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The use of simulation in medical and health sci-
ence education has emerged as a seminal pedagogi-
cal tool in the past several decades.1-3 The needs and 
application of simulation technology for training in 
dental and dental hygiene education have progres-
sively paralleled the same utility of supporting and 
improving student learning.4-6 Incorporating simu-
lation into pre-clinical curriculum acknowledges the 
Institute of Medicine’s attempt at improving patient 
safety and enhances student ability and confidence 
prior to encountering live patients.7,8 Simulation can 
be incorporated into various pre-clinical phases of 
dental and dental hygiene education but must be 
financially feasible and supported by the faculty of 
each institution.

Prior to providing oral health care to patients, un-
dergraduate dental hygiene students must demon-
strate proficiency in all areas of patient oral health 
assessment, treatment and evaluation. Included in 
the oral health assessment are identification, and 
recording of specific dental restorative conditions. 
Historically, students struggle with demonstrating 
these skills despite didactic and laboratory instruc-
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Abstract
Purpose: This study explored the effectiveness of simulated mouth models to improve identification and 
recording of dental restorations when compared to using traditional didactic instruction combined with 
2-dimensional images. Simulation has been adopted into medical and dental education curriculum to 
improve both student learning and patient safety outcomes.
Methods: A 2-sample, independent t-test analysis of data was conducted to compare graded dental 
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of dental charting skill competency in first year dental hygiene students.
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Research

Introduction

tion in dental materials and theory.9 Pre-clinical labo-
ratory sessions typically include students partnering 
with one another to practice identification and as-
sessment skills; however, traditional undergradu-
ate dental hygiene students are often young adults 
and may have limited dental restorations, reducing 
practical experience beyond 2-dimensional textbook 
and didactic instruction. Advances in dental material 
shade-matching and contouring abilities have intro-
duced clinical similarities between various materials 
and tooth structures with seemingly undetectable 
margins.10,11 Although, these attributes contribute to 
the success of esthetic dentistry, identification and 
charting of these materials have proved to be chal-
lenging for pre-clinical dental hygiene students.12,13 
Although these concepts are reviewed didactically 
using photographs and written descriptions, students 
continue to have difficulty comprehending 2-dimen-
sional models and have limited pre-clinical laboratory 
experiences. The ultimate goal of dental and dental 
hygiene education is to become proficient in skills 
set forth by the Commission on Dental Education. 
Deliberate practice is an educational approach to be-
come proficient in these skills by using repetition, 
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assessment of performance and feedback resulting 
in improved skill performance by the student.

Other health science disciplines continue to dem-
onstrate success in the use and effectiveness of sim-
ulation as an adjunct to clinical and didactic learn-
ing. Simulation closes the gap between pre-clinical 
knowledge building and actual hands-on patient 
care. In the 1960s, the cardiology patient simula-
tor was developed. Still in use today, this simulator 
is able to reproduce 30 different cardiac conditions 
allowing medical students to successfully improve 
training in cardiac and pulmonary clinical skills.14,15 
Many programs in emergency medicine use simula-
tion scenarios for rapid response teams to practice 
critical skills such as intubation and resuscitation. 
These activities improve team member roles during 
real life traumas and hospital emergencies.16-18 Neu-
rosurgery, vascular and orthopedic surgery students 
also benefit from simulation technology to build and 
improve surgical skills.19,20

In the nursing education and practice setting, sim-
ulation programs have been developed to improve 
learning environments for nurses of varying levels of 
experience and expected scenarios, such as critical 
care, acute care, infant care, obstetrics and gyne-
cology.21-23 Hospitals are now incorporating simula-
tion into their orientations. One hospital developed 
a simulation program concurrently with their cardiac 
surgery unit and developed scenarios that reflect-
ed typical care a cardiac patient may require.24,25 In 
obstetrics, simulation training is common. New and 
seasoned practicing nurses as well as other health 
professionals have opportunities to participate in 
common neonatal diagnoses such as sepsis and re-
spiratory distress. The team approach to learning 
with simulation addresses the need to improve neo-
natal outcomes.26

Simulation in anesthesia education has been used 
since the 1980s. Given the nature of the practice en-
vironment, teachable moments are often overshad-
owed by the necessity for seasoned anesthesiolo-
gists to responses to critical patient needs instead of 
allowing for student instruction. Simulation in anes-
thesiology offers learners the opportunity to experi-
ence critical decision making in a safe environment.27 
In addition, the American Board of Anesthesiology 
now requires some form of simulation training to ful-
fill certification requirements.28

The 2 theoretical frameworks used in this study 
include Benner’s stages of clinical competence29 and 
Kirkpatrick’s training outcomes model.30,31 Students 
interacting with the simulated dental conditions in 
this investigation were provided with both a visual 
and tactile sense of experiential learning.32 “Learn-
ing by doing, observing, and participating” provides 
experiential learning in the form of apprenticeship 

rather than isolated didactic classroom instruction.32 
Benner’s theory reflects upon these vital experiences 
related to both philosophical behaviorism and con-
structivism, and is based on the Dreyfus model of 
skill acquisition.32-35 This theory also recommends co-
hesive adoption of experiential learning into a larger 
didactic training process including a well-designed 
curriculum and evaluation protocol.33 Benner’s theo-
retical framework is ubiquitous among educational 
research in nursing and has direction for interprofes-
sional applications.36-38

The aim of this study was to investigate the use of 
customized simulated mouth models improved iden-
tification and recording of dental restorations in first-
year dental hygiene students when compared to the 
use of traditional didactic instruction and 2-dimen-
sional images.

