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T
he evolution of contemporary dental education 

has increased the demand for online learn-

ing materials in institutional virtual learning 

environments (VLEs) and resource-based learning 

resources in areas of innovation, such as advanced 

laboratory simulations and haptics.1 New learning 

tools have raised the need for redesigned syllabi, 

delivery, and assessment. 

Evaluating educational outcomes in traditional 

dentistry courses has utilized well-established quali-
tative and quantitative methods. However, the de-

velopment of research methods for investigating the 
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in dental informatics tools—drive the need for new 

approaches to standardized outcome assessment. A 
rapid decrease in dental specialty instructors and 

basic medical science teachers has increased the need 

for a more eficient and effective model of delivering 
educational materials to students.13 The goals for new 

outcome assessment tools (OATs) are threefold: there 

needs to be validation of the tools, standardization 
of approaches to e-assessment, and demonstration of 

equivalence with guidance for tool development.14 

The objectives of this article are 1) to propose a 

model for outcome assessment for the range of new 

technologies and strategies that support teaching and 

learning that draws from two case-user studies and 

2) to propose a potential method to synthesize these 
assessments into a global assessment strategy for 

curricula. This will form a framework for a broad 

series of experiments in the future.

New Assessment Tools: A 
Theoretical Approach

Authoring tools have already facilitated the 

easy creation of online contents with continuous 

updates. Curricula have been refined according 

to needs of students and teaching staff15 and have 

been customized to be used in local environments. 
An example of integrated tools and e-content is 

the UDENTE system (www.udente.org). Objective 

quantiication methods of student performance from a 
variety of assessments in online environments need to 

be standardized across populations. This could enable 
course designers and international academic boards 

to evaluate and compare results of the outcomes of 

each hub and optimize the eficacy of various online 
teaching methods. 

The beneits and importance of assessment 
have been outlined in the Higher Education Funding 

Council for England (HEFCE) report on enhancing 

learning and teaching through the use of technology.16 

The report indicated that the use of technology leads 

to improvements in learning, teaching, and assess-

ment, which translate into improved satisfaction, 

retention, and achievement. The report further sup-

ported technology-enhanced learning by indicating 

that “enhancing quality of teaching, learning, and 

meeting student expectations are signiicant drivers 
for new technology investment.” 

Technology-enhanced assessment and feed-

back have been found to improve learner engagement 

by greater interaction and feedback.17 The ability to 

beneits and inluence of media in learning has been 
controversial.2 From the earliest days of the twenti-

eth century when the use of pictures in instruction 

was considered time-saving3 to the advent of meta-

analysis, there have been claims and counter claims 

that there are no learning beneits from employing 
any speciic medium to deliver instruction.2,4,5 Clark 

argued that the medium was only a delivery system 

and so had no effect on the learning.2,6 Compounding 

effects such as novelty, costs, and different instruc-

tional methods were considered to invalidate much 

of the traditional design of comparing one medium, 

e.g., television, to traditional teaching.5 The term 

“no signiicant difference” began to take on new 
meaning when it was used by Mielke in 1968 as a 

result of ambiguous data from comparison studies, 

regardless of the media employed.4 The infamous 

Clark vs. Kosma debate6 was waged before the 

affordances of newer technologies were known or 

the sociocognitive inluences on learning became 
well accepted. Friedman in 1994 argued that new 

methods such as feedback and computer-mediated 

communication would add additional dimensions 

to the media that the older style media lacked.7 He 

also described the importance of assessing outcomes, 

rather than comparing media, and considered the 

inluence of the student and integration of multiple 
media. Carter went further in 1996 to state the inlu-

ence of context and the environment on assessment 

methods in an era in which mass communications 

were evolving rapidly.8 

Hence, new assessment tools (e-assessments) 

are now needed in response to new e-teaching/e-

learning systems and tools. Harasim previously 

explored this need, stating that as generic network 

tools have not been designed to support educational 

activities, early attempts to use them failed—thus, 

highlighting the need for models for virtual learn-

ing environments.9 Furthermore, it is important to 

improve students’ learning without increasing the 

workload of staff, and correct learning and assess-

ment tools in online learning become important to 

achieve this goal.10 These new methods should permit 

appropriate comparisons between e-learning and 

traditional teaching methods in terms of achieved 

learning eficacy and educational beneits,11 and they 

must deal with complex online interactions such as 

simulation and 3D environments, which present a 

challenge and are the main reason for rethinking 

outcome assessments.1,12 

Several educational transitions that are occur-

ring simultaneously—for example, a rapid expansion 
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reined methods of assessment that support online 
learning, it is necessary to design assessments that 

