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ABSTRACT OF THE DISSERTATION

Technology in the Classroom: The Affordances of Web 2.0 Applications to Enhance Social

Connections in STEM Courses

By
Michael Leo
Doctor of Philosophy in Education
University of California, Irvine, 2021

Professor Penelope Collins, Chair

STEM skills such as scientific literacy are essential to being a good citizen who is well
informed in the modern informational, technological era. However, most students show little
growth in their scientific knowledge throughout their college education. This dissertation
aims to examine how STEM education can be improved by applying motivation theory, with
an emphasis on the social component, and web 2.0 technologies. Through three studies,
different technology applications are implemented across different modes of instruction from
face-to-face to online to examine the efficacy of these tools for enhancing student
engagement and motivation. Study one integrated Google Documents with collaborative
problem based learning in an university science course. Students writing and collaboration
techniques were examined with computational linguistic and discourse software and results
revealed that the equality of contributions between students were linked to greater science
vocabulary use and analytical thinking. Study two applied a voluntary social media
application, Facebook Messenger, to a general education science course with weekly text

prompts from the instructor. Students reported enjoyment of this supplemental
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communications tool and engaged with it extensively. Student’s type of engagement, social
interactions, within the application was predictive of course achievement. Finally, the third
study utilized Google Hangouts as a voluntary resource for students in an online science
course. Students demonstrated lower engagement with this application and reported using
other social media tools. Both students’ sense of belongingness and their use of an additional
social media application were predictive of self-efficacy in the course, which served as a
mediator for course achievement. The affordances and implications of the addition of these
different web 2.0 applications and how they can best be leveraged in the STEM classroom

are discussed further in this dissertation.
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CHAPTER 1

Introduction

Science, technology, engineering, and mathematics (STEM) occupations are projected
to grow 9% annually through 2024 (Noonan, 2017). STEM knowledge is increasingly
essential for students in the information age, as STEM degree holders earn a 12% premium
compared to non-STEM degree holders (Noonan, 2017). Furthermore, studies have shown
that STEM graduates have a distinct advantage in securing full-time employment (Y. Xu,
2015; Y. J. Xu, 2013). In addition to employment benefits, STEM skills such as scientific
literacy are essential to being a good citizen who is well informed in the modern
informational, technological era (Rodriguez Espinosa, 2005). Scientific literacy skills are
necessary to critically analyze and understand science content found in the media and
everyday life (Miller, 2010). However, most adults learn the majority of their scientific
knowledge after they complete their formal schooling (Miller, 2010). This is concerning
since general education science courses focused on scientific literacy have been shown to be
an effective educational source for students (Hobson, 2008). Thus, there should be a greater
focus on enhancing science knowledge through general education STEM courses.

Despite the importance of scientific knowledge, students lack the necessary
proficiency in this area both in the K-12 school system and at the post-secondary level.
According to the NAEP, over 60% of fourth and eighth-grade students scored below
proficient in science, which increased to over 70% of twelfth-grade students. The NAEP
results revealed that science scores for fourth and eighth-graders have marginally increased
from 2009 to 2015, while there were no improvements for twelfth-grade students.

This trend of poor science performance continues beyond K-12 at the university level
as well. First-year college students tend to enter college with a limited understanding of

science's nature, showing high levels of belief in pseudoscience (Impey, Buxner, Antonellis,



13

Johnson & King, 2011). Approximately 18% of students graduate with a STEM degree and
non-STEM majors only exposure to science is through the few general education classes they
are required to take (NCES, 2019). Thus, the majority of undergraduates show little growth in
crucial areas, including critical thinking skills and scientific literacy during their academic
journey (Arum & Roksa, 2011; Impey, 2013).

For most undergraduate students, who are not STEM majors, the limited growth in
scientific literacy is coupled with negative attitudes and beliefs regarding the value of science
(Lytle & Shin, 2020; Uzpen, Houseal, Slater, & Nuhfer, 2019). These negative values are
important to address as they can impact student motivation. According to the expectancy-
value theory, how much students value learning a topic is a significant predictor of whether
they will study it and perform in that subject area (Wigfield & Eccles, 2000). Thus, students
with negative attitudes about STEM are less likely to apply scientific knowledge and
reasoning in their day-to-day lives. Similarly, the expectancy-value theory posits that factors
such as social connectedness can impact student motivation (M. Te Wang & Eccles, 2012).
That is, students who develop rapport and social ties with their instructors and peers are more
likely to be motivated to engage with coursework. Web 2.0 tools such as social media and
Google docs have shown promise in improving students' social connectedness (Ractham,
Kaewkitipong, & Firpo, 2012; D. Wang, Olson, Zhang, Nguyen, & Olson, 2015Db).

STEM learning is essential for both career prospects as well as being a well-prepared
citizen. Given the importance of scientific knowledge and the lack of student proficiency in
the area, it is critical to address approaches to enhance student learning for STEM majors and
non-STEM majors taking general education courses. Given the importance of STEM, this
dissertation aims to examine how STEM education can be improved by applying motivation

theory and the use of technology.
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Motivation in STEM

There is a large body of research on instructional interventions focused on the
cognition and learning science approach. However, student engagement is a critical
component to consider as well in their development. Student engagement has been shown to
be influenced by motivational factors (Murphy, MacDonald, Wang, & Danaia, 2019). The
main motivational theory this dissertation will focus on is the Eccles expectancy-value
theory, which comprises three components: psychological, biological, and socialization
(Wigfield & Eccles, 2000). The psychological component encompasses competency beliefs,
goals, interests, and values regarding the task. The biological component covers genetic and
hormonal influences on the psychological components. The socialization component includes
social, cultural, and contextual influences on self-beliefs and values. This dissertation will
focus on the psychological and social components within the theory. Competency beliefs will
be operationalized through self-efficacy and value measures while the social influences
components will be measured through collaboration and sense of belongingness.

Extant research has shown that motivational beliefs as measured by value and self-
efficacy predicted STEM achievement which in turn predicted future STEM and college
outcomes (Fong & Kremer, 2020). Furthermore, these motivational measures were also
predictive of STEM persistence (Andersen & Ward, 2014). Social connections are important
for increasing students' motivational beliefs and engagement as well (Master, Cheryan, &
Meltzoff, 2017). A person's sense of belonging within a group or field can create socially
shared goals around a task and lead to higher achievement motivation (Walton, Cohen, Cwir,

& Spencer, 2012).

Social Connections
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Considering the importance of motivation to STEM engagement among students and
the role that social components play in motivation, this study focused on fostering social
connections among students. Social connections between peers and faculty in STEM are
vital, considering that in a retrospective study, students reported the leading cause for STEM
attrition was a sense of social isolation and loneliness (Heilbronner, 2011). Furthermore,
students reported feelings of hostility and an unwelcoming environment in the STEM fields
(Correll, Seymour, & Hewitt, 1997). These negative feelings have consequences. Research
has found links between the strength of student connections with their instructor and their
academic outcomes and their sense of self-efficacy within the course (Micari & Pazos, 2012).
Thus, placing a greater focus on developing nurturing and positive relationships between
faculty and students is important to enhancing STEM retention and learning outcomes for
students (Christe, 2013).

The importance of social connectedness includes factors such as a sense of
belongingness, which were important for persistence in STEM among first-generation
students (Dika & D'Amico, 2016). More specifically, students' sense of belongingness within
their STEM classes was strongly associated with positive emotional engagement in STEM
courses. Furthermore, a sense of belongingness was found to work in conjunction with self-
efficacy to contribute to engagement in STEM (D. Wilson et al., 2015). This is supported by
other research highlighting the importance of social relationships in the classroom that
contribute to higher self-efficacy in STEM (Starobin, Smith, & Santos Laanan, 2016). This
sense of belongingness is particularly important for retaining women in STEM (Hilts, Part, &
Bernacki, 2018). Contact with classmates also impacted self-efficacy and further supports the
importance of socialization within the STEM classroom. Social activities such as mentorship,
student organization participation, and peer support have been linked to higher perseverance

rates in STEM for underrepresented minorities (Lancaster & Xu, 2017). Interventions
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focused on enhancing social relationships in courses have been shown to be effective at
improving STEM persistence (Turetsky, Purdie-Greenaway, Cook, Curley, & Cohen, 2020).
Thus, the literature supports that students' social connections and sense of belongingness

promote STEM achievement and persistence.

Much of the research has focused on increasing student connectedness in face-to-face
contexts (Christe, 2013; Correll et al., 1997; Heilbronner, 2011; Micari & Pazos, 2012).
However, with the rise of online courses, it is more important than ever to examine effective
approaches to increasing social connectedness since the lack of interaction further alienates
students (Jaggars & Xu, 2016). This is evident because students who attend online courses
are more likely to drop out, citing social isolation as a primary factor (Ali & T Smith, 2015).
Studies have also found that merely living off-campus can increase social isolation and
decrease students' social connectedness (Irani, 2014). Considering that most distance learners
are off-campus, they are likely to have a lower social connectedness. This sense of social
isolation may be overcome through various approaches, such as increasing the frequency of
online discussion forums (Breitenbach, 2019). Although students cannot rely on non-verbal
cues to socialize online, they still rely on their socialization processes by attempting to be
personable by revealing personal details even without direction (Lebie, Rhoades, & Mcgrath,
1995; Richardson & Swan, 2003). Furthermore, when instructors encourage social
connections with pedagogical approaches such as group work, students can form social
groups and assign roles effectively, increasing their social connectedness (Heinze & Procter,
2006). Thus, enhancing students' social connectedness is important. A powerful tool for
connecting students online is through various Web 2.0 technologies, including collaborative

and social media applications.
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Utilizing Technology To Increase Social Connections

Undergraduate students utilize various technological tools that differ based on the
audience they are contacting (Palmer & Boniek, 2014). Technological tools can be leveraged
to create a sense of community within the academic realm as well. Web 2.0 tools such as
Google docs, Twitter, blogs, and wikis have been utilized to generate more social
connections within a classroom (Abdelmalak, 2015). The adoption of social media within
academia as a supplemental communication and learning resource has been growing (C. D.
Wilson, 2013). Integrating social media into the classroom has been shown to enhance
student motivation and support greater problem-solving amongst students (Mondahl &
Razmerita, 2014; Yunus, Salehi, & Chenzi, 2012). Social media applications such as
Facebook have enhanced the undergraduate experience by increasing their sense of
belongingness (McGuckin & Mareesealey, 2013). Additionally, interventions have been
developed to utilize social applications such as Twitter to create an online community in class
to develop a greater sense of belongingness among students (Friess & Lam, 2018).
Furthermore, Twitter use in a medical school neuroanatomy course boosted student morale
and provided a support network for students (Hennessy, Kirkpatrick, Smith, & Border, 2016).
The benefits of academic Facebook use among students, such as increased interaction and
communication with students, improved social relationships, and increased participation, lead
to higher student motivation (Lam, 2012). In addition to enhancing students' motivation and
social connections, social media tools can effectively improve academic outcomes when
integrated into the classroom (Guo, Shen, & Li, 2018).

Another approach to enhancing social connections involves collaborative activities.
Collaboration through Google Docs as an online database has been documented to promote a
complex variety of dimensions of social interactions that range from externalization, rapid

consensus, integrative consensus, initiative, and consensus through conflict. Furthermore,
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Google docs helps facilitate more peer-to-peer and peer-to-instructor interactions and leads to
enhanced collaboration (Ishtaiwa & Aburezeq, 2015). Additionally, integrating technology
such as Google docs is helpful for knowledge co-construction and leads to greater
motivation, enjoyment of learning, and learning outcomes (Liu & Lan, 2016). Google docs
carries other affordances as well, that include increasing students' writing quality, enabling
students to collect their thoughts when working with peers, working directly with peers, or
working independently on a section while others worked together (Blau & Caspi, 2009; Jung,
Lim, & Kim, 2017). There is a variety of ways to leverage Web 2.0 technologies to enhance
social connections and student learning. This dissertation aims to enhance the existing
knowledge base around STEM education by examining the utility of technology-based tools
for enhancing social connections.

Dissertation Goals

This dissertation will examine the integration of Web 2.0 technologies to enhance
student motivation by increasing social connectedness. Because a sense of social isolation
was a significant factor leading to STEM attrition (Heilbronner, 2011), a greater emphasis on
social connections was placed in all three studies.

Study 1. The first study, Science Writing in Groups: A Quantitative Study of Student
Collaboration and Learning, examined the features of science writing by undergraduate
upper-division students who are science majors working in a collaborative environment using
Google Docs. The study occurred in a face-to-face course and utilized problem-based
learning in conjunction with Google Docs as a collaborative technological element. Students
were assigned into groups and given six problem based essay assignments based on various
diseases taught throughout the quarter. Each group worked collaboratively on their essays
through Google docs. Three computational tools were used to analyze each writing sample,

the Linguistic Inquiry and Word Count (LIWC2015; Pennebaker, Boyd, Jordan, &
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Blackburn, 2015), Coh-Metrix 3.0 (Graesser, McNamara, & Kulikowich, 2011; McNamara,
Graesser, McCarthy, & Cai, 2014) and Docuviz (D. Wang, Olson, Zhang, Nguyen, & Olson,
2015a). Measures of writing volume, writing quality, and collaboration were derived. The
following measures were derived using the Linguistic Inquiry and Word Count (LIWC2015;
Pennebaker, Boyd, Jordan, & Blackburn, 2015) and Coh-Metrix 3.0 software. Our research
questions and findings were as follows:
1. What are the most common strategies of collaboration used among undergraduate
biology students in their writing? Students employed a parallel construction approach
and divided the work amongst members to form a finalized product.
2. How do students’ writing change as they progress through the academic term?
Students’ use of science vocabulary content and complex grammatical structures grew
over the course of the term, while their writing volume and use of formal language
did not.
3. Are strategies of collaboration predictive of writing content (science vocabulary, word
concreteness, analytical thinking, etc.)? The equality of contributions among group
members predicted their use of science vocabulary and analytical thinking in their
essays.
This study demonstrated that increasing social connectedness through improving
collaboration could lead to enhanced scientific literacy. In addition to Google docs,
supplementary social media communications tools were studied because they offered a means
of providing students a forum to socially engage with each other and the instructor
(Dougherty & Andercheck, 2014; Isaacson, 2013).

Study 2. The second study, Facebook Messenger: An Environment for Enhancing
Student Socialization and Interaction within a University STEM Course, examined an

undergraduate general education science course utilizing Facebook Messenger as a
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supplemental communications resource. This study occurred in a blended learning
environment and revealed the utility of social media applications to fostering an online social
community. Students voluntarily joined a Facebook Messenger group that the instructor
created for the course. The instructor sent three content related texts out of class time per
week starting the second week of class until the final week. Students were free to interact
with each other as well as pose questions to the instructor. All other aspects occurred with a
business as usual format.

Our research questions and findings were as follows:

1. What are the students’ experiences regarding the intervention (i.e., did they find it
useful, enjoyable, change their views)? We found that students generally enjoyed
using Facebook Messenger, felt a greater sense of belonging from using the app,
and felt increased motivation for the course.

2. For those who engaged with Facebook Messenger, did it affect their achievement?
Enrollment in the intervention or frequency of posting did not alter student
achievement in the course.

3. How does the type of interaction within Facebook Messenger influence outcomes
(grades) and student experiences? Student interactions were analyzed and results
revealed that the frequency of social posts on Facebook messenger were
predictive of course achievement. Other types of posts discussing deadlines,
logistics, and even course content did not predict outcomes. This study
emphasized the association between socialization and achievement.

Study 3. Integrating Google Hangouts in an Online Science Course, the third study

sought to measure student motivation, engagement, and social connections directly. It
examined an undergraduate general education science course utilizing Google Hangouts as a

supplemental communications resource. It explored the effects of utilizing Google Hangouts
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on student achievement, self-efficacy, sense of belonging, and value of STEM. This study
was conducted during the emergency transition to online-only instruction during Covid-19.
Similar to the Facebook messenger study, students voluntarily joined a Google Hangouts
group that the instructor created for the course. The instructor sent students a total of three
course content related messages per week for 9 weeks in the course to stimulate discussions.
Students were free to interact with each other as well as pose questions to the instructor. All
other aspects occurred with a business as usual format and this was the same course as that
from the Facebook Messenger study but during a different academic year.

Our research questions and findings were as follows:

1: In addition to Canvas, do students engage with the course through social media
applications, and how? We specifically examined the instructor-led Google Hangouts app
and any student-led social media applications that developed organically. Results differed
greatly from the Facebook Messenger study with much lower rates of participation. Google
Hangouts had a 67% enrollment rate compared to the 82% enrollment rate in the Facebook
Messenger study. 49% of the students reported interacting with Google Hangouts or another
social media application during the course. Additionally, 25% of all students made at least

one post in the Google Hangouts group.

2: Does engaging with social media apps contribute to students’ efficacy, sense of
belonging, value of STEM, and achievement? Post frequency and type of posts were
unassociated with course outcomes. Results revealed that students' self-efficacy were
predictive of course achievement while values did not. Additionally, students' sense of
belongingness and whether they used an additional social messaging app, which may not

have been Google Hangouts, was predictive of their self-efficacy in the course. This study
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demonstrated that the affordances of the type of technologies used are important to consider

in order to effectively promote social connections and student motivation.

Structure of the Dissertation

Each study within this dissertation will be presented as a separate manuscript in turn.
The three studies have study-specific literature reviews, research questions, methods,
discussions, and conclusions. I will end the dissertation by discussing the overarching
conclusion that summarizes and includes the significance of the three studies and

implications for future research.

References:

Abdelmalak, M. M. M. (2015). Web 2.0 technologies and building online learning
communities: Students’ perspectives. Journal of Asynchronous Learning Network,
19(2). https://doi.org/10.24059/01j.v19i2.413

Akgiindiiz, D., & Akinoglu, O. (2017). The impact of blended learning and social media-
supported learning on the academic success and motivation of the students in science
education. Egitim ve Bilim, 42(191), 69-90. https://doi.org/10.15390/EB.2017.6444

Al-Emran, M., & Malik, S. I. (2016). The impact of google apps at work: Higher educational
perspective. International Journal of Interactive Mobile Technologies, 10(4).
https://doi.org/10.3991/ijim.v10i4.6181

Al-Rahmi, W. M., Othman, M. S., Yusof, L. M., & Musa, M. A. (2015). Using social media
as a tool for improving academic performance through collaborative learning in
Malaysian higher education. Review of European Studies, 7(3), 265-275.
https://doi.org/10.5539/res.v7n3p265

Ali, A., & T Smith, D. (2015). Comparing Social Isolation Effects on Students Attrition in



23

Online Versus Face-to-Face Courses in Computer Literacy. Issues in Informing Science
and Information Technology, 12. https://doi.org/10.28945/2258

Allen, J., Robbins, S. B., Casillas, A., & Oh, 1. S. (2008). Third-year college retention and
transfer: Effects of academic performance, motivation, and social connectedness.
Research in Higher Education. https://doi.org/10.1007/s11162-008-9098-3

Allen, K., Kern, M. L., Vella-Brodrick, D., Hattie, J., & Waters, L. (2018). What Schools
Need to Know About Fostering School Belonging: a Meta-analysis. Educational
Psychology Review. https://doi.org/10.1007/s10648-016-9389-8

Almoayad, F., Almuwais, A., Algabbani, S. F., & Benajiba, N. (2020). Health professional
students’ perceptions and experiences of remote learning during the COVID-19
pandemic. International Journal of Learning, Teaching and Educational Research,
19(8). https://doi.org/10.26803/ijlter.19.8.17

Almusharraf, N. M., & Khahro, S. H. (2020). Students’ Satisfaction with Online Learning
Experiences during the COVID-19 Pandemic. International Journal of Emerging
Technologies in Learning, 15(21). https://doi.org/10.3991/ijet.v15i21.15647

Alwagait, E., Shahzad, B., & Alim, S. (2015). Impact of social media usage on students
academic performance in Saudi Arabia. Computers in Human Behavior, 51, 1092—1097.
https://doi.org/10.1016/j.chb.2014.09.028

Andersen, L., & Ward, T. J. (2014). Expectancy-value models for the STEM persistence
plans of ninth-grade, high-ability students: A comparison between black, hispanic, and
white students. Science Education, 98(2). https://doi.org/10.1002/sce.21092

Anderson, M., & Smith, A. (2018). Social Media Use in 2021. Pew Research Center, (April).

Anmarkrud, @., Braten, 1., & Stromsg, H. 1. (2014). Multiple-documents literacy: Strategic
processing, source awareness, and argumentation when reading multiple conflicting

documents. Learning and Individual Differences, 30, 64-76.



24

https://doi.org/10.1016/j.1indif.2013.01.007

Applebee, A. N. (2008). Writing and Reasoning. Review of Educational Research, 54(4),
577-596. https://doi.org/10.3102/00346543054004577

Arum, R., & Roksa, J. (2011). Are Undergraduates Actually Learning Anything? Chronicle
of Higher Education, 57(21).

Aschbacher, P. R., Li, E., & Roth, E. J. (2010). Is Science Me? High School Students’
Identities, Participation and Aspirations in Science, Engineering, and Medicine. Journal
of Research in Science Teaching, 47(5), 564—582. https://doi.org/10.1002/tea.20353

Aubry, J. (2013). Facebook-Induced Motivation Shifts in a French Online Course.
TechTrends, 57(6), 81-87. https://doi.org/10.1007/s11528-013-0705-6

Bangert-Drowns, R. L., Hurley, M. M., & Wilkinson, B. (2004). The Effects of School-Based
Writing-to-Learn Interventions on Academic Achievement: A Meta-Analysis. Review of
Educational Research, 74(1), 29-58. https://doi.org/10.3102/00346543074001029

Biria, R., & Jafari, S. (2013). The Impact of Collaborative Writing on the Writing Fluency of
Iranian EFL Learners. Journal of Language Teaching and Research, 4(1).
https://doi.org/10.4304/jltr.4.1.164-175

Blau, 1., & Caspi, A. (2009). What Type of Collaboration Helps ? Psychological Ownership ,
Perceived Learning and Outcome Quality of Collaboration Using Google Docs. Quality.

Borsuk, E. R. (2010). Examination of an administrator-read vocabulary-matching measure as
an indicator of science achievement. Assessment for Effective Intervention, 35(3), 168—
177. https://doi.org/10.1177/1534508410372081

Bowman, N. D., & Akcaoglu, M. (2014). “I see smart people!”’: Using Facebook to
supplement cognitive and affective learning in the university mass lecture. The Internet
and Higher Education, 23, 1-8. https://doi.org/10.1016/j.itheduc.2014.05.003

Breitenbach, E. (2019). Evaluating a model to increase doctorate program completion rates:



25

A focus on social connectedness and structure. International Journal of Doctoral
Studies, 14. https://doi.org/10.28945/4239

Bunch, G. C., Kibler, A., & Pimentel, S. (2012). Realizing opportunities for english learners
in the common core english language arts and disciplinary literacy standards. In
Understanding Language (pp. 1-16). https://doi.org/10.1017/CB0O9781107415324.004

Cameron, J. E. (2004). A Three-Factor Model of Social Identity. Self and Identity, 3(3).
https://doi.org/10.1080/13576500444000047

Carceller, C., Dawson, S., & Lockyer, L. (2013). Improving academic outcomes: Does
participating in online discussion forums payoff? International Journal of Technology
Enhanced Learning, 5(2). https://doi.org/10.1504/1JTEL.2013.059087

Cavus, N., & Ibrahim, D. (2009). M-Learning: An experiment in using SMS to support
learning new English language words. British Journal of Educational Technology,
40(1), 78-91. https://doi.org/10.1111/j.1467-8535.2007.00801.x

Chang, B., & Kang, H. (2016). Challenges facing group work online. Distance Education,
37(1). https://doi.org/10.1080/01587919.2016.1154781

Chen, X. (2014). STEM attrition: College students’ paths into and out of STEM fields. In
Attrition in Science, Technology, Engineering, and Mathematics (STEM) Education:
Data and Analysis (pp. 1-96).

Chen, Y. C., Hand, B., & Mcdowell, L. (2013). The effects of writing-to-learn activities on
elementary students’ conceptual understanding: Learning about force and motion
through writing to older peers. Science Education, 97(5), 745-771.
https://doi.org/10.1002/sce.21067

Chirikov, I., Soria, K. M., Horgos, B., & Org, E. (2020). Undergraduate and Graduate
Students’ Mental Health During the COVID-19 Pandemic . SERU Consortium,

University of California .



