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Little is known about the online learning behaviors of students traditionally underrepresented in STEM fields (i.e., UR-STEM students),
as well as how those behaviors impact important learning outcomes. The present study examined the relationship between online
discussion forum engagement and success for UR-STEM and non-UR-STEM students, using the Community of Inquiry (Col) model as
our theoretical framework. Social network analysis and nested regression models were used to explore how three different measures
of forum engagement—1) total number of posts written, 2) number of help-seeking posts written and replied to, and 3) level of
connectivity—were related to improvement (i.e., relative performance gains) for 70 undergraduate students enrolled in an online
introductory STEM course. We found a significant positive relationship between help-seeking and improvement and nonsignificant
effects of general posting and connectivity; these results held for UR-STEM and non-UR-STEM students alike. Our findings suggest
that online help-seeking has benefits for course improvement beyond what can be predicted by posting alone and that one need not be
well connected in a class network to achieve positive learning outcomes. Finally, UR-STEM students demonstrated greater grade
improvement than their non-UR-STEM counterparts, which suggests that the online environment has the potential to combat barriers

to success that disproportionately affect underrepresented students.
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1 INTRODUCTION

Learning is inherently a socio-cognitive process and, in online environments, social connections among students may
be crucial for discourse, community, and, ultimately, learning [15,61]. Discussion forums typically serve this function in
online courses and are interactive tools that support the social and interdependent nature of learning [64]. Social learning
analytics, an emerging field of research for investigating students in online courses [23,59], provides an important lens
to understand student behavior in discussion forums that impact learning.

Unfortunately, challenges in the online space can also impede learning. Among the most worrisome is that students
can lack a sense of community [40], which disproportionately impedes successful learning outcomes among diverse
learners [37]. Because online courses can leave students feeling isolated and disconnected, a challenge for such courses
is to find ways to build and support community, which may be essential for collaboration and promoting positive
learning experiences online [52]. The Community of Inquiry (Col) framework [24] accounts for this need for community;
specifically, Col posits that teaching, cognitive, and social presences are all necessary components for building online
collaborative learning communities. Researchers have used the Col framework to examine student interactions in online
courses [8,36,55] and have found that a sense of community can be fostered in online learning communities, which has
benefits for achievement [15,45,52].

In the context of asynchronous online courses, students’ self-regulated learning (SRL) behaviors are also likely to
play a role in their academic success and their participation in a collaborative learning community [56]. However, we
know from research in face-to-face classrooms that SRL strategies like help-seeking can be problematic for students,
especially UR-STEM students, because they often feel that, by using these, they may be viewed as incompetent [27,53].
The consequences of avoiding help-seeking, such as decreased academic performance and lower feelings of community
in traditional classrooms, have been well documented [11,69]. However, much of the research on online discussion
forums has yet to consider the ways in which help-seeking is used in these classes—for example, distinguishing between
help-seeking discussion forum posts (e.g., asking a question or indicating a need for help) and other posts. In this study,
we investigate whether this issue may be exacerbated for students who are traditionally underrepresented in STEM—
such as first-generation college students, women, and minoritized groups (collectively referred to as UR-STEM students).

The present study uses social learning analytics to examine the relationship between online engagement (i.e., forum
participation) and success for UR-STEM and non-UR-STEM students for one semester of an online STEM course. In the
following subsections, we discuss the theoretical model for this study, as well as our motivation for investigating the
following three measures of online engagement: 1) general forum posting behavior, 2) help-seeking, and 3) connectivity

with respect to help-seeking.



1.1 Theoretical Model: Community of Inquiry

Collaboration and engagement are necessary for success in online courses, especially in asynchronous contexts, where
students may be more susceptible to disengagement [52]. The Col model [24] argues that learning occurs through three
interdependent processes: cognitive presence, social presence, and teaching presence. Cognitive presence refers to the
construction and confirmation of understanding through collaboration [24]. Social presence, the most widely researched
component of the Col framework [49], refers to the ability of a learner to establish purposeful social bonds through
communication. Teaching presence refers to the design and facilitation of learning or instruction [e.g., 1,2]. The Col
model is crucial for our investigation, given the understanding that social and cognitive presence are facilitated through
interactions in online discussion forums and that teaching presence can be performed by anyone in the community, not

just instructors [24,32].

