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Abstract: The traditional method of evaluating student tooth preparations in preclinical courses has relied on the judgment 
of experienced clinicians primarily utilizing visual inspection. At times, certain aids such as reduction matrices or reduction 
instruments of known dimension are used to assist the evaluator in determining the grade. Despite the skill and experience of 
WKH�HYDOXDWRU��WKHUH�LV�VWLOO�D�VLJQL¿FDQW�HOHPHQW�RI�XQFHUWDLQW\�DQG�LQFRQVLVWHQF\�LQ�WKHVH�PHWKRGV��6WXGHQWV�PD\�SHUFHLYH�WKLV�
inconsistency as a form of subjective, arbitrary, and empirical evaluation, which often results in students’ focusing more on the 
grade than the actual learning or developing skills necessary to accomplish the preparation properly. Perceptions of favoritism, 
discrimination, and unfairness (whether verbalized or not) may interfere with the learning process. This study reports the use of a 
new experimental scanning and evaluation software program (E4D Compare) that can consistently and reliably scan a student’s 
tooth preparation and compare it to a known (faculty-determined) standardized preparation. An actual numerical evaluation is 
generated by the E4D Compare software, thereby making subjective judgments by the faculty unnecessary. In this study, the 
computer-generated result was found to be more precise than the hand-graded method. 
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Accurate assessment of student work and 
ultimately translation of that assessment to 
the student are arguably the most critical 

components of dental education and paradoxically 
also its greatest weakness. In preclinical dental edu-
cation, it is imperative that students receive consistent 
and accurate feedback from faculty so they can use 
this knowledge in order to achieve a higher level of 
performance before advancing to the clinics. Un-
IRUWXQDWHO\��FRQVLVWHQW�IHHGEDFN�LV�YHU\�GLI¿FXOW�WR�
obtain, with many sources contributing to disagree-
ment about student work including grading scale, 
UDWHU�FDOLEUDWLRQ��WUDLQLQJ��DQG�VXEMHFWLYH�LQÀXHQFHV���
,Q�������0DFNHQ]LH�HW�DO��ZHQW�VR�IDU�DV�WR�GHVFULEH�
sixteen areas where inconsistencies can arise.2

It is widely agreed that faculty members should 
be calibrated in an attempt to overcome variability in 
DVVHVVPHQW��+RZHYHU��WKHUH�DUH�VLJQL¿FDQW�SUREOHPV�
WKDW�DULVH�ZKHQ�FDOLEUDWLQJ�IDFXOW\��+DM�$OL�DQG�)HLO�
found that when trying to assess student work as 
simply acceptable or unacceptable after calibration, 

