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Abstract

A Time for Better Discussions: Focus on Self-study and

Discussion Combination

Jaeseo Lim
Interdisciplinary Program in Cognitive Science
The Graduate School

Seoul National University

Not enough discussions are taking place in Korean classrooms. Despite numer-
ous studies showing their educational effectiveness, traditional lectures domi-
nate class time from elementary school to university. However, since there is
abundant evidence showing the limitations of lectures, changes are needed to
reduce lectures and utilize discussions in classes. In this context, this thesis ex-
plores how to utilize discussions in class. In particular, a series of studies were
conducted to examine what preparations lead to effective discussions and to
generalize the results.

In Chapter 1, three groups of undergraduate students were compared: lec-
ture and review, lecture and discussion, and self-study and discussion. Law ma-
terial was used to minimize the influence of prior knowledge. The results from
the three experiments showed that the discussion group scored significantly
higher than the review group. Furthermore, the self-study and discussion group
performed better than the lecture and discussion group. Analyses of discussion
content revealed that discussions of the self-study group were more constructive

and productive than those of the lecture group. These results seem to be ob-



tained because the difficulties and questions during the self-study were resolved

in the follow-up discussion.

In Chapter 2, three experiments were conducted with different academic
domains and age groups to generalize the benefits of combining self-study and
discussion. First, in two experiments undergraduate students studied science-
related topics. The result showed that the self-study and discussion group scored
significantly higher than the lecture and discussion group, which was superior to
the lecture and review group. The combination of self-study and discussion was
also superior to the other combinations in terms of gains in learning. In order
to further generalize the findings to high school students, the law materials as
in Chapter 1 were used. The result showed that high school students in the
self-study and discussion group outperformed those in lecture and discussion
group in both tests taken immediately after learning or one week later. In short,
the self-study and discussion group showed the highest performance compared
to other groups, regardless of age or academic subject.

In Chapter 3, in order to examine whether instructor intervention is needed
in the discussion, discussion formats were manipulated at two levels; student-led
and teacher-led. Each was combined with lecture or self-study as an individual
preparation before the discussion. The results showed that the highest scores
were observed in the self-study and student-led discussion condition, followed by
those in the self-study and teacher-led discussion condition, those in the lecture
and teacher-led discussion condition, and those in the lecture and student-led
discussion, in descending order.

Analyses of discussion content revealed that discussions of the self-study
group were more constructive and productive than the lecture group. Analyses
of the observed levels of cognitive-behavioural engagement during the discus-

sions showed that compared to the lecture group, the self-study group was more

ii



engaged in the discussion, and this engagement remained high in the student-
led discussions but gradually decreased in the teacher-led discussions. On the
other hand, the lecture groups were relatively more engaged in teacher-led dis-
cussions, but they were less engaged in student-led discussions. These results
provide a rationale for encouraging more student-led discussions after self-study,
with a few exceptions.

This thesis has two major contributions to learning science. One is that
the self-study and discussion combination enhances learning compared to other
combinations. This finding is highly practical in that this combination can be
directly applied to classes as an effective alternative to lectures. Another contri-
bution is that it sets a new direction for learning science research. Although my
focus was on the self-study and discussions, there is room to explore the effects
of other combinations, such as the combination of writing and discussion, or
even the triple combination of self-study, writing, and discussion. I hope that

the follow-up studies will shed a new light on better learning and education.

Keywords: Discussion, Self-study, Combination, Individual Preparation, Lec-
ture

Student Number: 2019-39236
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Introduction

It is well known that the more students actively participate in learning, the
greater the learning effect (Bonwell & Eison, 1991; Chi & Wylie, 2014). However,
traditional lectures, where an instructor stands in front of a class, delivers a
talk, and shows slides while students listen and take notes, still dominate in the
classroom (e.g., Stains et al., 2018). The problem-based learning (PBL) is used
in some medical schools, as an instructional method that can replace traditional
lectures. Research has shown that PBL, where students form teams to build the
necessary knowledge while solving authentic problems, is superior to traditional
lectures (Strobel & Barneveld 2009); Schmidt et al., 2010). However, PBL is
limited in that it requires a great deal of preparation and sustained support for

it to be successful (Hung, 2011).

Park (2017) proposed a writing and discussion-oriented class management
method as an alternative to lectures or PBL. In this method, students read
assigned material before class and write a one-page essay on a given topic re-
lated to the material, which they upload on a web-based system. Students are
also asked to post questions or express difficulties they encountered while read-
ing the material or writing the essay. Then they are randomly assigned 3-6
essays written by their peers and are asked to grade the essays using a provided
rubric. Thus, before coming to class, students read the assigned material, write
an essay, and grade the essays of their peers, which significantly reduces the
need for lectures. The saved class time can be allocated to discussions to ad-
dress the questions posted by the students. After the class, the comments and

grades from other students are sent to the author of the essay, who then rates



the helpfulness of the comments provided. All these activities are conducted
anonymously, managed by a computerized system, and all results are recorded
as data. This method allows students to prepare for more in-depth learning,
while also letting the instructor assess each student’s readiness.

Then, is this new instructional method really effective? Because the activ-
ities involved in this method are so diverse, this thesis intends to limit the
scope of the question to self-study and discussion. These two activities take
place at the individual and group level, respectively, and by combining them,
the strengths of each can be integrated. As Murphy et al. (2009) pointed out,
discussion alone does not lead to good results; for the discussion to be effective,
the preparatory work is needed. Among possible preparatory activities, self-
study was chosen because it is the most basic individualistic learning activity. I
defined self-study as individual or solitary learning to understand or master the
learning material. It can include various activities like reading and re-reading,
rehearsing, self-explaining, taking notes, or drawing concept maps etc.

The goal of this thesis is to determine whether the combination of self-study
and discussion leads to better learning outcomes compared to other possible
combinations of learning activities. It consists of three chapters: i) investigat-
ing the learning effect of discussion and the advantages of the self-study and
discussion combination, ii) examining the generalizability of the self-study and
discussion combination upon learning, and iii) comparing the effectiveness of
student-led and teacher-led discussions. In addition to test scores, the quality

of discussion was compared through analysis of conversation content.



Chapter 1

1.1 Self-study Enhances the Learning Effect of Dis-

cussions

1.1.1 Introduction

Academic learning in higher education requires diverse activities such as reading
texts, listening to lectures, holding discussions with others, and solving related
problems and tasks. These learning activities are complex, and each has its
research agenda, such as processing models and underlying mechanisms (see
Cho et al., 2015; Dunlosky & Rawson, 2019; Mayer & Alexander, 2011; Moje
et al., 2020 for a general overview). For example, reading texts and listening to
lectures provide students with organized knowledge; discussions enable them to
share their understanding or to generate alternative interpretations of knowl-
edge; and solving related problems is used to assess students’ knowledge and
understanding. Thus, except for classes that require direct performance, such
as experiments or practices, it is important to balance and align these activities
based on the learning material’s content and the student’s characteristics.

Surprisingly, however, there are relatively few studies on the effect of the
combination of these activities on learning outcomes. The purpose of combining
various learning activities is to enhance the learning effect.

A seminal learning sciences study found that some sequences of activities
are better than other sequences and that transfer of learning is the litmus test

in comparing the effectiveness of different sequences of learning (Schwartz &



Bransford, 1998). In their Experiment 3, Schwartz and Bransford divided par-
ticipants into three groups. The first group was told to summarize the given
material before listening to a lecture. The second group was told to analyze the
material twice, and the last group was told to analyze the material before listen-
ing to a lecture. Afterward, all three groups were given a true-false recognition
test and a transfer task. They found that although there was no difference in
the recognition test performance among the three groups, in the transfer task,
the group which analyzed the material before listening to a lecture performed

significantly better than the other two groups.

Other studies have also found that unique combinations of learning activities
promote student learning, such as the combination of an invention activity and
the availability of a worked example (Schwartz & Martin, 2004), studying alone
beforehand and then collaborating, (Lam & Muldner, 2017; Tsovaltzi et al.,
2015) and generative preparation before collaboration (Lam & Kapur, 2018;
Mende et al., 2021). In addition, students who were taught after the problem-
solving phase demonstrated significantly greater conceptual understanding and
ability to transfer to novel problems than those who were taught first and then
solved problems (Kapur, 2014).

We investigated a two-part instructional sequence. In the first part of the
sequence, we considered self-study. Self-study is a good candidate to replace
traditional lectures. In the present study, we defined self-study as individual or
solitary learning to understand or master the learning material which is selected
by capable others such as teachers or instructors. Self-study can include activi-
ties such as reading and re-reading, rehearsing, self-explaining, taking notes, or
drawing a concept map etc. Still, it does not have direct instruction, such as

lectures.

Finding replacements for the traditional didactic lecture is important be-



cause the learning outcome of lectures is relatively low, despite their popularity
(e.g., Deslauriers et al., 2019; Stains et al., 2018). Moreover, Bonawitz et al.
(2011) showed that direct instruction could limit spontaneous exploration and
discovery. Thus, while lectures are helpful but not crucial for learning (e.g.,
Bonawitz et al., 2011; Poh et al., 2010; Schmidt et al., 2010), self-study can
provide an opportunity for learners to consolidate learning better or integrate
new knowledge (e.g., Fiorella & Mayer, 2016). Self-study is also meaningful
because it involves agency yet serves as a basis for cooperative learning, such
as discussions with others (e.g., Fiorella & Mayer, 2016; Lam & Kapur, 2017;
Lam & Muldner, 2017; Mende et al., 2021). Students often find it difficult to
learn cooperatively (Andrews & Rapp, 2015). This difficulty can be alleviated
through prior self-study because self-study activates prior knowledge, exposes
knowledge gaps, and facilitates engagement.

The second part of our instructional sequence is discussions. Discussions
are a common activity in the classroom, and there is a great deal of evidence
that they are beneficial for learning (e.g., Murphy et al., 2009, 2018; Soter et
al., 2008). Murphy et al. (2009), for example, performed a meta-analysis of 42
papers published between 1964 and 2003 and found that high-level compre-
hension, critical thinking, reasoning and argumentation of text improved with
discussions among elementary and junior high school.

The attractiveness of discussion is that successful discussions can be one
of the most effective learning activities. Chi and colleagues (Chi, 2009; Chi &
Wylie, 2014; Menekse et al., 2013) have emphasized interactive learning activ-
ities such as discussions. They proposed the Interactive-Constructive-Active-
Passive (ICAP) framework and found that academic achievement was lowest at

P, then increased at A, C, and I in ascending order.

Of course, productive discussions do not take place naturally in the class-



room. As McNamara et al. (1996) suggested, students should possess a basic
understanding of the learning material. Murphy et al. (2016) also argued that
an effective discussion requires the participants to be informed of relevant con-
tent beforehand and to engage in significant interactions during the discussion.
We postulated that self-study, rather than lectures, can serve as the basis for
productive discussions. To verify this assumption, we first checked whether self-
study combined with discussion showed better learning outcomes than when a
lecture was combined with discussion. Then we tried to see if the difference was
due to the content of the discussion. Analysis of discussion content was carried

out by Chi et al. (2017), which will be described later.

In order to examine the effect of discussion on learning, we also compared
the combination of watching a lecture and discussion with that of watching
a lecture and review. Reviewing is one of the most common activities used
by students after a lecture and before a test. Even though reviewing may seem
similar to self-study, we assumed that it is more likely a passive activity because
participants were likely to be already affected by the lecture, similar to the
kindergarteners who watched demonstrations in Bonawitz et al. (2011)’s study.
However, there is no reason to hold discussions if student-led discussions are
not more effective than students’ reviewing. Thus, we wanted to check whether
student-led discussion leads to better learning than reviewing.

To compare learning outcomes across different combinations, assessments
incorporating tests, essay writing, complex problem solving, or interpersonal
skills can be used (e.g., Schmidt et al., 2009). In this study, a test of learn-
ing content was used, including transfer and memory problems. Thus, the test
questions were made up of a mix up of verbatim, paraphrased, and transfer

items.

Our hypotheses are as follows:



e Hypothesis 1: Self-study combined with discussion will produce better
learning outcomes measured by a mix of verbatim, paraphrased, and

transfer items than watching a video lecture combined with discussion.

e Hypothesis 2: As the second part of the instructional sequence, discussion

groups will score higher than the review group.

e Hypothesis 3: One mechanism of enhanced learning will be greater activity
and productivity, as measured by coding the types of student utterances

during the discussion, which is preceded by self-study.

1.1.2 Experiment 1

In Experiment 1, participants were divided into three groups: reviewing af-
ter watching a video lecture (Lecture Review: LR), discussion after watching
a video lecture (Lecture Discussion: LD), and discussion after self-study (Self-
Study Discussion: SD). The final test scores of the three groups were compared.
Across all three experiments, we will use a value of p < .05 to judge significance.
We predicted that the combination of self-study and discussion would produce
learning outcomes significantly higher than watching a lecture and discussion
(Hypothesis 1). To examine the learning effect of discussions, we also compared
the LR group and the LD group (Hypothesis 2). Thus, we predicted that learn-
ing performance would be higher in ascending order of LR, LD, and SD.

Method

Participants and design

Undergraduate students at a selective university in Seoul participated in this
experiment. All experiments were approved by the university’s Institutional Re-

view Board (IRB, No. 2004/003-017). The majors of undergraduate students



included psychology, economics, physics, computer engineering, etc., and there
was no significant difference in the number of students by major. Ninety stu-
dents signed up, but two left during the experiment, thus leaving 37 men and
51 women. All the participants were Korean. The participants were randomly
assigned to three different groups: LR (n = 30), LD (n = 29, G, number of
discussion groups = 9), and SD (n = 29, G = 9). Three or four students
formed a discussion group. There were no significant differences in age among
the groups: LR group (Mgge = 20.47, SDyge = 1.94), LD group (Mgge = 20.31,
SDgge = 2.05), and SD group (Mgge = 19.69, SDgyge = 1.53).

Materials and procedure

Background knowledge (Beyer, 1987; Miyake & Norman, 1979) can have an in-
fluence on test scores. Therefore, we used topics that covered the criminal pro-
cedure code, accusation and charge for our learning material (see, Appendix
A). The topic was chosen because it was less likely to be affected by background
knowledge since the courses on law are not available as an undergraduate course
in South Korea. Even so, to make sure that the participants did not have sig-
nificant background knowledge, they were given a background knowledge sur-
vey. The survey used a seven-point Likert scale, 1 (having no knowledge) to 7
(having expert knowledge) over the six topics, including the criminal procedure
code, accusation and charge (two topics relevant to this study), and the genome
project, civil law, the legalization of same-sex marriage and the Special Act on

Sexual Violence (four topics irrelevant to this study).

After the background survey was completed, the participants were randomly
assigned to three different groups. Different groups of students conducted learn-
ing in different locations, and there was one experimenter in each setting. All

groups received the same written instructional material after the survey. The



written instructional material was seven pages long and contained informa-
tion covered in the video lecture. However, it was not a transcription of the
video clip. The instructional video clip used in the experiment corresponded to
lecture-style monologue sessions. The video clip was a lecture on law available

on the internet. The video clip was 18 minutes long.

The LR group watched the 18-minute video lecture with the provided writ-
ten instructional material and subsequently studied on their own for 18 minutes
with only the written material. During review, students were not able to ask the
instructor questions and were told to prepare for a test based on the video lec-
ture and learning materials. Participants could take notes or underline content
in the written material while taking a lecture, reviewing, self-studying on their
own or discussing. The LD group watched the video lecture with the instruc-
tional material and subsequently discussed for 18 minutes in groups of three
or four. While watching the video clip, the LR and the LD groups could not
manipulate it such as stopping or rewinding. Lastly, the SD group studied the
written material by themselves and subsequently discussed for 18 minutes in
groups of three or four. Groups that had discussions were able to participate in

discussions with the written materials.

To minimize the experimenter’s interference during the discussion among
the participants, the experimenter did not intervene while the students were
learning (e.g., during review, self-study, and discussion). At the beginning of
the discussion, the experimenter mentioned the end time of the discussion and
informed that a test would be conducted after the discussion. The experimenter
did not comment on the direction or the format of the discussion and just stated
to freely exchange what they have learned. Participants were not allowed to
ask questions to the experimenter. In other words, the experimenter did not

give further instructions and did not engage in any intervention during the



discussions.

After their learning activities, all three groups took a 20-minute test on the
given material. The test questions were divided into three types as shown in
Appendix B. (1) Verbatim items consisted of multiple choice or short answer
questions. These questions asked straightforward information from the lecture
or the written material. ( Ten possible points for ten questions). An example of
the item is: “Who does not have the right to file a complaint?”, followed by
answer choices of 1) Legal representatives 2) Property manager 3) Guardian 4)
A representative of the corporation which is the victim. Each item was worth
1 point.

(2) Paraphrased items. These were items that tested knowledge of concepts
from the given material. Students had to explain concepts from the lecture or
the written material. (A total of twenty-two points for six questions). Unlike
verbatim items, paraphrased items required explanations or descriptions and
partial credit could be given. An example of this item is “Explain who the
entitled person with the right to file a complaint is.”

(3) Transfer items. These items required students to utilize their under-
standing of the whole content and apply it in new situations. (A total of eighteen
points for four questions). Like paraphrased items, transfer items required ex-
planations and partial credit was available. However, unlike paraphrased items
which required reiteration of the presented material, transfer items sought to
assess how much transfer of learning took place using legal case scenarios. An
example of this item is as follows. “On May 1st, 2016 the father (F) of a fa-
mous under-aged celebrity (V), accused person (D) of infringement on privacy
claiming that D had hacked V’s computer. However, F’s parental rights on V
were terminated on January 1st, 2017. D was charged with infringement on

privacy and was convicted guilty at the first trial. Eventually, D made an ap-

10 -



peal claiming that F has no right to file a complaint because his parental rights
were terminated. Thus, D claims that the accusation should be dropped. Will
the Court of Appeals accept D’s claim? Students could receive partial points
in cases of paraphrased and transfer items because several key concepts and
expressions were involved.

In order to increase grading objectivity, 30 % of the total answer sheets were
randomly selected and graded by two raters. We confirmed that there was no
rater discrepancy for verbatim items. For paraphrased and transfer items, the
raters’ agreement measured by Intra-class correlation [ICC (3, k)] was .90 and
.90 respectively for the following analyses. Thus, the remaining answer sheets
were graded by the first author. We also set the criterion for outliers at above
or below two-standard deviation from the mean, and there was none. Thus,
significant experimental effect could not be due to outliers.

All materials such as the video lecture, the written instructional material,
and the test questions were previously reviewed by legal experts and modified
when necessary. In particular, experts examined whether the test items corre-
sponded to the three types we classified, and whether the duration of the time
compared to the time spent in learning and the score for each item were appro-

priate.

Results
The results of the background knowledge survey showed that most of the par-
ticipants had almost no knowledge on the given content. The students had low
self-reported knowledge of the two relevant topics.

The mean and standard deviation of the test scores are presented in Table
1.1. Analysis of variance (ANOVA) was conducted to examine the differences

between the groups for the different types of test items according to our hy-
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potheses.

Significant differences were found among the groups in the means of the ver-
batim and transfer items, and total means. There was no significant difference

in the means of the paraphrased items.

Subsequent planned comparisons revealed that the total mean of the SD
group was significantly higher than that of the LD group, #(85) = 3.26, p = .012,
d = 0.88, and that of the LR group, #(85) = 4.29, p < .001, d = 1.05. However,
there was no difference between the LR and the LD groups, ¢(85) = 1.00,
p = .320, d = 0.26.

For the verbatim items, the SD group scored significantly higher than the
LD group, ¢(85) = 2.76, p = .007, d = 0.64, and the LR group, ¢(85) = 2.63,
p = .010, d = 0.46. However, there was no significant difference between the

LR and the LD groups.

For the paraphrased items, there was no significant difference between the
three groups; SD, LD, and LR. For the transfer items, the SD group scored
significantly higher than the LD group, ¢(85) = 2.65, p = .010, d = 0.69, and
the LR group, t(85) = 5.27, p < .001, d = 1.32. In addition, the LD group
scored significantly higher than the LR group, #(85) = 2.60, p = .012, d = 0.65.

Although there was no significant difference among the groups for the para-
phrased items, possibly due to the ceiling effect (out of 22 points the means
were over 18 points), the results support our predictions. In line with Hypothe-
sis 1, the combination of self-study and discussion improved learning outcomes
more than that of watching a lecture and discussion. In addition, in line with
our second prediction (Hypothesis 2) that stated that discussions will promote
greater learning than reviewing, the LD and SD group scored much higher than

the LR group in the transfer items in the final test.
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1.1.3 Experiment 2

Experiment 1 showed that combining self-study and discussions can lead to ef-
fective learning. However, a counterargument regarding the second hypothesis
could be raised. One could argue that the reason why the SD group scored
higher than the LD group was simply that self-study was more effective than
watching a lecture. In other words, it is possible that the significant difference
in scores between the SD and LD groups was due to differences in learning
efficacy before holding a discussion. In order to rule out the possibility that the
difference in learning outcome occurred simply because of the different prelim-
inary activities themselves, the final test was administered immediately after
the learning activity, i.e., self-study (S) and watching a lecture (L). The lack
of significant difference between the S and the L groups would support our hy-
pothesis that there is an interaction between the preliminary activity and the

subsequent discussion.

Method

Participants, materials, and procedure

Fifty-two undergraduate students who did not participate in Experiment 1 par-
ticipated in the experiment. Of the fifty-two students who signed up, two did not
finish the experiment, leaving 38 men and 12 women. There were no significant
differences in age among the groups. L group (Mgge = 20.40, SDy4e = 1.63),
S group (Mgge = 20.84, SDyge = 1.97). Participants were randomly assigned
to one of the two groups: L (Lecture, n = 25), and S (Self-study, n = 25).
Procedures and instructional materials were the same as Experiment 1, except
that the discussion was replaced by a survey. The survey was about image eval-

uation, irrelevant to the learning content. Specifically, the L group watched the
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video lecture for 18 minutes with the written instructional material and then
completed the survey for 18 minutes. Participants of the S group studied the
learning material by themselves for 18 minutes and subsequently completed the

survey for 18 minutes.

Results

Similar to Experiment 1, participants showed little relevant knowledge and there
was no significant difference in the mean between the two groups. Among the
participants, there were no outliers.

The test scores from Experiment 2 are provided in Figure 1.1, along with
the results from Experiment 1. As expected, there was no difference between
the two groups in all types of items.

The total means, verbatim items, paraphrased items, and transfer items
between Experiments 1 and 2 (i.e., five groups) were significantly different,
F(4,133) = 25.82, p < .001, partial-eta squared = 0.44; F'(4,133) = 10.61,
p < .001, partial-eta squared = 0.24; F'(4,133) = 12.64, p < .001, partial-
eta squared = 0.28; F'(4,133) = 16.03, p < .001, partial-eta squared = 0.33,
respectively.

We carried out a post hoc analysis using the Tukey test to find out any
difference between two experiments. The total means of the L group (M =
27.52, SD = 5.03) and the S group (M = 27.52, SD = 5.89) were significantly
lower than those of the three groups of Experiment 1, ps < .001. The L group
(M = 4.96, SD = 1.46) scored significantly lower than other three groups in
verbatim items, ps < .01, and the S group (M = 5.60, SD = 1.58) scored only
lower than the SD group, p < .001. The L group (M = 15.40, SD = 3.14)
and the S group (M = 14.48, SD = 4.52) scored significantly lower than the

other three groups in the paraphrased items, ps < .05. For transfer items, the L
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Figure 1.1
Comparisons of the final scores of Experiments 1 and 2 as a function of different
learning activities
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group (M = 7.16, SD = 2.73) and the S group (M = 7.44, SD = 3.00) scored
significantly lower than the two discussion groups, ps < .01, but showed no
significant difference from the LR group. These results suggest that discussions
enhance scores for paraphrased and transfer items.