1.2 Engagement in Online Courses

Online discussion forums provide opportunities for a range of collaborative learning behaviors that contribute to
cognitive and social presence, including seeking help, providing help, exchanging resources, sharing knowledge, and
working together in small groups [13,43,62,66]. In this regard, a number of studies have shown that active forum use
and participation are related to greater cognitive presence and better overall course performance [34-36,42,51]. In a
nutshell, existing research suggests that engagement in discussion forums may be related to key learning outcomes
under the Col framework.

That being said, we do not know if the established relationship between engagement and course outcome holds for
UR-STEM students in the same way that it holds for non-UR-STEM students. Marginalization and longstanding
underrepresentation in STEM often leave UR-STEM students experiencing additional barriers not experienced by their
non-UR-STEM peers, such as a lack of social support, negative stereotypes, lower academic self-efficacy, and a lack of
sense of belonging, which may work together to impact their engagement and achievement [2,22,31,44]. Past research
on UR-STEM students in online courses has shown that the online environment increases accessibility to STEM
programs for these students [19,70] and there is evidence that UR-STEM students engage with online learning platforms
differently from their non-UR-STEM peers [3]. Unfortunately, some UR-STEM students (in this case, first-generation
college students) may be lacking the SRL skills necessary for success in online courses [68], and other UR-STEM students
(women) have been found to be more likely to perform poorly in or drop out of online vs. in-person STEM courses
(compared to men) [71]. However, exam scores for UR-STEM and non-UR-STEM students have also been found to
improve at a similar rate throughout an online course [4] which suggests that the online environment may provide
important opportunities for learning for UR-STEM students despite the difficulties faced by this population.

In sum, evidence shows that UR-STEM and non-UR-STEM students exhibit different online learning behaviors, and
that online learning platforms may present both advantages and challenges to UR-STEM students. However, there is
little work investigating how the online learning behaviors of UR-STEM students relate to their learning outcomes.
Given the established relationship between engagement and achievement from previous research, there thus remains a
need to investigate whether UR-STEM and non-UR-STEM students show similar patterns in terms of the relationship
between engagement in online courses, measured here as their forum participation, and course outcome. This leads us
to our first research question (RQ1): Is posting to discussion forums related to improvement, and do UR-STEM students

and non-UR-STEM students show similar or different patterns in terms of the relation of posting to improvement?



1.3 Help-seeking: A Self-regulated Learning Behavior that may Support Social and Cognitive Presence

Although posting to the forum is one promising indicator of how students engage with the course content, we have also
chosen to look more carefully at a particular SRL behavior in online forum posts: asking for help on the course’s online
discussion forum. We have chosen to go beyond looking solely at the level of engagement as indicated by the number
of forum posts because, in the context of asynchronous online courses, we realize that students’ SRL behaviors likely
play a role in their success beyond general forum participation; that is, by employing help-seeking behaviors, students
have the opportunity not only to clear up misconceptions, but also to connect with peers, thereby increasing both
cognitive and social presence.

The most crucial reason we have chosen to investigate help-seeking is because it is positively related to superior
learning outcomes [20,28,33,39,50]. In college classrooms, seeking help early in the semester is related to high
achievement [63]. Moreover, students who seek the least help may be those who perform the most poorly in online
courses [29].

Although help-seeking has been shown to be a useful SRL behavior in face-to-face contexts, we have no idea of its
effect beyond the benefits associated with simply posting. Moreover, given the potential threat to one’s academic identity
[48], we do not know whether help-seeking is equally effective (beyond simply posting) for UR-STEM and non-UR-
STEM students. This leads us to our second research question (RQ2): Is asking for help on the forum related to
improvement, and do UR-STEM students and non-UR-STEM students show similar or different patterns in terms of the

help-seeking and improvement, beyond what we can predict from posting alone?

1.4 Connectivity

As detailed in the previous sections, participating in online discussions can be beneficial for academic success. Research
has demonstrated that the most active students in discussion forums have better academic performance than less-active
students [42]. Researchers have employed social network analysis techniques to measure network relations
[10,17,25,30,65] and have found that network structure is related to performance [72]. Overall, exploring social
connections among students is a useful lens for examining the learning and teaching that occurs in collaborative digital
environments [26].