26

Christe, B. (2013). The Importance of Faculty-Student Connections in STEM Disciplines: A
Literature Review. Journal of STEM Education : Innovations and Research, 14(3).

Chung, T. M., & Nation, P. (2004). Identifying technical vocabulary. System, 32(2), 251-263.
https://doi.org/10.1016/j.system.2003.11.008

Correll, S. J., Seymour, E., & Hewitt, N. M. (1997). Talking about Leaving: Why
Undergraduates Leave the Sciences. Contemporary Sociology, 26(5).
https://doi.org/10.2307/2655673

Cuesta, M., Eklund, M., Rydin, I., & Witt, A. K. (2016). Using Facebook as a co-learning
community in higher education. Learning, Media and Technology.
https://doi.org/10.1080/17439884.2015.1064952

Cumming, A., Lai, C., & Cho, H. (2016). Students’ writing from sources for academic
purposes: A synthesis of recent research. Journal of English for Academic Purposes, 23,
47-58. https://doi.org/10.1016/j.jeap.2016.06.002

De-Marcos, L., Hilera, J. R., Barchino, R., Jiménez, L., Martinez, J. J., Gutiérrez, J. A., ...
Oton, S. (2010). An experiment for improving students performance in secondary and
tertiary education by means of m-learning auto-assessment. Computers and Education,
55(3), 1069-1079. https://doi.org/10.1016/j.compedu.2010.05.003

DiBenedetto, M. K., & Bembenutty, H. (2013). Within the pipeline: Self-regulated learning,
self-efficacy, and socialization among college students in science courses. Learning and
Individual Differences, 23(1). https://doi.org/10.1016/j.1indif.2012.09.015

Dika, S. L., & D’Amico, M. M. (2016). Early experiences and integration in the persistence
of first-generation college students in STEM and non-STEM majors. Journal of
Research in Science Teaching, 53(3). https://doi.org/10.1002/tea.21301

Dooley, K. E., & Wickersham, L. E. (2007). Distraction, domination, and disconnection in

whole-class online discussions. The Quarterly Review of Distance Education, 8(979).



27

Dougherty, K. D., & Andercheck, B. (2014). Using Facebook to Engage Learners in a Large
Introductory Course. Teaching Sociology, 42(2), 95-104.
https://doi.org/10.1177/0092055X14521022

Dunlosky, J., Rawson, K. A., Marsh, E. J., Nathan, M. J., & Willingham, D. T. (2013).
Improving Students’ Learning With Effective Learning Techniques: Promising
Directions From Cognitive and Educational Psychology. Psychological Science in the
Public Interest, 14(1), 4-58. https://doi.org/10.1177/1529100612453266

Eccles, J. S. (2013). Schools, Academic Motivation, and Stage-Environment Fit. In
Handbook of Adolescent Psychology: Second Edition.
https://doi.org/10.1002/9780471726746.ch5

Eccles, J. S., & Wigfield, A. (2020). From expectancy-value theory to situated expectancy-
value theory: A developmental, social cognitive, and sociocultural perspective on
motivation. Contemporary Educational Psychology, 61.
https://doi.org/10.1016/j.cedpsych.2020.101859

Else-Quest, N. M., Mineo, C. C., & Higgins, A. (2013). Math and Science Attitudes and
Achievement at the Intersection of Gender and Ethnicity. Psychology of Women
Quarterly, 37(3), 293-309. https://doi.org/10.1177/0361684313480694

Enderson, M. C., & Ritz, J. (2016). STEM in General Education: Does Mathematics
Competence Influence Course Selection. The Journal of Technology Studies, 42(1).
https://doi.org/10.21061/jots.v42il.a.3

Espin, C. A., Busch, T. W., Lembke, E. S., Hampton, D. D., Seo, K., & Zukowski, B. A.
(2013). Curriculum-based measurement in science learning: Vocabulary-matching as an
indicator of performance and progress. Assessment for Effective Intervention, 38(4),
203-213. https://doi.org/10.1177/1534508413489724

Evans, C. (2014). Twitter for teaching: Can social media be used to enhance the process of



28

learning? British Journal of Educational Technology, 45(5), 902-915.
https://doi.org/10.1111/bjet.12099

Fang, Z. (2005). Scientific literacy: A systemic functional linguistics perspective. Science
Education, 89(2), 335-347. https://doi.org/10.1002/sce.20050

Farrell, L. C., Jorgenson, D., Fudge, J., & Pritchard, A. (2018). College Connectedness: The
Student Perspective. Journal of the Scholarship of Teaching and Learning, 18(1).
https://doi.org/10.14434/josotl.v18i1.22371

Flanigan, K., Templeton, S., & Hayes, L. (2012). What’s in a word? Using content
vocabulary to generate growth in general academic vocabulary knowledge. Journal of
Adolescent and Adult Literacy, 56(2), 132—140. https://doi.org/10.1002/JAAL.00114

Fogg, B. J. (2003). Using computers to change what we think and do. In Persuasive
Technology (Vol. 5, pp. 89—120). https://doi.org/10.1016/j.amepre.2008.09.040

Fong, C. J., & Kremer, K. P. (2020). An Expectancy-Value Approach to Math
Underachievement: Examining High School Achievement, College Attendance, and
STEM Interest. Gifted Child Quarterly, 64(2), 67-84.
https://doi.org/10.1177/0016986219890599

Fransen, J., Kirschner, P. A., & Erkens, G. (2011). Mediating team effectiveness in the
context of collaborative learning: The importance of team and task awareness.
Computers in Human Behavior, 27(3), 1103—-1113.
https://doi.org/10.1016/j.chb.2010.05.017

Friedlander, L. J., Reid, G. J., Shupak, N., & Cribbie, R. (2007). Social support, self-esteem,
and stress as predictors of adjustment to university among first-year undergraduates.
Journal of College Student Development, 48(3). https://doi.org/10.1353/csd.2007.0024

Friess, E., & Lam, C. (2018). Cultivating a Sense of Belonging: Using Twitter to Establish a

Community in an Introductory Technical Communication Classroom. Technical



29

Communication Quarterly, 27(4), 343-361.
https://doi.org/10.1080/10572252.2018.1520435
Goh, T. T., Seet, B. C., & Chen, N. S. (2012). The impact of persuasive SMS on students’
self-regulated learning. In British Journal of Educational Technology (Vol. 43, pp. 624—
640). https://doi.org/10.1111/j.1467-8535.2011.01236.x
Guo, R., Shen, Y., & Li, L. (2018). Using Social Media to Improve Student-Instructor
Communication in an Online Learning Environment. INTERNATIONAL JOURNAL OF
INFORMATION AND COMMUNICATION TECHNOLOGY EDUCATION, 14(1), 33—
43. Retrieved from http://dx.doi.org/10.4018/1JICTE.2018010103
Hand, B., & Prain, V. (2002). Teachers Implementing Writing-To-Learn Strategies in Junior
Secondary Science: A Case Study. Science Education, 86(6), 737-755.
https://doi.org/10.1002/sce.10016
Hand, B., Yang, O. E. M., & Bruxvoort, C. (2007). Using writing-to-learn science strategies
to improve year 11 students’ understandings of stoichiometry. International Journal of
Science and Mathematics Education, 5(1), 125-143. https://doi.org/10.1007/s10763-

005-9028-1

Hart, Peter D., Research Associates, 1. (2006). How Should Colleges Prepare Students to

Succeed in Today’s Economy.

Hashim, H., Chong, D., Er, H. M., Deb, P. K., Wong, P. S., Lee, M. S, ... Lee, E. L. (2017).
Evaluation on Students Perception on Live Online Virtual e-Problem Based Learning
(LOVE-PBL) by using Google Hangouts. Education in Medicine Journal, 9(4).
https://doi.org/10.5959/eimj.v9i4.545

Haswell, R. H. (2000). Documenting improvement in college writing a longitudinal
approach. Written Communication, 17(3), 307-352.

https://doi.org/10.1177/0741088300017003001



30

He, J., & Huang, X. (2017). Collaborative Online Teamwork: Exploring Students’
Satisfaction and Attitudes with Google Hangouts as a Supplementary Communication
Tool. Journal of Research on Technology in Education, 49(3-4).
https://doi.org/10.1080/15391523.2017.1327334

Heilbronner, N. N. (2011). Stepping onto the STEM pathway: Factors affecting talented
students’ declaration of STEM majors in college. Journal for the Education of the
Gifted, 34(6). https://doi.org/10.1177/0162353211425100

Heinze, A., & Procter, C. (2006). Online Communication and Information Technology
Education. In Proceedings of the 2006 InSITE Conference.
https://doi.org/10.28945/2991

Hennessy, C. M., Kirkpatrick, E., Smith, C. F., & Border, S. (2016). Social media and
anatomy education: Using twitter to enhance the student learning experience in
anatomy. Anatomical Sciences Education, 9(6), 505-515.
https://doi.org/10.1002/ase.1610

Hilts, A., Part, R., & Bernacki, M. L. (2018). The roles of social influences on student
competence, relatedness, achievement, and retention in STEM. Science Education,
102(4), 744-770. https://doi.org/10.1002/sce.21449

Hobson, A. (2008). The Surprising Effectiveness of College Scientific Literacy Courses. The
Physics Teacher, 46(7). https://doi.org/10.1119/1.2981285

Hocutt, D. L., & Brown, M. E. (2016). Crossing Wires with Google Apps.: Jumpstarting
Collaborative Composing. Computers & Writing Proceedings. Retrieved from
https://wac.colostate.edu/docs/proceedings/cw2016/hocutt.pdf

Hodson, D. (2003). Time for action: Science education for an alternative future. International
Journal of Science Education, 25(6). https://doi.org/10.1080/09500690305021

Howard, R. M., Serviss, T., & Rodrigue, T. K. (2010). Writing from Sources, Writing from



31

Sentences. Writing & Pedagogy, 2(2). https://doi.org/10.1558/wap.v2i2.177

Hudson, R. F., Lane, H. B., & Mercer, C. D. (2005). Writing prompts: The role of various
priming conditions on the compositional fluency of developing writers. Reading and
Writing. https://doi.org/10.1007/s11145-004-7042-2

Hyseni Duraku, Z., & Hoxha, L. (2018). Self-esteem, study skills, self-concept, social
support, psychological distress, and coping mechanism effects on test anxiety and
academic performance. Health Psychology Open.
https://doi.org/10.1177/2055102918799963

Impey, C. (2013). Science Literacy of Undergraduates in the United States. Organizations,
People and Strategies in Astronomy, 2(2).

Irani, T. A. (2014). Graduate student experiences on- and off-campus: Social connectedness
and perceived isolation. The Journal of Distance Education, 28(1).

Isaacson, K. (2013). An investigation into the affordances of Google Hangouts for possible
use in synchronous online learning environments. Proceedings of World Conference on
Educational Multimedia, Hypermedia and Telecommunications 2013, (1978).

Ishtaiwa, F. F., & Aburezeq, I. M. (2015). The impact of Google Docs on student
collaboration: A UAE case study. Learning, Culture and Social Interaction, 7.
https://doi.org/10.1016/j.1cs1.2015.07.004

Islam, M., Kim, D. A., & Kwon, M. (2020). A comparison of two forms of instruction: Pre-
recorded video lectures vs. live ZOOM lectures for education in the business
management field. Sustainability (Switzerland), 12(19).
https://doi.org/10.3390/su12198149

Jacobsen, W. C., & Forste, R. (2011). The wired generation: academic and social outcomes
of electronic media use among university students. Cyberpsychology, Behavior and

Social Networking, 14(5), 275-280. https://doi.org/10.1089/cyber.2010.0135



32

Jaggars, S. S., & Xu, D. (2016). How do online course design features influence student
performance? Computers and Education, 95.
https://doi.org/10.1016/j.compedu.2016.01.014

Johnson, C. C., Peters-Burton, E. E., & Moore, T. J. (2015). STEM road map. A framework
for integrated STEM education. STEM Road Map: A Framework for Integrated STEM
Education. https://doi.org/10.4324/9781315753157

Johnson, R. T., & Johnson, D. W. (1994). An overview of cooperative learning. In Creativity
and collaborative learning:

Jones, R. W. (2007). Learning and teaching in small groups: Characteristics, benefits,
problems and approaches. Anaesthesia and Intensive Care.

Junco, R., Heiberger, G., & Loken, E. (2011). The effect of Twitter on college student
engagement and grades. Journal of Computer Assisted Learning.
https://doi.org/10.1111/5.1365-2729.2010.00387.x

Junco, Reynol. (2012). Too much face and not enough books: The relationship between
multiple indices of Facebook use and academic performance. Computers in Human
Behavior, 28(1), 187—-198. https://doi.org/10.1016/j.chb.2011.08.026

Junco, Reynol, Elavsky, C. M., & Heiberger, G. (2013). Putting twitter to the test: Assessing
outcomes for student collaboration, engagement and success. British Journal of
Educational Technology. https://doi.org/10.1111/j.1467-8535.2012.01284.x

Jung, Y. W., Lim, Y. K., & Kim, M. S. (2017). Possibilities and limitations of online
document tools for design collaboration: The case of Google Docs. In Proceedings of
the ACM Conference on Computer Supported Cooperative Work, CSCW.
https://doi.org/10.1145/2998181.2998297

Juvonen, J. (2015). Sense of Belonging, Social Bonds, and School Functioning. In Handbook

of Educational Psychology. https://doi.org/10.4324/9780203874790.ch28



33

Kennedy, M. L. (1985). The Composing Process of College Students Writing from Sources.
Written Communication, 2(4), 434-456. https://doi.org/10.1177/0741088385002004006

Kintsch, W. (1988). The use of knowledge in discourse processing: A construction-
integration model. Psychological Review, 95(2), 163—182. https://doi.org/10.1037/0033-
295X.95.2.163

Lam, L. (2012). An innovative research on the usage of Facebook in the higher education
context of Hong Kong. Electronic Journal of E-Learning, 10(4), 378-386.

Lambi¢, D. (2016). Correlation between Facebook use for educational purposes and
academic performance of students. Computers in Human Behavior, 61, 313-320.
https://doi.org/10.1016/j.chb.2016.03.052

Lancaster, C., & Xu, Y. J. (2017). Challenges & supports for African American STEM
student persistence: A case study at a racially diverse four-year institution. Journal of
Negro Education, 86(2). https://doi.org/10.7709/jnegroeducation.86.2.0176

Langdon, D., McKittrick, G., Beede, D., Khan, B., & Doms, M. (2011). STEM: Good Jobs
Now and for the Future. ESA Issue Brief# 03-11. US Department of Commerce, 3(11).

Laserna, M. S. S., & Miguel, M. C. (2018). Social media as a teaching innovation tool for the
promotion of interest and motivation in higher education. In SI/E 2018 - 2018
International Symposium on Computers in Education, Proceedings.
https://doi.org/10.1109/SIIE.2018.8586752

Lave, J. (1988). Cognition in Practice. Cognition in Practice.
https://doi.org/10.1017/cbo9780511609268

Lebie, L., Rhoades, J. A., & Mcgrath, J. E. (1995). Interaction process in computer-mediated
and face-to-face groups. Computer Supported Cooperative Work (CSCW), 4(2).
https://doi.org/10.1007/BF00749744

Lee, E. B. (2015). Too Much Information: Heavy Smartphone and Facebook Utilization by



34

African American Young Adults. Journal of Black Studies, 46(1), 44—61.
https://doi.org/10.1177/0021934714557034

Lee, S., & Roth, W. M. (2003). Science and the “good citizen”: Community-based scientific
literacy. Science Technology and Human Values.
https://doi.org/10.1177/0162243903028003003

Leon, J., Nufiez, J. L., & Liew, J. (2014). Self-determination and STEM education: Effects of
autonomy, motivation, and self-regulated learning on high school math achievement.
Learning and Individual Differences, 43, 156—163.
https://doi.org/10.1016/j.1indif.2015.08.017

Li, Y., & Casanave, C. P. (2012). Two first-year students’ strategies for writing from sources:
Patchwriting or plagiarism? Journal of Second Language Writing, 21(2), 165—180.
https://doi.org/10.1016/j.jslw.2012.03.002

Liu, S. H. J., & Lan, Y. J. (2016). Social constructivist approach to web-based EFL learning:
Collaboration, motivation, and perception on the use of Google Docs. Educational
Technology and Society, 19(1), 171-186. https://doi.org/10.2307/jeductechsoci.19.1.171

Loh, R. C.-Y., & Ang, C.-S. (2020). Unravelling Cooperative Learning in Higher Education.
Research in Social Sciences and Technology, 5(2).
https://doi.org/10.46303/ressat.05.02.2

Lytle, A., & Shin, J. E. (2020). Incremental Beliefs, STEM Efficacy and STEM Interest
Among First-Year Undergraduate Students. Journal of Science Education and
Technology, 29(2). https://doi.org/10.1007/s10956-020-09813-z

M. Gasaymeh, A.-M., & M. Aldalalah, O. (2013). The Impact of Using SMS as Learning
Support Tool on Students’ Learning. International Education Studies, 6(10).
https://doi.org/10.5539/ies.von10p112

Magro, M. J., Ryan, K., Sharp, J. H., & Ryan, S. D. (2013). Investigating ways to use



35

Facebook at the university level: a Delphi study.(Report). Issues in Informing Science &
Information Technology, 10, 295.

Master, A., Cheryan, S., & Meltzoff, A. N. (2017). Social group membership increases
STEM engagement among preschoolers. Developmental Psychology, 53(2).
https://doi.org/10.1037/dev0000195

McDonough, K., De Vleeschauwer, J., & Crawford, W. (2018). Comparing the quality of
collaborative writing, collaborative prewriting, and individual texts in a Thai EFL
context. System, 74, 109—120. https://doi.org/10.1016/j.system.2018.02.010

McGuckin, T. A., & Mareesealey, R. (2013). Integrating facebook into a university cohort to
enhance student sense of belonging: A pilot program in sport and exercise science.
Australian Educational Computing, 28(1).

Means, B., & Neisler, J. (2020). Unmasking Inequality: STEM Course Experience During the
COVID-19 Pandemic. Digital Promise Global, (August).

Melnick, G. A., Kaur, G., & Yu, J. (2011). Social Integration and Academic Outcomes: The
Case of an International Public Policy and Management Program. Journal of Public
Affairs Education, 17(4). https://doi.org/10.1080/15236803.2011.12001662

Mendez, J. P., Le, K., & Cruz, J. D. La. (2014). Integrating Facebook in the classroom:
Pedagogical dilemmas. Journal of Instructional Pedagogies, 1-10. Retrieved from
http://wwwS5.aabri.com/manuscripts/131752.pdf

Mheidly, N., Fares, M. Y., & Fares, J. (2020). Coping With Stress and Burnout Associated
With Telecommunication and Online Learning. Frontiers in Public Health.
https://doi.org/10.3389/fpubh.2020.574969

Micari, M., & Pazos, P. (2012). Connecting to the Professor: Impact of the Student—Faculty
Relationship in a Highly Challenging Course. College Teaching, 60(2).

https://doi.org/10.1080/87567555.2011.627576



36

Miller, J. D. (2010). Chapter 4: Civic Scientific Literacy: The Role of the Media in the
Electronic Era. In Science and the Media.

Mondahl, M., & Razmerita, L. (2014). Social media, collaboration and social learning - A
case-study of foreign language learning. Electronic Journal of E-Learning, 12(4), 339—
352.

Moore, J. C., & Rubbo, L. J. (2012). Scientific reasoning abilities of nonscience majors in
physics-based courses. Physical Review Special Topics - Physics Education Research,
8(1). https://doi.org/10.1103/PhysRevSTPER.8.010106

Murphy, S., MacDonald, A., Wang, C. A., & Danaia, L. (2019). Towards an Understanding
of STEM Engagement: a Review of the Literature on Motivation and Academic
Emotions. Canadian Journal of Science, Mathematics and Technology Education, 19(3).
https://doi.org/10.1007/s42330-019-00054-w

Nadler, R. (2020). Understanding “Zoom fatigue”: Theorizing spatial dynamics as third skins
in computer-mediated communication. Computers and Composition, 58.
https://doi.org/10.1016/j.compcom.2020.102613

NCES. (2019). Indicator 26: STEM Degrees.

Neel, C. G. O., & Fuligni, A. (2013). A Longitudinal Study of School Belonging and
Academic Motivation Across High School. Child Development.
https://doi.org/10.1111/j.1467-8624.2012.01862.x

Nelson, J., & Hayes, J. R. (1988). How the Writing Context Shapes College Students’
Strategies for Writing from Sources. Technical Report No. 16. Berkeley, CA.

Next Generation Science Standards: For States, By States. (2013). Next Generation Science
Standards: For States, By States (Vol. 1-2). https://doi.org/10.17226/18290

Noél, S., & Robert, J. M. (2004). Empirical Study on Collaborative Writing: What Do Co-

authors Do, Use, and Like? Computer Supported Cooperative Work: CSCW: An



37

International Journal. https://doi.org/10.1023/B:COSU.0000014876.96003.be

Noonan, R. (2017). STEM jobs: 2017 update. U.S. Department of Commerce Economics and
Statistics Administration, 1-16. Retrieved from
http://www.esa.doc.gov/sites/default/files/stem-jobs-2017-
update.pdf%250Ahttp://www.esa.gov/reports/stem-jobs-2017-update

O’Hara, K. P., Taylor, A., Newman, W., & Sellen, A. J. (2002). Understanding the
materiality of writing from multiple sources. International Journal of Human Computer
Studies, 56(3), 269-305. https://doi.org/10.1006/ijhc.2001.0525

O’loughlin, M. (1992). Rethinking science education: Beyond piagetian constructivism
toward a sociocultural model of teaching and learning. Journal of Research in Science
Teaching, 29(8), 791-820. https://doi.org/10.1002/tea.3660290805

Oh, J. E., Chan, Y. K., & Kim, K. V. (2020). Social media and e-portfolios: Impacting design
students’ motivation through project-based learning. IAFOR Journal of Education, 8(3).
https://doi.org/10.22492/ije.8.3.03

Okita, S. Y., Bailenson, J., & Schwartz, D. L. (2008). Mere belief in social action improves
complex learning. In Computer-Supported Collaborative Learning Conference, CSCL.

Olesen, M. (2020). Cooperative collaboration in the hybrid space of google docs based group
work. Education Sciences, 10(10). https://doi.org/10.3390/educscil 0100269

Omar, H., Embi, M. A., Md Yunus, M., Yu, L., Kabilan, M. K., Ahmad, N., ... Campus, P.
(2014). Facebook: An online environment for learning of English in institutions of
higher education? The Internet and Higher Education, 4(3), 207-225.
https://doi.org/10.5539/ass.v8n11p67

Onrubia, J., & Engel, A. (2009). Strategies for collaborative writing and phases of knowledge
construction in CSCL environments. Computers and Education, 53(4), 1256—-1265.

https://doi.org/10.1016/j.compedu.2009.06.008



38

P Woodrich, M., & Fan, Y. (2017). Google Docs as a Tool for Collaborative Writing in the
Middle School Classroom. Journal of Information Technology Education: Research, 16,
391-410. https://doi.org/10.28945/3870

Palmer, B., & Boniek, S. (2014). Undergraduates, Technology, and Social Connections.
College Student ..., 48(2).

Pang, H. (2020). Examining associations between university students’ mobile social media
use, online self-presentation, social support and sense of belonging. 4slib Journal of
Information Management, 72(3), 321-338. https://doi.org/10.1108/AJIM-08-2019-0202

Patricia Aguilera-Hermida, A. (2020). College students’ use and acceptance of emergency
online learning due to COVID-19. International Journal of Educational Research Open,
1. https://doi.org/10.1016/].1jedro.2020.100011

Peper, E., & Yang, A. (2021). Beyond Zoom Fatigue: Re-energize Yourself and Improve
Learning. Academia Letters. https://doi.org/10.20935/al257

Perets, E. A., Chabeda, D., Gong, A. Z., Huang, X., Fung, T. S., Ng, K. Y., ... Yan, E. C. Y.
(2020). Impact of the emergency transition to remote teaching on student engagement in
a non-stem undergraduate chemistry course in the time of covid-19. Journal of Chemical
Education, 97(9). https://doi.org/10.1021/acs.jchemed.0c00879

Piller, I., & Ivanic, R. (1999). Writing and Identity: The Discoursal Construction of Identity
in Academic Writing. Language, 75(3), 630. https://doi.org/10.2307/417105

Quitadamo, I. J., & Kurtz, M. J. (2007). Learning to improve: Using writing to increase
critical thinking performance in general education biology. CBE Life Sciences
Education, 6(2), 140—154. https://doi.org/10.1187/cbe.06-11-0203

Ractham, P., & Firpo, D. (2011). Using social networking technology to enhance learning in
higher education: A case study using facebook. In Proceedings of the Annual Hawaii

International Conference on System Sciences. https://doi.org/10.1109/HICSS.2011.479



39

Ractham, P., Kaewkitipong, L., & Firpo, D. (2012). The Use of Facebook in an Introductory
MIS Course: Social Constructivist Learning Environment. Decision Sciences Journal of
Innovative Education, 10(2), 165—188. https://doi.org/10.1111/j.1540-
4609.2011.00337.x

Rambe, P. (2012). Constructive disruptions for effective collaborative learning: Navigating
the affordances of social media for meaningful engagement. Electronic Journal of E-
Learning, 10(1).