instructors often deemed the work as acceptable 
when it was actually unacceptable.�� )XUWKHUPRUH��
they concluded that for categorizing work as ac-
ceptable or unacceptable, seemingly the simplest 
grading scale, faculty members were not able to 
provide consistent feedback almost half the time. Not 
surprisingly, three separate studies conducted inde-
SHQGHQWO\� IRXQG� VLJQL¿FDQW�GLVDJUHHPHQW�EHWZHHQ�
graders when evaluating dental work.4-6�)XUWKHUPRUH��
these studies found high levels of intra-examiner 
variability, in which the same examiner evaluating 
the same work on separate occasions each time gave 
D�GLIIHUHQW�JUDGH��0RUH�UHFHQWO\��6KDUDI�HW�DO��FRQ-
ducted a study to evaluate consistency in preclinical 
grading and found in almost all preparations there 
ZDV� VLJQL¿FDQW� GLVDJUHHPHQW� EHWZHHQ� H[DPLQHUV�� 
)XUWKHUPRUH��DWWHPSWV�LQ�WKDW�VWXG\�WR�OLPLW�WKH�JUDG-
LQJ�VFDOH²FKDQJLQJ�LW�IURP������WR����²GLG�QRW�KHOS�
inter-examiner reliability. Interestingly, many dental 
VFKRROV�VWLOO�XVH�JUDGLQJ�VFDOHV�IURP���WR�����WR�DVVHVV�
student preclinical work, counter to the consensus in 
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WKH�OLWHUDWXUH�LQGLFDWLQJ�FDOLEUDWLRQ�LV�GLI¿FXOW�IRU�D�
large grading scale.����6WXGHQWV�TXLFNO\�OHDUQ�ZKLFK�
faculty members are “hawk” (hard) and “dove” (easy) 
JUDGHUV��6WXGHQWV�PD\�SHUFHLYH� WKLV� LQFRQVLVWHQF\�
as subjective, arbitrary, or empirical grading. In our 
experience, this often results in students’ focusing 
more on the grade than actual learning or developing 
skills necessary to accomplish the stated objective. 
Thoughts of favoritism, discrimination, or lack of 
fairness (whether verbalized or not) may interfere 
with the learning process. If highly trained and cali-
brated faculty members cannot provide consistent 
feedback, one would not expect dental students to 
have the ability to evaluate themselves accurately. 
Cho et al. found that “A” students are more likely to 
XQGHUHVWLPDWH�WKHLU�ZRUN��ZKLOH�³'´�DQG�³)´�VWXGHQWV�
overestimate their work.� Therefore, the weaker 
students who need consistency in feedback are not 
getting it from faculty or through self-assessment; 
neither are “A” students getting consistent positive 
reinforcement. 

.QLJKW�LQ�D�ODQGPDUN�DUWLFOH�VSHFL¿HG�VHYHUDO�
UXOHV�ZLWK�FOHDUO\�GH¿QHG�JUDGLQJ�FULWHULD�WKDW��ZKHQ�
followed, may help provide consistent and accurate 
feedback.9�+H� FRQFOXGHG� WKDW� YDOLG� DQG� REMHFWLYH�
criteria along with rigorous faculty calibrations tied 
into promotion and tenure would help resolve the 
grading crisis in dental education. Recently, there 
has been great interest in the development of grad-
ing forms. The Commission on Dental Accreditation 
KDV�VXJJHVWHG�QHZ�VWDQGDUGV�IRU�8�6��GHQWDO�VFKRROV�
that relate to evaluation forms.���These standards 
mandate that evaluation forms be predetermined, 
standardized, reliable, and valid, and they suggest 
that faculty members be calibrated on how to be 
consistent when utilizing evaluation forms. Although 
this is certainly a step in the right direction, some 
investigators have concluded that if we are going to 
truly achieve accurate feedback, we need to remove 
the human element from evaluation and develop 
objective evaluation methods.���� 

The purpose of this study was to evaluate a 
new and revolutionary experimental software called 
E4D Compare developed by D4D Technologies 
�5LFKDUGVRQ��7;��86$��LQ�FRQMXQFWLRQ�ZLWK�GHQWDO�
HGXFDWRUV�DURXQG� WKH�8QLWHG�6WDWHV��7KLV� VRIWZDUH�
LV�LQ�LWV�XQUHOHDVHG�%HWD�YHUVLRQ�DQG�ZDV�VWLOO�LQ�WKH�
experimental phase at the time of this study. The 
hypothesis of our study was that the E4D Compare 
software is more consistent and therefore less vari-
able when evaluating student preparations compared 
to three calibrated clinicians.

Methods
)LIW\�WHHWK�ZHUH�SUHSDUHG�E\�VRSKRPRUH�GHQWDO�

VWXGHQWV�DW�WKH�0HGLFDO�8QLYHUVLW\�RI�6RXWK�&DUROLQD�
�086&��DV�SDUW�RI�D�SUHFOLQLFDO�¿[HG�SURVWKRGRQWLFV�
course. The preparations were done as a “practical 
examination” after didactic instruction on the proper 
parameters necessary to accomplish an ideal prepara-
tion. Laboratory practice (to include access to ideal 
examples of the preparation) was also a part of the 
training prior to the practical examination. The tooth 
preparation was an all-ceramic preparation on tooth 
����PD[LOODU\�ULJKW�¿UVW�PRODU��XVLQJ�D�.LOJRUH�6HULHV�
����W\SRGRQW���1LVVDQ�'HQWDO�3URGXFWV��.\RWR��-DSDQ��
DQG�%UDVVHOHU�GLDPRQG�EXUV����.5�����DQG������
���� �%UDVVHOHU�86$�� 6DYDQQDK��*$��86$���7KH�
students were allowed one hour for the preparations.

