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Abstract

Background: Evidence shows that students who are actively engaged with learning materials demonstrate

greater learning gains than those who are passively engaged. Indeed, cognitive engagement is often cited as

a critical component of an educational experience. However, understanding how and in what ways cognitive

engagement occurs remains a challenge for engineering educators. In particular, there exists a need to

measure and evaluate engagement in ways that provide information for instructors to deploy concrete,

actionable steps to foster students’ cognitive engagement. The present study reports the development and

gathering of validation evidence for a quantitative instrument to measure students’ in-class cognitive

engagement. The instrument was informed by Wylie and Chi’s ICAP (Interactive Constructive Active Passive)

model of active learning, as well as contextual concerns within engineering courses.

Results: The process followed the classical measurement model of scale development. We provide a detailed

overview of the item development and scale validation processes, focusing on the creation of individual

subscales to measure different modes of cognition within learning contexts. Multiple rounds of testing the

student course cognitive engagement instrument (SCCEI) in college engineering courses provided evidence of

validity. This indicated the reliable measurement of student cognitive engagement in the context of

notetaking, processing material, and interacting with peers in the classroom. Results suggest differentiating

modes of cognitive engagement is indeed applicable when considering students’ in-class notetaking and

processing of material.

Conclusions: Findings point towards the need for additional engagement scales that expand the instrument’s

ability to distinguish between particular activities within a mode of engagement as defined by ICAP. The

present study contributes to the growing body of literature on cognitive engagement of engineering

students. Results address the development of measurement tools with evidence of validity for use in STEM

education.

Keywords: Student cognitive engagement, Instrument development, Self-report measurement, Exploratory

factor analysis
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Introduction
Engineering education research emphasizes the import-

ance of engagement for student learning and academic

success (Christenson, Reschly, & Wylie, 2012; Fredricks,

Blumenfeld, & Paris, 2004; Jones, Paretti, Hein, & Knott,

2010). Researchers prompt educators to innovate and

generate engaging courses for the betterment of their

students (Chen, Lattuca, & Hamilton, 2008; Chi &

Wylie, 2014). Yet, educators are often left to make

meaning of what student engagement might look like in

their course without the support of the researchers who

study engagement—to do so requires educators to inter-

pret theoretical definitions of engagement and apply

them to their unique course contexts. One strategy to

promote innovation related to engagement in the class-

room is to provide educators with tools to measure their

success in facilitating student engagement. Tools to

measure engagement place the responsibility of theory

interpretation on the tool developers, thereby limiting

the need for educators to do this themselves. This miti-

gates concern that educators who inappropriately as-

similate theory-based practices into their courses may

conclude they are simply ineffective (Henderson &

Dancy, 2011).

One foundational component of measurement tools is

clearly defining the phenomenon to be measured

(DeVellis, 2017). However, a notable challenge is that

there are many different, and equally valid, ways of

defining and discussing student engagement in extant

engagement literature. Craik and Lockhart (1972) dis-

cussed engagement in terms of depth of cognitive pro-

cessing (e.g., shallow versus deep); recently, theorists

have examined engagement in terms of its multifaceted

nature (e.g., behavioral, emotional, and cognitive engage-

ment) (Appleton, Christenson, Kim, & Reschly, 2006;

Fredricks et al., 2004). While these different ways of

conceptualizing engagement have been informative in

different contexts, determining the most authentic way

to assess indicators of engagement that have the most

direct and observable bearing on teaching and instruc-

tion in the classroom remains a challenge for engineer-

ing educators. For example, despite the fact that

research has repeatedly indicated the existence of a

strong positive relationship between student learning

and cognitive engagement, it has been difficult to meas-

ure cognitive engagement in the classroom satisfactorily

(Chi & Wylie, 2014). This is perhaps the case because a

definition for the concept of cognitive engagement has

been particularly elusive.