Rau, P. L. P., Gao, Q., & Wu, L. M. (2008). Using mobile communication technology in high
school education: Motivation, pressure, and learning performance. Computers and
Education, 50(1). https://doi.org/10.1016/j.compedu.2006.03.008

Revelle, G., Reardon, E., Mays Green, M., Betancourt, J., & Kotler, J. (2007). The Use of
Mobile Phones to Support Children’s Literacy Learning. In Persuasive Technology SE -
31 (Vol. 4744, pp. 253-258). https://doi.org/10.1007/978-3-540-77006-0 31

Reynolds, J. A., Thaiss, C., Katkin, W., & Thompson, R. J. (2012). Writing-to-learn in
undergraduate science education: A community-based, conceptually driven approach.
CBE Life Sciences Education, 11(1), 17-25. https://doi.org/10.1187/cbe.11-08-0064

Richardson, J. C., & Swan, K. (2003). Examining social presence in online courses in relation
to students’ perceived learning and satisfaction. Journal of Asynchronous Learning
Network, 7(1). https://doi.org/10.24059/0lj.v7i1.1864

Rodriguez Espinosa, J. M. (2005). The importance of Scientific literacy in our Society.
Distant Worlds, (“Astrophysics, and how to attract young people into Physics”; Proc.
JENAM 2005).

Rodriguez, F., Rivas, M. J., Matsumura, L. H., Warschauer, M., & Sato, B. K. (2018). How
do students study in STEM courses? Findings from a light-touch intervention and its

relevance for underrepresented students. PLoS ONE, 13(7).



40

https://doi.org/10.1371/journal.pone.0200767

Rosenzweig, E. Q., & Wigfield, A. (2016). STEM Motivation Interventions for Adolescents:
A Promising Start, but Further to Go. Educational Psychologist.
https://doi.org/10.1080/00461520.2016.1154792

Rouet, J. F., Mason, R. A., Perfetti, C. A., & Britt, M. A. (1996). Using Multiple Sources of
Evidence to Reason about History. Journal of Educational Psychology, 88(3), 478-493.
https://doi.org/10.1037/0022-0663.88.3.478

Shanahan, T., & Shanahan, C. (2012). What is disciplinary literacy and why does it matter?
Topics in Language Disorders, 32(1), 7-18.
https://doi.org/10.1097/TLD.0b013e318244557a

Stahl, S. A., Hynd, C. R., Britton, B. K., McNish, M. M., & Bosquet, D. (1996). What
Happens When Students Read Multiple Source Documents in History? Reading
Research Quarterly, 31(4), 430—456. https://doi.org/10.1598/RRQ.31.4.5

Starobin, S. S., Smith, D. J., & Santos Laanan, F. (2016). Deconstructing the Transfer
Student Capital: Intersect between Cultural and Social Capital among Female Transfer
Students in STEM Fields. Community College Journal of Research and Practice,
40(12). https://doi.org/10.1080/10668926.2016.1204964

Starr, C. R., Hunter, L., Dunkin, R., Honig, S., Palomino, R., & Leaper, C. (2020). Engaging
in science practices in classrooms predicts increases in undergraduates’ STEM
motivation, identity, and achievement: A short-term longitudinal study. Journal of
Research in Science Teaching, 57(7), 1093—1118. https://doi.org/10.1002/tea.21623

Storch, N. (2005). Collaborative writing: Product, process, and students’ reflections. Journal
of Second Language Writing, 14(3), 153—173. https://doi.org/10.1016/].jslw.2005.05.002

Suwantarathip, O., & Wichadee, S. (2014). The effects of collaborative writing activity using

Google docs on students’ writing abilities. Turkish Online Journal of Educational



41

Technology, 13(2).

Taboada, A. (2012). Relationships of general vocabulary, science vocabulary, and student
questioning with science comprehension in students with varying levels of English
proficiency. Instructional Science, 40(6), 901-923. https://doi.org/10.1007/s11251-011-
9196-z

Thompson, C. A., Eodice, M., & Tran, P. (2015). Student perceptions of general education
requirements at a large public university: No surprises? Journal of General Education,
64(4). https://doi.org/10.1353/jge.2015.0025

Thornton, P., & Houser, C. (2001). Learning on the Move: Vocabulary Study via Email and
Mobile Phone SMS. Editliborg. Retrieved from
http://www.editlib.org/toc/index.cfm?fuseaction=Reader.PrintAbstract&paper_id=9065

Turetsky, K. M., Purdie-Greenaway, V., Cook, J. E., Curley, J. P., & Cohen, G. L. (2020). A
psychological intervention strengthens students’ peer social networks and promotes
persistence in STEM. Science Advances, 6(45).
https://doi.org/10.1126/SCIADV.ABA9221

Usher, E. L., Golding, J. M., Han, J., Griffiths, C. S., McGavran, M. B., Brown, C. S., &
Sheehan, E. A. (2021). Psychology students’ motivation and learning in response to the
shift to remote instruction during COVID-19. Scholarship of Teaching and Learning in
Psychology. https://doi.org/10.1037/stl0000256

Uzpen, B., Houseal, A. K., Slater, T. F., & Nuhfer, E. B. (2019). Scientific and quantitative
literacy: A comparative study between STEM and non-STEM undergraduates taking
physics. European Journal of Physics, 40(3). https://doi.org/10.1088/1361-6404/ab07d4

Vincent, E. A. (2016). Social media as an avenue to achieving sense of belonging among
college students. VistasOnline.

Vlach, H. A., & Sandhofer, C. M. (2012). Distributing Learning Over Time: The Spacing



42

Effect in Children’s Acquisition and Generalization of Science Concepts. Child
Development. https://doi.org/10.1111/j.1467-8624.2012.01781.x

Vogel, F. R., & Human-Vogel, S. (2016). Academic commitment and self-efficacy as
predictors of academic achievement in additional materials science. Higher Education
Research and Development, 35(6). https://doi.org/10.1080/07294360.2016.1144574

Vygotsky, L. S. (1978). Mind in society. Mind in Society The Development of Higher
Psychological Processes. https://doi.org/(Original manuscripts [ca. 1930-1934])

Walton, G. M., Cohen, G. L., Cwir, D., & Spencer, S. J. (2012). Mere belonging: The power
of social connections. Journal of Personality and Social Psychology, 102(3).
https://doi.org/10.1037/a0025731

Wang, D., Olson, J. S., Zhang, J., Nguyen, T., & Olson, G. M. (2015a). DocuViz: Visualizing
collaborative writing. In Conference on Human Factors in Computing Systems -
Proceedings (Vol. 2015-April, pp. 1865-1874).
https://doi.org/10.1145/2702123.2702517

Wang, D., Olson, J. S., Zhang, J., Nguyen, T., & Olson, G. M. (2015b). How Students
Collaboratively Write using Google Docs. In iConference 2015 Proceedings (pp. 1-5).
Retrieved from http://hdl.handle.net/2142/73736

Wang, M. Te, & Eccles, J. S. (2012). Social Support Matters: Longitudinal Effects of Social
Support on Three Dimensions of School Engagement From Middle to High School.
Child Development, 83(3). https://doi.org/10.1111/j.1467-8624.2012.01745.x

Warshawski, S., Bar-Lev, O., & Barnoy, S. (2019). Role of Academic Self-efficacy and
Social Support on Nursing Students’ Test Anxiety. Nurse Educator.
https://doi.org/10.1097/NNE.0000000000000552

Wentzel, K. R., & Wigfield, A. (1998). Academic and Social Motivational Influences on

Students’ Academic Performance. Educational Psychology Review, 10(2), 155-175.



43

https://doi.org/10.1023/A:1022137619834

Wester, E. R., Walsh, L. L., Arango-Caro, S., & Callis-Duehl, K. L. (2021). Student
Engagement Declines in STEM Undergraduates during COVID-19-Driven Remote
Learning. Journal of Microbiology & Biology Education, 22(1).
https://doi.org/10.1128/jmbe.v22i1.2385

Whittaker, A. L., Howarth, G. S., & Lymn, K. A. (2014). Evaluation of Facebook®© to create
an online learning community in an undergraduate animal science class. Educational
Media International, 51(2), 135-145. https://doi.org/10.1080/09523987.2014.924664

Wichadee, S. (2013). Peer feedback on facebook: The use of social networking websites to
develop writing ability of undergraduate students. Turkish Online Journal of Distance
Education, 14(4), 260-270. https://doi.org/10.17718/TOJDE.25470

Wigfield, a, & Eccles, J. (2000). Expectancy-Value Theory of Achievement Motivation.
Contemporary Educational Psychology, 25(1), 68-81.
https://doi.org/10.1006/ceps.1999.1015

Wiley, J., Steffens, B., Britt, M. A., & Griffin, T. D. (2014). Writing to learn from multiple-
source inquiry activities in history. Studies in Writing.
https://doi.org/10.1163/9789004265011 007

Wiley, J., & Voss, J. F. (1999). Constructing arguments from multiple sources: Tasks that
promote understanding and not just memory for text. Journal of Educational
Psychology, 91(2), 301-311. https://doi.org/10.1037/0022-0663.91.2.301

Wilson, C. D. (2013). Making Connections: Higher Education Meets Social Media. Change:
The Magazine of Higher Learning, 45(4).
https://doi.org/10.1080/00091383.2013.806201

Wilson, D., Jones, D., Bocell, F., Crawford, J., Kim, M. J., Veilleux, N., ... Plett, M. (2015).

Belonging and Academic Engagement Among Undergraduate STEM Students: A Multi-



44

institutional Study. Research in Higher Education, 56(7).
https://doi.org/10.1007/s11162-015-9367-x

Wineburg, S. (1998). Reading Abraham Lincoln: An expert/expert study in the interpretation
of historical texts. Cognitive Science, 22(3), 319-346.
https://doi.org/10.1207/s15516709c0g2203 3

Wise, L., Skues, J., & Williams, B. (2011). Facebook in higher education promotes social but
not academic engagement. In ASCILITE 2011 - The Australasian Society for Computers
in Learning in Tertiary Education.

Woodward-Kron, R. (2008). More than just jargon - the nature and role of specialist language
in learning disciplinary knowledge. Journal of English for Academic Purposes, 7(4),
234-249. https://doi.org/10.1016/j.jeap.2008.10.004

Xu, Y. (2015). Focusing on Women in STEM: A Longitudinal Examination of Gender-Based
Earning Gap of College Graduates. The Journal of Higher Education, 86(4).
https://doi.org/10.1080/00221546.2015.11777373

Xu, Y. J. (2013). Career Outcomes of STEM and Non-STEM College Graduates: Persistence
in Majored-Field and Influential Factors in Career Choices. Research in Higher
Education, 54(3). https://doi.org/10.1007/s11162-012-9275-2

Yim, S., Wang, D., Olson, J., Vu, V., & Warschauer, M. (2017). Synchronous Collaborative
Writing in the Classroom. In Proceedings of the 2017 ACM Conference on Computer
Supported Cooperative Work and Social Computing - CSCW ’17 (pp. 468—479).
https://doi.org/10.1016/j.ceramint.2018.05.003

Yim, S., Warschauer, M., & Zheng, B. (2016). Google Docs in the Classroom: A District-
Wide Case Study. Teachers College Record, 118(9), 1-24.
https://doi.org/10.1128/1A1.72.3.1265

Yunus, M. M., Salehi, H., & Chenzi, C. (2012). Integrating social networking tools into ESL



45

writing classroom: Strengths and weaknesses. English Language Teaching, 5(8), 42—48.
https://doi.org/10.5539/elt.v5n8p42

Zhang, D. J., Allon, G., & Van Mieghem, J. A. (2017). Does social interaction improve
learning outcomes? Evidence from field experiments on massive open online courses.

Manufacturing and Service Operations Management.

https://doi.org/10.1287/msom.2016.0615



46

CHAPTER 2
Study 1.
Science Writing in Groups: A Quantitative Study of Student Collaboration

and Learning

Introduction

Science, technology, engineering, and mathematics (STEM) occupations are projected
to grow 9% annually through 2024 (Noonan, 2017). STEM knowledge is increasingly
important for students in the information age as STEM degree holders earn a 12% premium
compared to non-STEM degree holders (Noonan, 2017). According to the National Center
for Educational Statistics (NCES), 48% of students in a four-year university and 69% of
community college students who began as STEM majors had left the field due to switching to
a non-STEM major or leaving college altogether (X. Chen, 2014). Despite these high
numbers, attrition rates were similar between STEM and non-STEM majors. The strongest
factors predicting STEM attrition were overall performance in classes and performance in
STEM courses (X. Chen, 2014). Thus, it is imperative that students improve their

competency in science in order to improve rates of graduation among STEM students.

Literature review
Why Writing in STEM Matters
Writing may play a central role in students’ development of academic language,
critical thinking, and reasoning in STEM. Indeed, the alignment of the Next Generation
Science Standards (NGSS) with the Common Core literacy standards emphasizes the
importance of students developing skills in creating coherent arguments in STEM and

communicating them effectively. The NGSS aims to promote educating students in the skills
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and practices of scientific and engineering work, which includes composing and refining
various types of scientific writing for a variety of audiences and purposes (Next Gener. Sci.
Stand. States, By States, 2013). However, the importance of including writing in STEM
curriculum is not just for college success (Applebee, 2011), but also for employment and
promotion (Lapp, Fisher & Frey, 2014). Writing’s importance as a job requirement has been
growing; labor increasingly involves transforming knowledge into a useable, shareable form
(Lapp et al., 2014). Many American adults, including those in STEM fields, spend half or
more of their workday writing digitally (Brandt, 2015). Thus, students need to develop skills
to write and communicate scientific knowledge.

Learning goes beyond the simple acquisition of knowledge, as it involves the
construction of meaning and understanding through social interactions (Vygotsky, 1978).
Tasks that require students to elaborate on their understanding of concepts, hypothesize,
interpret, synthesize, debate, and reprocess concepts maximize learning (Rivard, 1994).
Writing assignments can be designed to maximize learning through externalizing the
organization of understanding an individual has through the use of mental processes such as
planning, translating, and reviewing that are managed by a metacognitive monitoring ability
(Hayes, 1980). The benefits of writing exercises are threefold. It improves written
communication skills (i.e., grammar, syntax, style, etc.) while also improving critical
thinking skills (Applebee, 2008) and a deeper understanding of the subject (writing to learn).
Thus, writing activities can provide students with additional practice in writing as well as
teaching them subject-specific content.

Writing tasks can also be leveraged to enhance learning outcomes as well. A recent
meta-analysis by Graham, Kiuhara, and MacKay (in press) has found that writing enhances
student learning of academic content in general (ES = 0.30), and in science (ES = 0.31), even

when teachers do not provide explicit instruction in writing to students (ES = 0.32). The
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effects were enhanced if the treatment length was prolonged and included writing prompts
that were metacognitive in nature (Bangert-Drowns, Hurley, & Wilkinson, 2004; Graham et
al., in press). Student learning outcomes can be further enhanced through collaborative
writing, particularly as co-writers make requests for clarification from one another (Y. C.
Chen, Hand, & Mcdowell, 2013). While collaborative writing tasks improved learning
outcomes for all students, there were additional positive effects for female, low SES, gifted,
and special education students (Y. C. Chen et al., 2013).

Writing to learn activities have been demonstrated to be an effective educational tool
in the sciences as well. A writing intervention for undergraduate biology students revealed
that writing activities improved students’ critical thinking skills, such as their ability to
analyze and make inferences about biology (Quitadamo & Kurtz, 2007). Writing to learn
activities have also been effective in improving content learning in other scientific subject
areas, such as chemistry and physics for students of various ages (Y. C. Chen et al., 2013;
Hand, Yang, & Bruxvoort, 2007). In addition to improved content knowledge, students who
underwent the writing activities also expressed improved confidence in their knowledge and
understanding of concepts (Hand et al., 2007). Overall, writing to learn activities have been
shown to improve student learning and enhance critical thinking. This is accomplished by
challenging students to understand technical concepts, translate their knowledge for specific
audiences, utilize skills such as providing evidence to support claims, and using multimodal
representations within texts to further enhance their learning.

Importance of Science Vocabulary

A critical element of effective science writing is developing a mastery of science
vocabulary. Numerous terms in STEM content areas are used to define and develop the
concepts within the field. Thus, vocabulary knowledge is an essential element in

comprehending STEM concepts (Flanigan, Templeton, & Hayes, 2012). Students need to
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have a clear understanding of science vocabulary in order to navigate the science content and
retain their interest in the field. Careful analysis of higher education science textbooks has
revealed that up to thirty percent of a text can consist of technical vocabulary (Chung &
Nation, 2004). With nearly one-third of the words within a book being highly technical and
discipline-specific, learning scientific vocabulary is critical for comprehending scientific
texts and learning scientific concepts and processes. Indeed, science vocabulary knowledge is
an important contributor to students’ comprehension of scientific texts (Taboada, 2012).

Because of the close connection between scientific vocabulary and scientific
concepts, students’ science vocabulary knowledge may be a marker of their science content
knowledge (Woodward-Kron, 2008). Students’ performance on vocabulary-matching probes
is predictive of their performance and progress in learning science content among secondary
students (Borsuk, 2010; Espin et al., 2013). Vocabulary knowledge is highly associated with
discipline-specific content knowledge (Woodward-Kron, 2008). Students who have a greater
command of the technical vocabulary in STEM are better equipped to understand lectures
and readings in class. Further, the ability to use appropriate, content-specific vocabulary
through writing is the main way to demonstrate affiliation with an academic community
(Piller & Ivanic, 1999). Thus, the successful application of science vocabulary during writing
could reflect both greater scientific thinking and content learning.
Challenges of STEM writing

There are numerous challenges to writing in STEM courses. The language of science
is often confusing to students and offers numerous unique challenges. First, unlike everyday
language, scientific writing is focused on parsing specialized knowledge and theorems that
contain a multitude of distinguishing features. Second, scientific writing often includes
greater informational density than other disciplines, which is reflected by greater lexical

density (Fang, 2005). That is, scientific texts contain disproportionately more content words
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and noun phrases than text in other disciplines. The heavier reliance on nouns enables
scientists to communicate rich information concisely, letting fewer words convey more
concepts. The lexical density in part reflects that scientific writing uses many
nominalizations, or verbs that have been transformed into nouns (e.g., using the noun,
“analysis” rather than the verb, “analyze”). One result of nominalizing verbs is that
previously clear concepts can become abstract. Because nominalization makes verbs the
subjects of sentences and allows for more concise, informationally-dense language,
information that was previously clear could become more ambiguous or even hidden through
the writing process. Third, science writing further complicates comprehension by
incorporating technical vocabulary that is often complex to categorize and construct
concepts. Rather than presenting new terms for familiar concepts, scientific texts often
contain vocabulary that represents concepts in which readers have no prior knowledge.
Words such as catalyst, anabolic, Borealis effect, and acids are often new vocabulary terms
that are conceptually unfamiliar so that readers have learned new terms and concepts before
they can comprehend the text. Finally, scientific writing seeks to carry an authoritative nature
by distancing the writer from the text, including technical vocabulary, and using declarative
sentences to present the author as a knowledgeable expert (Fang, 2005). This distinct style of
writing is different from the directness and greater simplicity of everyday speech and can be
challenging for students. Thus, the complexity and unique features of scientific writing
require more advanced writing skills for students to be successful.
Writing from sources

In college classes, students are expected to learn from independent readings and
interpret, critically analyze, and integrate the readings in their writing. Thus, the skill of
writing using source documents is an essential academic skill. It is a core component of

disciplinary writing in every scholarly discipline, considering its importance in the peer-
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reviewed publication process. Learning to write from sources effectively is a fundamental
academic skill acquired during secondary and higher education. Thus, it is often considered
to be an important learning outcome in higher education studies of writing (Haswell, 2000).
Students often struggle with this difficult task; however, prior subject knowledge influences
their ability to write from sources (Cumming, Lai, & Cho, 2016). Furthermore, task
conditions and types of text impact students’ writing from sources (Cumming et al., 2016).
An analysis of college students’ writing from source texts revealed that they preferred to
paraphrase, copy, or patchwrite (making small edits to the copied source material) from
individual sentences as opposed to summarizing text (Howard, Serviss, & Rodrigue, 2010).
Students may inappropriately cite their works and patchwrite despite understanding
university policies (Li & Casanave, 2012). This suggests that students may need specific
instruction regarding writing from source texts. Furthermore, students differed in how and
when they used their source texts to aid their writing with the stronger readers electing to
plan more than the weaker readers during the post-reading and prewriting phases (Kennedy,
1985).

Students may utilize either low or high investment strategies in their research and
composition (Nelson & Hayes, 1988). The low investment strategy involves simply
reproducing source text for examination while the high investment strategy engages with the
source text to develop original conclusions. In addition, novice and advanced writers also
utilize different approaches to search for source content. Some novice writers would rely on a
content-driven approach that focuses on finding resources related to their topic and build an
outline from those sources. An example of a content-driven approach by a writer could
include searching for articles associated with Latin American history and piecing bits of each

article together to form an essay.
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In contrast, more advanced writers would take an issue-driven approach that involved
searching for content in support of a position (Nelson & Hayes, 1988). For example, a writer
utilizing an issue driven approach could begin a broader search regarding a topic and look for
trends and patterns to formulate a thesis around before embedding their analysis into the
broader framework of the argument. A writer’s reading level was determined to be associated
with their reading, postreading, prewriting, and composing strategies (Kennedy, 1985).
Students’ writing performance and engagement with the source text can be influenced by
educators through instructional approaches such as getting students to being the writing
process earlier, focusing on high level goals, providing intermediate feedback, and including
an audience other than the teacher (Nelson & Hayes, 1988).

Writing with Multiple Sources

Despite the challenges of learning to write from single sources, it is even more
challenging to use and integrate information from multiple sources. Multiple document
processing involves the ability to read, comprehend, and integrate information from multiple
sources (Britt, Perfetti, Sandak & Rouet, 1999). Furthermore, there is a great need for college
students to form connections between multiple sources as more primary and secondary
sources of information are presented to them. However, most students have little experience
and instruction in learning from multiple texts.

Although most of the research examining writing using multiple texts as sources has
been done in the field of history (Stahl, Hynd, Britton, McNish, & Bosquet, 1996; Wiley,
Steffens, Britt, & Griffin, 2014; Wiley & Voss, 1999), the use of multiple textual sources in
STEM is quite common and is an area that needs more research. The construction-integration
theoretical model explains the value of multiple texts for improving comprehension (Kintsch,
1988). Kintsch’s model focuses on constructing a situation model by integrating information

from a single text, prior knowledge, and other source materials. Researchers have argued that
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multiple text comprehension involves a deep understanding of an event or topic (Rouet,
Mason, Perfetti, & Britt, 1996; Wineburg, 1998). For example, Rouet proposed that a single
argument model, or representation of the content of multiple texts, develops after learning
from multiple texts and results from the interaction of the models, or representations, of each
text (Rouet et al., 1996). Thus, by integrating multiple texts, students can construct a deep
understanding of a topic.

When using multiple documents as sources for their writing, writers face unique
challenges and opportunities in their writing. Using multiples sources is more cognitively
demanding for writers, requiring writers to move their attention across numerous documents
frequently. To cope with these demands, writers may adopt strategies such as annotating the
source documents as they formulate their plans and thoughts (O’Hara, Taylor, Newman, &
Sellen, 2002). Furthermore, this movement of attention leads writers to organize the spatial
layout of their documents to facilitate this task with greater ease (O’Hara et al., 2002). When
undergraduate students used sources with conflicting information as to their sources for an
essay, they displayed behaviors in identifying, monitoring, and evaluating information they
read (Anmarkrud, Briten, & Stromse, 2014). For example, they used strategies such as
evaluating the trustworthiness of their sources and cross-document linking. These particular
strategies were positively associated with explicit source citations in their writing and
argumentative reasoning about what they read (Anmarkrud et al., 2014).

