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Article history: Background: Flipped classroom (FC) style Australian faculty development program Teaching
Received 30 July 2019 on the Run (TOTR) was introduced into Chang Gung Memorial Hospital since 2014. However,
Accepted 4 May 2020 its effectiveness in Taiwan has not been formally assessed. This work intended to examine
Available online 1 June 2020 the learning gain of TOTR and identify the moderators of FC outcome by using TOTR as a

representative model of FC.

Keywords: Methods: A non-controlled before-after study was undertaken by retrospective analysis of
Flipped classroom learning data collected during TOTR workshop. Multiple choice questions were tested at
Teaching on the Run (TOTR) baseline (pre-test), after pre-class learning (mid-test) and after classroom activity (post-
Outcome test) to assess the learning gain. All available demographic and learning variables were
Moderator included in the moderator analysis.

Results: Stepwise and significant improvement in exam scores was noted from pre-test to
mid-test and post-test (p < 0.001 for both). Univariate analysis showed pre-test scores, mid-
test scores, class participation and session of TOTR were significantly associated with post-
test scores. However, multivariate analysis by general linear model showed only mid-test
scores and session of TOTR were significant predictor of post-test score. Generalized
estimating equations analysis showed that class participation is a significant moderator
that influence the scores change from mid-test to post-test.

Conclusion: TOTR is effective in improving knowledge of teaching skills for clinical teachers
in Taiwan. Achievement in pre-class learning, class participation and learner factor are
potential moderators of the FC outcome. Thus, facilitators should try their best to promote
a good achievement in pre-class learning and engagement in classroom activity in FC style
learning.
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At a glance commentary
Scientific background on the subject

Teaching on the Run (TOTR) is a flipped style Australian
faculty development program. It was introduced to
Chang Gung Medical Foundation in 2014. This study
examined the effectiveness of TOTR program in Taiwan
and explored the moderators of flipped classroom
learning outcome by analyzing the learning data of TOTR
program.

What this study adds to the field

TOTR program is effective in improving the knowledge of
teaching skills for clinical teachers in Taiwan. Achieve-
ment in pre-class learning, level of class participation
and learner factors are potential moderators that might
influence the academic outcome of flipped style learning
program TOTR.

Flipped classroom (FC) [1,2] is a hybrid pedagogical model that
combines online e-learning and face to face classroom activ-
ities. It is characterized by two stages of learning process,
including a pre-class self-learning outside the classroom and
followed by active learning process in the classroom. In FC,
lecture is delivered at the pre-class period, and classroom is
reserved for students to apply the lecture material [3—5]. With
the knowledge acquisition before the classroom and problem
solving activity at classroom, a better learning gain in higher
cognitive level is expected. Following the wide application of
FC across multiple disciplines all over the world, research
publications on FC were growing rapidly [6,7]. Most research
studies of FC focused on its effectiveness toward satisfaction
and learning gain [8—13]. Studies that addressed the modera-
tors of FC outcomes were relatively few [7,14—16]. A recent
meta-analysis [17] demonstrated that FC had a better academic
outcome than the traditional lecture. However, great hetero-
geneity was found in both the direction and the effect sizes of
outcomes estimate. Such inconsistency between studies might
be caused by many factors. One possible cause is the big
methodological diversities between studies. This diversity is
caused by the fact that there is still no consensus regarding the
standard format of FC [18]. Another potential cause is that
most published studies were observational design and con-
founding factors were not well controlled between the study
and the control groups [17,19]. However, information was
scanty regarding the moderators of FC outcome.

