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Abstract

While research has established the importance of questions as a key strategy used to facilitate
student interaction in online discussions, there is a need to explore how the structure of questions
influence students’ interactions. Using learning analytics, we explored the relationship between
student-student interaction and the structure of initial questions with and without the Practical
Inquiry Model (PIM). Degree centrality was used as the method to analyse the number of responses
each student sent (out-degree centrality) and the number of responses each student received (in-
degree centrality). Findings showed that the number of responses each student sent and received
was higher in the discussions initiated by the PIM-question prompts. In addition, analysis revealed
a positive relationship between students’ interaction and the discussions structured with PIM and
non-PIM questions. Finally, there was a significant difference in out-degree centrality but no
significant difference in in-degree centrality between discussions structured with the PIM and non-
PIM questions. We conclude that initial questions can be structured using PIM as a guiding
framework to facilitate student-student interaction in online discussions.

Abstract in Russian

B cBasm ¢ Tem, 9TO AAHHBIC PA3AMYHBIX HCCACAOBAHHH AOKA3AAH BAKHOCTH HCITOAB3OBAHHA
BOIIPOCOB KaK KAFOYEBYIO CTPATEIUIO AAfl HHTEPAKTUBHOCTU CTYACHTOB B OHAANMH AHCKYCCHAX,
€CTh HEOOXOAUMOCTh HCCACAOBATH KAK PA3AMYHBIC THUITBI BOIIPOCOB OKA3BIBAIOT BAHUSAHNE HA
MHTEPAKTUBHOCTD CTYAEHTOB. VIcmoAp3oBaHME aHAAMTHYECKHMX AAHHBEIX ABAACTCA OAHHM U3
3 PEKTUBHBEIX ITOAXOAOB AASl COOPA AAHHBIX IO HHTEPAKTUBHOCTH CTYACHTOB KaK ITOKA3aTEAA X
B3AMMOACHCTBHA APYI C APYIOM BO BpeMfA AHMCKyCCHE. AAHHOE HCCACAOBAHUE HCIIOAB30BAAO
OOYYAIOIIyIO AHAAUTHKY AAA aHAAM3a CBA3eH MekAy Tumamu Bompocos (PIM u me-PIM) u
MHTEPAKTUBHOCTBIO ~ CTYAGHTOB B OHAAH AHCKycCHAX. MBI HCITOAB30BaAM — CTEIIEHB
LIEHTPAABHOCTH KaK METOA aHAAN32 KOAHYECTBA OTBETOB KAKABIH CTYACHT OTIIPABUA (BHE CTEIICHH
LIEHTPAABHOCTH) U KOAMYECTBA OTBETOB KAKABIH CTYACHTB IIOAYYHA (B CTEIIEHU IICHTPAABHOCTH).
Pe3yABTaTBI HCCACAOBAHHUSA BBIABHAN, YTO KOAHMYECTBO OTBETOB KAKABIH CTYACHT ITOAYIHA H
OTIIPAaBUA OBIAHM BBIIIIE B AHUCKYCCHAX, A€ OBIAM HCIIOAB30BaHBI THIIEI Bompoco PIM. Takxe
PE3YABTATHI IIOKA3aAHM, YTO CYIIECTBYET ITOAOKHUTEABHAS CBA3b MEKAY THIIAMH BOIIPOCOB I
HMHTEPAKTUBHOCTBIO CTYACHTOB, AOKA3BIBAaf YTO UEM OOABIIE CTYACHTBI OTBEYAAH, TEM OOABIIIE
OTBETOB OHU IOAy9aAr. OAHAKO, PE3YABTATEI CPABHEHUA OOOHX AMCKyCCHI pas3Hble. BeraBacHa
3HAYHTEABHAA PA3HHIIA MEKAY HHTEPAKTHBHOCTBIO CTYACHTOB M THITAMH BOIIPOCOB B IIEPBOM
AHMCKYCCHH, HO HET Pa3HUIIBI BO BTOPOM AUCKycHur B 0bounx tutrax soupocos (PIM u me-PIM).
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Introduction