Collaborative Writing To Maximize the Benefits of STEM Writing

One way to manage the challenges of multiple source writing is to use collaborative
writing techniques. Collaborative writing is the joint production of a text where writers all
contribute to its authorship (Storch, 2005). Developing collaborative writing skills is an
important aspect of academic and science education. Teamwork and coauthorship in research

and industry are becoming more and more common. Collaboration enhances task efficiency
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and productivity (Jones, 2007). Further, collaborative writing has been found to improve both
the accuracy and quality of student writing (Biria & Jafari, 2013; McDonough, De
Vleeschauwer, & Crawford, 2018). Thus, many educators have incorporated collaborative
group work into their curriculum (Bunch, Kibler, & Pimentel, 2012; C. C. Johnson, Peters-
Burton, & Moore, 2015).
Strategies student use in collaborative writing

Strategies for collaborative writing can be separated into distinct styles, including
parallel writing (cooperative text writing by authors working in a side by side fashion),
sequential writing (co-construction of texts between authors with frequent collaboration), and
single-author writing with peer feedback (Noél & Robert, 2004). Students have been
observed to utilize a diverse set of strategies during their collaborative writing process that
includes parallel construction-puzzle and cut and paste, sequential construction-summative
and integration, and integration construction (Onrubia & Engel, 2009). Parallel construction-
cut and paste involves dividing the complete task into multiple sections, with each member
contributing their portion to create a final product that is an amalgam of the individual
components without any editing or modification from the other co-authors. Parallel
construction-puzzle involves the formation of a written product from the extracted portions of
the initial contributions from each group member. The sequential construction-summative
strategy involves one group member taking the lead and creating an initial document that
partially or completely answers the task with other members subsequently contributing to the
document without altering what was written by the other co-authors and accepting their
contributions. Sequential integration construction involves one group member taking the lead
and creating an initial document that partially or completely answers the task while other

group members contribute and debate modifications to each writing contribution. Finally



55

integrating construction involves synchronous discussion with multiple revisions in which all
authors are engaged in making modifications and changes to the text.
Incorporating Technology with Collaboration

Google docs is a well-known tool for collaborative writing, and students have
overwhelmingly expressed positive attitudes in regards to using it collaboratively as a writing
platform (Hocutt & Brown, 2016). Students valued the flexibility, convenience, and the fact
that comments and revisions could be completed on the same document using Google docs.
Furthermore, the collaborative use of Google docs has been linked to improved motivation to
learn, a more positive perception of the learning experience, and enhanced learning outcomes
among students with varying levels of proficiency in English (Liu & Lan, 2016; Yim,
Warschauer, & Zheng, 2016). Also, assigning students to provide anonymous feedback in
Google docs can lead to equalized participation rates among students of varying English
proficiency levels (P Woodrich & Fan, 2017). Students have been observed to have increased
productivity in writing and spend more time revising when using Google docs (Yim,
Warschauer, & Zheng, 2016).

Furthermore, Google docs use during writing enhanced agency and authorship and
enhanced collaborative accountability due to the recording of edits (Yim et al., 2016). The
enhanced collaborative accountability could lead to balanced rates of participation among
writers which results in essays with higher qualities of content and more text (Yim, Wang,
Olson, Vu, & Warschauer, 2017). Student groups who employed a divide and conquer
strategy and evenly shared the workload while using Google docs produced higher qualities
of text compared to groups which relied heavily on a single writer (Yim et al., 2017).
Theoretical Framework

This study is grounded in sociocultural theory considering the prevalence and

importance of collaborative activities in science courses. Social interactions mediate the co-
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construction of knowledge building (Vygotsky, 1978). The process of learning occurs
through the interactions between the individual, the activity, and the setting (Lave, 1988).
Thus, it is possible for each member in a group to learn different concepts while providing
contributions to their combined work. Furthermore, students enter the classroom with
different cultural backgrounds, home environments, and languages that allow them to interact
with and develop their understanding of concepts (O’loughlin, 1992). Thus, they are able to
contribute in different ways during group activities and are able to process their interactions
and the subject matter differently as well. Applying sociocultural theories to our studies of
collaborative writing tasks can help to explain differences in students’ writing and science
development.

Science as any other discipline requires the use of a specific discourse different from
casual speech (Shanahan & Shanahan, 2012). Science discourse similar to scientific literacy
has much greater informational density, lexical complexity, and technicality (Fang, 2005).
Students must engage in scientific small group activities uniquely because of its distinct
language. Thus, students may decide to utilize specific strategies to navigate the complexity

of completing collaborative science writing tasks.

Research Questions

We currently understand the importance and challenges of writing in STEM among
K-12 students. We also are aware of some of the strategies students employ in collaborative
writing settings. However, we lack information regarding postsecondary collaborative
science writing using multiple sources and how collaborative writing impacts the use of
specific linguistic factors such as vocabulary, analytical thinking, and content knowledge.
Furthermore, we know little in regards to the mechanics of collaboration between students in

terms of their use of peer-editing, equality of contribution, and overall group activity in
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regards to group STEM writing. This study aims to address that gap by examining
collaborative science writing in an upper-division university-level biology course for majors
that focuses on producing text from multiple sources. This study is guided by three research
questions.

1. What are the most common strategies of collaboration used among

undergraduate biology students in their writing?
2. How do students’ writing change as they progress through the academic term?
3. Are strategies of collaboration predictive of writing content (science vocabulary,

syntactic simplicity, and analytical thinking)?

Methods

Study Setting

This study was performed at a large research institution in the Western United States.
Participants were undergraduate students enrolled in a 10-week upper-division biology
course that was designed for biology majors. We studied these students for the entirety of the
10-week term.
Participants

The study included a total of 54 biology major students in the upper-division course.
There was a total of 20 males and 34 females in the class. Because this was an upper-division
or advanced class, there were seven junior (or third-year) students and 47 senior (or fourth-
year) students.
Writing Prompts

For each of the six essays, students were given an open-ended writing prompt
requiring each group to write 1,500-word papers. The prompts required students to use

multiple sources in their research and as evidence to support their arguments about diseases
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such as cholera, ebola, coronavirus, HIV, malaria, tuberculosis, and influenza. Because the
features of text vary as a function of genre (Schleppegrell, 2004), groups completed essays in
four different genres over the course of the term. These genres included a neutral and
informed press article, a mini-review for a peer-reviewed research journal, a sensationalized
magazine article, and a mini-review article for a medical journal. The genre for each essay
was determined by the roll of a die. Groups were encouraged to write a paper for each genre
throughout the course. Groups were also encouraged to include real-world examples in their
essays. An example of the prompt is available in the Appendix.

Measures

Three computational tools were used to analyze each writing sample, the Linguistic
Inquiry and Word Count (LIWC2015; Pennebaker, Boyd, Jordan, & Blackburn, 2015), Coh-
Metrix 3.0 (Graesser, McNamara, & Kulikowich, 2011; McNamara, Graesser, McCarthy, &
Cai, 2014) and Docuviz (D. Wang et al., 2015a). We derived measures of writing volume,
writing quality, and collaboration. The following measures were derived using the Linguistic
Inquiry and Word Count (LIWC2015; Pennebaker, Boyd, Jordan, & Blackburn, 2015) and

Coh-Metrix 3.0 software.

Variables Associated With Writing Volume

Word Count reflects the total number of words in each student’s essay. Word count

was derived using LIWC2015 (2015; Pennebaker et al., 2015)

Variables Associated With Writing Quality

Writing quality was operationalized in a variety of ways, including word usage,

syntactic complexity, and formality of the writing style.
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Word concreteness was used to operationalize the complexity of vocabulary usage.
Word concreteness refers to the degree in which the words in a text are tangible and readily
evoke mental images, making the text easier to process and understand. In contrast, texts that
have low word concreteness scores contain more abstract words that tend to refer to concepts
and are more difficult to understand. Word concreteness percentile was derived using Coh-
Metrix (McNamara et al., 2014).

Science vocabulary refers to the degree to which scientific words were included in
the text. We created a dictionary of science vocabulary using the biology and chemistry lists
from the Secondary Vocabulary Lists (Green & Lambert, 2018). Science vocabulary, or the
number of science words in each essay, was derived using LIWC2015 with the science

vocabulary dictionary (Pennebaker, 2015).

Syntactic simplicity refers to the complexity of grammar usage. Syntactic simplicity
was derived using Coh-Metrix (McNamara et al., 2014). This variable is based on a z-score,
with higher scores reflecting shorter, simpler sentence structures and lower, negative scores
reflecting greater use of complex syntactic structures.

Connectivity refers to the degree to which the texts contain transitional words or
phrases to relate sentences and paragraphs. Examples include additive connectives such as
“further” or “similarly,” adversative connectives such as “in contrast,” causal connectives
such as “therefore,” and sequential connectives such as “first” or “second.” Connectivity was
derived using Coh-Metrix (McNamara et al., 2014).

Analytical thinking refers to the degree in which the uses words that suggest
analytical, formal, or hierarchical thinking. High analytical thinking scores would reflect
greater adherence to scientific and academic writing conventions, while low scores would
reflect more informal language use. Analytical thinking was derived using LIWC (2015;

Pennebaker, Boyd, Jordan, & Blackburn, 2015).
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Narrativity reflects the degree to which texts reflect language use that adheres to the
conventions of narratives, or stories, rather than the formal exposition of scientific writing.
Higher scores reflect texts that are less formal and more like oral conversation, while lower
scores would reflect greater formality. Narrativity was derived using Coh-Metrix (McNamara
et al., 2014).

Referential Cohesion refers to the degree that words and concepts overlap in a text
that creates connections in the explicit text. Referential cohesion may be achieved through
the use of pronouns (e.g., replacing “the bacterium” with “it”), repetition of words, or
nominalizations (e.g.., following the verb “measure” with the noun “measurement”).
Referential cohesion was derived using Coh-Metrix (McNamara et al., 2014).

Deep Cohesion The degree to which a text contains causal and other types of
connectives (e.g., “because” or “consequently”) that help the reader form a coherent and
deeper understanding of the text. Deep cohesion was derived using Coh-Metrix (McNamara
etal., 2014).

Variable Associated With Time

Because each group completed six writing assignments, we coded when each paper
was completed using the fime variable. Each assignment in the term was assigned a time
point starting with one for the first assignment and ending with six for the sixth assignment.
This variable was a measure for the progression of assignments and time throughout the
academic term.

Variables Associated With Collaboration

We operationalized collaborative writing in three ways — the degree to which
collaborations reflected contributions by all group members (equality of contributions), the

overall degree of activity (group activity), and the degree to which students interacted with
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group member’s writing (peer-editing). These three variables were developed following
practices informed by (Yim et al., 2017).

The equality of contributions is a measure of how equitable the contributions to the
final essay was for each group essay. This variable provides information regarding the
contribution of ideas and writing for each assignment. It is calculated through one minus the
variance of proportions of contribution for each essay obtained through Docuviz times 100
(to make the scores readable). Higher scores indicate greater balance in written participation.
Participation only refers to the quantity of writing from each group member.

Group activity is a measure for the total edits and writing completed by the group. It
is useful to determine how much total writing was performed without regard to what
remained in the final submitted essay. The data is obtained through summing the total edits of

every individual for each essay, as provided by Docuviz.

The peer-editing variable provides information regarding how much editing students
were performing on the contributions of other students. It is derived as the sum of the edit of

other variable from all contributing members for each essay, as analyzed by Docuviz.

Additionally, visualizations from Docuviz were qualitatively examined for distinct

styles and patterns of group activity.

Procedure

At the start of the 10-week term, students were randomly assigned to one of eight
groups that each consisted of seven members. Each group completed six collaborative essay
assignments during the term, for a total of 56 essays. The first essay was completed by
students on week 3, the second was completed on week 4, the third was completed on week
5, the fourth was completed on week 6, the fifth was completed on week 8, and the sixth

completed on week 9.
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Treatment of Data

The essays from the first group in the dataset were not written using google docs. We
were unable to track any collaboration data and did not include any essays from that group
for analysis. Thus, the total sample size of this study was 7 groups with 6 essays per group.
Mixed-effects regression utilizing STATA 14 software was employed to analyze the impact

of various linguistic and collaboration factors on student writing.

Results

RQ1: What are the most common strategies of collaboration used among
undergraduate biology students in their writing?

Descriptive data regarding the means and standard deviations of all variables
concerning word use, syntax, formality, and collaboration are shown in Table 1. The seven
groups are relatively similar, as shown through the descriptive data in terms of many
variables such as science vocabulary, equality of contributions, analytical thinking, and more.
In general, students adhered to the recommended word length for their essays, with a mean
essay length of 1932 words (s.d. = 672). Both the low word concreteness scores (mean =
35.04, s.d. = 14.84) and the moderate science vocabulary use (mean = 7.84, s.d. = 2.88)
suggested the writing was complex and resembled scientific writing from experts. The
essays tended to be structurally complex, as shown by the high deep cohesion scores
(mean =79.37, s.d. = 12.95). Further, all groups used formal language in their essays, as
shown by the high analytic scores (mean = 92.78, s.d. = 3.98) and low narrativity scores
(mean =19.70, s.d. = 10.42). Finally, all groups used a highly collaborative approach to

writing, as their equality of contribution scores were very high (mean = 97.77, s.d. = 4.98).
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Table 1. Writing Features of Students Essays

Group Group Group Group Group Group Group All
2 3 4 5 6 7 8 Groups

Word Use 2334 2087 1747 1697 1870 1752 2070 1932
Word Count (1466) (597) 391 (281) (453) (451 (421) (672)
Word 24.5 37.67 35.82 31.30 37.60 39.87 38.53 35.04
Concreteness 9.1 (21.91) (11.50) (16.42) (11.98) (18.64) (11.29) (14.84)
Science 8.52 8.52 8.56 8.93 9.01 7.62 9.42 7.84
Vocabulary (1.49) (1.72) (0.97) (1.31) (2.47) (1.65) (1.67) (2.88)
Syntax 58.58 60.82 57.11 42.74 56.89 71.97 66.05 59.16
Synctactic (10.64) (9.56) (11.50) (10.35) (12.34) (6.36) (14.96) (13.31)
Simplicity
Connectivity 4.82 3.58 2.04 3.59 3.76 6.59 3.52 3.99

(3.48) (2.87) (2.08) (2.67) (3.83) (7.21) (3.94) (3.95)
Formality 92.90 93.98 92.98 91.63 93.90 92.53 91.58 92.78
Analytic (3.08) (2.46) (7.51) (3.90) (3.38) 4.27) 2.57) (3.98)
Thinking
Narrativity 20.26 12.87 20.72 24.82 19.15 20.48 19.62 19.7

(8.90) 9.14) (11.28) (9.50) (11.38) (16.25) (5.19) (10.42)
Referential 22.33 14.81 43.13 38.27 29.75 2221 33.03 28.64
Cohesion (9.47) (7.38) (17.62) (17.01) (12.13) (12.61) (13.63) (15.16)
Deep 82.33 66.31 89.45 91.04 75.24 70.20 83.09 79.37
Cohesion (8.58) (17.62) (5.72) (4.73) (7.97) (10.49) (11.75) (12.95)
Collaboration 97.49 99.34 98.48 99.19 93.86 97.54 98.50 971.77
Equality of (1.39) (0.38) (0.50) (0.42) (13.00) (1.79) (1.92) (4.98)
Contributions*
Peer Edits 9814.17 4871.17 2117.33 3346.67 4394.50 3834.50 3917.00 4613.62

(3095.71) | (2341.94) | (1320.29) | (2602.58) | (4445.12) | (2541.13) | (3871.89) | (3630.82)
Contribution 16703.00 | 15395.17 | 12281.67 | 12868.50 | 12548.50 | 10728.50 | 15276.67 13686
(9327.43) | (3798.42) | (2333.21) | (2097.39) | (3691.13) | (2791.03) | (2831.56) | (4598.33)

Means are shown for each variable with standard deviations in parentheses. *Equality of contributions is
measured from a scale of 0-100 with 100 representing exactly equal contributions among all group members.

Table 2 shows the correlations matrix for the writing and collaboration variables.
Both science vocabulary r=.408 and six-letter words r=. 486 were correlated with syntactic
simplicity and negatively correlated with narrativity r=-.364 and r=-.841. The texts with more
complex vocabulary tended to have simpler writing structures that were more likely
definitive or analytical rather than narrative in nature. Peer edits were negatively correlated
with equivalent contributions r=-.363. This suggests that an uneven distribution of peer edits
are made by a select few group members while the majority tend to perform few or no peer
edits at all. Furthermore, peer edits were negatively correlated with word concreteness r=-.32

and referential cohesion r=-.322. This suggests that most of the peer edits were involved with




the removal or replacement of simple words without linking the edited content with the
nearby text. The equivalent contributions variable was positively correlated with science
vocabulary use r=.416. This suggests that groups with more equal contributions tend to

utilize greater science vocabulary in their writing.
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Table 2. Correlations Among Writing Variables Among Source Based Writing

65

*=p<.05
Word Science Analytical Narrativit Syntactic Word Referential Deep Connectivity mp:m:&\.ow wo.oa
Count | Vocabulary | thinking VI Simplicity | Concreteness . Cohesion Contributions | edits
Cohesion

Word Count X

Science 0.162 X

Vocabulary

Analytical 0.031 0.273 X

thinking

Narrativity -0.149 -0.364* -0.771* X

Syntactic 0.285* 0.408* 0.357* -0.585%* X

Simplicity

Word -0.231 -0.402* -0.002 0.053 -0.044 X

Concreteness

Referential -0.067 -0.127 -0.004 0.238 -0.443* 0.076 X

Cohesion

Deep -0.071 -0.120 -0.266 0.336* -0.351%* -0.126 0.442% X

Cohesion

Connectivity 0.075 -0.281 0.111 0.116 -0.068 -0.109 -0.071 -0.155 X

Equality of 0.072 0.416* -0.108 0.057 0.085 -0.137 0.143 -0.045 -0.268 X

Contributions

Peer edits 0.144 0.054 0.043 0.035 0.052 -0.32%* -0.322% 0.089 0.055 -0.363%* X

Time -0.039 0.347* 0.386 -0.0002 0.038 -0.162 -0.081 0.00 -0.390 0.253 -0.03
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Through further analysis utilizing Docuviz, the equality of contributions, group
activity, and peer-editing variables samples are presented visually for each of the group
assignments. A pattern emerges in which the individual who created the document was often
among the greatest contributors to overall writing volume. Students gradually join in
throughout the essay writing process, with the vast majority of the contributions occurring
during the latest stages when the majority of members join in before the assignment’s
deadline. A few students in each group also tended to take turns in their roles as the primary
contributor and document creator. The sequential contribution style amongst group members
was highly suggestive that each student was assigned a portion of the overall text during pre-
planning. Furthermore, little parallel peer edits were completed amongst members, with often
one or two group members making the majority of edits sequentially once all contributions
were submitted. It is common for group members to contribute a portion of text to the essay

and perform few or no edits of their peers’ contributions.
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Figure 1. Science vocabulary use over time

15 M Group1
B Group2

Group 3
B Group 4
M Group5
I Group6
I Group 7

== Average

A-F represents assignment 1-6.

RQ2: How do students’ writing change as they progress through the term?

Figure 1 shows the change over time in each group’s use of science vocabulary in
their essays, with the dot markers showing the mean science vocabulary use for each
timepoint. An upward trend in science vocabulary use is shown in the graph with a decrease
in standard deviation among groups as well.

The mixed-effects regression models presented in Table 3 were performed to predict
science vocabulary use as a function of collaboration and linguistic variables and time. Model
1, with science vocabulary use as the outcome, was statistically significant (x*(12) = 84. 58),
p>.05. Results revealed that science vocabulary use was not predicted by the time variable

(B = .07,p> .05),. Model 3 revealed that the syntactic simplicity of students’ essays (B = -,06
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p > .05) did not change as a function of time. Models 2 revealed that the use of analytic
thinking, which was very high throughout the term, did not change as a function of time (B =
-05, p < .46) changed over time. Thus, it appears that students’ use of science vocabulary
content, complex grammatical structures, and analytical thinking were unchanged over the
course of the term.

Table 3. Mixed Effects Regressions Predicting Writing Volume, Science Vocabulary,
Analytical Thinking, Syntactic Simplicity, and Equality of Contributions among essays.

Science ) Syntactic
Analytical Simplicit
Vocabulary Thinking puetty
(3
() @) )
Equality of 0.48%** -0.03 0.26%*
Contributions (0.12) (0.10) (0.09)
Peer Edits 0.27** 0.16 0.12
(0.13) (0.10) (0.11)
Time 0.07 -0.05 -.06
(0.06) (0.06) (0.05)
Word Count .009 -.10 20%*
(.09) (.08) (.07)
Narrativity -0.27%* -0.81%** -0.44 %%
(0.1) (0.09) (0.08)
Connectivity -0.01 0.17* -0.03
(0.11) (0.1) (0.09)
Referential -0.14 0.3** -0.38***
Cohesion (0.11) (0.1 (0.09)
Deep -0.08 -0.09 0.1
Cohesion (0.12) 0.1) (0.1)
Word -0.27%* 0.01 -0.001
Concreteness (0.10) (0.10) (0.08)
Constant -.30 22 17
(.29) (.22) (.28)

All coeffecients are standardized. **=p<.05
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RQ3: Are strategies of collaboration predictive of writing content (science vocabulary,
word count, analytical thinking, and syntactic simplicity) and course performance?

A path model diagram is presented in figure 2. We expected the equality of
contributions measure to increase science vocabulary use, analytical thinking, and syntactic
simplicity. Additionally, peer edits were expected to increase science vocabulary use,
syntactic simplicity, and analytical thinking.

Figure 2. Path model diagram of collaboration measures

EQC=equality of contributions

The mixed-effects regression model presented in Table 3 displays the effect of
collaboration on writing content. Only two models suggested more collaborative writing
strategies led to a better demonstration of content knowledge and stronger mastery of written
language. Model 1 shows that the equality of contribution measure was predictive of science
vocabulary use (B = .48, p < .001) along with the peer edits measure (p = .27, p < .05). That
is, groups that shared the workload more equally tended to incorporate greater use of science
vocabulary in their essays. Additionally, those groups that performed more edits amongst
each other also incorporated more science vocabulary. Model 3 shows that equality of

contribution predicted syntactic simplicity (g = .26, p < .05). The peer edits measure did not
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show a suggestive trend in predicting syntactic simplicity (g = .12, p < .27). In contrast,
neither the equality of contributions nor peer edits were significantly predictive of analytical
thinking.

Additional student-level mixed-effects regressions were conducted, as shown in Table
4, to examine if student collaboration measures were associated with course outcomes.
Results revealed no significant predictors for final course grades. Student level analysis also
revealed that peer edits were predictive of writing volume (3= .761, p < .01). This suggests
that those students who were performing more peer edits were also likely contributing more
personal text as well.

Table 4. Student Level Analysis: Regressions Predicting Course Grades and

Contributions.
Course Grade (1) | Contribution (2)
Peer Edits 0 T61%*
Contribution 0
Class Standing 189 -211.52
Course Grade 922.95

The impact of other writing measures on predicting word use.

In addition to collaboration measures, science vocabulary was negatively associated
with word concreteness (B=-.27, p < .05),, and significantly associated with narrativity (3 =
-.27,p < .05). Other linguistic writing were not predictive of science vocabulary use.
Analytical thinking was associated with referential cohesion (3 = .30, p < .05), and text
narrativity (3 =-.81,p <.001).

In terms of linguistic measures predicting syntactic simplicity, word count (g =.20,p
< .005), referential cohesion (p =-.38, p < .001), and narrativity (3 =- .44, p < .005) were

significant.
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Discussion

Incorporating writing assignments in STEM classes can be an effective way not just
to promote writing skills, but also to enhance student learning in STEM courses. The
literature has found that writing can benefit students by engaging their critical thinking skills
and conceptual understanding to encourage them to engage with course content more deeply
than through rote memorization (Applebee, 2008; Quitadamo & Kurtz, 2007). The current
study closely examined how students engaged with their STEM writing content in the context
of multiple collaborative writing assignments.

