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WIP: Engineering together - Applying remote collaborative

technology to an in-person undergraduate engineering course.
Abstract

This evidence-based Work in Progress research paper will explore how collaborative technology
impacts student engagement with teams and programming activities in an introductory first-year
engineering course. Introduction to engineering has been a historically difficult course for
undergraduates as they are introduced to algorithmic thinking, design processes, and problem-solving
methodologies. To assist students, a variety of approaches can be employed in the classroom; team-
based capstone projects with end of course demonstrations, synchronous collaborative technology that
supports teamwork and communication in and out of class, pair-programming, and visual-based
programming languages. Each of these provides benefits to the students individually, but with COVID-
19 forcing a shift to remote learning, collaborative technologies experienced an unprecedented
development of innovations and tools. A return to in-person classes may incline educators to drop
collaborative technologies for teaching, but remote control, screen share, and collaborative tools are still
beneficial if using teamwork in the class. This paper investigates the following research question: to
what degree is student engagement impacted by the usage of synchronous collaborative tools in a team-
based, in-person undergraduate introductory engineering course? An experimental setup was
implemented in three different sections of an introductory engineering course at a large, midwestern, R1
institution. All three sections had different instructors and a class size of around 50 students. One of the
three sections implemented a technology that allowed students to connect to a teammate’s computer and
share control of keyboard/mouse, enabling real-time collaborative programming in a normally
individual programming environment. The other two sections were control sections with no specific
implementation differences. A survey instrument grounded in Burch et al.’s conceptual framework was
developed and distributed at strategic times to measure students’ engagement with their team and in-
class programming tasks. Results presented include a Confirmatory Factor Analysis (CFA) that supports
the factor structure of the student engagement survey and an analysis of variance (ANOVA) procedure
to compare the three sections and investigate significant differences between them through student
grades. The results of this research have potential to provide direction for usage of remote collaborative
technology for in-person, academic settings. Future implications of research include investigating the
impact of similar technologies on student engagement and learning outcomes; contributing a validated
instrument to measure students’ engagement with their programming tasks and teams; and provide
educators with potential methodologies to improve student engagement in team-based coursework.

Introduction

Engineering has historically suffered high student attrition rates [1], [2], [3], with a significant
portion of engineering students deciding to leave their major within the first or second year [3],[4].
To help improve engineering undergraduate retention, engineering courses began adoption of
project-based learning. These are often team-based courses where students solve an engineering
project modeled off real-world case studies and experience the development, testing, and
implementation of a solution utilizing design processes and computational skills [5], [6], [7], [8].
Project based learning has reported increased learning outcomes for students [9], [10]. This
pedagogy uniquely engages the students with teams and facilitates development of functional
teaming and engineering problem solving competencies, characteristics of future engineers required
by ABET [11]. Increased student engagement has also been a reliable predictor of higher retention
rates. An approach to improving engagement of students in the context of project-based learning is



to leverage technologies that support teamwork and communications in and out of class, referred to
as Computer Supported Collaborative Learning (CSCL) technologies. CSCL is grounded in the
educational theories of social-constructivism that emphasize active, team-based classrooms; the
importance of students' communication; students’ experience of the environment; and the
advancement of collective understanding [12],[13],[14],[15]. In his seminal work, Stahl [16]
introduced the concept of computers acting as “mediators” for different forms of collaboration
between students. Jeong & Hmelo-Silver [17] created four themes associated with a computer’s
support of collaboration — collaborative knowledge building; personal perspectives intertwined with
the team; technology mediating the team; and analysis of team interactions via technology. They
further elaborated these theories by producing some affordances technologies should provide for
learners. The CSCL technology should allow learners to have engagement in joint-task,
communication between teams, sharing of resources, engagement in collaborative learning
processes, and co-construction [17]. The broad definition and multiple affordances allow for CSCL
technologies to be successfully implemented at different levels in engineering contexts. Examples
of some of these implementations are discussed in the following sub-sections.