According to the 2017 New Media Consortium Horizon Report, more leaders across the globe
emphasize student active learning to advance cultures of innovation. Interaction, as an essential
part of student active learning, has become an important component to promote meaningful
learning in online courses (Becker et al.,, 2017). To support student active learning, studies have
demonstrated the effectiveness of asynchronous online discussions (Lim, Jeong, Hall, & Freed,
2017; Salter & Conneely, 2015; Xie, Yu, & Bradshaw, 2014). The use of asynchronous online
discussions has also demonstrated that students who are usually quiet in traditional classroom
discussion become more active and frequently post/tespond to others online (Cheng, Paté,
Collimore, & Joordens, 2011). However, simply giving students the opportunity to participate in
online discussions does not automatically lead to desired student-student interactions. Asking the
right type of question can help promote desired student-student online interactions (Ertmer &
Koehler, 2014; Richardson & Ice, 2010; Sadaf & Olesova, 2017). Moreover, pre-structured
questions based on the use of the framework can help instructors promote desired student-student
interactions in asynchronous online discussions (Darabi et al., 2013). However, studies are not
consistent in their findings whether pre-structured questions can help promote desired student-
student interactions. Some studies (Ertmer etal, 2011; Darabi etal, 2013) found that pre-
structured questions can facilitate group interactions. However, other studies (Darabi et al., 2011;
Park, 2009) did not find any evidence that pre-structured questions are effective in influencing
students’ interactions.

This study examined two types of initial discussion questions, (a) questions structured with the four
phases of the Practical Inquiry Model (PIM) and (b) questions structured with Andrew’s
playground type of question. Question prompts that were structured with the PIM included four
phases inquiry process:

1. Triggering phase when students become aware of a problem through initiating the inquiry
process;

2. Exploration phase when students explore a problem by searching for relevant information
and offering explanation;

3. Integration phase when students interpret and construct possible problem solution; and

Resolution phase when students defend potential problem solutions with a new idea
(Garrison, Anderson, & Archer, 2001).

European Journal of Open, Distance and e-Learning — Vol. 23 / No. 1 47
ISSN 1027-5207
© 2020 EDEN



Exploring the Relationship between Interaction and the Structure of Questions in Online Discussions Using
Learning Analytics
Ayesha Sadaf, Larisa Olesova

The PIM framework was selected for this study as the four phases of the model can guide students’
interactions from initial inquiry process (triggering and exploration) up to the final application
phases (integration and resolution). It was our understanding that being social constructivist in
nature, Garrison et al’s (2001) Practical Inquiry Model (PIM) with pre-structured phases had
potential to influence student-student interactions through four phases of the inquiry process.
Non-PIM question prompts in this study followed Andrews (1980) typology of questions. Out of
nine types of questions suggested by Andrews (1980), a playground type was selected for this study.
Similarly, to the PIM questions, playground questions also require the analysis and application of a
specific concept, or “playground” for discussion but they are not designed with the four phases of
the inquiry process. Although the PIM and non-PIM questions were similar in nature because they
both help facilitate student-student interaction, the way they were worded and structured was
different. Comparing these two types of questions can provide more insight into how helpful PIM
framework with pre-structured phases of the inquiry process can be for creating question prompts
to facilitate student-student interaction in online discussions.

To examine student-student interactions, this study used evidence-based learning analytics through
student log data on how many responses each student received and sent to others in asynchronous
online discussions (Kim, Park, Yoon, & Jo, 2016; Kim, Yoon, Jo, & Branch, 2018; Romero, Lopez,
Luna, & Ventura, 2013). Studies have confirmed that evidence-based learning analytics can provide
theoretical and empirical evidence of strong relationships between students’ log data and student
learning (Kim et al., 2016; Zhang, Zhang, Zou, & Huang, 2018). To predict students’ successful
learning in online discussions, studies have suggested using degree centrality method (Kim et al.,
2016; Romero et al., 2013). Degree centrality method includes: (a) in-degree centrality (IDC), the
number of replies each student received from others in asynchronous online discussions and (b)
out-degree centrality (ODC), the number of replies each student wrote to others in asynchronous
online discussions (Kim et al., 2010).