The results of Experiment 2 suggest that the different outcomes from the
LD and the SD groups in Experiment 1 were not because of the direct effect
of the difference in preliminary activity, but because of the interaction between

the preliminary activity and the discussion.
1.1.4 Experiment 3

The goals of Experiment 3 were twofold. One was to replicate the results of
Experiment 1 to find out the difference between the SD and the LD groups.
The other was to analyze the content of the discussions of the two groups.
We hypothesized that the discussions of the SD group would be more active
and productive than those of the LD group (Hypothesis 3). We then explored
the relationship between specific factors in the discussion content and students’

learning.

Method

Participants, materials, and procedure

Another seventy-four students who did not participate in Experiment 1 or
1.2 participated in this experiment (32 men and 42 women). There were no
significant differences in age among the groups: LD group (Mgg = 20.30,
SDgge = 1.47, G = 10), and SD group (Muge = 20.54, SDgyge = 2.30, G = 10).
There were no outliers among the participants. Procedures were the same as
in Experiment 1, except for the following two changes. One was that the only

SD and LD groups were included in the experiment. The other change was
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that all the discussions were recorded. As in Experiment 1, at the beginning
of the discussion, the experimenter notified the end time of the discussion and
informed that a test would be conducted after the discussion. Participants were

not allowed to ask questions to the experimenter.

Coding of discussion in small groups

As mentioned above, the present study followed Chi et al. (2017) in analyzing
the content of the discussions. They categorized meaningful content of the dis-
cussions into three major types: substantive comments, interaction episodes and
co-constructive turns. Substantive comments are defined as meaningful contri-
butions in ongoing discussions, such as a relevant response to the concept taught
or learned on one’s own to other group members. Interaction episodes refer to
coherent conversations among members that include at least one substantive
comment. A co-constructive turn is defined as a conversation that includes “a
change in a speaker that contains substantive contributions from at least two
speakers”. We predicted that the discussion within the SD group would contain

more meaningful content than the discussion within the LD group. A detailed

explanation is given below in the method section.

In the detailed coding scheme, each transcript was segmented according to
speaker turns. A turn, by definition, is speech by a single speaker (Traum &
Heeman, 1996). When successive conversational turns among group members
are about the same topic, they form an episode. An episode is a multi-turn
conversation on the same topic and line of thought that includes at least one
substantive comment. The example of topics of the lecture and instructional
material were shown in Appendix A. When a group discussed topic A and
then topic B, then topic A again, they were coded as three different episodes.

A turn within an episode is judged to be a substantive comment when it refers
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to questions and conversations related to concepts of the lecture or the writ-
ten instructional material. Only the relevance of the comments to concepts
was considered, regardless of the accuracy of the comments. For example, the
following comments and questions were judged to be substantive: “What ex-
actly is an offense subject to complaint? Does it mean punishment is possible
if there are charges?” (Related to the concept of offense subject to complaint),
“Then if the relative is the suspect, how do you file a complaint? I actually
don’t understand this part either, but if the relative is the suspect, what does
it mean to independently charge the relatives? What does it mean by the in-
dependent victim?” (Related to the legal representative concept of victim). In
contrast, comments irrelevant to the topic such as “Yes”, “Umm” or “Maybe”
were judged as non-substantive comments.

When two or more of the group members consecutively make substantive
comments within an episode, it is called an interaction episode. Thus, in an
interaction episode, at least two different members of the group needs to make
at least one substantive comment as shown in the interaction episode 1 of
Appendix C.

A co-constructive turn is a special case of an interaction episode, in that
there is “a change in the speaker that contains substantive contributions from
both speakers” (Chi et al., 2017). An example can be seen in the interaction
episode 2 of Appendix C. Student 4 asked a question regarding the offense
subject to complaint, which is a substantive comment. Student 5 then made
a substantive comment answering the question. Then Student 6 made another
substantive comment that explained the importance of the relationship in the
offenses subject to complaints. These comments form a sequential turn of sub-

stantive comments, i.e., a co-constructive turn.

To summarize, productive discussions are characterized by more substantive
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comments and interaction episodes in conversations among students, and more

substantive comments and co-constructive turns in interaction episodes.

Results

Similar to Experiment 1 and 2, most of the participants had almost no knowl-
edge on the given content, and there was no significant difference between the
two groups. The average and standard deviation of the results of final test
from Experiment 3 are provided in Table 1.2. The results showed that the
SD group performed better than the LD group in total score, verbatim, and
transfer items. Thus, the results of Experiment 1 were successfully replicated

for different participants.

Analysis of discussions

As described in the methods section, we adhered to Chi and her colleagues
(Chi et al., 2008, 2017) in analyzing the content of the discussions. Twenty
percent of the discussion videos (two from the SD group and two from the LD
group) were randomly selected and transcribed and coded by two raters: the
first author and a graduate student. The raters were blind to conditions. They
agreed on 306 phrases uttered by the students within the discussion groups
(96% of the total). The rater agreement measured by Kappa was over .90 for
the following analyses. Thus, the remaining 80% of the videos were transcribed
by the first author.

Results from the coded data are presented in Table 1.3. The SD group
had significantly higher frequency of substantive comments compared to the
LD group (37.80 vs. 15.20, p = .020, d = 1.18). As for the interaction episode,
there was no significant difference between the two groups (3.80 vs. 5.50. p =

.205, d = 0.59). However, the number of substantive comments per interaction
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episode was significantly greater in the SD group than in the LD group (6.85
vs. 2.43, p = .003, d = 1.60). Finally, the number of co-constructive turns per
interaction episode from the SD group significantly exceeded that from the LD
group (4.45 vs. 1.79, p = .025, d = 1.10).

Summarizing the results above, the groups that studied by themselves before
discussion made more substantive comments, and also received higher scores
on transfer items. These results suggest that substantive comments may have
a direct impact on the performance of transfer items. To examine whether
substantive comments had direct impact on the outcome of transfer items, an
exploratory regression analysis was performed. The in-group members’ average
score of transfer items was set as the dependent variable and the number of
substantive comments as explanatory variable. The results showed that the
effect of substantive comments on transfer items was significant, F'(1,18) =
5.38, p = .032, R? = .23. The results are presented in Table 1.4.

The findings support our Hypothesis 3 that postulated that the discussions
of the SD group would be more active and productive than those of the LD
group. This was evidenced by the SD group generating more substantive com-
ments and engaging in a greater number of co-constructive turns than the LD
group. Moreover, the amount of substantive comments affected the final test

scores positively.
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Table 1.4

The result of explanatory regression analysis for Experiment 3

Effect Estimate SE 95% CI t P
LL UL

Intercept 8.06 0.83 6.32 9.81 9.70 <.001

Substantive comment 0.06 0.02 0.01 0.11 2.32 .032

Note. CI = confidence interval; LL. = lower limit; UL = upper limit.

1.1.5 Discussion

In this study, we examined a two-part instructional sequence of self-study and
discussions (SD) in higher education. In order to compare the efficacy of this
combination with the most widely used format in typical college classes, we in-
cluded the Lecture-Review (LR) combination. We also compared the SD com-
bination with the Lecture-Discussion (LD) combination to determine which
preparatory activity enhances the learning effect of discussions. The research
hypotheses were: i) the learning outcome would be SD > LD > LR (Hypothesis
1 and Hypothesis 2), ii) the discussions of the SD group would be more active
and productive than those of the LD group (Hypothesis 3).

To test our hypotheses, we conducted three experiments. In Experiment 1,
we compared the test scores of three conditions: LR, LD, and SD. Apart from
the fact that there was no significant difference among the groups for para-
phrased items, the results supported our predictions. In line with Hypothesis
1, self-study and discussion improved learning outcomes more than watching a

lecture and discussion. In addition, in line with Hypothesis 2, which states that

24 :



discussions will promote greater learning than reviewing, the LD group scored
much higher than the LR group in the transfer items.

In Experiment 2, we examined the possibility whether preliminary activities
alone regardless of subsequent discussions, could lead to different outcomes.
A lecture group and a self-study group took the final test without holding a
discussion, and there was no difference in the test scores between the two groups.
Thus, we verified that the different outcomes from the LD and the SD groups
in Experiment 1 resulted from the interaction between the preliminary activity
and the discussion. The result was especially meaningful in that the scores for
transfer items showed a significant difference.

In Experiment 3, we examined the content of discussions between SD and
the LD groups. Consistent with Hypothesis 3, the results showed that the SD
group made more constructive and productive comments than the LD group.
Although the mean number of interaction episodes was not different between
the two discussion groups, this may be due to the small number of interaction
episodes. Therefore, to examine the difference in a follow-up study, it seems
necessary to increase the number of key concepts in the learning material or to
perform a finer-grained analysis of the interaction quality.

Considering the results of previous studies by Chi et al. (2009, 2014), it is not
surprising that the discussion groups outperformed the review group and that
discussions are a very effective learning activity. Nevertheless, we were able to
demonstrate for the first time that when self-study is combined with discussion,
it leads to more productive discussion than when a lecture is combined with
discussion.

So, why would self-study lead to a more productive discussion than watching
a lecture? One speculation is as follows: compared to listening to a lecture, self-

study can provide students with relatively more time for reflection. During self-
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study, students can concentrate on parts they want to focus on while skipping
through others. In a lecture, on the other hand, information is delivered at a
constant rate. As a result, the students in the self-study group are more likely
to mark parts they did not understand. The marked parts may not be helpful
for immediate learning, but they can be drawn out during discussions. Thus,
the subsequent discussion would be more productive and lead to better learning
outcomes.

Since the present research is at a preliminary stage and our explanation
is provided as post hoc and hypothetical, its validity needs to be confirmed
through follow-up studies. One limitation of this study is that the participants
were students enrolled at a highly selective university in South Korea. Therefore,
the study needs to be expanded to cover a variety of populations. In particu-
lar; it would be desirable to explore whether this method is effective even for
elementary, middle and high school students.

Another limitation is that only one subject (i.e., law) matter was used. Al-
though using obscure topics helps to ensure the internal validity of our exper-
iments, it lowers the external validity in typical educational contexts in which
students have diverse prior background knowledge. Thus, it would be worth-
while to expand experiment to different subjects, including science, technology,
engineering, and mathematics (STEM) courses.

In addition, it is worth pointing out that we utilized student-led discus-
sions. We know that teacher-led discussions improve students’ understanding
(e.g., Almasi & Garas-York, 2009; Sweller et al., 2007). The benefits come from
the direct scaffolding during the discussion and the summative feedback after-
ward (Murphy et al., 2016; Sweller et al., 2007). However, many researchers
argue that when teachers let go of their control and authority and act as facil-

itators, students’ questions, co-construction, and learning increase (Schmidt et
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al., 2007; Soter et al., 2008; Wei & Murphy, 2017). Thus, future research should
investigate the difference between the two discussion formats in their processes

and effectiveness.

Nevertheless, the results of this study can contribute to learning sciences
by drawing attention to the topic of self-study and the combination of learning
activities. Self-study is essential when we acquire knowledge, solidify what we
have learned from others, or reflectively examine what we know. Thus, it is im-
portant to understand self-study to better enhance students’ learning. Despite
its importance, however, not many studies on self-study have been conducted

so far.

There is also a need for more research that examines combinations of two or
more learning activities. In addition to the combination of self-study and discus-
sions covered in this study, we can explore the learning effects of combinations
such as self-study, discussion, and writing; self-study, writing, and discussion;
problem-solving and instruction; or problem- solving and self-study.

Furthermore, a practical contribution of this study is that it suggests specific
class activities that can replace traditional lectures. Despite the fact that lec-
tures are not conducive to student learning compared to students’ (inter) active
learning, they are still the most widely used form of instruction in the class-
room (e.g., Deslauriers et al., 2019; Freeman, et al., 2014; Stains et al., 2018).
In this context, the combination of self-study and discussion is a promising ac-
tivity that can replace traditional lectures. Thus, the present study can help
educational stakeholders in higher education who may be looking for effective
replacements for traditional lectures. It would be desirable to provide students
with more opportunities to study on their own and to track the process and
results by individuals or groups (e.g., Lam & Kapur, 2017; Mende et al., 2021

Schmidt et al., 2007). The tracking process involves asking the students to voice
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the difficulties or questions that they faced during self-study. The instructor can
use this information to help students not only to digest the material, but also
further their investigation of the topic. In addition, self-study can go beyond
the scope of the present study to include more self-directed and open efforts,
such as initial exploration of a topic, idea generation, and self-directed search
of information to address unknowns.

Therefore, after more research and evidence that support their effectiveness,
a significant portion of class time can be devoted to student-led activities such
as self-study and discussion, leading to better learning outcomes. We hope that
future follow-up studies on student-led learning activities and strategies will

shed new light on the learning sciences and lead to more effective education.

28



Chapter 2

2.1 Self-study and Discussion Promote Student Learn-

ing in Science Education
2.1.1 Introduction

The impact of science and technology on our lives is greater than ever, and thus
efforts are being made to teach them better (e.g., Taber & Akpan, 2017). Part of
this includes an exploration of how science education differs from education in
other fields. Compared to humanities or social sciences, natural science requires
conceptual understanding (Konicek-Moran, & Keeley, 2015), proportional and
hypothetico-deductive reasoning (Moore & Rubbo, 2012), and extensive mathe-
matical knowledge. Thus, some researchers argue that science teaching methods
differ from social sciences. For example, Hutner and Sampson (2015), referring
to both A Framework for K-12 Science Education (NRC, 2012) and The Next
Generation Science Standards (NRC, 2013), emphasize the importance of focus-
ing on students’ activities in the science classroom. They urge science teachers
to create a need for learning, to make students’ thinking visible, to engage stu-
dents in an activity before delving into the learning content, and to involve
students both in science practice and in negotiating meaning. However, these
recommendations, except for engaging in actual scientific activity, are relevant
not only to science education but also to social science education, to varying
degrees. For now, suffice it to say that there are different views on science

education.
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Then are the learning processes different for the social sciences and the
natural sciences? Even within the natural sciences, are the learning processes
different between biology and physics? The present study was conducted to
find answers to these questions. Our strategy is to explore whether the learning
method discovered by Lim and Park (2023) is effective in science education.

A recent study by Lim and Park (2023) examined two-part instructional
sequences composed of individual preparations and discussions. As for individ-
ual preparation activities, they contrasted traditional lectures and self-study.
Self-study, in their research, was referred to individual or solitary learning to
understand or master the learning material, such as reading and re-reading,
rehearsing, self-explaining, taking notes, or drawing a concept map, etc. They
chose an unfamiliar topic to learn for undergraduate students, specifically crim-
inal procedure code. They found that combining self-study and discussion im-
proved learning outcomes more than combining watching a lecture and discus-
sion. They also found that the learning outcome of these two combinations was
better than the combination of watching a lecture and reviewing. The results
are important in that the combination of self-study and discussion can be an
alternative to traditional lectures.

However, their study is preliminary and their finding needs to be replicated
and extended to other topics in biology, chemistry, physics, etc. In acquisition
of scientific knowledge, neither self-study nor discussion is widely used. Thus,
whether the combination of self-study and discussion is advantageous in learn-

ing is an empirical issue to be examined.
Preparation for future discussion
Before examining the effect of self-study and discussion combination in the sci-

ence domain, it is necessary to revisit the effectiveness of individual preparation
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before discussion on student learning first. The notion of preparation for sub-
sequent learning is not new. There was an active search for ways to improve
student learning by combining preparations and then other activities such as
debate or discussions (e.g., Lam & Kapur, 2018; Lam & Muldner, 2017; Lim et
al., 2019, 2022; Smith et al., 2009; Tsovaltzi et al., 2015). This concept generally
stems from preparation for future learning (PFL, Schwartz & Bransford, 1998;
Schwartz & Martin, 2004). PFL refers to a paradigm in which the sequence
of instructional activities includes two main stages. The “preparation” stage,
which consists of providing the information directly (Glogger-Frey et al., 2015),
or through activating prior knowledge (Bielaczyc & Kapur, 2010; Bielaczyc et
al., 2013) and the “learning” stage where the student receives other explicit
instruction afterwards. Research on PFL has shown that students who receive
explicit instruction after engaging in these preparation activities learn better
than students who engage in the traditional sequence of acquiring formal knowl-
edge from lectures and later applying it to a task (e.g., Schwartz et al., 2011;
Schwartz & Martin, 2004; Kapur, 2008, 2014; Van Amelsvoort et al., 2007; Van
Boxtel et al., 2000).

Since our interest is to compare the impact of individual preparations on
student learning from subsequent discussion, our study is loosely based on the
PFL paradigm. In our case, we designed the subsequent learning phase in the
form of peer discussion, rather than explicit and direct instruction. Thus, we
widened the lens of the PFL paradigm to discussions and named our framework,
Preparation for future discussion.

There is evidence that individual preparation, along with information, can
influence subsequent discussions. For example, Van Boxtel and colleagues set
up two conditions studying concepts in physics where students were either in-

volved in more generative preparation (i.e., creating a concept map) or less
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generative preparation (i.e., descriptive poster) before collaboration. The re-
sults showed that preparation overall supported proposals, confirmations, and
criticisms during discussions. However, there were no significant differences in
conceptual knowledge outcomes across the two conditions.

In addition, preparation influences the process of argumentation positively
(Van Amelsvoort et al., 2007). Van Amelsvoort and colleagues compared di-
agrams provided by an experimenter before collaborative argumentation with
diagrams created by students themselves. The result showed that students who
generated their own diagrams demonstrated higher levels of argumentation and
deeper learning in subsequent discussions.

As described earlier, Lim and Park (2023) provided empirical evidence on
the benefits of preparatory activities before discussions; therefore, the current
study extended their findings and focused on the advantage of combining self-
study and discussion compared to other common and possible learning combi-

nations in science education.

Overview of the present research

In this study, we adapted the pipelines of the experiments by Lim and Park
(2023). We first examined the combination effect of different individual prepa-
ration activities and discussion on learning: lecture and discussion versus. self-
study and discussion. We also checked the effect of discussion itself on learning
since reviewing is the common activity after class or before exams. Further-
more, the present study added an exploratory group that proceeded the learning
phase with additional instructional materials since students who are provided
with more contents are predicted to be more successful (cf. Glogger et al., 2012;

Winne & Perry, 2000).

In Experiment 1, we addressed the question of whether the natural sci-
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ence fields are truly different from the social science domains. Students with
a variety of majors (not limited to science) were assigned to five conditions:
discussion after watching a video lecture (LD), discussion after self-study (SD),
reviewing after watching a video lecture (LR), reviewing after self-study (SR),
and reviewing after self-study with additional instructional materials (SRA).
Students were then introduced to introductory biology and test scores were
compared.

Since combinations of different learning activities can affect transfer as well
as memory tests (as shown by Chi & Wylie, 2014; Schwartz & Bransford, 1998),
the test consisted of items that measure shallow learning (corresponding to ver-
batim), and deep learning (near-transfer). Unlike in the social sciences domain,
we predicted that the combination of self-study and discussion will produce
learning outcomes significantly higher than those of watching a lecture and dis-
cussion, which is superior to reviewing. Thus, we predicted that the order of

learning performance would be LR, SR, SRA, LD, and SD, in ascending order.

2.1.2 Experiment 1

Method

Participants

All experiments were reviewed and approved by the university’s Institutional
Review Board (IRB, No. 2112/003-001). Undergraduate students at a univer-
sity in Seoul participated in this experiment for course credits (ages 19 — 24
years). A total of 137 Korean students signed up for this experiment (including
54 women). Students were from diverse backgrounds (e.g., psychology, educa-
tion, chemistry, and mechanical engineering) and there was no significant differ-

ence in the number of students between majors. There were no outliers among
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the participants. Students were randomly assigned to the five conditions: LR

(n=27), SR (n = 30), SRA (n =18), LD (n = 30), and SD (n = 32).

Instructional video

The instructional video used in the experiment’s lecture conditions were of
monologue-style. The instructional video was not edited, and so the students
saw the lecture exactly as it was originally filmed. We used a video lecture from
a course in introductory biology, specifically on covalent bonds, non-covalent
bonds, the octet rule, etc. The length of the video was 20 minutes and was
taught by a male instructor. To keep the sessions as natural as possible, the
instructor covered information in the written materials teaching when and how
to use the key high-level concepts. In the two lecture conditions, students in-
dividually watched the video lecture on their personal screens. While watching
the lecture, students were not allowed to stop or rewind the video, and manip-

ulate it any other way.

Written materials

The written instructional material was six-page long and contained information
covered in the lecture. However, it was not a transcription of the video. Two
domain experts reviewed the instructional video and written material to ensure
that both addressed the same key concepts (see Appendix D). All the students
were provided with the same written material at the start of the experiment,
except that the SRA group received an eight-page long material. The number
of key concepts covered in the material for the SRA group were the same, but

additional examples were added.

Test items
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Test items are shown in Appendix D. The test questions were made up of
items testing deep knowledge. We defined deep knowledge as the ability to an-
alyze, evaluate, and create. Students are required to possess factual definitions
and descriptions of the concepts while also demonstrating the ability to apply
or transfer them. Thus, the final test was consisted of ten questions worth a
total of 33 points, and it required students to transfer knowledge (i.e. accompa-
nying explanations of novel situations that were not present in the instructional

materials).

Although there was an answer sheet, since the questions required explain-
ing the concepts learned, there was room to get the answer right even if it was
not written in the exact words. Thus, to exclude the subjectivity of scoring
we calculated intra-class correlations (ICC) between the three raters. Forty-two
answer sheets were randomly selected and scored by the first author and two
raters using an exemplary answer sheet (30% of the final test answers). ICC
(3, k) was high by .90 (p < .001) and thus, the remaining test responses were
graded by the first author.

Design and procedure

Students were briefed by the researcher, who explained experimental participa-
tion would be anonymous and would not affect course grades. After students
signed the consent form, they were randomly assigned to five conditions and
participated in separate locations accordingly. (1) The LR group individually
watched the 20-minute video lecture with the provided written instructional
material. After a five-minute break, students studied on their own using the
written material for 15 minutes. (2) The SR group self-studied the written ma-
terial for 20 minutes. After a five-minute break, they studied the same material

for 15 minutes. (3) The SRA group had the same learning process as the SR

35 -



group but received the longer learning material with additional explanations
and examples. (4) The LD group had a 15-minute discussion in groups of three
or four after individually watching a video lecture along with the written ma-
terial for 20 minutes, then took a five-minute break. (5) The SD group, after
self-studying the written material by themselves for 20 minutes, took a five-
minute break, and then discussed for 15 minutes in groups of three or four (~
40 min).

The researcher did not intervene while the students were learning (e.g., dur-
ing review, self-study, and discussion). In other words, the experimenter did not
give further instructions or engaged in any intervention during the experiment
process. After the learning phase, the researcher administered the test with a
time limit of 20 minutes. Students who were finished before 20 minutes passed

were asked to go over their answers until the time was over (~ 60 min).