Methods and Materials

The School of Dental Hygiene at Old Dominion 
University enrolls 48 students into their entry-
level Baccalaureate degree program each year. 
The program requires 2 years of pre-requisite and 
general education courses preceding 2 years of 
dental sciences, dental hygiene theory and prac-
tice, community oral health, research methodol-
ogy, and teaching strategies. Participants of this 
study were dental hygiene students who had com-
pleted 2 years of pre-requisite courses and were 
recognized as first year dental hygiene students. 
Students completed 1 semester of a dental ma-
terials course and had knowledge of Blacks clas-
sification. The School of Dental Hygiene supported 
this research study by providing participants and 
the facility for conducting the clinical trial. Prior 
to the start of this investigation, the protocol was 
reviewed and approved by the institutional review 
board ensuring the protection of human subjects.

Using an A-Dec 42L Stationary Simulator, 11 
stock interchangeable Frasaco A-PZ DA periodon-
tal simulated mouth models were customized to 
reflect restorative findings of a typical patient re-
ceiving care in the dental hygiene clinic. Each mod-
el was uniquely modified by a faculty dentist who 
“restored” them to randomly include 10 chartable 
items: 2 sealants, 3 posterior multi-surface amal-
gams, 3 posterior multi-surface composites and 2 
anterior multi-surface composites. Two-dimension-
al images were obtained by photographing denti-
tion of 3 patients from the clinic facility with 10 
chartable items similar to the modified simulated 
mouth models. 

A convenience sample of dental hygiene students 
from the first year, baccalaureate degree program 
were chosen for this study. At the time of the 
study, 48 students were enrolled in the program 
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as first year dental hygiene students and were eli-
gible for participation in the investigation (Table 
I). Following recruitment, 34 students committed 
to enrollment in the study. The number of sample 
participants was based on the total available stu-
dents starting their first-year dental hygiene co-
hort experience, having all been equally exposed 
to 1 semester of dental and dental hygiene sci-
ence studies. It was important to study this sample 
population because all participants were identified 
as having the same formal pre-requisite educa-
tion and only 1 cohort semester of education in the 
dental hygiene program. The sample was randomly 
divided into 2 groups: the Didactic Group (control) 
and the Simulator Group (experimental). Four stu-
dents reported having 2 years or less of dental as-
sisting experience prior to entering the program. 
Two of these students were randomly assigned to 
each group.

Random assignment rendered 17 students in the 
Simulator Group (experimental) and 15 students 
in the Didactic Group (control). Two students from 
the control group did not complete all sessions and 
were disqualified from the study. Students in the 
Simulator Group utilized a randomly selected cus-
tom simulated mouth model for 3 sessions of 15 
minutes each to practice identification and docu-
mentation of dental conditions. Both groups had 
previous identical didactic and laboratory lessons 
on dental charting. Students in the Didactic Group 
viewed randomly selected 2-dimensional images 
for 3 sessions of 15 minutes each to also practice 
identification and documentation of dental condi-
tions. Students from both groups recorded findings 
using standard dental charting criteria. Students 
in SC scheduled individual 15 minute timed ses-
sions with a supervising faculty in a private room 
with 1 simulator. Students in the Didactic Group 
SC scheduled individual 15 minute timed sessions 
with a supervising faculty in a quiet room. Sessions 
were scheduled over a 3 week time frame. Stu-
dents charted findings at every session. Students 
were not able to ask questions or collaborate with 
other students. Both groups received feedback im-
mediately after the 15 minute time ended. One 
dental hygiene faculty member graded all dental 
charts anonymously and did not see the student’s 
name or any identifying information to maintain 
intra-rater reliability. Since there were 10 chart-
able items in each scenario, each item was worth 
10 points for a total of 100 possible points earned 
per session.

A 2-sample, independent t-test analysis of data 
was conducted to compare graded dental record-
ings of dental hygiene students using simulated 
mouth models and dental hygiene students using 
2-dimensional photographs.

