.296, p<0.001.  

Zero-order and part-correlations are shown in Table 2, with ‘system useful’ significantly 

positively correlated with ‘would use/recommend’.  

 

[Table 2.]   

Table 2.  Correlations of intention to use the system with other VAS questions. 

Question Zero-order 

correlation 

Part 

correlation 

p value 

Performed well  0.477 0.174 0.092 

System useful 0.569 0.285 0.007 

System easy to use 0.517 0.181 0.079 

Mentally stressful -0.097 0.056 0.583 

Physically stressful -0.036 0.095 0.353 
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Quiz scores and rating of usefulness of quiz 

Version 3 included a quiz to provide participants the opportunity to rehearse their 

knowledge through identifying anatomical structures.  The usefulness of this quiz was rated 

highly by participants, 77 ± 18 (80).  Participants generally did well on the quiz, 71% ± 26 

(80%).  There were moderate positive correlations between quiz score with rating of 

usefulness of the quiz, r=0.443 (p=0.003), and between quiz score with rating of performance 

with the system, r=0.350 (p=0.021). 

 

Factors influencing user acceptance: complexity of system 

As described in Methods, LAHFS increased in complexity from version 1 to 3, 

particularly from version 1 to 2.  Ratings of performance with the system, usefulness, and 

ease of use tended to decline from versions 1 to 3 (Figure 1).  However, the only statistically 

significant change was for ease of use (median 70, 60, and 55, respectively; Kruskal-Wallis 

one-way ANOVA, H=12.583, p=0.002), with significant differences for version 1 vs 2 

(p=0.026) and 1 vs 3 (p<0.001), but not 2 vs 3 (p=0.227).   

 

  

[Figure 1.]   

Figure 1.  Visual analogue scale (VAS) ratings of system versions (v) 1, 2, and 3.  The data 

from versions 1 and 2 were previously reported in Table 1 of (Yeom et al., 2013).  For this 

paper, the original VAS survey data were reanalysed independently by two authors and the 

average computed, resulting in slightly different values for some questions to those reported 

previously (maximum difference 2%).  

 
 

 

Factors influencing user acceptance: gender 

The only statistically significant difference between genders on VAS questions was 

‘performed well’, with females rating their performance lower than males, 52 ± 26 (55) vs 

65 ± 21 (70), respectively, t-test p=0.017.  Despite this, females indicated they were more 

0

20

40

60

80

100

Performed
Well

System Useful Easy to Use MentalStress PhysicalStress

V
A

S
 r

a
ti

n
g

System v1

System v2

System v3



 10 

likely to use or recommend the system than males, 68 ± 16 (70) vs 61 ± 24 (60), t-test 

p=0.037.  Quiz scores of learning achievement did not differ between females 74% ± 28 

(80%) and males 69% ± 24 (80%).    

 

Factors influencing user acceptance: course/unit of study 

There were no significant differences between BComp (n=10) and MBBS2/3 (n=8) 

students’ VAS question ratings in User test 1.  User test 2 included only MBBS1 students 

(n=25), so comparisons by course/unit were not possible within this user test.  In user test 3, 

MBBS1 students (n=24, a different cohort from user test 2) rated the usefulness of the system 

higher than A&P2 students from various Bachelor’s courses (n=20), 76  ±20 (83) vs 64 ± 17 

(70), respectively, p=0.013; and also rated the usefulness of the quiz higher, 83 ± 15 (85) vs 

70 ± 20 (75), respectively, p=0.012.  MBBS students did better on the quiz than A&P2 

students, 78% ± 23 (80%) vs 63% ± 26 (65%), respectively, p=0.031.    

 

Factors influencing user acceptance: prior experience with haptic or 3D systems 

Most students had no prior experience with haptic systems (n=74), while some had used 

a haptic device on at least one prior occasion (n=15).  There were no significant differences 

on ratings of any of the VAS questions between these two groups, although there was a trend 

for ease of use to be rated higher by those with prior experience with haptic systems than 

those without, 65 ± 22 (64) vs 55 ± 21 (60), respectively, p=0.138. 