This study is an attempt to shed the light on the relationships between student-student interaction
and initial question prompts structured with the PIM’s four phases of the inquiry process and non-
PIM questions to examine how evidence-based learning analytics can be helpful in understanding
the nature of interactions in asynchronous online discussions.

Interaction and Structure of Discussion Questions

Interaction as an essential part of student learning experience in asynchronous online courses is
the key for student’s success in course completion and learning (Lustria, 2007; Moore, 1989).
Although online interactions can occur in a number of different ways, Moore (1989) identified
three main types of interactions: student-instructor, student—student, and student-content. Moore
(1989) defined student-student interaction as a two-way communication in which one student
interacts with other students, alone or working in groups. By interacting with others, students can
get feedback from each other, and increase achievement (Anderson, 2003; Moore, 1989). Based on
the results of a meta-analysis on the three types of interaction, Bernard et al. (2009) concluded that
incorporating interaction and, specifically, student-student interactions within distance education
courses had a positive impact on student learning. In another meta-analysis, Borokhovski, Tamim,
Bernard, Abrami, and Sokolovskaya (2012) also found that student-student interactions had
positive effect on student achievement. Other studies also found that student-student interaction
a strong predictor of student satisfaction, effective learning and success in asynchronous online
courses (Huss, Sela, & Eastep, 2015; Kuo, Walker, Belland, & Schroder, 2013; Sher, 2009). Overall,
studies are consistent in their findings that student-student interaction has a positive impact on
learning outcomes but there is still a need to explore what treatments students need to interact
more with each other.
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It is known that asking thoughtful questions play an important role to provide more opportunities
for students to interact with each other (Bernard et al., 2009; Ertmer, Sadaf, & Ertmer, 2011).
Several studies have examined question prompts as an effective instructional strategy to increase
student-student interaction in asynchronous online discussions (Brooks & Jeong, 2006; Darabi
etal., 2011; Ertmer et al, 2011; Gilbert & Dabbagh, 2005). For example, Darabi et al. (2011)
examined a series of question prompts to facilitate group interaction and to advance students
through the phases of pre-structured question prompts. They found that even though pre-
structured question prompts were intended to engage students, students were still not consciously
engaged in interaction with each other compared with debate or role-play online discussions.
However, in another study, the authors found that students who used pre-structured question
prompts generated more messages stimulating more subsequent student responses in
asynchronous online discussions (Darabi et al., 2013). Similarly, Kim et al. (2016) also found that
pre-structured questions could initiate a dialogue and generate more interaction among students in
online discussions. Ertmer et al. (2011) also examined pre-structured question prompts and found
that student responses to the questions that require comprehension, synthesis, and application of
the content averaged the highest number of posts per student. While these studies suggest that pre-
structured questions can generate more student-student interaction, they do not provide much
insight into the relationship between the types of questions and student-student interaction in
asynchronous online discussions.

Interaction and Learning Analytics

Learning analytics, as a new and growing field proved to be an effective approach in investigating
students’ interaction in asynchronous online discussions (Avella, Kebritchi, Nunn, & Kanai, 2016;
Ifenthaler, 2017). Learning analytics is an emerging discipline “concerned with developing methods
for exploring the unique types of data that come from educational settings and using those methods
to better understand students, and the settings which they learn in” (Berland, Baker, & Blikstein,
2014; p.209). In other words, learning analytics is the process of collecting and analysing electronic
data about learners and their learning to offer instructors and instructional designers’ opportunities
to improve a course design, development, and implementation which result in student success
(Hernandez-Garcia & Suarez-Navas, 2017). Moreover, learning analytics can provide theoretical
and empirical evidence of strong correlation between students’ log data and actual learning (Kim
et al., 2016). Students’ log data are used in learning analytics to provide information about students’
online learning behaviours including their interactions in asynchronous online discussions. For
example, log data provide information on the number of posts each student made in asynchronous
online discussions or how many replies each student posted during the week.