are consistent with the oral health competencies that 

students are expected to achieve.23-25 Tools utilized 
for scientiic courses can be extrapolated into oral 
health education as assessment tools that highlight 

the possibility of tools aiding instructors in provid-

ing feedback to students from multiple-choice tests, 

in which little input from the instructor is needed, to 

systems designed to alert the instructor if an interac-

tion with a student is recorded.3 

This article examines one approach to utilizing 
Entwistle’s factors affecting quality of learning. His 

low diagram (Figure 1) breaks down the components 
contributing to the learning process in terms of the 

inluences of the student (orange boxes), the teacher 
(blue boxes), and the institution (yellow boxes).26,27 

This diagram is an adapted version of the enhancing 

teaching and learning environments project model. It 

gives us a clearer view of the interrelationships and 

inluences that may impact the quality of student 
learning by combining students’ characteristics and 

relationships with their previous knowledge and 

learning environment.26 This model also helps us 

distinguish between the content of the course and 

the teaching and learning environment and enables 

measures to be identiied for evaluation of each of 
the inluencing factors. Other authors have justiied 
the use of other models for the assessment of online 

learning. For example, Crippen suggested the use of 

the Stiggins model, which links assessment alterna-

tives to achievement targets;10 however, this model 

does not take into account students’ preferences in 

learning and previous knowledge and environments 

as the Entwistle model does. 

Traditional dental education is being chal-

lenged by major curricular innovations such as Uni-

versal Dental E-Learning (UDENTE),11 previously 

International Virtual Dental School (IVIDENT), and 

Haptics in Technology Enhanced Learning (HapTEL; 

www.haptel.kcl.ac.uk). IVIDENT, developed as a 

lexible curriculum platform to meet the educational 
needs of net generation students, was launched by 

King’s College London Dental Institute, one of 

the largest dental schools in Europe. Supported by 

United Kingdom government funding, UDENTE 

provides innovative approaches to the delivery of 

all aspects of dental education. An earlier example 

of a virtual learning environment is the Virtual-U, a 

system designed to encourage adoption of collab-

orative learning approaches and the development 

of tools to meet needs of instructors and students.2 

capture a wide range of assessments online includ-

ing a new approach using peer review or serious 

games, for instance, assists the transformation from 

a summative assessment-based curriculum to a more 

formative approach.18 Such evidence is accessible 

and can inform curriculum delivery and design.16 

Outcome assessment will ensure that quality pro-

grams are delivered and student expectations are met. 

The HEFCE report also pointed out that e-assessment 

for learning has immediate beneit not only for stu-

dents and tutors, but that “e-assessment offers tools 

for awarding bodies, developers, and staff. This in 

turn enhances the process of reporting, storing, and 

transferring data associated with public and internal 

assessments.”16

That same report suggested a development 

framework for institutions, indicating as strategic 

priorities the effective management, continuous 

improvement, and enhancement of learning systems, 

resources, environment, quality of processes, and 

teacher workforce development. These can only be 

achieved through access to the full range of learn-

ing and support tools with networks to allow for a 

comprehensive cycle of design, teaching, learning, 

outcome assessment, and redesign of programs and 

curricula. The development goal stated in the report 

was that “institutions should have effective mecha-

nisms for evaluating learners’ experiences of learn-

ing, including learning with technology.”16

This topic has been further explored by Cox 

et al.,19 who deined types of computer-assisted as-

sessment. These authors presented the advantages of 

new methods for formative and summative assess-

ments and the application of information and com-

munications technology to support these processes. 

However, they were aware of the disadvantages of 

computer-supported assessments, such as the time it 

takes for development of the tools, data protection, 

and stress on learners who are not familiar with the 

use of software. These authors also underlined the 

importance of human interaction, especially in re-

solving plagiarism issues.

