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Relationship between Course Engagement and Educational Application Engagement in the 
Context of First-year Engineering Students 

 
Abstract 
 
This complete research paper emphasizes the importance of students’ engagement from two 
perspectives. These perspectives vary based on students’ interaction with learning activities or 
content and their interaction with the educational applications introduced in the class. This paper 
examines the relationship between these two engagement perspectives, i.e., students’ engineering 
course engagement (Course_Eng) and students’ application engagement (App_Eng) in a mobile 
technology-mediated learning environment. A CourseMIRROR mobile application was 
introduced in the first-year engineering (FYE) course, which prompted students to write their 
reflection on lectures’ confusing or interesting points after each class. To collect the data on 
students’ course engagement, we administered a validated survey at the beginning and the end of 
the semester (pre-post manner). Students self-reported their course engagement on four 
dimensions of engagement: behavioral, social, cognitive, and emotional. We calculated the 
number of times students submitted their reflections for the app engagement in a semester. One 
hundred and twenty students from a required first-year engineering course participated in this 
study by self-reporting their course engagement and interaction with the application. We 
hypothesize and explore whether students’ course engagement has a relationship with their app 
engagement or not. We analyzed the data using Pearson product-moment correlation to 
understand the relationships between pre-course engagement, post-course engagement, and app 
engagement. Furthermore, we conducted linear regressions to understand the relationship 
between 1) course and application engagement and 2) changes in students’ course engagement 
and app engagement. The study results indicate that students’ pre-behavioral and pre-cognitive 
engagement significantly correlate with students’ app engagement. Also, the study highlights the 
insignificant relationship of students’ social engagement, emotional engagement, and app 
engagement posts using the application. Further, both students’ pre-behavior and pre-cognitive 
engagement are predictors of students’ app engagement, while changes in students’ cognitive 
engagement (from pre to post) also significantly predict students’ app engagement. We discuss 
these results in light of implications, limitations, and future directions.  
 
Keywords: first-year engineering education, application engagement, behavioral engagement, 
social engagement, emotional engagement, and cognitive engagement. 

 
Introduction 

 
Students’ engagement is considered a fundamental motivational construct in engineering 
education and is often associated with learning and experience [1], [2], [3]. Existing literature 
has defined students’ engagement differently depending on the context of its use, where most 
researchers have discussed engagement with an explicit link to students’ academic activities and 
tasks [4]. For example, in one of the early seminal papers, Meece and colleagues [5] defined 
engagement as students’ participation with the learning material, activities, and community. 
However, other studies have defined it within the context of the learning environment, where 
engagement is referred to as students’ interactions or involvement in tasks related to the specific 
learning environment-based tasks [6]. For example, O’Brien and colleagues [7] defined 



engagement in the context of a technology-mediated environment (settings in which computer-
based applications and simulations are used to support participants’ involvement). They 
suggested engagement as interaction with the technology application(s) and systems in a 
meaningful way, within a context that may not necessarily be educational in nature. The vital 
caveat in both definitions was associated with one common principle: “meaningful interaction” 
with the elements of the contextual environment.  
 
In this research paper, we are using the contextual variations as a premise to define two forms of 
students’ engagement 1) Course Engagement (Course_Eng) describing students’ engagement 
with an engineering course, and 2) Educational Application Engagement (EdApp_Eng) 
describing students’ engagement with the educational application, used in the same course. In the 
light of existing literature, we define students’ course engagement as a multidimensional 
construct that captures students’ behavioral, emotional, cognitive, and social components while 
studying and interacting with course materials and community [8], [9]. Additionally, we define 
educational application engagement with students’ usage and interaction with an educational 
application in a meaningful way (i.e., completing the tasks of the application) [6], [7]. We 
hypothesize that as both course engagement and educational application engagement are based 
on the principle of meaningful interaction within a broader context of the course (or set of 
courses), they may have a relationship with one another. Considering this hypothesis in this 
research paper, we specifically explore the relationship between two forms of engagement in the 
context of the first-year engineering (FYE) course. The FYE is chosen as the context as it gives a 
unique perspective of students new to the engineering discipline who are finding ways to stay 
engaged and persist in the program [10].  
More specifically, we explore this relationship by answering two research questions: 

1) Do students with high course engagement shows higher app engagement?  
2) To what degree do students’ app engagement relate to changes in their course 

engagement? 
 