Using learning analytics in asynchronous discussion forums can help interpret the patterns of
online interaction and predict students’ success in asynchronous online courses (Avella et al., 2016;
Kim etal, 2016; Romero etal, 2013; Sergis & Sampson, 2017). However, the lack of
comprehensive view of the information integrated in online discussion forums can prevent course
instructors evaluate dynamics of student-student interactions (Hernandez-Garcfa & Suarez-Navas,
2017). A thorough selection of relevant indicators to track student-student interactions has become
another important element of evidence-based learning analytics. Studies have widely discussed the
types of indicators and how many indicators are relevant to use to analyse student-student
interactions (Hernandez-Garcia & Suarez-Navas, 2017; Tempelaar, Rienties, Mittelmeier, &
Nguyen, 2018; Xing, Guo, Petakovic, & Goggins, 2015). For example, Romero et al. (2013) found
that using wrong indicators could result in drawing the wrong conclusions.
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As interaction is a social element, studies have discussed indicators that include members of the
network to analyse student-student connections in asynchronous online discussions (Romero et al.,
2013). Studies proposed degree centrality as a strong indicator of student-student interactions to
predict reciprocal interactions between individuals (Hernandez-Garcia & Suarez-Navas, 2017).
Kim et al. (2016) examined student success factors in asynchronous online discussions and found
that out-degree centrality (ODC) or the number of responses each student sent was one of the
strongest indicators of students’ success in online courses.

Research purpose and questions

Questions are a key strategy used to facilitate student interaction in online discussions, thus it is
important to understand how different types of questions influence students’ subsequent responses
and interactions. The purpose of this study was to determine the relationship between the type of
initial question prompts (PIM and non-PIM) and student-student interaction in online discussions
using degree centrality as the method of analysis. The following research questions guided this
study:

e  What is the impact of the structure of question prompts (PIM and Non-PIM) on student-
student interaction in online discussions?

e  Whatis the relationship between student-student interactions and the structure of question
prompts (PIM and non-PIM) in online discussions?

e  What is the difference between the structure of question prompts (PIM and non-PIM) and
student-student interaction in online discussions?

Method

This study used a non-experimental quantitative research design with the use of students’ log data
to examine their interaction dynamics through degree centrality as a strong indicator of relationship
between student-student interactions and the structure of question prompts.

Participants

A purposeful sample (Patton, 1990) of forty-five graduate students (20 males and 25 females)
enrolled in an Educational Technology course at a Mid-Western university participated in this
study. The sample was included in the study because students were randomly enrolled in two
sections of the same online graduate course and participated in the same online discussions. The
two sections were designed and taught by the same course instructor. Although the discussions
were graded as part of the course, students were informed that they had the right to opt-out by not
signing a consent for being included in the study. All students agreed to participate in the study
and signed the online Instructional Review Board (IRB) consent form.

The independent variables of the study were two question prompt structures: (a) question prompts
structured with the four phases of the Practical Inquiry Model (PIM questions) and (b) question
prompts structured with Andrew’s playground type of question (non-PIM questions). The
dependent variable was the student-student interactions. Students (n = 25) in section one received
question prompts structured with the four phases of the Practical Inquiry Model (the PIM-section)
while students (n = 20) in section two received question prompts structured with Andrew’s
playground type of questions (non-PIM section). The students ranged in age from twenty-one to
forty-five years. Most (n = 37) of the participants had taken three or more online courses prior to
participating in this study.
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Context of the study

This study used the online course “Foundations of Educational Technology” offered over a
sixteen-week semester and delivered via a learning management system, Blackboard. Students were
required to participate in a weeklong asynchronous online discussion as part of their course grade.
During the semester, there were ten discussions on various topics on educational technology. For
this research, we selected and analysed four case-based discussions in week three and four — two
from each section with same cases on the same topics “Learning Theories” in week three and
“Constructivist Learning Theory” in week four. Students compared and discussed advantages and
disadvantages of the alternative solutions of the problems in each case. Both cases described a
scenario in which a specific learning theory/theories and instructional principles were applied to
solve the issue. Students were required to explore and analyse the case situations in order to
propose and justify possible solutions to the issues presented in the weekly case (see Figure 1).

