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Abstract: The aim of this prospective quantitative study was to compare the effect of different instructional formats on dental 
students’ skills and knowledge acquisition for access cavity preparation. All first-year dental students were invited to participate 
in this study conducted during the four consecutive two-week endodontic rotation courses at the University of the Pacific Arthur 
A. Dugoni School of Dentistry in spring semester 2015. Four alphabetically distributed intact groups of students were randomly 
allocated to two groups (n=70 each) that participated in either small-group discussion or a traditional lecture on access prepara-
tion. The first outcome measure was skill acquisition, measured by the quality of access cavities prepared in extracted teeth at the 
conclusion of the session. Two blinded raters scored direct observations on a continuous scale. Knowledge, the second out-
come measure, was scored with a multiple-choice and open-ended question test at the end of each two-week session. Data were 
obtained for 134 of the 140 students, for a 96% response rate. The results showed that students in the small-group discussion 
groups scored significantly higher than those in the lecture groups when skill performance was tested (p=8.9 x 10-7). However, 
no significant differences were found in the acquisition of knowledge between the two groups on the written test. Active student 
participation was significantly related to improved manual skill acquisition, but the format of the session does not seem to have 
had a direct influence on acquired knowledge.
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Traditional pedagogy is based on large lecture 
classes as the method to transmit information 
from teacher to student.1 This approach as-

sumes that the lecture format allows for presentation 
of the largest amount of information in the shortest 
period of time with the most efficient use of faculty 
time. Though delivery of a single lecture to a large 
group of students is cost-effective, this pedagogical 
method is often ineffective because students’ atten-
tion in passive listening settings is difficult to main-
tain for durations longer than ten minutes.2 

Educators have recommended new teaching 
formats based on a small-group structure. These for-
mats offer the opportunity for active student partici-
pation and make students partners in the educational 
process. Incorporating these educational approaches 
may encourage the development of student learn-
ing characteristics, such as critical thinking, self-

directed learning, and problem-solving by fostering 
interdependent learning as opposed to independent 
learning.1 Unfortunately, a recent systematic review 
reported the body of evidence available to guide 
medical educators on how to teach to students is 
small, albeit of good quality.3 Teaching and learning 
are very complex phenomena. However, educational 
planning must take into consideration students’ pref-
erences and diversity of learning styles along with 
such practical factors as number of students, hu-
man resources available, and material resources of 
the institution. Educational methods in health care 
professions must also emphasize learning skills and 
competence rather than judging them on the provision 
of information alone.1

One study reported that students preferred to 
work in teams.4 In fact, when compared to traditional 
lectures, small-group discussion methods have been 
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The aim of this prospective quantitative study was 
to compare the effect of two instructional formats 
(small-group discussion and traditional lecture) 
on first-year dental students’ knowledge and skills 
in pulpal access cavity preparation for endodontic 
therapy.

Materials and Methods
After the Institutional Review Boards of the 

University of the Pacific (IRB proposal #15-71) and 
the University of New England (IRB022015-012) 
determined the study to be exempt, first-year DDS 
students at the University of the Pacific Arthur A. 
Dugoni School of Dentistry were given information 
about the study, invited to participate, and asked to 
sign an informed consent. All 140 first-year students 
(Class of 2017) were invited to participate in this 
prospective quasi-experimental study. At the begin-
ning of the 2014 academic year, students were equally 
distributed into four groups using non-random, 
alphabetical categorization for all preclinical instruc-
tion. The four groups of 35 students each were then 
randomly allocated to one of two formats: traditional 
lecture or small-group discussion (n=70 in each). 

The study was conducted in the four consecu-
tive two-week endodontic rotation courses. The two-
week course was given to each group in succession 
over eight weeks. This course traditionally consisted 
of standard lectures followed by hands-on exercises. 
Knowledge and skills necessary to accomplish a cor-
rect access cavity preparation for endodontic therapy 
are different than for the rest of the endodontic pro-
cedure and can be assessed independently.14 As this 
topic is taught in the third educational session of the 
two-week rotation, it was selected as appropriate 
for the study. 

The traditional lecture format was used for 
the control group. In the experimental group, the 
lecture was replaced by a small-group discussion. A 
randomized, two-group research design was used to 
test the effectiveness of these instructional formats 
on skills and knowledge acquisition for access cav-
ity preparation. The independent variables were the 
two teaching formats. The dependent variables were 
skills and knowledge acquisition for access cavity 
preparation.

