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Abstract: Educational technologies such as video cases can improve health professions student learning outcomes, but few stud-
ies in dentistry have evaluated video-based technologies. The goal of this study was to compare outcomes associated with video 
and paper cases used in an introductory public health dentistry course. This was a retrospective cohort study with a historical con-
trol group. Based on dual coding theory, the authors tested the hypotheses that dental students who received a video case (n=37) 
would report better affective, cognitive, and overall learning outcomes than students who received a paper case (n=75). One-way 
ANOVA was used to test the hypotheses across ten cognitive, two affective, and one general assessment measures (α=0.05). Stu-
dents in the video group reported a significantly higher overall mean effectiveness score than students in the paper group (4.2 and 
3.3, respectively; p<0.001). Video cases were also associated with significantly higher mean scores across the remaining twelve 
measures and were effective in helping students achieve cognitive (e.g., facilitating good discussions, identifying public health 
problems, realizing how health disparities might impact their future role as dentists) and affective (e.g., empathizing with vulner-
able individuals, appreciating how health disparities impact real people) goals. Compared to paper cases, video cases significantly 
improved cognitive, affective, and overall learning outcomes for dental students.
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In 2010, the Commission on Dental Accreditation 
(CODA) published new accreditation standards 
that predoctoral D.D.S. and D.M.D. programs 

must meet.1 One area of emphasis is the application 
of technology to enhance the educational experiences 
of dental students and improve the learning envi-
ronment in dental schools. These standards are not 
prescriptive, but provide broad guidelines on ways 
that technologies can be used to modernize dental 
curricula, create teaching and learning efficiencies, 
and address the different learning styles of dental 
students. Consistent with the new CODA standards, 
previous authors have called for the increased use of 
technology in dental schools.2

The use of video technologies in health sci-
ences education is not a new concept.3 Studies 
suggest that it is feasible to incorporate videos into 
lecture-based courses to teach preclinical opera-
tive dentistry, pediatric behavior management, and 
critical thinking.4-7 Dental students indicate a strong 
preference for video-based teaching compared to 
traditional modalities, but there are mixed results 

on whether video-based approaches improve grades 
and preclinical performance.5,6,8,9 Still, videos are a 
promising teaching modality and may be particularly 
useful for providing detailed narratives for use in 
problem-based learning (PBL) courses.10

The course “Social and Historical Perspectives 
in Dentistry” (also known as “Introduction to Dental 
Public Health Sciences”) is part of the first-year core 
curriculum at the University of Washington School 
of Dentistry. The goal of this PBL course is to intro-
duce dental students to public health concepts such 
as access to dental care, barriers to dental care, the 
behavioral and social determinants of oral health, 
and development of multilevel solutions to reduce 
oral health disparities. There are inherent challenges 
associated with teaching public health concepts to 
dental students.11-13 To address these challenges, 
the ten-week course is structured around traditional 
lectures and non-lecture sessions in which dental 
students meet regularly in groups consisting of eight 
to fifteen students. Each group has a faculty facilitator 
and is assigned a dental public health case. The case 
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Methods
All first-year students in an introductory dental 

public health course were assigned to a group and 
given a case to study throughout the quarter. The 
video cases were identical in content to the paper 
cases.14 There were three video cases focusing on 
vulnerable individuals and the difficulties they 
encountered in accessing dental care. The first case 
focused on a Medicaid-enrolled preschooler whose 
caregiver has limited English language skills. The 
second case focused on an adolescent of American 
Indian descent with dental fears who presents to the 
dentist with an intraoral lesion secondary to tobacco 
use. The third case focused on a pregnant woman 
in need of dental treatment who had recently immi-
grated to the United States. Other than the format of 
the cases (video versus paper), there were no other 
changes to the course format over the four years.