Online assessment or e-assessment has been 

built on traditional assessment techniques and 

provides new and novel assessment methods for 

learning, although the full range of innovative as-

sessment methods needed remains to be designed 

and validated. Recent innovative methods to assess 

students’ learning in VLE have been drawn from au-

thentic, real-life practices,20-22 behaviors, and thinking 

that students will be required to emulate as profes-

sionals. In addition to providing newer and more 
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Figure 1. Factors affecting learning experience 

Source: Figure adapted from Entwistle N. Teaching and learning in diverse university settings: analytic frameworks for integrating dif-
ferent data sources. Paper presented at Fifth Annual Conference on Teaching and Learning Research Program, November 22-24, 2004, 
Cardiff, Wales.



568 Journal of Dental Education ■ Volume 77, Number 5

system, functional components, and assessment were 

tested with pre- and post-course learning question-

naires, staff interviews, and collection of data from 

interaction with the environment.28

The HapTEL project is an example of new 

assessment strategies that are part of an evaluation 

framework for the future.29 The components of the 

HapTEL evaluation strategy (summarized in Figure 
2) point to the extensive number of considerations in 

any comprehensive assessment strategy. This includes 

a three-strand approach evaluating the technical, cur-

ricular, and educational aspects of the project, with 

the range of measures employed. Table 1 shows the 

methodology used for the combinational assessment 

measures in the HapTEL project. Table 2 describes 

four types of assessment (cognitive, affective, psy-

chomotor, and combination) and the comparison 

of traditional assessment and e-assessment.30 The 

e-assessment techniques have not only built on tra-

ditional assessment techniques but also provide new 

methods of assessing student learning. Collection of 

quantitative data for the HapTEL project included an 

Information and Communication Technology (ICT)  

questionnaire and the ARCO Spatial Relations test. 

These were applied to measure students’ attitudes, 

learner-computer interaction, cognition, and learn-

ing and psychomotor skills. Comparisons were also 

made between cavity preparation in a plastic tooth and 

virtual tooth in two groups: manikin and HapTEL.

Objective 2 
The provision of an overall e-curriculum as-

sessment combines and integrates the Entwistle 

factors in a proposed mathematical model. There are 

several layers to this process. The irst is to test the 
individual components in pilot studies at appropri-

ate sampling levels. A minimum sample size (e.g., 
power analysis) to achieve a desired level of statisti-

cal power with a given model prior to data collection 

and the sample size calculation will be affected by 
the normality of the data obtained. The generally ac-

cepted rule is that a Structural Equation Model (SEM) 

requires ten participants for every free parameter 

estimated and that, for non-normally distributed data, 

this number should be increased to about ifteen.31,32 

To measure eight parameters, therefore, a sample 

size of eighty to 120 should be required. With 180 
students in each undergraduate year, the numbers are 

adequate. Nevertheless, a power calculation will be 

provided with the analysis, based on the approach 

described by MacCallum et al.,33 using the root mean 

This system provides new research and assessment 

tools to provide instructors with a monitoring system 

for participation, contribution, and performance of 

students in their courses, as well as the students’ in-

teraction with the system—thus presenting real-time 

information, which is an advantage when compared 

with traditional monitoring methods.2 HapTEL fo-

cuses on design, development, and evaluation of a 

virtual learning system that will be able to incorporate 

haptics, the study of human touch and interaction 

with the external environment via touch and synthetic 

devices. Preclinical dental students have tradition-

ally learned tooth preparation and restoration skills 

on manikins with plastic teeth. Those teeth, unlike 

haptics, can only be used once, are expensive, and do 

not record or replay the procedure. Virtual learning 

systems must be reliable and cost-effective, must 

ensure quality of learning, and, as in a physical set-up, 

must continue to ensure patient safety. The HapTEL 

project is part of the Technology-Enhanced Learning 

Programme (www.tlrp.org/tel) jointly funded by the 

UK Economic and Social Research Council and the 

UK Engineering and Physical Sciences Research 

Council. Assessing educational outcomes within 

such innovative online learning environments, as 

presented at the International Meeting on Method-

ological Issues in Oral Health Research, concluded 

that “new methods of outcome assessments need to 

be developed to evaluate future teaching strategies 

and student attainment.”14

Methods 

Objective 1
The global assessment model chosen for devel-

oping the foundation for a qualitative analysis was 

based on the Entwistle learning theory26,27 (Figure 1). 