Theoretical framework and Literature review 

 
We framed this study on two fundamental frameworks: self-system motivation theory [11] and 
engagement theory [6].  
The self-system motivation theory describes engagement as an individual’s interaction with the 
context and associated contextual characteristics [11]. These interactions in a learning context 
are with learning activities, resulting in different overt and covert qualities of students’ behaviors 
[12]. Drawing from the self-system motivation theory principles, researchers have defined 
engagement as a multifaceted, multidimensional construct with four distinct yet interrelated 
dimensions: behavioral, emotional, cognitive, and social engagement [13].  
 
Prior studies define these four dimensions in educational settings [13], [14]. Behavioral 
engagement is described with overt properties of students’ academic participation in the course 
and class activities with positive behaviors [8]. Studies have used various behavioral 
characteristics to measure behavioral engagement, which includes the students’ number of 
courses taken, course grades, credits earned, GPA, attitude towards degree major and career, 
homework completion rates, attendance in class, and participation in extracurricular activities 
[4], [14]. Emotional engagement includes the positive overt and covert emotional reactions in 



response to course work, discussion, and learning material. These emotional reactions can be 
towards teachers, peers, or course content showing the interest or disinterest, enjoyment or 
frustration, anxiety or joy for the perceived value of learning [15]. Literature suggests that 
positive reactions can be induced in students by valuing students’ participation and fostering an 
interactive social culture in the class [4]. Cognitive engagement can be defined with two 
components of students’ behaviors, which are:1) use of learning strategies that promote deeper 
understanding, and 2) effort and willingness to invest in learning activities for comprehension of 
complex ideas [16]. Cognitive engagement helps determine students’ persistence in the course 
and their intended degree major [17]. Social engagement [18] includes students’ overt behaviors 
when participating in a social group or team [19]. The behaviors include both the interactions 
with other members and commitment to remain part of the group [20].  
 
Engagement theory [6] provides a framework for teaching and learning in technology-mediated 
environments. The theory premise is that students can be better engaged in course learning 
activities through engaging interactions and the usage of technology tools. In conjunction with 
the conceptual framing of O’Brien and colleagues [7], the theory suggests the importance of 
students’ meaningful interaction with both the course material and technology application. The 
engagement theory framework suggests that engagement may be recognized as a user engaging 
experience with the technology [6]. However, these experiences may go through different phases 
of engagement, including point of engagement (initial engagement), period of engagement, 
disengagement, and re-engagement. Additionally, the phase of engagement is often dependent on 
many more factors beyond usability experience, including feedback (may get by social 
interaction), intrinsic or extrinsic motivation (behavioral), positive affect (emotional), and 
perceived time (cognitive) [6], [7].  
 
Furthermore, studies have associated both types of engagement, i.e., course-related and 
application, to the aspects of students’ learning such as achievement [21], persistence [22], career 
aspirations [23]. Still, these two aspects of students’ engagement are yet to be fully explored. The 
present study is premised on the fact that classroom environments are changing their culture, and 
instructors are using creative and different learning techniques, including various educational 
applications and tools to keep students engaged [24]. In this context, educational applications are 
active components of the learning environment used for a specific contextual reason. Examples 
of contextual reasons include but are not limited to a material sharing platform (e.g., learning 
management systems), a learning material (e.g., educational games), a mean or evaluator of 
interactions with peers (e.g., wikis, or CATME [25], [26]), or a catalyst to promote students 
understanding of course material (e.g., CourseMIRROR [27], [28]). Thus it is essential to see the 
relationship between these two perspectives of students’ engagement. This study will investigate 
the relationship of these two students’ engagement perspectives, i.e., course engagement 
(Course_Eng) and educational application engagement (EdApp_Eng), within the context of the 
first-year engineering course (FYE). 
 
Research methods 

 
For this semester-long study, we used a pragmatic lens. We used various methods in a 
correlational research design to explore the relationship between the two perspectives of 
students’ engagement in an FYE course.  



 
Site and participants 
 
We collected data from 120 FYE students enrolled in a section of a required introductory 
engineering course in a large midwestern U.S public university. In the university, students are 
randomly placed in the sections. The course exposes students to fundamental programming 
concepts using MATLAB. Furthermore, the course builds students’ understanding of the 
development of mathematical models to solve engineering problems using critical thinking and 
problem-solving abilities. The sample consisted of 83.33% male students and 16.67% female 
students. On ethnic variations, 21.67% of students were international, 61.67% were white 
American, and 16.67% were from groups collectively described as AHN ( i.e., African 
Americans/Blacks, Hispanic/Latino(a), and Native Americans/Alaskan Natives) [29], and 
21.66% students who identified themselves with two or more races.  
 