Preparations were then graded (double blind) 
by three experienced and calibrated faculty members 
involved in teaching the course. The preparations 
ZHUH� JUDGHG�RQ� D� ������ VFDOH� LQ�¿YH�SRLQW� LQFUH-
PHQWV�� )DFXOW\� JUDGHUV�ZHUH� FDOLEUDWHG� WR� JUDGH�
against the ideal “gold standard” preparation. 
Calibration was done with two separate hour-long 
lectures on what constitutes an ideal preparation and 
KRZ� WR� VFRUH� GHYLDWLRQV� IURP� LGHDO�� )XUWKHUPRUH��
we evaluated a sample of different preparations to 
ensure that all evaluators agreed independently as to 
ZKDW�FRQVWLWXWHG�JUDGHV�RI�����������������DQG������
The gold standard preparation was agreed upon by 
the course faculty members and used as the example 
during student training prior to the practical exami-
nation. This agreed-upon gold standard preparation 
was based on visual inspection of preparation aspects 
VXFK�DV�WDSHU��UHGXFWLRQ��DQG�TXDOLW\�RI�¿QLVK�OLQH��

The gold standard preparation was then 
scanned into the program with a laser scanner (D4D 
7HFKQRORJLHV��5LFKDUGVRQ��7;��86$��DV�WKH�IDFXOW\�
ideal preparation. Next, the student’s preparation was 
VFDQQHG��DQG�D�KLJK�TXDOLW\��'�PRGHO�ZDV�JHQHUDWHG�
�)LJXUH�����8VLQJ�SLQSRLQW�SUHFLVLRQ��WKH�WZR�GLJLWDO�
models were aligned based on common anatomical 
IHDWXUHV�RI�WKH�DGMDFHQW�WHHWK��)LJXUH�����(�'�&RP-
SDUH�VRIWZDUH�DOORZV�YHUL¿FDWLRQ�RI�SURSHU�DOLJQPHQW�
using a cross section of the aligned models to ensure 
proper “stitching” of the student model with the gold 
VWDQGDUG��)LJXUH�����2QFH�SURSHU�DOLJQPHQW�ZDV�YHUL-
¿HG��WKH�IDFXOW\�PHPEHU�PDUNHG�WKH�¿QLVK�OLQH�RI�WKH�
student preparation and the gold standard, utilizing 
LQWXLWLYH�DXWRPDWLF�PDUJLQ�¿QGLQJ�WRROV�DQG�IXUWKHU�
UH¿QHPHQW�ZLWK�PDQXDO�WRROV��)LJXUH�����
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Figure 1. Sample student preparation next to faculty-determined gold standard

Figure 2. Alignment of sample student preparation and gold standard
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Figure 3. Cross section of student preparation aligned with gold standard

Figure 4. Finish line of student preparation and gold standard marked by faculty member



