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Abstract
Objectives: Evaluate the effectiveness of PBL teaching and analyze potential in�uencing factors between senior and junior from the perspectives of student
performance, student self-mutual and tutor teaching evaluations.

Results: Study found the overall three comparative assessments scores of Grade 4 were signi�cantly higher than those of Grade 1(P 0.01). Further analysis
revealed no signi�cant difference of student performance score between Grade 4 and Grade 1 in the 1st unit (P 0.05), but it was improved and maintained
signi�cantly since 2nd time (P 0.01).Moreover, each self-mutual evaluation of 4th year students was signi�cantly higher than that of 1st year students,
especially in the second half of the course (P 0.01).And, all the evaluations of tutor teaching from seniors were signi�cantly higher than those from juniors (P
0.01). Finally, no signi�cant correlation between student self-mutual scores and those given by tutors no matter high or lower grade (P 0.05).

Introduction
PBL (Problem-based Learning) has quickly become a continuous hot issue of medical education reform [1–3] due to its unique advantages in concepts,
models, and ability training effects [4] since being introduced into the medical education �eld of China. As a student-centered and problem-oriented group
discussion mode of learning [5], the attribute of this provides an encouraging way of learning because students can deal with challenging and observed
problems in real life [6], as promoting them to realize the value of solving and understanding problems [7]. Therefore, an integrated PBL course aimed at
improving students' ability of combining clinical thinking with practice was developed for the 4th year undergraduates in school of Stomatology, Kunming
Medical University since 2015, and a good teaching outcome was obtained [8]. In succession, a pilot PBL teaching was also conducted among the Grade 1
students.

Su�cient literatures showed that PBL was very effective for dental education [6, 9, 10], the critical thinking, analysis and problem-solving skills of dental
students were improved through PBL. However, using effective and reliable strategies to evaluate the overall performance of students is one of the main
challenges of PBL teaching [11, 12].

The study intended to evaluate the effectiveness of PBL teaching and analyze potential in�uencing factors between high and low grades from the
perspectives of student performance, student self and mutual evaluation and tutor teaching evaluation.

Materials And Methods

General information
81 Grade 1 and 83 Grade 4 students of dental school, Kunming Medical University participated in PBL teaching at Spring and Fall semester in the year 2018,
respectively. The details of PBL teaching about two grades were summarized in Table 1.
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Table 1
PBL course information (contents, class hours, tutors background)

  1st year 4th year

Course
adopted PBL
teaching

Introduction of Stomatology Comprehensive training of dental clinical skills

Academic
Year

1st Year (2nd Semester) 4th Year (7th Semester)

Class hours Totally 36 class hours

• First 24 class hours of
conventional lectures

• Last 12 class hours of PBL
group discussion

Totally 90 class hours

• 60 class hours of PBL group discussion

• 30 class hours of skills practice

PBL Units 1 5

Tutors number

( background)

Totally 8

(Medical background)

Totally 20 ( Medical background), including the same 8 tutors of 1st year students; Tutors instructed
each group randomly, and then be assigned to the new group after each unit �nished.
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  1st year 4th year

Main

Contents

1. Humanistic education

• Doctor-patient
communication skills

• Humanistic care in

doctor-patient communication

• Rationality of

toothpaste advertisements

• Psychological characteristics

and behavior patterns of
Chinese people when they are
sick

• The psychological

effects of gingivitis

2. Common oral problems in
life

• General procedures of
orthodontic treatment

• Clinical manifestations of
gingivitis

• Fixed appliance

• Complications of

orthodontic treatment

• Causes of proliferative
gingivitis

• Normal physiological
structure of periodontal tissue

1. Emphasizing the integration of disciplines,

focusing on “etiology-mechanism-clinical

manifestations-diagnosis- treatment” of

common dental clinical diseases.