It is an analytic framework for students’ learning ex-

periences. The Entwistle theory from 2004 consists of 

the following factors: 1) student entry characteristics, 

2) student conceptions of learning, 3) student attitudes 

and perceptions; 4) quality of learning as rated by 

instructors; 5) course construction to achieve learning; 

6) instructor excellence of knowledge and presenta-

tion; and 7) environmental inluences of institution.
In the UDENTE project, evaluation of the 

learning environment was carried out in seven pilot 

projects across the globe. Austria, Germany, Italy, 

Malaysia, Malta, Norway, and the United Kingdom 

participated in this evaluation. Technical access to the 
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Figure 2. A framework of student conditioning to students’ perceptions about their learning environment

Note: Some measures are duplicated in the framework because they may yield further relevant data. 
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2). The following series of outcome assessment ap-

proaches are proposed.

The irst factor in the lowchart (Figure 1) 
describes the student’s entry characteristics, in 

which previous knowledge, self-conidence abili-
ties, motives, and orientations are assessed. These 

characteristics are of two types: a) entry-to-training 

characteristics and b) entry-to-study characteristics. 

The entry-to-training characteristics of students refer 

to A-levels, CAT (Clinical Aptitude Tests), Canadian 

Dental Aptitude Tests (DAT) scores, dexterity skill 

tests such as soap or chalk carvings (Canadian), pre-

vious degree, and memberships in any professional 

groups. The second factor refers to the student’s con-

ceptions of learning and approaches to study. These 

can be assessed by a Learning Styles Questionnaire 

(Kolb’s34) and experience of ICT, assessed with an 

ICT aptitudes questionnaire. Data in this stage can 

be collated automatically on students’ proiles and 
pathways that track student use of a VLE. The third 

factor consists of the student’s attitudes and percep-

tions of the teaching-learning environment, including 

beliefs about learning.35 Evidence collected using 

questionnaires and interviews is based on students’ 

perceptions of the environment (by interviews with 

learners); opinions about their learning; attitude 

towards their peers; perceived behavioral control 

square error of approximation. In addition a general 

linear model is proposed that considers potential 

interaction effects for the Entwistle factors. 

Two principal desired outcomes have driven 

the evaluation framework quality of learning and 

students’ satisfaction with the teaching-learning en-

vironment. A structural equation modelling approach 

is proposed for the two learning environments (online 

and traditional) that will help to develop a theoretical 

model for a global strategy. The method allows an 

evaluation of the interaction of lecturer-student and 

student-student attributes with the type of learning 

environment.

A third consideration is the relative weighting 

of the factors. A series of student and faculty focus 

groups will be considered to determine what factors 

deserve more weight. This same process also needs to 

take into account the potential limitations of certain 

educational processes and the overall impact on the 

e-assessment outcome.

Results

Objective 1
A number of assessment measures can be 

tabulated according to Entwistle’s framework (Table 

Table 1. Examples of use of combinational assessment measures in the HapTEL project 

Activities/Groups
Traditional Phantom Head Session:  

Plastic Teeth Control Group
HapTEL Session:  

Virtual Teeth Experimental Group

Pre- and post-test data Attitude towards ICT and new technologies survey: spatial reasoning, 3-D perceptions, 
and psychometric skills (fine motor, gross motor, and hand-eye coordination)

Student worksheet focused on Cavity preparation

Post questionnaire (retrospective)

Characteristics of the plastic models

Cavity preparation

Introspective and retrospective (paired 
observations)

Characteristics of the VR models

Features of the system

Configuration of the hardware

Videos Videos of selected pairs of students

Practical task Plastic teeth preparation: tasks 1, 2, 3

Post task assessment cavity preparation  
using plastic teeth

Virtual haptic teeth preparation: tasks  
1, 2, 3

Post task assessment cavity preparation  
using plastic teeth

Evaluation Post cavity preparation questionnaire comparing opinions on task completions between 
haptics and phantom

Tutors’ assessment on post cavity preparations

Students’ self-assessment on post cavity preparations

Researchers’ and tutors’ observations
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dents to cut a virtual cavity (the use of Voxals allows 

the assessment of amount of “good” tooth vs. “bad” 

tooth that has been cut via percentage scores); 3D 

imaging of preparation; and manual dexterity skills. 

This is a baseline and end-of-study assessment to af-

ford a measure of value-added in the skills acquired.