172 Journal of Dental Education ! Volume 77, Number 2

Next, the software measured any discrepancy 
in reduction (overreduction or underreduction) and 
displayed this discrepancy as a particular color. Ar-
eas within tolerances were displayed as green, areas 
underreduced appeared blue, and areas overreduced 
were shown in red. The software calculated the 
percentage of the surface area of the student prepara-
tion that was green and thus within the set tolerable 
range of discrepancy from ideal. The E4D Compare 
software automatically calculated the percent surface 
area of each color and displayed it as a numerical 
YDOXH��)LJXUH�����)RU�WKLV�VWXG\��WKH�QXPHULFDO�YDOXH�
for the percent surface area that was within the set 
UDQJH�RI����ȝP�IURP�WKH� LGHDO�ZDV�UHFRUGHG. The 
distance threshold (difference between the master 
and the student preparation) can be set at any level 
GHVLUHG��,Q�WKLV�VWXG\�����ȝP was chosen as the ac-
ceptable range that student preparations can vary 
from the ideal (distance threshold) and still be scored 
green based on a pilot study. This pilot study found 
WKDW�ZKHQ����ȝP�ZDV�XVHG, the E4D Compare grade 
most closely correlated to faculty grades. 

These two methods of evaluating a student’s 
ability to prepare a tooth for an all-ceramic prepara-
WLRQ�ZHUH� FRPSDUHG��7KH�¿UVW�PHWKRG� LQYROYHG� D�

rater comparing the student’s tooth preparation to the 
gold standard preparation and provided a grade that 
UDQJHG�IURP���WR�����LQ�LQFUHPHQWV�RI�¿YH�XQLWV��7KH�
second method utilized the E4D Compare software to 
FUHDWH�D��'�LPDJH�RI�WKH�VWXGHQW¶V�WRRWK�SUHSDUDWLRQ�
DQG�FRPSDUHG�LW�WR�WKH��'�JROG�VWDQGDUG�SUHSDUDWLRQ��
It was hypothesized that the E4D Compare software 
would be more precise than the older hand-grading 
method described above.

7KH�VWXG\� LQFOXGHG�JUDGHV� IRU�¿IW\�VWXGHQWV��
Three raters graded each randomized student prepara-
tion once by each of the two methods. The reduction 
evaluation provided by the software is a continuous 
PHDVXUH��UDQJLQJ�IURP���WR�����DQG�LV�WKH�VXUIDFH�
area of the student preparation that was within the 
set distance threshold of the ideal preparation. The 
mean difference in rater scores for each method was 
considered, as was the variability of scores within 
HDFK�PHWKRG�� ,Q� RUGHU� WR� DGHTXDWHO\� FRPSDUH� WKH�
two methods, the dataset arising from the newer 
E4D evaluation method was rounded to the nearest 
XQLW�RI����H�J���LI�WKH�VFRUH�ZDV�������LW�ZDV�URXQGHG�
WR�����LI�WKH�VFRUH�ZDV�������LW�ZDV�URXQGHG�WR������
)RU�FRPSDULVRQ�RI�WKH�PHWKRGV��ERWK�URXQGHG�DQG�
XQURXQGHG�(�'�PHDVXUHV�ZHUH� FRQVLGHUHG��6LQFH�

Figure 5. Software-calculated discrepancy between student preparation and gold standard



February 2013 ! Journal of Dental Education 173

WKHUH�ZDV�QRW�D�VLJQL¿FDQW�GLIIHUHQFH��WKH�UHVXOWV�IRU�
the unrounded E4D measures were reported.

)RU�DOO�FDOFXODWLRQV��WKH�VRIWZDUH�6$6�YHUVLRQ�
9.2 was used. Differences in rater scores for each 
evaluation method were calculated by taking the ab-
VROXWH�YDOXH�RI�WKH�GLIIHUHQFH�LQ�HDFK�UDWHU�SDLU��)RU�
H[DPSOH��IRU�WRRWK���ZLWKLQ�WKH�KDQG�JUDGLQJ�PHWKRG��
WKH�GLIIHUHQFHV�EHWZHHQ�UDWHUV���DQG����UDWHUV���DQG����
DQG�UDWHUV���DQG���ZHUH�FDOFXODWHG��/LQHDU�PL[HG�PRG-
els were applied to the data to examine differences 
between the methods in the mean rater differences. 
Linear mixed models were also used on the raw score 
data to obtain the variance-covariance estimates to 
examine the “within method” variability and overall 
variability of grades using intraclass correlations. 