• Endodontics

• Periodontics

• Oral and maxillofacial surgery

• Prosthodontics

• Orthodontics

• Preventive Dentistry

• Pediatric Dentistry

• Oral Implantology

• Oral Anatomy and Physiology

• Oral Histopathology

2. Humanistic education and others

• Responsibility system for the �rst

consultation

• Consultation system

• The performance and strategy of doctors'

humanistic care

• Reasons for lack of early diagnosis and treatment, from perspective of sociology

• Doctor-patient communication strategies for

multiple failures in medical treatment

• Preoperative communication

• Informed consent

• Medical ethics and humanistic care

• Status of "di�cult to get medical treatment"

• Necessity and standardization of case

follow-up system

• How does humanistic care be re�ected in the process of doctor-patient diagnosis and

treatment

• Importance and signi�cance of oral health education and patient compliance

• Safety in school-prevention of dental trauma during exercise

 

Evaluation methods and calculation
Standard PBL process were adopted both in 2 grades. The PBL scales originated from dental school, Wuhan University, China were applied at the 3rd time
discussion of each unit, so the data of above evaluations were obtained one time from Grade 1 but 5 times form Grade 4, which including student
performance, student self - mutual and tutor teaching evaluations.

Student Performance Evaluation: Tutors score students; PBL student self-evaluation and mutual evaluation: students score themselves and their peers;
Tutor teaching evaluation: Students score tutors.

In the comparison of self- mutual evaluation between two grades, the scores compared were the initial scores of students evaluating themselves and their
peers; When correlation between student self -mutual evaluation and student performance evaluation was tested, the individual score was calculated and
applied.

The Tutor teaching evaluation of Grade 4 only counted the scores of same 8 tutors with Grade 1.
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Statistics
A commercially available software program (SPSSAU) were performed for analysis. P-value < 0.05 was considered signi�cant statistically. Descriptive data,
including mean ± standard deviation and (median) were used for expression of each evaluated scores. Kolmogorov-Smirnov test was used to detect whether
the quantitative data were normally distributed.

Mann-Whitney U test was used for the overall comparison of three evaluation scores between two grades.

Kruskal-Wallis test and Dunn test were used for the comparison of assessments in different grades and times.λ

Spearman correlation was tested between student self-mutual evaluation (Individual score after calculation) and student performance evaluation

Results

Overall comparison of three evaluation scores between two grades
All the three comparative assessments of Grade 4 obtained signi�cantly higher scores (Table 2).

Comparison of assessments in different units
Firstly, no signi�cant difference of student performance score between 1st unit of Grade 4 (39.55 ± 3.82) and Grade 1 (39.16 ± 4.12), but the scores were
improved signi�cantly and maintained since 2nd time PBL of Grade 4 (Table 2).

Secondly, any student self-mutual and tutor teaching evaluation result of 4th year students was signi�cantly higher than that of 1st year students, and the
scores of last 3 times were signi�cantly higher than those of �rst 2 times (Table 2).
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Table 2
Comparison of three assessments both overall and different times

  Student performance evaluation Student self and

mutual evaluation

Tutor teaching evaluation

Overall

Grade 1 n = 81 n = 81 n = 81

39.16 ± 4.12 (40.000) 91.93 ± 3.52 (91.550) 97.20 ± 2.64 (98.000)

Grade 4 n = 415 n = 406 n = 182

41.18 ± 2.61 (41.700) 98.62 ± 0.67 (98.600) 99.05 ± 1.6(100.0)

P value 0.002** 0.000** 0.000**

Different units

Grade
1(T1)

n = 81 n = 81 n = 81

39.16 ± 4.12 (40.000) 91.93 ± 3.52 (91.550) 97.20 ± 2.64 (98.000)

Grade 4      

1st time
(T4-1)

n = 83 n = 83 n = 47

39.55 ± 3.82 (40.000) 97.93 ± 0.87 (97.890) 98.72 ± 1.87 (99.000)

2nd
time(T4-
2)

n = 83 n = 83 n = 36

42.00 ± 3.24 (42.000) 98.52 ± 0.79(98.330) 98.67 ± 2.04 (100.000)

3rd
time(T4-
3)

n = 83 n = 83 n = 27

41.69 ± 4.98 (43.000) 98.81 ± 0.68 (98.890) 99.26 ± 1.51 (100.000)

