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WIP: Measuring Student Cognitive Engagement Using the ICAP
Framework In and QOutside of the Classroom

Abstract

The following is a Work in Progress paper related to the deployment of an instrument to holistically
measure the cognitive engagement of STEM students. Engagement continues to be shown as an
important factor in the academic success of STEM students, and therefore of interest to both
educators and the research community. Of the components said to make up engagement
(behavioral, emotional, and cognitive), cognitive engagement persists as difficult to measure due
to its lack of observable characteristics. The ICAP theory proposed by Chi and Wylie uses
validated means to link levels of cognitive engagement with overt, observable behaviors in
students. While this theory does much to advance teachers’ perceptions of engagement in their
own classroom, it is explicitly not a measurement schema. We set out to use the validated link
between overt behaviors and cognitive states to develop a tool that allowed students to report on
their own cognitive engagement. As the ICAP theory suggests, cognitive engagement is influenced
by the environment in which student learning takes place. Despite educators developing
curriculum (i.e. homework, projects, writing assignments, etc.) to influence student’s out-of-class
environment, cognitive engagement outside the classroom is rarely addressed in the literature on
STEM students. One of the unique contributions of our instrument is the measurement of cognitive
engagement in two distinct environments: inside the classroom and outside the classroom. We
developed a measurement schema that prompted students to report on their in-class engagement
and out-of-class engagement for each instrument item. Here we analyze data from over 500 early
respondents to our instrument. We use paired t-tests to present preliminary findings, indicating
that students have unique responses to in-class and out-of-class items. Our results suggest the
importance of a measurement schema that allows for students to report more holistically on their
cognitive engagement experience as it relates to a single class. This work has the potential to allow
educators to glean information that empowers them to make targeted changes on the curriculum
they develop for students inside and outside the classroom.

Introduction and Relevant Literature

The current emphasis on active learning prompts educators to modify their courses in ways that
increase the engagement of their students with the suggested benefit being increased learning
gains, retention, and greater academic success [1]. Yet, even within the research community it is
acknowledged that engagement is multi-faceted and difficult to define [2]. Educators are therefore
left to make their own judgements on what their classrooms will look and feel like if their students
are engaged. Research has shown that it is cognitive engagement (over behavioral or emotional
engagement) that is indicative of higher-order processing [3]. It therefore becomes important that
educators are able to assess the cognitive engagement of their students in straightforward and
meaningful ways.

Chi and Wylie made strides towards the assessment of cognitive engagement in the classroom with
their ICAP framework [4]. The framework ties overt, observable behaviors to four distinct modes
of cognitive engagement: Interactive, Constructive, Active, Passive. ICAP allows educators to
observe their classroom and infer a mode of cognitive engagement among their students:
Interactive Engagement is associated with perspective-sharing conversations between students,
Constructive Engagement with adding notes to those provided, Active Engagement with
underlining and highlighting a text, and Passive engagement with sitting and listing to instruction,



etc. [4]. The framework also allows for the development of learning activities that target a
particular mode of engagement among students [5]. In this way, it is an ideal framework for
educators seeking to meet the calls of the community to implement active learning strategies in
the classroom. There remains room for the ICAP framework to expand into an explicit
measurement tool of cognitive engagement, as it was not developed as such. Additionally, the
ICAP framework limits educator knowledge of student engagement to that which happens in the
classroom and can be directly observed. There currently existed few ways for educators to assess
how their students interact with course material once they are outside the classroom.

Educators often intend for important learning to take place out-of-class; flipped courses intend for
content learning to take place at home, homework assignments imply a need for practice outside
the classroom, and group assignments facilitate interactivity beyond classroom walls. Simmons et
al. profiled the out-of-class engagement of civil engineering students using the Postsecondary
Student Engagement (PosSE) Survey, finding that the majority of these students reported actively
engaging with out-of-class activities [6]. Additional work with the PosSE called for research on
how and why students engage in out-of-class activities.