The preliminary conceptual framework for this 
study was based on aspects of Clark and Paivio’s 
dual coding theory and Eva’s model on assessment 
of educational outcomes (Figure 1).15,16 In our inte-
grative framework, the mode of instruction (video 
versus paper) was hypothesized to influence students’ 
cognition and affect, which, in turn, are upstream 
determinants of clinical behaviors and patient oral 
health outcomes. Cognition is defined as the men-
tal processes involved in knowledge acquisition 
by students and is operationalized by measuring 
problem-solving ability, critical reasoning, commu-

highlights a scenario in which an individual from a 
vulnerable subgroup has difficulties accessing dental 
care (e.g., Medicaid-enrolled child in Head Start, 
adolescent of American Indian descent, non-English-
speaking pregnant woman). Group members study 
the case independently and collectively throughout 
the quarter by conducting background research, 
prioritizing problems, generating solutions, and de-
livering a presentation to classmates at the end of the 
quarter. The traditional approach consisted of paper 
cases provided to small groups in written format. In 
2010, the paper cases were converted to video cases, 
which were subsequently pilot tested with first-year 
dental students.14

The aim of our study was to evaluate learn-
ing outcomes associated with technology-driven 
approaches (e.g., video cases) and traditional ap-
proaches (e.g., paper cases) to teach public health to 
dental students; no previous study has done that. Our 
hypotheses were that dental students who received a 
video case would report better affective, cognitive, 
and overall learning outcomes than students who 
received a paper case. We adapted Clark and Paivio’s 
dual coding theory, which posits that learning abstract 
concepts is enhanced by multisensory imagery and 
visualization, to test our hypotheses.15 This evalua-
tion is the first step in generating evidence to support 
technology-based dental school curriculum revisions 
that are consistent with CODA standards, meet the 
learning needs of dental students, and ultimately 
improve oral health outcomes for patients.

Figure 1. An integrative conceptual framework for study design and hypotheses based on Clark and Paivio’s dual coding 
theory and Eva’s model on assessment of educational outcomes

Note: Dashed arrows and light gray boxes indicate pathways and domains not evaluated in the current study.

Sources for developing conceptual framework: Clark JM, Paivio A. Dual coding theory and education. Educ Psychol Rev 1991;3(3):149-
210; Eva KW. Issues to consider when planning and conducting educational research. J Dent Educ 2004;68(3):316-23.
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second, third, or fourth). We used one-way ANOVA 
to compare the mean age of participants and the 
Pearson chi-square test to compare gender and race/
ethnicity by dental school year (α=0.05). One-way 
ANOVA was also used to compare the mean score on 
each outcome measure for students in the video ver-
sus paper groups. Because there were no significant 
differences across all outcomes measures for second-, 
third, and fourth-year students (p-values ranged from 
0.198 to 0.995), data for students in the paper group 
were collapsed. We also reported qualitative data on 
student comments about the case.

Results
The overall response rate was 45.3 percent 

(58.7 percent for first-year students and 40.8 percent 
for second-, third, and fourth-year students) (Table 
2). The mean age of study participants was twenty-
seven years, and 45.9 percent were female. About 
56 percent of participants were white, 42.3 percent 
were non-white or other, and 1.8 percent were un-
known race/ethnicity. There were no significant 
differences between dental school year and the three 
demographic variables (age, p=0.66; gender, p=0.11; 
race/ethnicity, p=0.36), nor were there differences be-
tween the first-year group and the combined second-, 
third-, and fourth-year groups (age, p=0.28; gender, 
p=0.20; race/ethnicity, p=0.63).

nication, and teamwork. Affect refers to the emo-
tional response of students and is operationalized by 
measuring satisfaction, empathy, and self-reflection. 

This was a retrospective cohort study of Uni-
versity of Washington School of Dentistry predoctor-
al dental students (N=247). The experimental group 
consisted of first-year dental students (n=63) who 
received a video case. The historical control group 
consisted of second-, third-, and fourth-year dental 
students (n=184) who received a paper case during 
their first year. A nineteen-item online survey was ad-
ministered to all enrolled predoctoral dental students 
in May 2011. The survey included three demographic 
questions, thirteen outcomes measures classified into 
one of three domains (cognitive [n=10], affective 
[n=2], or general assessment [n=1]), and three open-
ended questions asking for feedback about the case. 
Participation in the study was voluntary. All survey 
responses were anonymous. The study was exempted 
from human subjects approval by the University of 
Washington Institutional Review Board.

The predictor variable was the format of 
the case (video versus paper). There were thirteen 
student-reported outcome variables (Table 1), each 
with five possible responses (strongly disagree=1 to 
strongly agree=5). There were three demographic 
variables: year of birth (continuous), gender, and 
race/ethnicity (white, non-white or other, unknown).

