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Objectives: To examine the outcomes of e-learning or blended learning interventions in 
undergraduate dental radiology curricula and analyze the nature of the knowledge levels 
addressed in learning interventions.
methods: A systematic literature review was performed using a search strategy based on 
MeSH key words specific to the focus question and indexed in the MEDLINE database. The 
search again was supplemented by hand-searching of selected journals. Data were extracted 
relating to outcomes of knowledge and student perceptions. Analysis of the e-learning inter-
vention was performed using a new framework to examine the level of knowledge undertaken: 
(1) remember/understand (2) analysis or evaluation or diagnosis and (3) performance (“knows 
how” or “shows how”).
Results: From the selected 17 papers, 11 were positive about student reported outcomes of 
the interventions, and 8 reported evidence that e-learning interventions enhanced learning. 
Out of the included studies, 8 used e-learning at the level of remember/understand, 4 at the 
level of analysis/evaluate/diagnosis, and 5 at the level of performance (“knows how,” “shows 
how”).
conclusions: The learning objectives, e-learning intervention, outcome measures and 
reporting methods were diverse and not well reported. This makes comparison between studies 
and an understanding of how interventions contributed to learning impractical. Future studies 
need to define “knowledge” levels and performance tasks undertaken in the planning and 
execution of e-learning interventions and their assessment methods. Such a framework and 
approach will focus our understanding in what ways e-learning is effective and how it contrib-
utes to better evidence-based e-learning experiences.
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introduction

Healthcare education faces a number of challenges 
relating to increasing student cohort sizes, shortages 
of clinical teaching staff  to meet these numbers, an 
increasingly diverse curricula for new learning domains 
and content, and a desire to meet the learning needs of 

21st century learners. E-learning is a growing phenom-
enon in education that supports students learning in 
diverse ways and in flexible environments.1 E-learning is 
considered a generic term that encompasses electroni-
cally supported learning and teaching and may or may 
not be online and can be delivered or supported by tech-
nology either in-classroom or out-of-classroom. One of 
e-learning’s strengths is that it facilitates self-paced or 
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instructor-led-learning and that can include an array of 
media in the form of text, images, animation, video and 
audio.2

E-learning can help address some of the challenges 
in healthcare education by allowing: (1) on demand 
access (time, place, pace and scale); (2) control (stan-
dardized content, quality assurance); (3) and learning 
analytics. E-learning has been explored in clinical and 
other curricula either as an isolated standalone inter-
vention or combined with traditional classroom or face-
to-face teaching to form blended learning.3 In a survey 
of online learning, 69% of “chief academic leaders” 
believe that online learning is critical to their long-
term teaching methodology and 77% perceived that 
the learning outcomes with online learning is the same 
or superior to that of face-to-face learning.4 A large 
number of papers have reported on “blended learning”. 
However, there is a need to examine in detail the nature 
of the blend as “no two blended learning designs are 
identical”.5 Blended learning has been described as “the 
integration of modern learning technology with asyn-
chronous or synchronous interaction into traditional 
classroom learning/pedagogy”.6

In dentistry, e-learning and blended learning has 
been particularly explored in radiology because it is 
rich in digital images and suited for online access and 
viewing. Furthermore, it can be easily used to test learn-
er’s recognition and diagnosis of anatomical features or 
disease attributes. The aim of this systematic review is 
to examine the outcomes of dental radiology e-learning 
and blended learning outcomes as well as to analyze the 
knowledge level of the learning interventions under-
taken and to consider recommendations for future use in 
educational research and e-learning design. From these, 
more detailed understanding may be possible about the 
nature of online learning and how we may determine 
good practices on which to propose guidelines for future 
teaching and learning.

methods and materials

This systematic review was conducted and reported 
according to Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines.7

Search strategy
An electronic search was done by one of the authors 
(KRA) using the following databases: PubMed, 
Science Direct, Web of Science, ERIC (via ProQuest) 
and Scopus using keywords specific to the research 
question to examine the outcomes of e-learning. The 
search terms used and dates of individual searches are 
provided in Table 1. The search strategy was determined 
after consultation with review team members and was 
designed for high recollection rather than high preci-
sion for the first occurrence. The end search date was 
April 24, 2017 across all databases, and the evaluated 

time span was 25 years. From the studies selected, an 
analysis of the knowledge levels undertaken in the 
e-Learning experiences was performed. All references 
were managed by software (EndNote X8, Clarivate 
Analytics, Philadelphia, PA).