In our previous work, we have discussed the ability of the ICAP framework to be transitioned into
a reliable self-report instrument. We developed a set of items related to each mode of engagement
and rigorously developed the Student Course Cognitive Engagement Instrument (SCCEI). In this
extensive development process, we interviewed both faculty and students about their thoughts on
cognitive engagement broadly and our items specifically. It was in these interviews that we began
to note the interplay between engagement in the classroom and engagement outside of the
designated lecture period. While our intent was always to develop instruments to measure holistic
engagement—inside and outside the classroom—we recognized the potential value in measuring
in-class engagement and out-of-class engagement in a single instrument. We therefore developed
a single set of items to address both in-class and out-of-class engagement.

One aim of our work is to answer the question: in what ways to can student’s in-class cognitive
engagement be distinct from out-of-class cognitive engagement in self-report instruments? More
broadly, with future work, we seek to report to educators on the in-class and out-of-class cognitive
engagement of their students, with strategies to increase students’ alignment with higher modes of
cognition. In this work, we present our preliminary findings that indicate a significant difference
between in-class and out-of-class engagement as measured by the SCCEI. Such results suggest
that the ICAP framework can be meaningfully expanded to include out-of-class engagement. With
future work, distinctly measuring in-class and out-of-class engagement has the potential to
influence how educators make targeted changes to their courses to provide students with the
benefits associated with active learning.

Methods

The work presented here is part of a larger, ongoing project to measure student cognitive
engagement inside and outside the classroom. While our extensive item development and
refinement process [7], [8] and data from student and faculty interviews [9], [10] has been outlined
elsewhere, we have yet to analyze and present the intersection of in-class and out-of-class
engagement. Data from student responses to the SCCEI are analyzed for significantly different
responses to in-class and out-of-class items for each mode of engagement.



Student Course Cognitive Engagement Instrument

As noted, we determined out-of-class cognitive engagement to be an understudied area, and
relevant to educators. We saw a need to facilitate a direct comparison between the two when our
previous work found that students often conflated their in-class and out-of-class engagement [10].
We therefore developed items that could be applied to both inside and outside the classroom
learning, and had students respond to the items with two separate 3-point Likert scales. Likert
scales were related to frequency of cognitive behaviors or engagement (see Table 1 below)

Table 1: The three-point Likert scale students were prompted with for items related to in-class and out-of-class
engagement. Student viewed both scales simultaneously, as shown below.

Prompt: | justify my perspective to others when discussing course content.

In lecture Outside the classroom
Few to no lecture periods ~ Some lecture periods  Most lecture periods Hardlyever  Some days  Most days

Through several rounds of development, we established a set of 21 items reliably factored into six
distinct modes of engagement: Interactive, Constructive, Active Thinking, Active Doing, Passive,
and Disengaged. The ways in which the factors differed from the ICAP theory are as follows:
Active Engagement factored into Thinking and Doing modes, with one mode representing
students’ reporting on their cognition directly (Thinking) and the other using the established proxy
of behaviors (Doing); Disengaged is the construct that represents a lack of engagement, a construct
which is noted in the ICAP framework [4] but not included. For each of the six modes, students
were prompted with three to four questions related with either their behavior or cognitive
engagement. Items included | defend my approach to others when discussing course content, |
think about previous concepts covered in the course, etc (see Appendix A for all survey items and
factor groupings)

Data Collection

Approximately 530 undergraduate STEM students from four northwestern universities were
recruited for validation of the SCCEI. In previous work, this data allowed us to perform the
Exploratory Factor Analysis (EFA) required to validate the six constructs (or modes of
engagement) being measured. With knowledge of items that factored together, we began student
scoring. Scores were obtained by first converting Likert data to ordinal data, with 0 equivalent to
few to no lectures/hardly ever, 0.5 equivalent to some lectures/some days, and 1 equivalent to most
lectures/most days. This scoring system was intentionally selected—and mirrors the way other
educational surveys have been scored, see [11]—one can think of the score as a percentage of
alignment with an item (i.e. few to no lectures is representative of 50% alignment with an item).
Scores for individual items related to each construct were then averaged, indicating an average
percent alignment with each mode of cognitive engagement, for inside and outside the classroom,
for all participants. Null values were assigned to participants who opted out of a question, and they
had no impact on the average score.