Several potential confounders of FC outcome have been
proposed [20—24], including format and design of FC, learner
factors and instructor factors. Jesurasa et al. [14] in a quali-
tative interview identify learning style, teaching style, course
design and expectation as barrier or facilitator to engagement
in FC learning. Thm et al. [16] reported that learning readiness
significantly influenced learning outcomes in flipped-
learning. DeLozier et al. [5] in a review examined the value
of out-of-class activities (e.g., video lectures) and in-class

activities (e.g., quizzes, student discussions). They pointed
out that future work should examine the influence of these
individual activities on learning outcome, particularly when
objective measures of learning, such as quizzes and exams,
are held constant. Liu et al. [7] identify seven factors that
might influence the outcome FC, including overall design,
design of information, design of technology use, active
learning, motivation, special guidance and self-regulated
learning from literature review. They used logistic regres-
sion to establish model that could predict the FC outcome by
incorporating these variables and found overall design,
design of information, design of technology use, active
learning and motivation were statistical significant. They
advocated more explorations to identify factors that may
influence the success of flipped learning experiences. Thus
research evidence regarding the moderators of FC is still
insufficient. More research evidence regarding the con-
founders of FC is needed.

Teaching on the Run (TOTR) is a national faculty develop-
ment program developed by staff of the Education Centre,
Faculty of Medicine and Dentistry at the University of Western
Australia [25]. The purpose of TOTR program is to improve the
quality of clinical teaching. It was introduced into Chang Gung
Medical Foundation in Taiwan since 2014 with an aim to
promote the teaching skills of clinical teachers. The program
in Taiwan contains five main topics, including learning plan,
clinical teaching, assessment, supporting the learner and
effective group teaching. These topics cover the major fields of
clinical teaching skills. TOTR was implemented by a flipped
style design, starting with a 3-wks period of pre-class online
learning and followed by a one-day classroom time for active
learning. To date, literature evidence regarding the effective-
ness of TOTR program is very rare. Its effectiveness in Taiwan
context has also not been examined yet. Since TOTR program
is executed by using a typical FC format, it is a suitable model
to explore the outcome and moderators of FC.

In this work, we retrospectively analyzed the learning data
obtained from TOTR workshop to determine the effectiveness
of TOTR intervention and identify moderators of FC outcome.
The research question of this work is (1) What's the learning
gain of TOTR intervention in Taiwan? (2) What are the pre-
dictors of final learning gain of FC style TOTR program ? (3)
What are moderators that influence the longitudinal change
of knowledge gain in each stage of FC learning?

Methods
Design

This work is a non-controlled before-after study that retro-
spectively analyzed the learning data of a FC style training
program TOTR. All the participants received only TOTR
intervention. Learning outcome was assessed by multiple
choice questions (MCQ) at baseline (pre-test, T1), after pre-
class learning (mid-test, T2) and after classroom activity
(post-test, T3). Effect of TOTR intervention was evaluated by
before-after comparison of exam scores. Factors that influ-
ence the final outcome (post-test scores) was examined by
GLM (general linear model). Alternatively, factors that
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influence the longitudinal change of exam scores in each
stage of learning were examined by the interaction effect in
GEE (generalized estimating equations) analysis. Given that
this work is an explanatory analysis, all the possible moder-
ators with available information were included in the anal-
ysis. Independent variables used in moderator analysis
included demographic parameters, hours spent on pre-class
learning, completion rate of pre-class homework, and class
participation. This study was performed with the approval of
the ethical committee of the Chang Gung Memorial Hospital.

Participants

Potential candidates for the TOTR program are clinical
teachers of any discipline who worked in Chang Gung Me-
morial Hospital, Keelung branch. All the clinical teachers who
signed up and completed TOTR program between July 2015
and July 2017 were included in the data analysis.