Selection criteria strategy
Table 2 provides details of inclusion and exclusion selec-
tion criteria which were based on the PICOS (Popula-
tion, Intervention, Comparison, Outcome and Studies) 
framework.8

Data collection process
A data extraction sheet was developed and pilot tested 
on five randomly selected studies. One author (KRA) 
extracted the data from included studies and the second 
author (MB) checked the extracted data and clarified 
any issues with the first. The remaining studies were 
analyzed, after approval of the data collection form 
based on the calibration exercise.

In addition, the nature of the e-learning intervention 
with regards to levels of learning has been classified into 
three proposed domains based on combining partic-
ular features of Blooms and Millers taxonomies.9,10 The 
proposed levels of learning designed by the authors are:

(1) Knowledge—remembering and understanding
(2) Knowledge—analysis, evaluation, diagnosis
(3) Performance—”knows how”/”shows how”

“Knowledge” in this instance reflects two levels of 
Blooms Taxonomy - remembering and understanding 
of facts and their meaning, which are the lower levels of 
the taxonomy. The higher knowledge level is—analysis, 
evaluation and diagnosis which involves visual recog-
nition of anatomical and pathological features and the 
application of knowledge for clinical diagnoses. These 
are at the higher levels of Blooms pyramid (Figure 1). 
We place on top of this “knowledge” base, Millers classi-
fication of performance knowledge relating to: knowing 
how, showing how or the doing of a clinical procedure 
(Figure 1).

Results

Study selection
A flow chart of the process of identification, screening, 
eligibility and inclusion of studies is shown in Figure 2. 
The electronic search initially yielded 514 hits, of which 
35 articles were duplicates. By applying the inclusion and 
exclusion criteria detailed above, screening of title and 
abstract was performed for the remaining 479 articles 
and 35 were found to be potentially eligible. Then, full 
texts of these studies were examined in detail for further 
assessment, and an additional 20 studies were excluded 
(Table 3). In addition 2 studies were further added from 
hand searching. Finally, 17 studies were included for 
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table 1 Database Search strategy

Database (Date searched) Search Terms

PubMed
(April 24, 2017)

#1 oral radiology OR dental radiologic science course OR dental radiology OR oral radiologic science course OR 
craniofacial radiology OR head and neck radiology OR maxillofacial radiology
#2 blended learning OR hybrid learning OR integrated learning OR e-learning OR computed-aided learning 
OR computer assisted learning OR self  instruction learning OR self  instruction programs, computerized OR 
programmed learning OR Self-instruction Programs OR Program, Self-Instruction OR Programs, Self-Instruction 
OR Self  Instruction Programs OR Self-Instruction Program OR Learning, Programmed OR web based education 
OR computer based learning OR computerized programmed instruction OR instruction, computer assisted OR 
self  instruction program, computerized OR online learning OR computerized assisted instruction OR web based 
learning OR distance learning OR distance education OR web based training OR computer based training OR 
online education OR internet based learning OR learning management system OR computer aided instruction 
OR internet based training OR multimedia learning OR technology enhanced learning
#3 #1 AND #2
#4 (#1 and #2) Filters: Publication date from 1991/01/01 to 2017/04/24

Web of Science
(April 24, 2017)

TOPIC: (oral radiology OR dental radiologic science course OR dental radiology OR oral radiologic science 
course OR craniofacial radiology OR head and neck radiology OR maxillofacial radiology) AND TOPIC: 
(blended learning OR hybrid learning OR integrated learning OR e-learning OR computed-aided learning 
OR computer assisted learning OR self  instruction learning OR self  instruction programs, computerized OR 
programmed learning OR Self-instruction Programs OR Program, Self-Instruction OR Programs, Self-Instruction 
OR Self  Instruction Programs OR Self-Instruction Program OR Learning, Programmed OR web based education 
OR computer based learning OR computerized programmed instruction OR instruction, computer assisted OR 
self  instruction program, computerized OR online learning OR computerized assisted instruction OR web based 
learning OR distance learning OR distance education OR web based training OR computer based training OR 
online education OR internet based learning OR learning management system OR computer aided instruction 
OR internet based training OR multimedia learning OR technology enhanced learning)
Timespan: 1991–2017

Science Direct (April 24, 
2017)