Students who had prior experience with 3D interfaces (n=63) were more likely than 

those who had none (n=26) to use or recommend the system, 68 ± 19 (70) vs 56 ± 23 (56), 

respectively, p=0.025.  There were also trends for higher ratings of performance with the 

system 64 ± 23 (70) vs 53 ± 25 (50), p=0.071, and ease of use 59 ±21 (60) vs 52 ± 23 (54), 

p=0.180.  Students with prior experience with 3D interfaces performed better on the quiz than 

those without, 78% ± 21 (80%) vs 59% ± 30 (60%), respectively, p=0.050. 

 

Factors influencing user acceptance: VARK learning styles 

The VARK questionnaire version 7.2 (VARK Learn Ltd. 2016) was administered to 

participants in user test 3.  The percentage of visual (V), aural (A), read/write (R), and 

kinaesthetic (K) options chosen out of the total number of responses selected by each 

participant (n=43 completed questionnaires) were V 23% ± 10 (24%), A 25% ± 12 (24%), R 

22% ± 9 (21%), and K 29% ± 13 (28%).  These percentages are similar to those reported on 

the VARK website, based on 147,362 respondents from September to November 2015: V 

22.0%, A 25.6%, R 23.8%, and K 28.6% (VARK Learn Limited, 2016).   

Correlations of VARK percentages with the VAS questions are shown in Table 3.  

Although none of the correlations were statistically significant, kinaesthetic learning 

preferences weakly positively correlated (r > 0.1) with all VAS questions except for system 

useful. Visual learning preferences weakly positively correlated with system useful and quiz 

useful, while aural and read/write had negative or near-0 correlations with all VAS questions.  

Additionally, only kinaesthetic preferences weakly positively correlated with quiz results.   

 

[Table 3.]   

Table 3.  Correlations (Pearson’s r) of VARK learning style percentages with VAS questions 

and with quiz results.  Correlations r>0.1 are highlighted in green and r<-0.1 in orange. None 

were statistically significant. 
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 Performed 

well 

System 

useful 

Easy to 

use 

Mentally 

stressed 

Physically 

stressed 

Would 

Recommend 

Quiz 

useful 

Quiz 

result 

V % -0.005 0.131 -0.021 -0.098 -0.041 0.018 0.197 -0.107 

A % -0.151 -0.173 -0.115 -0.008 -0.111 -0.163 -0.272 -0.103 

R % -0.123 0.037 -0.005 -0.039 -0.024 0.010 -0.100 -0.015 

K % 0.232 0.027 0.127 0.114 0.149 0.128 0.165 0.194 

 

Ratings of usefulness of anatomy learning resources  

Participants in user test 3 were asked to rank a variety of learning resources and activities 

including the LAHFS on their usefulness for learning anatomy from 1 (most useful) to 8 (least 

useful).  The percentage of students ranking each resource 1st through 7th is shown in Figure 2, 

and the mean and median ranks in Table 4.  Friedman’s two-way analysis of variance 

(ANOVA) by ranks revealed there were significant differences in rankings: X2(7)=105.578, 

p<0.001.  

 

[Table 4.]   

Table 4.  Mean and median rankings of eight anatomy learning resources.  a p<0.001, b p<0.01 

compared to LAHFS. 

Learning resource Mean ± SD (median) 

Lectures, tutorials, and practicals (face-to-face sessions) 2.1 ± 1.6 (1) a 

Lectures, tutorials, and practicals (notes) 2.9 ± 1.6 (3) a 

Textbooks 3.0 ± 1.6 (3) a 

Haptic system (LAHFS) 4.8 ± 1.8 (5) 

Atlases 5.1 ± 2.0 (5) 

Software 5.5 ± 2.1 (5)   

Websites 6.2 ± 1.9 (7) b 

Other 7.5 ± 1.6 (8) a 

 

 

[Figure 2.]   

Figure 2.  Ranking of usefulness of eight anatomy learning resources including the haptic 

system.  Lectures, tutorials, and practicals: face-to-face sessions (LTP F2F), and notes from 

these sessions (LTP notes). 
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Qualitative analysis of open-ended response items  

Questionnaires from user tests 1 and 2 invited participants to comment on the system.  