The ifth factor in the lowchart is how course 
content is selected, organized, presented, and as-

sessed. Whereas factors 1-3 canvassed students’ 

expectations of learning, here it is necessary to review 

the Teaching Quality Assurance institutional docu-

mentation on production and evaluation of learning 

materials and policies and procedures in the univer-

sity, school, and local departments. Evaluation of the 

design and implementation of the teaching-learning 

environment was based on the narrative analysis of 

in-depth interviews with teaching staff, peer assess-

(perceived ability to perform a particular behavior); 

subjective norm (individual’s perceptions of social 

beliefs that a behavior will or will not be performed); 

and perceived intentions and expectations from the 

learning environment or course. The irst item can 
be assessed by interview, and the others by a student 

attitude test in the form of an ICT questionnaire 

(semantic differential [a scaling tool] and a question-

naire based on Theory of Planned Behavior)35 before 

and after the students’ experience with any online 

learning tools, e.g., the haptic devices (Table 3).

The fourth factor refers to the quality of learn-

ing achieved as rated by the tutors and demonstrators. 

This involves assessment of 3D perception through 

the object assembly task from the Wechsler Adult In-

telligence Scale-Revised (WAIS-R); assessment of the 

accuracy of cavity preparation scored by asking stu-

Table 2. Comparison of traditional and online student learning assessment strategies

Assessment Types/Levels Traditional Assessment Techniques Online Assessment Techniques

1. Cognitive 

฀ Knowledge฀and฀comprehension฀ •฀Multiple-choice฀items฀ •฀Multiple-choice฀items
฀ ฀ ฀ ฀ •฀Crossword฀puzzles
฀ ฀ ฀ ฀ •฀Word฀searches
฀ ฀ ฀ ฀ •฀Other฀online฀games
฀ ฀ ฀ ฀ •฀Identiication฀of฀anatomy฀and฀functions
฀ Application฀ •฀Case-based฀multiple-choice฀items฀ •฀Case-based฀multiple-choice฀items
฀ ฀ ฀ ฀ •฀Transfer฀cognitive฀learning฀to฀simulated 
     environments

฀ Analysis฀ •฀Short฀answer฀ •฀Short฀answer
฀ ฀ •฀Structured฀essay฀ •฀Structured฀essay
฀ ฀ ฀ ฀ •฀Take฀anatomical฀items฀apart฀and฀place 
฀ ฀ ฀ ฀ ฀ back฀in฀correct฀placement฀(puzzles)
฀ Synthesis฀ •฀Short฀answer฀฀ •฀Short฀answer
฀ ฀ •฀Structured฀essay฀ •฀Structured฀essay
฀ ฀ ฀ ฀ •฀Applying฀cognitive฀learning฀to฀novel฀ 
     simulation
฀ ฀ ฀ ฀ •฀Virtual-reality:฀computer-based฀clinical฀ 
     scenarios

฀ Evaluation฀ •฀Short฀answer฀ •฀Short฀answer
฀ ฀ •฀Structured฀essay฀ •฀Structured฀essay

2.฀ Affective฀ •฀Patient-student฀communication฀survey฀ •฀Virtual฀reality:฀computer-based฀clinical
฀ ฀ •฀Assessment฀by฀observation฀฀ ฀ scenarios
฀ ฀ •฀Standardized฀patients฀ •฀Structured฀collaborative฀problem-solving
฀ ฀ •฀Short฀answer฀ ฀ tasks
฀ ฀ •฀Structured฀essay฀

3.฀ Psychomotor฀ •฀Clinical฀competency฀exams฀ •฀Simulation฀with฀grades
฀ ฀ •฀OSCE฀ •฀Video฀analysis
฀ ฀ •฀Triple฀jump฀exercise฀(PBL)฀ •฀Haptics
฀ ฀ •฀Use฀of฀simulation฀manikins฀

4.฀ Combination฀of฀all฀three฀ •฀Record฀review฀฀ •฀Online฀learning฀portfolios
฀ ฀ •฀Learning฀portfolios฀ •฀Videoconferencing
฀ ฀ •฀Viva฀voce฀