TOTR program

TOTR workshop was held regularly in Chang Gung Memorial
Hospital at Keelung. The frequency was four times a year.
When a clinical teacher signed up for TOTR course, a baseline
MCQ test was performed to evaluate his background knowl-
edge in teaching skills. Then, the participants were guided to
undergo online e-learning at their free time within a 3-week
period. Facilitators would monitor the process of online
learning and give assistance whenever necessary. Three
topics of pre-class homework, including “learning plan”,
“mini clinical teaching” and “Powerpoint presentation”, were
assigned to complete before class. After pre-class learning, a
second MCQ test was undertaken to evaluate the achieve-
ment in pre-class learning. A full day face-to-face classroom
activity was held after pre-class learning. During the class-
room activity, most time was reserved for the participants to
undergo active learning, such as discussion, teaching, pre-
sentation, exercise and sharing. Active learning skills,
including brain storming, think-pair-share, buzz group dis-
cussion and role play, were practiced during the classroom
time. Additionally, a mini-lecture that briefly reviewed the
key concepts of pre-class learning material was given in the
classroom time. The purpose of incorporating mini-lecture is
to enforce the knowledge retention, and to make up for the
knowledge deficit for learners who did not have well pre-
class prepare.

The format of FC, pre-class learning material, learning
time, in-class learning activities and learning environment
was kept same for all sessions of TOTR. The tutor group was
comprised of 12 experienced clinical teachers who are
familiar with FC learning technique. There were eight tutors/
facilitators in each session of classroom activity. Given the
small group and active learning nature in classroom activity,
each session of TOTR could accommodate at most 20
learners.

Outcome measurement

The outcome of interest was knowledge gain in TOTR
training course. The exam scores of post-test were used as

the final outcome of TOTR intervention. Instrument used to
assess knowledge gain was 14 MCQ developed by the tutor
group of TOTR program. Content validity analysis of the
MCQ showed that 13 items had I-CVI (item-level content
validity index) values greater than 0.8, and 1 had a I-CVI
value of 0.75. The overall S-CVI (scale-level content validity
index) for the 14 test questions was 0.949. Reliability anal-
ysis showed Cronbach's Alpha of the 14 test questions was
0.616.

Potential moderators analyzed

Demographic data of participants were obtained at the time of
enrollment. Time spent on pre-class learning was reported by
the learners themselves in the feedback questionnaire.
Completion rate of pre-class homework and level of partici-
pation in classroom activity were assessed by facilitator using
a regular assessment form developed by our educational
department. The assessment form included 12 items, 3 were
evaluating the extent of pre-class homework completion and
the other 9 were assessing the level of participation in the
classroom activities, including class attendance, concentration
in class activity, and extent of engagement in discussion,
sharing, role playing, presentation, and feedback. The
completion rate and class participation indicators were mainly
used to evaluate the learner's engagement.

Statistical analysis

Continuous variables were recorded as mean + SD. To account
for within-individual correlation, GEE model were used to
assess the trends of scores changes from pre-test to mid-test
and post-test.

Simple linear correlation, independent t test and ANOVA
were used in univariate analysis to identify variables signifi-
cantly associated with the final outcome (post-test scores).
Then, multi-variate analyses by GLM was conducted, using the
post-test scores as the dependent variable and all significant
variables at the univariate analysis as factor or covariates, to
determine the significant predictors of final outcome.

GEE model was also used in moderator analysis by exam-
ining the interaction of time by various potential confounders.
The variables used in moderator analysis included age,
gender, academic position, administrative position, hours
spent on pre-class learning, completion rate of pre-class ma-
terial, and class participation.

SPSS software version 24.0 (IBM, Armonk, New York) was
used for data analysis. A p value of less than 0.05 is considered
statistically significant.

Results
Demographic characteristic of the participants

From 2015 to 2017, eight sessions of TOTR training workshop
were held (July 2015, Sep 2015, April 2016, July 2016, Oct 2016,
Nov 2016, April 2017, July 2017). Totally, 164 clinical teachers
signed up and 155 completed the training course. However,
only 115 took all three MCQ tests (pre-test, mid-test and post-
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test). Quantitative data analysis in this study was performed
by using the data of these 115 participants. Of these 115 par-
ticipants, 42 were males. Their occupational categories
included 45 physicians, 12 pharmacists, 32 nurses, 10 radio-
logical technicians and 16 other disciplines. The academic
level of these participants includes 1 professor, 3 associate
professors, 11 assistant professors, 11 lecturers, and 89 non-
academic teachers [Table 1].