Engagement Measures 
 
For the two perspectives of engagement, we used different measures. For Course_Eng, we relied 
on students’ self-reported evidence from an extensively used instrument, “The Math and Science 
Engagement Scales” [13]. The instrument has previously been validated for engineering students 
and comprises 19 items [30]. We used the instrument as it captures students’ engagement from 
all four dimensions as discussed in the literature using the subscales of behavioral (5 items), 
social (5 items), cognitive (4 items), and emotional engagement (5 items). We collected students’ 
Course_Eng data twice in the semester, in a pre-post manner, i.e., at the beginning of the 
semester and once at the end of the semester. The data were collected using a 6-Likert scale 
value (95.5% average completion rate), where one indicated “strongly disagree,” and six 
indicated “strongly agree.”  
 
For EdApp_Eng, the students enrolled in the course regularly used an application called 
CourseMIRROR [27], [31]. The app is designed to collect students’ reflections after each lecture 
on two aspects 1) muddiest point – asking the students to describe their confusing points of the 
lecture and 2) point of interest – prompting the students to describe what they found most 
interesting in the lecture. The students voluntarily participated in the reflection submission 
process in 26 lectures and submitted 3430 student reflections in total (~55% completion rate). In 
the literature, the student engagement within the technology context is associated with their 
engaging experience and used goal completion (e.g., mastery of task; [32]) as an engagement 
measure. Aligned with the literature, this study used the number of times each student submitted 
the reflections as an app engagement measure for students’ EdApp_Eng.  
 
Procedure and Data Analysis 
 
We modified the survey data used to measure the Course_Eng using standard procedures. First, 
we reverse-coded all the negatively worded items in all the subscales. This step was needed to 
bring all data items on the same measurement scale. Second, we examined the issues pertaining 
to outliers, skewness, kurtosis, multi-collinearity, singularity, and missing data. For all subscales, 
we found no outliers in the data. Additionally, skewness and kurtosis values were below or close 
to 1, indicating no issues. Third, we used correlation coefficients between variables to check for 



multi-collinearity or singularity and found no problems between subscales. Finally, with less 
than 5% missing data, we mean imputed the values before analysis. In addition, for the analysis 
of two questions, we calculated the average values for pre and post-subscales, respectively. For 
example, we took the average of all 5 items for pre-behavioral engagement sub-scale (Pre_Beh), 
an average of 5 items of pre-emotional engagement (Pre_Emo), an average of 5 items of pre-
social engagement (Pre_Soc), and an average of 4 items of pre-cognitive engagement (Pre_Cog). 
Similarly, we calculated the average of post-engagement subscales. For EdApp_Eng, we 
calculated the number of times students submitted the reflections out of the total of 26 lectures. 
 
For the second research, we calculated the changes in students’ Course_Eng, by subtracting the 
pre average of a subscale from the post average. For example, Beh_Changes = Average(5 items 
of Post-behavioral engagement) – Average(5 items of Pre-behavioral engagement). Similarly, we 
calculated changes in students’ emotional engagement (Emo_changes), changes in social 
engagement (Soc_Changes), and changes in cognitive engagement (Cog_Changes). For all data 
analysis, we used IBM SPSS statistics (v. 28.0).  
 
Results 
 
To answer the first question of exploring the relationship between students Course_Eng, and 
EdApp_Eng, we initially calculated the Pearson product-moment correlation between pre-
Course_Eng, post-Course_Eng, and EdApp_Eng. The results are presented in Table 1.  
 