The user test 3 questionnaire asked about the best aspects of the system, those most in need of 

improvement along with suggestions, and what additional features could aid learning. The 

best aspects of the system included haptic feedback (23 comments), 3D visualisation (19), and 

interactivity (11).  However, the haptic interface was frequently mentioned as needing 

improvement (29), with fewer mentions of visual aspects (4). Comments representative of 

identified themes are shown in Table 5. 

 

[Table 5.]   

Table 5.  Representative open-response comments from participants, sorted by identified 

themes. 

Theme Best Aspect In need of improvement 

Haptic 

feedback / 

interface 

The pressure that was felt when 

pushing in. 

You could feel the difference in 

texture of organs. 

I found it hard to use the pen. 

Getting used to the control of the 

pen was hard. 

Hard to pin point the smaller 

structures 

3D visualisation The 3D-feel of the system/sense of 

space it gave. 

Being able to rotate the organs 

3D glasses 

Improved graphics 

55

16 13
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6 6
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29 32
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Gives detail on where different 

vessels are in regards to one 

another. 

Interactivity The ability to interact and move 

the structures, as well as learn 

their names. 

 

 

 

 

Discussion 
The main finding of this study was that the LAHFS was generally well-accepted by 

undergraduate students of human anatomy, with usefulness of the system rated higher than 

ease of use, and participants experienced generally low levels of stress in using the system.  

Students indicated that they were likely to use or recommend the system, with this intention to 

use correlating more strongly with perceived usefulness than ease of use (Table 2), in line 

with the Technology Acceptance Model in a variety of contexts (Chuttur, 2009; Legris et al., 

2003), although Zacharis (2012) found perceived ease of use was a stronger predictor of 

intention to use than perceived usefulness for podcasts.  Ease of use declined as the 

complexity of the system increased from versions 1 to 3 (Figure 1).  Redesigning the system 

to progressively add anatomical complexity, for example, presenting a smaller number of 

major blood vessels first, checking knowledge acquisition with a quiz, and then displaying 

branches and tributaries of the major blood vessels, may assist learning (Burke, 2013; Young 

et al., 2014).  

A variety of participant factors influenced user acceptance of LAHFS.  Females had 

higher intention to use or recommend the system compared to males, despite rating their 

performance with the system lower.  This gender difference in perceived performance is at 

odds with the neutrality observed by Padilla-Meléndez, del Aguila-Obra and Garrido-Moreno 

(2012), but accords with the findings of Ong and Lai (2006) in respect of females’ lower 

rating of computer self-efficacy in the context of learning. Nevertheless, females rated their 

intention to use or recommend the system higher than males.   In user test 3, MBBS students 

rated the usefulness of the system and quiz higher than A&P2 students, and also performed 

better on the quiz.  This may have been related to the close alignment of the anatomical 

structures depicted in the LAHFS (including from the cardiovascular, respiratory, and 

digestive organ systems) with the learning objectives of the laboratory practical class at which 

the user test was run for the MBBS students, whereas the A&P2 students were studying a 

different organ system (urinary) at their laboratory practical, having studied the other systems 

earlier in the semester.  Students with prior experience with 3D interfaces had higher intention 

to use or to recommend the system, and they also scored higher on the quiz.  This may be due 

to some familiarity with the ability to rotate virtual objects on a computer or screen, as the 

quiz used the same interface as the learning system.  This finding was in contrast to a meta-

analysis which included five studies that reported no difference in anatomical knowledge 

outcomes for groups with different computer or 3D video history or familiarity (Yammine and 

Violato, 2015).  Visuospatial ability was not assessed by a mental rotation test in the present 

study, but Yammine and Violato (2015) found that students with lower spatial ability scored 

lower on spatial anatomical knowledge questions. 