Discussion

Results

Using Microsoft Excel 2010, a t-test for indepen-
dent samples assuming unequal variance was cal-
culated. The variances were unequal based on the 
f-test, which resulted in a p-value of 0.055. The t-
test gave a p-value of <0.0001. Figure 1 illustrates 
mean Simulator Group (Experimental) and Didac-
tic Group (Control) Scores. Table II demonstrates a 
statistically significant difference in the graded den-
tal chart scores for Simulator Group (mean=86.73, 
variance=33.84) and control (mean=74.43, vari-
ance=14.25). Considering this study was restricted 
to a small, unique population group, generalizabil-
ity of the results may be limited to first-year dental 
hygiene students. Overall, students who identified 
restorations on the simulator yielded a mean 87% 
success rate while those students who identified res-
torations using 2-dimensional photographs yielded a 
mean 74% success rate.

Findings of this study reflect the collective evidence 
of beneficial outcomes published in current dental 
and health care simulation education literature.39-43 
Comparatively, the beneficial outcomes in this and 
other current studies consistently demonstrate the 
effectiveness and major benefits of using simulation. 
These benefits include increasing skill acquisition be-
fore patient exposure and the ability to repeatedly 
practice identification skills in a safe environment. 
Specific diagnostic and assessment skills are espe-
cially important in dental hygiene education to ensure 
safe delivery of care as the evolving profession uses 
highly realistic restorative and prosthetic materials, 
conservative caries detection methods, and roles for 
dental hygienists continue to expand nationally.42,44 
The results of this study showed diagnostic and as-
sessment skills can be increased by using simula-

Experimental
Group

Control
Group

Age
18 to 25 14 12
26 to 33 3 3

Race
Caucasian 9 8
African American 4 4
Asian 4 2
Hispanic 0 1

Gender
Male 1 0
Female 16 15

Table I: Cohort Demographics
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Conclusion

Using this type of simulation tool in conjunction 
with traditional teaching strategies of didactic educa-
tion may allow students to physically assess, identify 
and chart certain restorations presented in the clini-
cal setting. Although using simulated mouth models 

t-Test: Two-Sample Assuming Unequal Variances
Variable 1 Variable 2

Mean 86.73529 74.43333
Variance 33.84743 14.25417
Observations 17 15
Hypothesized 
Mean Difference 0 -

df 28 -
t Stat 7.17306 -
P(T<=t) one-tail 4.16E-08 -
t Critical one-tail 1.701131 -
P(T<=t) two-tail 8.32E-08 -
t Critical two-tail 2.048407 -

Table II: Statistical Analyses t-test Results
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tion which should be adopted as proficient learning 
tools to help dental hygiene students increase their 
success rate of providing effective, safe care for pre-
paredness in expanding roles such as nurses used 
to prepare students for midwifery roles.44 Studies in 
nursing simulation also provide evidence similar to 
this study in demonstrating how low-cost, low-to-
medium level fidelity simulation allows students an 
opportunity to increase success when learning new 
skills.39,44 Methods and outcomes in this study further 
mirrored nursing simulation studies which imple-
mented best practices and standards for simulation 
use in education and research.43,45

The use of modeling and simulation has shown to 
be an effective method to transfer knowledge from 
instructor to student when compared to traditional 
teaching methods in dentistry.46-48 Simulators pro-
vide integration of psychomotor skill training with 
problem-based learning, such as didactic instruction. 
In this study, dental hygiene students were able to 
identify and correctly chart each preventive and re-
storative dental material based on visual, tactile and 
auditory senses. This leads to improved performance 
when compared to isolated classroom delivered 
learning. In addition, this allowed for students to be-
come confident and proficient in critical skills nec-
essary for successful assessment of oral conditions 
when evaluating live patients and in-vivo scenarios.

Limitations of the study included a small sample 
size. Additionally, due to budget constraints, exten-
sive restorations (such as cast porcelain and metal 
crowns) were not used in the simulation. Educators 
within the disciplines of both dental and dental hy-
giene curriculum may be able to use the findings of 
this study to improve assessment skills of students. 
The supporting data, which proves the effectiveness 
of the simulated technology, demonstrates the need 
for educators to consider and adopt realistic, safe, 
efficient, inexpensive and effective teaching meth-
odologies. Simulation of the oral cavity enhanced the 
pedagogical transfer of didactic clinical assessment 
and evaluation skills into a realistic scenario. Each 
interchangeable modified simulated mouth model 
served as a tool to enhance dental hygiene students’ 
ability to accurately identify specific dental materials 
and conditions. This modeling and simulation exer-
cise will be implemented into the junior year dental 
hygiene pre-clinical laboratory course to assist stu-
dents in accurately identifying dental restorations 
prior to actual patient care.

is not a new concept in dental and dental hygiene 
education, this study reaffirms the importance and 
success of this type of educational tool. In this study, 
modified simulated mouth models improved identi-
fication and recording of dental conditions by dental 
hygiene students when compared to students who 
used 2-dimensional images. Future research should 
include larger sample sizes, more complex restora-
tions and an evaluation of the effects of experiential 
learning with modeling and simulation using out-
comes assessment in dental hygiene education.
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