Table 1 Pearson product-moment correlation between Course_Eng and EdApp_Eng 
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Pre_Beh 1.00 .454** .645** .819** .623** .315** .518** .623** .189* 
Pre_Emo - 1.00 .441** .481** .301** .553** .115 .264** .089 
Pre_Soc - - 1.00 .676** .405** .261** .451** .455** .043 
Pre_Cog - - - 1.00 .565** .246** .404** .556** .208** 
Post_Beh - - - - 1.00 .479** .597** .774** .036 
Post_Emo - - - - - 1.00 .278** .438** .018 
Post_Soc - - - - - - 1.00 .707** -.065 
Post_Cog - - - - - - - 1.00 .008 
EdApp_Eng - - - - - - - - 1.00 
*p<0.05, **p<0.01 
 
The results of the correlation coefficients indicate a significant and positive correlation between 
two dimensions of students’ pre-Course_Eng (i.e., Pre_Beh, and Pre_Cog) and EdApp_Eng, 
where the increase in students pre behavioral engagement and pre-cognitive engagement are 
directly related to increase in students’ application engagement. However, there was a non-
significant correlation between other dimensions of Pre Course_Eng and all dimensions of post-
Course_Eng with EdApp_Eng. 



 
To understand the relationship between students’ course and app engagement, we conducted 
simple linear regressions between the dimensions of Course_Eng and EdApp_Eng. The results of 
the regression analysis are presented in Table 2. We used dimensions of Course_Eng as an 
independent variable and EdApp_Eng as the dependent variable.  
 
Table 2 Results of regression analysis between Course_Eng and EdApp_Eng 
Estimate R2 F(1,117) B SE t p 
Pre_Beh .036 4.339 2.521 1.210 2.083 .039* 
Pre_Emo .008 .927 .637 .662 .963 .338 
Pre_Soc .002 .212 .518 1.124 .461 .646 
Pre_Cog .043 5.269 2.512 1.094 2.295 .023* 
*p<0.05, **p<0.01 
 
The results indicate a significant relationship between students’ Pre_Beh course engagement and 
EdApp_Eng. Also, there is a significant relationship between students’ Pre-Cog engagement and 
EdApp_Eng. Although the values of R2 are small, they indicate that 3.6% changes in students’ 
EdApp_Eng are explained by the proportion of variance in the Pre behavioral engagement. 
Similarly, 4.3% variance in students EdApp_Eng is explained by the proportion of variance in 
students’ cognitive engagement.  
 
To answer the second research question and explore the degree of students’ app engagement 
relationship with changes in course engagement, we conducted additional simple linear 
regressions between average changes of course engagement dimensions and EdApp_Eng. The 
results of the regression analysis are presented in Table 3. We used average changes in the 
dimension of Course_Eng as independent variables and EdApp_Eng as the dependent variable. 
 
Table 3 Results of regression analysis between changes in Course_Eng and EdApp_Eng 
Estimate R2 F(1,117) B SE t p 
Beh_Changes .032 3.358 -2.421 1.321 -1.832 .070* 
Emo_Changes .004 .475 -.486 .706 -.689 .492 
Soc_Changes .011 1.138 -1.192 1.117 -1.067 .289 
Cog_Changes .064 5.988 -2.930 1.197 -2.447 .016** 
*p<0.10, **p<0.05 
 
The results indicate a significant relationship between changes in students’ behavioral 
engagement and EdApp_Eng. Also, there is a significant relationship between changes in 
students’ cognitive engagement and EdApp_Eng. The R2 values indicate that 3.2% changes in 
students’ EdApp_Eng are explained by the proportion of variance in the changes of behavioral 
engagement. Similarly, 6.4% variance in students EdApp_Eng is explained by the proportion of 
variance in changes of students’ cognitive engagement. However, these results indicate both 
dimensions of changes in students’ course engagement cause a decrease in students’ 
EdApp_Eng. We examined the mean difference between pre and post-course engagement for all 
four dimensions to explore these negative coefficients. The results are presented in Figure 1 (A-
D). The graphs from pre to post indicate that all aspects of course engagement (measured with 



different self-reported items) show a decrease from pre to post engagement except for the two 
items of the social engagement. 
 

 
A) Behavioral Engagement 

 
B) Emotional Engagement 

 
C) Social Engagement 

 
D) Cognitive Engagement 

Figure 1 (A- D) Changes in Course_Eng from pre to post of four engagement dimensions 
 
Discussion 
 
This research study explored the relationship between two perspectives of students’ engagement 
in an FYE course. We described these perspectives as students’ course engagement and 
engagement with the educational application used in the course. We explained that course 
engagement describes students’ meaningful interaction with content, material, and activities. In 
contrast, students’ engagement with applications relies on students’ meaningful interaction with 
the educational technology or application used in the course. We hypothesized that, as in the 
context of FYE, both perspectives deal with students’ meaningful interaction and thus may have 
a relationship with one another. We conducted correlations and regressions between various 
dimensions of course engagement and students’ educational app engagement. Besides the 
novelty in the research aspect of exploring this relationship, the study’s results highlight 
important considerations. Students’ behavioral and cognitive engagements were the two aspects 
that stood out within this investigation and had a relationship with students’ engagement with the 
educational application. Looking deeper into the definition of these two dimensions of 
engagement, we noticed that behavior engagement is related to students participation, 
completion rates of activities, and attitudes towards work [4], [33]. As we measured students’ 



engagement with the app based on their submission rate, these may be because of students’ 
behavior of completing the task at an adequate rate. 
 