Recently, Chi and colleagues proposed the interactive-

constructive-active-passive (ICAP) framework, a model

for conceptualizing different dimensions of cognitive en-

gagement (Chi & Wylie, 2014). The framework estab-

lishes modes of cognitive engagement that can be

observed as overt behaviors in students. The present

study sought to develop an instrument to that leveraged

the ICAP framework to indicate the mode of cognitive

engagement students exhibited in classroom learning

contexts of notetaking, processing material, and interact-

ing with peers. This survey is intended to be applicable

to educators who want to better assess student cognitive

engagement in their engineering classes, especially as

they reflect on the impact of instructional innovations

intended to enhance student engagement in their class-

room. We also hope that the STEM (Science, Technol-

ogy, Engineering, and Mathematics) education research

community would find the instrument a viable tool to

assess depths and quality of cognitive engagement in a

range of classroom contexts. The present work provides

a detailed overview of how the instrument was devel-

oped to measure student cognitive engagement.

Relevant literature
This section briefly discusses how engagement has been

defined, emphasizing significant literature contributing

to the development of student cognitive engagement

theories. We also discuss the ICAP framework, and its

usefulness in capturing different dimensions of cognitive

engagement. We provide an overview of theoretical per-

spectives of engagement in extant literature that in-

formed how we operationalized cognitive engagement,

while a general overview of survey development litera-

ture is discussed in the methods section.

Engagement

Researchers have sought to define engagement in a

broadly encompassing manner. Within the scholarship

of teaching and learning, engagement is generally con-

strued as specific behaviors that students exhibit within

a learning environment that indicate the quality of their

involvement or investment in the learning process (Pace,

1998). Some researchers have posited that engagement

can be thought of as a meta-construct—one that can be

broken down into the components of behavior, emotion,

and cognition (Fredricks et al., 2004). Behavioral engage-

ment entails involvement in learning and academic tasks,

as well as participation in school-related activities. Emo-

tional engagement encompasses students’ affective re-

sponse, or commitments, to activities in their learning

environment. Cognitive engagement, the focus of the

present work, refers to the level of psychological invest-

ment in the learning process exhibited by the learner

(Fredricks et al., 2004). More recent works have included

a fourth component of student engagement: agentic

(Reeve, 2013; Reeve & Tseng, 2011; Sinatra, Heddy, &

Lombardi, 2015). Agentic engagement can be defined by

the agency or constructive contribution students make

towards their learning (Reeve & Tseng, 2011). While
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agentic engagement is a relatively new construct, it has

been shown to be a statistically significant predictor of

achievement in its own right (Reeve, 2013). As is noted

by Sinatra et al. (2015), dimensions of engagement co-

occur; they direct researchers to be aware that when

targeting measurement of one construct of engagement,

others are undoubtedly contributing to its measurement.

Exploring the impacts of engagement, broadly defined,

on student outcomes such as persistence, migration, self-

efficacy, and student performance has been useful to the

engineering education research community (Freeman

et al., 2014; Kashefi, Ismail, & Yusof, 2012; Ohland, Shep-

pard, Lichtenstein, Chachra, & Layton, 2008; Sun &

Rueda, 2012). However, some have argued that student

engagement, as broadly defined in many studies, favors

measurement of observable behavioral activities that are

not necessarily indicative of students’ cognitive investment

in the learning process. This, perhaps, is due to the fact

that students’ behavioral activities are the only aspect of

the engagement meta-construct that can be directly ob-

served and thereby assessed (Fredricks et al., 2004). Cogni-

tive and emotional engagement are thus considered latent

constructs; they cannot be directly measured, and require

more intentional approaches that focus on the measure-

ment of related variables to be captured (McCoach, Gable,

& Madura, 2013).

Cognitive engagement

Cognitive engagement is conceptualized in the learning

and instruction literature as the psychological investment

students make towards learning—which ranges from

memorization to the use of self-regulatory strategies to fa-

cilitate deep understanding (Fredricks et al., 2004). Irre-

spective of pedagogical strategies, research shows that

meaningful learning is predicated on quality cognitive en-

gagement (Guthrie et al., 2004; Smith, Sheppard, Johnson,

& Johnson, 2005). In fact, cognitive engagement is at the

hallmark of the Seven Principles of Good Practice in

Undergraduate Education (Chickering & Gamson, 1987).

Among other things, Chickering and Gamson’s seven

principles, which include active learning and contact be-

tween students and faculty, emphasize the importance of

cognitive engagement to learning. Deep cognitive engage-

ment has been linked directly to achievement (Greene,

2015). To increase cognitive engagement, students must

move from shallow cognitive processing to meaningful

cognitive processing (Craik & Lockhart, 1972). Deep cog-

nitive processing allows for the kind of mental connection

and knowledge elaboration that fosters higher-level cogni-

tive learning outcomes, while shallow processing perpetu-

ates rote learning most engendered by lack of robust

engagement with the learning materials (Christopher,

Walker, Greene, & Mansell, 2005).