“oral radiology” OR “dental radiologic science course” OR “dental radiology” OR “oral radiologic science 
course” OR “craniofacial radiology” OR “head and neck radiology” OR “maxillofacial radiology” AND 
“blended learning” OR “hybrid learning” OR “integrated learning” OR “e-learning” OR “computed-aided 
learning” OR “computer assisted learning” OR “self  instruction learning” OR “self  instruction programs, 
computerized” OR “programmed learning” OR “Self-instruction Programs” OR “Program, Self-Instruction” OR 
“Programs, Self-Instruction” OR “Self  Instruction Programs” OR “Self-Instruction Program” OR “Learning, 
Programmed” OR “web based education” OR “computer based learning” OR “computerized programmed 
instruction” OR “instruction, computer assisted” OR “self  instruction program, computerized” OR “online 
learning” OR “computerized assisted instruction” OR “web based learning” OR “distance learning” OR “distance 
education” OR “web based training” OR “computer based training” OR “online education” OR “internet based 
learning” OR “learning management system” OR “computer aided instruction” OR “internet based training” OR 
“multimedia learning” OR “technology enhanced learning”
Time limit: 1991 to present

Scopus (April 24, 2017) ALL (“oral radiology” OR “dental radiologic science course” OR “dental radiology” OR “oral radiologic science 
course” OR “craniofacial radiology” OR “head and neck radiology” OR “maxillofacial radiology” ) AND 
ALL ( “blended learning” OR “hybrid learning” OR “integrated learning” OR “e-learning” OR “computer-
aided learning” OR “computer assisted learning” OR “self  instruction learning” OR “self  instruction programs, 
computerized” OR “programmed learning” OR “Self-instruction Programs” OR “Program, Self-Instruction” OR 
“Programs, Self-Instruction” OR “Self  Instruction Programs” OR “Self-Instruction Program” OR “Learning, 
Programmed” OR “web based education” OR “computer based learning” OR “computerized programmed 
instruction” OR “instruction, computer assisted” OR “self  instruction program, computerized” OR “online 
learning” OR “computerized assisted instruction” OR “web based learning” OR “distance learning” OR “distance 
education” OR “web based training” OR “computer based training” OR “online education” OR “internet based 
learning” OR “learning management system” OR “computer aided instruction” OR “internet based training” OR 
“multimedia learning” OR “technology enhanced learning” ) AND PUBYEAR >1990

ERIC (via ProQuest) (April 
24, 2017)

(oral radiology OR dental radiologic science course OR dental radiology OR oral radiologic science course 
OR craniofacial radiology OR head and neck radiology OR maxillofacial radiology) AND (blended learning 
OR hybrid learning OR integrated learning OR e-learning OR computed-aided learning OR computer assisted 
learning OR self  instruction learning OR self  instruction programs, computerized OR programmed learning 
OR Self-instruction Programs OR Program, Self-Instruction OR Programs, Self-Instruction OR Self  Instruction 
Programs OR Self-Instruction Program OR Learning, Programmed OR web based education OR computer 
based learning OR computerized programmed instruction OR instruction, computer assisted OR self-instruction 
program, computerized OR online learning OR computerized assisted instruction OR web based learning 
OR distance learning OR distance education OR web based training OR computer based training OR online 
education OR internet based learning OR learning management system OR computer aided instruction OR 
internet based training OR multimedia learning OR technology enhanced learning)
Time limit: January 01 1991 to April 24 2017
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analysis of outcomes data and the classification of the 
nature of the level of knowledge undertaken.

Intervention designs and reporting
The mode of e-learning interventions varied across 
the included studies. The types of interventions, study 
designs and learning outcome measures reported in 
these studies are shown in Table  4. Seven out of 17 
studies focused on the use of an e-learning intervention 
alone, which ranged from an isolated 30 min e-learning 
event such as learning the bisecting angle technique31 
to an online e-course over one semester on the topic of 
radiological anatomy.32 Ten out of 17 studies reported 
a blended learning design, which also showed diversity. 
These designs ranged from an e-learning intervention 

such as a 90 min activity to help with the use of CBCT 
software inserted in an existing traditional course on 
3-dimensional imaging for a particular visualization 
skill33 or with “e-learning” used to supplement existing 
lectures over the duration of the course.34–36 In another 
study, the described blended group used the slides and 
notes from the weekly lectures to be available online 
to replace the traditional lectures.37 The different types 
of “e-learning” interventions enforced in the included 
studies are shown in Table 5.