Similarly, cognitive engagement relies on the principles of use and effort to invest in learning 
activities [3], [15], which may help students use the application. Besides a relationship among 
students’ behavioral engagement, cognitive engagement, and educational app engagement, for 
both pre-engagement and changes in engagement, we observed that changes in engagement 
negatively impact students’ app engagement. Based on existing literature, one probable 
explanation could be students may go through different phases of engagement in the course [6], 
[7]. It is possible that at post-engagement survey time, students may have been in a different 
phase of engagement (e.g., period of engagement, disengagement, or re-engagement) from pre-
survey (initial engagement). Our further explorations indicated a decline from students’ pre- to 
post-engagement for all dimensions, indicating students’ disengagement or the beginning of the 
re-engagement phase. As the acquisition of these phases can be due to multiple factors, they 
probably are worth exploring during the entire semester.  
 
These results are also interesting as results are indicative of a decline in students’ engagement 
from per to post class. The reasons for such a decline in engagement could be related to students’ 
expectations, harder course content and topics (e.g., programming [34]), or particular learning 
activities employed in the course[35]. Another explanation could be due to students’ higher level 
of engagement at the entry-level based on their past performances in high school, higher scores 
in standardized tests, and getting admission to one of their top choice universities [36], causing 
the rapid change into the next phase of engagement (e.g., disengagement). Besides, the students 
self-reported their engagement introspectively and retrospectively, which relies on their 
generalizations about the course and situation of what they believe they will do or did in a 
situation. These generalizations could be influenced by students’ ability to relate the questions 
with their experience and learning in a conscious manner [37]. 
 
Limitations and Future Directions 

 
Based on the discussion of the results, the study has several limitations and corresponding future 
directions. First, the study uses the data of one section of an FYE class, thus having a relatively 
small sample size. Future studies can focus on a larger sample size in multiple sections of the 
same course or various courses. Also, with larger sample sizes, future studies may account for 
gender and ethnicity-based variations in students’ course engagement and educational app 
engagement.  
 
Second, in this study, we used one application, i.e., CourseMIRROR, to investigate the potential 
relationship between students’ course engagement and app engagement. Future studies may 
consider various other applications consistently used in educational courses and see their 
relationship with different engagement perspectives. Third, in this study, we relied on students’ 
self-reported evidence of course engagement. We did not include process data such as classroom 
observations(e.g., [38]), teachers’ records of student engagement, etc. Although the literature 
supports the self-reported evidence for valid and reliable results [39], future studies may add 
other sources of information for accuracy and holistic explanation.  
 



In addition, we suggest the in-depth examination of students’ course engagement with other 
forms of engagement (e.g., cognitive engagement; reflection quality) based on phases of the 
engagement. As in this study, we collected the course engagement survey at two-time points, and 
we may have missed certain aspects of the period of engagement and re-engagement.  
 
Conclusion 

 
The research study highlights the importance of multifaceted, multidimensional, and meta 
construct of students’ engagement. This study discussed the role of various perspectives of 
engagement in students’ journeys within the context of FYE education. These varying 
engagement perspectives are timely and essential in this era of the ongoing pandemic, heavy 
reliance on technology tools, and use of other modalities in higher education. With every new 
day, instructors across the globe are looking for ways to enhance students’ engagement in classes 
within new modalities. However, we argue that using these educational technology tools and 
new modalities should be contingent on many factors, including how these tools are related to 
students’ course engagement and content [40]. Based on existing literature that suggests that 
positive experiences enhance students’ motivational aspects, we urge to investigate the 
relationship of new methods of instruction with students motivational constructs, including 
engagement [41]. We argue that without such evaluations, the continuous use of unrelated 
perspectives may result in frustrating and stressful students’ experiences.  
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