Comparison of In-Class and Out-of-Class Scores

Our interest was in seeing if students meaningfully distinguished between their in-class and out-
of-class engagement when presented with two scales simultaneously. Therefore, we ran six paired
t-tests in SPSS, one for each established mode of cognitive engagement. Paired t-tests were
appropriate, as each participant was measured in both samples being compared.



Results and Discussion

The results from our paired t-test (see Table 2) indicate in-class and out-of-class engagement can
be measured distinctly along all modes but Interactive. This was accomplished with a
simultaneously presented Likert scales, and is true at the 95% confidence level (p < .05). One
plausible reason Interactive engagement was not found to be significant is students who engage
Interactively are connected both inside and outside the classroom. Implications might include a
need for instructors to synchronously facilitate Interactive engagement inside and outside the
classroom to increase Interactive engagement in the course. Additionally, means for
Disengagement were significantly lower inside the classroom than outside. Plausible explanations
include that students who are Disengaged in the classroom may choose to cognitively engage
outside the classroom (i.e homework). This points to questions regarding how to reach Disengaged
students; possibly such students are and can be engaged deeper in contexts other than lecture. Such
findings fit within the limited body of literature discussing out of class engagement [6], [12], [13]

Table 2: Rests from paired-t test. For each pair, individual student scores were averaged for all items relevant
to the construct.

Construct (Pair) Location I\cv??t? :;E]S?mi?t Std. Dev Di:1ff:/lr::r(1:e t df %;?Ié(dz)-
Interactive Ol,::-;)(;lileSS 232 ggg 0119 -1322 537 187
Constructive OL:P-O(}IiSlZSS :jgg :ggg 0228 2574 532 010*
Active Thinking od?(ff'acslz . :ggg :;ig 0472 6.175 534  .000*
Active Doing OL:t”_'OCf'iSIZSS :ggg’ :ggg 0542 6.265 534  .000*
Passive od[‘_ﬁislzss 323 253 1102 10838 525  .000*
Disengaged OL:tn-onlj;SIZss :gig g:g 0709 7277 536  .000*
Future Work

While we have shown the SCCEI measures modes of cognitive engagement inside and outside the
class distinctly, work remains to clarify the meaning of these constructs to students and educators.
We plan to continue this work both quantitatively and qualitatively. We have proposed
interviewing students with respect to their in-class and out-of-class engagement for all of their
courses as a means to identify consistencies and inconsistencies. Additionally, a quantitative study
is underway in which a larger sample of courses is collected from a more diverse set of institutions
to further validate the results.

There is room for further study in how students think about their cognitive engagement differently
in different contexts. Particularly, there is an interest in how students Interactively engage with
one another both inside and outside the classroom. Is there a correlation between educators forming
groups in their classroom and Interactive engagement that takes place outside the classroom?
Moreover, can Disengaged students be modified by educational practices in the classroom, or are
such students more responsive to out-of-class activities? We see this work pointed towards
empowering educators to make meaningful changes inside and outside the classroom.



Appendix A: Student Course Cognitive Engagement Instrument (SCCEI)

ICAP Category Question
I defend my approach to others when discussing course content.
. I discuss my position with others regarding the course content.
Interactive

I explain concepts to others when discussing course content.
I justify my perspective to others when discussing course content.

Constructive

I add my own notes to the notes provided by the teacher.
My course notes include additional content to what the teacher provided.
I add my own content to the course notes.

| take verbatim notes (meaning word for word directly from the board/PowerPoint slide/doc
camera etc.).

ACt_Ive I copy solution steps verbatim (meaning word for word directly from the board/PowerPoint
(Doing) slide/doc camera etc.).
I only copy the notes the teacher writes down.
I connect current concepts with previous course content.
Active I apply current solution steps with previous course content.
(Thinking) I think about previous concepts covered in the course.
I consider how multiple ideas or concepts relate.
| pay attention to my teacher or whomever is speaking.
Passive I follow along with my teacher or whomever is speaking when they discuss examples.

I listen when my teacher or whomever is speaking.
I follow along with the activities that take place during the course.

Disengagement

I do not think about course content.
I do not pay attention to course content.
I focus my attention on things other than course content.
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