Source: Adapted with permission from Schönwetter DJ, Reynolds PA, Eaton KA, de Vries J. Online learning in dentistry: an overview of 
the future direction for dental education. J Oral Rehabil 2010;37:927-40.
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ing and learning using Entwistle’s framework. First, 

to capture the perceptions of the teaching-learning 

environment, we employed students’ attitude tests 

to measure opinions about their learning, attitude 

towards their peers, perceived behavioral control, 

subjective norm, and behavioral intentions. The 

teaching and learning strategies were measured 

through observation and video recordings of 

student-tutor-ICT strategies and interactions, the 

development of a comprehensive taxonomy of the 

features of haptic devices and online feedback and 

how they contributed to students’ learning, and the 

application and development of theories relating to 

factors that impact upon student learning in a TEL 

environment. These were used to evaluate students’ 

3D perceptions, levels of immersion in the virtual 

environment, development of clinical concepts and 

skills, human-computer interactions, impact of the 

situational context, and institutionalization of TEL 
into dental education programs.39,40 

The clinicians focus group’s assessment ob-

jectives were used to conduct initial requirements 

and analysis of skills and concepts to be taught in 

order to identify research methods for measuring the 

impact of haptics on dental students’ learning and 

to identify theories to provide foundations for the 

methods. The methods used were literature review 

of TEL research, methods, and theories; focus group 

discussions amongst clinicians; questionnaire and 

interviews with clinicians; and developing a tax-

onomy of skills and concepts. The technical strand 

evaluation stages, from rudimentary models of oral 

cavity, established the interfaces for the teaching sta-

tion and online screen displays to then either modify 

and develop teaching-related activities or develop 

simulations for dental cuts and tools. The curriculum 

and content strand evaluation stages included the 

identiication of the course components to include 
haptics and developing a taxonomy of concepts and 

skills in existing courses. The content for online 

simulations is then developed and expanded, with 

collection and analysis of audiovisual recordings or 

training episodes followed by the categorization of 
components. There has been a change in the curricu-

lum from Year 2 to Year 1, so that all students were 

being taught the same procedures at the same time, 

making it easier to replace current manikin practices 

with the haptics system. 

After comparing the results in the two groups 

(Manikin and HapTEL) groups, we observed signii-

cant results and advantages for the HapTEL method. 

First, the HapTEL group students were provided 

ments, student course, and instructor evaluations 

including Student’s Evaluation of Educational Qual-

ity (SEEQ),36 video observations, and focus groups. 

Although the process of evaluation of this factor is 

purely qualitative, the inal outcome can be provided 
in the form of an ordinal variable that numerically 

indicates the overall quality level of the course. The 

inluences of academic community and validating 
bodies were evaluated through in-depth interviews 

with teaching staff and review of documentation and 

from information arising from other TEL projects.

Another factor affecting learning experience 

is the university teacher’s subject knowledge and 

pedagogical beliefs, and this can be evaluated with 

in-depth interviews with teaching staff, video obser-

vations, and completion of a questionnaire to assess 

their pedagogical beliefs based on Bloom’s and Shul-

man’s taxonomies.37,38 The inal factor outlined by 
Entwistle26,27 consists of the inluences of department, 
school, and institution, which are again assessed 

through in-depth interviews with teaching staff and 

through the review of documentation as above.

Relevance to HapTEL project. The assess-

ment of modalities used to evaluate innovative TEL 

tools its into a three-stranded approach: technical, 
curriculum, and educational. These overlapping 

strands evaluate the impact of TEL devices on teach-

Table 3. Elaboration of student attitudinal question-
naires

The questionnaires were developed from behavioral pre-
diction฀models฀(Theory฀of฀Planned฀Behavior,฀Technology฀
Acceptance฀Model,฀and฀motivational฀models).฀The฀items฀
used were taken from existing scales in these models that 
measure the following constructs:

฀ •฀ Attitude
฀ •฀ Perceived฀behavioral฀control
฀ •฀ Subjective฀norms
฀ •฀ Self-eficacy
฀ •฀ Perceived฀usefulness
฀ •฀ Perceived฀ease฀of฀use
฀ •฀ System฀quality
฀ •฀ Task฀cost฀value
฀ •฀ Mastery฀goals
฀ •฀ Cognitive฀absorption
฀ •฀ Emotion
฀ •฀ Interest
฀ •฀ Satisfaction
฀ •฀ Intention

The aim of the questionnaires was to see which fac-
tors affect student satisfaction with simulators and their 
subsequent intention to use them. This was achieved by 
conducting structural equation modelling.
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learning environment is central and depends on in-

stitutional and lecturer factors. However, their own 

learning styles, beliefs, and experience of learning 

online need to be considered. The proposed math-

ematical model, with layering in terms of sample 

size and a power analysis, a linear construct of the 
Entwistle factors, and the relative weighting of fac-

tors need to be further developed.