CSCL in undergraduate engineering courses, first-year engineering courses, and programming

Prior research applied CSCL technologies in undergraduate engineering education settings. For
example, senior students were able to utilize 3D robotic simulation software which facilitated
synchronous collaborative movement of the robot via a desktop application, which simulates an
environment useful for limited knowledge users [18]. An industrial design course modified its
curriculum to use Instagram to archive student presentations and facilitate discussions which
coincide with the CSCL affordances of sharing of resources and communication between teams
[19]. Student responses indicated improved comprehension of concepts and improved overall
knowledge of the subject matter, with in-class discussions followed by virtual discussion as the
most useful aspect [19]. Augmented reality has been utilized in first-year engineering courses,
where students who collaborated in augmented reality performed better on learning outcome tasks
than those who collaborated normally [20]. In a different study, student teams in design ideation
groups for their first-year engineering project were split into two modalities; virtual teams that used
online note-sharing application and in-person teams that would meet normally [21]. No significant
differences were found between the group's design ideation development, suggesting CSCL
technologies are as effective as in-person modality in first-year engineering contexts for design
ideation [21]. Another study examined how students used Google Docs to manage their team
workflow and knowledge generation. They reported role rotation and shared responsibilities of team
members, usage of collaborative tool during face-to-face meetings, with 95% of students indicating
that the tool was beneficial for the workflow of the team [22]. An intentional application of CSCL
to improve student engagement and learning outcomes is pair programming. Pair programming is a
software development technique where two individuals work on the same code simultaneously; one
as a driver who types code and the other a navigator who reviews, discusses, or dictates code
[23],[24],[25]. Implementation in programming and computer science courses showed improved
learning outcomes via improved assignments and final exam grades [26], [27], coding quality and
achievement [28], and increased student attendance [29]. Recent development of team /mob-
programming expands the interaction to three to four students with single driver and multiple
navigator roles [30], [31]. To simplify definitions, pair, mob, and team programming are blanketed



under team-programming. Bowman et al. [32] concluded that other disciplines should begin to
consider application of this pedagogy owing to the increased opportunities for meaningful,
academic, and collaborative work.

Current Study and Limitations

The COVID-19 pandemic shifted education modality to a purely remote format. As a result,
collaborative technologies experienced an unprecedented development of innovations and tools
with both education and industry borrowing techniques from each other. CSCL technologies based
on team-programming pedagogies proved indispensable in this modality, with features such as
screen share and remote control. The current study aims to gather evidence that advocates for the
application of CSCL technologies in an in-person active-collaborative classroom. A CSCL
technology commonly used in software industry was piloted in a first-year engineering course to
answer the following question: to what degree is student engagement and student
learning/performance impacted by the usage of synchronous collaborative tools in a team-based, in-
person undergraduate introductory engineering course? To answer the research question a
conceptual framework grounded in student engagement literature was used to create an instrument
to measure student engagement. To measure learning, specific programming content of the course
were used as metrics for learning/performance outcomes for students. The following sections
discuss the conceptual framework and development of the student engagement measurement
instrument. Development of the student engagement instrument went through an iterative process.
Data collected from the first distribution was used to modify the instrument to a 6-point Likert scale
and require inverse-coded questions but was not used to analyze programming scores or student
engagement. Future iterations of this study will need more datapoints collected, with potential to
examine differences throughout the semester. The format of the class and different instructor
implementations introduce multiple variables which can confound if engagement and programming
score differences can be attributed to CSCL technology. Ways to reduce these confounding
variables in control and experimental sections would need to be examined.

Conceptual Framework and Instrument Development

A shared goal of the CSCL methodologies is the improvement of student engagement. In previous
studies, measurement of engagement included grades [26], [27], [28], student distributed surveys
[19], [22], or number of ideas generated [21]. To expand valid measures, exploration of student
engagement literature outside of engineering contexts resulted in more specific ways to measure
student engagement. Kuh’s [33] seminal work defined student engagement as devotion of energy to
coursework. Astin [34] defined it as what the students do during college, in terms of engagement
with institution organizations outside class alongside devotion of time and energy to coursework. In
Burch’s [35] framework, student engagement is comprised of four constructs of emotional
engagement, physical engagement, cognitive engagement in class, cognitive engagement out of
class. Burch [35] utilized employee engagement literature and framed a students’ job as a learner,
which developed the four constructs. In the context of the impacts of collaborative technologies in
this study, cognitive engagement out of class was not of interest, only three constructs inside the
course were considered. Definitions of the constructs are as follows: emotional engagement is
defined as student’s personal feelings about their experiences with in-class tasks and their
interactions with teammates; physical engagement is defined as student’s active participation with



their teammates on in-class tasks; cognitive engagement is student’s individual performance and
focus on in-class tasks and their perceptions of teammates performance and focus on in-class tasks.
Items in Burch’s instrument were reviewed and a pool of new items relevant to the educational
context were generated by the first author. The other authors, both educational researchers,
reviewed these items and selected a 5-point Likert scale for pilot administration. With pilot data, it
was recognized that a process of data validation was not in place. Three reverse coded items for
each construct were added to the original instrument to compare responses in other items and
eliminate erroneous data. The modified instrument also used a 6-point Likert scale in contrast to the
original 5-point Likert scale. The modified scale is presented in Table 1.