The nature of the research learning intervention 
design was diverse. Ten out of 17 studies were random-
ized, five studies were not randomized, and 2 studies did 
not have a comparison group. In one study, a cross-over 
design was used, comparing the use of an online visual 
technology, an interactive digital image was used that 
allowed scrolling through superimposed images of clin-
ical photographs to reveal the deep radiological labeled 
anatomical structures.38 In another study, Nkenke39 
supplemented 8 lectures by e-mailing 3 MCQs for each 
lecture in the intervention group and after students 
replied the answers, explanations were returned to them.

There were also some shortcomings in the reporting 
nature of the studies. Tsao40 used a 5-module online 
program for the diagnosis of interproximal caries, which 
was available 2 months before access to clinics but was not 
compulsory. 3 clinical cases were used to assess the learning 
accessed from the modules. However, no difference was 
observed between the students who used the modules 
and those who did not. The cohort design was not clear, 
nor the participation rate of the use of the 5 modules. Of 
the 17 studies, 3 studies31,41,42 specifically mentioned that 
e-learning was used in the class while the remainder did 
not report if it was in the class or out of the class/remote 

table 2 Eligibility criteria based on PICOS framework i.e. p = population, I = intervention, C = comparison, O = outcomes, S = studies

Inclusion criteria Exclusion criteria

P Studies conducted among dental students at any stage of 
undergraduate radiology education

Postgraduate students, instructor, faculty staff  and clinicians Not dental or 
medical under graduate students.

I Studies that explored the effect of either e-learning or blended 
learning teaching approaches. E-learning intervention that 
were web-based educational software, online Power point 
slides, online documents, online tests, and online interactivity.

Not exploring the effects of e-learning or blended learning intervention. 
E-learning intervention that were based on video-conferencing, television or 
social media.
Studies not involving online or computer-based activities i.e. occurring 
mainly in simulation laboratories.
Studies about the development of computer technologies or software, but 
not applied directly to dental students

C Studies that involved a comparison of either e-learning or 
blended learning with or without traditional learning
OR just the evaluation of e-learning or blended learning 
intervention

O Studies that involved the investigation of learning outcomes 
related to knowledge content, learning of clinical skills 
(radiologic and radiographic) performance and assessment 
of student’s knowledge. Studies that explored the learning 
outcomes related to student’s attitudes, student’s preference 
and student’s satisfaction in the learning activity.

Studies which did not report quantitative or qualitative learning outcomes 
related to these two domains

S Studies such as randomized, non-randomized and cohort 
studies.

Studies in which e-learning or computer technologies were not used as a 
part of the education content delivery but only for administrative purposes; 
reviews, conference abstracts, book chapters were excluded.

Figure 1 A proposed diagrammatic framework for classifying types 
of learning activity used in e-learning combining Blooms and Millers 
taxonomy. “Knowledge” has lower order and higher order levels 
according to Blooms taxonomy and performance from Millers clas-
sification. In the case of the current papers examined “does” was not 
evaluated as an outcome measure of the e-learning papers analyzed.
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access. With regards to completion of the online materials, 
4 studies33,35,36,39 stated 100% of students had access to the 
e-learning material while only two studies clearly reported 
that 100% of students actually completed the e-learning 
activity.35,39 Also, different experimental designs were used 

in the studies with regards to evaluation of knowledge 
outcomes. Four studies33,37,42,43 did pre- and post-tests on 
the knowledge outcomes using an online test. However, 
none of these studies stated if the questions were different 
or similar between the two tests, which may have resulted 

Figure 2 Workflow of the numbers of studies identified, screened and those meeting eligibility and included in the evaluation.

table 3 Excluded articles and reasons for exclusion

First Author, Date
Reason for 
exclusion First Author, Date

Reason for 
exclusion First Author, Date

Reason for 
exclusion

Chang et al., 201711 2 Kumar et al., 201212 1 Tanimoto et al., 200613 4

Eraso et al., 200214 Lee et al., 200615 van der Stelt et al., 200816 4

Farkhondeh et al., 201517 4 Ludlow et al., 200018 4 Wenzel et al., 199719 3

Fleming et al., 200320 4 Ludwig et al., 201621 4 Wenzel et al., 200222 3

Foster et al., 201123 2 & 4 Miller et al., 199824 1 Wu et al., 200725 2

Gonzalez et al., 201626 2 Nilsson et al., 201127 1 Wu et al., 201028 2

Kavadella et al., 200729 1 Ramesh et al., 201630 2

1 = Not e-learning; 2 = Outcome measures not identified or no evaluation of learning approach; 3 = Follow-up-studies, not original study; 4 = 
not clear study design or development of tool not applied directly to dental undergraduate students.
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in a familiarity effect bias. Furthermore, examples of 
questions were not given to understand the level of knowl-
edge assessed.