In the control group, a single instructor deliv-
ered a 90-minute traditional lecture on access cavity 
preparation for various groups of teeth; the lecture 
also incorporated videos showing the procedure. For 

found to promote communication, problem-solving, 
and interpersonal skills,4 prepare students for team-
work,5 provide more time for change of thought and 
deeper understanding of problems,6 and create a more 
motivational environment.7 Another study found a 
higher level of enjoyment and sense of educational 
stimulation8 and engagement with the content. How-
ever, greater educational value was perceived in 
lecture formats in a randomized controlled study.9 
Netterstrøm et al. found that some students preferred 
listening to teachers who knew the material and did 
not think it possible for them to take responsibility 
for their learning.10 According to Jackson et al., other 
challenges when students worked in small groups 
included the influence of cultural or motivational 
differences, personality of participants, and logisti-
cal issues.11

When instructors have been interviewed about 
their impressions after using collaborative learning 
approaches, the studies identified positive aspects. 
These included a sense of camaraderie and cohesive-
ness in the classroom, as well as a greater opportunity 
for instructors to interact with individual students.12 
Another study found that teachers were surprised 
when some students reported negative attitudes to 
a collaborative learning environment and had to 
change the teaching style back to more traditional 
approaches.10 

However, the evidence is mixed linking spe-
cific teaching techniques to improved knowledge 
outcomes and skill acquisition. When students in de 
Villiers et al.’s study reflected on their impressions 
of small-group learning, they reported a feeling of 
improvement in both knowledge and clinical skills.6 
Likewise, Bahar-Özvaris et al. found students in 
small-group teaching formats gained more knowl-
edge between pre- and posttests than students in a 
control group,13 and Ferreri and O’Connor reported 
small-group students’ improvement as measured by 
grades at the end of the year.4 By contrast, Fischer 
et al. and Haidet et al. reported no improvement in 
students’ test scores after a change in the delivery 
format of the class.8,9

As a result, there is a lack of consensus on the 
benefits of small-group methods for knowledge out-
comes. At the same time, educators in the health care 
professions are challenged to introduce effective and 
efficient educational methods to increase students’ 
acquisition of the requisite knowledge and skills. 
These factors and the demands on faculty time point 
to the need for additional data on the impact of new 
teaching formats compared to traditional methods. 
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also received a script explaining all the steps of the 
session (Table 1). Each subgroup was asked to dis-
cuss the relationship between the internal pulpal and 
external tooth anatomy, the ideal access outline form, 
frequent mishaps, and special considerations during 
access preparation for the assigned tooth. Students 
were asked to find an interesting video from the 
online sources that showed the correct access cavity 
preparation for the assigned tooth. They were told 
to modify the PowerPoint templates if required to 
further the understanding of their classmates. Dur-
ing the second part of the session, students in each 
subgroup taught the other three student subgroups 
what knowledge they had acquired during the first 
part of the session for their group´s assigned tooth. 
All the students were required to actively participate 
during the second 45-minute portion of the session. 

All student performance data remained confi-
dential during the collection period. Data were kept in 
a secure database in a password-protected computer. 
Once all data were collected, individual student iden-
tification information including name and student ID 
was replaced with a numeric code in order to ensure 
confidentiality of all study participants. 

Data were collected to assess acquisition of 
knowledge and skills. For knowledge, at the end of 

the experimental group, the 35 students in each block 
were distributed into three working groups with 11 
to 12 students in each group (Figure 1). Each group 
had a 90-minute session with a facilitator. The three 
groups in each rotation had the sessions at the same 
scheduled time. Three facilitators were used to main-
tain the pace of the block. The single instructor in 
the control group was also one of the facilitators. A 
calibration method was used to ensure comparable 
teaching experiences of all facilitators. Prior to the 
session, the three facilitators were provided with ev-
idence-based guidelines on small-group facilitation.