Results
The mean difference between raters’ grades 

ZDV�VLJQL¿FDQWO\�KLJKHU�IRU�WKH�KDQG�JUDGLQJ�PHWKRG�
UHODWLYH�WR�WKH�(�'�&RPSDUH�PHWKRG��S���������7KH�
PHDQ�GLIIHUHQFH�ZDV����������SHUFHQW�&,������������
IRU�WKH�KDQG�JUDGLQJ�PHWKRG�DQG����������SHUFHQW�&,�
�����������IRU�WKH�(�'�&RPSDUH�PHWKRG��,QWUDFODVV�
FRUUHODWLRQ� FRHI¿FLHQWV� �,&&�� IRU� HDFK� HYDOXDWLRQ�
method were estimated to determine the relative 
precision of each method. The ICC for the hand-
JUDGLQJ�PHWKRG�ZDV��������ZKLOH� WKH� ,&&� IRU� WKH�
(�'� HYDOXDWLRQ�PHWKRG�ZDV� �������7KXV�� IRU� WKH�
hand-grading method, 62 percent of the variability in 
students’ grades resulted from which student’s crown 
SUHSDUDWLRQ�ZDV�EHLQJ�JUDGHG��ZKLOH����SHUFHQW�RI�WKH�
variability in grades was due to which rater graded 
WKH�SUHSDUDWLRQ��+RZHYHU��IRU�WKH�(�'�PHWKRG��!���
percent of the variability was due to variability in 
VFRUHV�DFURVV�VWXGHQW�JUDGHV��ZKLOH�RQO\���SHUFHQW�
was due to which rater evaluated the preparation. 

7KXV��IRU�D�JURXS�RI�¿IW\�VWXGHQWV¶�FURZQ�SUHSD-
UDWLRQV��XVLQJ�WKH�(�'�PHWKRG��RQO\���SHUFHQW�RI�WKH�
variability in the students’ score was due to which 
UDWHU� HYDOXDWHG� WKH� WRRWK��ZKLOH� ��� SHUFHQW� RI� WKH�
variability in score was due to which tooth was being 
graded. These results suggest that the E4D method 
LV�D�VLJQL¿FDQWO\�PRUH�SUHFLVH�PHWKRG�IRU�DVVHVVLQJ�
crown preparations than the hand-grading method.

Discussion
In many situations today, it seems students trust 

technology more than human judgment.�� They have 
been raised with technology in every part of their 

lives and are frustrated when they are evaluated in 
what they perceive to be a subjective manner. It does 
not matter that faculty members may have tremen-
GRXV�H[SHULHQFH�DQG�D�¿QHO\�KRQHG�DELOLW\� WR�GLV-
criminate minute differences between various tooth 
preparations. They may even possess a high degree of 
consistency in evaluating things over time, and stu-
dents with limited knowledge and experience may not 
EH�DEOH�WR�UHFRJQL]H�RU�DSSUHFLDWH�WKH�VLJQL¿FDQFH�RI�
errors even when highlighted by a faculty evaluator. 
:KDW�LV�LPSRUWDQW�LV��LQ�RXU�H[SHULHQFH��WKDW�VWXGHQWV�
tend to distrust this evaluation and spend inordinate 
DPRXQWV�RI�WLPH�TXHVWLRQLQJ�DQG�RU�FKDOOHQJLQJ�WKH�
grade or the grading criteria itself.