In a community of inquiry, students who are central or influential to the community (i.e., highly connected) promote
discourse and interactions that are essential for building cognitive and social presence [57]. Highly connected “student
facilitators” are central because they exchange resources, information, and connect others [55]. Moreover, there is a
relationship between sense of community and position in a network [14]. For example, learners who are peripheral in a
network feel less connected to a community than students who are more connected. This is concerning, because
differences in students’ cultural backgrounds impact network patterns [60], potentially leaving UR-STEM students at a
disadvantage. This leads us to our third research question (RQ3): Are higher degrees of connectivity (asking for help and
responding to requests for help) on the forum related to improvement, and do UR-STEM students and non-UR-STEM
students show similar or different patterns in terms of the connectivity and improvement, beyond what we can predict

from posting alone?



2 METHODS

2.1 Participants

We analyzed data from 70 students, out of a total of 94 who initially enrolled in one semester of a fully online
introductory natural science course at a large public university in the midwestern United States. We removed a total of
24 students: 16 students who dropped the course and 8 students with missing improvement scores (i.e., paper-based
exams for students needing accommodations, not recorded in the online system and only having final letter grades
available in the learning management system). All data were available for analysis only after the course had been
completed and students’ grades had been finalized.

Students included 44 UR-STEM students (34 non-males; 13 Black, Hispanic, and Native American students; and 16
first-generation college students) and 26 non-UR-STEM students. Because some students fit multiple UR-STEM
categories (e.g., a Black first-generation college student), any student who identified as any one of our three UR-STEM
groups was categorized as a UR-STEM student to protect the privacy of their records (per the Family Educational Rights
and Privacy Act; FERPA).

2.2 Measures and Analytic Plans

Students were required to post to the online forum each of 13 weeks during a 16-week semester (students took exams
during the remaining 3 weeks). Posting to the forum accounted for 5% of students’ grades. Each week, the instructor
created several lead posts, generally consisting of an exam-like problem. Students could join in on any of the instructor-
created posts, and they were required either to (a) post a solution to the initial problem, (b) post a question about the
problem in an initiating post, or (c) answer a question that had been posted by another student. When coding help-
seeking and help-giving, we chose to analyze initiating posts (i.e., the first post in a thread of posts) and responses to
those initiating posts to determine whether (and which) posts generated the requested help. Coding and analysis were
restricted to initial posts because we believed that these would set the tone for help-seeking and thus were an ideal place
to begin. Support for selecting this sample of initial posts comes from theory and empirical work in psycholinguistics
(see [46]). The 70 students produced a total of 942 initiating posts during the semester.

We defined our student outcome measure, improvement (i.e., gains in relative performance), by calculating students’
scores during the first half of the semester and compared them to the second half of the semester by subtracting the
first-half scores from the second-half scores. Although there may have been improvement within the first half of the
semester, this was difficult to measure because we did not have frequent assessments and the assessments that were
most frequent—quizzes—had severe ceiling effects because students could retake them, unlike exams. We scaled and
centered this improvement measure to create our outcome measure (i.e., improvement as our dependent variable).

To identify help-seeking, a pair of coders coded approximately 20% of the data and obtained substantial agreement
(Cohen’s k = .83; see [38]). Disagreements and cases of uncertainty were discussed and reconciled by the two coders. We
reliably identified help-seeking forum posts, including any forum post that directly (e.g., “If anybody would be willing
to help me figure this out, I'd greatly appreciate it”) or indirectly (e.g., “I'm stuck on the energy diagram for question 3
letter D”) requested help, or asked a question (e.g., “For number 6, what does the bolded line and the dashed line mean?”).
Posts that did not indicate help-seeking were coded as not help-seeking. Although many forms of help-seeking occur
online, our help-seeking model captured students’ spontaneously produced content-related questions and requests,
which either explicitly or implicitly indicated a request for help between students in their course’s online discussion

forum.



Out of the 942 initiating forum posts, 143 posts (15.2%) received a reply. Of the initiating posts, a subset of 326 posts
were categorized as help-seeking requests, of which 130 (39.9%) received a response and were included for analysis. We
constructed two directional 70x70 matrices with integer values (i.e., counts): one representing the relationship between
all students’ posts (to calculate Students' Connectivity/Influence) and the second representing only the posts with requests
for help (to calculate Help-Seeking Requests).