Discussion and Conclusion
Assessments of HapTEL include the develop-

ment of 3D conceptual understanding and manipula-

tive skills. The contributions include a comprehen-

sive taxonomy of the features of such devices and 

how they contribute to students’ skills. Additionally, 

these allow for modiication of theories relating to 
factors that impact upon student learning in a TEL en-

vironment. Modifying such taxonomies and theories 

is relevant to this article as the complexity of these 

new environments develops and changes, challeng-

ing the assessments employed. In HapTEL, the wide 

range of proposed data are still being collected and 

analyzed. A pilot project continues to be conducted to 
validate the test measures including approaches such 

as video analysis. One important early outcome has 

been improvement in students’ practical skills when 

drilling at the interface of enamel and dentine due to 

the effects of learning with haptic feedback. 

For the focus group evaluation, the results of 

the initial requirements analysis for teaching with 

haptics included technical skills for cavity prepara-

tion. The technical strand results of curriculum set-

ting and procedures involved students’ observation in 

clinical laboratory, to be able to draw a comparison 

between simple haptic devices and traditional clini-

cal skills, phantom-head teaching. A comparison was 

made of the feedback to students by using the haptic 

device replay facility versus feedback given during 

a face-to-face tutorial. The curriculum and context 

strand aims to evaluate the way that TEL can enhance 

the quality of learning and the kinds of pedagogical 

practices that will emerge around innovation with 

TEL. This is still a work in progress. The evaluation 

theories and methods developed for this strand will 

take account of inluencing factors and will inves-

tigate the way in which human-computer interface 

haptic devices and online simulations can contribute 

to the students’ learning and will develop methods to 

measure how these new technologies can be embed-

ded in dental education.

with individual feedback without the need to wait 

for tutors. The HapTEL activity enabled the students 

to improve because they were able to practice on a 

multitude of occasions vs. the traditional activity 

in which only two plastic teeth were provided per 

session. Furthermore, the HapTEL method enabled 

students to replay their procedure to observe areas for 

development. The main result observed is that Year 

1 students who were taught only using the HapTEL 

virtual system and had never treated a plastic or real 

tooth performed as well as the traditionally taught 

students when preparing a plastic tooth cavity at the 

end of term.41 

Relevance to UDENTE. The results from the 

pilot study indicated that the learning experience 

was positive and the contents of the system easy to 

use and useful. The groups accepted the UDENTE 

system and its approach to learning. The pre-course 

questionnaires indicated the students’ familiarity with 

computers, with the post-questionnaire indicating 

that the system had helped them consolidate learn-

ing and have a record of their interactions with the 

system. Even more positive was the indication that 

students perceived the course to be of a similar or 

better quality than in that of traditional face-to-face 

courses.28,42 

Objective 2
The Entwistle model has enabled a new ap-

proach to be synthesized into a global assessment 
strategy for curricula. Figure 2 proposes a theoreti-

cal model of ive irst-order latent factors (entry-to-
training, baseline entry-to-study assessment, student 

conditioning, college/school, and lecturer quality). 

Only one of the latent factors (student condition-

ing) assumed formative indicators, while all the 

rest assumed relective indicators. The components-
based approach—also known as partial least square 

(PLS)—was applied, which can model formative 

indicators.43-45

The entry-to-study characteristics are mea-

sures of the quality of learning evaluated at baseline 

and at the end of the course. Therefore, the level of 

value-added quality in learning was estimated and 

compared between two different learning environ-

ments (e-learning and traditional). They refer to 3D 

perception using object assembly task from Wechsler 

Adult Intelligence Scale-Revised, accuracy of cavity 

preparation evaluated by scoring cavity cut, and 3D 

imaging of preparation and manual dexterity skills. 

As Figure 2 shows, the students’ perception of their 
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Newton and Professor Jon Hindmarsh, who were the 

main designers of much of the instrumentation and 

methods in the HapTEL project.
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