We first examined how students wrote collaboratively, and changed their writing
across the term. We found that all groups had a high equality of contributions score (93-99)
that suggests an equally distributed writing load among group members. These results
support findings from prior studies regarding collaborative group writing (Yim et al., 2017).
However, the majority of peer edits were completed by a few members suggesting a parallel-
construction cut and paste style in which each group member completed his or her own
portion of the essay and added it to the final document with one or two people organizing it
all together. The results from this study revealed an upward trend of science vocabulary use
throughout the six assignments as the term progressed. Total writing volume and level of
analytical thinking remained consistent throughout the academic term.

Finally, we considered how patterns in student collaboration contributed to the
linguistic characteristics of their essays. We found that collaboration factors such as the
equality of contribution of group members within texts were linked to greater science
vocabulary usage and greater syntactic simplicity. Additionally peer edits were associated
with increased vocabulary usage as well. Increased collaboration may have decreased the
overall cognitive load of the assignment by allowing each individual member to focus on a

section of the assignment prior to compiling the entire work leading to greater science
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learning and a more appropriate writing style. Other variables did not predict analytic writing
content because of the nature of the class studied in which students select from a variety of
writing formats for their assignments such as magazine articles, peer-reviewed journal or
news article. Furthermore, this may suggest that collaborative Google document writing does
not impact all aspects of writing.

The students collaborated on Google docs from start to finish, and drafting requires a
large amount of deletion as well as modification. Additionally, factors such as total edits
predicted equality of contributions, which demonstrates that more text writing overall results
in more equal contributions. However, the final contribution was not predictive of equality of
contributions considering that much of the writing was ultimately deleted. No links between
collaboration measures and final course grades were found. These results are consistent with
past research regarding collaborative group writing, which also determined that balanced
participation and a divide and conquer strategy to writing was associated with higher quality
texts (Yim et al., 2017). A possible explanation for the impact of equality of contributions to
science vocabulary usage and greater syntactic complexity could be associated with shared
mental models. Mental models are internal representations of an individual’s externalization
of a situation. Thus, having shared mental models can result in the improved delegation of
tasks, deciding on strategies, effective communication, monitoring of progress, and deciding
on goals. Research has shown that shared mental models between group members were a
significant contributor to team effectiveness (Fransen, Kirschner, & Erkens, 2011). Thus,
teams that have equal contributions between members may have developed shared mental
models to accomplish the task more efficiently.

Challenges of Incorporating Writing in STEM Education
Some of the major obstacles to the inclusion of more writing to learn activities in

STEM courses include a lack of a community of faculty committed to applying the necessary
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pedagogical research (Reynolds, Thaiss, Katkin, & Thompson, 2012). Although educators
view writing in science as a great learning and assessment tool, teachers often felt unqualified
to develop rubrics to assess if students learned specific content as opposed to traditional
methods of assessment (Hand & Prain, 2002). Research has shown that writing to learn
exercises require a shift in pedagogy through changes in scaffolding, design of assessments,
and even the role of the teacher (Hand & Prain, 2002). Furthermore, many STEM instructors
have large classes upwards of 100+ students making grading and provision of feedback on
essays a laborious task. These different demands are often quite daunting and may deter
many teachers from utilizing these beneficial activities in a college setting.

The use of collaborative writing activities may be a possible solution to some of these
obstacles for the implementation of writing in STEM courses. Collaborative writing
significantly reduces the grading and feedback load for instructors. Furthermore,
collaborative subject-specific writing activities teach writers to operationalize their thoughts
and act as disciplinary writers as experts in their field would while teaching them invaluable
teambuilding and organizational skills. Finally, our study has shown that collaborative
writing can improve aspects of writing among students by increasing syntactic complexity
and science vocabulary use over time.

Limitations and Future Directions

This was an exploratory study with some limitations. First, the analytic writing results
may have been impacted by choice of assignments, which allowed students to select from a
variety of writing styles that ranged from a sensationalized magazine article for public
audiences to research articles for scholars. Past research has demonstrated that writing
prompts can impact the compositional fluency of writers (Hudson, Lane, & Mercer, 2005).

Second, because this study was a secondary analysis of students’ collaborative

writing, our data sources were limited to essays written in Google docs. We were unable to
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gather data about whether the groups pre-planned or met in person before or during their time
writing in Google docs. Thus, having a more qualitative aspect in which students could be
observed in their collaborative interactions and interviewed about their understanding of the
collaborative process could provide additional information in regards to their collaboration
strategies.

Finally, a possible reason why collaborative writing strategies were not predictive of
students’ final grades may be that the range of student course grades was extremely limited,
with the majority of students receiving A’s. However, we did find the use of science
vocabulary, a possible indicator of scientific conceptual knowledge, increased as the term
progressed. Thus, while we found evidence of growth using a proximal indicator of content
knowledge, future research would benefit from using more sensitive distal measures of
content knowledge.

Conclusion

This exploratory research suggests that collaborative elements increase science
vocabulary use in texts. Furthermore, this study reveals that, when left without particular
instructions, students tended to divide the work equally into sections with each member
contributing to an overall final product reminiscent of a parallel-construction cut and paste
style of collaboration. More balanced participation led to text with more science vocabulary,
greater referential cohesion, and simpler overall syntax. The findings regarding how students
freely engage with collaborative writing can be used to inform instruction through balancing
contributions as a way to increase students’ science vocabulary usage and likely
understanding of that vocabulary. Finally, this research could be used to inform future

interventions intending to utilize STEM and collaborative writing.
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Appendix

Group weekly written assignment instructions:

Article type: (roll a die until you hit a number 1-4 to determine the format for your
publication). In the event that you roll the same number multiple times - try to be sure that
your group has a chance to write for each type article format at least once. Articles should be
approximately 1500 words — use real world examples to guide you.

1.

2.

A neutral and informative press article for a well-respected newspaper written for a
general audience.

A mini review publication for a peer-reviewed research journal written for an
informed scientific community.

A sensationalized magazine article geared toward providing an overview of the
outbreak while grabbing the attention of the general public.

A mini review publication for a medical journal written for clinicians and the greater
medical community.
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CHAPTER 3
Study 2. Facebook Messenger: An Environment for Enhancing Student

Socialization and Interaction within an University STEM Course

1. Introduction

1.1 The State of STEM General Education

Every higher education institution is required by its accrediting body to provide some
general education requirements to ensure a breadth of knowledge among students. It serves as
the foundation of an undergraduate degree. General education requirements can cover as
much as a third to a half of all degree units earned by students and comprise a large part of
their curriculum. Most curricula require courses from the humanities/arts, social/behavioral
sciences, and natural science/mathematics (SOACS, 2002). It comes as no surprise that
students ranked the values associated with general education as the least important part of
their college experience (Humphreys & Davenport, 2005). When asked, the vast majority of
non-STEM students choose to enroll in STEM general education courses because of the
course time, their advisor’s suggestion, or to fulfill a specific requirement. Few students
enrolled to gain exposure to the STEM field or gain a greater understanding of the field
(Enderson & Ritz, 2016).

Despite its importance, first-year college students tend to enter college with a limited
understanding of science’s nature, showing high levels of belief in pseudoscience (Impey,
Buxner, Antonellis, Johnson & King, 2011). With only 18% of the bachelor’s degrees
awarded in 2015-16 in STEM fields (NCES, 2020), the overwhelming majority of college
graduates are not required to take more than one or two science courses to fulfill general

education requirements. This is concerning, as non-STEM majors have been found to show



89

no growth in their understanding of science’s nature during their college careers and remain
no less susceptible to pseudoscience upon graduation (Impey et al., 2011; Moore & Rubbo,
2012). Additionally, non-STEM majors hold more negative attitudes and beliefs about the
value of science and show less engagement with their STEM courses (Lytle & Shin, 2020;
Uzpen et al., 2019). Through careful curriculum development, required general education
STEM courses can be leveraged as an opportunity to improve non-STEM majors’ attitudes
and understanding of science.

Students’ attitudes and beliefs about STEM are important, as they influence their
choices and engagement with STEM courses (Eccles, 2009). According to the expectancy-
value theory of motivation, students who have high expectations of succeeding in STEM
courses and believe STEM is valuable are more likely to pursue STEM courses and majors
(Eccles, 2009). Student attitudes such as self-concept of ability (a student’s beliefs regarding
his/her ability to perform a task), task value (how important the task is to the student), and
expectations (how well the student expects to perform on the task) are strong predictors of
academic achievement in STEM courses (Else-Quest, Mineo, & Higgins, 2013). For
example, student motivation in STEM courses is highly correlated with achievement for both
STEM majors and non-STEM majors (Fong & Kremer, 2020; Ledn et al., 2014; Rosenzweig
& Wigfield, 2016; Starr et al., 2020).

Several factors inform students’ expectancies of success, their value of STEM, and
their motivation and achievement in STEM classes. One such factor is social engagement.
Interactions with classmates can influence students’ perceptions of their competence in
STEM and have been found to be especially important for underrepresented students (Hilts et
al., 2018). Additionally, other social factors, such as feelings of relatedness (social support
from peers, instructors, and others around them), were associated with pursuing more STEM

learning (Hilts et al., 2018). Furthermore, socialization experiences are directly associated
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with student motivation (Wentzel & Wigfield, 1998). Thus, interventions that promote social
interactions and relatedness may have positive effects on both achievement and motivation.

With the massive shift toward online instruction, there is a growing need to engage
with students virtually beyond the use of classic online course websites as students are likely
to receive much less social interactions than an in-person course. Student socialization is an
essential aspect of their educational experience and affects their motivation and achievement.
Although discussion forums in online classes provide a venue for group work and involve
social features, more contemporary supplements can be utilized as a supplement to keep
students engaged and strengthen social connectedness. Many elements are absent in the
current learning management systems, such as synchronous collaboration elements, push
notifications for users, and a more advanced user interface. It is challenging to enable social
interactions in an online classroom, and supplementation can be beneficial. Both Facebook
and SMS text messaging have been effectively utilized to enhance and support student
learning in undergraduate contexts (Cavus & Ibrahim, 2009; Dougherty & Andercheck,
2014). Through these programs, students can engage in peer-to-peer and student-to-faculty
interactions to supplement their standard classroom tools. The addition of socially focused
applications such as Facebook Messenger could improve student engagement and learning
outcomes in STEM courses by increasing student interactions and sense of belonging.
1.2 The Current Study

We currently understand the importance and challenges of succeeding in STEM
among undergraduate students. We also are aware of some of the strategies that may benefit
student performance in their coursework. However, we lack information regarding how
instructors can easily develop a platform for students to socialize and supplement their virtual
instruction. We developed an intervention that required lower levels of instructor effort to be

more easily added and implemented in curricula. Approximately 16% of undergraduates have
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used Facebook in an academic setting in previous classes (Magro, Ryan, Sharp, & Ryan,
2013). A study utilizing the Delphi method revealed that undergraduate students viewed
Facebook as an excellent communication tool between groups and information transfer.
Students indicated that they wanted to use Facebook to collaborate among peers and post
course-specific information, such as test reviews and instructor announcements (Magro et al.,
2013). A previous study utilizing a light-touch intervention that reinforces spacing of
studying has been shown to be effective (Rodriguez, Rivas, Matsumura, Warschauer, & Sato,
2018). We have developed an intervention utilizing Facebook Messenger to periodically
deliver course-related content to students and create a forum for collaboration among
students to support and guide student learning. The basis of this intervention relies on
creating an open environment where students may feel freer to interact with each other
because of the low-stakes and more socially inclined environment. Furthermore, the periodic
texts serve as a mechanism to encourage students to space their studying of course-related
content. We elected to utilize this format because of the efficacy and utility of spacing
techniques for improving student performance in courses (Dunlosky, Rawson, Marsh,
Nathan, & Willingham, 2013). A single instructor could also easily manage to facilitate the
Facebook Messenger group, even for a large class. This study aims to facilitate student
learning and socialization by utilizing the Facebook Messenger application. Three research
questions guide this study.

4. What are the students’ experiences regarding the intervention (i.e., did they find it

useful, enjoyable, change their views)?
5. For those who engaged with Facebook Messenger, did it affect their achievement?
6. How does the type of interaction within Facebook Messenger influence outcomes
(grades) and student experiences?

2. Literature Review
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2.1 Mobile Technology in Education

Technology has been utilized in various forms to enhance student engagement,
motivation, and learning. Wireless technology, such as short messaging service (SMS) texts,
have been used to supplement English vocabulary learning with great effect by improving
student posttest scores significantly (Cavus & Ibrahim, 2009). Furthermore, students reported
that they enjoyed using the tool because of their flexibility to learn anytime and anywhere.
Students generally had positive perceptions of using mobile phones to support their learning
(Cavus & Ibrahim, 2009; M. Gasaymeh & M. Aldalalah, 2013). Incorporating these optional
learning tools into the curriculum increases the flexibility and convenience of learning and
could add to student engagement and motivation. The ability to access these mobile learning
tools from any location and allow the user to feel free to learn at their own pace encourages
motivation and engagement (Kerawalla et al. 2007; Livingstone, 2007).

Researchers have also attempted to utilize mobile learning (m-learning) software to
stimulate student learning through self-assessment content. The mobile-learning results were
mixed, with mobile-learning being more effective for younger 14-15 years old students and
showing non-significant effects for older high school seniors and 2"%-3" year university
students (De-Marcos et al., 2010). Furthermore, older secondary and university students did
not feel that the material was helpful to their learning and did not find increased motivation to
engage with the software. The likely cause behind these findings was that the self-
assessments were designed to reinforce previously learned content and not provide new
knowledge. Thus, providing tools for knowledge acquisition may prove to be more effective
for university students, which is why we elected to present new facts in our study rather than
utilize self-assessment content.

Technology that uses computers or programs to alter behaviors and attitudes has been

utilized in education with good effect (Fogg, 2003). Researchers have used mobile phones to
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deliver literacy-related content to motivate parents and pre-school children through
persuasive SMS and audio messages delivered through sesame street characters (Revelle,
Reardon, Mays Green, Betancourt, & Kotler, 2007). Furthermore, most participants felt that
mobile phone technology made incorporating literacy activities into daily life easier and
facilitated their children’s literacy learning. Persuasive SMS interventions have been shown
to be effective in improving college students’ self-regulated learning and improved course
outcomes for them (Goh et al., 2012), particularly when used to provide assignment
reminders encouragement to show up to lectures, workshops, and tutorials. Furthermore,
URM students benefitted the most from this type of intervention (Goh, Seet, & Chen, 2012).
In addition to encouraging student engagement and productive learning behaviors, push
media such as short emails and text messages have been effectively used to promote content
area learning by creating a spacing effect, the phenomenon in which long-term memory is
improved when studying is spaced apart rather than all at once, for students (Vlach &
Sandhofer, 2012). They encourage studying course content at regular intervals among EFL
students (Thornton & Houser, 2001). The variety of available approaches through mobile
technology creates more options for students to engage with the course content based on their
preferred learning style. Considering that learners’ motivation can change based on the
medium and style of the content’s presentation, these additional mobile learning interventions

that target different learning styles can add to student motivation and engagement.

2.2 Using Web 2.0 and Social Media in Education

A growing space for mobile learning is social media. Social media is pervasive
among youth today, with 68% of American adults using Facebook (Pew 2018). With the shift
towards online education, social interactions are hard to come by, and it is more important

than ever to retain student motivation and academic success. Social media usage for the
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purpose of socialization has been linked to an increased sense of belonging (Pang, 2020).
Social media has already been leveraged in educational settings to complement traditional
teaching techniques with varying degrees of success. Integrating social media into the
classroom has been shown to enhance student motivation and support greater problem-
solving amongst students (Mondahl & Razmerita, 2014; Yunus et al., 2012). University
students who participated in a course-specific Facebook group used it to collaborate and
communicate course concepts and exam-related material. These students received better
grades in that course than those who chose not to participate (Bowman & Akcaoglu, 2014).
Researchers have also used Facebook as a tool to engage learners in large university
classroom settings through the facilitation of a Facebook group. Participants reported a
stronger sense of belonging in the course while interacting with other members (Dougherty &
Andercheck, 2014). Although these findings are encouraging, they may result from the self-
selection bias, in that students who are already more motivated in the course may choose to
engage with classmates about the course through social media.

More rigorous designs have been used to examine social media’s effects on STEM
learning in higher education. In one randomized control study, Facebook was used as an
additional communication tool for treatment students. Facebook was thought to simplify the
instructor’s communication with students, as treatment students showed better course
performance than their peers in the business-as-usual condition (Guo et al., 2018). Besides
being used as a communication tool, the Facebook platform can be employed in other
approaches to influence the instructor and student relationship to improve student
motivational factors. For example, the inclusion of Facebook disclosures, where students
could see the instructor’s profile, helped boost student motivation (Aubry, 2013).

There has been some success with utilizing Facebook as an information-sharing

platform among students for courses with students expressing approval and positive feedback
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(Omar et al., 2014). More researchers have begun incorporating Facebook into their course
content to stimulate discussion and collaboration among students (Ractham et al., 2012). The
benefits of academic Facebook use among students, such as increased interaction and
communication with students, improved social relationships, and increased participation, lead
to higher student motivation (Lam, 2012). When utilized properly, social media-supported
learning programs have been demonstrated to increase student motivation and academic
outcomes on par with face-to-face learning and blended learning programs (Akgiindiiz &
Akinoglu, 2017). Additionally, interventions have been developed to utilize social
applications such as Twitter to create an online community in class to develop a greater sense
of belongingness among students (Friess & Lam, 2018). These impacts on students’ sense of
belonging, motivation, and achievement could increase students’ valuations of science in
everyday life.

There are some risks associated with Facebook. Overall, Facebook usage has been
linked with lower GPAs (Reynol Junco, 2012). However, the type of Facebook use was a
moderating factor based on whether it was used to gather and share information or for social
purposes. Thus, it is imperative to create a nurturing environment when using social media
that focuses on learning rather than solely socialization. Incorporating Facebook into the
classroom carry many pedagogical risks as well. Some students may choose to opt-out of
required Facebook use in courses and later feel that they received unfair treatment due to the
lack of access to pedagogical insights posted on the site.

Furthermore, because of the social nature of the platform, students may post
inappropriate comments that may lead to additional complications for instructors (Mendez,
Le, & Cruz, 2014). Because students have expressed caution towards incorporating Facebook
as a formal learning tool but instead show greater enthusiasm for its use as a social tool, we

elected to utilize a more informal format. Facebook has also been used successfully to create
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an online learning community among university students who spent their time engaging in
effective communication, problem-solving, and social support (Whittaker, Howarth, &
Lymn, 2014). It has also been used to effectively foster student collaborations, as evidenced
through improved essay revisions linked to posting the essays and receiving peer feedback
from the website (Wichadee, 2013). The potential benefits of incorporating social media into
the curriculum to support students’ sense of belonging, motivation, engagement, and
achievement are strong. These potential benefits may be enhanced due to the lack of face-to-
face interactions in university classrooms. Thus, incorporating these elements can foster a
more inclusive learning environment that could alleviate some of the social isolation

associated with online learning.

3. Methods
3.1 Study Setting

This study took place in a large, general education biology course taught at a large
research institution in the western United States. We implemented the intervention in one
year and compared student achievement to that of students who took the same course with the
same instructor the previous year. The participants were 228 undergraduate students in the
intervention year, and 288 undergraduate students served as the control group, having taken
that course the previous year. Forty students chose not to use the Facebook Messenger

platform in the intervention year, leaving 188 students in the intervention group.

3.2 Procedure
The instructor for both cohorts of students was experienced and had taught this course
multiple times before the current study. The instructor taught both cohorts of students the

same content and used the same pedagogy and assessments, except for the Facebook
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intervention. Class instruction included PowerPoint lectures and group discussions. Students
were assessed using 13 in-class assignments, two multiple-choice midterms with short
written questions, and a final exam with the same format as the midterm. All 13 in-class
assignments were included and were graded on a complete/incomplete basis.

In the intervention year, the instruction was delivered in the same way as the previous
year, except for adding the Facebook Messenger intervention. Students were invited to join
the class’s Facebook Messenger group during the first class session. The Facebook
Messenger intervention was utilized to deliver additional practice questions and reinforce
concepts taught during class by the instructor. These messages were crafted to produce a
spacing effect in learning and promote gradual study habits instead of cramming at the end of
the course for the exams. Students who joined the Messenger group received texts three times
per week, beginning the second week of class, for a total of 27 texts. The texts from the
instructor specifically focused on course content and included practice questions. Additional
course administrative texts were also provided, such as the time and location of the exam.
Students were free to interact and collaborate through the Messenger group.

A voluntary post-intervention survey was given during the final week of class. The
survey asked students about biology knowledge learned from the course and their Facebook
Messenger experiences. Students were awarded one extra point of extra credit for completing

the survey.

3.3 Measures

3.3.1 Achievement Data. Student achievement was operationalized as both their
grades on tests and their completion of class assignments. Students completed two midterms
and a final exam, which were each worth 50 points. We used their mean score on the exams

as the variable, test grades, expressed as a percentage score.
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The second measure of student achievement was the completion of the thirteen class
assignments. To this end, we calculated the percentage of class assignments submitted
throughout the course.

3.3.2 Facebook Messenger Interaction. The Facebook Messenger chat group was
analyzed to understand the nature of student interactions better. Each post within the chat was
coded into three categories of interaction, reflecting different goals and purposes. Overall,
this coding system yielded an inter-rater agreement of 98%.

Content segments reflected posts directly related to course material, such as key
vocabulary or discussion of biological mechanisms and concepts. An example is, “Does
MDMA use reverse reuptake on serotonin?...Yes! MDMA acts on NE and DA but more on
5-HT thus, it is not addictive”. The total number of posts related to course content or
concepts from the class was used for each student’s content segments.

Course administration segments reflected posts that related to the logistics of the
course. Examples include queries about the date of the midterm and assignment due dates.
We used the total number of posts about course logistics submitted as the course
administration score for each student.

Social segments reflected posts that did not address course content or the logistics of
the course. These posts included memes, jokes, social pleasantries such as greetings and
saying thank you, as well as wishing one another luck on the exams. The total number of
social segments posted by each student was tallied.

3.3.3 Survey Instruments

3.3.3.1 Attitudes about Messenger. We adapted Cavus and Ibrahim’s measures to
assess whether students positively responded to mobile interventions. The survey consisted of
two sections, with the first section addressing students’ perceptions of the course and the

intervention. The second portion consisted of 12 questions and focused on surveying the
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modifications or changes students wished to see regarding using the Facebook Messenger
system. All 30 items used a 5-point Likert scale, with 5 representing a maximum positive
reaction and 1 representing a negative reaction. The survey questions addressed students’
enjoyment of Facebook messenger, sense of belonging, overall use of the messenger, changes
in study habits, motivation, whether students felt learning through the app was effective,
attitudes about the course, and self-efficacy. The full survey is shown in the appendix.

The Self-efficacy measure was the mean score of the three following questions:
Through this course, I am more capable of defining and understanding basic biology terms
and concepts; Through this course, I am able to critically think about the impacts of various
drugs on the brain; and I feel confident in applying the concepts from this course in the
world. All three questions were surveyed on a 5-point Likert scale, with 5 strongly agreed

and 1 strongly disagreeing. The reliability of this scale was .88.

4. Results
4.1 Research Question 1: What are the students’ experiences regarding the
intervention?

Table 1 presents the survey data, showing students’ attitudes about Facebook
Messenger in the top half and their beliefs about their efficacy, value, and motivation for the
course in the lower half. We found that students generally enjoyed using Facebook
Messenger, with a mean score of 4.03 out of 5. A two-way t-test found that students reported
significantly higher enjoyment (M=4.03, SD=1.03) than the neutral rating of 3 t(164)=12.82,
p<.001. Additionally, students felt a greater sense of belonging from using the app (M=3.66,
SD=1.26) than the neutral rating of 3 t(164)=6.73, p<.001). Additionally, students felt that

the app helped them to study more consistently throughout the quarter (M=3.63 SD=1.19)
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t(164)=6.83, p<.001and increased motivation for the course (M=3.54 SD=1.10) t(164)=6.32,

p<.001.

Table 1. Descriptive Data for Survey Items

Survey Item Mean Median | Standard
Deviation

Attitudes about FB Messenger

Using FB Messenger to learn in this class was 4.03 4 1.03
enjoyable.
The FB Messenger group improved my sense of 3.66 4 1.26

belonging in the course.

I consistently checked the FB Messenger group chat | 3.61 4 1.29

for course content.

The FB messages helped me to study throughout the | 3 .63 4 1.19

quarter instead of cramming all at once.