We used social network analysis [6,7,67], particularly measures of degree centrality [67], to consider relations
between help-seeking requests and responses (i.e., filtering out the non-help-seeking posts in the forum). Specifically,
out-degree measured the number of outbound links, representing the number of help-seeking requests (reaching out to
peers), and in-degree measured the number of inbound links, representing the number of responses that a student gave
to help-seeking requests.

As a measure of students’ course forum connectivity and influence, we used the PageRank algorithm to compute
each students’ influence in the class [5]. We used this weighted variant of eigencentrality to assign a score to each
student based on their direct connections, as well as their connections’ connections. Hence, this measure takes into
account how well connected each student is beyond their direct pairs of posts-and-responses because it accounts for
how many links their connections have throughout the network (i.e., in the course forum). The PageRank method
considers each students’ posting behaviors in terms of their entire influence in the course forum, both in terms of
numerical occurrence, as well as the cascading linkage to other “influential” students [18]. This measure was calculated
considering all post-response pairs that these students exchanged. Although the PageRank algorithm has limitations
(e.g., it does not capture timing and content of links), we believe it is appropriate given that RQ3 focuses on the direct
and indirect link structure of students in the course forum (not its timing or content analysis).

To evaluate all of our research questions and decide between competing models, we included the variables of interest
(e.g., out-degree as a proxy of help-seeking request) in our regression models, and compared these nested models against
the baseline (reduced) model using the general regression test (a.k.a. extra sum of squares test) [41]. Standardized betas
were calculated using the R package 1m.beta [1]. We also provide visual representations of our analyses, which show

network relations and main effects using the R package igraph [12].

3 RESULTS

In this section, we answer each of the three research questions. We do so by comparing nested regression models in a
sequential manner. Hence, our first model serves as the baseline (reduced model) for comparison against gradually more

complicated models.

Baseline Model: y (grade improvement) = a + 1 (UR-STEM status) + [z (Forum Posts) + € (1)

y (grade improvement) = a + 1 (UR-STEM status) + [z (Forum Posts) +

Help-Secking Model: B3 (Help-Seeking Requests) + €

@)

y (grade improvement) = a + 1 (UR-STEM status) + fz (Forum Posts) +
B3 (Students’ Connectivity/Influence) + €

®)

Connectivity Model:

y (grade improvement) = a + 1 (UR-STEM status) + [z (Forum Posts) +
“Full” Model: B3 (Help-Seeking Requests) + 4)
Pa (Students’ Connectivity/Influence) + €



3.1 Research Question 1: Is posting to discussion forums related to improvement, and do UR-STEM
students and non-UR-STEM students show similar or different patterns in terms of the relation of
posting to improvement?

Results of our baseline regression model (1) indicated that there was a significant effect between students’ UR-STEM

status and grade improvement [B1 =. 28, A2, 67) = 2.38, p = .020], however the number of posts to the forum was not [

=-.02, A2, 67) = -0.20, p = .839, ns]. For the sake of completeness, we tested an alternative model (1*) considering the
interaction between the number of forum posts and students’ UR-STEM status. This interaction was not significant (f =

-.34, F(3, 66) = -1.80, p = .076, ns) and a comparison between models (1) and (1*) supported the idea that neither model

was significantly different in predicting grade improvement [F(66, 67) = 3.25, p = .076, ns]. A Mann-Whitney test

indicated that the number of posts to the course forum was not significantly different for UR-STEM and non-UR-STEM
students, U = 587, z = -0.47, p = .635, ns; (UR-STEM students M = 13, SD = 10.5; non-UR-STEM students M = 14, SD =

15.9).

To examine the main effect of students’ UR-STEM status and grade improvement, we conducted a Mann-Whitney
test. This analysis supported the conclusion that UR-STEM students demonstrated greater grade improvement than their
non-UR-STEM counterparts, U (non-UR-STEM = -0.36, UR-STEM students = 0.21; scaled mean grade improvement) =
714, z = 2.40, p = .016). We present these results graphically in Figure 1, which shows the distributions of standardized
grade improvement for both UR-STEM and non-UR-STEM students.