Although there were no statistically significant correlations of VARK learning styles 

(recorded as percentage of V, A, R, or K responses) with ratings of the LAHFS, there was a 

tendency for students with greater K preferences to rate the system higher (Table 3).  
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Providing and recommending a wide variety of learning resources, to suit learners with 

diverse learning preferences, may help students gain a variety of perspectives, integrate 

information from several learning resources, and extend their own learning approaches (Azer 

et al., 2013; Choi-Lundberg et al., 2015).  In the present study, as well as data from over 

140,000 respondents on the VARK website, the kinaesthetic responses are the most frequent 

at 29% compared to 22-26% for V, A, and R (VARK Learn Limited, 2016).  Thus, providing 

a CAL resource with haptic feedback may assist those with kinaesthetic preferences, 

particularly if they do not have frequent access to cadaveric specimens and physical 

anatomical models.   

The LAHFS was ranked 4th out of 8 learning activities and resources for usefulness for 

learning anatomy (Figure 2, Table 4).  This is an impressive result for the LAHFS, given that 

participants used it for only once for 10-15 minutes.  The rank order of other resources were 

similar to rankings in other studies (Choi-Lundberg et al., 2015; Azer and Eizenberg, 2007; 

Kerby et al., 2011; Zurada et al., 2011; Johnson et al., 2013).  To achieve a middle-ranking 

position in such fleeting circumstances implies the LAHFS has the potential to become even 

more highly favoured.  

Many open-response comments identified haptic feedback as the best aspect of the 

system, followed by 3D visualisation and interactivity.  However, the haptic device was also 

mentioned most frequently as needing improvement.  This correlated with quantitative VAS 

responses, with ease of use being rated lower than usefulness.  Difficulty using the haptic 

interface may impede learning if it contributes extraneous cognitive load (van Merrienboer 

and Sweller, 2010).  Students have reported that some technologies make their study more 

complicated because of the time needed to learn to use the technology (McNeill et al., 2011). 

Improved haptic devices, providing a more natural and intuitive interface, would improve 

usability of the system.  

Limitations of the study 

The anatomical models in the LAHFS, including their visual and haptic elements, were 

quite rudimentary, as they were aimed at students in the early stages of learning human 

anatomy.  Low-fidelity simulation is appropriate in learning basic knowledge and skills 

(Alimisis and Zoulias, 2013). For example, a basic ‘haptic cow’ model adapted for first year 

veterinary students was well received and rated as helpful for feeling and visualising key 

aspects of bovine abdominopelvic anatomy (Kinnison et al., 2009). Higher fidelity data, 

including biomechanical properties of living tissues and testing by experienced experts, would 

be required for advanced anatomy learning and surgical simulation (Acosta et al., 2001).   

Students self-selected to participate in the user tests, and thus may not be typical of the 

population of undergraduate students of human anatomy.  Version 1 was tested by only 10 

BComp (who were not studying anatomy) and 8 MBBS students, the latter representing only a 

3.5% response rate.  In contrast, versions 2 and 3 were tested by larger number of students, all 

of whom were studying anatomy, with response rates in the range of 20-31%.  Thus, there 

was likely greater self-selection bias in the first user test, which may confound the 

interpretation that user acceptance, especially ease of use, declined with increasing system 

complexity.   

 The VARK instrument is only one of many to measure learning styles or preferences 

(Coffield et al., 2004); however, it was felt to be germane to the present study, which 

presented information primarily through visual and touch / kinaesthetic senses.  The VARK 

instrument has been found to have adequate validity and reliability (Leite et al., 2009).   

 Learning was only assessed with an immediate post-test, and was also confounded 

with learning from the laboratory practical content for MBBS students.  A pre-test, post-test, 
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delayed post-test design, at a time prior to the students studying the cardiovascular system, 

would better assess learning specifically from the LAHFS.  

Conclusions and future directions 

The LAHFS was generally well-accepted by medical and other students of human 

anatomy, and could serve as an additional learning resource to the suite of resources 

commonly used.  Further development, including an improved haptic interface and addition of 

modules offering more realistic visual and tactile representations of anatomical structures for 

more advanced learners, would likely improve the pedagogical value and acceptance of the 

system for learners at various levels of study.  Comparison of learning from LAHFS to other 

resources in controlled experiments, including the specific role of haptic feedback, as well as 

evaluation in naturalistic teaching settings, are needed to better understand its potential as a 

learning resource for human anatomy. 
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