The facilitation session was divided into two 
components with each lasting 45 minutes for total 
session duration of 90 minutes. During the first 45 
minutes of the facilitation session, students were 
randomly distributed into subgroups of two or three 
students each, and a tooth type (incisors, premo-
lars, maxillary molars, or mandibular molars) was 
randomly assigned to each. The departmental end-
odontic manual, laptops with Internet connectivity, 
and textbooks were available as resources for all 
participants. A flash-drive given to each subgroup at 
the beginning of the session contained images of the 
corresponding tooth type, two articles, and a PDF of a 
textbook chapter on access openings. Each subgroup 

Figure 1. Design of the control and experimental groups and content of sessions 
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and standard deviation of subgroups were similar; 
thus, the data were analyzed with Student’s t-test. 
Data for Student’s t-test scores in the multiple-choice 
examination violated the assumption of normal dis-
tribution and were analyzed with a Mann-Whitney U 
test. Scores of students in the three facilitation groups 
were compared with a Kruskal-Wallis test.

Results
Data were obtained for 134 (96%) of the 140 

students who signed the informed consent and vol-
untarily agreed to participate in the study. Six stu-
dents did not deliver the informed consent and were 
excluded. Of the participating students, 68 (51.3% 
females and 48.7% males) were taught in the lecture 
group (control group), while 66 (46.8% females and 
53.2% males) participated in the small-group discus-
sions (experimental group). 

Interrater reliability was high for both con-
sistency (ICC=0.854; 95% confidence interval (CI) 
0.801-0.894) and absolute agreement (ICC=0.852; 
95% CI 0.798-0.887). No statistical differences 
were found in the acquisition of knowledge (p=0.25) 
between the control group (mean score=4.30±1.2) 

each rotation, students completed a test consisting 
of multiple-choice and short open-ended questions 
on access cavity preparations. A rater blindly scored 
all the written tests. For skills, at the conclusion of 
the learning session, students were asked to perform 
access cavity preparations in all the tooth types in 
extracted teeth. Two expert raters, through direct ob-
servation, evaluated the performance of each prepa-
ration with a grading rubric (Table 2). To prevent 
any undue bias, raters were blinded from each other 
and to both the student and the intervention group. 
Three parameters were scored: outline form, outline 
preparation, and final access. The average score of 
the three parameters was calculated for each tooth. 
Average scores of the four teeth were also calculated. 

SPSS-22 (IBM Corp., Armonk, NY, USA) was 
used for statistical analysis. Results are reported 
in aggregate form to maintain confidentiality. De-
scriptive data investigating frequency for gender 
per group were calculated. Interrater reliability of 
average performance scores was calculated with an 
interclass correlation coefficient for both consistency 
and absolute agreement.

Data for students’ average ratings of their 
performance in the access cavity preparations were 
found to be compatible with a normal distribution, 

Table 2. Grading rubric for access cavity preparation assessment

 Poor (4-5) Fair (6-7) Excellent (8-10)

Outline form Outline poorly executed Minor outline errors Correct outline cut in dentin
Outline preparation  Excessive structure cut Chamber penetration off axis Chamber opened on long axis
Access accomplished Access poorly accomplished Slight irregularities in the access Straight line access complete

Table 1. Script used with students in the facilitation session

Script

You must discuss in your subgroup and then present to the other subgroups the following information for the tooth types you 
were assigned:
 A.  Relationship between the pulp chamber and root canal system with the coronal and lateral external surfaces. 

Expected number and location of the root canals.
 B. Ideal access outline form.
 C.  Special considerations for the type of teeth (example: long access of the root, angulation of the bur, unroofing of 

the pulp chamber, angulation of crown versus root).
 D.  Frequent mishaps and errors for the selected type of teeth.
 E. Find an interesting video on the Internet for one of the tooth types assigned.

On the flash-drive given to your subgroup, there is a presentation with images that you can use to explain concepts to the other 
groups. You can also show them the video that you found. The presentation should not take more than 10 minutes.

The first 45 minutes of the session will be used for discussion among the members of your subgroup and preparation of the 
material you will present to the other subgroups. In the second part of the session (last 45 minutes), each subgroup will present 
its findings. 