Result and discussion
Learning outcome
The mean and standard deviation of the test scores are presented in Table
2.1. A series of analysis of variance (ANOVAs) was conducted to examine the
differences between the test scores of the groups according to our assumptions.
Significant differences were found among the groups in total means, F'(4, 132)
23.73, p < .001, partial eta squared = 0.42. Subsequent comparisons revealed
that the total mean of the SD group was significantly higher than that of the
other four groups, ps < .05. The LD group received significant higher scores
than those of the LR group, p < .001, those of the SR group, p = .001, and
those of the SRA group, p < .001. However, there was no difference among the
LR, the SR, and the SRA groups, p = 1.000.

Consistent with the previous findings (Lim & Park, 2023), in the biology
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Table 2.1

Means (standard deviations) for each condition in Ezxperiment 1

LR SR SRA LD SD
n=27) (n=30) (m=18) (n=30) (n=32)

Total score 17.15 17.67 16.72 21.23 24.03
(33 points) (3.96) (3.40) (4.11) (2.92) (3.09)

Note. LR = Lecture Review group; SR = Self-study Review group; SRA =
Self-study Review with additional instructional material group; LD = Lecture
Discussion group; and SD = Self-study Discussion group.

domain, the two discussion groups scored significantly higher than the other
review groups. Interestingly, the SRA group, which was given more material,
also scored lower than the discussion group. Thus, we can infer that the higher
scores do not come from the lack of learning material. Among the discussion
groups, the SD group score significantly higher than the LD group. In the end,
our results show the importance of engaging in a discussion and the effectiveness
of self-study and discussion combined.

Nevertheless, counterarguments may be raised. First, the participants of Ex-
periment 1 only learned concepts from the biology field while their background
or majors were unrelated. Second, introductory biology may not require a lot
of mathematical knowledge. Therefore, we extended our experiment to science

and engineering students using topics in physics.

2.1.3 Experiment 2

Experiment 2 addressed the question of whether there really is a difference

between topics that require mathematical knowledge and others. Thus, Exper-

37 :



iment 2 had two differences from Experiment 1, besides the fact that we used
a material in physics instead of biology. One difference was that only discus-
sion groups, the SD and the LD groups were compared. The other was that we
performed a pretest to check whether there are significant differences in prior
knowledge among the participants, and the posttest to analyze differences in
learning gains. We also analyzed the content of the discussions to explain why

the self-study group achieve higher scores than the lecture group.

Method

Participants

Second- and third-year undergraduate students who did not participate in Ex-
periment 1 were recruited (N = 73; 51 men and 22 women). Students were all
majoring in science and engineering (e.g., physics, life science and chemical en-
gineering) and there was no significant difference in the number of students by
major. All participants were Korean. There were no outliers among the partici-
pants. Students were randomly divided into each group: the LD group (n = 37)
and the SD group (n = 36).

Materials

The study used the following materials related to the Photoelectric effect and
the Compton effect: (1) an eight-page instructional written text, (2) a 30-min
instructional video lecture, and (3) a pretest and posttest.

Instructional video and written materials. The 30-minute video lec-
ture was of monologue-style. We used one video lecture on physics, specifically
dealing with Photoelectric effect and Compton effect. A male instructor covered
information in the written instructional materials explaining how to apply and

use the key concepts. For example, the instructor would solve a sample problem
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and apply the formula learned to explain it. While watching the video, students
could not manipulate it such as stopping or rewinding.

The written instructional material is presented in Appendix E. The eight-
page written text was designed to provide a general overview of the photoelec-
tric effect and the Compton effect to help prepare students for the discussion
afterwards. The material was not a transcription of the video lecture. All the
students were provided with the written material at the start of the experiment.

Pre-test and posttests. We first created a test with 20 questions to di-
vide it into two isomorphic tests of similar difficulty. The internal consistency
reliability of the test was estimated by calculating the correlation of scores be-
tween the odd and even number items and then applying the Spearman—Brown
prophecy formula. The internal consistency reliability was .82.

The two isomorphic tests were used as the pretest and immediate posttests
after learning. Both tests consisted of (1) four multiple-choice questions with
five options assessing verbatim and shallow knowledge, (2) three multiple-choice
questions also with five options and three descriptive type questions assessing
transfer of learning and deep knowledge. The multiple-choice questions included
an “I have no idea” option. For instance, “Select the statement that is not cor-
rect about Photo-emission”. The transfer questions included items that required
comprehension of the Photoelectric effect and the Compton effect but without
explicitly mentioning these concepts. For example, a question on the Comp-
ton effect asked “X-rays of 10 [pm] wavelength is scattered at 45 degrees from
the target. Find the maximum kinetic energy of the reflected electron” (see
Appendix E for more examples).

All tests were scored using the same method, blind to condition. ICC was
used to check reliability among raters, where three raters scored twenty percent

of the data, randomly selected from each of the two tests (pretest and posttest).
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ICC (3, k) was high both for the pretest was .94, p < .001, and for the posttest

was .91, p < .001, thus one rater scored the remaining answer responses.

Design and procedure

Procedures were the same as in Experiment 1, except for the following two
changes. One was that only the SD and the LD groups were included. The
other change was that all the discussions in each condition were audio-recorded.
Students were randomly assigned to two groups. The two groups studied in dif-
ferent locations. (1) In the LD group, after watching a video lecture with written
materials for 30 minutes, students took a break for 5 minutes, and then in a
group of three to four engaged in a discussion for 15 minutes. (2) The SD group
studied by themselves for 30 minutes and then took a 5-minute break, followed
by a 15-minute discussion in a group of three to four students (~ 50 min). The
discussion proceeded as a student-led discussion, and the researcher did not

provide any direction. Finally, both groups took a 20-minute test (~ 70 min).

Result and discussion
Learning outcome

Shallow learning. We first checked prior shallow knowledge using the
pretest and found no significant differences across the two conditions, F'(1,71) =
1.49, p = .227, partial eta-squared = 0.02. We used an analysis of covariance
(ANCOVA) with the pretest score as a covariate to measure gains from pre to
post learning. ANCOVA with the pretest score as the covariate and the posttest
score as the dependent variable revealed a significant difference between the two
groups, F'(1,69) = 25.13, p < .001, partial eta-squared = 0.27. Planned compar-
ison showed that the posttest scores of the SD group on shallow knowledge items

were significantly higher than those of the LD group, ¢(71) = 5.05, p < .001,
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d=1.19.

Deep learning. The pretest and posttest results are summarized in Ta-
ble 2.2, based on that of 73 students who completed all learning activities and
transfer posttest items. We used ANCOVA to analyze the differences in outcome
across conditions. The level of deep learning shown in the pretest scores between
the two groups was not significant, F'(1,71) = 0.05, p = .821, partial eta-squared
= 0.00. However, as with previous results regarding the shallow items, there was
a significant difference in deep learning at posttest, F'(1,69) = 8.73, p < .05,
partial eta-squared = 0.11. We found that the posttest score of the SD group
was significantly higher than that of the LD group, ¢(71) = 3.55, p = .001,
d=0.83.

Thus, results of Experiment 1 (also study by Lim & Park, 2023) were suc-
cessfully replicated for different participants and in physics, which require math-
ematical knowledge. Students in both discussion groups had the same construc-
tive opportunities, but their interactions were not the same, even though the
instructor did not lead the interactions. What caused this difference between
the two discussion conditions?

As Kapur (2014) has shown, even in mathematics, where conceptual knowl-
edge and procedural knowledge are deemed important, students achieve better
outcomes than those who experience direct instruction, particularly when they
first experience the materials independently. Thus, students may first encounter
productive failure through self-study, followed by sharing their questions and
difficulties in the subsequent discussion.

In addition, we need to check and interpret this difference in scores between
the two discussion conditions in order to examine how student preparation can
affect learning in general, as well as interaction and substantive contributions

during discussions in particular (e.g., Chi et al., 2017; Lim & Park, 2023; Muld-
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ner et al., 2014). Thus, we analyzed students’ substantive contributions during
the discussion to explore how results from Experiment 1 and Experiment 2 can
be interpreted. We then correlated substantive contributions with students’

learning outcome.

Students’ conversations within small groups

In this set of analyses, we explored whether there were differences in the way the
students interacted with each other and with the instructional material. We an-
alyzed their conversation data to capture students’ engagement behavior. The
present study referred to Chi et al. (2017) when analyzing the verbal content
of the discussion. The audio-recorded discussions were first transcribed for the
analyses, then segmented into statements and coded. To identify students’ sub-
stantive contributions, we segmented their verbal utterances at a phrasal level
according to Chi et al. (2008). We then adapted the following definition of a
substantive comment: meaningful contribution to an ongoing activity such as
problem solving. Given these definitions, segments related to topics learned by
students after self-studying the learning material and watching lectures were
considered substantive. However, simply reading or repeating statements in
the material or video, and mentioning off-topic comments or meta-talk such as
“umm” or ”yeah” were not classified as substantive. We wanted to analyze ideas
and thoughts that were related to the learning topic (the Photoelectric effect
and the Compton effect) but those that were not explicitly from the instruc-
tional material. In this context, conversational starters related to the material
were also considered substantive comments. The following consecutive student

utterance (from script no.7) are examples of substantive comments:

[1] Then, what did you think about electromagnetic waves?
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[2] Is this part related to the electromagnetic wave theory?
[3] (reading a text) The text shows that when the intensity of light decreases,

it takes time to reach a large vibration, or amplitude.

Segment [1] is related to the material on hand and is a starting point of
a new conversation topic, which is considered substantive. Segment [2] is also
considered a substantive comment because it is a phrase that connects to and
specifies what was said in segment [1]. However, segment [3] is not considered
substantive as the student is simply reading what is written in the material.

Students’ conversations were further analyzed to explore how interactive
students were within the groups. The transcript was first segmented into episodes.
An episode is a multiturn conversation on the same topic and concepts within
the instructional material. Each episode was then considered an interaction
episode if each student in a group provided at least one substantive comment.
Appendix F includes an example of an interaction episode. Student 1 provided
substantive comments in lines 1 and 4, while Student 2 and Student 3 also pro-
vided substantive comments in line 2 and 3 in response. Overall, Episode 3 on
the Compton effect was identified as an interaction episode.

A turn is usually defined as a change in speakers (e.g., Traum & Heeman,
1996). Chi et al. (2017) defined a co-constructive turn as a change in speakers
that contains substantive contributions from both speakers. Here, we defined
a co-constructive turn as a change that contains substantive comments from
two or more students in a group. For example, in Appendix F, Episode 7, on
the topic of Photoelectric effect, Student 6 contributed a substantive comment
at the start of Turn 1, and Student 4 contributed a substantive comment af-
terward. That is, these two turns in which two students provided substantive

comments are identified as one co-constructive turn. However, immediately af-
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terward, Student 5 did not provide a substantive comment. Thus, Episode 7
was considered to have one co-constructive turn in total. We predicted that the
SD group would have more meaningful utterances than the LD group in their

discussions.

Analyses of discussions

One of the researchers and two graduate students coded 30% of the randomly
selected transcripts to analyze the dialogues. Interrater reliability was appro-
priate (ICC (3, k) = .92, p < .001), thus the remaining transcripts were coded
by one of the researchers. Table 2.3 shows the mean values and standard
deviations for the number of substantive comments, interaction episodes and
co-constructive turns in the two conditions. We also examined how many ut-
terances the students gave in each group and the proportion of substantive
comments within the utterances.

The SD group spoke more utterances than did the LD group (58.36 vs,
40.83). The SD group also generated more substantive comments than did the
LD group (49.45 vs. 24.17). Interestingly, the SD group had a higher proportion
of substantive contribution than the LD group (79.45% vs. 55.88%). There was
no significant difference between the two groups in the number of interaction
episodes (3.73 vs. 3.33). This may possibly be due to a lack of a total number
of concepts in the instructional material. There was also a lack of overlap in the
frequencies of interaction episodes for the students in the LD and SD groups.
This result suggests that a further analysis of interactions is necessary to identify
significant differences between the two discussion groups.

Accordingly, we analyzed whether an interaction episode contained more
substantive comments. The result showed that when the members in the SD

group discussed, there were more back-and-forth substantive contribution (also
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co-constructive turns) within each episode than those in the LD group. Thus,
discussion from the SD group was richer in that an episode contained more
content-relevant information than one from the LD group. The result showed
that the frequency of substantive comments per interaction episode was sig-
nificantly higher in the SD group than in the LD group (14.60 vs. 7.97). The
frequency of co-constructive turns per interaction episode of the SD group were

also significantly higher that of the LD group (11.17 vs. 18.91).

As predicted, the SD group was beyond active, also constructive and pro-
ductive during the discussion compared to the LD group. Specifically, the SD
group shared significantly more substantive comments, not only because they
spoke more utterances but also more substantial contributions within each ut-
terance. Although the difference in the mean number of interaction episodes
were not significant between two groups, this may be due to a lack of concepts
in the instructional material. Thus, we tried to measure the richness of the
interaction during discussions in other granular ways of analysis. Accordingly,
from the significant difference in the number of co-constructive turns, we can
infer as more substantive comments are shared between the students within an

interactive episode, the interaction becomes more constructive.

Therefore, given that the generation of substantive contributions has been
shown to be associated with learning (Chi et al., 2008), these results provide a
possible explanation for the differences in student learning outcome. That is, in
Experiment 2, students in the SD group generated more substantive contribu-
tions than did students in the LD group, and this pattern corresponds to their
difference in learning, where the SD group scored higher than the LD group.
Similarly, in Experiment 1 there were also significant differences in learning
outcomes between the LD and SD groups, which suggests these results could

be derived from a reliable difference in students’ substantive contributions dur-
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ing discussion between the two conditions. The next analysis attempts to go
through this possibility step by step. We now present exploratory analyses on

our sample of audio-recorded dialogues to shed light on the results.

From substantive comments to learning outcomes

The above results suggest that substantive comments may have a direct im-
pact on student learning outcome (in particular transfer). To substantiate our
interpretation that substantive comments had direct impact on the outcome
of transfer items, we ran an exploratory regression analysis. We set in-group
members’ average scores for transfer items as the dependent variable, the num-
ber of substantive comments, individual preparation activity and substantive
x individual preparation activity as the explanatory variables. Since individ-
ual preparation (self-studying or taking a lecture) is a categorical variable, we
transformed it into two binary dummy variables (0, 1), where 0 corresponds to
taking a lecture and 1 corresponds to self-studying. The results are presented
in Table 2.4.

The overall model was significant, F'(3,19) = 11.43, p < .001 (R? = .64). In
detail, the number of substantive comments and individual preparation were not
significant, p = .193, p = .103, respectively. More importantly our main focus,
which is the number of substantive comments x individual preparation, was
significant, p = .012. These results imply how substantive contributions might
have influenced students’ learning outcome in the LD and SD groups. In line
with the findings from previous research (Muldner et al., 2014), our results also
show that the interaction term is modest yet significant, indicating substantive
comments have a stronger positive relationship with student learning outcomes

in the context of self-studying as compared to taking a lecture.
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2.1.4 General discussion

The present study proposed the preparation for future discussion paradigm
by testing our predictions on the importance of preliminary activities before
discussion, and focused on the self-study. This study extended the findings
of Lim and Park (2023) by focusing on the learning effects of self-study and
discussion combined in the context of science education.

In Experiment 1, undergraduate students were introduced to topics in intro-
ductory biology. We compared students’ posttest scores of five different groups.
As a result, the SD groups had the highest scores, followed by the LD group
and other review groups in descending order. There was no significant difference
between the review groups, regardless of the amount of content in the learning
material.

In Experiment 2 we recruited science and engineering students to study
concepts in physics that required mathematical knowledge. Consistent with the
results of Experiment 1, the self-study group scored higher than the lecture
group. The combination of self-study and discussion was also superior to the
other combinations in terms of learning gains. Since we predicted differences in
the overt behaviors shown by students when discussing with their peers after
self-studying and taking a lecture, we analyzed the dialogue of their discussions.

The results indicated that the SD group made more active and constructive
comments than the LD group. Thus, we confirmed that combining self-study
and discussion does not simply produce an additive effect, but rather suggests
an interaction between the activities.

Therefore, we can now answer questions we posed earlier. We confirmed the
self-study and discussion combination enhances student learning, regardless of

learning domain (whether it is natural or social sciences) and student back-
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ground. Even within natural sciences, self-study improved the learning effects
of discussions in topics that require conceptual and mathematical knowledge.
This seems to be because students clarified their questions and difficulties re-
garding the contents through self-directed or self-paced learning, and resolved
them by actively interacting in the discussion afterwards. In addition, through
self-study, students might have first explored the materials relating learning

contents and then shared their questions during the subsequent discussion.

Limitations and implications

Further studies are needed to generalize our findings. One limitation is that our
research was not conducted during courses in a regular semester. For example, it
would be more impactful to compare how students’ learning changes over several
classes or weeks compared to their initial state. Another obvious limitation is
that only college students participated. It would be helpful to generalize our
finding and test this design for middle school or high school students.

The current study suggests that when students engage in self-study indi-
vidually before participating in discussions, they tend to have more active and
constructive discussions, which eventually leads to increased learning outcomes.
We first want to emphasize that both the SD and the LD groups showed higher
overall learning outcomes than the review groups. Considering the ICAP frame-
work (Chi & Wylie, 2014; Lam & Muldner, 2017; Muldner et al., 2014), it may
be easily inferred why the discussion groups outperformed the review group.
Nonetheless, we insist again that educators and teachers should put more effort
in securing time for discussion among students on what they are learning.

In order to expedite change in this direction, it is necessary to determine
and help students in areas where they find difficult to study on their own.

It would be desirable to provide students with more opportunities to study
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on their own and to track the process and results by individuals or groups. As
shown by research on self-directed learning, students during self-study can have
chances to select, combine, and coordinate cognitive strategies in their own way;,
and in a more effective way. Students during self-study devote much attention
to direct and monitor their own learning and regulatory processes. Through
the attainment of metacognitive knowledge in one’s own learning, students can
improve their ability to transfer knowledge and strategies from one context to
new situations.

This kind of endeavor would take much time and effort, but the results of
our study would provide valuable information in today’s fast changing world
where lifelong learners are required. In order to secure class time to support the
growth of such learners, it is necessary to reduce lecture time. In this vein, it is
worth examining attempts made by the Minerva School to limit the percentage
of lectures to 25% of their class time (Kosslyn & Nelson, 2017). Instead of filling
up class time with lectures as usual, we need to investigate topics or domains
which require lectures as well as ways to reduce them.

More importantly, as Schwartz et al. (2007) demonstrated, preparation ac-
tivity can reveal the hidden value of educational experiences. our findings have
provided evidence that the combination of self-study and discussion is a useful
design for improving learning outcomes in science classes compared to tradi-
tional worked designs. Ultimately, within a classroom that values students’ di-
alogic interactions, we hope students to take responsibility for co-constructing

their understandings together, a process Mercer (2000) termed “inter-thinking”.
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2.2 Self-study before Discussion Enhances Learning
for High School Students

2.2.1 Introduction

The Advanced Placement (AP) program has been instrumental in bridging the
gap between K-12 and higher education. Beginning in 1952, prep schools have
collaborated with universities to introduce the radical concept of offering high
school seniors the opportunity to study college-level material and take achieve-
ment exams (Kolluri, 2018). AP has played an important role in improving
the quality of education in schools by setting academic achievement standards
instead of solely administering tests. This precedent suggests that, despite the
differences in structure and philosophy between K-12 and higher education, it is
possible to prepare high school students with college-level knowledge and skills.

However, some scholars can claim that “students of different age groups have
different modes of learning, and their learning could be improved by matching
one’s instruction with that appropriate learning mode”, even though there is
no credible evidence (e.g., Riener & Willingham, 2010). We rather seek to ask a
question, “is there a need to distinguish instructional strategies by age groups?”

To answer this question, we extend the core features of the design studied by
Lim and Park (2023) to high school students. In three experiments conducted
in the higher education context, the performances of the review after lecture
group, the discussion after lecture group, and the discussion after self-study
group were compared. The results showed that the discussion after lecture group
outperformed the review after lecture group. Particularly, the scores for the
self-study and discussion group was significantly higher than the lecture and

discussion group of memorization and transfer. Thus, the results indicate that
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self-study can significantly enhance the learning effect of discussions.

Thus, the present study compares two distinct instructional combinations
in a context different from those previously compared (e.g., Lim & Park, 2023).
Previous research on the combination of learning activities has focused on higher
education and simple immediate learning measures. To address these short-
comings, we investigated the relative effectiveness of combining self-study and
discussion compared with the combination of lecture and discussion in a 12th
grade classroom. Additionally, we examined acquisition and retention over a
longer time period of a week, in contrast to the study conducted by Lim and
Park, which only measured immediate learning. Given the readiness of students
for higher education, the adoption of a “long-term perspective” in our present

study seems valuable for investigation.

Preparatory activity for discussion

The present study focuses on combining discussions with preparatory activities.
In line with the idea that discussions require preparation to activate prior knowl-
edge about the content as well as to facilitate interaction among students (e.g.,
Murphy et al., 2016), previous research have found that preparatory activities
promote students learning through discussions, such as think-pair-share, where
students individually think about the answer, then discuss their idea with a peer
(e.g., McTighe & Lyman, 1988), preparation for future collaboration (Lam &
Kapur, 2018; Lam & Muldner, 2017), and generative preparatory task before
discussions (Mende et al., 2021; Van Amelsvoort et al., 2007).

Preparatory activities before the discussion are also efficient. Most approaches

shown to improve learning through discussions include training teachers or stu-
dents specific techniques such as scaffolding, guiding through scripts or prompts

(e.g., Fischer et al., 2013), forming structured groups for argumentation (e.g.,
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Asterhan & Schwarz, 2009; Kuhn & Crowell, 2011; Reznitskaya et al., 2012),
and designing tasks to elicit substantive discussion (e.g., Engle & Conant, 2002;
Kapur & Bielaczyc, 2012). However, these approaches that scaffold students in-
teraction throughout the discussion, can limit the range and diversity of the
interaction with too much structure and guidance, which in turn may lead to
less learning (Cohen, 1994; Kapur, 2016). Moreover, these strategies may ben-
efit students in the short-term, but students often stop using the skills after
time (Webb et al., 2006). Therefore, it is more efficient to support student
learning and reduce teacher burden by using a preparatory activity before the

discussions.

In the present study, we compare lectures and self-study as preparatory ac-
tivities. Since lectures are convenient and an efficient way to deliver accumulated
knowledge, they are the most used instructional method across all disciplines
(e.g., Knight & Wood, 2005; Schmidt et al., 2009; Stains et al., 2018). On the
other hand, self-study is also a widely used individual activity but is relatively
under-researched (e.g., Schmidt et al., 2010). In this study, the self-study is
defined as intentional learning where learners are involved in their learning pro-
cess, establishing their learning goals and understanding, monitoring learning
strategies and implementing evaluation before the subsequent discussion. Self-
study offers students an opportunity to distinguish what they know from what
they still need to learn, and to refine their questions for discussion. In a practi-
cal setting, Lim and Park’s experiment (2023, Experiment 2) showed that there
was no significant difference in immediate learning achievement between lecture
itself and self-study itself. However, self-study elicited more constructive and

productive content during the discussion when compared to lectures.

Therefore, the findings broadly claim that the relative effectiveness of self-

study and discussion need to be conditionalized and extended in particular to
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other educational contexts.

2.2.2 The present study

In the present study reported here, we replicated the findings of Lim and Park
(2023). Unlike past experiments that only recruited undergraduate students,
we took the classroom discussions to high school to extend and generalize their
findings. The first condition required three or four students to discuss the in-
structional material after watching a lecture individually. In the second con-
dition, students self-studied the instructional material individually and then
discussed it in groups of three or four.