Learning objectives and levels of knowledge
The learning objectives of the study interventions were 
diverse and at different levels of knowledge. From an 

table 4 Types of interventions, study designs and learning outcome measures reported in included studies

Studies Intervention design Study design Outcome measures

*=E-learning
#=Blended learning

Quantitative outcomes (p value or 
mean)

Qualitative outcomes (p 
value or mean)

Al-Rawi, 2007Online interactive assessment modules on 
“basics” of CBCT*

Split cohorts Assessment outcomes—no 
significant difference (p = 0.14)

“Attitude”—”positive”

Busanello, 
2015

3 e-learning sessions of 110 digitally altered 
images for recognition and diagnosis of 
changes*

Split cohorts Significant writing (p < 0.004) and 
practice (p < 0.003) test results

Preference—(mean = 
90.5%)

Cruz, 2014 “e-course”: digital periapical images with texts 
and questions to evaluate the maxillofacial 
anatomy*

Two cohorts Assessment outcomes —no 
significant difference (p > 0.05)

“Satisfaction”—(mean = 
8.47)

Howerton, 
2002

27 online interactive video clips for virtual 
exposing, developing and mounting dental 
radiographs on a mannikin*

Split cohorts Performance—– no difference in 
quality of radiograph (p = 0.30)

“Preference”—(p < 0.0001)

Howerton, 
2004

27 online interactive video clips blended with 
3 Power point lectures for exposing dental 
radiographs#

Split cohorts Performance—no significant 
difference in posttest (p = 0.98)

“Preference”—(p < 0.0001)

Kavadella, 
2012

e-class course blended with weekly lectures for 
knowledge of radiological lesions#

Split cohorts Significant post test results for 
knowledge (p < 0.005)

“Attitude”—”positive” 
(mean = 91%)

Meckfessel, 
2011

Online “Medical schoolbook” blended with 20 
lectures on the positioning of X-ray apparatus 
and to obtain radiographs virtually” and 
knowledge of “physical basics”#

Two cohorts Significant examination results for 
Knowledge grade (p < 0.001)

“Attitude”—”positive” 
(mean = 70%)

Mileman, 
2003

Computer-assisted learning for the detection of 
proximal caries on digitized bitewings*

Split cohorts Significant higher sensitivity for 
caries detection (p = 0.005)

Nilsson, 2007 2 self-directed sessions using software for a 
virtual “tube shift technique”. Cohort 1.
Tutor led session with “10 cases of 
computerized materials” on the impact of tube 
positioning. Cohort 2*

Two cohorts Cohort 1 had significantly better 
pre and post “proficiency and 
radiography test” for interpreting 
spatial information (p < 0.01)

Nkenke, 2012 8 online e-learning modules blended with 8 
lectures for “radiological science course” #

Split cohorts No significant examination results 
for Knowledge grade (p = 0.449)

“Attitude”—”positive” (p 
= 0.020)

Nkenke, 2012 8 lectures followed by e-mail with MCQs and 
feedback on “radiological science course” #

Split cohorts “spent more time with learning 
content” (p < 0.0005)

“Attitude”—”positive” (p 
= 0.022)

Silveira, 2008 Lecture first, blended with 30 min online virtual 
procedures for bisecting angle technique then 
tested tube positioning on simulated patient and 
then radiograph exposure on a manikin#

Split cohorts Significant “simulation” test grade 
(p < 0.01)

“more confident and better 
prepared” for real patient

Silveira, 2009 Interactive e-learning using virtual objects, 
animations and quizzes to identify 28 
cephalometric landmarks*

Split cohorts Significant knowledge grade of 
correct landmark identification (p 
< 0.05) by delayed post-test

Preference—(mean = 
82.5%)

Tan, 2009 Lectures first, blended with 8 e-learning 
modules for the “radiological science course” #

Split cohorts Significant knowledge assessment 
scores in examination (p < 0.01)

Perception—(p < 0.05)

Tsao, 2016 Lectures first, blended with 5 e-learning 
modules for the diagnosis of interproximal 
caries#

Split cohorts No significant difference 
assessment scores in diagnostic 
accuracy (p = 0.45)

Perception—(mean = 
62.5%)

Vuchkova, 
2011

Use of conventional textbook on oral pathosis, 
blended with a seminar with 3D software on 
depth relationships of pathosis on panoramic 
radiographs #