0.4

Proportion of Students (Density)

0.0 .
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Figure 1: Improvement for UR-STEM students (in the lighter shaded area) and the non-UR-STEM students (in the darker shaded
area)

3.2 Research Question 2: Is asking for help on the forum related to improvement, and do UR-STEM
students and non-UR-STEM students show similar or different patterns in terms of the help-seeking
and improvement, beyond what we can predict from posting alone?

Results of our model (2) indicated that there was a significant effect of asking for help [as measured by students’ out-

degree centrality scores, 3 = .27, (3, 66) = 2.06, p = .043] in relation to grade improvement. Once again, we observed an

effect of students’ UR-STEM status and grade improvement [B1 = .25, 3, 66) = 2.19, p = .032], but no significant effect
of the number of forum posts (B2 = -.15, K(3, 66) = -1.14, p = .259, ns).

To explore if UR-STEM students and non-UR-STEM students showed similar or different patterns in terms of their
help-seeking, we tested an alternative model (2*) considering the interaction of UR-STEM status and grade improvement.

This interaction was not significant [ = -.24, (4, 65) = -1.03, p = .308, ns], and the comparison between models (2) and



(2%) reinforced the idea that both models were not significantly different in predicting grade improvement [FR65, 66) =
1.06, p = 308, ns].

The comparison between models (1) and (2) yielded a significant difference in explaining students’ grade
improvement (F(66, 67) = 4.25, p = .043). This result suggests that asking for help on the forum was related to grade
improvement, beyond what could be predicted from posting to the course forum. Figure 2 illustrates the impact of help-

seeking posts on grade improvement.

Figure 2: Social Network of help-seeking posts and their relation to grade improvement. The number inside each node conveys help-
seeking requests (out-degree centrality scores). Grade improvement is represented by the continuum of color gradation (darker
shading indicates greater grade improvement). The size of the nodes and thickness of the lines are proportional to the number of
help-seeking (and help-giving) relations between students, and each arrow departs from the student asking for help.

3.3 Research Question 3: Are higher degrees of connectivity (asking for help and responding to requests
for help) on the forum related to improvement, and do UR-STEM students and non-UR-STEM students
show similar or different patterns in terms of the connectivity and improvement, beyond what we can
predict from posting alone?

Results of our model (3) indicated no significant effect of students’ forum connectivity (as measured by students’

PageRank scores; 3= .003, K3, 66) = 0.03, p = .977, ns) on their grade improvement. Once again, we observed an effect

of students’ UR-STEM status and grade improvement [B1 = .28, K(3, 66) = 2.27, p = .026], but the number of forum posts

again showed no significant effect [B2 = -.02, A3, 66) = -0.20, p = .839, ns].
Following the same procedure as in the previous analyses, we compared our model (3) with an alternative model (3%)
that includes the interaction term of students’ UR-STEM status and their connectivity on the course forum. We observed

no significant differences between UR-STEM students and non-UR-STEM students in terms of their connectivity to each

1 Although not predicted in this study, we have also explored models that included students’ in-degree centrality scores. This measure could be
considered as a proxy of helping other student(s) in the course forum. We found no evidence that helping others contributed to students’ own grade
improvement, as well as no evidence that UR-STEM and non-UR-STEM students differed in their pattern of helping others. For a future study (with a
larger sample), we will explore the patterns of response, taking into account the order and hierarchy of responses.



other on the forum, indicated by a non-significant interaction term [ = .13, R4, 65) = 0.15, p = .880, ns] in model (3%).
The subsequent comparison between models (3) and (3*) was also not significant [F65, 66) = 0.02, p = .880, ns]. Figure 3
illustrates the connectivity between UR-STEM students and non-UR-STEM students, showing that both groups

interacted with each other and occupied a diverse dynamic of center and periphery influence in the course forum.

o< '

Figure 3: Social Network of connectivity among students. UR-STEM students are represented as light-shaded circles and non-
URSTEM students are represented as dark-shaded circles. The size of the circle indicates the influence of each student.

Furthermore, the comparison between models (1) and (3) was not significant [R(66, 67) = 0.01, p = .977, ns]. This result
suggests that the degrees of connectivity in the course forum (posting and responding to posts) did not help to explain
variances related to grade improvement beyond the baseline model.

The transitive results of comparing models (1) versus (2) (significant), and (1) versus (3) (not significant) provide
evidence that asking for help on the forum explained more variance in grade improvement than merely the degrees of
students’ connectivity in the course forum (see Table 1 for a summary).