PIM Section

(n-25)

M-Th
Triggering &
Exoloration

Fr-Sun
Integration &
Resolution

Non-PIM

Section
(n-20)

M-Thu Fri-Sun

| ) L]
Post l Response Il Response Response

Figure 1. The structure of online discussions in PIM and non-PIM sections

Students in the PIM-section received a case followed by question prompts representing four levels
of the model, i.e., triggering, exploration, integration, and resolution under two different threads.
Students were required to respond to “triggering” and “exploration” questions the first half of the
week (Monday to Thursday) within the first thread and comment on one other student post. The
purpose of asking triggering and exploration questions during the first half of the week was to first
help students understand the nature of the problem and then explore relevant information to
provide possible explanations. During the second half of the week, students were required to
respond to “integration” and “resolution” questions within the second thread during second half
of the week (Friday to Sunday) and comment on one other student post. The purpose of asking
questions at integration and resolution phases was to help students build on their initial discussion
responses to create solutions of the problem and provide justifications for their solutions of the
problem. In total, students were required to make at least four posts for one week — two initial
posts and two comments on others.
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Example for Triggering and Exploration Phases: What do you think are the problems with the
way Mr. Cantrell has designed his instruction [17iggering question prompi]? How can your [use the one
you have been assigned] theoretical perspective help to understand the problems presented in this
case |Exploration question prompi?

Example for Integration and Resolution Phases: Briefly identify a key principle (or principles)
taken from the theoretical perspective and explain how it would be applied to solve the learning
problem presented in the case [infegration question prompd]. Justify your response by providing
applications of your solutions in real world situations [resolution question prompi|.

Students in the non-PIM section were presented with the same cases as students in the PIM-section
but the structure of their question prompts were based on the Andrews (1980) playground question
within a single thread. Playground question type was selected because it represents a traditional
discussion method of posting a response to one discussion prompt within one single thread and
then replying to three other students. In this study, the playground question prompts referred to a
specific concept in the course and required students to analyse and apply that concept. Students
interpreted the specific information (i.e., learning theories) and used that information to solve the
issues presented within the cases studies. Students in this section were required to respond in one
post during the first half of the week (Monday to Thursday) and then comment on three other
students’ posts during the second half of the week (Friday to Sunday). In total, students were
required to make at least four posts for one week — one initial post and three comments on others.

Example of the Andrew’s Playground Question Type: From your theory’s [use the one you have
been assigned) viewpoint of learning, identify the learning problems in Mr. Cantrell’s class. How can
your theoretical perspective help to understand the problems presented in this case? Briefly identify
a key principle (or principles) taken from the theoretical perspective and explain how Mr. Cantrell
can design instruction applying the principle (or principles) to solve the learning problem in his
class.

Although the PIM and non-PIM questions both tend to facilitate student-student interaction and
application-level responses, the way they were worded and structured were different. For example,
PIM followed Garrison et al.’s (2001) practical inquiry model to create the question prompts and
required student initial responses in two separate threads. On the other hand, non-PIM discussion
questions followed Andrews (1980) playground questions to create the question prompts and
required students to post their initial response in a single thread. Comparing these two types of
question structures may provide more insight into how useful PIM framework is for wording and
structuring initial question prompts to facilitating student-student interaction in online discussions.

Data Collection and Analysis

In order to quantify student interactions, we used degree centrality as an indicator of student-
student interaction in asynchronous online discussions (see Figure 2). Kim et al. (20106) validated
the accuracy of degree centrality as a proxy variable of the prediction model. Overall accuracy
reached over 70% which means that over 70% of the students could be predicted as low and high
achievers at early stage of the course. In-degree centrality (IDC) when students received responses
and out-degree centrality (ODC) when students sent responses were analysed by counting the
connections each student had established with their peers (Dawson, Macfadyen, Lockyer, &
Mazzochi-Jones, 2011). Following Kim et al. (2016) research, IDC was calculated as total number
of replies received by students and divided by the number of students minus one (n-1) and ODC
was calculated as total number of replies students sent to others divided by the number of students
minus one (n-1).
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Figure 2. Calculating degree centrality
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Quantitative data were collected from four online discussions— two from the PIM-section and two
from the non-PIM section of the same online graduate course including students’ responses
to/from others (# = 733). In the PIM-section where students received the question prompts
structured with the four levels of Practical Inquiry Model, we collected 496 students’ postings
including 184 postings they received from others and 312 postings they sent to their peers. In the
non-PIM section where students received question prompts structured with the Andrew’s
playground question, we collected 237 student postings including 113 postings students received
from others and 124 postings they sent to their peers (see Table 1).