Only one cohort Use of 3D software did not 
improve outcome (p > 0.05)

“Preference”—(mean = 
88%)

Vuchkova, 
2012

First cohort: Use of online textbook followed 
by online “digital tool” (first cohort) and vice 
versa (second cohort).
Phase 2: use of conventional textbook 
followed by “digital tool” for the knowledge of 
radiographic anatomy#

Two cohorts 
in Phase 1 one 
cohort in Phase 2

No significant difference in test 
scores for knowledge (p > 0.05)

“Preference”—(mean = 
94%)

Where, Two cohort study design means students compared from different semesters or years. Split cohorts study design means students from 
same semester or year divided into two groups.
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analysis of the learning outcomes it was possible to infer 
the level of knowledge or skill intended to be achieved by 
the intervention. Out of the 17 included studies, 8 exam-
ined the level of “knowledge” with learning objectives 
ranging from: identification of radiological landmarks,44 
knowledge of basic radiological science,,36,38,39 knowl-
edge of radiological lesions,37 learning of dento-alve-
olar anatomy in intraoral periapical radiographs,32 and 
craniofacial anatomy in CBCT.45 Four studies examined 
analysis or diagnosis skills in their intervention with 
the learning objectives ranging from diagnosis of prox-
imal caries,40,46 oral pathosis33 to diagnosis of changes in 
manipulated dental radiographs.41

There were five “performance”-related learning 
objectives. At the “knows how” level, two studies exam-
ined the correct virtual X-ray tube positioning with 
regards to obtaining proper intraoral images34 and 
understanding anatomical relationship changes when 
performing tube shift.42 At the “shows how” level, two 
studies related to performing long-cone paralleling 
technique to understand exposing, developing and 
mounting dental radiographs on a manikin.43,47 While 
in another study, the learning objective was to perform 
bisecting angle simulation technique on peers but with 
no exposure.31

There was no apparent trend in the outcomes of 
knowledge or students attitudes with regards to the levels 
of knowledge examined in the interventions. For all the 
assessment outcome measures, it was not possible to eval-
uate the knowledge level that was examined as this was 
not consistently presented in the papers and therefore if  
this assessment was aligned to the learning outcomes.

Outcome analysis

Outcome measures—knowledge and attitudes: Quanti-
tative outcomes were measured in all 17 studies. A total 
of 8 out of the 17 papers reported positive knowledge 
outcomes relating to knowledge, analysis, diagnosis 
and knows how and shows how of student outcomes in 
the assessment tests. Qualitative outcomes were meas-
ured in 15 out of 17 studies. A total 11 of 15 papers 

demonstrated positive student reported outcomes 
relating to student’s attitude.

Student’s “knowledge”—remember/understand and 
analysis/evaluation/diagnosis
Here we consider the task for “performing a diagnosis” 
to be a cognitive task and in our taxonomy the “knows 
how” and “shows how” relates to a performance skill. 
Six studies examined knowledge alone as a learning 
outcome, and two of these reported a significant benefit 
using either e-learning or blended learning. Of these, 
Silveira44 only observed a difference in the delayed and 
not the immediate post-test assessment of the e-learning 
group. Tan36 identified a significant difference in knowl-
edge assessment of “basics and radiological anatomy” 
in the blended learning group. In the remaining four 
studies, no significant differences were observed between 
e-learning/blended learning and conventional teaching 
groups in knowledge outcomes.32,35,38,39

Two researchers37,45 examined learning for both 
knowledge and analysis or diagnosis and of these, only 
Kavadella37 observed a significant benefit of blended 
learning in knowledge outcomes. Interestingly, in both 
studies it appeared that analysis or diagnosis was not 
evaluated in the assessment outcome, meaning the 
assessment was not aligned to the learning objectives.

Four papers33,40,41,46 examined analysis and/or diag-
nosis in the learning outcomes and from these, two 
studies reported significant benefits of e-learning. 
Busanello41 found significant benefits of e-learning for 
recognizing radiographic changes using digitally modi-
fied images when compared to the control groups having 
three 50 min lectures. In this study, there may be expected 
to be a testing effect of experiencing the images online 
before the assessment outcome measure. Mileman46 also 
found a significantly higher sensitivity for caries detec-
tion after using a computer-assisted learning program.