Table 1: Summary of Regression Models for Variables Predicting Grade Improvement (n = 70)

Variables Model 1 — Baseline Model 2 — Help-Seeking  Model 3 — Connectivity  Model 4 — Full Model
B SEB P B SEB P B SEB B B SEB B
Forum Posts -.001 .01 -.02 -.01 .01 -.15 -.001 .01 -.02 -.01 .01 -.16
UR-STEM Status .57 .24 .28* .52 .24 .25% .57 .25 .25% .50 .25 24"
Help-Seeking 12 .06 27 12 .06 27
Forum Connectivity .20 6.99 .003 2.43 6.90 .04
R? .08 .14 .08 .14
Adjusted R? .05 .10 .04 .08

Notes: “p < .05. **p < .01.

Models 1%, 2%, and 3" included UR-STEM Status interaction terms. None of these interaction terms or models yielded significant results
and were not represented in this summative table.

Finally, we fit a full model (4) with both variables (help-seeking and students’ connectivity in the course forum) added
to our baseline model (1) for verification purposes of RQ2 and RQ3. The comparison between models (4) and (2) was not

significant [F65, 66) = 0.12, p = .730, ns], reinforcing the importance of asking for help to improve grades in this STEM
online course, beyond measures of students’ connectivity.



4 DISCUSSION

4.1 Interpretation of Results

This investigation explored the relations between online engagement and course improvement for students traditionally
underrepresented in STEM in an online introductory natural science course. Using a learning analytics perspective, we
capitalized on social network analysis to understand how participation in online discussion forums (i.e., social presence),
and particularly requesting and responding to requests for help (cognitive presence) was related to improvement (i.e.,
our measure of learning outcomes) from the first half to the second half of the course.

Our first research question sought to determine whether posting to the discussion forum was related to grade
improvement, and whether this pattern held for UR-STEM and non-UR-STEM students alike. We found that the number
of discussion forum posts was not related to improvement, and this relationship held when accounting for one’s status
as a UR-STEM vs. non-UR-STEM student. Thus, simply, posting to the discussion appeared to have no significant relation
to improvement.

At first, our findings seem to differ from those reported in studies that have found a positive relationship between
forum engagement and achievement [36,42,51]. A possible explanation for this discrepancy is that, in the present study,
we chose to use the number of posts as our measure of overall forum engagement. However, previous research has
generally taken into account additional measures of forum use (e.g., number of posts viewed, total time spent on the
forum, number of words written) when deriving an overall measure of engagement [34,42,51]. Thus, while forum use,
understood as a broad range of behaviors, may contribute to learning, our results suggest that one’s level of posting
alone did not have a significant relation to success.

Second, relatively few studies have examined the relationship between forum engagement and course improvement,
the measure of success used here. Thus, even if other research has located a relationship between posting frequency and
other measures of success (e.g., final course grade), our findings cannot support the conclusion that posting has a positive
impact on one’s improvement from the beginning to the end of the course, for UR-STEM or non-UR-STEM students.

We also found that UR-STEM students showed greater improvement than non-UR-STEM students between the first
and second half of the course. This finding is encouraging because it lends further support to the notion that the online
environment may play a positive role in overcoming some of the difficulties traditionally experienced by UR-STEM
students in face-to-face settings [4]. However, given that we know that UR-STEM students still face challenges in online
courses [68,70], further research is necessary to determine steps that should be taken to make the online environment
an inclusive space that promotes learning equally and optimally for students of all backgrounds.

Our second research question sought to determine whether help-seeking was related to improvement beyond what
we could predict from posting behavior alone. We found that help-seeking was significantly related to improvement,
suggesting that help-seeking among the students in this course served the intended purpose of acquiring information
and building cognitive presence online. We suspect that help-seeking in online classes may be especially valuable to
supporting student learning because students can ask for help whenever they need it, as opposed to just during class or
office hours, which may be more typical in face-to-face classes. Additionally, students in online environments may ask
questions in relatively informal ways, given that they expect their peers to provide responses (compared to having to
formalize your question, e.g., for the professor in class or TA in office hours), potentially affording them the opportunity
to focus on the content of the question more than on the form. Of course, this is speculative, and future research might
compare requests for help explicitly directed to peers versus those directed to instructional staff to examine the