4th
time(T4-
4)

n = 83 n = 83 n = 38

41.36 ± 2.88(42.000) 99.00 ± 0.73 (99.000) 99.37 ± 1.00 (100.000)

5th
time(T4-
5)

n = 83 n = 74 n = 34

41.33 ± 4.41(42.000) 98.84 ± 0.64 (98.750) 99.41 ± 1.42 (100.0000)

P value 0.000** 0.000** 0.000**

  T4-2,T4-3,T4-4,T4-5 T1
(P=0.000**,0.000**,0.003**,0.000**,
respectively)

T4-2,T4-3,T4-4,T4-5 T4-
1(P=0.000**,0.000**,0.009**,0.001**,

respectively)

T4-1,T4-2,T4-3,T4-4,T4-5 T1
(P=0.000**,0.000**,0.000**,0.000**,0.000**
respectively);T4-2,T4-3,T4-4,T4-5 T4-
1(P=0.002**,0.000**,0.000**,0.000**
respectively);T4-3,T4-4,T4-5, T4-
2(P=0.036*, 0.001**,0.031*

respectively)

T4-1,T4-2,T4-3,T4-4,T4-5 T1
(P=0.000**,0.001**,0.000**,0.000**,0.000**,respectively)

T4-5 T4-1(P=0.026*)

Note: *P<0.05 ** P<0.01 Data expression of mean ± standard deviation and (median)

 

Correlation between student self-mutual and student performance
Low correlation coe�cient were found in a total of 6 times evaluations of two grades, no signi�cant correlation between student self-mutual and student
performance scores from tutors (table 3).

Table 3

 Spearman correlation between student self-mutual evaluation (Individual score after calculation) and student performance evaluation

  Student performance evaluation from tutors

Student self and mutual evaluation (Individual score after calculation) Grade 1 Grade 4

  1st unit 2nd unit 3rd unit 4th unit 5th unit

0.164 0.020 0.048 0.121 0.060 -0.193

P value 0.144 0.854 0.669 0.276 0.589 0.100

Discussion
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Evaluation plans and strategies consistent with the purpose of the PBL curriculum were strongly advocated [13, 14]. The assessment was driven by the
demand for constructive adjustment between intentions and evaluations of PBL, the conventional summative assessment model was not really �t well to PBL
[15]. Hence, the formative assessment protocols including student performance, student self-mutual evaluation and tutor teaching evaluation were adopted in
this study, which provide unique opportunity to judge each other’s work between tutors and students wherefore making them develop the ability to re�ect on
own strengths and weaknesses as these are central elements of self-directed learning (SDL) [16].

PBL was assumed to promote other abilities than knowledge and skills, such as collaboration, communication and regulated learning ability and
professionalism [15].

The result of exceeding average 2 points, equivalent to 4 points in a hundred marks system, showed Grade 4 students received higher overall student
performance ratings, it was learned from tutor’s feedback that senior students have demonstrated obviously improved self-directed learning (SDL)capabilities,
which was manifested as more adequate preparation, more eye-catching communication and expression in the discussion process. Elzubeir MA's research
[17] found that senior students had statistically signi�cantly higher mean scores on 11 of 14 self-assessed SDL competencies (p < 0.05) in comparison to
junior students. Yet it was noted that no difference between points of 39.16 ± 4.12(40.000) from Grade 1 and 39.55 ± 3.82(40.000)from Grade 4 in the �rst unit
of PBL. Under the conditions of �rst attempt, this is very likely related to the writing of the problem scenarios and the teacher's guidance. Undoubtedly, the
preparation of problem scenarios is the focus of learning and the framework of discussion [18]. In our study, all the problem scenarios were compiled after
collective discussion by all tutors instead of the existing cases of other schools. Therefore, it was mainly focus on humanistic education and common oral
problems in life for 1st year students but emphasizing the integration of “etiology-mechanism-clinical manifestations-diagnosis-treatment” of common dental
clinical diseases for Grade 4. Taking into consideration of characteristics of teaching subjects to set more targeted problem scenarios may weaken the
difference in knowledge and skill discrepancy between the higher and lower grade to a certain extent. In addition, all tutors who serve as the �rst grade were
selected from last round of PBL teaching and that their own experienced skills may also play a positive role in guiding �rst year students. For example, tutors
can strengthen the interaction of tutor and student by asking questions so as to facilitate students to express themselves more actively [19]. The above two
keys were also positively a�rmed by the interviews with students when course �nished.