Effect of TOTR intervention on knowledge gain

Exam scores showed a stepwise increase from pre-test to mid-
test (64.84 + 15.43 to 72.95 + 13.55, p = 0.001) and post-test
[80.75 + 13.0, p < 0.001 when compared with both pre-test
and mid-test, Fig. 1]. GEE analysis confirmed a stepwise
improvement in exam score after each stage of learning ac-
tivity [Table 2]. The results of GEE analysis for the main effect
of time showed that regression coefficient beta was 6.94 when
mid-test (T2) score was compared with pre-test (T1) score and
beta was 4.32 when post-test (T3) score was compared with
mid-test score.

Outcome predictor analysis

Among the multiple variables analyzed, only pre-test scores,
mid-test scores, class participation, and session of TOTR
program were significantly associated with the post-test
scores in univariate analysis (Table 3). Multivariate analysis
by GLM with post-test scores as the independent variable and
significant factors in univariate analysis as covariates showed

Table 1 Demographic characteristic of study participants.

Total Participants (n = 115)

807

95% CI

65+

554

T T T
pretest micldle_test posttest

Fig. 1 Examination scores increased significantly from pre-
test to mid-test (p < 0.001), and post-test (p < 0.001 when
compared with both pre-test and mid-test).

that only mid-test scores and session of TOTR were significant
predictors of final outcome [Table 3].

Moderator analysis

GEE model showed that age, gender, academic position,
administrative position, hours spent on pre-class learning had
no significant interaction with time [Table 2]. Only class
participation by time interaction was statistically significant
when post-test score was compared with mid-test score. This
indicated that class participation will influence the knowledge
gain in classroom learning.

Age (yrs) 38.9 +7.56
Male gender 42 (36.5%)
Length of clinical teaching (yrs) 7.83+6.4
Administrative position
Yes 12 (10.4%)
No 103 (89.6%)
Professional category
Physician 45 (39.1%)
Pharmacist 12 (10.4%)
Nurse 32 (27.8%)
Radiation technician 10 (8.7%)
Other category 16 (13.9%)
Academic position
Professor 1(0.9%)
Associate Professor 3 (2.6%)
Assistant professor 11 (9.6%)
Lecturer 11 (9.6%)
None 89 (77.4%)
Workshop Session
Session 1 14 (12.2%)
Session 2 13 (11.3%)
Session 3 17 (14.8%)
Session 4 13 (11.3%)
Session 5 18 (15.7%)
Session 6 13 (11.3%)
Session 7 16 (13.9%)
Session 8 11 (9.6%)

Discussion

This work for the first time demonstrated the effectiveness of
TOTR intervention in enhancing the knowledge on teaching
skills for clinical teaching in Taiwan. In this work, some po-
tential confounders of final FC outcome were also identified,
including achievement in pre-class learning (mid-test scores),
level of class participation, and sessions of TOTR.

The findings that TOTR intervention causes a significant
and stepwise improvement in knowledge gain after both pre-
class and class learning indicates that both learning stages of
FC contributed significantly to the knowledge gain. In the
original concept of FC, knowledge transfer is expected to occur
mainly in the first stage pre-class online learning. Class time is
reserved for active learning with an aim of higher cognitive
learning rather than low level knowledge acquisition. The
significant improvement in knowledge gain after classroom
activity in our data (from mid-test to post-test) might be
explained by the inclusion of mini-lecture in the classroom
time. In our FC format, a mini-lecture was included in class
time to give a brief review of background knowledge. In this
way, we can enhance the knowledge retention of well-
prepared learners and make up the knowledge gap for un-
prepared students. Our results were consistent with the
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Table 2 Potential moderators that might influence the longitudinal change of exam scores by generalized estimating equations analysis.