Table 1: Average number of posts per student response in the PIM and non-PIM sections

PIM Section (n = 25) Non-PIM Section (n = 20)
In-degree Out-degree  Total In-degree Out-degree Total
Centrality Centrality Centrality Centrality
Number of posts 184 312 496 113 124 237
Average posts per 7.36 12.48 19.84 5.65 6.2 11.85

student

Descriptive statistic was used to calculate total number of replies received by students per question
and divided by the number of students to explore the extent to which a student in the social
network contributes to online discussions. A Pearson correlation analysis was applied to determine
the relationship between in-degree centrality and out-degree centrality for discussions structured
with PIM and non-PIM prompts. Additionally, independent #test was conducted to examine
differences between the PIM and the non-PIM sections for student-student interaction (IDC and
ODCQ).

Results

Impact of the Structure of Question on Student-Student Interaction

To answer the first research question, descriptive statistics was run. The results revealed that ODC
or the number of responses each student sent to other students was higher for the PIM questions
in both discussions (Table 2). However, the PIM questions had higher IDC or the number of
responses each student received from others in the first discussion while the non-PIM questions
had higher IDC in the second discussion. Higher ODC implies active students who eagerly
responded to others students. Higher IDC implies a higher degree of prominence of the actor
(replies) in the network (Kim et al., 2016).
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Table 2: Distribution of in-degree and out-degree centrality across two discussions and groups

PIM Group (n = 25) Non-PIM Group (n = 20)
Discussion #1 Discussion #2 Discussion #1 Discussion #2
In-Degree Centrality 0.21 0.11 0.12 0.14
Out-Degree Centrality 0.30 0.24 0.18 0.20

Relationship between Student-Student Interaction and the Structure of Question
Prompts

To answer the second research question, Pearson correlation analysis was applied to determine the
relationship between student-student interactions (ODC and IDC) and the structure of question
prompts (PIM and non-PIM). The analysis revealed there was a medium positive correlation
between IDC and ODC in the PIM-structure (r = .37, 7 = 25, p > .05) with 13.69 shared variance.
This means that the number of responses each student received (IDC) can explain about 14% of
the variance the number of responses each student sent (ODC). Further, there was a large positive
correlation between IDC and ODC in the non-PIM section (r= .68, n = 20, p < .05) with 46.24
shared variance. This means that the number of responses (IDC) each student received can explain
almost 46% of the variance for the number of responses each student sent (ODC) in the non-PIM
structure.

Differences between Student-Student Interactions and the Structure of Question
Prompts

To examine differences in out-degree centrality and in-degree centrality between the PIM and the
non-PIM sections, an independent #test was conducted. Results revealed a significant difference
in out-degree centrality between PIM (M = 0.54, §D = 0.22) and non-PIM prompts (M = 0.37,
SD = 0.16); #43) = 2.94, p < .05 with large effect size eta squared 0.17. The differences between
two sections across two online discussions were also examined by running independent #test. The
test revealed significant differences for ODC between two sections in the first online discussion
(PIM: M = 0.30, §D = 0.12) and (non-PIM: M = 0.18, §D = 0.07); #43) = 4.24, p < .001 with large
effect size eta squared 0.29. However, there were no significant differences for ODC in the second
online discussion between both sections.

To examine differences in IDC between the PIM and the non-PIM sections, independent #test
revealed there was no significant difference in in-degree centrality between PIM (M = 0.37,
SD = 0.20) and the non-PIM (M = 0.26, SD = 0.14) sections revealed no significant difference
(PIM: M = 0.31, §D = 0.20) and (non-PIM: M = 0.26, SD = 0.14); (43) = 1.18, p < .05 with small
effect size eta squared 0.03. The test revealed differences for IDC in the first online discussion
between two sections (PIM: M =0.21, §D =0.14) and (non-PIM: M =0.12, SD = 0.08);
#43) = 2.32, p <.05 with moderate effect size eta squared 0.11. There were no significant
differences for IDC in the second online discussion between both sections.