A basic part of the PBL process is that students are responsible for being active members of a group of learners. This may include the practice of
collaboration and self-assessment, which may enhance re�ection and self-awareness [20]. More than 90 scores of self-mutual evaluation were observed both
in 2 grades, especially the fourth year students, all scores were above 95 points. Compared with Grade 1, the senior students gave themselves and their peers
signi�cantly higher self-mutual scores from the beginning of PBL, and this reached peaks at the middle and late stages of the course (Table 2), this may
mainly depend on the following factors: �rst of all, the time point of PBL course for 4th year students was set after completion of all basic and clinical courses
of Dentistry and before students entering the clinical practice. On the one hand, senior students have mastered a certain professional knowledge after 3-year
studying, the implementation of PBL just cater to the demands for combination of theory into practice, which was likely to more attractive to students. All
above were the foundations and conditions that 1st students can’t possess. Hagi SK’s research [21] revealed that a positive and higher mean score was found
in all statements of the questionnaire about students' perception of PBL in the new curriculum among fourth year medical students than those of second year
students. And, regardless of high or low grade, students scored themselves and peers generously, always above their tutor's marks, which were similar with
Machado JL’s study [22].In addition, there was no signi�cant correlation between student self-mutual evaluation and scores from tutors, the correlation
coe�cient for Grade 1 was 0.164, and those of 5 assessments for Grade 4 was 0.020,0.048,0.121,0.060, -0.193, respectively (table3), this may be caused by
inconsistent evaluation standards and lack of transparency in procedures [22] between students and tutors, similar results have been reported in previous
research [20, 23, 24]. Nevertheless, the high grade of self- mutual evaluation also re�ects the efforts of students in the teaching process, because it still plays
an important role in supporting re�ection and self-awareness skills development [20].

The tutor’s framing of active student learning and building on knowledge is an decisive factors of successful implementation of PBL [6]. However, the
repositioning of the role of tutor remains challenges all the time due to it occupies a central and unique role in in�uencing students’ learning [25]. Student
assessment information speaks to the outcomes of the educational process, and often serve as benchmarks for comparison and formative assessment for
teachers [26]. The same 8 tutors received higher ratings from Grade 4 students, this showed that the acceptance of the new role of teachers in PBL teaching by
the students in the �rst grade was lower than that of fourth grade students. Yet, it was not di�cult to �nd that the average score of teacher evaluation was
97.20 ± 2.64 (98.000) but 91.93 ± 3.52(91.550) for themselves and their peers in Grade 1, indicating that the recognition of tutors by Grade 1 students was still
very high. Therefore, in addition to the consciousness of students, the potential in�uencing factor may depend on the expertise of tutors. Indeed, there is no
doubt about the ability of the medical teaching team in terms of professional quality, but the comprehensive ability of multidisciplinary knowledge and the
integration of medical science with other social sciences such as the Humanities was not enough, the study observed the existence of differences between
medical tutors and non-medical tutors in facilitating the group process [19]. Tutors with expertise tended to serve as a more directive role, spoke more often
and for longer, provided more direct answers and suggested more discussion topics in the tutorial [27], which may play a positive but negative role of
promoting the group process in 4th and 1st year students, respectively.

Limitation
This study was only pilot PBL teaching being carried out for �rst year students, that evaluation based on one unit (12 hours) may cause biased results,
such as the performance of students may be improved in the following teaching units after the initial attempt, and lack of opportunities for more
interaction with tutors for 1st year students.

In addition, the results re�ected the differences in scores, but didn’t reveal the speci�c crux of the differences.
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