Learning through FB messenger has increased my 3.54 4 1.10

motivation in this class.

I found learning new content with the FB system to | 3,92 4 1.10

be very effective.

Attitudes about the course

Through this course, I am more capable of defining 4.29 4 77

and understanding basic biology terms and concepts

Through this course, I am able to critically think 438 5 76

about the impacts of various drugs on the brain.

I feel confident in applying the concepts from this 4.12 4 .86

course in the world.

Through this course, my ideas about taking STEM 3.52 3 1.16

classes have changed.
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The bivariate correlations for students’ self-reported usage, enjoyment, and sense of
the effectiveness of FB messenger are presented in Table 2 along with their reported beliefs
regarding whether the use of the app improved their motivation, sense of belongingness,
study habits, and whether the course improved their self-efficacy in regards to biology and if
the course changed their ideas regarding STEM courses. Students reported enjoyment of
Facebook messenger (rs=.19-.76), whether the use of the app improved their motivation
(rs=.26-.71), sense of belonging (rs=.22-.73), and improved study habits (rs=.27-.75) were
correlated with every other measure. Whether the course changed students’ ideas regarding
STEM courses was correlated with every measure except their reported beliefs regarding FB
Messenger’s effectiveness for learning (rs=.18-.57). Moderate to strong correlations were
present between students’ frequency of use of the app (rs=.18-.67) and all variables except

self-efficacy in the course.



Table 2: Bivariate Correlations of Survey Measures
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*=p<.05
Change FB Usage Sense of Study Self-
. Ideas about . belonging Habits Efficacy
Enjoy FB STEM Motivation
Enjoy FB N/A
Change Ideas 0.205* N/A
about STEM (.008)
Motivation 14%* 0.35* N/A
(.000) (0.00)
FB usage .667* .184%* 0.656*
(.000) (0.018) (0.00) N/A
Sense of .69% 278%* 0.702* .632% N/A
belonging (.00) (0.00) (0.00) (0.00)
Study Habits 732% 347* 0.727* .697* 735% N/A
(.00) (0.00) (0.00) (0.00) (0.00)
Self-Efficacy 197* ST* 0.265% 135 228% 272% N/A
(.011) (0.00) (0.000) (0.085) (0.003) (0.00)
Effective 756* .146 0.716* .648%* 7138%* JI51% .185%
Learning (.00) (0.061) (0.00) (0.00) (0.00) (0.00) (0.017)

We calculated a regression model to examine predictors of students’ self-reported

enjoyment of FB Messenger. Predictor variables included students’ beliefs if using FB

Messenger increased their motivation and sense of belonging, and their frequency in using

the app, whether the course changed their ideas of STEM, whether the app changed students’
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study habits by spacing out their study sessions, gender referenced on males, and their sense
of efficacy as the independent measures. The regression model is presented in Table 3, which
revealed that student enjoyment of FB Messenger was predicted by gender (referenced level
was males demonstrating that females enjoyed the app more) (f = .10, p < .05),
motivation(p = .29, p < .01), beliefs regarding the effectiveness of the app for learning(B =
22,p < .01), and improvement in study habits variables (B = .20, p < .05).

We next sought to determine how students’ attitudes about Facebook Messenger
contributed to their beliefs about their efficacy, values, and motivation for the course. We
calculated a regression to explore the factors that predicted student motivation, shown in
Table 3. Students’ enjoyment of using FB Messenger, frequency of checking FB, sense of
belonging, whether they felt the course changed their ideas regarding STEM, and the app’s
overall effectiveness to their learning positively contributed to their motivation.

Additionally, we wanted to examine student perceptions of the FB Messenger
platform’s effectiveness to assist their learning and calculated a regression, with its results
shown in Table 3. Students’ perceptions of the app’s effectiveness to learn new content were
positively predicted by their enjoyment, sense of belonging, motivation, improvement of
study habits, and negatively by their beliefs that the course changed their perceptions of
STEM courses in general. Finally, to assess the link between students’ feelings of sense of
belongingness in the class and their Facebook usage, a two-way t-test found that students’
self-reported sense of belongingness did not differ from their reported frequency of checking

FB messenger t(164)=.57, p<.57).



Table 3: Mixed Effects Regressions Predicting FB enjoyment, FB effectiveness, and

Student Motivation
Effective
Enjoy FB Learning Motivation
(1) (2) (3)
Enjoy FB N/A 0.20%* 0.28**:*
(0.08) (0.08)

Change Ideas -0.05 -0.16** 0.15%*
about STEM (.05) (.05) (0.56)
Motivation 29%** 0.21%* N/A

(.08) (0.08)
FB usage 3% 0.05 0.136**

(.06) (0.06) (0.059)
Sense of .10 0.21** 0.19%*
belonging (.07) (0.07) (0.07)
Study Habits 20%* ok 0.04

(.08) (0.08) (0.08)
Self-Efficacy .03 0.05 0.008*

(.03) (0.03) (0.03)
Gender 10** 0.08* -0.04

(.11) (0.11) (0.12)
Effective 2% N/A 0.23**
Learning (.08) (0.08)
Constant .70 47 -24

(.33) (.33) (.35)
R’ .69 72 .69

All coeffecients are standardized. Standard errors are in parenthesis. *=p<.10,**=p<.05,

*rk=p< 0]

104

4.2 Research Question 2: For those who engaged with Facebook Messenger, did it affect

their achievement?

Before examining the effects of the Facebook Messenger intervention on student
achievement, we explored the frequency with which students engaged with Facebook

Messenger. Descriptive data regarding the means and standard deviations of all variables

concerning student test scores and Facebook Messenger usage are shown in Table 4. We see

that 119 out of 188 students, or approximately 63% of those enrolled, contributed to the
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Facebook Messenger platform with at least one post, and 28.72% of those enrolled
contributed three or more posts.

Table 4: Descriptive Data of FB Messenger Usage

# of Posts in FB Messenger | # of Enrolled Students % of enrolled students
0 69 36.70
1 40 21.28
2 25 13.30
3+ 54 28.72

We first tested the effectiveness of FB Messenger for improving student grades by
comparing the treatment class to the control class. Table 5 shows the descriptive data
between the two groups. A two-sample t-test revealed that the FB Messenger intervention
class (M=73.64 SD=13.3) had significantly higher test scores than the control class (M=70.85
SD=14.59), ((515)=-2.24, p<.05, yet students in both classes completed the same proportion
of in-class assignments, #(515) = -1.6584, p<.098. Thus, the FB Messenger texts may have
helped students by reinforcing important course concepts specific to exams. However, a
regression analysis in table 6 revealed that enrollment in the treatment class did not predict
students’ test scores (p = .066, p < .10) once we controlled for the proportion of classwork

completed.

Table 5: Achievement Data Between Intervention Groups

Variables 2017 Class 2018 Class
Enrolled Not Enrolled
In class assignments (percent 85.04 88.33 86.09
completed) (20.8) (16.72) (20.58)
Test grade 70.85 73.77 73.13
(14.59) (12.43) (17.09)

Standard deviations are in parenthesis.

We further examined the relationship between the FB Messenger Group and students’
achievement in the Facebook Messenger intervention class. More specifically, we calculated

regressions predicting test performance, with enrollment in the Messenger group, testing if
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enrollment in the Messenger group predicted test performance. Upon closer examination,
enrollment into the Facebook Messenger group within the intervention group and whether
they contributed a post to the Messenger group were not predictive of student test grades, as
shown in Table 6. This suggests that being enrolled in the intervention or posting did not alter
student achievement in the course. Students from the intervention class who enrolled in FB
Messenger did not differ significantly from their classmates who did not enroll in FB

Messenger class in classwork completed t(226)=-0.74, p>.46.

Table 6: Mixed-effects Regressions Predicting Test Scores between Classes and Test
Scores Within the Intervention Group

Variables Model 1 Model 2 Model 3
Intervention Group | .098%* .066 N/A
(.088) (.079)
Classwork A4THE* A68F**
(.039) (.06)
Enroll -0.105
(.16)
Contribution .068
(.12)
Gender -0.014
(.12)
Constant -.088 (-.058 25
(.059) (.053) (.16)
R’ 0097 208 227

All coeffecients are standardized. Standard errors are in parenthesis. *=p<.10,**=p<.05,
*HF=p<.01

4.3 Research Question 3: How does the type of interaction within Facebook Messenger
influence achievement (grades) and student experiences?

To further examine the types of interactions within FB Messenger, we looked at the nature of
post segments. Student interactions within FB Messenger were coded into three types of
posts: content, administrative, and social and are presented in Table 7. Out of the188 students
from the intervention class who enrolled in FB Messenger, 32% made at least one post or

more regarding content, 30% associated with course administration, and 46% associated with
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socialization between peers. Out of the total 556 posts, nearly half, 227, was associated with
socialization, followed by course content, 184, and course administrative discussions, 145.

Table 7: Descriptive Data of the Types of Interactions in Facebook Messenger

Type of Post in FB Total Posts % of enrolled students with
Messenger 1+ posts

Content 184 32.09

Administrative 145 30.65

Social 227 46.52

To examine the types of interactions students engaged with and the relationship with student
performance, we regressed the three types of posts, content, administrative, and social, over
students’ overall test scores. The hierarchical regression presented in Table 8 shows that
social segment contributions predicted test scores ( = .193, p < .05) and accounted for a .24
change in variance for the overall model. This suggests that students who were socializing
more in the class were also performing better on the exams, possibly due to social learning
factors. Both content and course administrative segments were not significant in predicting
student test scores.

Table 8: Hierarchical Regression Predicting Test Scores with Types of FB posts

Variables Model 1 Model 2 | Model 3 | Model 4
Classwork Completed AT THE* ATSHER | ATSEEE | AT FHE
(.07) (.07) (.07) (.07)
Content Segment -.029 -.018 -.029
(.05) (.07) (.07)
Course Administration Segment -.016 -.154
(.07) (.09)
Social Segment .193%*
(.08)
Constant .07 .068 .067 .064
(.06) (.06) (.06) (.06)
R’ 217 216 216 240

All coeffecients are standardized. Standard errors are in parenthesis. *=p<.10,**=p<.05,
kekk—
=p<.01
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5. Discussion and Conclusions

Our research aimed to examine the effects of incorporating a low effort intervention delivered
through Facebook messenger as a supplemental resource in a general education biology
course. Students were invited to enroll in a class wide Facebook messenger group that
allowed them to collaborate and socialize while receiving periodic informative texts from the
instructor. We found that students generally enjoyed adding a social media application to
their learning experience and found it a useful supplemental learning tool to improve their
study habits and sense of belongingness. Students reported that they enjoyed collaborating
with their peers, feeling like they could have their questions answered ASAP, the freedom to
engage with the course material outside of regular class times, the additional practice
questions to test their knowledge, and greater accessibility to peers and the instructor. All
these factors contributed to an improved quality of life for students while requiring little
effort for the instructor to implement. Additionally, female students who felt that using
Facebook messenger improved their study habits, motivation, and sense of belongingness
were more likely to find using the tool enjoyable. Furthermore, students’ self-reported rate of
using the application was linked to an increased sense of belongingness.

In examining the intervention’s impact on student test scores, we found initial
differences between our control and intervention classes but no significant impacts once in-
class work completion rates were factored in. This suggests that being enrolled in the study
alone was insufficient to improve student course performance. However, linking Facebook
messenger interactions to student outcomes revealed that students’ social engagement with
peers in the Facebook Messenger app predicted increased test scores. This falls in line with
social constructivist theory and suggests that regular socialization can lead to enhanced
achievement and content learning (Okita, Bailenson, & Schwartz, 2008; Zhang, Allon, & Van

Mieghem, 2017). The finding that social posts were linked to improved student test
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performance may be due to these social interactions reducing students’ test anxiety as other
studies have found the effectiveness of social media support (Hyseni Duraku & Hoxha, 2018;
Warshawski, Bar-Lev, & Barnoy, 2019).

Our study adds to the existing literature on mobile technology’s use to enhance
classroom instruction in STEM courses by applying a simple and low maintenance
intervention. Our research extends the literature on social media applications’ utility for
enhancing student performance (Cuesta, Eklund, Rydin, & Witt, 2016; R. Junco, Heiberger,
& Loken, 2011; Ractham & Firpo, 2011). We see the value of socialization and its predictive
potential for student test scores for non-STEM majors in a general education biology course
through this intervention. Although we cannot isolate whether increased socialization leads to
higher scores or if higher achieving students are more likely to be social, previous literature
has demonstrated the value of social connectedness for student retention at the undergraduate
level (J. Allen, Robbins, Casillas, & Oh, 2008). Furthermore, an enhanced sense of
belongingness is associated with improved academic performance, student motivation, and
engagement (K. Allen, Kern, Vella-Brodrick, Hattie, & Waters, 2018; Eccles, 2013; Juvonen,
2015; Neel & Fuligni, 2013). Thus, the increased sense of belongingness through
socialization in our intervention may have potential academic benefits and could be enhanced
through future interventions targeting this measure.

However, the use of Facebook may better facilitate social interactions at the cost of
academic engagement (Wise, Skues, & Williams, 2011). This may explain the greater
number of social posts in our study compared to academic and administrative posts. This may
be a phenomenon specific to Facebook, and the potential of switching platforms may alter the
ratio of social posts to the other types. Further research could examine other social media
applications’ effectiveness for targeting student learning by increasing engagement with

course content-specific posts. Facebook has discontinued its Messenger platform for large
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groups(100+); students use other applications such as Instagram, Discord, Wechat, and other
applications to supplement their collaborative and social engagement activities. These apps
have different features than Facebook Messenger, and understanding each platform’s
affordances and limitations may provide greater insight into how social media apps may
enhance student engagement.

Our intervention was delivered in combination with regular in-person classes and
served as an extra venue for students to engage and socialize with each other. With the shift
to a fully online model, this intervention’s impacts may differ as students have fewer
opportunities to socialize in person and rely more on technology to reach each other and the
instructor. Another alternative would be that the burnout from the online learning
environment may lead to decreased participation rates within the intervention. Although no
differences were found between the enrolled and control groups within the intervention class,
we did not check for cross-condition contamination. Students may have possibly shared
details and information from Facebook Messenger with their other classmates through other
means. Further, we built an increased sense of belonging by enabling students to engage in
more social interactions outside of class. Future directions can be leveraged to build
programs more focused on social connections. This study shows how social media can be
leveraged to enhance non-majors’ engagement with required STEM classes by increasing
social connectedness. This program can be adapted with ease to fit numerous courses and
requires minimal instructor input while serving as an enjoyable and useful supplement to

improving students’ socialization in school.
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Appendix

1. Through this course, I am more capable of defining and understanding basic biology terms
and concepts. *

2. Through this course, I am able to critically think about the impacts of various drugs on the
brain. *

3. I feel confident in applying the concepts from this course in the world. *

4. Through this course, my ideas about taking STEM classes have changed. *

5. Using FB Messenger to learn in this class was enjoyable. *

6. I can easily remember the material that [ received through FB Messenger. *

7. The content I learned through FB Messenger have increased my understanding of concepts
in the course. *

8. I would like a similar system to be used in my other classes. *

9. The material delivered through FB Messenger helped me to correct my understanding of
concepts that I misunderstood. *

10. Learning through FB Messenger has increased my motivation in this class. *

11. I felt more confident of my understanding of course content that was covered in the FB
group chat. *

12. I consistently checked the FB Messenger group chat for course content *

13. Because [ am very occupied during class hours it is more difficult to learn new content.
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But I can learn and remember new content easier during my leisure time. *

14. T used the FB Messenger group to collaborate with my peers. *

15. I liked having an additional forum to collaborate with my peers. *

16. The FB Messenger group improved my sense of belonging in the course. *

17. 1 found the FB Messenger group a useful resource for contacting the professor *

18. The FB messages helped me to study throughout the quarter instead of cramming all at
once. *

19. I would like to see the FB Messenger system to be used in next semesters as well. *

20. I found learning new content with the FB system very effective. *
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CHAPTER 4

Study 3. Integrating Google Hangouts in an Online Science Course

Introduction

1.1 The State of STEM in General Education
General education science requirements are designed to provide students with a solid
foundation and broad understanding of the natural sciences and are necessary for students to
pass before graduation. Many students would rather skip general education courses and focus
on their major if they were not required by universities (Thompson, Eodice, & Tran, 2015).
Research has shown that far too many students lose interest in science, technology,
engineering, and mathematics even before attending college (Aschbacher, Li, & Roth, 2010).
Additionally, in a survey conducted on behalf of the Association of American Colleges and
Universities, employers listed a greater focus on science and technology education in
classrooms as one of their top priorities in order to ensure that students will be prepared to
participate in the future global economy (Hart, Peter D., Research Associates, 2006). The
majority of students point out that their main reason for taking a general education STEM
course was their advisors (Enderson & Ritz, 2016). This data further emphasizes the
importance of providing a positive experience in general education STEM courses as it is
many students first encounter with STEM concepts and ideas and serves as a gateway for
them to continue their STEM learning. This, in turn, could potentially help the employability
of these students, as employers are increasingly valuing applicant’s knowledge of science and
technology.

1.2 Impact of Covid-19 on Student Learning in STEM
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The transition to mass online instruction during the Covid-19 epidemic has led to decreased
student engagement and decreased effectiveness of lectures in general education STEM
courses (Perets et al., 2020). However, more independent tasks like research papers and
blogging managed to garner greater engagement than lectures. While the shift to online
learning did not negatively impact students’ self-efficacy and sense of belonging in STEM, it
did impact their growth in these areas as students did not demonstrate a notable increase in
these factors throughout the semester (Wester, Walsh, Arango-Caro, & Callis-Duehl, 2021).
However, students demonstrated a decline in emotional engagement and significantly
declined positive attitudes about learning science (Wester et al., 2021). Additionally, students
reported decreased motivational fortitude in online STEM courses (Means & Neisler, 2020).
Finally, declines in student mental health were observed with increased feelings of anxiety
and major depressive disorders (Chirikov, Soria, Horgos, & Org, 2020). The lack of face-to-
face interactions contributed to these problems. Thus, to develop a sense of community and
create a more informal venue for students to engage with each other and help build their
sense of belonging and attitudes towards science, we developed an intervention utilizing
Google Hangouts as a social media tool to supplement the standard venues of

communication.

2. Literature Review

2.1 Motivation Theory

The Eccles expectancy-value theory argues that an individual’s choices, performance, and
persistence on a task are explained by their beliefs regarding how much they value the task
and how well they believe they will perform (Wigfield & Eccles, 2000). These expectancies
and values are in turn influenced by an individual’s goals, self-schemata, personal and social

identity, and self-concept of abilities. Thus, an individual’s beliefs regarding how well they
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will perform in a task, influenced by their efficacy beliefs and background, and their
subjective task value would determine their choices and performance on that task. Subjective
task value can be further influenced by factors such as intrinsic value, attainment value,
utility value, and the cost of doing the task. Wherein intrinsic value refers to the interest and
enjoyment from doing the task. Attainment value is associated with the importance that an
individual holds for a task in relation to their social identity. For example, individuals who
view themselves as scientists would strive to do well in science courses, whereas those who
view themselves as athletes would not have the same attainment value for the task. Utility
value refers to the importance of the task to fulfilling an individual’s present and plans, such
as how necessary a course is for graduation. Utility value is connected to a person’s goals and
sense of self. Finally, the cost has three components: effort cost or the perception of effort to
complete a task, opportunity cost or the loss of other opportunities from performing this task,
and emotional cost or the psychological costs of performing the task (Eccles & Wigfield,
2020). An individual’s sense of belonging is directly associated with social support, which
can influence the emotional costs of performing a task by alleviating stressors (Friedlander,
Reid, Shupak, & Cribbie, 2007; M. Te Wang & Eccles, 2012). Furthermore, their sense of
belongingness can influence their social identity, thereby affecting the attainment value for a
task (Cameron, 2004).

Social media and web 2.0 contain many features and characteristics that enhance
student motivation for learning when applied with appropriate designs. Social media has been
demonstrated to improve motivation in students and can be leveraged to enhance students’
values regarding a task (Laserna & Miguel, 2018; Oh, Chan, & Kim, 2020). Additionally,
social media can affect students’ sense of belonging with their environments and be
leveraged to enhance this measure positively (Pang, 2020; Vincent, 2016).

2.2 Mobile Technology in Education
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Technology has been utilized in various forms to enhance student engagement,
motivation, and learning. Wireless technology, such as short messaging service (SMS) texts,
has been used to supplement English vocabulary learning with great effect by improving
student posttest scores significantly (Cavus & Ibrahim, 2009). Furthermore, students reported
that they enjoyed using the tool because of their flexibility to learn anytime and anywhere.
Students generally had positive perceptions of using mobile phones to support their learning
(Cavus & Ibrahim, 2009; M. Gasaymeh & M. Aldalalah, 2013). Incorporating these optional
learning tools into the curriculum increases the flexibility and convenience of learning and
could add to student engagement and motivation. The ability to access these mobile learning
tools from any location and allow the user to feel free to learn at their own pace encourages
motivation and engagement (Kerawalla et al., 2007; Livingstone, 2007).

Researchers have also attempted to utilize mobile learning (m-learning) software to
stimulate student learning through self-assessment content. The mobile-learning results were
mixed, with mobile-learning being more effective for younger 14-15 years old students and
showing non-significant effects for older high school seniors and 2™-3™ year university
students (De-Marcos et al., 2010). Furthermore, older secondary and university students did
not feel that the material was helpful to their learning and did not find increased motivation to
engage with the software. The likely cause behind these findings was that the self-
assessments were designed to reinforce previously learned content and not provide new
knowledge. Thus, providing tools for knowledge acquisition may prove to be more effective
for university students, which is why we elected to present new facts in our study rather than
utilize self-assessment content.

Technology that uses computers or programs to alter behaviors and attitudes has been
utilized in education with good effect (Fogg, 2003). Researchers have used mobile phones to

deliver literacy-related content to motivate parents and pre-school children through
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persuasive SMS and audio messages delivered through sesame street characters (Revelle et
al., 2007). Furthermore, most participants felt that mobile phone technology made
incorporating literacy activities into daily life easier and facilitated their children’s literacy
learning. Persuasive SMS interventions have been shown to be effective in improving college
students’ self-regulated learning and improved course outcomes for them (Goh et al., 2012),
particularly when used to provide assignment reminders encouragement to show up to
lectures, workshops, and tutorials. Furthermore, underrepresented minority (URM) students
benefitted the most from this type of intervention (Goh et al., 2012). In addition to
encouraging student engagement and productive learning behaviors, push media such as short
emails and text messages have been effectively used to promote content area learning by
creating a spacing effect, the phenomenon in which long-term memory is improved when
studying is spaced apart rather than all at once, for students (Vlach & Sandhofer, 2012). They
encourage studying course content at regular intervals among English foreign language
students (Thornton & Houser, 2001). The variety of available approaches through mobile
technology creates more options for students to engage with the course content based on their
preferred learning style. Considering that learners’ motivation can change based on the
medium and style of the content’s presentation, these additional mobile learning interventions

that target different learning styles can add to student motivation and engagement.

2.3 Using Web 2.0 and Social Media in Education

A growing space for mobile learning is social media. Social media is pervasive
among youth today, with 72% of American adults using some form of social media
(Anderson & Smith, 2018). With the shift toward online education, social interactions are
hard to come by, and it is more important than ever to retain student motivation and academic

success. Using social media for socializing has been linked to an increased sense of
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belonging (Pang, 2020). Social media has already been leveraged in educational settings to
complement traditional teaching techniques with varying degrees of success. Integrating
social media into the classroom has enhanced student motivation and supported greater
student problem-solving (Mondahl & Razmerita, 2014; Yunus et al., 2012). In particular, the
Google Hangouts application has demonstrated potential for synchronous learning (Isaacson,
2013). Research has shown that the utilization of Google Hangouts as a delivery medium for
problem-based learning exercises was effective (Hashim et al., 2017). Students enjoyed the
affordances that Google Hangouts had to offer, such as the ability to record sessions. Google
Hangouts did not compromise learning outcomes compared to face-to-face interactions
(Hashim et al., 2017). However, students did feel that discussions were inferior in
comparison to face-to-face learning. When utilized as a supplemental resource, Google
Hangouts was found to be superior to asynchronous communications tools such as discussion
boards and emails regarding student satisfaction with online teamwork. Additionally,
students reported a greater sense of community using Google Hangouts (He & Huang, 2017).
Students have been reported to be highly satisfied with the use of Google Hangouts during
online instruction (Almusharraf & Khahro, 2020).