Although Korean high school students rarely experience discussions in class-
rooms, we predicted that students in the self-study condition would outperform
those in the lecture condition because they would have a more dynamic and
productive discussions. Thus, we proposed the intentional self-study hypothe-
sis, which refers to cognitive processes aimed at learning. Compared to lectures,
self-study promotes more active and constructive engagement with learning
materials and peers during discussions, resulting in both short- and long-term

learning outcomes.

Method

Participants

The university’s Institutional Review Board (IRB, No. 2211/004-002) reviewed
the present study. Seventy-three grade-12 students at a high school in South
Korea participated in this experiment. There were no outliers among the par-
ticipants. Students were randomly assigned to two conditions: discussion after
lecture (n = 35, the number of groups = 10) and discussion after self-study

(n = 38, the number of groups = 11). Because of the nature of classroom re-
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search, it can be argued that the number of participants tends to be a relatively
small number, which can lead to statistical issues. However, our sample size was
considered sufficient, based on the power analysis conducted with the G*Power
system (Faul et al., 2008), and observed effect size from previous research (cf.

Chi et al., 2008).

Learning materials

As far as the materials are concerned, we found those from the prior study (Lim
& Park, 2023) to be appropriate and used them. The materials for the current
study were based on materials from Experiment 3 of Lim and Park (2023) but
with some minor refinements. For instance, the tests used were divided into 6
pretest questions (corresponding to paraphrased items in Lim & Park) and 14
posttest questions (corresponding to verbatim and transfer items). The instruc-
tional materials included a video lecture, a written instructional text, and test
items.

Video lecture. The video lecture available on the internet focused on a
law-related topic. Specifically, it provided an explanation of the concepts of
criminal procedure code and accusation. Criminal procedure code and accusa-
tion can be challenging to comprehend, particularly for K-12 students who often
have limited knowledge of the details within the Act or only have a superficial

understanding of related terms like “charge.”

In the video, a teacher covered all of the concepts related to our learning
contents, such as difference between accusation and complaint, accusation ca-
pacity, offense subject to complaint, etc. needed to answer the questions in a
monologue style. The test questions were based on real-life scenarios and re-
quired retention of concepts learned in order to solve them. The teacher thus

explained the concepts by citing actual cases.
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Written instructional text. The written instructional text spanned seven-
pages and contained the information discussed in the video lecture. It was not
a transcript of the video, but rather an excerpt from a criminal procedure code
textbook. The learning materials were created by one domain expert and then
reviewed by another expert to ensure that all materials covered the same con-
cepts (refer to Appendix G for more details).

Test and scoring. We made two types of tests. One was a screening test
that measured how much students knew about the learning content prior to the
learning phase. Students were asked to answer questions on similar concepts in
the learning materials in an open-ended format. A maximum of 22 points was

possible for a total of 6 questions.

The other test was a posttest (including immediate and long-term) that
measured how well students learned the content during the learning phase.
The posttest was made up of two levels. First, retention items consisted of
five multiple-choice questions with four options and five short answer questions
assessing conceptual knowledge on criminal procedure and accusation (a total
of 10 points).

In addition, the near-transfer items consisted of four questions and were
worth 18 points. The items were designed to describe the right verdict for each
of the actual cases using the concepts students learned. The four scenarios for
each of the item consisted of some description of the learning content and the
situation of a legal representative. Some scenarios showed both a legal represen-
tative of an under-aged victim and the victim’s complaint against their parents.
For instance, students were instructed to solve questions such as “The under-
aged victim (V) accused the offender (D) of contempt, and then withdrew his
accusation on July 26th, 2017 ... Will the Court of Appeals accept D’s claim?

Explain your answer.”

58 -



There were exemplar answers written by the experts to the questions. How-
ever, students can use their own language when answering near-transfer items
within the posttest. Although students may not be able to use the exact ter-
minology, points were awarded if the meaning was consistent. Eleven posttest
answer sheets per condition were randomly selected and scored by one author
and two other raters, using the exemplar answer (30% of the immediate posttest
answer responses). The raters’ agreement measured by ICC was .91, p < .001,

thus rest of the answer sheets, were graded by the author.

Procedure
Figure 2.1 shows experimental procedures.

Figure 2.1
Description of the study design and procedure

Day 1 Day2 Dey
Lecture
Screening test | ——s — | Discussion . 'ﬂ;ﬁf Lﬂ?!;m
Self-study

Day 1: the researcher explained the experimental procedure to the students
who consented the experiment. Students then completed the 15-min screening
test.

Day 2: two researcher facilitated the learning phase. Students were informed
that they would first spend some of the class time working alone and then
work with two peers to hold a discussion. Students were randomly divided
into lecture first or self-study first group and the two conditions worked in

separate classrooms. At the beginning of the learning phase, students were
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given the same written instructional materials to study. In the lecture condition,
students individually watched an 18-minute video lecture on their personal
screens. However, they were not allowed to manipulate the lecture, such as
stopping or rewinding it. For the self-study condition, students were instructed
to study on their own for 18 minutes instead of watching a lecture. Following the
individual learning phase, students formed groups of three and engaged in a 15-
minute discussion. As the discussion involved only the students, the researcher
did not provide additional guidance or make any announcements regarding
how the discussion should be conducted. During the discussion, students had
access to the written materials provided at the beginning of experiment. After
the discussion, students were asked to complete a 20-min posttest. Students
who finished early had the option to review their answer sheets and leave the

classroom.

Day 9: the researcher administered the long-term test for 20 minutes, and
provided students additional time if more time was needed. The long-term mea-
sures serve as a type of dynamic assessment (Bransford & Schwartz, 1999; Hay-
wood & Tzuriel, 2002), measuring students’ ability to transfer their learning to

authentic instructional situations.

Result and discussion
Immediate learning

Immediate retention. Analysis of variance (ANOVA) was performed on
the students’ date from the immediate screening test and posttest. ANOVA per-
formed on the screening test data did not show significant differences between
conditions, F'(1,71) = 0.55, p = .460, partial eta squared = 0.01. There was
no significant difference between the two conditions in their prior knowledge on

criminal procedure code and accusation.
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We performed a priori orthogonal contrasts to test our prediction. The dis-
cussion after self-study group received higher scores than the discussion after
lecture group in retention scores, t(71) = 2.12, p = .038, Cohen’s d = 0.47.
Thus, it seems that students who had small group discussions after self-study
learned more than those who had discussions after watching lectures according
to the immediate retention data (see Table 2.5).

Immediate near-transfer. In line with the result of retention scores,
scores for discussion after self-study condition were significantly higher than
those for discussion after lecture condition, ¢(71) = 4.42, p < .001, d = 1.03.
Therefore, the combination of self-study and discussion improved the immedi-

ate learning outcomes more than that of watching a lecture and discussion.

Long-term learning

Long-term retention. We performed a priori contrasts to test our predic-
tion. The results show that in the long-term retention, students in self-study
and discussion condition had higher scores than those in lecture and discussion
condition, ¢(71) = 4.49, p < .001, d = 1.05.

Moreover, students in the lecture and discussion group showed a significant
drop in scores over time, ¢(68) = 3.41, p < .001, d = 0.82, while students in the
self-study and discussion group revealed no difference over time, ¢(74) = 1.06,
p=.294, d = 0.25.

Long-term near-transfer. We again conducted a priori contrasts to de-
termine differences between groups. The test revealed that students in the self-
study and discussion condition scored significantly higher than those in the
lecture and discussion condition, ¢(71) = 6.51, p < .001, d = 1.52.

Interestingly, we confirmed similar results to those regarding scores of the

retention test. For the lecture and discussion group, students’ scores dropped
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over time, t(68) = 2.38, p = .020, d = 0.57, while, for the self-study and
discussion group, there were no significant difference, ¢(74) = .95, p = .346,

d=0.22.

We then compared our results with those from Lim and Park (2023).

Reconciling the results from high school students and undergraduates
In the present study, we investigated whether previous results from prior re-
search could be generalized to a younger population. We thus adapted the
materials and methodology of Experiment 3 for Lim and Park (2023), and
applied it to high school students and added long-term learning measures. In
both studies, the same instructor explained the same concepts and problems in
a monologue lecture, using the same multimedia presentations. By contrasting
these two studies we wanted to provide robust evidence why student individ-
ually studying on their own and then discussing is an effective instructional
design.

A comparison of results is shown in Table 2.6. We performed a priori
orthogonal contrast to compare four groups. Collapsing across age differences,
the results from both studies show that the students in the self-study and
discussion group learned significantly more than the those in the lecture and
discussion group in both immediate retention and transfer tests, ps < .05.
Collapsing across conditions, undergraduate students had significantly higher
scores than high school students in immediate retention and transfer test, ps <
.01.

Specifically, in both the self-study and discussion group, and the lecture
and discussion group, undergraduate students scored higher than high school
students in the immediate retention test, ps < .05. However, there were no

significant difference in scores between undergraduate students in the lecture
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and discussion group, and high school students in the self-study and discussion
group, p = .088. We then analyzed students’ dialogue during the discussion to
shed light on why students in the self-study group are superior to those in the
lecture group in terms of learning. Before explaining the result of the analysis,

we provide details on its method.

Analysis of students’ dialogue during discussion

In addition to our intentional self-study learning hypothesis, we analyzed stu-
dents’ interaction during discussions to explore potential reasons why the two
discussion conditions differ. We thus examined the students’ dialogue in which
they interacted with peers and the instructional material. To do this, we adapted
the methodology used in prior studies (Chi et al., 2008, 2017; Muldner et al.,
2014). We first transcribed audio-recorded discussion videos, and subsequently
segmented the transcriptions into statements. These segments were then coded
by three independent raters.

e Substantive comment: a substantive comment, as referred by Chi et al.
(2017), pertains to how students engage constructively in their learning
process. When a student state an idea related to the concept studied
or taught, the idea was coded as a substantive comment, regardless of
whether it was correct or not. However, students were required to state
their ideas or thought beyond what was presented in the lecture or written

materials, not just repeat it.

The means and standard deviations of the dialogue analyses are presented
in Table 2.7. The interrater reliability for this coding was found to be
adequate, with an ICC (3, k) value of .90, p < .001 (30% of the randomly
selected transcripts). First, there was no significant difference between the

two groups in overall amount of utterances, ¢(19) = 1.79, p = .089, d =
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0.79. However, the proportion of substantive comments to total utterances
was significantly different, 2(1, N = 19) = 228.64, p < .001, d = 2.05. The
self-study and discussion group generated more substantive comments
than the lecture and discussion group, t(19) = 3.08, p = .006, d = 1.37.
Furthermore, each discussion member in the self-study and discussion
group generated a greater number of substantive comments (24.53 per
person) than each student in the lecture and discussion group (13.62),

and this difference was significant, ¢(71) = 4.84, p < .001, d = 1.15.

Interaction episode: segments can be combined into an episode, corre-
sponding to a consecutive conversation (Chi et al., 2008). Thus, an episode
contains at least one substantive comment from either member of the dis-
cussion group. An episode was further coded as an interaction episode if
two or more students in the group each provided at least one substan-
tive comment. Detailed examples are shown in Appendix H. ICC (3, k)
was .97, p < .001 (30% of the randomly selected transcripts). However,
the difference in the mean number of interaction episodes did not show
a significant difference between the two groups, t(19) = 0.75, p = .462,
d = 0.33. Accordingly, we further analyzed that the more interactive a
group is, the more substantive comments it generates in an interaction
episode. The result indicated that students in the self-study and discus-
sion group generated more substantive comments per interaction episode
than those in the lecture and discussion group, x?(1, N = 19) = 10.07,
p=.002, d =1.31.

Co-constructive turn: we used a more sophisticated construct, not just
limiting the definition to a change in speaker (i.e., a turn). A prior study,

which analyzed dialogues from dyads, referred to a co-constructive turn
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as a change in speaker that contains substantive contributions from both
speakers. Since the purpose of our study is to analyze students’ dialogue
during discussion, we defined a co-constructive turn as the continuation of
substantive comments from two or more speakers. Per interaction episode,
students in the self-study and discussion group had a significantly higher
number of co-constructive turns than students in the lecture and discus-

sion group,, x2(1, N = 19) = 5.52, p = .019, d = 1.64.

To summarize, in this study, students in the self-study and discussion group
generated more substantive contributions than did students in the lecture and
discussion group, and this pattern corresponds to their learning, in that the self-
study and discussion group had higher scores than the lecture and discussion
group. Therefore, we now need to provide an explanation for the differences in

student learning through designing a possible model.

Discussion to learning outcomes

To shed light on our interpretation that substantive comments had positive
impact on the learning outcome, we designed a mediation model. A simple
mediation analysis was conducted using ordinary least square path analysis to
examine whether the effect of discussion conditions (i.e., lecture and discussion
or self-study and discussion) on learning outcome (i.e., sum of immediate learn-
ing measures) was mediated by substantive comments. The mediation analysis
was conducted using the PROCESS macro for SPSS (Model 4) (Hayes, 2017).
A percentile bootstrap estimation with 5,000 replications was used to generate
a 95% confidence interval (CI). The effects were considered significant if the
interval between the lower limit and upper limit of the CI did not include zero.

Since discussion conditions are categorical variables, we transformed them into
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two binary dummy variables (0, 1). In this transformation, 0 corresponded to
the lecture and discussion condition, while 1 corresponded to the self-study and
discussion condition.

Overall, our model significantly accounted for 73.86% of the variance in
learning outcome, F(2,18) = 25.43, p < .001. This analysis confirmed that
there was a significant total effect of discussion condition on learning outcome
(¢), and this relationship was also significant when the effect of substantive com-
ments was considered (¢’). This analysis reveals that the discussion condition
is positively related to substantive comments (a) and substantive comments is
also positively related to learning outcome (b). See Table 2.8 for all parameter

estimates.

2.2.3 Discussion

An important goal of education is to prepare students for future learning. In
line with this belief that underlines education, educators and educational in-
stitutions hope that students are prepared to learn in subsequent activities,
future classes, and throughout their lives as lifelong learners. However, despite
these hopes, higher education often overlooks the goal of preparing students
for learning and instead focuses on selecting ‘superior’ students from secondary
schools. In light of this context, it becomes imperative to reconsider our ap-
proach to education, placing a greater emphasis on preparing students to be
more proactive and interactive participants in the learning process.

The present study investigated the combination of watching a lecture and
discussing with peers in contrast with studying on one’s own and discussing
with peers. Building upon previous findings (Lim & Park, 2023), we exam-
ined whether self-study enhances the learning outcomes of high school students

during discussions. We went beyond a mere comparison of the immediate ef-
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fectiveness of these two different instructional combinations. Additionally, we
proposed the intentional self-study hypothesis, suggesting that students in the
self-study and discussion group would demonstrate superior learning outcomes

compared to those in the lecture and discussion group.

Comparing the two discussion conditions, we successfully replicated the find-
ings of Lim and Park (2023). That is, in consistent with the previous finding that
undergraduate students in the self-study and discussion group were superior to
the lecture and discussion group, we obtained similar results regarding imme-
diate learning measures also with high school students. We further observed
a same pattern between immediate learning and long-term learning measures.
Both in immediate learning and long-term learning, the discussion after self-
study group outperformed the discussion after lecture group. Thus, significant
differences between the two conditions in the immediate and long-term data
are both consistent with the intentional self-study hypothesis.

The observed results could be due to students’ self-regulation ability or
their monitoring of their own learning processes. We assume that students were
capable of perceiving, to a considerable extent, their level of knowledge and
the areas they needed to work on while independently regulating their learning.
In other words, self-study would have allowed students not only to recall the
instructional material immediately but also to gain a deeper comprehension
required for long-term learning.

Moreover, the findings were robust as the performance of high school stu-
dents in the self-study and discussion group did not significantly differ from
that of college students in the lecture and discussion group. Thus, our findings
suggest that students may not require daily didactic lectures, indicating the
potential to reduce the costs related to recruiting an experienced teachers in

schools.
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Nonetheless, in order to figure out how to actually design and apply this
combination in a real classroom, we need to understand why the combination
of self-study and discussion is more effective than the combination of lecture
and discussion, even though all the instructional materials (video lecture and
written texts) were the same. We thus examined students’ dialogues during the
discussions after the lecture and after the self-study groups to shed light on this
matter. The results showed that the self-study and discussion group generated
more constructive interactions (i.e., substantive comments, interaction episodes,
and co-constructive turns) than the lecture and discussion group. Interestingly,
this difference was not simply due to the fact that the self-study group was
active, i.e., they talked a lot, but that they also made more substantive contri-
butions during the discussion. The results showed the benefits of self-study over
lecture as a preparation activity for discussion as it helps subsequent discussion
to become more active and constructive. These results are also meaningful be-
cause it replicates the results of previous literature (e.g., Chi et al., 2017; Lim
& Park, 2023; Muldner et al., 2014). Furthermore, this effect is not simply due
to an increase in the total number of utterances, but rather to the increase in

the proportion of substantive contributions among the total utterances.

Through further analysis, we confirmed the self-study and discussion condi-
tion had a stronger positive relationship to posttest achievement compared to
the lecture and discussion condition. The mediation effect of substantive com-
ments on posttest scores was also stronger for the combination of self-study and
discussion compared to the combination of lecture and discussion.

In K-12 classrooms, teachers still believe that ” Tell and Practice” instruction
is important because it delivers explanations and solutions invented by experts,
and students need opportunities to hear and practice these ideas. However, con-

sidering previous findings (Lim & Park, 2023) repeatedly demonstrating that
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discussion after lectures is superior to traditional instruction such as reviewing
after lectures, it is recommended that teachers increase the incorporation of
discussion activities in the classroom. Specifically, intentional self-study pro-
motes a state of “readiness” for subsequent discussions in part by encouraging
students to generate, compare, and contrast a range of ideas and/or questions.
This prepares students to learn more effectively during the subsequent discus-
sion due to the primed contents and heightened awareness. As a result, this
combination strategy results in improved performance, especially in terms of
transfer.

Our study materials, based on the domain of law, specifically criminal pro-
cedure, were appropriate because it is a topic that is relatively unaffected by
students’ prior knowledge and is convenient to measure transfer of knowledge.
However, follow-up research needs to expand to different topics such as molecu-
lar diffusion, a highly misconceived and challenging topic for a student to learn
(e.g., Chiet al., 2012). Also, future research can also measure changes in student
learning with the content students actually learn in class.

In addition, further examination can be conducted in classrooms targeting
younger age groups such as primary and secondary schools. It is time for both
K-12 educators and higher education instructors to step out of their comfort
zones, break down barriers, and immerse themselves in each other’s domains.
Only through this collaboration can both sides truly innovate, similar to their

efforts in 1952, in order to shape the education of today.
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Chapter 3

3.1 Effects of Manipulating Individual Preparations

for Different Classroom Discussion on Student Learn-

ing

3.1.1 Introduction

Discussion is an effective instructional strategy in the classroom. Extensive
literature on discussions have suggested that classroom discussion can be an
effective instructional strategy for student learning such as text comprehension
(e.g., Almasi & Garas-York, 2009 for a review; Murphy et al., 2009; Soter et
al., 2008). Although these studies showed that discussions can enhance student
learning outcomes, their classroom application is limited because it is not easy
to convert class content into a debate or discussion format, and training of
techniques for either teachers or students is require in these cases (Chin &
Osborne, 2010; Kuhn & Crowell, 2011; Reznitskaya et al., 2012). This is true
not only in elementary and secondary school but also in college courses (Stains
et al., 2018; Yannier et al., 2021). Thus, the question is no longer whether
discussion is an effective strategy in the classroom, but is how to utilize and
design discussions in classroom.

Simply placing groups of students together in a classroom does not guar-
antee improved learning (Chi et al., 2017; Craig et al., 2009, Lam & Muldner,
2017; Schwartz & Bransford, 1998). Lam and Muldner (2017) proposed that an
appropriate preparatory manipulations inspired by the preparation for future

learning to examine the role that individual preparation has on subsequent dis-
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cussions. The result showed that studying alone first and then collaborating is
more effective than collaborating from the beginning. These studies have shown
that different learning activities can be combined to promote student learning,

as results of Schwartz and Bransford (1998)’s seminal study.

In this context, we adopted the framework of Lam and Muldner (2017) while
focusing on classroom discussions followed by different individual preparations,
lecture or self-study. Especially, our purpose of research is to investigate the
learning effect of the self-study and discussion combination. Thus, the present
two-part study focused on different individual methods to prepare for classroom
discussion to design and investigate which combination of preparatory activity

with classroom discussion most impacted student learning.

Individual preparation for discussion

Individual preparation before subsequent collaborative learning enhances stu-
dent learning (Mende et al., 2021). Mende and colleagues investigated whether
individual preparation affects retrieval, inferencing, and referencing differently
on subsequent collaborative learning. They predicted that generative individual
preparation tasks and provision of awareness support can improve the advan-
tages and ameliorate the disadvantages of individual preparation before col-
laboration. The results indicated that individual preparation per se might not
automatically enhance learners’ interactive activities, but that the application
of information obtained during the preparation may depend on the task type
(generative or non-generative), and task complexity. Thus, Mende et al. sug-
gested that teacher can use students’ individual preparation time in terms of
generating new conclusions, connections, or ideas which could be discussed and

further developed during subsequent collaboration.

In line with the idea that students need individual preparation for collabo-

76 :



rative learning, the preparation for future collaboration has focused on whether
and how students should cognitively prepare themselves prior to collaboration
(Lam & Kapur, 2018; Lam & Muldner, 2017). In Lam and Kapur’s study, for
example, the generative preparation and non-generative preparation before col-
laboration were compared. Students in the generative condition produced more
ideas during preparation compared to the non-generative condition. In transfer
task, the generative condition performed better during the preparation phase
and subsequently performed better on the collaboration phase. In other words,
before collaboration, students who have a generative preparatory activity learn
more in a subsequent collaboration. In collaboration phase, students collabo-
rated with peers through discussions. Student discussed their knowledge, and
their only access to the canonical forms of the concepts can come via the dis-
cussion. Lam and Kapur thus addressed in their paper that student learning
was enhanced when students prepare by generating knowledge and then discuss
in a future task. Therefore, it seems to be a reasonable instructional strategy

for student to make individual preparation before classroom discussions.

Similarly, productive and effective discussions in classroom cannot arise nat-
urally. Students need a basic understanding of what they are learning and access
to newly acquired knowledge. Although students should be primed, not just
possessing the knowledge (e.g., McNamara et al.,1996; Murphy et al., 2016),
individual preparations for discussions has often been rarely applied (e.g., En-
gelmann et al., 2009) or was often not subject to systematic investigation.
Therefore, we examined different individual preparation and discussions where
students work together with peers to share their internal thoughts aloud on
what they know or have learned to demonstrate learning or continue to learn

during discussion has shown to promote student learning.
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Manipulating individual preparation

Research has shown that without proper learning preparation with clear objec-
tives, simply placing students in the classroom will not guarantee an effective
collaborative learning outcome (Gadgil & Nokes-Malach, 2012; Lam & Muld-
ner, 2017). How then can instructors design instruction to prepare students for
discussion that leads to effective learning? What is the best combination of

instructional strategies and sequence?