Descriptive statistics were generated for all 
study participants and by dental school year (first, 

Table 1. Summary of student-reported outcome measures 

Cognitive Domain
The [video vs. paper] format of the case helped me [or me and my small group]:
 to gain new knowledge about dental public health sciences.
 to improve my problem-solving abilities.
 to become a more critical thinker.
 to have good discussions about the case.
 to identify the public health problem in the case.
 to identify the factors that were relevant to the case.
 to work together as a team.
 in coming up with a viable solution to the problem.
 to realize how health disparities might impact my future role as a dentist.
 to perceive that this was a real case.

Affective Domain
The [video vs. paper] format of the case helped me [or me and my small group]:
 to empathize with (or understand) the main characters of the case.
 to appreciate how health disparities can impact real people.

General Assessment
The [video vs. paper] format of the case overall was an effective way to learn about dental health disparities.

Note: There were five possible responses for each measure, from strongly agree to strongly disagree.
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Four students specifically compared their 
video case to alternative formats. One student indi-
cated that if the case “were to be read off a piece of 
paper, people might not take it as serious or grasp 
the gravity of the situation.” A second student noted 
that “visually seeing the case instead of reading [the 
case] brought it to life,” and a third student stated 
that “it was a lot more realistic to have a video case 
as opposed to something on paper . . . it helped to 
show that this type of case happens in everyday life.”

Students who received a paper case had fewer 
comments. One student noted that “I’m a visual 
learner, so it’s much better for my learning to have a 
physical copy I can read in front of me. I would never 
have caught as many factors if it had been verbally 
presented.” A second student noted that he or she 
“didn’t ever feel a personal attachment” to the case.

Discussion
This is the first published study to evaluate 

cognitive and affective learning outcomes associ-
ated with technology-driven approaches (e.g., video 
cases) and traditional approaches (e.g., paper cases) 
to teach public health to dental students. We tested 
the hypothesis that video cases would be associated 
with better student-reported learning outcomes than 
paper cases. Across all thirteen measures, mean 
scores were significantly higher for students in the 
video group than for those in the paper group. These 
findings suggest that video technology can be ef-
fectively incorporated into an introductory dental 

In the quantitative outcomes, dental students 
in the video group reported a significantly higher 
overall mean case format effectiveness score than 
students in the paper group (4.2 and 3.3, respectively; 
p<0.001). Students in the video group also reported 
significantly higher mean scores across the remain-
ing twelve outcomes measures than students in the 
paper group (Table 3). Compared to paper cases, 
video cases were more effective at addressing the 
following cognitive learning objectives: facilitating 
good discussions, helping students identify dental 
public health problems, and helping students identify 
the factors relevant to the case. The video cases also 
helped students achieve the following affective learn-
ing objectives: empathizing with the main characters, 
appreciating how health disparities can impact real 
people, and realizing how health disparities might 
impact their future role as dentists.

In the qualitative outcomes, two recurring 
themes from students who received a video case were 
the perception that the case was real and the enhanced 
ability to relate to the characters. One student com-
mented that “from the beginning to the end [it was] 
as though we were actually present with the patient.” 
Another student provided the following statement: 
“By presenting the case as a video I was able to put 
myself in the shoes of the protagonist much easier. 
I feel like I wondered more about the individual’s 
life even outside the scope of the events shown . . . 
aspects of his childhood, friends, school life, [and] 
communication with his mom. In short, the video 
made it much more real and helped me have more 
empathy for his situation.”

Table 2. Response rates and demographic data for study participants (N=112), by number and percentage of total

     Second-, Third-,   
 First-Year  Second-Year Third-Year Fourth-Year and Fourth-Year   
 Students  Students Students Students Students Combined Total Study 
 (n=37) (n=19) (n=37) (n=18) (n=74) Population  
Variable Video Case Paper Case Paper Case Paper Case Paper Case (N=112)

Response rate 37/63 (58.7%) 19/68 (27.9%) 37/63 (58.7%) 18/53 (34.0%) 75/184 (40.8%) 112/247 (45.3%)

Age (years)*
   Mean±SD 26.9±3.7 27.3±4.3 27.6±2.0 28.1±3.7 27.6±3.1 27.4±3.3

Gender*
   Female 14 (37.8%) 13 (68.4%) 18 (48.6%) 6 (33.3%) 37 (49.3%) 51 (45.9%)

Race/ethnicity*
   White 20 (54.1%) 14 (73.7%) 20 (54.1%) 8 (44.4%) 42 (56.0%) 62 (55.9%)
   Non-white or other 17 (45.9%) 5 (26.3%) 16 (43.2%) 9 (50.0%) 30 (40.0%) 47 (42.3%)
   Unknown 0 0 1 (2.7%) 1 (5.6%) 3 (4.0%) 2 (1.8%)