Predictor variables included in Effect estimate reported Comparison B(95%CI) p value
the model
Model 1 Time Main effect of time (without T3 vs. T1 11.26 (7.83,14.69) <0.001
interaction) T2vs. T1 6.94 (3.58, 10.29) <0.001
T3 vs. T2 4.32 (6.10, 2.55) <0.001
Model 2 Time, Gender Interaction of time by gender female * T3 vs. male * T1 —2.74 (—9.47, 3.99) 0.425
female * T2 vs. male * T1 —2.72 (—9.43, 3.99) 0.427
female * T3 vs. male * T2 —0.02 (—3.54, 3.5) 0.992
Model 3 Time, Academic position Interaction of time by academic Academic (+) *T3 vs. Academic (—) *T1 0.36 (—6.78, 7.49) 0.922
position Academic (+)*T2 vs. Academic (—) *T1 —0.21 (-6.85, 6.44) 0.951
Academic (+)*T3 vs. Academic (—) *T2 0.56 (—3.81, 4.94) 0.801
Model 4 Time, Administrative position Interaction of time by Administrative (-) *T3 vs. Administrative (+) *T1 4.11 (-3.62, 11.83) 0.297
administrative position Administrative (—) *T2 vs. Administrative (+) *T1 6.45 (—0.41, 13.30) 0.065
Administrative (—) *T3 vs. Administrative (+) *T2 —2.34 (-8.12, 3.45) 0.428
Model 5 Time, Age Interaction of time by age Age * T3 vs. Age * T1 —0.02 (-0.47, 0.43) 0.921
Age * T2 vs. Age * T1 —0.06 (—0.54, 0.41) 0.789
Age * T3 vs. Age * T2 0.04 (—0.19, 0.27) 0.724
Model 6 Time, Hours spent on pre-class Interaction of time by hours spent Hours spent on pre-class *T3 vs. Hours spent on pre-class *T1 0.08 (—0.50, 0.66) 0.794
learning on pre-class learning Hours spent on pre-class *T2 vs. Hours spent on pre-class *T1 0.26 (—0.37, 0.89) 0.422
Hours spent on pre-class *T3 vs. Hours spent on pre-class *T2 —0.18 (0.05, —0.04) 0.117
Model 7 Time, Completion rate of pre-class Interaction of time by completion Completion rate * T3 vs. Completion rate * T1 —2.20 (—25.31, 20.92) 0.852
homework rate of pre-class homework Completion rate * T2 vs. Completion rate * T1 2.77 (-19.76, 25.30) 0.810
Completion rate * T3 vs. Completion rate * T2 —4.97 (—16.15, 6.22) 0.384
Model 8 Time, Class participation Interaction of time by class Class participation* T3 vs. class participation* T1 3.87 (—1.89, 9.62) 0.188
participation Class participation* T2 vs. class participation* T1 —0.58 (—6.64, 5.48) 0.851
Class participation* T3 vs. class participation* T2 4.451 (1.15, 7.75) 0.008

Dependent variable was exam score and within subject effect was time (pre-test, mid-test and post-test) for all eight models of GEE analysis.

T3 vs. T1 indicates a comparison in the score change from pre-test to post-test, T3 vs. T2 indicates the score change from mid-test to post-test.
Abbreviations: T1: pre-test; T2: mid-test; T3: post-test; academic (+): participants with academic position, including lecture, assistant professor, associate professor and professor; academic (-):
participants without academic position; administrative (+): participants with administrative position; administrative (—): participants without administrative position.
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Table 3 Univariate and multivariate (by General linear model) analysis to identify variables that significantly predict the

post-test scores (T3).