Discussion

The results revealed that the out-degree centrality or the number of responses each student sent to
others was higher during both discussions with PIM questions compared with both discussions
with non-PIM questions. These results are consistent with Darabi et al. (2013) who found that pre-
structured question prompts generate more messages triggering subsequent responses. This study
found empirical evidence that questions structured with four levels of cognitive presence can lead
to more interaction when students are asked to collaboratively solve a case. This may be due to the
nature of the questions that were designed to facilitate sustained reflection and discourse in a critical
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community of inquiry (Garrison et al., 2001). In this study, the discussions with PIM questions
required students to first discuss the triggering and exploration questions in the first thread where
students were presented with a triggering question and then they begin to understand the problem
through engaging in a meaningful dialogue. Later, student discussed the integration and resolution
questions in the second thread where students built on each other’s ideas and synthesized
information to provide real-world solutions. These findings emphasize the importance of
structuring initial discussion questions that require students to interact with their peers to
collaboratively construct knowledge beginning with recognizing the problem and progressing to
solving the problem (Richardson, Sadaf, & Ertmer, 2012; Sadaf & Olesova, 2017).

The results provide empirical evidence that there was a medium positive correlation between in-
degree centrality and out-degree centrality for PIM-section and strong positive correlation for non-
PIM section. This suggests that when students send more responses to others, they receive more
responses from others. This relationship between student-student interaction of giving and
receiving replies is more likely to happen during discussions designed with the non-PIM questions.
For discussions with non-PIM questions, students participated in the conventional method of
responding to one discussion prompt within one single post and then replying to three other
students. Requiring students to post responses on three other posts may have resulted in creating
a strong relationship between sending and receiving replies. While the PIM-questions helped
students move through several phases of meaningful discourse towards in-depth discussion, this
structure resulted in creating medium relations between in-degree centrality and out-degree
centrality. For PIM questions, students were required to make one post and respond to one student
during first half of the week and then make second post and respond to one student during the
second half of the week. One possible reason may be that students had less time to become familiar
with the PIM discussion prompts and were more focused on responding to the questions rather
than creating back and forth conversations. Darabi et al. (2011) noted that presenting a series of
questions under different threads made discussion more complex than the conventional method
of just responding to one discussion prompt.

Additional results indicate that there was a significant difference in out-degree centrality between
PIM and non-PIM sections; however, this study did not find significant difference in in-degree
centrality or the number of responses each student received from others between two sections.
These results imply that students tend to send more replies to their peers in response to the
previous postings in discussions designed with four levels of the PIM — from triggering events up
to resolution level where students justified or defended their solutions of the problems. This is
consistent with previous reports of a positive relationship between structured questions and
student replies (Darabi et al., 2013; Sadaf & Olesova, 2017). Hosler and Arend (2012) noted that
when instructors ask questions that require integration of ideas and solving problems, students
tend to critically examine the problems by exchanging viewpoints, exploring applications to
problems, and synthesizing ideas to provide solutions. Replying to others’ posts require students
to reflect on others’ messages and therefore establish a mutual communication among students
towards in-depth discussions (Dawson, 2008). It was clear that student-student interaction in
discussions with the PIM questions was high. Guided by the questions designed with the levels of
cognitive presence within PIM, students actively interacted with their peers to collaboratively move
beyond their initial understanding of the case and critically analysed the problems as well as created
and justified their solutions. These activities require social learning that builds on reciprocal
interaction between students and the knowledge is constructed by the interactions of individuals
within collaborative learning environment (Hernandez-Garcia & Suarez-Navas, 2017).
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For in-degree centrality, students received more responses from their peers in the first discussion
structured with the PIM questions and in the second discussion structured with non-PIM
questions. These results showed that student-student interaction in terms of IDC was not
consistent in both discussions structured with PIM and non-PIM questions. In addition, there were
significant differences in the first online discussion between both sections while the second online
discussion did not reveal any significant differences. This implies that the questions structured with
PIM or non-PIM may or may not impact student-student interaction in terms of the number of
responses students receive from other students. Although students’ postings received replies from
other students and triggered subsequent postings in the first discussion facilitated by the PIM
questions, it did not happen in the second discussion. This may be due to the difference in how
the PIM questions were worded. Sadaf and Olesova (2017) concluded in their study that the nature
of the case and the wording of the questions can be influential in student learning. A closer look at
how the questions were worded may provide a better picture of why IDC was higher during one
discussion and not the other.