Student’s performance—“knows how” and “shows how”
Five studies31,34,42,43,47 related to “knows” and “shows 
how” for dental radiography which was assessed either 
online or in the moment by examiners. Two of these 
five studies examined “knows how” in the assessment 
outcome with significant effect, Meckfessel34 examined 
virtual positioning of X-ray tubes and the other inves-
tigator, Nilsson42 examined spatial awareness skills of 
virtual tube-shift radiographic technique. In another 
two split cohort designs, researchers observed student’s 
performance of full mouth radiographs on manikins 
and found no significant difference between e-learning 
and traditional lecture group.43,47 Similarly, in the last 
“shows how” study,31 the students used an interactive 
e-learning tool (30 min) to learn and understand the 
virtual performance of the bisecting angle technique for 
periapical radiographs compared to the control group 
using “phantoms”. In the performance test on manikins, 
the e-learning students were “significantly better” than 
the control group, however the p-value was not given. 

table 5 Types of e-learning interventions used in included studies

E-learning interventions used in 
included studies Studies

Web-based software/platform Cruz 2014, Meckfessel 2011, 
Mileman 2003 Nilsson 2007, 
Nkenke 2012, Vuchkowa 2011 
and Vuchkowa 2012

Interactive modules with MCQ (self-
assessment tests)/quizzes/matching 
questions

Busanello 2015, Tsao 2016 and 
Silveira 2008

Interactive animations with videos Al-Rawi 2007, Howerton 2002, 
2004 and Silveira 2009

Narrated PP lectures Tan 2009

Online word documents/notes Kavadella 2012

Emails containing MCQs and an 
additional email including the correct 
answers

Nkenke 2012
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No studies examined “does” as an assessment outcome 
on the actual performance of radiography on patients.

Students’ attitude
Qualitative outcomes were measured in 15 out of 17 
studies regarding student’s attitudes of e-learning and 
blended learning. 13 of the 15 studies had positive 
responses ranging from 70–95% of approval of the 
intervention by the students. Two studies out of these 15 
reported no significant difference between the conven-
tional and intervention group.

Discussion

This paper performed a systematic review to examine 
the nature of e-learning - whether alone or blended - 
for dental radiology with a particular novel focus on 
analysis of the levels of “knowledge” and performance 
of the e-learning activity undertaken. The findings of 
the current study on student knowledge and student 
attitudes are similar to previous healthcare e-learning 
reviews.48,49 There is a heterogeneity in the nature of the 
studies and there was positive reporting on student atti-
tudes and satisfaction to e-learning48,49 and support for 
the benefit of e-learning for knowledge outcomes.49

The main focus of this paper was to analyze e-learning 
activities undertaken, from this a new framework for 
evaluating “knowledge” and performance levels in these 
studies has evolved (Figure 1). Such a framework does 
not appear to have been used before and this framework 
is recommended to be used to help researchers and 
curriculum planners when designing e-learning activi-
ties. Using this approach, a focused evaluation of the 
outcomes mapped to the “knowledge” and performance 
will allow a more refined understanding of the nature 
and benefit of e-learning. In particular the differen-
tiation of knowledge into the lower and higher levels 
(Figure 1) will allow course designers and researchers to 
consider the nature of the level of learning being under-
taken and the best way to teach these as they are quite 
different. This in turn will affect teaching and assess-
ment approaches. The detailed examination of these two 
levels of knowledge will allow more meaningful insights 
for researchers so that they may be able to answer: how, 
when why and where e-learning is better.50

A number of limitations were found in the majority of 
the studies examined. There was often a lack of reported 
details on the type and nature of the learning content, 
e-learning interventions and the assessment outcomes 
undertaken. This has been reported previously.51 In 
addition, no studies aligned the learning objectives and 
e-learning content with the method of assessment. This 
means we do not clearly know if what was planned was 
taught and if this was specifically and appropriately 
assessed. Furthermore, only a few of the e-learning 
interventions reported how many students completed 
the learning activity.39,43,47 Thus, poor compliance of 

e-learning may account for the studies that observed no 
difference between the test groups such that students were 
not participating. Therefore, it may be possible that the 
benefits of e-learning may be under reported. Based on 
these anomalies in study reporting, it makes comparison 
of outcomes difficult or meaningless between the studies 
included in the present review. Therefore the reporting 
details in e-learning studies needs to be more meticulous 
to allow understanding of not only what was undertaken 
but also the content and presentation of the e-learning 
experience and how it was assessed. In particular, the 
assessment instrument used should be presented with 
examples to understand the level of the knowledge/perfor-
mance level evaluated. Therefore, the proposed approach 
will be to first define the learning objectives for the course 
and choose the content to be taught to support this. 
Then using the proposed framework, map the content to 
the “knowledge” level and performance. After this then 
choose the most suitable mode of delivery for the content 
i.e. e-learning or face-to-face instruction and finally map 
the “knowledge” and performance levels to the considered 
appropriate assessment method.