April 2016 ■ Journal of Dental Education 463

Laboratories’ Pyramid of Learning is controversial. 
The Pyramid of Learning cites up to a 90% aver-
age retention rate when teaching others and 50% 
in group discussion compared to the 5%, 10%, and 
20%, respectively, for the passive teaching methods 
of lecture, audiovisual, and demonstration.19,20 Our 
research team decided that the best small-group 
discussion method to foster active learning would 
be a participatory teaching method that included 
both group discussion and active peer teaching. In a 
recent review, Masters states that although there is no 
agreement on the percentages of learning retention 
reported in the Pyramid of Learning, there is still a 
general pattern.21

A special effort was made to design reliable 
and valid measures for a fair comparison of both 
knowledge and skills acquisition between the two 
teaching methods. This was important regarding 
students’ learning strategies since outcomes are 
influenced not only by instructional design but also 
by methods of assessment. For cognitive outcomes, 
a test containing a representative sample of items 
to test important information with the appropriate 
level of difficulty was designed. Care was taken to 
avoid construct-irrelevant easiness and construct-
irrelevant difficulty.22 Items were obtained from a 
well-respected textbook in endodontics14 and edited 
by three content experts using principles of effective 
question writing. For assessing skills, the major con-
cern was interrater reliability and consistency. It was 
decided that two raters would code the access cavity 
preparation independently using the same grading 
rubric used in the Department of Endodontics to 
grade access cavity preparations performed by senior 
students on patients. The grading rubric addressed all 
the critical aspects related to access cavity prepara-
tion for root canal therapy. In addition, both raters had 
been trained in use of this grading rubric and had used 
it extensively in the clinic over the last two years. As 
a result the interrater reliability was high for both 
consistency and absolute agreement in this study. To 
further avoid bias, each assessment was assigned a 
random number, and both raters were blinded to both 
the student and the learning intervention.23,24

In this study, the format of the session seemed 
not to have a direct influence on the acquired knowl-
edge at the end of the rotation; however, active 
student participation was significantly related to a 
higher skill acquisition. An improvement in preclini-
cal endodontic skills has been previously reported 
when blended learning (online lectures and videos) 
was compared with traditional lecture formats, and 

and experimental group (mean score=4.49±1.11). 
However, students in the experimental group scored 
significantly higher (mean score=7.29±1.03) than 
those in the lecture group (mean score=6.24±1.30) 
when skill performance was tested (p=8.9 x 10-7). No 
significant differences were found among the scores 
of students in the three experimental groups.

Discussion
This study compared quantitative information 

on both cognitive and psychomotor outcomes for a 
cohort of first-year dental students randomly divided 
into small-group discussion and lecture format ses-
sions. This comparison of knowledge acquisition and 
skills provides insight into the role of different teach-
ing methods in students’ preclinical performance. 
All students were invited to participate in the study, 
but they had no choice over the specific method of 
instruction they would receive. If a student declined 
to participate, data were not included. At the same 
time, attendance in the traditional lecture was of-
fered to those students assigned to the small-group 
discussion format if either the student or instructor 
identified a concern with a cognitive or skills deficit. 
Neither the students nor the instructors requested or 
identified the need for a further traditional lecture 
session during the course of the study.

Small-group discussion formats are intended 
to foster independent thinking and problem-solving 
skills. Prior research has demonstrated greater sat-
isfaction levels when students participated actively 
in the learning process.4-8 However, there is no con-
sensus on the advantages in cognitive outcomes; and 
in some of those studies, students’ group assignment 
was made on a voluntary basis so the outcomes may 
have been biased by students’ preferences. In our 
study, intact groups were randomly allocated to ei-
ther a small-group discussion or a traditional lecture 
session, which avoided this potential bias. A control 
group with the classic delivery method was used to 
allow the deep analysis of the effect of small-group 
peer learning in the integration of knowledge on 
preclinical performance outcomes. 

Jacques described a variety of methods for 
successful small-group facilitation sessions.15 In 
our study, we followed guidelines for successful 
implementation of small-group discussions16,17 and 
gave the facilitators specific instructions on small-
group facilitation prior to the study. The translation of 
Dale’s Cone of Experience18 to the National Learning 
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Conclusion
Within the limitations of this study, the student-

directed teaching format with a faculty facilitator did 
not have a direct influence on didactic knowledge 
acquisition for these first-year dental students. How-
ever, the format was significantly related to a higher 
skill acquisition. Considering the implications of 
dental training with patient care, these findings are 
relevant for health care professions in which edu-
cational methods should emphasize active learning 
skills and competence rather than the development 
of didactic knowledge alone. 
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