Table 1. Modified student engagement survey. Responses on 6-point Likert scale (1 = Strongly
Disagree, 6 = Strongly Agree) | (E= Emotional, P= Physical, C= Cognitive)

Question Statement Factor

Ql The resources provided to me made me feel positive about the tasks I completed with my E
team

Q2 The resources provided to me made working with my team enjoyable during in-class E
programming activities

Q3 The resources provided to me allowed me to feel open to frequently discuss errors in my E
programming code with my teammates during in-class programming activities

Q4 The resources provided to me made me feel comfortable asking questions to my teammates | E
about the in-class programming activity

Q5 The resources provided to me made it easier to positively contribute to my team’s tasks E
during the in-class programming activities

Q6 The resources provided to me made it easy to view my teammates programming work P
during the in-class programming activities

Q7 The resources provided to me allowed me to help teammates that were struggling with P
completing the in-class programming activities

Q8 The resources provided to me allowed me to see my teammate’s programming styles and P
compare, integrate, or contrast them with my own programming style

Q9 The resources provided to me allowed me to easily show my programming errors to P
teammates during the in-class programming activities

Q10 The resources provided to me encouraged me to ask questions to teammates during the in- P
class programming activities

Q11 The resources provided to me made it easier to perform programming tasks at a consistent C
level during the in-class programming activities

Q12 The resources provided to me allowed me to regularly pay attention to my teammate's C
comments about their programming code during in-class programming activities

Q13 The resources provided to me allowed me to maintain a similar level of engagement with C
programming activities in comparison with the rest of my teammates

Q14 The resources provided to me allowed my teammates and I to take time to reflect on the C
solutions we created to the in-class programming activities

Q15 The resources provided to me made it easy to concentrate on the programming task during C

in-class programming activities

Methods

Using the modified instrument, data was collected from three sections of a course. The following
sub-sections describe the following: educational setting of the study, characteristics of course
sections and participants involved with the study, the CSCL intervention implemented, data
collection, and data analysis methods implemented in the study.

Educational Setting, Sections and Participants



The study is based in the first semester of a two-semester first-year engineering course sequence in
the College of Engineering and Applied Sciences (CEAS) at a large, public, midwestern R1
institution. It introduces concepts and tools for engineering design process including fundamental
engineering content, project management, teamwork, and engineering ethics. Algorithmic thinking
using multiple computational tools like LabVIEW and Python are also a significant part of course
content. Every fall semester, about 1300-1500 students enroll in the course distributed into 24-28
sections, with an average class size of 40-72 students. At the beginning of the semester students are
assigned into teams of size 3-4 based on several factors like prior experiences, knowledge, and
demographics. Using a flipped-classroom setup, the instructors administer the same in-class
activities, quizzes, homeworks, and exams across all sections at the same time throughout the
semester. At the end of each class, students are administered a brief quiz that can be in team or
individual format as decided by the individual instructor to check for comprehension and
attendance. The physical structure of the team seating arrangements in-class divides teams of four
into pairs seated across and facing each other. Three sections of the first-year engineering course
were selected based on convenience sampling for the researchers. Section A had 40 students,
Section B and C had about 50 students. Instructor’s enforcement of teaming activities varied by
section. Section A’s instructor consisted of more laissez-faire attitudes to enforcement of teaming
activities which allowed for reduced interactions between team members where preferred, creating a
low interaction setup between team members. Section B’s instructor ensured teams were consistent
with work on tasks and not off topic and was a medium interaction section. Section C ensured teams
stayed on topic and utilized the CSCL technology and was considered a high interaction
environment between team members.