In a previous literature review on undergraduate oral 
radiology education, it was concluded that e-learning 
was more properly used as a support to traditional 
education and not as a substitution for it.49 However, 
it could be argued it depends on which knowledge 
level or skill set is the goal of the learning, for example 
visual diagnosis skills may be better learnt using online 
learning, testing and automated feedback. Conversely, 
when considering performance level of radiography one 
should question if  e-learning alone is a suitable tool to 
learn performance level psychomotor activities.

In an evaluation of e-learning of undergraduate 
medical radiology education, the nature and charac-
teristics of e-learning was evaluated according to Kirk-
patricks learning model levels.52 Level 1 demonstrated 
good support for learner satisfaction and level 2 for 
learning outcomes was generally positive although not 
as strong as level 1. However, for the higher levels (3 and 
4) student practice performance and enhanced patient 
health outcomes, were not supported by the evidence 
found by the authors. This outcome is also supported in 
a systematic review specifically examining the effect of 
e-learning on clinician behavior and patient outcomes.51 
However, the limited evidence for levels 3 and 4 is not 
surprising as currently online or e-learning activities are 
not designed to replace certain skill sets such as psycho-
motor skills learning or communication skills. Therefore 
one may question why evaluate this teaching method-
ology for an outcome it is not suited for? We may there-
fore be able to deduce that e-learning can be considered 
suitable for “knowledge” including procedural perfor-
mance knowledge but not for actual patient practice.

In a meta-analysis of health professions education, it 
was unsurprisingly shown that internet-based learning 
had large positive effect sizes when compared to no inter-
vention.53 However, when they compared e-learning to 
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“traditional” methods, the outcome effects were hetero-
geneous with some studies favoring e-learning and 
some traditional. While overall the differences between 
e-learning and traditional format were small, the authors 
reported that computer assisted instruction is neither 
inherently superior to nor inferior to traditional methods. 
This was observed in the current study. However, the 
review authors raised question of what is it about the 
design of the studies that favored e-learning over tradi-
tional and vice-versa, they also proposed that future 
research should compare different internet-based inter-
ventions and clarify “how” and “when” to use e-learning 
effectively. The current study supports these observations.

The current study observed diverse approaches in 
e-learning and blended learning which has been reported 
in a systematic review of blended learning where none 
of the interventions were alike.54 This makes compar-
isons difficult or even impossible between studies, and 
reinforces the need to more focused approaches on 
study design and reporting. The diverse and uncon-
trolled nature of blended learning research studies has 
too many confounding factors to allow for meaningful 
comparison between them.

E-learning is here to stay. As our understanding 
improves on what it can achieve and how to integrate it 
into “traditional” teaching it will only improve in how and 
where it is implemented and the outcomes achieved. We 
are aware of the benefits of e-learning for learner access 
to content with regards to time, location and scalability. 
In addition, the use of “e-learning” in assessment formats 
both for and of learning allows automated marking and 

feedback for learners to support learning effectively and 
efficiently. In addition, the analytics possible through 
learning management systems with e-learning will provide 
insights and information on individuals and groups of 
learners to allow feedback to teachers and course plan-
ners and students. This can also be allowed to create more 
customized learning experiences and even be adapted to 
individual’s needs. In particular, this may allow e-learning 
planners to consider the multiple intelligences of students 
(e.g. logical, intrapersonal and interpersonal) and how 
these can be addressed to meet the preferences and needs 
of learners.55

conclusion

This paper supports previous literature on the benefit 
of e-learning and blended learning based on knowledge 
and attitude outcomes. However, from the current litera-
ture it is not possible to clearly identify how, when and in 
what way it is beneficial. This paper highlights the need 
for more focused and detailed research and reporting of 
e-learning to further our understanding of its benefits. 
A framework is proposed to help curriculum designers 
and researchers to examine particular levels of knowl-
edge required and use this for learning objective setting, 
the mode of content delivery and assessment method to 
determine and deliver effective e-learning content. It is 
proposed that such an approach will help to create more 
meaningful e-learning experiences and help generate 
an evidence base to inform better e-learning practices 
across all clinical disciplines.
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