More rigorous designs have been used to examine social media’s effects on STEM
learning in higher education. In one randomized control study, Facebook was used as an
additional communication tool for treatment students. Facebook was thought to simplify the
instructor’s communication with students, as treatment students showed better course
performance than their peers in the business-as-usual condition (Guo et al., 2018).
Additionally, interventions have been developed to utilize social applications such as Twitter
to create an online community in class to develop a greater sense of belongingness among
students (Friess & Lam, 2018). These impacts on students’ sense of belonging, motivation,

and achievement could increase students’ valuations of science in everyday life.
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Incorporating Google Hangouts into the classroom carry many pedagogical risks as
well. Some students may opt-out of required Google Hangout use in courses and later feel
that they received unfair treatment due to the lack of access to pedagogical insights posted on
the site. Furthermore, because of the social nature of the platform, students may post
inappropriate comments that may lead to additional complications for instructors (Mendez et
al., 2014). The potential benefits of incorporating social media into the curriculum to support
students’ sense of belonging, motivation, engagement, and achievement are substantial.
These potential benefits may be enhanced due to the lack of face-to-face interactions in
university classrooms. Thus, incorporating these elements can foster a more inclusive
learning environment that could alleviate some of the social isolation associated with online

learning.

3. The Current Study

We currently understand the importance and challenges of succeeding in STEM
courses. We are also aware of the strategies that can be utilized to enhance STEM instruction.
However, there is little research on utilizing online communication applications to
supplement the current educational tools. Most academics and administrative staff in higher
education view Google apps as a positive and useful suite of tools in the workplace and
already use them (Al-Emran & Malik, 2016). Additionally, many students already have
access to a Gmail account provided by their schools, as in our study. Thus, we developed an
intervention requiring minimal instructor input utilizing Google Hangouts as a supplemental
tool to engage with students and generate greater collaboration and communication. Google
Hangouts was selected because of the access that students had to the app and would require
minimal setup for the students and instructor. Our intervention was designed to periodically

deliver course-related content to students and create a collaboration forum to support and
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guide student learning. The basis of this intervention relies on creating an open environment
where students may feel freer to interact with each other because of the low-stakes and more
socially inclined environment. Furthermore, the periodic texts serve to encourage students to
space their studying of course-related content. We elected to utilize this format because of the
efficacy and utility of spacing techniques for improving student performance in courses
(Dunlosky et al., 2013). A single instructor could also easily facilitate the Google Hangouts
group, even for a large class. This study aims to facilitate student learning and socialization
by utilizing the Google Hangouts application during the Covid-19 epidemic. Through
providing an additional informal venue, we aim to increase students’ motivation to learn
science through targeting their sense of belonging, self-efficacy, and values regarding science
by increased social interactions between students and the instructor. Two research questions

guide this study.

RQ1: In addition to Canvas, do students engage with the course through social media
applications, and how? We specifically examined the instructor-led Google Hangouts app

and any student-led social media applications that developed organically.

RQ2: Does engaging with social media apps affect course achievement? Additionally, do

motivational factors predict students’ use of social media apps?

3. Methods
3.1 Study Setting

This study took place in a large, general education biology course taught at a large
research institution in the western United States. Enrolment in this class was restricted to

students who were not majoring in biology. The participants were 215 undergraduate
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students. Seventy students chose not to enroll in the Google Hangouts platform, leaving 145

students in the intervention group.

3.2 Procedure

The instructor for the course was experienced and had taught this course numerous
times before the current study. Class instruction included PowerPoint lectures and group
discussions. Students were assessed using 13 in-class assignments, two multiple-choice
midterms with short written questions, and a final exam with the same format as the midterm.
All 13 in-class assignments were graded on a complete/incomplete basis.
The instruction was delivered in the same way as any other year, except for adding the
Google Hangouts intervention. Students were invited to join the class’s Google Hangouts
group during the first class session. The Google Hangouts intervention was utilized to deliver
additional practice questions and reinforce concepts taught during class by the instructor.
Example text questions: 1. In the peripheral nervous system where are nicotine
receptors located? 2. If you wanted to find out the efficacy of a drug which of the following
would you want to know? Kd, ED50, LD50, BMAX. These messages were crafted to
produce a spacing effect in learning and promote gradual study habits instead of cramming at
the end of the course for the exams. Students who joined the Google Hangouts group
received messages three times per week, beginning the second week of class, for a total of 27
messages. The messages from the instructor specifically focused on course content and
included practice questions. Additional course administrative messages were also provided,
such as the time and location of the exam. Students were free to interact and collaborate
through the Google Hangouts group.

Voluntary pre and post-intervention surveys were given during the first and final

week of class. The survey asked students about their sense of self-efficacy in biology, their
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sense of belongingness, value of STEM, and basic demographic information. Students were

awarded one extra point of extra credit for completing each survey.

3.3 Measures

3.3.1 Achievement Data. Student achievement was operationalized as their end of
quarter grades as percentages for the course.

3.3.2 Google Hangouts Interaction. The Google Hangouts chat group was analyzed
to understand the nature of student interactions better. Each post within the chat was coded
into three categories of interaction, reflecting different goals and purposes.

Content segments reflected posts directly related to course material, such as key
vocabulary or discussion of biological mechanisms and concepts. An example is, “Does
MDMA use reverse reuptake on serotonin?...Yes! MDMA acts on NE and DA but more on
5-HT thus, it is not addictive”. The total number of posts related to course content or
concepts from the class was used for each student’s content segments.

Course administration segments reflected posts that related to the logistics of the
course. Examples include queries about the date of the midterm and assignment due dates.
We used the total number of posts about course logistics submitted as the course
administration score for each student.

Social segments reflected posts that did not address course content or the logistics of
the course. These posts included memes, jokes, social pleasantries such as greetings and
saying thank you, as well as wishing one another luck on the exams. The total number of
social segments posted by each student was tallied
3.3.3 Survey Instruments

3.3.3.1 Student Attitudes and Beliefs. We adapted measures to assess students’

levels of self-efficacy in regards to biology from (Braten et al. 2013). Additionally, we
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created measures for both sense of belongingness and STEM values in line with the
expectancy value theory. All 30 items used a 7-point Likert scale, with 7 representing a
maximum positive reaction and 1 representing a negative reaction. The survey questions
addressed students’ self-efficacy for biology content, their values regarding biology, and their
sense of belonging within the campus and within STEM. The full survey is shown in the
appendix. One survey was conducted during the first week of class with another at the end of

the quarter to measure changes in students’ beliefs and values.

The Self-efficacy subscale was the mean score of the following questions: 1. It is easy
for me to understand biology content, 2. [ will probably have problems understanding much
of what’s in this biology course this quarter (reversed), 3. I am not particularly good at
understanding the biology lectures & slides that I read (reversed), 4. I understand what I read
in biology well, 5. It is not always easy to understand the biology lectures & slides that I read
(reversed), 6. Most of the others in my class are probably better than me at comprehending
biology content (reversed), 7. I will not have problems understanding even the most difficult
biology content this school year. 8. I feel confident that I can succeed in my biology course.
All eight questions were surveyed on a 7-point Likert scale, with 7 strongly agreed and 1

strongly disagreeing. This subscale’s reliability had a Cronbach’s alpha of .90.

The biology value measure was the mean score of the following questions: 1. Even
though it can be difficult to understand the content of this biology course, I think it is
important to understand it. 2. I really have no use for understanding the concepts in this
biology course (reversed). 3. I think it is always important to understand what I read biology.
4. Good reading comprehension is useful in biology. 5. I really like to understand the

concepts and terms that I read in biology. 6. Compared to other things that I do at school and
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in my free time, understanding biology content is not so important for me (reversed). 7. A
strong understanding of biology content is useful to get a good job. 8. To understand a
biology lecture & slide is not so important that I work extra to comprehend it (reversed). 9. 1
do not think it matters if I do not understand what I read in biology (reversed). 10. I have no
use for understanding what I read in biology (reversed). 11. It is important to me to be good
at biology. All eleven questions were surveyed on a 7-point Likert scale, with 7 strongly

agreed and 1 strongly disagreeing. This subscale’s reliability had a Cronbach’s alpha of.87.

The sense of belongingness measure was the mean score of the following questions:
1. The biology department is a place where people care about one another. 2. I feel that I
really belong in this class. 3. My instructor really cares about me and my learning. 4. My
instructor helps me understand what I need to learn and how to be successful in my studies. 5.
I feel like I am an important part of this class. 6. How much do you feel like you belong in
STEM or are welcomed in STEM. 7. How well do you feel you are represented in STEM. 8.
How well do you feel you are valued or belong in STEM. 9. I feel like I am an important part
of UCI. 10. UCI encourages me to explore all sorts of career opportunities for after I
graduate. 11. I feel like I have a lot of choices in what and how I learn. 12. I feel supported
and respected at UCI and in my classes. All twelve questions were surveyed on a 7-point
Likert scale, with 7 strongly agreed and 1 strongly disagreeing. This subscale’s reliability had

a Cronbach’s alpha of.88.

Treatment of data
An additional question regarding whether students used a communications application
outside of the standard classroom medium was posed. Seventy students answered they used

either Google Hangouts or another application to supplement their communications. In order
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to ascertain the effects of the treatment on the treated, we opted to utilize this self-reported
app usage measure in our analyses instead of the enrollment data considering that the self-
reported measure may be more indicative of student engagement with the app than simply
enrolling into the intervention. Furthermore, these students did not differ in achievement or

other demographic measures as shown in Table 1.

Results

RQ1: In addition to Canvas, do students engage with the course through social media
applications and how?

The course consisted of 122 first generation and 70 non-first generation college
students. Table 1 shows the mean scores of student grades, self-efficacy, value, and sense of
belongingness both during the beginning and at the end of the course. All survey measures
were measured on a Likert scale from one to seven. The mean final grade was 93.55 with a
9.23 standard deviation. The maximum score in the course was 104 due to the extra credit

opportunities offered.
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Enrolled | Not Overall | Enrolled | Not Overall
Enrolled Enrolled
Measures
Self-efficacy 3.90 4.12 3.98 4.16 4.52 4.30
(1.06) (1.15) (1.15) (1.12) (1.07) (1.11)
Biology Value 5.41 5.40 5.38 5.42 5.44 5.43
(.87) (.98) (.90) (.83) (.94) (.88)
Sense of 4.83 4.90 4.85 4.94 497 4.95
Belongingness (.88) (.90) (.92) (.96) (.97) (.96)
Grades 94.5 92.2 93.55
(percentage) (7.74) (11.5) (9.23)
N

Instructor led social-media app: A total of 145 students that is approximately 67%

of the class enrolled into Google Hangouts section while 114 self-reported using an

additional messaging application outside of canvas for the course as shown in table 2. The

difference may be due to the fact that some students joined the group but never contributed or
checked the Google Hangouts. Among those 145 students, 55 students made at least one post
making a combined total of 197 posts during the quarter. Students who enrolled did not differ
from those who self-reported usage in terms of first-generation status or achievement

measures such as final course grades.

Table 2. Student enrollment and interaction with Google Hangouts

Enrollment Contribution
Yes 145 (67.44%) 55 (25.58%)
No 70 (32.56%) 160 (74.42%)

Enrollment refers to joining the GH group. Contribution refers to making at least one post within the GH group.

How students interacted on the app: To examine how students utilized the Google

Hangouts platform to enhance their educational experience, we tabulated the participation
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rate among students in the study along with the type of participation in Table 3. 25% of all
students made at least one post in the Google Hangouts group. The majority of posts, 97 or
49%, were associated with course administration then social interactions, 72 or 36%, and
with the least being posts related to content,29 or 15%, in the course. The instructor sent
students a total of three course content related messages per week for 9 weeks in the course to
stimulate discussions. It appears that students used Google Hangouts for a variety of purposes
with a heavier emphasis on administrative goals such as due dates, office hours, and specific
assignment requirements. A total of 25 students out of the 55 who posted in the Google
Hangouts posted in two or more categories while the remaining thirty consistently posted the

same type of posts.

Table 3. Descriptive Data of the Types of Interactions in Google Hangouts

Type of Post in GH Total Posts % of enrolled students
with 1+ posts in category

Content 29 13.10

Administrative 96 26.90

Social 72 22.07

Student-Led Social Media Apps: To examine students’ self-reported usage of
messaging applications, Table 4 shows that 51%, (98) of the students did not use an
additional app outside of canvas while 12.5%, 24, used Google Hangouts, 30.73%, 59, used
something besides Google Hangouts, and 5.73%,11, used both Google Hangouts and another
additional application. The students did not differ in their grades, sense of belongingness,
self-efficacy, or value. Students utilized a range of other applications, Discord, FB
Messenger, Whatsapp, Imessage, campuswire, and slack, with the majority stating that they
used discord, 55, then Facebook messenger, 16. When asked why they preferred the other
apps a student responded ‘It (discord) might be better than Google Hangouts just because it
has mini groups for specific questions!’’ This suggests that the organizational features of the

app may play an important role in student preferences.
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Table 4. Student Self-reported application usage

Application Frequency
No App 98 (51.04%)
GH 24 (12.50%)
Another app 59 (30.73%)
other than GH

GH+another app | 11 (5.73%)

RQ2: Does engaging with social media apps affect course achievement? Do

motivational factors predict students’ use of social media apps?

Table 5 categorizes students’ grades, value, sense of belonging, and sense of self-
efficacy both in the pre and post survey by first generation status and whether they utilized a
messaging application. The descriptive data reveal that no significant difference exists
between first generation and nonfirst-generation students. Furthermore, students who self
reported usage of a messaging application did not differ in any measures from those who
reported otherwise. Additionally, no significant changes were made in terms of self-efficacy,

value, or sense of belonging between the beginning and end of the quarter.
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Table 5. Descriptive Data for Survey Items based on enrollment in a social media app

and first gen status

Pre Post
Measures Self- Biolog | Sense of Self- Biolog | Sense of Grades
efficac |y Belongingness | efficacy |y Belongingness | (percentage)
y Value Value
App+First 3.74 5.37 4.84 3.94 5.38 4.90 94.2
gen (1.08) | (.87) (.81) (1.14) (.77) (.98) (7.69)
Apptcont 4.16 5.49 4.83 4.54 5.48 5.01 95.1
gen (.98) (.89) (1) (.98) (.94) (.92) (7.88)
No 4.20 5.48 5.11 4.45 5.48 5.04 90.6
Apptfirstge | (.97) (.98) (.82) (1.09) (.94) (1.06) (10.5)
n
No 3.97 5.24 4.51 4.64 5.37 4.84 95.1
App+tcont (1.44) | (97 (.94) (1.04) (.95) (.79) (12.9)
gen

The correlation matrix among first generation status, enrollment into the study, self-

reported use of a messaging app, grades, and the pre and post surveys for self-efficacy, value,

and sense of belongingness can be found in table 6. Student’s self-reported sense of self-

efficacy is the only measure significantly correlated with final course grades pre-survey

=26, post-survey r=.42. Additionally, self-efficacy both pre- and post surveys is correlated

with sense of belongingness and value in the pre-survey and post-survey. First generation

status, enrollment, and self-reported usage of social media apps were uncorrelated with any

of the measures.
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Table 6: Bivariate Correlations of Survey Measures

*=p<.05
Self- Sense of Self-efficacy Value Sense of First-
Grade efficacy Value belonging post post belonging gen
post
Grade 1
Self- 0.258%* 1
efficacy (.002)
Value -.004 0.396* 1
(.96) (0.00)
Sense of -.027 381%* 0.438*
belonging (.747) (0.00) (0.00) 1
Self-effiacy ALT* .626* 0.247* .245% 1
post (.00) (0.00) (0.003) (0.003)
Value post .064 .349% 0.712%* .697* 358%* 1
(45) (0.00) (0.00) (0.00) (0.00)
Sense of .108 .288* 0.288* 397* .329* 416* 1
belonging (:201) (0.001) | (0.001) (0.00) (0.001) (0.00)
post
First-gen -.035 -.097 0.004 .091 -.113 .029 .064 1
(.68) (0.252) | (0.966) (0.283) (0.184) (0.737) (0.452)
Otherapp .104 -.099 .009 -.037 -.125 .032 -.052 .003
(219) (245) | (911) (.664) (.141) (71) (.539) (.976)

To examine the impact of this intervention on students’ sense of self efficacy, sense of
belonging, and value of biology among the subsample of students who utilized Google
Hangouts, we calculated a 2 (first-gen status) X 2 (sense of belonging) X 2 (used other apps
or not) repeated measures ANOVA, with sense of belonging as a repeated measure, revealed
that all children showed no significant growth in sense of belonging throughout the
quarter, F(1, 137) <1.6, ns. There were no significant differences between the first-gen
groups, F(1, 137) < 2.6, ns or the use of other applications with no interactions between first-

gen and other app use being significant, F(1, 137) < 2.6, ns. Additionally, a 2 (first-gen
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status) X 2 (self-efficacy) X 2 (used other apps or not) repeated measures ANOVA, with self-
efficacy as a repeated measure, revealed that all children showed no significant growth in
self-efficacy throughout the quarter, (1, 137) <1, ns. There were no significant differences
between the first-gen groups, F(1, 137) < 1, ns or the use of other applications with no
interactions between first-gen and other app use being significant, (1, 137) < 2, ns. Finally,
a 2 (first-gen status) X 2 (value) X 2(used other apps or not) repeated measures ANOVA,
with value as a repeated measure, revealed that all children showed no significant growth in
value throughout the quarter, F(1, 137) <1, ns. There were no significant differences between
the first-gen groups, F(1, 137) < 1, ns or the use of other applications with no interactions
between first-gen and other app use being significant, F(1, 137) <2, ns

Additionally, we performed a regression analysis to examine student achievement as a
function of their self-efficacy, value, and sense of belonging all at the beginning of the
quarter, first gen status, and whether they used a communication app outside of canvas. The
regression presented in table 7 shows that self-efficacy predicted final grades in the course (B
=.35, p <.01) and accounted for .11 change in 12 for the overall model. The other measures

including Google Hangouts enrollment and use did not impact student grades.



Table 7: Multiple Regressions Predicting Grades and Self-efficacy

Other Social
Grade Media Usage
(D (2
Pre-Self- 36*** -.12
effiacy (.093) (.05)
Pre-Value -0.09 0.06
(.087) (.05)
Pre-Sense of -.09 -0.02
belongingness (.094) (0.05)
First-gen 018 -0.007
status (.162) (0.09)
Other social .14* N/A
media app (.16)
usage
Enroll in GH .05 N/A
(.19)
Contribution -.155% N/A
in GH (.187)
Cons -.315 1.62
(.30) (.07)
R’ 128 013

All coeffecients are standardized. Standard errors are in parenthesis. *=p<.10,**=p<.05,

wxx=p< (]

To examine the factors that predict students’ self-reported use of social media
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applications, a linear regression was conducted. Results revealed that first-generation status,

self-efficacy, value, sense of belongingness at the beginning of the quarter did not predict

students’ engagement with social media applications.

Discussion

Our study utilized Google Hangouts as a supplemental communications venue for

undergraduate students in a general education STEM course during the online instructional
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phase of the Covid-19 epidemic. Our key goals were to examine the utility of a supplemental
communications application, Google Hangouts, in an online STEM course. We aimed to
explore the effects of utilizing Google Hangouts on student achievement, self-efficacy, sense
of belonging, and value of STEM. Furthermore, we investigated how students engaged with
each other on Google Hangouts in terms of social activity, administrative activity, and course
content related activity.

In order to explore our goal of understanding student engagement with online
communications tools, we examined, in addition to Canvas, how students engaged with the
course through social media applications. We found that more than two-thirds of the students
voluntarily joined the instructor-formed Google Hangouts chat group. However, only 38% of
those who joined the chat group made at least one post. The low participation rate in the
current study contrasts with that of He and Huang (2017), who found that students reported
that Google Hangouts created a greater sense of community in their classes. Indeed, students’
limited engagement in the chats was primarily related to course administration, with some
posts being social, and the fewest posts associated with course content. These results
corroborate the decreased student engagement and decreased effectiveness of lectures in
general education STEM courses during the pandemic (Perets et al., 2020). The low student
participation rates may be associated with the decline in emotional engagement and large
declines in positive attitudes about learning science that occurred during the pandemic
(Wester et al., 2021). Alternately, the Google Hangouts application may not be as well suited
for promoting student engagement and social interactions. This is in stark contrast to other
studies that have utilized social media applications such as Facebook to increase interaction
and communication with students, improve social relationships, increase participation, and
enhance student motivation (Dougherty & Andercheck, 2014; Lam, 2012). Our results reveal

that the pandemic environment may be prohibitive to increasing student interactions through
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social media applications and/or that Google Hangouts was an inefficient platform for our
case to engage students in a general education STEM course when applied with minimal
instructor input.

Our study also examined if engaging with Google Hangouts contributed to students’
efficacy, sense of belonging, value of STEM, and achievement. We found that the Google
Hangouts app usage did not significantly improve students’ sense of belonging, self-efficacy,
or value of biology. While our findings were consistent with other studies that either failed to
find growth or found decreases in student motivation, efficacy, or sense of belonging in their
fully online STEM classes during the COVID-19 pandemic (Almoayad, Almuwais,
Algabbani, & Benajiba, 2020; Patricia Aguilera-Hermida, 2020; Usher et al., 2021; Wester et
al., 2021), they diverged from those involving in-person instruction (Bowman & Akcaoglu,
2014; Doughery & Andercheck, 2014). In contrast, when social media apps such as
Facebook were incorporated with in-person instruction, using Facebook to interact with peers
was associated with higher grades and a greater sense of belonging in large, undergraduate
classes (Bowman & Akcaoglu, 2014; Dougherty & Andercheck, 2014). The online
interventions that were successful with in person instruction may not transfer to online
instruction. Social media was an additional way for students to connect with in-person
instruction. However, providing an additional way of virtually connecting with a class that is
already online may not provide the same necessary human connection.

Despite the lack of change throughout the course, students’ self-efficacy was
predictive of course grades. This is consistent with prior research that has shown both initial
self-efficacy and growth in self-efficacy throughout an academic year as predictors of student
achievement (DiBenedetto & Bembenutty, 2013; Vogel & Human-Vogel, 2016). Enrollment

into Google Hangouts did not increase students’ self-efficacy.
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To further examine the contributing factors to students’ engagement with social
media, we determined that students’ sense of belonging, their value of biology, and self-
efficacy were not predictive of students’ social media usage in the course. Thus, these
motivational measures appear to be unrelated to social media use in the classroom. This study
suggests that implementing text based social media into a classroom may not enhance
outcomes for students aside from their enjoyment. Our implementation of Google Hangouts
was ineffective at enhancing course outcomes and motivation among students.

The fact that this intervention occurred during the pandemic and the class was solely
online may also have impacted student engagement. Students may have experienced a digital
burnout from the overuse of computers and smartphones and the multiple forms of online
communication from zoom, discussion boards, and recorded lectures to take on an additional
communications tool (Mheidly, Fares, & Fares, 2020). The concept of Zoom fatigue has been
well documented and was increasingly prevalent during distance learning throughout the
pandemic (Islam, Kim, & Kwon, 2020; Nadler, 2020; Peper & Yang, 2021).. Additionally,
students were free to join the Google Hangouts group chat and thus some self-selection
mechanisms may be at play despite us seeing no differences in baseline measures between
those who joined and those who did not.

Limitations and future directions

Digital tools can be used to foster greater collaboration between students but
examining the affordances of the platforms and the challenges and limitations of the
platforms prior to implementation is essential. Google Hangouts was less effective and less
appealing than something like Facebook. In one randomized control study, Facebook was
used as an additional communication tool for treatment students. Facebook was thought to
simplify the instructor’s communication with students, as treatment students showed better

course performance than their peers in the business-as-usual condition (Guo et al., 2018).
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Many students opted to create their own chat groups on other applications such as discord
exemplified the importance of the affordances of the tools used. It is likely that students felt
Google Hangouts was not attractive and was a bit too academic because it was associated
with their university email accounts. Thus, it turned into a communications tool for
administrative tasks instead of a place for social interactions. We conducted a similar study
with the same format with the same instructor in the same course before the shift to online
instruction utilizing Facebook messenger as the communications tool of choice and found
much higher levels of participation among students in terms of posting. Additionally,
students mainly used Facebook messenger for social posting and reported high levels of
enjoyment of integrating the application into the course. Finally, students’ social posts were
associated with their course outcomes in that study. Thus, these vastly different results may
either be a result of the shift to purely online instruction or an issue with students opting to
avoid the Google Hangouts application for social uses. Furthermore, other studies have
revealed that Google Hangouts was more useful for improving student satisfaction and than
academic outcomes (He & Huang, 2017). If instructors want to use social media such as
Google Hangouts in less formal ways then they may want to use platforms students are
already engaging in and already using.