*Association between variable and dental school year not significant (p>0.05)
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Our study findings support the proposed in-
tegrative conceptual model, which posits that the 
mode of instruction influences affective and cogni-
tive learning outcomes for dental students. Enhanced 
learning outcomes are important because they are 
hypothesized to influence clinical behaviors during 
dental school and later when the student becomes 
an independent dental practitioner. Cognitive skills 
acquired in a preclinical public health dentistry 
course could help dental students work with vulner-
able patients to generate creative solutions on how 
to improve oral health behaviors at home. Affective 
skills could lead to better communication skills, the 
ability to empathize with patients, and enhanced 
cultural competence. These skills could also help to 
reinforce ethical professional behaviors by encourag-
ing students to treat Medicaid patients after graduat-
ing from dental school and to meaningfully engage 
in volunteer and dental outreach activities. Clinical 
behaviors are hypothesized to influence patient oral 
health outcomes by reducing oral diseases and health 
disparities, preventing dental fears and anxiety, and 
improving patient satisfaction with dental care and 

public health course to address cognitive as well as 
affective learning goals.

There are no studies from dentistry to which we 
can directly compare our findings. Our study findings 
are consistent with multiple studies from medicine 
that reported improved critical thinking skill develop-
ment among third-year students and medical residents 
who were exposed to video cases than those exposed 
to paper (text) cases.7,17 Video cases have the added 
ability to enhance shared cognition among students 
in a group-learning, PBL environment18 and to teach 
students about difficult clinical scenarios.19 However, 
at least one study has reported negative outcomes 
associated with video cases, including disruption 
of deep thought.20 To ensure that student learning 
objectives are met, video cases must be thoughtfully 
designed, evaluated, and modified as necessary. As is 
true for paper cases in a PBL course, videos should be 
supplemented with appropriate group discussion in-
volving a facilitator, which underscores the continued 
importance of the human element when technology is 
used to enhance the public health learning experience 
for dental students.19,21

Table 3. Comparison of mean scores across outcome measures for students who received a video-based case versus 
students who received a paper-based case

  Students Who  Students Who p-value 
  Received  Received from 
  Video-Based  Paper-Based One-Way 
  Case Case ANOVA  
  (n=37) (n=75) Test  
Outcome Measure Mean Score±SD Mean Score±SD  (α=0.05)

Cognitive Domain
The [video vs. paper] format of the case helped me [or me and my small group]:   
 to gain new knowledge about dental public health sciences. 4.00±0.82 3.44±1.01 p=0.004
 to improve my problem-solving abilities. 3.59±0.99 3.08±1.00 p=0.013
 to become a more critical thinker. 3.65±0.95 3.03±1.03 p=0.003
 to have good discussions about the case. 4.31±0.82 3.54±1.04 p<0.001
 to identify the public health problem in the case. 4.19±0.82 3.60±1.02 p=0.005
 to identify the factors that were relevant to the case. 4.11±1.00 3.52±0.97 p=0.003
 to work together as a team. 3.92±1.00 3.50±1.02 p=0.047
 in coming up with a viable solution to the problem. 3.89±1.01 3.39±1.05 p=0.021
 to realize how health disparities might impact my future role as a dentist. 4.19±0.86 3.61±1.07 p=0.005
 to perceive that this was a real case. 4.17±0.91 3.32±1.15 p<0.001

Affective Domain
The [video vs. paper] format of the case helped me [or me and my small group]:   
 to empathize with (or understand) the main characters of the case. 4.25±0.91 3.46±1.05 p<0.001
 to appreciate how health disparities can impact real people. 4.17±0.91 3.47±1.10 p=0.002

General Assessment
The [video vs. paper] format of the case overall was an effective way to learn  4.17±0.88 3.28±1.21 p<0.001 
about dental health disparities. 

Note: Responses ranged from strongly agree=5 to strongly disagree=1.
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Conclusion
Findings from this study suggest that video 

cases lead to significantly better cognitive and affec-
tive learning outcomes than paper cases for dental 
students enrolled in an introductory course on public 
health dentistry. However, additional studies are 
needed to substantiate these findings and to identify 
effective ways of introducing educational technolo-
gies into dental school curricula.
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