In this study, we compare lectures and self-study. Comparing lecture and
self-study is educationally meaningful. Researchers have posited that conven-
tional lectures frequently do not result in deep learning (Barrows & Tamblyn,
1980; Boud & Feletti, 1998; Freeman et al., 2014; Graffam, 2007), fail to pro-
mote students’ high level of comprehension (Bligh, 1998), and cannot guarantee
students’ performance (Carpenter et al., 2013; Lim et al., 2019) Although lec-
tures give satisfaction to both instructors and the students, there are many
studies that show that the learning outcome of lectures is not very high (e.g.,
Deslauriers et al., 2019; Stains et al., 2018). However, since lectures are still the
mainstay in various disciplines (Schmidt et al., 2015; Stains et al., 2018; Steele,
1997; Steele & Aronson, 1995), it may not be a good way to eliminate lectures

at once or to reduce them unconditionally.

Self-study is a representative candidate to replace the lecture in that it
involves agency but also serves as a basis for cooperative learning such as dis-
cussions with others (e.g., Fiorella & Mayer, 2016; Lam & Kapur, 2017; Lam
& Muldner, 2018; Mende et al., 2021). While reading a learning material on
their own, students can engage in a constructive cognitive activity such as self-
explaining (e.g., Bisra et al., 2018; Chi & Wylie, 2014). For instance, Lim and
Park (2023) found that self-study enhances the learning effect of discussions,

compared to lectures. They compared three combination groups: lecture and
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review, lecture and discussion, and self-study. The results showed that discus-
sion groups outperformed review groups, and self-study groups scored higher
than lecture groups. Through dialogue analysis, they also found that self-study
made students more productive in discussions than lectures.

However, in Lim and Park’s study, the discussions were only student-led
discussions. There may be a counterargument that the teacher’s role in the
discussion is important since teachers can participate in discussions depending
on their instructional strategies. To address the question of whether instruc-
tors are necessary in discussions, we further investigated the impact of types of

classroom discussion on student learning.

Formats of classroom discussion

Discussion studies in the classroom have mixed results because there are many
ways to conduct a classroom discussion. Research has found that student-led
small group discussions (or peer discussions) are effective in learning (Almasi,
1995; Lim et al., 2019, 2022; Murphy et al., 2018; Schmidt et al., 2007). For
example, Murphy et al. (2018) conducted year-long study of Quality Talk, a
teacher-facilitated, small-group discussion approach to enhance students’ com-
prehension. After analysis of discussions, they argued that small-group discourse
is an effective instruction foster individual student learning outcomes.

On the other hand, some studies have found that teacher-led discussions
improve students’ understanding and serve as a scaffolding for students’ under-
standing (e.g., Almasi & Garas-York, 2009; Sweller et al., 2007). In particular,
since teachers should give direct and explicit scaffolding during the discussion
and summative feedback after the discussion, there are advantage in teacher-
led discussions (Murphy et al., 2016; Sweller et al., 2007). That is, the role of

teachers implies that the discussion formats can enhance students’ outcome ac-
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cording to types of individual preparation. Because, students learn individually
and then paying attention to and taking up content-relevant information exter-
nalized by teachers during discussions can affect student’ learning (referencing;
cf. Mende et al., 2021; Teasley, 1997; Weinberger et al., 2007).

In the current study, in line with Lim and Park’s findings, the goal was to de-
termine whether interaction of individual self-study and student-led discussion
is a more effective instructional design for learning, compared to other com-
binations. Therefore, we expanded previous literature by reviewing discussion

formats and linking them to improvements in students learning gains.

3.1.2 Experiment 1

The current study examined individual preparatory activities before discus-
sions. In particular, we investigated how the use of self-study and subsequent
discussions influenced students’ learning, as well as replicating the findings of
Lim and Park (2023). We set conditions for individual preparation, the lecture
condition for students to watch a video on a personal screen, and the self-study

condition for students to study the learning materials on their own.

Method

Design and participants

Students were able to voluntarily apply for this experiments for the course credit
from psychology class. Undergraduate students from science, technology, engi-
neering, and mathematics (STEM) disciplines participated in this experiment.
All student were Asian, and the college was located in a mid-high socioeconomic
area of the city. The participants came to laboratory on time for their appli-
cation. The study was conducted early in the second semester of the academic

year.
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A total of 91 students were assigned to two experimental conditions at
random: a traditional lecture before small group discussion condition (LS group,
n = 46) and a self-study and small group discussion condition (SS group, n =
45). The average age of the participants was 19.40 [standard deviation (SD) =
0.97] years.

An ethical statement was supervised and approved via the selective univer-

sity’s Institutional Review (approval No. S-D20210031) in 2019 and 2021.

Materials

Individual preparation. A total of study time and materials in the in-
dividual preparation was equivalent across the two groups in that two groups
were designed to target the same shallow and transfer knowledge about learning
content (see Appendix I).

Students in the LS groups listened a monologue-style lecture video with a
seven-page long learning material. The lecture was a law-related topic that had
nothing to do with the background knowledge of the STEM students. In the
SS group, students received an same instructional material, but did not take

lectures.

Items for learning activity. Items for the shallow knowledge were items
were made up of ten questions that were factual recall and superficial con-
cepts from an instructional material or lecture video. The test used identical
True/False questions and multiple-choice questions. Thus, there were no scoring
error or subjectivity for the shallow knowledge questions, ICC (3, k) = 1.00,
p < .001.

The transfer knowledge items consisted of four questions, measuring deep

knowledge, required students’ novel application, evaluation and explanation.
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Detailed samples of the learning materials and test items are shown in Ap-
pendix I. The transfer knowledge items were worth a total of eighteen points
for four questions. Thus, although there was an exemplary answer to these
questions, students could not ask for an exact answer.

Accordingly, intra-class correlations (ICC) were calculated. The authors’
subjectivity of scoring for transfer items was minimized by randomly select-
ing 30% final test papers of the total, which were graded by first author and
other two independent raters. Each rater scored each of the two conditions
with an exemplary answer sheet. The agreement evaluated by ICC (3, k) = .91,
p < .001, by which values greater .80 indicate excellent reliability. As a result,
the remaining final test paper was graded by the first author.Samples of scoring

rubrics for transfer items are shown in Appendix J.

Procedure

Students were briefed that participation would be anonymous and that it would
not affect grade of psychology class, and course credits would be awarded for
attending this experiment.

Two researchers organized the learning activities. Students were randomly
assigned two different groups worked in separate laboratories. In the individual
preparation activity phase, for the LS group, students individually spent watch-
ing the lecture video. Students in the LS group were unable to manipulate the
video. Students were encouraged to attend all lectures with concentration. In-
dividual students in the SS group studied the written learning material on their
own. Students in the SS groups received learning materials at the beginning of
individual learning. They were given 18 minutes to complete the preparation
activity. Students were free to take notes or underline given learning materials,

but they were not able to use them on tests. At the end of the individual prepa-
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Table 3.1

Descriptive statistics for groups in Experiment 1

Learning outcome LS (n = 46) SS (n = 45) P 7
Total score 13.37 (2.03) 17.89 (3.35) <.001  0.41
Shallow knowledge 7.65 (1.20) 8.67 (0.95) <.001 0.17
Transfer knowledge 5.72 (1.94) 9.22 (3.15) <.001  0.33

Note. Data represent the means (SDs). Total, shallow, and transfer knowledge
items scores are given for both LS and SS groups. LS = lecture and student-led
small group discussion; SS = self-study and student-led small group discussion.

ration phase, the students stopped learning and waited for the experimenter’s

next instruction.

In the discussion phase, students from either the LS group or the SS group
were randomly assigned to a group of three or four students who had learned
the same individual preparation. The researcher did not intervene during dis-
cussions to ensure that the students had student-led small group discussion.
Students engaged in the discussion phase, such as exchanging the learned con-
tents with each other or continuing insufficient learning in the individual prepa-
ration before discussions with peers. Following the 20-minute discussion, two
discussion groups took a 20-minute final test on the same content. Students

finished before 20 minutes passed were asked to go over their answer sheets.

Result and discussion
The means and S Ds of the final exam for total, shallow, and transfer knowledge

items are shown in Table 3.1. There are no missing data, and outliers.

The SS group displayed a significantly higher total score than that of the LS
group, F(1,89) = 61.43, p < .001. In specific, the SS group had a significantly

83 -



greater score for the shallow knowledge than the LS group, F(1,89) = 18.28,
p < .001. The SS group scored significantly greater in transfer knowledge than
the LS group, F'(1,89) = 42.87, p < .001.

As a result, before the student-led small group discussions, it is effective for
students’ learning to involve in self-study. In line with the findings of Lim and
Park (2023), our results support the fact that self-study boosts student learning
than watching lectures before subsequent discussion. It might be also explained
that self-study group may get more opportunities for self-generated learning on
novel learning materials compare to lectures.

However, using a learning content far from students’ background and majors
may have lowered experimental reliability. In addition, although a laboratory
study can provide valuable data since the controlled settings and variables al-
low us to understand the details of the obtained results, one can argue that
Experiment 1 is not the reliable data for educational studies because of the
artificial settings. Accordingly, it is necessary to use learning content related to

students’ discipline.

3.1.3 Experiment 2

Experiment 2 was run an in situ lesson on covalent bond. We attempted to
ensure ecological validity through introductory biology classroom and relevant
learning material with students’ disciplines such as biology, which is fundamen-
tal knowledge for undergraduate STEM discipline.

In addition, taking into account the teacher’s scaffolding such as support or
intervention for the students that occurs naturally in the classroom, we investi-
gated whether discussion formats (teacher-facilitated small group or student-led

small group) worked differently when individual preparation preceded the dis-
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cussion. We also analyzed the recorded discussions using dialogue analysis.

Method

Design and participants

Independently of the participants in Experiment 1, a total of 113 participants
were taken for the undergraduate introductory biology course at selective uni-
versity. The average age of the participants was 19.96 (SD = 4.61) years, with
no significant differences in group or gender. The study used a 2 x 2 experimen-
tal design examining the factors of types of individual preparation (watching a
video lecture or self-studying) and types of discussions (student-led small group
or teacher-led small group) thus, with four conditions: a lecture and student-
led small group discussion (LS group, n = 31), a lecture and teacher-led small
group discussion (LT group, n = 24), a self-study and student-led small group
discussion (SS group, n = 31), as well as self-study and teacher-led small group
discussion (ST group, n = 27). Experiments were conducted in different class-
rooms for each condition, and one instructor conducted a teacher-led discussion

to avoid instructor-specific effect.

Materials

Instructional materials and test items. The 20-minute didactic lecture
by an instructor was recorded before experiment. The video lecture was on intro-
ductory biology, specifically regarding on covalent bonds, non-covalent bonds,
the octet rule, and water for life. The lecture and six-page written instructional
materials were equivalent across the four classrooms.

All of the final test items were transfer knowledge items with 11 questions.
These were open-ended items, multiple choice items, and essay items. Samples

of learning materials and test items are shown in Appendix K. The total score
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of eleven transfer knowledge items was 33 points. Forty-one final test papers
were randomly graded by two additional raters, as in Experiment 1 (30% of the
total). The agreement evaluated through intraclass correlation was .87 for the
analysis [ICC (3, k)]. Thus, the remaining final exam paper was graded by the

first author.

Procedure

Experiment 2 was carried out in the second semester of the academic year.
Students in the student-led groups (the LS and SS groups) had taken part
in at least three small group discussions before this experiment. Thus, by the
time the data were collected students were quite familiar with this approach to
discussion, with peer-cantered participation in which they spoke freely without
the instructor nomination or intervention. Students in the teacher-led groups
(the LT and ST groups) had a small group discussion with teacher-facilitated
or supported participation. For instance, students bid for turns by raising their
hands and waiting to be nominated by the teacher.

In detail, participants were randomly divided to four discussion groups: LS,
LT, SS, and ST. The individual preparation phase such as watching a recorded
lecture or self-studying lasted 20 minutes. Same as Experiment 1, students in
the SS and ST groups received learning materials at the beginning of individual
learning. Students can take notes or underline given learning materials, but they
were not able to use them on tests.

After the individual preparation, the students stopped learning and were
divided to groups of three or four by the instructor. The discussion lasted
20 minutes, and the instructor did not intervene in the discussion to ensure
they had an un-structured discussion among participants in the LS and SS

groups. On the other hand, students in the LT and ST groups continued the

86 -



discussion by questioning and answering to the instructor. The instructor moved
around the classroom providing students with incidental learning or scaffolded
instruction.

Subsequently, the four groups each took a 20-minute test on the same learn-

ing material.

Result and discussion

The main effect of the research condition, lecture versus self-study was signif-
icant, F'(1,109) = 42.43, p < .001. As a result, the main effect of the type
of discussion condition, teacher-led small group discussions versus. student-led
small group discussions displayed no significant difference, F'(1,109) = 2.56,
p = .113. The interaction impact of these two factors was significant in terms
of students’ learning benefits, F'(1,109) = 10.27, p = .002.

The means and SDs of the final test scores are summarized in Table 3.2.
Significant differences existed between the four groups in total score, F'(3,109) =
20.10, p < .001, partial eta-squared = 0.36. The SS group had the highest score
for transfer knowledge items and all groups, ps < .05, exception of the ST group
displayed significant differences, p = 1.00. The ST group found no significant
difference in comparison with the LT group, p = .166, but scored significantly
greater than the LS group, p < .001. Students in the LT group scored signifi-
cantly greater than the LS groups, p < .05.

Thus, using relevant content and discipline for students, these results suc-
cessfully replicated Experiment 1. It is difficult to robustly compare the out-
comes of the two studies. In summary, the differences ( % of the total) of transfer
test between the LS and SS groups were analyzed. In Experiment 1, there was
a significant difference in the mean value between the LS group and the SS

group in transfer, p = .021. In Experiment 2, there was a significant difference
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Table 3.2

Descriptive statistics for groups in FExperiment 2

Learning outcome Mean SD F D 771!27

Condition 1:

Individual preparation 42.43 <.001 0.28
Lecture (n = 55) 18.91 2.98
Self-study (n = 58) 22.95 3.49

Condition 2:
Type of discussion 2.56 113 0.02

Teacher-led (n = 51) 20.53 4.44
Student-led (n = 62) 21.53 2.83

Condition 1 x Condition 2 10.27 <.001 .09

Groups (N = 113)

LS (n = 31) 17.68 297
T (n=24) 2050  2.15
S (n = 31) 23.39  3.80
T (n=27) 2244  3.08

Note. Data represent values of means and SDs of transfer knowledge and are
detailed for main effects, interaction effect, and four groups. LS, lecture and
student-led discussion; LT, lecture and teacher-led discussion; SS, self-study
and student-led discussion; and ST, self-study and teacher-led discussion.
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Table 3.3

Summary of Experiment 1 and Ezperiment 2

Experiment 1 Experiment 2
] LS SS LS SS
Test item s
(n = 46) (n = 45) (n = 31) (n = 31)
Transfer 31.78% 51.22% 53.58% 70.88% <.001
knowledge (10.78%) (17.50%) (9.00%) (11.52%)

Note. LS, lecture and student-led discussion, SS, self-study and student-led dis-
cussion, transfer type item scores are given.

between transfer items in the LS and the SS groups, p < .001, which was in
agreement with the results of Experiment 1 (Table 3.3).

Thus, self-study as an individual preparation for subsequent discussion was
shown to improve student learning, regardless of discussion formats. Further-
more, the combination of self-study and student-led discussion improved stu-
dent learning compared to other combinations. However, it is also significant
that the students’ performance in the lecture group improved with teacher-led
discussions.

To interpret these results, we subsequently examined exploratory discussion
analysis on our recorded dialogues in classroom to attempt to clarify the results.
We utilized verbal protocols from Chi (1997) and coding strategy from Chi et
al. (2017).

Students in student-led discussion
To shed light on our results, we analyzed the content of discussions.
The present research categorized the meaningful content of student-led dis-

cussions into one major type: substantive (also constructive) comments (Chi
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et al., 2017). Coding schemes for discussions are shown in Appendix L. We
had two sets of data to analyze to capture students’ dialogue in discussions. We
first transcribed the dialogues of twelve video-recorded groups in two conditions
(i.e., the LS and SS groups). And then we segmented in to statements following
the analyses of Muldner et al.’s (2014). All dialogues were segmented into unit
such as total utterances at the phrase level.

We then checked students’ substantive comments to peers. Regardless of
whether the comment or answer is correct or not, the substantive comment
is based on content in lectures and learning materials, and furthermore, the
comment served as the starting point, elaboration, and generation of the pre-
ceding comments and questions to actively interact. But, it was not substantive
that the student simply answered peers’ question and no further interaction
took place (e.g., meta-talk and off-talk). Non-substantive comments were ei-
ther comments irrelevant to the learning content or those such as “I agree with
you,” or “Oh.” Example of excerpt is shown in Table 3.4.

Three raters coded 30% of the interacting dialogues and ICC (3, k) was
.81, p < .001. Remaining dialogues were coded by first author. Students in
the self-study group spoke more in student-led discussions than did students
in the lecture group (38.90 vs. 30.80, respectively). More importantly, students
in the self-study group generated more substantive comments than students in
the lecture group (34.00 vs. 24.40, respectively). Furthermore, there was signif-
icant difference between the SS and LS groups in the proportion of substantive
comments out of total utterances (87.40% vs. 79.23%, respectively).

Therefore, the result shows students who self-studied as an individual prepa-
ration before student-led discussion are more active and constructive than those

who listened to lecture.
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Table 3.4

Ezxcerpts from dialogue transcripts from the student-led discussion groups

Transcripts ~ Utterances among students Category

T1 (p. 1) Student 1: Statement
Can you explain this? What exactly is the van der Waals force?  (Substantive)
Student3: Statement
van der Waals forces are intermolecular forces. (Substantaive)
Student 2:
It is a weak force of attraction between electrically Statement
neutral molecules that only acts at extremely short (Substantive)
distance. For example, oil molecules hold together
because of van der Waals forces.

T5 (p. 4) Student 5: Statement
Sodium and cholrine were opposites, right? (Substantive)
Student 4:
That’s right. The number of outermost electron shells is Statement
different. (Substantive)

T7 (p. 1) Student 6: Statement

Are we doing this right?

Student 7:

Maybe?

(Not substantive, Meta-talk)

Statement

(Not substantive)
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Table 3.5

Ezxcerpts from dialogue transcripts from the teacher-led discussion groups

Transcripts ~ Utterances among students Category
T2 (p. 2) Student A:
Carbon has 6 protons and 6 electrons, with 2 electrons
spinning in the first shell and 4 electrons spinning in the — Question
second shell. Is this second shell where the electrons that — (Substantive)
actually participate in the chemical reaction are?
Instructor:
Excellent. This second electron shell is called the Elaborative feedback
outermost electron shell.
Student B: Question
What does it mean exactly? (Substantive)
T4 (p. 5) Student C:
As the electrons drop off, Statement
the elements are released and then filled with electrons (Substantive)
to follow the octet rule again
forming new bonds between the elements.
Student D: Question
By what rule are the electrons bound? (Substantive)
T6 (p. 1) Student E: Statement

How much discussion time is left?

Instructor:

About fives minute.

(Not substantive, Off-talk to

the Instructor)

Simple answer

(Not substantive)
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Students in teacher-led discussion

Since students in the lecture group scored significantly higher in the teacher-led
discussion than in the student-led discussion, we subsequently analyzed the di-
alogues to investigate the students’ talk with the instructor influence learning
in teacher-led discussion. Interacting with the instructor could plausibly oc-
cur since student created many opportunities for themselves to actively engage
in constructive activities (e.g., Chi et al., 2017). We checked students’ deep
questions (i.e., substantive questions) because literature has been shown to en-
hance students’ learning (e.g., Craig et al., 2006). In addition, since Narciss
(2007) showed that instructor (or tutor)’s elaborated feedback facilitate stu-
dents’ learning, we categorized the meaningful content of teacher-led discussions
into three major type: students’ substantive comments among peers, substan-
tive questions to instructor, and instructors’ elaborative feedback (cf. Chi et
al., 2017). We transcribed the video-recorded dialogues of eight LT groups and
nine ST groups. First, we segmented an instructor’s utterances into statements
and identified those that referred to students’ questions and answers (correct
or not). We then coded these instructor’s statements as elaborative feedback if
the instructor remarked elaborative explanation beyond a simple answer. We

also coded students’ utterances among peers. Excerpt are shown in Table 3.5.

Three raters coded 30% of the dialogues and ICC (3, k) was .97, p < .001.
Thus, remaining dialogues were coded by first author. Table 3.6 summarizes
the results. There was no significant difference between the ST and LT groups
(34.22 vs. 35.13, respectively). In detail, there was also no significant difference
in students’ utterances among students between the ST and LT groups (31.44
vs. 30.50, respectively), also in substantive comments (26.11 vs. 24.88, respec-
tively). There was no significant difference between the ST and LT groups in

the proportion of substantive comments among the total utterances (83.05%
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vs. 81.57%, respectively).

However, for students’ questions to instructor, students in the LT asked
more to instructor than students in the ST group (4.63 vs. 2.78, respectively).
Also, students in the LT group asked the instructor more deep questions than
students in the ST group (4.00 vs. 2.11, respectively). But, there was no differ-
ence between the ST and LT groups in the proportion of substantive questions
among the total questions (75.90% vs. 86.39%, respectively).

Lastly, instructors gave more elaborated feedback to students in the LT
group than students in the ST group (3.88 vs. 2.00, respectively). The results
showed that not only was there more interaction between students in group,
but also deeper questions were asked to the instructor, and more sophisticated

feedback was provided from the instructor.

Exploratory regression analyses

In the student-led discussion, the SS group had significantly higher learning
outcomes and number of substantive comments than those of the LS group. On
the other hand, in the teacher-led discussion, the differences in scores and sub-
stantive comments between the ST group and the LT group were not significant.
Thus, we expected that the type of individual preparation may have influenced
the number of substantive comments depending on discussion formats. We fur-
ther examined whether the number of substantive comments had an impact on
students’ learning. To substantiate our interpretation, we analyzed the relation-
ship of substantive comments among peers and learning outcome depending on
type of individual preparation (i.e., lecture or self-study) and discussion format
(teacher-led or student-led), by running an exploratory linear regression. We
set final test scores as the dependent variable, substantive, type of individual

preparation and substantive x type of individual preparation interaction as the
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explanatory variables. Since type of individual preparation is a categorical vari-
able, we transformed condition into two binary dummy variables (0, 1), where
0 corresponded to lecture and 1 corresponded to self-study.

For the student-led discussion, the overall model was significant, (adjusted
R? = 91), p < .001 (Table 3.7). Substantive comments and type of individ-
ual preparation were significant, and it indicates that substantive comments
among peers and self-study have positive relationship with scores for final test.
Overall, substantive comments during student-led discussion has a modest but
stronger positive relationship to transfer knowledge to self-study compared lec-
ture. For the teacher-led discussions, the overall model we obtained was also
significant, (adjusted R? = .59), p = .002. Likewise, substantive comments,
and type of individual preparation were significant, and substantive comments
during teacher-led discussion has a stronger positive relationship to transfer

knowledge for lecture compared to self-study.
3.1.4 General discussion

We examined whether and how discussions could be designed as an instructional
method in the classroom. Experiment 1, which was conducted in the labora-
tory, compared lecture before student-led discussion (LS) and self-study before
student-led discussion (SS). The result showed that the SS group outperformed
the LS group. Significant differences in the shallow and transfer knowledge items
demonstrated a significant practical implication. In addition, we found that the
individual preparation activities made the learning effect of discussion different.