Univariate Multivariate
Statistics p value B 95% CI p value
Age (yrs) 0.095° 0.320
Teaching duration (yrs) 0.138% 0.166
Pre-test (T1) 0.408* <0.001 0.035 (-0.059, 0.129) 0.463
Mid-test (T2) 0.787% <0.001 0.761 (0.631, 0.890) <0.001
Hours spent on pre-class learning 0.160° 0.091 —-0.137 (-0.399, 0.125) 0.307
Completion rate of pre-class homework 0.054" 0.583
Class participation 0.198* 0.034 0.306 (-4.99, 5.60) 0.910
Gender 0.146
Male (n = 42) 76.5 + 14.2
Female (n = 73) 72.2 +15.8
Administrative position 0.332
Yes (n = 12) 77.8 +13.6
No (n = 103) 733 £15.5
Professional category 0.471
Physician (n = 45) 753 + 14.6
Pharmacist (n = 12) 755+ 15.1
Nurse (n = 32) 70.5 + 16.8
Radiation technician (n = 10) 79.0 + 13.6
Other category (n = 16) 71.6 +15.2
Academic position 0.171
Lecturer or higher (n = 26) 77.4 £ 13.5
None (n = 89) 72.7 +15.7
Session of TOTR workshop <0.001 0.046
July, 2015 (n = 14) 87.00 + 8.17 Reference category
Sep, 2015 (n = 13) 76.31 + 14.16 —1.749 (-8.193, 4.696) 0.595
April, 2016 (n = 17) 79.00 + 14/00 -1.885 (-9.795, 6.024) 0.640
July, 2016 (n = 13) 72.00 + 12.78° -7.176 (-15.860, 1.508) 0.105
Oct, 2016 (n = 18) 61.50 + 11.33"¢ ~10.974 (-19.842, —2.106) 0.015
Nov, 2016 (n = 13) 80.08 + 13.40 —7.755 (-16.555, 1.045) 0.084
April, 2017 (n = 16) 72.00 + 9.90 —5.406 (-14.051 3.238) 0.220
July, 2017 (n = 11) 63.09 + 21.71° ~10.105 (-18.772, —1.438) 0.022

Univariate analysis was performed by using correlation, t-test and ANOVA analysis. Multivariate analysis was undertaken by general linear

model.

& Correlatio coefficient.

® p < 0.05 when compared with July, 2015.
¢ p < 0.05 when compared with April, 2016.

findings of Taylor et al. [26] who reported that pre-class ex-
ercise in combination with in-class reinforcement improved
the student performance. Thus, the addition of mini-lecture in
class time is highly warranted when using FC style learning.

Our moderator analysis by GLM revealed that mid-test
score is the most significant predictor of final knowledge
gain. The results of the mid-test scores might reflect the
overall achievement in pre-class learning. Therefore, the sig-
nificance of mid-test score in predicting final knowledge gain
points out the importance of achievement in pre-class
learning. Flipped courses require students to obtain course
content well before class so that class time can be used for
active learning exercises. It is believed that poor pre-class
learning will hamper the final effect of FC. To obtain the
optimal outcome in FC learning model, effort should be made
to maximize the achievement of pre-class learning. Berg et al.
[27] claimed that a prerequisite for a successful FC curriculum
is that students come to class well-prepared. Coulter et al. [28]
demonstrated that mandatory pre-class readings and pre-
class quizzes were beneficial to students’ examination and

quiz grade in a therapeutics course. Lemoncello et al. [29]
found a significant correlation between time spent on online
pre-class learning tutorials and the final grades. Gross et al.
[30] also reported that increased pre-class preparation un-
derlies student outcome improvement in FC. Thm et al. [16]
reported that learning readiness had a significant influence on
learning outcomes in multivariate regression analysis. These
finding were consistent with our results. The FC model re-
quires completion of pre-reading assignments in preparation
for in-class activities. However, students often come to class
without preparation [31]. Multiple factors might affect the
willing of learner to actively undergo pre-class learning, such
as attitude, expectation, motivation and engagement of the
learners, easiness and quality of pre-class material, format of
pre-class learning, familiarity with FC format and etc. Lieu R
et al. [32] created pre-class reading guides that provided stu-
dents with a way to actively engage with the required reading
for each day of class. The results showed that optional pre-
class reading guides may help students stay on track to ac-
quire course content in introductory biology and thus resultin
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improved exam performance. Thus, facilitators should be
aware of these confounders and encourage the learner well-
prepared in pre-class learning.