Future studies should utilize a randomized control design to incorporate different
types of social media applications such as Discord, Facebook Messenger, or Google
Hangouts to compare student engagement rates and the efficacy of these tools to enhance
student socialization and learning. The body of literature regarding if social media
applications could enhance student learning is rather large and has been answered. However,
our study supports the notion that examining the affordances of the different types of
applications and how they can be leveraged is an important and integral aspect to effective

integration within the classroom.
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Conclusion

We found that students did not engage heavily with the supplementary addition of
Google Hangouts as a communications resource in a university STEM course. Additionally,
the use of Google Hangouts did not enhance students’ sense of belonging, self-efficacy, or
value of biology. Our results reveal the importance of platform selection if instructors wish to
add an informal social media application in their classrooms. Previous studies have found
Google Hangouts to be effective when used as more than a messaging tool. Additionally, a
very similar previous study utilizing Facebook messenger found drastically different results.
Thus, both the platform and the approach utilized with the social media tool are important to

consider before implementing a supplementary social media resource.
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Appendix

1. It is easy for me to understand biology content.

2. I will probably have problems understanding much of what’s in this biology course this
quarter.

3.1 am not particularly good at understanding the biology lectures & slides that I read.

4.1 understand what I read in biology well.

5. It is not always easy to understand the biology lectures & slides that I read

6. Most of the others in my class are probably better than me at comprehending biology
content.

7.1 will not have problems understanding even the most difficult biology content this school
year.

8. I easily lose interest when biology lectures & slides are difficult to understand

9. Even though it can be difficult to understand the content of this biology course, I think it is
important to understand it.

10. I really have no use for understanding the concepts in this biology course.

11. 1 think it is always important to understand what I read biology.

12. Good reading comprehension is useful in biology.
13. I really like to understand the concepts and terms that I read in biology.

14. Compared to other things that I do at school and in my free time, understanding biology
content is not so important for me.

15. A strong understanding of biology content is useful to get a good job.

16. To understand a biology lecture & slide is not so important that I work extra to
comprehend it.

17.1 don’t think it matters if I don’t understand what I read in biology

18. It is particularly fun to read biology lectures & slides when I understand them well.
19. I have no use for understanding what I read in biology.

20. It is important to me to be good at biology.

21. 1 feel confident that I can succeed in my biology course.
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22. Which of the following best describes your study patterns? I most often space out my
study sessions over multiple days/weeks or I most often do my studying right before
the test

25. Select the top 3 study strategies you use most regularly. Please select ONLY 3.

Test yourself with questions or practice problems Use flashcardsReread chapters, articles,
notes, etc.Underlining or highlighting while reading

Recopy your notes word-for-word Condensing/Summarizing your notes Recopy your notes
from memory Make diagrams, charts, or pictures Study with friends

Absorbing lots of information the night before the testWatch/listen to recorded lessons either
by instructor or from outside source (Khan Academy, Youtube, etc.). Other

26. The biology department is a place where people care about one another.
27.1feel that I really belong in this class.
28. My instructor really cares about me and my learning.

29. My instructor helps me understand what I need to learn and how to be successful in
my studies.

30. I feel like I am an important part of this class. I feel like I am an important part of UCI.

31. UCI encourages me to explore all sorts of career opportunities for after I graduate.
33.  Ifeel like I have a lot of choices in what and how I learn.

34.  Ifeel supported and respected at UCI and in my classes.

35. I enjoy studying biology

36. How much do you feel like you belong in STEM or are welcomed in STEM *

37.  How well do you feel you are represented in STEM
38.  How well do you feel you are valued or belong in STEM.
39.  Are you a first generation college student?

40.  Did you join other messaging groups for this course e.g. (FB Messenger, Discord,
Whatsapp, Imessage)?

41.  If you used another messaging app, which one did you use? Put N/A if you answered
no to previous question.
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CHAPTER 5

Discussion and Conclusion

Technology and Social Connectedness

This dissertation aimed to examine how technology could be leveraged to enhance
undergraduate students’ social connections and achievement in science courses. Strong
STEM education is vital to keeping America competitive in the modern age. In addition to
the increasing surge of jobs within the STEM fields (Langdon, McKittrick, Beede, Khan, &
Doms, 2011), STEM education is beneficial even for students who are not STEM majors.
Indeed, scientific literacy is an essential and necessary element of being an informed citizen
within society (S. Lee & Roth, 2003). In order to tackle the current social and environmental
issues facing the world, students must first be able to understand and evaluate scientific
knowledge to make informed decisions (Hodson, 2003).

Despite the importance of STEM, there are concerns regarding students’ progress in
learning in this area. First-year college students tend to enter college with a limited
understanding of science’s nature, showing high levels of belief in pseudoscience (Impey,
Buxner, Antonellis, Johnson & King, 2011). With only 18% of the bachelor’s degrees
awarded in 2015-16 in STEM fields (NCES, 2020), the overwhelming majority of college
graduates are not required to take more than one or two science courses to fulfill general
education requirements. This is concerning, as non-STEM majors have been found to show
minimal, if any, growth in their understanding of science’s nature during their college
careers, and they remain no less susceptible to pseudoscience upon graduation (Impey et al.,
2011; Moore & Rubbo, 2012).

Given that students, particularly non-STEM majors, tend to show little growth in their

scientific literacy, greater attention in the field has focused on how to improve student
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learning (Impey, 2013; Moore & Rubbo, 2012). Although numerous factors impact STEM
learning, this dissertation focused on the role of motivation, using the expectancy-value
theory as the theoretical framework. The expectancy-value theory argues that an individual’s
choices, performance, and persistence on a task may be explained by their beliefs regarding
how much they value the task and how well they believe they will perform (Wigfield &
Eccles, 2000). These expectancies and values are in turn influenced by an individual’s goals,
self-schemata, personal and social identity, and self-concept of abilities. Individuals also
evaluate a cost component when performing a task, such as how much time and resources it
would take to accomplish it. An individual’s sense of belonging is directly associated with
social support, which can influence the emotional costs of performing a task by alleviating
stressors (Friedlander et al., 2007; M. Te Wang & Eccles, 2012). Furthermore, their sense of
belongingness can influence their social identity, thereby affecting the attainment value for a
task (Cameron, 2004). Thus, fostering social connections may lead to increased motivation
resulting in enhanced learning outcomes for students. This dissertation focused on the social
connectedness component of the theory in the first two studies by exploring student
collaboration in group assignments and their patterns of use on a social media application.
The final study elaborated on the role of social connectedness through technology in relation
to the expectancy-value theory.

This dissertation aims to focus on leveraging social elements to improve student
development and outcomes in STEM courses. This dissertation utilizes a motivational theory
framework that combines the role of social connectedness and self-efficacy to examine and
increase student engagement with STEM. A person’s sense of belonging within a group or
field can create socially shared goals around a task and lead to higher achievement
motivation (Walton et al., 2012). Furthermore, motivation is a product of a person’s

expectations for success and the value of a task (Wigfield & Eccles, 2000). Thus, creating
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social connections may impact aspects of self-efficacy, which is contained within
expectations for success and the value of a task. Technology is an ideal medium to utilize to
increase student motivation and social connections. Mobile technology incorporation has
been shown to increase student motivation and social presence (Rau, Gao, & Wu, 2008). The
ability to access these mobile learning tools from any location and allow the user to feel free
to learn at their own pace encourages motivation and engagement (Kerawalla et al., 2007;
Livingstone, 2007). Additionally, social media use has been linked to increasing students’
sense of belongingness (Pang, 2020). Thus, many studies have integrated social media into
the classroom to enhance student motivation and support greater student problem-solving
(Mondahl & Razmerita, 2014; Yunus et al., 2012). By leveraging digital tools, instructors can
improve student motivation and social connectedness, ultimately leading to greater learning

in their STEM courses.

Collaboration

The social connectedness construct encompasses students’ satisfaction with
interpersonal relationships and social groups and consists of multiple elements that include a
sense of belongingness and integration within a group (Farrell, Jorgenson, Fudge, &
Pritchard, 2018). Social connectedness was examined through both a collaborative and social
media facilitated perspective. We examined students’ integration within groups by
operationalizing it as how equal their contributions were and how they shared responsibilities
and comingled ideas within a group setting. Collaborative learning has been shown to
improve learning and help teams achieve a higher level of thinking than individuals (R. T.
Johnson & Johnson, 1994; Loh & Ang, 2020). In addition to the academic benefits,

collaborative learning also provides affective, emotional, and social competence lessons (Loh
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& Ang, 2020). These are all important elements for student learning in the STEM fields, as
collaboration is highly prevalent in the workplace beyond the classroom.

This dissertation examined science writing in groups in a collaborative upper-division
science course. Students worked collaboratively through a series of writing assignments
using Google documents. Google docs was particularly well-suited for collaborative writing
because of its affordances. Google docs is a free online word processor that allows users to
share, edit, comment, and work on a single document collaboratively. It provides great
flexibility in that it can be used synchronously or asynchronously. Furthermore, the tool
allows students to comment and revise each other’s writing and includes a historical log of all
revisions on the document. These affordances provided a solid rationale to incorporate
Google docs as a digital collaborative tool of choice.

This dissertation’s collaborative group writing study using Google docus found that
students equally distributed their workload without instructor input. Furthermore, the students
mainly opted to use a parallel construction approach, in which the writing was divided up
into sections for each member to complete. Overall, group writing assignments that showed
more balanced collaboration or more equal contributions of individual members were
associated with higher quality content and form. The equality of contributions to the essay
between group members was predictive of science vocabulary use, syntactic simplicity, and
text referential cohesion. That is, as group members’ contributions became more balanced,
their assignments reflected richer use of scientific vocabulary and greater overall cohesion
throughout the text despite the use of a parallel construction approach.

These findings are consistent with other studies utilizing Google docs as a
collaborative writing tool. Collaborative writing through Google docs was associated with

higher perceptions of writing quality by students that were linked to perceived learning (Blau
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& Caspi, 2009). Further, using Google docs for collaborative writing has led to superior
writing outcomes than face-to-face collaborative writing (Suwantarathip & Wichadee, 2014).
Google docs may foster greater learning by promoting increased student interactions
focused on the task at hand (Ishtaiwa & Aburezeq, 2015). Google docs helps facilitate
multimodal leadership among a single group member while allowing non-leaders to
contribute collaboratively (Olesen, 2020). Furthermore, Google docs may be more flexible
than face-to-face collaborations, as it enables students to collect their thoughts when working
with peers, work directly with peers, or work independently on a section while others worked
together (Jung et al., 2017). Thus, the literature suggests that students can produce a higher
quality written product between the increased student interactions and the collaborative
structural enhancements between group members. This was supported by the results from the
dissertation’s study on collaborative group writing in which groups that worked together
equally had greater use of science vocabulary and analytical thinking. Particular group
engagement patterns such as greater peer edits were correlated with unequal contributions
between group members. This suggested that a minority of the students were making the
majority of the changes. Furthermore, the peer edits were mostly replacement or removal of
simple words without linking the edited content back to the main text and likely decreasing
the quality of the essay. Thus, groups with greater equality of contributions, and likely more
organized and greater interactions, had more science vocabulary use and higher levels of
analytical thinking in their writing. This phenomenon in which the more balanced
contribution groups have more analytical content suggests that greater learning occurred for
more students since everyone contributed some element to the final work. Additionally,
group members would likely feel more integrated and more satisfied with the group, as each
individual’s ideas and work were included in the final product, as opposed to having an entire

essay comprised of work from only a few key members.
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Increasing Social Connectedness through Social Media

Other tools that can be used to facilitate social connectedness between students
include social media applications. These social applications have numerous affordances that
range from their prevalence, with 68% of American adults using Facebook alone (Pew 2018).
Furthermore, social media has been integrated into the classroom as supplemental tools for
communication that served as a venue for networking, a safe haven for expression, and
learning communities (Rambe, 2012). Social media use has been associated with
collaborative learning practices that moderate academic performance for college students in
Malaysia (Al-Rahmi, Othman, Yusof, & Musa, 2015). When schools foster environments
where students can utilize social media for collaborative purposes, students demonstrate
improved academic outcomes. Prior research demonstrated that Twitter usage among
students demonstrated a positive correlation with course engagement, as shown through
sharing of information and social exchanges (Evans, 2014). Similarly, Twitter use in a
medical school neuroanatomy course boosted student morale and provided a support network
for students (Hennessy et al., 2016). Twitter as a platform helped foster communication
among students who reported reduced anxieties. This supportive communication between
students is reminiscent of the trust-building process in a community of practice.

This dissertation has included two studies utilizing two different social media
applications, Facebook Messenger and Google Hangouts, and yielded mixed effects on
student social connections. Both studies included similar methodology, with the instructor
creating a voluntary forum within the social media applications for students to join and
interact with each other. Additionally, the instructor periodically posted course content-
related questions within the forums to generate discussion and critical thinking. Both studies
were conducted in lower-division, general education biology courses and did not alter student

grades based on enrollment into the social media applications.
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When Facebook Messenger was used as a supplemental communications resource, the
nature of interactions between students within Facebook Messenger were predictive of their
grades, with social engagement between peers being positively predictive. This study
provided insight into how students freely engaged with each other and its relation to their
academic outcomes. It showed that the addition of social interactions could lead to enhanced
outcomes for students. Social posts on Facebook Messenger were predictive of student
performance, while posts that focused on administrative concerns, such as deadlines, or
course-specific content, did not. These results demonstrate the value of social engagement
among students and align with previous research that suggests that students who could easily
make friends in their academic programs had higher grade point averages (Melnick, Kaur, &
Yu, 2011).

This study reinforces the notion that student engagement is linked to achievement, as
demonstrated by previous studies focused on discussion forums instead of social media
(Carceller, Dawson, & Lockyer, 2013). However, we expanded on this research by explicitly
identifying that the type of engagement is more relevant than the number of posts, with social
engagement being the primary predictor of achievement. These purely social contributions by
students on Facebook Messenger had more impact on grades than discussing course content
or assignments and deadlines. This particular impact may be due to the enhanced social
connectedness that students who socially interacted on the app received, resulting in greater
motivation and enjoyment in the course. For example, we found that both Facebook
Messenger usage and students’ self-reported enjoyment from using the application predicted
their motivation in the course. This increased motivation may have contributed to their
improved performance in class.

Additional research has shown that social media can be applied effectively in the

classroom. When professors uploaded course content and engaged with undergraduate
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students on Facebook for educational purposes, students’ frequency of use of Facebook
positively correlated with their academic performance (Lambi¢, 2016). Students utilized the
Facebook group to expedite gathering academic information, leaving them with more time
and energy to engage with the course content. Students could share resources such as links to
clarify information, ask and answer each other’s comments, and “like” specific questions to
indicate that the material was helpful. They also shared their projects with the group in order
to receive feedback. Students’ perceptions of the usefulness of Facebook greatly impacted
their decision to utilize it as a learning tool. Furthermore, general social media use did not
impact academic outcomes (Lambi¢, 2016). Additionally, social media such as Facebook and
Twitter have been leveraged in university settings to improve students’ sense of
belongingness (Dougherty & Andercheck, 2014; Friess & Lam, 2018).

In contrast, the Google Hangouts study found a much lower level of social
engagement among students and found that social posts were not associated with course
outcomes like in the previous Facebook Messenger study. Instead, we found that Google
Hangouts use did not impact students’ motivational factors or course outcomes. Furthermore,
self-efficacy, value, and sense of belongingness at the beginning of the quarter did not predict
social media use at the end of the quarter.

One reason for these discrepant findings may be that this study was conducted during
the pandemic, with entirely online instruction. Thus, online social connectedness may
function differently when a course is online rather than supplementing an in-person format.
Including a supplemental communications tool in an in-person course could enhance
relationships already formed in person. The same social bonds may not be found if students
never had the opportunity to meet each other and form relationships that the social media
applications might augment. This was evident from the lower student participation in the

courses’ social media for Google Hangouts compared to Facebook Messenger. Google
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Hangouts had a 67% enrollment rate compared to the 82% enrollment rate in the Facebook
Messenger study. Furthermore, only 38% of the enrolled students posted at least once in
Google Hangouts compared to 63% using Facebook Messenger. Alternately, this contrast
may reflect the different affordances of Google Hangouts and Facebook Messenger. Google
Hangouts, which does not have the option of hosting images or videos, functions as a chat
group, whereas Facebook Messenger is a full-spectrum social media platform and may better
foster social engagement. Thus, in addition to the online or in-person formats of the courses,
the limited features of Google Hangouts may have impacted students’ attitudes and
engagement.

The divergent results between the Facebook Messenger and Google Hangouts studies
show that changes in instructional mode and platform can impact student interactions with
the tool. This complements previous research that showed that the benefits of discussion
forum participation on student outcomes were more robust in blended learning classes than
fully online classes (Carceller et al., 2013). Furthermore, these studies provide insight on the
importance of selecting the appropriate digital tools for instruction under specific
environments. This study suggests that the online learning environment requires different
support structures than blended learning as student engagement differs in quantity and type.
Furthermore, the relationships between engagement type and academic achievement shifted

between the modes of instruction as well.

Student impressions

Students generally enjoyed both the Facebook Messenger and Google Hangouts
resources. They found them useful and added an element of interactivity between the students
and the feeling that the instructor was easier to reach. Students reported wanting the FB
element in more courses. This is consistent with past research that generally supported the

theory that students enjoyed utilizing social media in the classroom (Guo et al., 2018; Omar
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et al., 2014). In the GH study, students created separate groups outside of GH via discord,
suggesting a possible level of dissatisfaction with the platform. Furthermore, students’ sense
of belonging did not increase in the Google Hangouts study.

Although the Google docs collaborative science writing study did not include
measures of student satisfaction, we did explore student interactions. Unsurprisingly, we
found evidence of student frustration when student contributions were uneven. This free-rider
effect often occurs when an inequitable contribution of work is a common concern in online
collaborations (Chang & Kang, 2016). Thus, greater equality of student contributions not

only supported student learning but also promoted student morale.

Pitfalls of Technology

There are some possible disadvantages associated with the utilization of technology
presented in this dissertation. The Google docs collaborative element leaves room for
inequitable group work and may be seen as unfavorable or unenjoyable by some students.
This unequal distribution of labor can lead to decreased motivation (Loh & Ang, 2020). A
solution for this issue could be utilizing tools like Author Viz, which makes individual
contributions visible to instructors and participants alike. This greater accountability may
encourage the less productive students to contribute their fair share.

The Facebook Messenger and Google Hangouts supplemental communications tools
may have lower participation and unequal participation among students. More extroverted
students would be likely to post more while others may opt-out entirely, creating two separate
sections of students, although both studies have shown that enrollment does not impact
grades. This is a common problem found in online discussion forums in which a few highly
vocal students control the flow of the discourse and monopolize the discussion (Dooley &

Wickersham, 2007). However, the loss of possible social interactions through opting out or
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lack of access to technology may create a sense of alienation. The social media applications
could be an additive resource for those who are already likely active participants in the
course, thereby furthering the achievement gap. The results from both studies are
correlational, so it could be possible that the students who are already more engaged are the
ones enrolling and contributing more while the unmotivated and disengaged students are not.
Thus, instructors could use these social media groups as an early indicator of students

needing more encouragement and support.

Implications for Practice

The collaborative writing Google Docs study results reveal the value and importance
of equally distributed group work in STEM writing. Thus, instructors should focus on
implementing mechanisms promoting accountability and shared group work so that
contributions are more equal among group members since this factor has been found to lead
to greater science vocabulary use, which is a proxy for scientific knowledge. Increased
accountability can be achieved through utilizing authorviz or other tracking software among
students to monitor contributions. Additionally, creating opportunities and scaffolds for
groups to come together during class could potentially result in greater equality of
contributions and ultimately greater learning.

In contrast to Google documents use, there are some mixed results regarding whether
social media use positively or negatively impacts academic performance. Some studies find
no relationship between social media use and student GPA (Alwagait, Shahzad, & Alim,
2015; E. B. Lee, 2015). In contrast, others indicate that social media use and electronic media
usage were negatively associated with grades (Jacobsen & Forste, 2011). Research suggests
that the time college students spend on social media websites such as Facebook negatively

predicted overall GPA (Reynol Junco, 2012). The effect was so large that time spent on
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Facebook as a predictor was half as strong as high school GPA, the strongest predictor, in
predicting college grades. Certain behaviors such as checking up on friends and sharing links
were positively associated with GPA (Reynol Junco, 2012). In search of a possible
explanation for this phenomenon, researchers examined how Facebook impacted time spent
studying. Time spent on Facebook was negatively and weakly associated with time spent
preparing for class, while time spent on Facebook chat was a stronger negative predictor of
preparing for classwork (Reynol Junco, 2012). This suggests that there may be another
mechanism other than losing studying time from using Facebook that negatively impacts
student achievement. Thus, it is clear that social media is not a panacea for increasing student
motivation and sense of belongingness. However, social media has also been effectively
utilized to enhance student learning (Bowman & Akcaoglu, 2014; Yunus et al., 2012). It is
important to note that faculty participation and integration of theoretical models with social
media along with requiring participation often leads to enhanced outcomes (Reynol Junco,
Elavsky, & Heiberger, 2013).

Thus, if instructors wish to implement social media, they must focus on integrating social
media with theoretically driven pedagogy, require participation, and frequently engage with
students. Simply, including social media platforms in the classroom as a supplement may
lead to mixed results and can be highly dependent on the format of the class as well as the
social media platform utilized. Integrating social media elements with collaborative tools in
the classroom can result in greater sense of belongingness and enhanced academic outcomes

with proper instructor preparation and guidance.

Limitations and Future Directions
All three studies were exploratory in nature and had some limitations. Because of

sample size limitations, no true control group was present in the three studies to compare the
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effects of the different interventions. The Google docs study could have benefited from a
standardized essay format in which all groups were required to write the same essays during
the same weeks instead of being allowed to select their format for each assignment as past
research randomly has demonstrated that writing prompts can impact the compositional
fluency of writers (Hudson et al., 2005). The comparison between the Facebook Messenger
study and the Google Hangouts study is complicated due to the timing of global events. The
Facebook Messenger study occurred pre-Covid and included in-person instruction, while the
Google Hangouts study was solely online. Covid-19 related stress factors may have been
present during the Google Hangouts study and confounded the results, as students may have
been more preoccupied with caring for family and themselves.

Future studies should utilize a randomized control design to incorporate different
types of social media applications such as Discord, Facebook Messenger, or Google
Hangouts to compare student engagement rates and the efficacy of these tools to enhance
student socialization and learning. Additionally, integrating problem-based learning activities
and providing social media forums in conjunction with a digital collaboration tool such as
Google docs would amplify the effects of each intervention by providing more mediums for
students to interact with each other. The body of literature regarding whether social media
applications could enhance student learning is rather large and answered. However, our study
supports the notion that examining the affordances of the different types of applications and
how they can be leveraged is an important and integral aspect of effective technology

integration within the classroom.

Conclusion
Incorporating outlets for increased social connections between students can promote

varying outcomes. For example, focusing on the collaborative elements within social
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connectedness in conjunction with science writing between students has resulted in writing
with greater science vocabulary use, and syntactic simplicity. Thus, focusing on promoting
equal contributions among students and providing an environment conducive to collaboration
is effective at enhancing student adoption of disciplinary literacy. Student social
connectedness is associated with academic outcomes. Furthermore, fostering social
communication between students via Facebook Messenger led to enhanced academic
outcomes. However, simply adding an outlet for additional online communication in a fully
online course may not increase students’ sense of belongingness and social connectedness.
The appropriate environment must already be present so that students opt to utilize the social
apps to enhance their socialization as was shown in the Google Hangouts study which had
lower participation rates in comparison to the Facebook study. Practitioners must consider
how they implement online technology in their classroom, considering the mode of
instruction and the structure it is delivered in to encourage socialization among students
appropriately. Following the guidelines set by previous successful studies that have
implemented social media effectively in the classroom is important to consider if the goal is
to improve student learning along with course satisfaction (Reynol Junco et al., 2013). The
three studies presented in this dissertation provide a window for the possible application of
various technological tools to increase the quantity and enhance the variety of interactions

between students within STEM courses.
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