However, we needed to consider the level of prior knowledge. In addition,
it was necessary to replicate the results of Experiment 1 in a more natural
setting and explore the effect of the teachers support which commonly occur

in the classroom. In Experiment 2, we compared four conditions: a lecture
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and student-led discussion (LS), lecture and teacher-led discussion (LT), self-
study and student-led discussion (SS), and self-study and teacher-led discussion
(ST). As in the results of Experiment 1, self-study was more advantageous than
lectures as an individual preparation of discussions, regardless of discussion
formats.

Meanwhile, we noted that there was no significant difference between the
LT group and the ST group, but students in the LT group tended to perform
lower than students in the ST group. In other words, the instructor’s support
or intervention seems to have had a positive effect for students who listened to
lectures. On the other hand, self-study is self-regulated or self-paced learning,
and instructor intervention hurt students’ engagement in the discussion.

To substantiate these interpretations, we analyzed dialogues of the two dis-
cussion. The results showed that the self-study group made more constructive
and substantive comments than the lecture group in the student-led discussions.
However, when the instructors participated in the discussion, the students who
listened to the lecture were active in interacting with peers, and even actively
interacting with the instructor, which improved students’ learning. Therefore,
our findings indicated that teachers should employ their discourse to scaffold
students’ thinking according to their instruction or condition (e.g., Hattie &
Timperley, 2007). However, one point we wish to emphasize more is that teach-
ers should gradually create classes where students study on their own and have
discussions among themselves.

Individual preparation has often been suggested to benefit discussion in the
classroom. Yet, so far, the theoretical bases and the empirical evidence have
not been systematically addressed in previous literature (e.g., Mende et al.,
2021). The present studies addressed these gaps by developing and testing our

prediction regarding the claim that individual preparation is important in that
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it enhances the learning effect of discussions when properly combined. Teach-
ers should gradually reduce their control in the classroom, and then students

become more active in the learning process.

Limitations and educational implications of the findings

Our findings indicate that the combination of self-study and student-led dis-
cussion enhances student learning. However, as an individual preparation, a
dichotomy between self-study and lectures in this study may overlook the fact
that lectures can promote students’ learning. Our research does not mean that
teachers should use self-study instead of lectures right now, but rather that they
should gradually adopt a more student-centered approach to teaching. Before
that, teachers need to utilize the right design for individual preparatory work
and discussion combinations to improve student learning.

The present study targeted STEM students so that it can be pointed out
that this study is discipline-specific. This study is still in the early stages of
exploring discussions and effective strategies for higher education. Therefore,
future studies are required to examine students from other disciplines, ages and
other ethnicities.

In addition, we propose that the lecture used in the present study is a
microcosm of a class using in higher education in that traditional lectures in that
most STEM education still use traditional lectures in classes (e.g., Lombardi et
al., 2021; Stains et al., 2018). Accordingly, many studies recommend combining
lectures and active learning (Chi, 2009; Chi & Wylie, 2014; Muldner et al.,
2014). Our study therefore has pedagogical and practical implications for how
to minimize didactic lecture time and make more effective use of lectures in

conjunction with or prior to discussions.
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3.2 Improving Learning Effects of Student-Led and
Teacher-Led Discussion Contingent on Prediscus-

sion Activity

3.2.1 Introduction

Studies have identified engagement as a key factor for students’ meaningful
learning (e.g., Sinatra et al., 2015; Sun et al., 2022) and have demonstrated
its importance in students’ positive learning outcomes, academic resilience, and
avoidance of dropping out (Bae & DeBusk-Lane, 2018; Bae & Lai, 2020; Chi et
al., 2018; Sinatra et al., 2015; Sun et al., 2022; Wang & Eccles, 2013). In this
regard, classroom discussions have the potential to enhance students’ learning
beyond what studying alone would achieve because they provide the oppor-
tunity to engage in beneficial behavior, including explaining, questioning, and
generating ideas. For example, Lim and Park (2023) compared discussion with
review in higher education. After listening to the lecture, students were assigned
to discussion or review groups. On comparing final test scores, it was observed
that students in the discussion group scored significantly higher on verbatim
and transfer questions than students in the review group. Meanwhile, Wu et
al. (2013) compared collaborative discussion with teachers’ whole class instruc-
tion in primary school. Their research showed that collaborative discussion
approaches affect students’ behavioral and emotional engagement positively.
Although researchers have argued that students’ engagement is a key con-
cept of learning effect of group discussions on student learning (Bae & Lai,
2020; Chi et al., 2018; Guthrie et al., 2004; Henrie et al., 2015; Sinatra et al.,
2015; Wu et al., 2013), most of the previous research on discussion has focused

on outcomes (e.g., Nokes-Malach et al., 2015, Slavin, 2012), remaining unclear
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whether and how student engagement differs between discussion approaches
(Sun et al., 2022). Hence, this study explored classroom discussion as a core
learning strategy that facilitates students’ engagement in the learning process,
enables them to actively interact with their peers, and helps them construct
knowledge. It further focused on the degree of cognitive-behavioral engagement
that can be detected by moment-by-moment overt behavior during students’

discussions.

Simply having a discussion in class cannot guarantee improved student en-
gagement and effective learning (Craig et al., 2009; Gadgil & Nokes-Malach,
2012; Lam & Muldner, 2017). There is also increasing evidence that engage-
ment changes depending on teachers’ instructional strategies and classroom
settings (Bae & Lai, 2020; Kyndt et al., 2013; Patall et al., 2019; Sun et al.,
2022). Accordingly, relatively recent studies have investigated the learning ef-
fects of various instructional interventions, including prediscussion activities,

such as flipped lectures or self-study (e.g., Lee & Choi, 2019; Lim et al., 2019).

Furthermore, individual preparation for future collaboration suggests that
collaboration with peers require combination with prior learning activities (Lam
& Kapur, 2018; Lam & Muldner, 2017). Lam and Kapur (2018), for instance,
proposed another type of combination in which the same activity was first pre-
pared alone and then worked in pairs during the rest of the time (preparation).
College students’ performance of this combination was compared with that of
having pairs work together from the beginning (non-preparation). The two tasks
used were to summarize the content of the learning material, and to generate
new ideas or reasoning based on the learning material. The final performance
was then compared in a transfer task. They observed that the preparation group
scored higher than the non-preparation group but found no differences based on

the type of tasks. This shows that studying alone first and then collaborating
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with others is more effective than collaborating from the beginning. The result
also suggests that different learning activities can be combined to subsequent

discussions for students’ learning.

In the present study, we widened the lens for the classroom study of engage-
ment during discussion. The present research investigated students’ learning in
classroom discussions, moderated by different combinations of prediscussion ac-
tivities and discussions. We compared undergraduate students’ learning gain as
seen in student-centered small group discussions with in teacher-led discussions
when students had previously displayed different prediscussion learning activi-
ties, lectures or self-study. We analyzed overt cognitive-behavioral engagement
during discussions to elucidate the students’ learning.

The following sections (i) describe the features of students’ engagement
during the learning process, (ii) discuss the prediscussion activity, (iii) compare
differences in students’ learning and engagement between student- and teacher-

led discussions, and (iv) provide an overview of the study.

Engagement during the learning process

Engagement has been classified into four dimensions (e.g., Lombardi et al.,
2021). First, the social-behavior aspect implies that students participate ac-
tively in academic activities with their peers (Linnenbrink-Garcia et al., 2011).
Second, the cognitive aspect signifies that students partake in effortful think-
ing and invest mental energy in the learning process (Fredricks et al., 2004).
Third, the emotional aspect denotes that positive feelings are generated dur-
ing the performance of academic tasks, such as the recognition of the value
of the tasks (Furrer & Skinner, 2003). Fourth, the agentic aspect symbolizes
the inculcation of autonomy in students, for instance, their self-identification as

knowledge constructors, individually or as part of a peer group (Chi & Wylie,
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2014; Patall et al., 2019; Reeve & Tseng, 2011). A study by Patall et al. (2019)
has, particularly, revealed that high levels of social-behavioral, cognitive, and
emotional engagement lead to students’ improved academic achievement and

deepen their agentic engagement.

The multifaced concept of engagement, however, can be difficult to distin-
guish among the dimensions, such as between cognitive and behavioral engage-
ment (Eccles, 2016). Thus, we adapted extended conceptualization by Pekrun
and Linnenbrink-Garcia (2012). Pekrun and Linnenbrink-Garcia postulated
cognitive-behavioral engagement as an integrated form of engagement during
learning activities. This includes students’ self-regulated learning and (meta)
cognitive strategies in the learning process. We also refer to the interactive con-
structive active passive (ICAP) framework, which proposes that engagement
can be detected and differentiated through a detailed analysis of students’ overt
behavior during learning (Chi & Wylie, 2014). The ICAP framework generally
predicts that students who interact constructively with other individuals will
learn better than those who learn alone. In other words, interaction can provide
opportunities for students to explain their point of view, elicit responses from
peers, and incorporate peers’ contributions. Given these benefits of interaction,
students’ learning outcome was lowest in P mode and increased in ascending

order in A, C, and I modes.

Student learning and engagement depending on prediscussion activ-
ity

A typical combination of instructional methods entails the instruction then
problem-solving (I-PS) or problem-solving then instruction (PS-I) structure
(e.g., Loibl et al., 2017; Schalk et al., 2018). I-PS signifies that teachers tell

before students practice (i.e., T&P). Conversely, in PS-I, students are given
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problem-solving tasks and then provided with relevant instructions by teach-
ers, for instance, invention (Schwartz & Bransford, 1998) or productive failure
(Kapur, 2008).

Some previous studies have indicated the benefits of learning methods that
involve active student engagement (e.g., Billings & Hasltead, 2019; Lam &
Muldner, 2017). Lam and Muldner (2017) compared four conditions of col-
laborative learning activity among college students: no preparation-active, no
preparation-constructive, preparation-active, and preparation-constructive. The
two preparation conditions were separated by different degrees of student en-
gagement by the ICAP framework (Chi, 2009; Chi & Wylie, 2014). The active
condition required student preparation in the form of imbibing canonical con-
cepts before applying them to specific tasks. In the constructive condition, stu-
dents produced ideas in the preparatory phase before comparing their concepts
and finally generating ideas collaboratively. The results showed that students
who prepared first by working through instructional materials individually and
then collaboratively learned more than those who did not prepare. Although the
type of preparation did not have a significant effect, Lam and Muldner (2017)
suggest that a cognitively engaged individual preparations lead to better learn-
ing as it encourages students to collaborate constructively, even in types of tasks

that do not induce such engagement.

These studies showed that different learning activities can be combined to
subsequent discussions for students’ learning. Besides enhancing student learn-
ing, students must be provided with time on their own to perform activities
that help them process the learning material before participating in the col-
laboration exercise (cf. Lim et al., 2022, 2023; Tsovaltzi et al., 2015) since stu-
dents do not often spontaneously engage in interactive collaborative activities

such as problem-based collaborative learning or classroom discussions (Jeong &
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Hmelo-Silver, 2016; Menekse & Chi, 2019). Therefore, there is an urgent need
to provide instructors with adequate preliminary activities for subsequent dis-
cussions. Among the numerous activities that can be selected, we focused on
self-study and lectures, which are different and widespread learning activities
in higher education. Furthermore, self-study and lectures are complementary
activities for subsequent discussions (Akgayir & Akgayir, 2018; Schmidt et al.,
2010).

Here, we defined self-study as activities one performs by oneself before learn-
ing from others. Self-study refers to a wide range of activities including planning,
learning, and evaluating learning outcomes on one’s own (e.g., Zimmerman &
Schunk, 2008). A key aspect of self-study is the students’ ability to direct their
own learning. They can regulate their learning process as an inherently con-
structive and self-directed process. Students, in this process, can use their prior
knowledge and integrate new knowledge in which self-regulated learning can be
successfully acquired, including the use of metacognitive skills such as planning,
executing, evaluating, correcting etc (cf. Boekaerts, 1999). Thus, self-study can

entail constructive cognitive engagement (Chi, 2009; Chi & Wylie, 2014).

On the other hand, conventional lectures represent widely used instruc-
tional methods in higher education (Deslauriers et al., 2018; Stains et al., 2018)
described as passive cognitive engagement. However, not only can lectures fol-
lowed by students’ analysis be effective, as reported by Schwartz and Bransford
(1998), but Kapur (2008) reported that lectures in the form of solutions to
problems can be equally effective. Indeed, some studies suggested that lectures
are more effective when combined with complementary learning activities (e.g.,
Chi & Wylie, 2014). Therefore, in line with previous results that these two
activities can lead to significant differences in students’ learning outcomes (cf.

Chi & Wylie, 2014; Lam & Muldner, 2017), we expected that students would
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be more engaged in discussions after self-study rather than lectures.

Student learning and engagement in classroom discussions

A vast body of literature exists on the effects of various discussion approaches
on student learning and has sufficiently yielded reviews and meta-analyses (e.g.,
Almasi & Garas-York, 2009; Garas-York & Almasi, 2017; Murphy et al., 2009,
2018). Murphy et al. (2009) quantitatively reviewed research on classroom dis-
cussions to determine their effects on comprehension. Their investigation in-
cluded concepts such as collaborative reasoning (Waggoner et al., 1995), phi-
losophy for children (Sharp, 1995), questioning the author (Beck et al., 1996),
book club (Raphael & McMahon, 1994), and so on. This comprehensive meta-
analysis of empirical studies examined evidence of how teachers and students
talk during discussions affected individual student comprehension as well as
critical thinking and reasoning outcomes. Their examination revealed that sev-
eral discussion approaches strongly increased the amount of student talk and
concomitantly reduced teacher talk, followed by a substantial enhancement in
text comprehension.

In addition, among the student-centered small group discussion approaches,
collaborative reasoning produced greater motivation (i.e., interest) and engage-
ment in children than fully teacher-directed discussions (Wu et al., 2013). Wu
and colleagues examined whether children engagement observed during a discus-
sion sustained positive correlations with self-reported student interest and en-
gagement several months later. The major finding is that student-centered dis-
cussions produce enhanced motivation, increased discussion value, and greater
engagement.

Unlike a teacher-led classroom discussion, where the teacher manages turn-

taking and the topic, a student-centered discussion encourages students to take
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control over speaking turns and the subject matter. Here, students hold in-
terpretive authority or autonomy to evaluate their own or their peers’ ideas
and reasons that are presented. For example, collaborative reasoning appears
to implement the classroom practices that Guthrie and Humenick (2004) have
demonstrated to support student engagement. Noteworthy is that collaborative
reasoning allows students’ autonomy during discussions, entail peer collabora-
tion and enhance students’ engagement through stimulation from the fact that

students are discussing controversial issues.

Meanwhile, some researchers have identified that teacher-led or -supported
discussions (i.e., conventional classroom discussions) are an effective instruc-
tional strategy in improving student learning (e.g., Kirch & Siry, 2012; Lombardi
et al., 2018). In classroom discussion settings, teachers ask more open-ended
questions, employing queries and probes designed to help students understand
and think deeply (e.g., Liang & Dole, 2006; Manz & Renga, 2017; Wortham,
2006). Meyer (1993) considered these instructional scaffoldings as temporary
teacher supports extended to the student in the zone of proximal development

(ZPD, Vygotsky, 1978).

Davin (2013) examined whether teacher-directed class discussions enhance
students’ engagement in learning. In particular, it was examined how a primary
school teacher utilized instructional conversation within an L2 classroom. In-
structional conversations were used to co-construct a group ZPD in response
to less predictable student errors or inquiries. The flexible mediation offered by
teachers enabled more active engagement and increased responsive conversa-
tions among students. These teacher-directed frameworks can make classroom
discussion more accessible to students, in alignment with Morocco and Hindin’s
(2002) findings. Hence, Bae et al. (2021) recommended that teachers provide

explicit support with students to enhance student engagement in classroom dis-
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course. Simultaneously, they posited that teachers should encourage students’
agency and participation in discourse through meaningful leadership position-
ing and leveraging students’ diverse strengths.

To summarize, student-led discussions promote students’ engagement and
learning gains based on student autonomy, whereas teacher-led discussions en-
courage students to participate in conversations and work on their strengths
under the teacher’s control and support. Therefore, student-led discussions,
which are based on autonomy and engagement, when combined with self-study,
are expected to increase students’ performance, whereas teacher-led discussions
are rather improved since learning and scaffolded engagement through lectures

presupposes teachers’ assistance to students.

3.2.2 The present study

The present study was designed to compare undergraduate students’ engage-
ment and learning gains attained through student-centered small group discus-
sions against those acquired through teacher-led discussions when self-study or
lecture was preceded. Regardless of the discussion types (formats), we predicted
that self-study, as a prediscussion activity, would lead to higher engagement and
outcomes for students than lectures. We also expected that the engagement and
learning outcomes of the lecture group would improve through teacher-led dis-
cussions.

To substantiate our predictions, we further explored the relationship be-
tween enhanced engagement and improved outcomes in combined prediscussion
activities and discussions. The current study sought to determine the influence
of overt cognitive-behavioral engagement on students’ learning, utilizing proto-
cols established by Lutz et al. (2006). We did not determine engagement through

direct cues, such as biological signals (e.g., Imai et al., 1992; Rosenberg & Ek-
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man, 1994); rather, we rated students’ moment-by moment engagement using
successive segments of videotaped discussions. Student engagement during dis-
cussions was scrutinized to enable researchers to offer detailed evidence on this
issue. The rubrics for engagement are shown in Appendix M. Subsequently,
we examined the effects of such engagement in discussions on student learning

through moderated mediation analysis.

Method

Participants and design

The study was approved by the Institutional Review Board of Seoul National
University. This study was conducted in the second semester of 2021. It was
conducted in an in-person regular class. We conducted an experimental study
involving four introductory classes by four different instructors at a univer-
sity in South Korea. All participants were Asian. All participants (N = 305;
female student = 116) were recruited from an undergraduate course. The av-
erage age of participants is 19.35 years (aged 18 — 21 years). The majors of
the students were diverse, including economics, geography and psychology. We
excluded 47 participants who did not participate in the discussion from the
outset, did not interact with other group members, and whose engagement
could not be examined due to an inferior video recording quality. The study
used a 2 x 2 experimental design examining the type of prediscussion activity
(lecture or self-study) and discussion formats (student-led or teacher-led). Par-
ticipants were then randomly assigned to four groups: student-led discussion
after a lecture (LSD group, n = 64), teacher-led discussion after a lecture (LTD
group, n = 73), student-led discussion after self-study (SSD group, n = 63),
and teacher-led discussion after self-study (STD group, n = 58).
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Procedure

All students were first apprised that they could either agree or disagree with
the experiment and the video recording. Students were also explained that they
could quit during the experiment and that test scores in the experiment would
not affect their grades in this class; students who agreed, signed a consent form.
After that, students were randomly assigned to different groups that worked in

separate classrooms, and all experiments occurred simultaneously.

In the classroom, the experiment procedure was explained to the students
in detail. All students first completed a background questionnaire. The back-
ground knowledge questionnaire used a 7-point Likert scale, ranging from 1
(no knowledge) to 7 (expert knowledge), for six subjects. The questionnaire
included two subjects relevant to this study and four subjects irrelevant to
this study, such as criminal procedure code. (1) The LSD group watched the
20-minute video lecture and engaged in discussion for 15 minutes in groups of
three or four students. The student-led discussion lasted 15 minutes and the in-
structor did not intervene. For example, question and answer were not allowed.
(2) The LTD group watched the 20-minute video lecture and discussed for 15
minutes in groups of three or four students. Students were free to ask questions
to the instructor. The instructor moved around the classroom and observed
the students’ discussions. (3) Students assigned to the SSD group studied by
themselves the texts for 20 minutes and thereafter engaged in discussion for 15
minutes in groups of three or four students. During self-study, students were
asked to study on their own with written text. Students were free to perform
activities such as underlining written text or taking notes. As with the LSD
group, the students in the SSD groups discussed with their peers using only
written text, and were not subjected to scaffolding such as asking questions to

the instructor. (4) Finally, the students in the STD group studied on their own
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for 20 minutes and discussed for 15 minutes in groups of three or four students.
As with the LTD group, students were able to freely interact with the instructor
while discussing.

All discussions (whether student-led or teacher-led) were accomplished on
camera. Discussions were recorded, and after the discussions were completed,
all students in different four groups took a 20-minute same final examination

on the learning content.

Teacher participant
The student-led discussion groups (the LSD and SSD groups) were not provided
with any support or scaffolding from the instructor. Overall, the student-led
discussion group was considered decentralized to the extent that students’ in-
teraction was encouraged. The instructor began with briefing about discussion
session and the final test that followed. Thus, the instructors of the LSD and
SSD classrooms were faithful to the experimentation, as were the experimenters.
The major distinction between two conditions was the manner in which the
discussion was held. The instructor in the teacher-led classroom (the LTD and
STD groups) encouraged the students to refer to their questions during the
discussion. With reference to van de Pol et al.’s (2014) levels of teacher degree
of control in the classroom, the instructors in the LTD and STD classrooms
gave students low or medium control and support. The teacher-led discussion
group was considered centralized in which meaning is constructed when stu-
dents ask questions to the teacher about the content and teacher respond to
their questions, or teacher asks questions to students and solicit and evaluate
responses from students. Thus, the instructors did not provide new content, but
they elicited a short response or an elaborate response, such as elaboration and

explanation of why something was in a certain way. They also asked a more
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detailed or open question to students. For example, an Instructor 1 said “Well,
I think, why don’t you reconsider the types of covalent bond?” to a student.
However, there was no difference in support such as additional learning ma-

terials, between the two groups.

Instructional material
The present study involved the following instructional materials: (i) monologue-
style lecture and written text, and (ii) final tests.

Instructional lecture. We used an actual video lecture comprising a 20-
minute long monologue-style lecture that delivered life science -related learning
content, specifically on the covalent bond. Video lectures were conducted on one
screen in different classrooms for each group (the LSD, and LTD groups). The
video lecture featured a male instructor who was not assigned to the classroom.
The video of the LSD and LTD groups was the same.

The six-page long written text for the class were derived from the contents
of the video lecture and encompassed information on the same topic. All four
groups were given the same instructional written text.

Final test items. The final test items used real case scenarios and accom-
plished a quantifiable assessment of the extent to which transfer of knowledge
had occurred. The final test comprised a total of 11 questions worth 33 points.
All the questions asked on the final test questions comprised transfer-type items,
and every question required students to display their high-level of comprehen-
sion of the content such as application and transfer. We intended students to ap-
ply learning that surpassed the delivered content. Thus, students were required
to deploy the acquired conceptual knowledge to extended situations that tran-
scended the original context. The test items included short-answer, multiple-

choice, and open-ended descriptive questions. All the instructional materials

113 -



are shown in Appendix N.

First author and two raters scored 20% of short-answer and open-ended
answer sheets to reduce subjectivity, and the measured interrater agreement
analysis [ICC (3, k)] was .84. Accordingly, the remaining answer sheets were

scored by the first author.

Data analysis

Data were analyzed using descriptive statistics [mean (M), standard deviation
(SD), and standard error (SE)]. Analysis of variance (ANOVA) was performed
between the four different groups to examine differences in learning outcome
measured by transfer items, and p-values of < .05 were deemed to indicate
statistically significant differences.