CSCL intervention for high interaction section

The CSCL intervention in Section C was implemented by means of ParSec. ParSec, originally
designed for gaming, is an application that captures the desktop screen of a computer through low
latency video streaming and streams it through the ParSec application. Each user must download the
application. A host can use the application to stream their desktop screen, and other users can join
using the application and see the desktop screen. The host can allow users access to their computers
mouse, keyboard, and specific applications that permit movement of mouse or keyboard strokes.
ParSec allows hosts to disable access to folder systems and the ability to click taskbars to close out
of applications. The potential use case of this technology is the ability for synchronous collaborative
editing in applications that normally cannot support that format, and for teams to share a single
screen for in-class programming tasks. In this format, students would be team programming [30]
[31]. By introducing and enforcing the use of ParSec during the in-class programming activities of
Section C, it is believed to have implemented high interaction within team's set-up where all
members of the team were actively working on the same task during class time.

Data collection and analysis

The student engagement survey was distributed to all three sections when students finished their
final in-class Python programming exercises. A total of n = 133 student responses were collected.
After final exams, student grades of in-class programming quizzes and exam programming
questions were collected and summed for each student, resulting in a sum score of in-class
programming quizzes and a sum score for exam programming questions. Analysis was conducted in



RStudio using Build 23.5 and the lavaan package. Results that indicated the same response for all
questions or the same response for both the item and its inverse related inverse item were removed
to account for erroneous data. With this sample, reliability and validity analyses were conducted on
the student engagement survey. Overall sum engagement score and scores of the individual factors
of emotional, physical, and cognitive engagement were compared between Sections A, B, and C. To
analyze learning/performance impacts scores of in-class programming quizzes and programming
questions on three exams were analyzed. Descriptive statistics of the student scores are given
below. To check for differences between sections, tests for normality were performed on student
engagement responses and the student grades. Data failed assumptions of normality based on
Shapiro-Wilk tests and examined Q-Q plots, so non-parametric tests for significant differences
between the sections were performed using Kruskal-Wallis to analyze for significant differences
between the medians of each section. Subsequently, a post-hoc Dunn’s test with Bonferroni
corrections was conducted to analyze which sections were significantly different. The sample size
for each of the sections were as follows: Section A had a sample size of 33 (n = 33), Section B had a
sample size of 38 (n = 38), and Section C had a sample size of 50 (n=50).

Table 2. Descriptive statistics of student engagement scores (n = 121)

Measurement Total Emotional Physical Cognitive

Mean 67.61 23.13 22.50 21.98
Median 69.00 24.00 23.00 22.00
Range 55.00 22.00 20.00 20.00
SD 9.47 3.30 3.72 3.68
SE 0.89 0.30 0.34 0.33

Table 3. Descriptive statistics of student programming scores (n = 121)

Measurement In-class programming quizzes Exam programming questions

Mean 53.12 57.67
Median 54.50 64.14
Range 36.00 68.30
SD 6.71 16.27
SE 0.61 1.48

Results and Discussion
Evidence of reliability and validity of student engagement measurement

The developed student engagement measurement scale was tested on a three-factor model. The
instrument contained 15 items with 5 items loaded onto each factor, and loadings of each item are
presented in Table 6. Standards for the indices of fit for the CFA were based on recommendations
from [36] and [41]. RMSEA < .06 indicates good fit, < .08 indicates reasonable fit. CFI and TLI >
.95 indicates adequate fit, SRMR <.10 indicate acceptable model fit. Because of the ordinal nature
of the Likert scale response items, Weighted Least Square (WLSMV) was used in Confirmatory
Factor Analysis. Sample size (n = 121) was slightly under than recommended but in acceptable
range [42]. Chi-square analysis indicated ¥2(87) = 131.547, p-value = .001. This model reports
unacceptable fit by chi-square (p=<.001), which is to be expected in large sample sizes. However,
indices of fit for CFI = 0.994, TLI = 0.993 are within an adequate fit. RMSEA = 0.065 indicates
reasonable fit, and SRMR = 0.069 indicate acceptable model fit. Reliability was adequate for



emotional engagement (o = .81), physical engagement (o = .82), and cognitive engagement (o =
.83), and strong for total student engagement (o = .91). Fit indices indicate that the theoretical
model adequately fits the data collected.