2IWHQ�ORVW�LQ�WKLV�SURFHVV�LV�WKH�IRFXV�RQ�ZKDW�
the grade (however determined) actually represents. 
It should represent a deviation from the ideal and 
should encourage the student to try to discern any 
GH¿FLHQFLHV� DQG�ZRUN� WR� LPSURYH��0DQ\� WLPHV� LW�
does just the opposite. If students receive what they 
consider to be a good grade, they happily accept it 
and go on. If students receive what they consider to 
be a bad grade, they often attribute it to some form 
of bias, subjectivity, discrimination, or lack of evalu-
ation ability on the part of the faculty member. It is 
not uncommon to hear such students say they do not 
plan to go back and try again as they will surely only 
get another unjust bad grade. The very students who 
ZRXOG�EHQH¿W�IURP�DGGLWLRQDO�SUDFWLFH�DUH�WKXV�RIWHQ�
WKH�¿UVW�WR�JLYH�XS�RU�TXLW��

:H�DFNQRZOHGJH�WKDW�WKLV�VWXG\�KDV�OLPLWDWLRQV�
and that further research including validation of ac-
curacy and actual translation to student abilities in 
WKH�FOLQLF�LV�QHHGHG��)XUWKHUPRUH��PDQ\�LQVWLWXWLRQV�
may need to invest considerable money in scanners 
to accommodate students with an appropriate ration 
of one scanner for every ten students.

Nevertheless, this study has shown that the 
VFDQQLQJ�WHFKQLTXH�DQG�FRPSDULVRQ�VRIWZDUH�XVHG�LQ�
our study takes the subjectivity out of the assessment 
process. Preparation evaluation can truly be gener-
ated in a nonthreatening, objective, and repeatable 
manner. This allows the student and faculty member 
WR�DYRLG�ZDVWLQJ�WLPH�GHDOLQJ�ZLWK�TXHVWLRQV�RI�JUDGH�
legitimacy and concentrate more on the student’s 
weakness or lack of understanding about the pro-
cedure itself. This revolutionary software provides 
consistent and accurate assessment of students’ 
preparations, allowing them to focus on improve-
ment rather than arguing the validity of their grade. 

7KH�RWKHU�WUHPHQGRXV�EHQH¿W�LV�WKDW�WKLV�V\VWHP�
allows students to work independently. It is no longer 
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necessary for a faculty member to be present for the 
VWXGHQW�WR�JHW�YDOXDEOH�IHHGEDFN��6WXGHQWV�FDQ�ZRUN�
and practice independently outside of established 
laboratory times utilizing E4D Compare software as 
a self-assessment tool. Previously, students might be 
practicing the wrong things without accurate feed-
back, and rather than gain experience they would 
simply repeatedly reinforce errors. 

'U��)UDQN�0HGLR��IRUPHU�GLUHFWRU�RI�JUDGXDWH�
PHGLFDO�HGXFDWLRQ�DW�086&��RQFH�SRVHG�D�TXHVWLRQ�
WR�WKH�GHQWDO�VFKRRO�IDFXOW\�LQ�D�VHPLQDU��+H�DVNHG��
³:KDW�LV�WKH�PRVW�LPSRUWDQW�MRE�RI�WKH�IDFXOW\"´�$IWHU�
faculty members uniformly answered that the most 
important job was to teach students, Medio disagreed. 
+H�VWDWHG�WKDW�WKH�PRVW�LPSRUWDQW�MRE�ZDV�³WR�SURYLGH�
accurate feedback, because if students received ac-
curate feedback, they could teach themselves.” The 
increased accuracy, precision, reliability, and con-
sistency of the E4D Compare software in evaluating 
tooth preparations should allow students to learn and 
GHYHORS�WKHVH�VNLOOV�PRUH�HI¿FLHQWO\�DQG�LQ�D�VKRUWHU�
SHULRG�RI�WLPH��:KLOH�RXU�VWXG\�GLG�QRW�DGGUHVV�WKLV�
issue, further research should be undertaken to an-
VZHU�WKLV�TXHVWLRQ��

The basic concept of this software is to com-
pare the student’s preparation in terms of overreduc-
WLRQ�DQG�RU�XQGHUUHGXFWLRQ�IURP�D�NQRZQ�VWDQGDUG��
2EYLRXVO\��RWKHU�IDFWRUV�DUH�LPSRUWDQW�LQ�WHUPV�RI�
JRRG�WRRWK�SUHSDUDWLRQ��6PRRWKQHVV�RI�WKH�VXUIDFHV��
¿QLVK� OLQH�FRQ¿JXUDWLRQ��DQG�GDPDJH�RI� WKH�DGMD-
cent teeth are also very important. At this time, the 
software used in our study is still in development, 
and there are a number of other parameters that in 
the future may possibly be automatically calculated 
without subjective faculty evaluation. Currently, the 
software can calculate and display taper, total occlu-
VDO�FRQYHUJHQFH��72&���UHGXFWLRQ�OLQJXDO�ZDOO�DQG�
axial wall height, and undercuts. The information 
provided by the software makes it easier for faculty 
members to provide accurate feedback to students. 
7KH� ¿QLVK� OLQH� LV� REYLRXVO\� RI� JUHDW� LPSRUWDQFH�
in any preparation and may have to be evaluated 
separately using cross-sections of the preparation at 
IRXU�RU�HLJKW�SRLQWV�DURXQG�WKH�WRRWK��6WLOO��XQGHU-
development is a way to automatically evaluate the 
PDUJLQDO�FRQ¿JXUDWLRQ�RI�WKH�VWXGHQW�SUHSDUDWLRQ�DV�
compared to the ideal.

Comparison criteria, such as the distance 
threshold, can be determined by individual course 
LQVWUXFWRUV� DQG� FKDQJHG� DV� QHFHVVDU\�� )DFXOW\�
calibration can be easily done to help a larger group 

of clinicians to become more consistent in their 
SHUFHSWLRQV�DQG�VXEVHTXHQW�WHDFKLQJ�RI�VWXGHQWV��$�
true evaluation of the written parameters of an ideal 
preparation can be determined by using a preopera-
tive scan of the tooth prior to preparation as compared 
WR�WKH�¿QDO�SUHSDUDWLRQ��7KH�FURVV�VHFWLRQ�WRRO�LV�XVHG�
to accurately assess in three dimensions the differ-
ence between the gold standard preparation and the 
unprepared tooth to ensure a perfect master is utilized 
for the comparison. 

:H�KDYH�EHHQ�XWLOL]LQJ�WKH�(�'�&RPSDUH�VRIW-
ware as a tool for faculty evaluation for a semester 
DQG�KDYH�HYDOXDWHG�RYHU�����SUHSDUDWLRQV��6WXGHQWV�
seem to accept this feedback, trust it, and focus on 
LPSURYHPHQW��:H�KDYH�QRW�VHHQ�DQ�LPSURYHPHQW�LQ�
student preparations of this magnitude in such a short 
period of time with conventional feedback mecha-
QLVPV��2Q�WKH�¿UVW�SUDFWLFDO��WKH�FODVV�DYHUDJH�ZDV�
����DQG�WKUHH�ZHHNV�ODWHU�WKH�DYHUDJH�RQ�WKH�VHFRQG�
SUDFWLFDO�ZDV�����(�'�&RPSDUH�KDV�EHHQ�D�ZRQGHUIXO�
VXSSOHPHQW�WR�SURYLGH��'�DVVHVVPHQW�RI�VWXGHQW�ZRUN�
beyond the conventional grade sheet. Potential im-
plications for this technology extend well beyond the 
SUHGRFWRUDO�GHQWDO�FODVVURRP��2EMHFWLYH�HYDOXDWLRQV�
by state board examiners and testing agencies could 
ensure uniform results as well as permanent records 
of candidates’ attempts during the examination.

Conclusions
This study demonstrated a reliable method of 

scanning and comparing student tooth preparations 
to a known ideal preparation. Using this method 
makes it feasible to accurately and consistently as-
sess student work without dependence on subjective 
evaluation criteria. More research needs to be done 
to further improve assessment of student work and 
HYDOXDWH�ZD\V�WR�UHGXFH�VXEMHFWLYLW\��)XWXUH�UHVHDUFK�
evaluating E4D Compare software can include dif-
ferent methods to calibrate faculty, intra-examiner 
reliability, and accuracy. 
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