Although high in-degree centrality is important in showing higher degree of prominence of an actor
in the network, out-degree centrality is more important for student-student interaction when
students intentionally reply to other students’ posts. Kim etal. (2016) stated that “in-degree
centrality does not necessarily imply student productivity even though it represents the student’s
prominence within a network structure” (p.39). This suggests that when students respond to PIM
questions, their posts may or may not receive attention and trigger subsequent replies. Therefore,
this cannot be interpreted as an effort of the student to interact with other students to construct
knowledge.

Conclusion and Implications

Online discussions structured with PIM questions can have more student-student interaction than
discussions with non-PIM questions in terms of ODC or the number of responses students sent
to other students. On the other hand, student-student interaction in terms of IDC was not
consistent in both discussions facilitated by PIM and non-PIM questions. One of the practical
implications of this study is to structure online discussions in one thread per week. Having
discussions in two different threads dividing two different discussions during one week can
decrease student-student interactions. Discussion in one thread during the week can give students
more time to develop stronger relationship in terms of both ODC and IDC. For example, students
can spend one week discussing the triggering/exploration questions and another week to discuss
integration and resolution questions. Another implication is that online instructors can construct
question prompts using all four phases of the PIM to create favourable conditions for frequent
student-student interactions. However, discussion questions should be carefully worded and topics
for discussion should be carefully selected to facilitate more student-student interactions.

Although previous research suggests a positive relationship between discussions structured with
PIM questions and student replies (Darabi et al., 2013; Sadaf & Olesova, 2017), this study showed
a medium positive relationship between out-degree and in-degree centrality for PIM questions in
online discussions. In this regard, instructors can intervene in discussion drawing students’
attention to other students’ viewpoints and ask students to provide reflections on other students’
responses. Instructors’ help in moving discussions through the stages of cognitive presence —
triggering, exploration, integration, and resolution — may lead to more interaction as each stage
offers a process that encourages knowledge construction through deep levels of discourse among
students that happens through student-student interactions. In online discussions, posting and
replying are important for articulating ideas to argue, support, clarify, and provide evidence
(Shukor, Tasir, Van der Meijden, & Harun, 2014). Course instructors can ask additional questions
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prompting students to integrate their ideas with those presented by someone with a different view
and respond to their posts. This can establish student-student interaction with a shared
communication network among students towards more reflective discussions.

This study examined the relationship between the structure of initial question prompts designed
with and without Practical Inquiry Model (PIM) on student-student interaction using evidence-
based learning analytics. Considering the results of the study, it can be concluded that evidence-
based learning analytics such as in-degree centrality and out-degree centrality can help course
instructors track data to increase student-student interactions using the structure of questions
prompts. This study also concluded that correctly selected indicators of student-student interaction
can help course instructors understand how students interact in online discussions in threaded
discussions. Overall, the findings in this study are valuable because they contribute to further
effective design of online discussions across different disciplines.

Limitations and Future Research

When interpreting our results, it is important to recognize the limitations of our study. First, this
study is limited in generalizability of findings due to small sample size and participants representing
a convenient sample from only one program and university. Follow-up studies could utilize large
sample size with data collected across programs or institutions to further refine the results and
implications of this study. In addition, having only two discussions with PIM questions and two
discussion with non-PIM questions limited examination of student-student interaction, especially
for degree centrality. Future research can be conducted to compare the relationships between
students’ interaction and their learning outcomes; whether students who interact more actively may
achieve higher learning outcomes such as grades, level of cognitive presence, and cognitive
engagement.
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