Table 4. Three factor model for student engagement measurement (n = 121)

Question Standardized Factor Loadings: ’
Emotional Engagement | Physical Engagement | Cognitive Engagement Cronbach’s Alpha

Ql. .80 0 0
Q2. 77 0 0

3. .70 0 0
Q 0.81
Q4. .61 0 0
Qs. .80 0 0
Q6. 0 73 0
Q7. 0 .80 0

0.91

Qs. 0 73 0 0.82
Qo. 0 .78 0
Q10. 0 71 0
Ql1. 0 0 .76
Ql2. 0 0 .76
Q13. 0 0 .70
Ql4. 0 0 .80 083
Ql15. 0 0 .83

Survey was distributed after completion of in-class programming tasks. Student’s responses to 15
questions were translated to a numeric scale (Strongly Disagree = 1, Strongly Agree = 6).

Table 5. Variance of student engagement by section using Kruskal-Wallis

Engagement x2 df p

Total 4.830 2 .089
Emotional 4.505 2 .150
Physical 4.830 2 .089
Cognitive 5.122 2 .077

After translation, results were analyzed and indicated no statistically significant differences in total
engagement (p = .089), emotional engagement (p = .150), physical engagement (p = .089), or
cognitive engagement (p = .077) between three sections. Programming scores were then analyzed.

Table 7. Variance of student programming scores by section using Kruskal-Wallis

Programming Scores x2 df P
In-class programming quizzes 20.843 2 2.979e-05
Exam programming 11.23 2 0.004

Results indicate statistically significant differences between the three sections for in-class
programming quiz grades (p= 2.979e-05) and exam programming grades (p=.004). A post hoc
Dunn’s test with Bonferroni corrections was conducted to explore which specific sections had
significant differences. Results indicated significant differences for in-class programming quiz
scores between Section A and Section B (p = 1.70e-5), Section A and Section C (p = 0.029), and



Section B and Section C (p = .009). Results suggested significant differences in programming exam
scores between Section A and Section B (p =.003), and Section A and Section C (p =.017). No
significant differences were found between Section B and Section C (p =.336) for exam
programming grades.

The goal of this evidence-based work-in-progress paper was to investigate the following question:
to what degree is student engagement impacted by the usage of synchronous collaborative tools in a
team-based, in-person undergraduate introductory engineering course? Non-parametric analysis of
student responses to overall engagement and levels of emotional, physical, and cognitive
engagement revealed no significant differences between the sections. While contrary to our
hypothesis, there may be confounding factors that could explain the non-significant results. One of
the primary reasons for non-significant results could be the fidelity of the instrument itself. The
student engagement instrument may be subject to critiques found in student engagement literature.
There is reported lack of explicit understanding on relationships between the types of engagement
and how they relate to learning [37]. Cognitive engagement outside of the classroom [35] could be
an important predictor not considered for this scale. Oversimplification of student engagement has
been a consistent issue [38], [39], so re-analysis of aspects the scale might not be measuring would
be necessary. No measures of the interaction levels of each section were accounted for by the
student engagement instrument. For example, differences or similarities in student characteristics
between the sections, differences in instructor teaching styles, and the engaging nature of a flipped-
classroom set-up itself could be potential contributors to the similarity between experimental and
control sections. Observation protocols during in-class activities and other instruments measuring
engagement might show different results than measuring the student perception of their engagement
through self-reported surveys. While student engagement levels between experiment and control
sections were not significantly different, significant differences were found in student learning by
analysis of quiz and exam grades. This indicates that the use of CSCL technologies could positively
impact student outcomes and points to a need for re-examination of the student engagement
instrument. Post-hoc analysis shows that exam scores in experimental Section C and B were not
significantly different. The higher interaction rate in these sections allowed for more team
programming, improving exam grades. Instructors could alter quiz formats to be done individually
or in teams, which would alter overall scores. Exam grades are stricter and can better indicate
programming competencies.

This work-in-progress paper provides evidence that remote CSCL techniques in in-person classes
can impact student outcomes, specifically in programming. Next steps for this research would be to
repeat the experiments and distribute the survey to more sections of the course, allowing for a larger
sample size. A re-examination of the student engagement instrument, including reliability and
validity analyses can be done. Exploration of student engagement literature can provide insights
into how to improve the instrument and discuss if outside class student engagement is an important
predictor of student outcomes inside the classroom. Additional observation protocols will be
appended onto the student survey to ensure the section instructor styles are more effectively
documented and potentially more aligned. Information regarding how programming quizzes were
distributed, individual or in teams, will be documented to provide further insights and provide
deeper conclusions for future iterations of this work.
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