frequency and form of these requests, especially those from UR-STEM students in college STEM courses.
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Although we found that UR-STEM status was again significantly related to improvement, UR-STEM status did not
interact with help-seeking to predict improvement. Thus, contributing to the forum discussions by asking for help
appears to be a successful self-regulated learning strategy, significantly related to improvement for all students, whether
they were an UR- or non-UR-STEM student. We find it heartening that the UR-STEM students in this sample did not
appear to experience the barriers to help-seeking that others have found [21,47], although we recognize that many
previous studies examining this issue were conducted in face-to-face educational contexts [54], which may play a role
in the behaviors that students exhibit and thus in the reported findings. We reckon that the requirement to post, the
explicit endorsement of asking a question (one of the 3 types of posts allowed), and perhaps the relative anonymity of
the online space all can contribute to an amelioration of the barriers to seeking help often documented for students from
these UR-STEM groups.

Our third research question sought to determine whether forum connectivity was related to improvement beyond
what we could predict from posting alone. Surprisingly, we found that higher degrees of connectivity (posting and
responding to posts) was not related to improvement. A full model with connectivity and help-seeking did not predict
improvement. Our results contradict other work that has found that students’ position and influence in a network is
related to performance [16]. However, an important distinction is our unique measure of academic performance (i.e.,
improvement), which may not be responsive to being highly connected on the forum. Moreover, we did not find
significant differences in UR-STEM and non-UR-STEM students’ forum connectivity. UR-STEM students’ relatively high
engagement with seeking help and their corresponding improvement in the course suggests that, as others have shown,
a sense of community can be fostered in online discussion forums through asking for help [14,15,52]. However, our
investigation did not directly measure sense of community, but our measure of social presence (i.e., forum participation)
speaks to sense of community in that students had opportunities to read and respond to their peers’ posts on a weekly
basis, which likely contributed to forming a community of learners. These results are encouraging because it appears
that students who are not influential forum members (i.e., have low PageRank scores) can benefit from the community
of inquiry (sometimes vicariously, by reading others’ posts, and sometimes by not consistently responding to the same
students, week after week) and can have positive learning outcomes. What appears to matter the most for course

improvement, at least from the data reported here, is help-seeking, not a student’s connectivity.

4.2 Limitations

The study of social networks is complex and extensive, and our data were derived from a single semester of an online
course discussion forum. The small sample of students (n=70) limits the generalizability of the study. Another limitation
is that a substantive content analysis of the discussion posts was not undertaken. We only considered asking for help or
not, and more specific coding of the content may reveal more about why help-seeking was linked to improvement.
Furthermore, this study does not utilize self-reports to understand larger contextual factors (relevant to UR-STEM
students), social and cognitive presence (from the community of inquiry model [58]) or sense of community [14,52],

which could prove useful to triangulating results from the discussion forum data.

4.3 Implications and Conclusions

This study took advantage of a methodological approach—social network analysis and learning analytics—for capturing
and understanding the socio-cognitive learning experiences of traditionally underrepresented students in STEM. In
particular, utilizing a learning analytic approach to explore discussion forum data from an online STEM course, we

capitalized on social network analysis to capture learner interactions. Our results revealed that help-seeking was a
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significant contributor to course improvement (i.e., evidence of learning), but we did not find evidence that the frequency
of forum posts and connectivity were related to improvement in the course.

Our results imply that educators should emphasize asking for help in online discussion forums so that students will
do this instead of struggling. Perhaps more educators should require engagement in discussion forums because of the
benefits noted in this report. Furthermore, we hope that instructors include recommendations for using discussion
forums and how to use them in their course syllabi and in online learning resources to build technology-and-online
learning literacy.

Moving forward, we suggest that future work in learning analytics can compare absolute performance (e.g., final
grade) in addition to improvement to provide a nuanced understanding of learning outcomes. Analyzing improvement
alongside absolute performance is useful for capturing a full picture of learners’ growth in a course, where final grade
alone does not always reflect knowledge gained.

An implication for research is that it is important to continue to investigate how help-seeking supports learning
outcomes, especially for students who are underrepresented in the courses they are taking. Understanding how this
particular—and potentially other—self-regulated learning strategies impact learners in online courses may shed [15,61]

light on the general and unique benefits and constraints of learning in the online space.
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