The session of TOTR is another significant predictor of final
outcome in our GLM analysis. In this study, all the elements of
FC, including learning materials and environments, were kept
the same in each session of TOTR, except the learners and
tutors were different in each session. However, the eight tu-
tors in each TOTR session came from the same TOTR tutor
group comprised of 12 experienced teachers. Thus, tutor fac-
tor seems to play little role on the different outcome between
different sessions. We postulate that the difference in
learning outcome between sessions mainly result from the
learner factors.

We used hours spent on pre-class learning, completion rate
of homework and class participation to evaluate the extent of
commitment of the learner. In our univariate analysis, only
class participation, but not hours spent on pre-class learning,
was a significant predictor of the final knowledge gain. These
results contradict to the finding of Lemoncello et al. [29] who
showed that time spent on pre-class learning correlated
significantly with the final grade. Our results failed to
demonstrate the significant impact of time spent on pre-class
learning might be due to information error. In this work, the
information regarding the hours spent on pre-class learning
was subjectively reported by the learner themselves. Such in-
formation might be over-estimated and biased. Another
possible explanation is that the course design of TOTR does not
require more than baseline participation to receive a learning
benefit. In multivariate GLM model, all these three indicators
were not significant predictor of final outcome. The failure of
these indicators to predict the learning outcome might be
again due to the reliability and validity of instruments used to
measure these potential confounders. .

Despite class participation was not a significant predictor of
final outcome, GEE model showed that class participation is a
significant moderator influencing the score change from mid-
test to post-test. This means that more engagement in class-
room activity would cause a better final learning gain. Thus,
engagement in classroom activity is an important moderator.

Limitation

There are several weakness in this study. First of the all, this
work is limited by the retrospective, non-control design.
Without control group, the exact impact of various con-
founding variable cannot be examined without bias. Second,
only a few potential confounding variables proposed by pre-
vious investigators were analyzed in this study. The cause for
this limitation is due to the fact that this study is a retrospec-
tive data analysis. Third, some validated instruments that can
effectively measure attitude, motivation, and engagement of
learners, such as “student attitude to learning scale”, “moti-
vation and engagement scale” or “motivation assessment
scale”, were not used as the evaluation tools in TOTR program.
Fourth, the use of scores of MCQ test as the outcome indicator
to assess the effectiveness of TOTR might not reflect the real
effect of higher cognitive learning outcome of FC. Fifth, the
sample size is small in many subgroups. This may cause
insufficient power to detect some significant moderators.

Finally, the instrument used to measure class participation
showed two dimensions in construct validity analysis. How-
ever, the second dimension contains only one item. This item
was not removed from the measurement scale because it is
theoretically important. The inclusion of this item in
measuring class participation may pull apart from a single
dimension and cause a small amount of measurement error.

Future studies

The use of validated instruments to measure attitude,
engagement, motivation, and higher cognitive level learning
outcome in future studies might help us to confirm the
advantage of FC in higher cognitive outcome and identify the
confounders of FC outcome. Also, a non-FC control with the
same pedagogy is necessary to examine whetheritis FC thatis
the mechanism for learning or whether it is just the effect of
exposure to the content.

Conclusion

This work confirmed the effectiveness of FC style faculty
development learning program TOTR on knowledge transfer
of teaching skills for clinical teachers in Taiwan context. Also,
we found that achievement in pre-class learning, class
participation and learner factors are significant confounders
of FC outcome. Based on the findings of this work, we
recommend that tutor should be careful in pre-class material
preparation and provide necessary assistance in pre-class
learning to guarantee a good achievement in pre-class
learning. At the same time, tutor should demonstrate good
teaching skills to attract students' interest and engagement in
classroom activities.
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