We adapted the ICAP framework on distinguishing levels of engagement
through close observation of classroom videos (Chi & Wylie, 2014). However,
the data sets that we analyzed sometimes lacked information to differentiate be-
tween Interactive, Constructive, and Active modes, and it seemed prudent not
to force a distinction. A moment-by-moment real-time measure was then em-
ployed by three independent raters to allow a more direct and process-oriented
analysis of engagement in discussions (see Lutz et al., 2006; Wu et al., 2013).
The three raters watched the 15-minute discussion videos and evaluated an ag-
gregate of 30 successive 30-second segments of the video on the same 5-point
Likert-like scale ranging from 1 (not at all engaged) to 5 (very much engaged)
(see Appendix M).

The group-related differences in engagement across the discussion times
were examined using a linear mixed-effect model (LMM) analysis through the
nlme package in R (Version 4.1.2). The discussion times, groups, and the inter-

actions between these two elements were included in our statistical model as
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the fixed effects; gender and age were set as covariates. The regression coeffi-
cients of the interaction terms indicated the group effects on the engagement
across all discussion times. The random effect structure encompassed a random
intercept for the participant and a random time slope for the participant. To
test our model, a quadratic term for the discussion time was included after
inspecting visually raw data at the individual level and identifying the model
yielding the lowest Akaike information criterion and Bayesian information cri-
terion among different curve-fitting regression models (linear, quadratic, and
cubic), which predicted the dependent variable (i.e., engagement) through a
single independent variable (i.e., discussion time). A first-order autoregressive
or AR (1) covariance structure was incorporated into the model to account for
individual autocorrelation.

For further analysis of the causality between engagement and learning, the
moderated mediation analysis was conducted using the PROCESS macro for
SPSS (Model 7) (Hayes, 2017). A percentile bootstrap estimation with 5,000
replications was used to generate a 95% confidence interval (CI), in which the
effects are estimated significant if zero is not included between lower limit and
upper limit for the CI. Demographic variables (i.e., age and gender) were in-

cluded as covariates in this model.
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Table 3.8
Descriptive statistics for ANOVA

Leaning gain Mean F D 7);%
(SD)
Condtion 1:
Prediscussion activity 88.57 <.001 0.26
Lecture 18.73
(3.55)
Self-study 22.61
(3.82)
Condtion 2:
Discussion format 5.80 017 0.02
Teacher-led 21.15
(3.38)
Student-led 20.14
(4.41)
Condition 1 x 2 13.40 <.001 0.05

Data represent values of means (and SD) in transfer-type items for main ef-
fects and interaction effect.
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Result

Students learning

ANOVA was performed to examine the differences between the four experi-
mental groups in accordance with our predictions. The gender and age yielded
no significant differences in scores. In addition, the level of self-reported back-
ground knowledge for the target learning content was “almost having no knowl-
edge” (M = 2.21, SD = 1.40), and there was no significant difference among
groups in the background knowledge questionnaire, p = .571.

Groups were used as independent variables, and final test scores (i.e., transfer-
type items) were used as dependent variables. The main effect of the prediscus-
sion activity condition, lecture, or self-study was significant. The main effect
of the discussion condition, teacher-led discussions, or student-led discussions
revealed significant difference. The interaction effect of these two factors was
significant in terms of gains by students (Table 3.8 and Figure 3.1).

In particular, we examined the differences between all four groups. Table
3.9 presents the original means and standard deviations of the final test scores
for transfer-type items. The SSD group achieved significantly higher scores in
transfer-type items than the LTD group, and STD group, followed by the LSD
group, ps < .05. The LTD group registered significantly higher scores than the
LSD group, p < .001. Further, the STD group had significantly higher scores
than the LSD group, p < .001, but not the LTD group, p = 1.000.

Engagement during discussions

The agreement in engagement ratings registered by a set of raters (Raters 1, 2,
and 3) vis-a-vis the video-recorded discussions was calculated as pooled across
individuals. Of the total videos, 30% were randomly selected and were assessed

by three raters, all of whom were independent of this study. According to the
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Figure 3.1
Main effects and interaction effect for the students’ learning

o) Discussion

= Student-led

== Teacharlad

[

Lecture Self-study

Prediscussion

Note. L = Lecture group; S = Self-study group; LR = Lecture Review group; LD = Lecture
Discussion group; SD = Self-study Discussion group. All types of items consist of verbatim,
paraphrased, and transfer items. Error bars are £22SF. The top of the scale reflects the
possible highest score on that scale. .

Table 3.9

Descriptive statistics for four experimental groups

Groups (N = 258) Mean SD
LSD (n = 64) 17.45 3.65
LTD (n = 73) 21.19 3.37
SSD (n = 63) 22.87 3.30
STD (n = 58) 21.10 3.43

Data represent values of means and SDs of transfer-type items and are de-
tailed for four groups. LSD, lecture and student-led discussion; LTD, lecture
and teacher-led discussion; SSD, self-study and student-led discussion; and
STD, self-study and teacher-led discussion.
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rubric, each rater assessed individual students in the discussion groups every
successive 30 seconds. Interrater agreement among the three raters was ade-
quate [ICC (3, k) = .97, p < .001]. Thus, the remaining videos were assessed
by Rater 1.

We estimated the internal consistency of engagement ratings by correlating
the scores of the odd and even segments in the 15-minute video before apply-
ing the Spearman—Brown prophecy formula. The internal consistency reliability
was calculated at .91. LMM was performed to identify the group effects on en-
gagement across discussion times after controlling the covariates (Table 3.10).
No significant difference was noted in students’ engagement according to gen-
der and age. The main effect of the discussion group was significant: the LTD,
SSD, and STD groups were more engaged in discussions than the LSD group.
The linear term for discussion time was significant and positive, suggesting con-
stantly increasing engagement. However, the quadratic term was negative, indi-
cating that this increase was not sustained and that the engagement decreased
over time. These results imply an inverted U-shaped relationship between en-
gagement and discussion time. The interaction effects between the groups and
discussion times were also significant for the LTD group’s linear and quadratic
terms, the SSD group’s linear term and quadratic terms, and the STD group’s

linear and quadratic terms.

These significant interactions were specifically identified using a Bonferroni-
corrected post hoc test (Figure 3.2 and Appendix O). The SSD group dis-
played the best engagement for almost the entire time (4 and a half minutes to
15 minutes) even though this group exhibited lesser engagement for the first 4
minutes than the STD group, ps < .001. The STD group engaged more actively
at the beginning of the discussion than other groups. However, this trend was

reversed: the engagement of the STD group declined steeply from the second
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Table 3.10

LMM analysis of the group-based differences in engagement across discussion times

Engagement b SE af t D
(Intercept) 1.71 0.80 6839.00 2.13 .033
Age 0.03 0.04 252.00 0.66 511
Gender -0.01 0.07 252.00 -0.17 .862
LSD Reference

LTD 1.10 0.12 252.00 9.36 <.001
SSD 2.04 0.12 252.00 16.81 <.001
STD 1.78 0.13 252.00 14.10 <.001
Time 0.02 0.01 6839.00 5.05 <.001
Time? 0.00 0.00 6839.00 -5.47 <.001
LSD x Time Reference

LTD x Time 0.02 0.01 6839.00 241 .016
SSD x Time 0.01 0.01 6839.00 2.02 .044
STD x Time -0.09 0.01 6839.00 -11.84 <.001
LSD x Time? Reference

LTD x Time?>  -0.01 0.00 6839.00 -10.46 <.001
SSD x Time? -0.01 0.00 6839.00 -10.82 <.001
STD x Time?  -0.01 0.00 6839.00 -14.89 <.001

Note. Time, linear term for discussion time; Time?, quadratic term for discus-
sion time; LSD, lecture and student-led discussion; LTD, lecture and teacher-
led discussion; SSD, self-study and student-led discussion; and STD, self-study
and teacher-led discussion.
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half of the discussion. This decline was more pronounced than the LSD (for
the last 1 and a half minutes) and LTD (after 12 and a half minutes) groups,
ps < .001. The LTD group was less engaged in the discussion than the LSD
group for 2 and a half minutes after the beginning but became more engaged
for 12 and a half minutes leading up to the end of the discussion, ps < .001. Fi-
nally, the LSD group demonstrated the least engagement for almost the entire

time (3 to 13 and a half minutes), ps < .001 (Appendix O).

Figure 3.2
Differences in the engagement of four experimental groups across the discussion times.

Groups

-@- Student-led discussion after a lecture
Teacher-led discussion after a lecture

~@- Student-led discussion after self-study

=@~ Teacher-led discussion after self-study

Engagement

—— Participant

= Groups

Discussion time

Engagement leading to students’ learning outcomes
The above analyses indicate that students’ learning may be influenced by en-
gagement during discussions. In addition, the engagement induced by different

combinations of prediscussion activities and types of discussion could interact
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with student learning. To substantiate this interpretation, we subsequently ana-
lyzed the relationship between student engagement and outcome by conducting
the moderated mediation analysis (Figure 3.3).

Figure 3.3

Moderated mediation model for examining relations among prediscussion activity,
discussion type, engagement, and students’ learning outcome.

Prediscussion

Activity Engagement

Discussion Learning
Type Outcome

As we predicted, student engagement was modulated by different combi-
nations of prediscussion activities and discussion types, which had impacts on
students’ learning. First of all, the explained variance (R?) of the model pre-
dicting the engagement was 0.48, [F'(5,252) = 45.85, p < .001]. In this model,
the main effects of type of discussion (b = —0.62, p < .001, 95% CI [0.83,
0.41]) and prediscussion activities (b = 0.60, p < .001, 95% CI [0.38, 0.82]) were
significant. Moreover, the interaction effect between type of prediscussion activ-
ities and type of discussions was significantly associated with the engagement
(b =10.95, p < .001, 95% CI [0.64, 1.26]), and the incremental variance was 0.08
in the engagement: AR? = .08, [F(1,252) = 36.33, p < .001]. Thus, student-led
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Table 3.11

Conditional effect of varied types of discussions on engagement

Prediscussion activity b t D LLCI ULCI
Lecture -0.62 -5.84 <.001 -0.83 -0.41
Self-study 0.32 2.84 .005 0.10 0.55

Note. b, unstandardized coefficient; LLCI, 95% lower limit confidence inter-
val; ULCI, 95% upper limit confidence interval.

discussion rather than teacher-led discussion was significantly related to the
decrease in engagement in the lecture conditions, but increased engagement in

the self-study condition (Table 3.11 and Figure 3.4).

Figure 3.4
Association of discussion and engagement moderated by prediscussion activity.

= <& Prediscussion
£ activity
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Regarding the overall model predicting learning outcome through the en-

gagement [R? =.53, F(4,253) = 72.19, p < .001], as shown in Table 3.12,
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Table 3.12

Conditional indirect effect of varied types of discussions on learning via engagement

Prediscussion activity Effect S Eyoot LLCI ULCI
Lecture -2.06 0.36 -2.78 -1.37
Self-study 1.07 0.40 0.26 1.88
Index of moderated mediation 3.13 0.56 2.05 4.26

Note. LLCI, 95% lower limit confidence interval; ULCI, 95% upper limit confi-
dence interval.

the index of moderated mediation (Hayes, 2017) of prediscussion activities was
significant. More specifically, this result suggests that student-led discussion,
relative to teacher-led discussion, can reduce the learning effect of students by
decreasing engagement when the prediscussion activity is a lecture, but it can
enhance the learning effect by increasing the engagement when the activity is

self-study.

3.2.3 Discussion

In this study, we examined a two-part instructional sequence of prediscussion
activity (lecture or self-study) and discussions (teacher-led or student-led) in
higher education. We also investigated whether interaction of prediscussion ac-
tivities and discussions would affect student engagement during subsequent dis-
cussions, leading to student learning outcome. The results revealed that stu-
dents assigned to the SSD group recorded the highest scores, followed in de-
scending order by the LTD, STD, and LSD groups. As Lam and Kapur (2018)
assuming that generative preparation helped students learn from subsequent
collaborative learning, the self-study group could benefit from greater opportu-

nities for self-generated learning through novel learning materials.
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We confirmed further that specific prediscussion activities could be ap-
propriately paired with certain discussion formats: interestingly, the self-study
groups scored higher for student-led discussions without the teacher’s scaffold-
ing, whereas the lecture groups registered higher scores when they engaged in
teacher-led discussions that allowed the teacher’s scaffolding. This result could
be attributed to the students in lecture groups being mentally prepared for a
teacher in mind when they listen to a lecture. Thus, the instructor’s support
could have functioned to structure learning for students who listened to lectures
that were insufficient in helping them construct understanding on their own.
Conversely, students who studied on their own built knowledge and comprehen-
sion in a personal manner, so they could share their understanding during the
discussion and ask their peers to clarify uncertainties. The extant research has
elucidated that classroom discussions to construct new knowledge do not occur
naturally (McNamara et al., 1996; Murphy et al., 2016); thus, students could
develop a prior fundamental understanding of the requisite materials through

self-study and access this knowledge during discussions.

The instructor’s support could exert a positive effect to bridge the gap
with lecture groups during discussion. Conversely, the instructor’s support could
disrupt self-regulated or self-paced learning leading to discussions in self-study
groups. Therefore, our results pertain more to the interactions between the
different prediscussion activities that facilitate profound learning in students

than to simple combinations of different activities.

We subsequently sought to determine the relationships between student
engagement and learning outcome, focusing on how the interactions between
individual prediscussion activities and type of discussion promoted outcomes.
We videotaped student discussions and analyzed videotaped discussions using

three independent methods. The results revealed that the students in all the

125 -



discussion groups gradually became engaged as the discussion time elapsed, but
their engagement decreased gradually at the end of the discussion period. A sig-
nificant interaction was noted between the discussion group and the discussion

time.

Specifically, student engagement in the LSD group increased gradually over
time but no substantial change was observed between the beginning and the
end of the discussion. This outcome could indicate that students used to the
delivery of lecture content or passive absorption of lectures could have felt
awkward in the interactions between learners and that they needed more time
or support from teachers and other tutors. This construal can be confirmed
through the results achieved by the LTD group. Unlike the LSD group, students
in the LTD group could avail themselves of instructor scaffolding during their
discussion and became significantly more engaged in their discussion. Thus, as
with students’ learning outcome, these results also indicate that students who
listen to classroom lectures require discussions to be carefully scaffolded by

instructors.

The two self-study and discussion groups (i.e., the SSD and STD groups)
were more engaged from the beginning of the discussion period than the two lec-
ture and discussion groups. Presumably, this result reflects that students could
clearly distinguish between what they did or did not know when they studied
on their own. In particular, students assigned to the SSD group were engaged
throughout the discussion and displayed active overt cognitive-behavioral en-
gagement. Students in the STD group were more engaged in the discussion than
students in the SSD group at the beginning of the discussion. However, their
engagement declined rather vertically over time. Even the STD group was less
engaged than the LTD group during the first 13 minutes of the discussion and

less engaged than the LSD group one minute before the end of the discussion.
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In other words, the engagement of self-regulated learners diminished with the
teacher’s support during the discussion because they considered peer discussion

as a means of accomplishing the work assigned by the teacher.

However, we are not arguing that autonomous and self-regulated students
are negatively affected by their teachers’ guidance. Indeed, students in the
self-study group also became more engaged with their teacher’s help at the
beginning of the discussion. This means that teachers must intervene at an
appropriate time and extent during classroom discussions according to their

instructional approach and their students’ characteristics.

Following this, we conducted the moderated mediation analysis to inves-
tigate the path that student engagement took according to the combination
of prediscussion activity and type of discussion, which leads to student learn-
ing. In our model, type of prediscussion activity and type of discussion were
significant, implying that the engagement increased in a self-study condition
compared to the lecture condition and in a teacher-led discussion condition
rather than in a student-led discussion condition. Furthermore, compared to
teacher-led discussions, student-led discussions can reduce student engagement
after lectures, but can increase student engagement after self-study activities
to increase learning. Thus, student engagement during discussions exerted a
significant effect on student learning.

Therefore, the present study offers practical implications on how teachers
can use discussions in their classroom; prompting participants to engage in
significant interactions during the discussion, and giving summative feedback
afterwards are not easy for instructors. Thus, our study identifies how they
can employ adequate preliminary activities timely and recommends appropri-
ate discussion formats that could be deployed to encourage engagement and

learning in their students.
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Limitations and future directions

The current study acknowledges several limitations. This study seems to show
that self-study can represent a superior instructional strategy to lectures. In
practice, the results of the experiment disclosed superior student engagement
and outcomes in the self-study groups than in the lecture groups. However, a
dichotomy between self-study and lectures in this context could overlook the
fact that lectures can encourage students to learn. The problem occurs when
teachers continue to widely use only the conventional lecture format in academic
disciplines such as science, technology, engineering, and mathematics (STEM)
(e.g., Freeman et al., 2014; Schmidt et al., 2015; Stains et al., 2018; Yannier et
al., 2021). Similarly, one-way didactic lectures have certain constraints: students
cannot sustain their attention (e.g., Poh et al., 2010) and are not encouraged
to think broadly or intensively (e.g., Bonawitz et al., 2011). Thus, many re-
searchers suggest the application of active learning through or in combination

with lectures (e.g., Chi, 2009; Chi & Wylie, 2014; Deslauriers et al., 2019).

Therefore, our study recommends that teachers and educational stakehold-
ers should be cautious about using only lectures in their classrooms. Although
they provide didactic lectures in their classes, teachers can trigger student en-
gagement and performance by combining lectures with teacher-facilitated dis-

cussions that benefit from their support.

We did not assess the prior or contextual knowledge and engagement of
the participating students. Thus, we could not determine whether our findings
would be validated if previously existing variations were considered. However,
the study did not intend to explore the degree to which each applied method-
ology influenced student engagement and students’ learning. Therefore, future
studies should evaluate the baselines of their participants before initiating the

experimental intervention. Further, prospective investigations should test for
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the long-term effects of such interventions.

Moreover, it will also be interesting to see how the students are interviewed
after the discussion. Analyzing student interviews and then deriving various
findings, such as what is required for this design in a narrow sense or the form
of discussion in a broad sense, can be helpful for learning science research.

In conclusion, there is no longer any doubt that classroom discussions repre-
sent an effective strategy in education. Universities have recognized for decades
that an andragogical approach is appropriate for students undertaking higher
education. The core tenets of higher education incorporate self-direction, self-
motivation, and active learning (Knowles, 1975). Therefore, we hope that ed-
ucators will utilize more varied discussion formats combined with their own
instructional strategies in educational settings to make their students lifelong

learners.
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Conclusion

A series of experiments of this thesis began as an effort to explore alternatives
to traditional lectures or PBL. The proposed method was to promote student
participation by combining individual effort and cooperation. Specifically, the

effectiveness of the self-study and discussion combination was examined.

Chapter 1 investigated the learning effect of discussions and the advantage
of the combining self-study with discussion. Three experiments were conducted
using law material, which is an unfamiliar subject for undergraduate students.
The result revealed that self-study and discussion group obtained the highest
scores, followed by the lecture and discussion group, then the lecture and review
group. However, there was no difference between the self-study and lecture
groups in the level of learning before holding a discussion. Considering the
results of previous research (e.g., Chi & Wylie, 2014), it is not surprising that
discussion activity is superior to reviewing learning materials. However, while
there was no difference between the self-study and lecture groups, why was there
a difference in the subsequent discussion? My speculation is that, compared to
listening to a lecture, self-study can provide students with relatively more time
for reflection. In other words, students who listened to the lecture would have
progressed their learning at the pace set by the instructor and felt they had
completed their studies. On the other hand, self-study provided an opportunity
for students to distinguish what they knew and did not know, and to raise

questions, which led to active and productive discussions.

In Chapter 2, three experiments were conducted with different academic

domains and age groups to generalize the benefits of combining self-study and
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discussion. First, students from various majors were introduced to topics in
introductory biology. The result showed that the discussion groups had higher
scores than the review groups, even when the review group were given addi-
tional materials to study. Among the discussion groups, the self-study group
was once again superior to the lecture group in the final test score. Next, science
and engineering students studied concepts in physics. Between the two discus-
sion groups, the self-study group obtained significantly higher scores than the
lecture group. Moreover, the self-study and discussion group was superior to the
lecture and discussion group in terms of the amount of learning gains. Analyses
of discussions revealed that the self-study group elicited more constructive and
productive content than the lecture group. The third experiment was conducted
with high school students. The result showed that the self-study and discussion
group outperformed the lecture and discussion group in both tests taken imme-
diately after learning or one week later. In short, the self-study and discussion
group showed the highest performance compared to other groups regardless of

age or academic subject.

In Chapter 3, in order to examine the need for teacher intervention in the
discussion, two discussion formats of student-led and teacher-led discussions
were crossed with two individual preparation activities, lecture and self-study.
Analysis of the posttest scores revealed that the self-study and student-led dis-
cussion group obtained the highest score, followed by self-study and teacher-led
discussion group, lecture and teacher-led discussion group, then lecture and
student-led discussion group. Analysis of the discussion showed that the self-
study and discussion group elicited more constructive and productive content
than other groups. In addition, when the levels of cognitive-behavioral engage-
ment were compared, it was found the self-study groups engaged more in the

discussion than the lecture groups. Thus, these results provides another evi-
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dence for encouraging discussions among students after self-study.

This thesis has two major contributions to learning science. One is that
can be applied in class. The most important finding is that the combination of
self-study and discussion enhance learning effectiveness. This finding is highly
practical in that it can be applied directly to classes as an effective alternative
to lectures. Even if this combination is not used as it is, the finding that discus-
sion enhances learning and that discussion does not necessarily require teacher
intervention is also worth using in practice. However, I should hasten to add
that we need more follow-up studies to expand the scope of its application. For
example, it is necessary to explore whether this method is applicable to middle
school students or upper elementary school students.

Another contribution is that it sets a new direction for research in the
learning sciences. Despite the seminal work of Schwartz and Bransford (1998)
showing that some combinations of activities are superior to others, research
on combining two different learning activities has not been actively conducted,
considering its importance. Although my focus was on the self-study and dis-
cussions, there is room to explore the effects of other combinations, such as the
combination of writing and discussion, or even the triple combination of self-
study, writing, and discussion. I hope that these subsequent studies will shed a

new light on better learning and education.
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Appendix A. Examples of topics covered in the lecture and learning material about

the Korean code of criminal procedure

1. Accusation: an accusation made by a victim of a crime or a person representing the victim, to
report the crime to the investigative authorities and seek punishment for the offender.

2. Complaint: charge or claim made by a third-party (any person other than the criminal or the
victim) about a crime to seek punishment against an offender.

3. Recognition: the most fundamental way that the investigative authority initiates an
investigation.

cf. Report: Complaint expresses the intent to seek punishment for the offender, while report
refers to reporting the offense.

4. Investigative authority: people authorized by law to investigate crimes (e.g. prosecutor,
judicial officer).

5. Accusation capacity: ability to deal with accusation in legal proceedings. It refers to
competence to understand the offense and the social interests related to the accusation. A
thorough knowledge of civil law is not required. Proper communication ability is
sufficient.

6. Offense subject to complaint: An offense that requires an accusation by victims or other
persons for prosecution.

e.g., Contempt, Infringement on privacy

(1) Absolute offense subject to complaint: Offense subject to complaint that is established based
on criminal fact regardless of status

(2) Relative offense subject to complaint: Relationship exists between criminals and victims such

as kinship, or marriage relationship.
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Appendix B. Samples of three types of test questions: verbatim, paraphrased, and

transfer items

Examples of verbatim items

1. Given that there is no one who filed an accusation against a crime subject for prosecution,
prosecutors must designate a person who can file the complaint within () days upon the

request of the stakeholders. (Answer: 10)

2. Who does not have the right to file a complaint? (Answer: number 2)
(1) Legal representatives

(2) Property manager

(3) Guardian

(4) A representative of the corporation which is the victim

7. According to Article 223, a victim of a crime has the right to accuse the offender. However,
although the victim cannot accuse the one’s relatives nor his/her spouse, ( ) is an exception.

(Answer: sexual crime)

Examples of paraphrased items

11. Explain who the entitled person with the right to file a complaint is.
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(Answer: Provided that there is no one to make the accusation (in case of an offense subject to
complaint), prosecutors shall designate the person with the right to file a complaint within 10

days upon request by stakeholders.)

12. Define who the victim is and explain the cases where he/she is unable to make an

accusation.

(Answer: A wvictim is a person whose life, body, property, or fame has been infringed upon or
threatened. The victim cannot accuse the offender if he/she is one’s or his/her spouse’s linear

ascendants.)

13. Explain the following concepts: accusation, complaint, recognition. Discuss their common

features.

(Answer: Accusation: an expression of will by the victim of a crime or a person representing the
victim; Complaint: an expression of will by the third party or witness; Recognition: the most
basic way that the investigative authority initiates an investigation. Common feature: they occur

at the beginning of an investigation.)

Examples of transfer items

17. The under-aged victim (V) accused the offender (D) of contempt, and then withdrew his
accusation on July 26th, 2017. Afterwards V’s mother (M), the legal representative of V,
accused D on August 3rd, 2017. D was charged with contempt and was found guilty on the first
trial. However, D made an appeal claiming M’s complaint is not valid because V has already

withdrawn his complaint, and thus, the prosecutor’s indictment is against the provisions of the
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law. Will the Court of Appeals accept D’s claim? (Answer: A legal representative of an under-
aged victim can independently file a complaint regardless of whether the victim’s complaint is
nullified. Such complaint can even go against the victim’s stated will. Thus, even if victim V
withdraws his accusation, the complaint of V’s legal representative M is still effective. In

conclusion, the Court of Appeals will reject D’s claim.)

18. On May 1st, 2016 the father (F) of a famous under-aged celebrity (V), accused person (D) of
infringement on privacy claiming that D has hacked V’s computer. However, F’s parental rights
on V were terminated on January 1st, 2017. D was charged with infringement on privacy and
was convicted guilty on the first trial. Eventually, D made an appeal claiming that F has no
right to file a complaint because his parental rights were terminated. Thus, D claims that the
accusation should be dropped. Will the Court of Appeals accept D’s claim? (Answer: The
status of a legal representative must be determined based on the day of the accusation. If the
status was valid on the day of accusation, the loss of status at the time of the crime or after the
accusation does not invalidate the accusation. In conclusion, even if F’s parental rights on V
were terminated after the day of accusation, F’s complaint is still valid. Thus, the Court of

Appeals will reject D’s claim.
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Appendix C. Examples of interaction and non-interaction episodes

Student 1: Are there crimes that correspond to relative

offense subject to complaint?

Student 2: It doesn’t say that there are crimes related

to relative or absolute offense subject to

complaint. Rather crimes such contempt, is a

Interaction offense  subject to

prime example of

Episode 1 complaint.

Student 3: In other words, doesn’t it mean that offenses
subject to complaints are categorized by
relationships rather than the type of crime?
Therefore, contempt can either be absolute

or relative offense subject to complaint.

Turn 1 Co-Constructive

turn

Turn 2

Co-Constructive

turn

Turn 3

Student 4: 'm curious why the crime not prosecuted
against objection subject to charge. Since
the prosecutor can indict without
accusation, it cannot be charge, can it be

Interaction categorized as recognition?

Episode 2

Student 5: I think it can be recognition or accusation.
You can initiate the investigation with
accusation, or with recognition without

accusation.
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Student 6: That’s right, I understand it this way.
That there are two types of crime, offenses
subject to complaint or not subject to Turn 3
complaint or not subject to complaint.

Sexual offenses are in a separate category.

Non-Interaction

Episode 1*

Student 7: I don't understand what dual liability is. Here in this

part about offense subject to complaint. Turn 1

Student 8: Me, neither.

Student 9: Are minors really seen as incapable of making regal

Turn 1
decisions?
Non-Interaction
Student 10: Once they reach high school age, they can be seen as
Episode 2*
capable.
Student 11: Yeah, high school age ...
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Appendix D. Samples of written materials and text items
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- All the elements in our universe are listed on the periodic table that Mendeleev produced with

his insight in the late 19th century.

- Salt and sodium chloride (NaCl) are ion salts composed of ion bonds, and the binding energy
between two ions of Na+ and Cl- is stronger than the O--H hydrogen bonding energy of water
molecules. But ice is harder to break than salt. Why is salt more brittle? (4 points)
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Appendix E. Samples of written materials and test items (2)

a. Written instructional material

v
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American physicist Compton explained that electrons in graphite scatter X-rays with photon
models. X-rays are electromagnetic waves of large frequencies and are composed of photons like
light. Figure 29.10 shows how X-rays collide with electrons in a graphite piece. X-ray photons

scatter in one direction after the collision, and electrons bounce in another direction. Compton

observed that the scattered photons have a frequency f* less than the frequency f of the photons

when they enter.

b. Test items

Question 1. Ultraviolet light (intensity [intensity] 1.00 [W/m?|) with a wavelength of 350 [nm)] is

directed to the surface of potassium. [§]
A) Find the maximum value of the kinetic energy (KE) of photoelectrons. [3]

B) If 0.5[%)] of incident photons generate photoelectrons, find how many photons are emitted per

second if the area of the potassium surface is 1.00[cm?. [5]
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Appendix F. Examples of interaction and non-interaction episodes

Line
Interaction 1 Student 1:  Is there any reason to use Turn 1
Episode 3 the law of conservation of (Sub)
angular momentum here?
2 Student 3:  Wouldn't the same Turn 2 Co-constructive
conclusion be reached using  (Sub) Turn
the law of conservation of
momentum?
3 Student 2:  Yeah. This will be the same  Turn 3  Co-constructive
as the conservation of (Sub) Turn
angular momentum or the
conservation of momentum
by calculating all the angle
changes.
4 Student 1:  Is the calculation taking into Turn 4  Co-constructive
account the fact that the (Sub) Turn
electrons are distorted?
Interaction 1 Student 6:  Why is energy hf? If n is Turn 1
Episode 7 just an integer, I think that  (Sub)
it can be not only Af but
also ehf.
2 Student 4:  So, isn't it just talking about Turn 2  Co-constructive
the hf value, not by tying up (Sub) Turn

the size?
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Student 5: I think so. Turn 3
Non- Student 7:  Okay, we... Turn 1
Interaction
Episode 4
Student 8:  We are taking the test soon? Turn 2
Student 9:  Uh huh. Turn 3
Non- Student 10: (reading the material) Light Turn 1
Interaction is an electromagnetic wave,
Episode 11 and those waves have a
continuous shape in electric
and magnetic fields.
Student 12: Will it come out as a test Turn 2
question?
Student 10: Uh...umm. Maybe not. Turn 3
Student 11: Shall we talk about what Turn 4
each of us thinks is (Sub)
important?
Student 12: Mmhm...
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Appendix G. Samples of learning materials and test items

i) Written materials

- Reporting a crime

A complaint is a report of a criminal offence. In general, the criminal offence must be specified,
but the degree of specificity is only required to ensure that the complainant's intention is to
specify which criminal offence he or she is seeking punishment for. In other words, it is not
necessary for the complainant himself or herself to specify the criminal offence, pointing out in

detail the time, place and method of the offence.

Therefore, even if the name of the perpetrator is not known exactly, or if there is a
mistake in the report, or if the time, place, and method of the crime are not clear or incorrect, it

does not affect the effectiveness of the complaint.

Also, since a complaint is a report of a crime, it is not necessary to specify who the
perpetrator is. However, in the case of "relative confession" between close relatives such as
immediate blood relatives or spouses, the identity of the perpetrator must be revealed in light of

the nature of the crime.

ii) Test items for immediate/long-term retention
Who can't sue if the victim is deceased? (1 point)
1. the victim's brother

2. the victim's wife

3. the victim's mother-in-law
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4. the victim's father

iii) Test items for immediate/long-term transfer

The under-aged victim (V) accused person (D) of rape, but eventually withdrew her accusation
on February 1st, 2017. Afterwards V’s father (F), legal representative of V, accused D on
February 10th, 2017. D was charged with rape and was convicted of the crime on the first trial.
However, D made an appeal claiming that F’s complaint should not take effect since V already
withdrew her complaint, and thus, the prosecutor’s indictment was against the provisions of the

law. Will the Court of Appeals accept D’s claim? (4 points)
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Appendix H. Excerpts of interaction episode

Line
Interaction 1 Student 1:  Did you get to the end of Turn 1
Episode 4 this?
2 Student 3: I couldn't read the back of Turn 2
it.
3 Student 1:  Here it says inherent right, Turn 3
but I don't understand what  (Sub)

4 Student 3:

5 Student 2:

inherent right is. It says that
the next of kin has the right
to sue, and it also says that
the legal representative has
the right to sue, but I don't
understand.

I think it's related to this
part about the victim's next
of kin being able to sue
independently.

I think it might have
something to do with the
fact that you said the
prosecutor can assign it if

4!
it's an orphan,

Turn 4  Co-constructive

(Sub) Turn

Turn 5 Co-constructive

(Sub) Turn
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Interaction

Episode 11

17

18

19

Student 2:

Student 3:

Student 1:

Is there something you're
not sure about?

Insulting... Well, do you
know the difference between
insult and libel?

I thought insults were lesser

offences, or so I've been told.

Turn 1
(Sub)
Turn 2

(Sub)

Turn 3

(Sub)

Co-constructive

Turn

Co-constructive

Turn
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Appendix I. Samples of learning materials and test items for Experiment 1

a. Learning materials

- Recognition: the most fundamental way that the investigative authority initiates an
investigation.

cf. Report: Complaint expresses the intent to seek punishment for the offender, while report
refers to reporting the offense.

- Investigative authority: people authorized by law to investigate crimes (e.g. prosecutor,

judicial officer).

b. Example of questions for shallow knowledge
According to Article 223, a victim of a crime has the right to accuse the offender. However,
although the victim cannot accuse the one’s relatives nor his/her spouse, ( ) is an

exception (1 point)

c. Example of questions for transfer knowledge

On May 1st, 2016 the father (F) of a famous under-aged celebrity (V), accused person (D) of
infringement on privacy claiming that D has hacked V’s computer. However, F’s parental
rights on V were terminated on January 1st, 2017. D was charged with infringement on
privacy and was convicted guilty on the first trial. Eventually, D made an appeal claiming
that F has no right to file a complaint because his parental rights were terminated. Thus, D
claims that the accusation should be dropped. Will the Court of Appeals accept D’s claim?

(5 point)
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Appendix J. Samples of scoring rubrics for transfer items

On May 1st, 2016 the father (F) of a famous under-aged celebrity (V), accused person (D) of
infringement on privacy claiming that D has hacked V’s computer. However, F’s parental
rights on V were terminated on January 1st, 2017. D was charged with infringement on
privacy and was convicted guilty on the first trial. Eventually, D made an appeal claiming
that F has no right to file a complaint because his parental rights were terminated. Thus, D
claims that the accusation should be dropped. Will the Court of Appeals accept D’s claim?
(Answer: The status of a legal representative must be determined based on the day of the
accusation (1). If the status was valid on the day of accusation, the loss of status at the time
of the crime or after the accusation does not invalidate the accusation (1). In conclusion,
even if F’s parental rights on V were terminated after the day of accusation, F’s complaint
is still valid (1). Thus, the Court of Appeals will reject D’s claim (2) (5 point)

® The score is evaluated for each sentence, and even if the correct term is not used, it is

considered correct if the students seem to have understood.
1) Did students apply the concepts they learned to the questions? 0 or 1, respectively)

The status of a legal representative must be determined based on the day of the
accusation (1) even if F’s parental rights on V were terminated after the day of

accusation, F’s complaint is still valid (1)
2) Is there any evidence for what they described? (0 or 1, respectively)

If the status was valid on the day of accusation, the loss of status at the time of the

crime or after the accusation does not invalidate the accusation (1)
3) Is the conclusion correct? (0 or 2 pts)

Thus, the Court of Appeals will reject D’s claim (2)
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Appendix K. Samples of learning materials and test items for Experiment 2
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a. Learning materials
- All the elements in our universe are listed on the periodic table that Mendeleev produced

with his insight in the late 19th century.

b. Example of questions for transfer knowledge

Salt and sodium chloride (NaCl) are ion salts composed of ion bonds, and the binding energy
between two ions of Na+ and Cl- is stronger than the O--H hydrogen bonding energy of
water molecules. But ice is harder to break than salt. Why is salt more brittle? (4 points)

Appendix L. Coding schemes for discussions
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1. Substantive comment
A substantive comment pertains to an idea relevant to the concepts being taught, regardless
of whether the comments are correct or not (Chi et al., 2017).

Ezample: Can you explain this? What exactly is the van der Waals force? (to other

students in group)

2. Substantive question
A substantive question is determined whether the question (a) required generative rather

than factual knowledge and verbatim recall and (b) elaborative more than a yes/no response:

1) Generative question: students ask the instructor questions that are not directly in the
instructional material.

Ezxample: As the electrons drop off, the elements are released and then filled with electrons
to follow the octet rule again, forming new bonds between the elements. Is this right? (to the

instructor)

2) Elaborative question: students answer and explain the questions provided by the instructor
in their own language or build an understanding beyond the content of the learning material.

Ezxample: What does it mean exactly? (to the instructor)

3. Elaborative feedback from instructor
An instructor adds explanations beyond saying that the student’s answer/explanation is
incorrect or incomplete.

Ezxample: Ezxcellent. This second electron shell is called the outermost electron shell.

4. Others
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1) Simple answer: students answer the instructor's question, but does not develop into
further interaction.

Ezxample: According to the octet rule, maybe.

2) Meta-talk and off-talk: students talk about the task itself, instructions etc.

Ezxample: How much discussion time is left?

3) Agreement: students answer and agree with the instructor’s questions.

Ezample: Oh, we agree with.
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Appendix M. Samples of instructional materials and test items for Experiment

E & % 71 & = :

H Periodic Table of the Elements .
11.007:1 0081 400
l:l B‘e 1] . 1 . . "
o m | FVIRES 194D] ¥ it igRiolzel Eateiop 2ley ot B B S H 0 [, Ne
u‘vs',fm» w."):z FOI7 SUNAFS] FHH Hio[Ch, MR WYoz YR IS e (1080 10.L3X1200: 1262) (400 1ADINISH 1600) 1900 2018
of Lizle] HigE Hagg U2 el N42 tiud, O/ER 8 y29 Al &P & e
Na Mg o swoisiocs ow| M ST S g A
2w un 298 0NN 2097 IR0 VM (BB 1995
" » n n a u = L] n a E ] » n = » - - »
K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
e oan We TH omR OER W O Wn W% 3% W, O e e te oar o
n » » “ “ 2 o “ - - L a - - " 2 2 -
Rb ASr Y er Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
B8 Ve me Wz U Sen Y™™ oW @ T E, A e v weml g oesn e
L] L] an n n " n » n n L] L " - Ll - - -
Cs Ba s« Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
o - R S A N
n - 8100 04 " s wm w " " " m ™ ™
Fr Ra v Rf Db Sg Bh Hs Mt Ds Cn Fl Lv
Ve u HoEs o Alea £l " wiade apoue EL LR ey el
La Co Fr Nd P Sm & Gd To By Ho & Tn Yo L
Ce Pr Nd Pm Sm . - Tb Ho Er Tm Yb Lu
- - " L] - - - - ” - - - - L "
Ac Th Pa U Np Pu Am Cm Bk Fm Md No Lr
wsle B.I.II l;.‘? :: s aenn omag L] "ea UHER oiGeols  Wan L L) =8 Ll

a. Learning materials

- All the elements in our universe are listed on the periodic table that Mendeleev produced
with his insight in the late 19th century. The elements in the rightmost column of the
periodic table are chemically very stable inert elements, which are admired by all elements.
Everyone admires the arrangement of electrons that inert elements have in a stable way.

Inert elements have 2 or & electrons in their outermost shell.

b. Transfer type items

- Salt and sodium chloride (NaCl) are ion salts composed of ion bonds, and the binding

energy between two ions of Na+ and Cl- is stronger than the O--H hydrogen bonding energy
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of water molecules. But ice is harder to break than salt. Explain in 3 - 4 lines why salt is

more brittle (4 points)

- The following figure shows a model of the process in which hydrogen atoms combine to
form hydrogen molecules. Which of the following descriptions of the model is correct in

<Example>? (2 points)

® ) - (@) — 90D

7H Lt ©h
<Example>
a. (A) and (B) are the same particles.
b. (C) is a more stable particle than (A).

c. (A) and (B) share a pair of electrons.

(H)a (2)c (3)a,b (4) b, c (5) a, b, c

- Ionic bonds are not covalent bonds, but they can all be described by octet rules (O, X)

(1 point)
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Appendix N. Scoring rubrics for engagement behavior during discussions

(Adapted at Lutz et al., 2006)

not participating in task)

1. Totally distracted or entirely not engaged; head completely down on desk (i.e.,

behaviorally engaged prolonged yawn

2. Distracted by something unrelated to task; hard to judge whether student is truly

in activity; may be slouching

3. Not off task, but does not appear particularly involved; eyes may or be on

something, but does not seem to really be following discussion or actively engaged

(suggesting that student is attentive at least behaviorally)

4. Clearly on-task, as suggested by eye movement and posture toward peer (or

speaker); raising hand (perhaps just briefly); writing; speaking; clearly listening

engaged”

5. Waving hand; hand “shoots” into air to answer question; making noises that

suggest great enthusiasm and eagerness to participate; otherwise seems “super-
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Appendix O. Descriptive statistics and Bonferroni-corrected post-hoc test on

experimental groups’ engagement across discussion time

Time Groups Mean (SD) Post-hoc test
LSD 1.36 (0.52)
LTD 1.29 (0.46)
STD>SSD>LSD>LTD
SSD 1.97 (0.67)
STD 2.05 (0.76)
LSD 1.50 (0.56)
LTD 1.51 (0.58)
STD>SSD>LSD>LTD
SSD 2.13 (0.81)
STD 2.47 (0.63)
LSD 1.58 (0.66)
LTD 1.49 (0.60)
STD>SSD>LSD, L.TD
SSD 2.46 (1.15)
STD 2.66 (0.98)
LSD 1.73 (0.57)
LTD 1.36 (0.51)
STD>SSD>LSD, LTD
SSD 2.84 (0.97)
STD 3.22 (1.11)
LSD 1.84 (0.86)
LTD 1.74 (0.55)
STD>SSD>LSD>LTD
SSD 2.54 (1.19)
STD 3.74 (1.41)
LSD 1.88 (0.81)
STD>SSD>LTD>LSD
LTD 1.96 (0.75)
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SSD 3.30 (1.03)
STD 3.95 (1.26)
LSD 1.94 (0.81)
LTD 2.42 (0.85)
7 STD>SSD>LTD>LSD
SSD 3.46 (1.27)
STD 4.05 (1.30)
LSD 1.80 (0.82)
LTD 2.52 (0.77)
8 STD>SSD>LTD>LSD
SSD 3.59 (1.29)
STD 4.17 (0.82)
LSD 1.89 (0.99)
LTD 2.63 (0.74)
9 SSD, STD>LTD>LSD
SSD 3.76 (1.25)
STD 4.31 (0.82)
LSD 1.94 (0.94)
LTD 2.70 (0.83)
10 SSD, STD>LTD>LSD
SSD 3.59 (1.38)
STD 4.16 (0.87)
LSD 1.92 (0.82)
LTD 3.05 (0.80)
11 SSD, STD>LTD>LSD
SSD 4.06 (1.22)
STD 4.20 (1.00)
LSD 2.16 (0.93)
12 LTD 3.14 (0.75) SSD, STD>LTD>LSD
SSD 3.92 (1.47)
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STD 4.05 (1.27)
LSD 2.05 (0.88)
LTD 3.21 (0.88)
13 SSD, STD>LTD>LSD
SSD 3.84 (1.66)
STD 4.25 (0.92)
LSD 2.08 (0.86)
LTD 3.41 (0.84)
14 SSD, STD>LTD>LSD
SSD 3.70 (1.24)
STD 4.00 (1.36)
LSD 2.13 (0.93)
LTD 3.39 (1.08)
15 SSD, STD>LTD>LSD
SSD 3.66 (1.18)
STD 4.02 (1.24)
LSD 2.36 (1.07)
LTD 3.35 (0.97)
16 SSD, STD>LTD>LSD
SSD 3.86 (0.97)
STD 4.15 (1.07)
LSD 2.27 (1.00)
LTD 3.38 (0.91)
17 SSD, STD>LTD>LSD
SSD 4.42 (0.86)
STD 3.57 (1.22)
LSD 2.34 (1.09)
LTD 3.47 (1.03)
18 SSD>STD>LTD>LSD
SSD 4.49 (0.90)
STD 3.80 (0.95)
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LSD 2.34 (1.04)
LTD 3.25 (1.08)
19 SSD>STD>LTD>LSD
SSD 4.50 (0.79)
STD 3.50 (0.82)
LSD 2.30 (1.06)
LTD 3.47 (1.24)
20 SSD>STD>LTD>LSD
SSD 4.50 (0.85)
STD 3.53 (1.01)
LSD 2.26 (1.24)
LTD 3.26 (1.09)
21 SSD>LTD, STD>LSD
SSD 4.54 (0.79)
STD 2.98 (1.02)
LSD 2.30 (1.17)
LTD 3.42 (1.00)
22 SSD>LTD, STD>LSD
SSD 4.50 (0.83)
STD 3.33 (1.26)
LSD 2.51 (1.35)
LTD 2.91 (1.25)
23 SSD>LTD, STD>LSD
SSD 3.91 (1.05)
STD 2.60 (0.94)
LSD 2.34 (1.08)
LTD 3.02 (1.10)
24 SSD>LTD, STD>LSD
SSD 4.36 (1.00)
STD 2.23 (0.84)
LSD 2.28 (1.21)
25 SSD>LTD>STD>LSD
LTD 3.12 (1.10)
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SSD 3.77 (1.03)
STD 2.14 (0.87)
LSD 2.30 (1.10)
LTD 3.15 (0.97)
26 SSD>LTD>LSD, STD
SSD 3.91 (0.86)
STD 2.14 (0.87)
LSD 2.11 (0.88)
LTD 2.97 (1.04)
27 SSD>LTD>LSD, STD
SSD 3.65 (0.97)
STD 2.22 (0.72)
LSD 2.06 (1.02)
LTD 2.75 (1.21)
28 SSD>LTD>LSD>STD
SSD 3.17 (1.36)
STD 1.97 (0.77)
LSD 1.85 (0.96)
LTD 2.30 (1.03)
29 SSD>LTD>LSD>STD
SSD 3.02 (1.25)
STD 1.67 (0.76)
LSD 1.94 (0.98)
LTD 1.91 (0.87)
30 SSD>LSD, LTD>STD
SSD 2.61 (0.89)
STD 1.47 (0.56)

Note. p-values of all significant group differences are less than 0.001. LSD, student-led

discussion after a lecture; LTD, teacher-led discussion after a lecture; SSD, student-led

discussion after self-study; and STD, teacher-led discussion after self-study.
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