Measurement of cognitive engagement

Measuring this important construct is not a new ven-

ture, as several education researchers have developed a

variety of approaches to assessing students’ cognitive en-

gagement. Meece, Blumenfeld, and Hoyle (1988) concep-

tualized cognitive engagement in terms of student goals

and their impact on learning, and thus proposed individ-

ual cognitive engagement as a function of learning goals.

Inspired by Meece et al., Greene and Miller (1996)

developed a measure of meaningful and shallow cogni-

tive engagement based on a student achievement frame-

work, dubbed the Motivation and Strategy Use Survey.

They reported empirical data to support the predictive

validity evidence of a measure of cognitive engagement

based on a goal-achievement theoretical framework.

Their study confirmed a relationship between perceived

ability and goals student set for their learning (Greene &

Miller, 1996), reaffirming the importance of student cog-

nitive engagement. Validation evidence of this instru-

ment was collected from an educational psychology class

and items were general and not engineering-course spe-

cific. Appleton et al. proposed a measure of cognitive

and psychological engagement that is focused on “stu-

dents’ perceived competence, personal goal setting, and

interpersonal relationships” (Appleton et al., 2006, p.

431). Their 30-item Student Engagement Instrument

(SEI) was developed based on a context-student

engagement-outcomes taxonomy derived from a review

of engagement-related literature at the time. The SEI

was designed to assess the cognitive engagement of mid-

dle school and high school students. Similar to the SEI,

the Motivated Strategies for Learning Questionnaire

(MSLQ) (Pintrich, 2015) also provided insight into stu-

dent cognitive engagement, as defined in terms of motiv-

ation. While showing evidence of validity for generalized

measure of a student’s engagement, both instruments

have limited usefulness in specialized contexts such as

an engineering course. The SEI does not relate to a spe-

cific learning context (e.g., a singular classroom), and the

MSLQ does not clearly report on modes of cognition

(e.g., at what point is engagement meaningful?).

Scoping instruments to measure cognitive engagement

as it relates to a course is important if such measure-

ment tools are intended to be used in assessing instruc-

tional effectiveness or to evaluate pedagogical

practices—particularly given that there have been calls

within our research community to modify engineering

classes to encourage active learning (i.e., Chi, 2009;

Prince, 2004). Some work has already been done to ad-

dress this need, such as Heddy et al.’s work on the devel-

opment of an instrument to measure cognitive

engagement as students undergo conceptual change

(Heddy, Taasoobshirazi, Chancey, & Danielson, 2018).

The validity evidence gathered in this study indicates
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that cognitive engagement can indeed be measured in

the context of a student’s activities (e.g., movement from

misconception to knowledge, interacting with peers, tak-

ing notes, or processing newly introduced material). Yet,

as stated by Greene in Measuring cognitive engagement

with self-report scales: Reflections from over 20 years of

research, there are limited tools to measure cognitive en-

gagement in uniquely challenging context of the sciences

(Greene, 2015). Chi and Wylie’s interactive-constructive-

active-passive (ICAP) framework for linking cognitive

engagement with learning outcomes provides a theoret-

ical model for operationalizing and measuring cognitive

engagement in STEM course-based or classroom learn-

ing contexts.

Interactive-constructive-active-passive (ICAP) framework

Chi foregrounded her ICAP framework in a comparative

review of research that focused on exploring and classi-

fying active learning activities in the classroom (Chi,

2009). The goal of the work was to “provide a frame-

work differentiating [modes of cognitive engagement], in

terms of [students’] overt activities and their correspond-

ing cognitive processes” (Chi, 2009, p. 75). According to

Chi, the framework was “not meant to be definitive, but

only as a starting point to begin thinking about the roles

of overt learning activities and their relationship to in-

ternal processes” (Chi, 2009, p. 75). Subsequently, Chi

and Wylie further developed their theory of cognitive

engagement to include four modes: (1) interactive, (2)

constructive, (3) active, (4) passive (Chi & Wylie, 2014).

The framework, known as ICAP, links observable behav-

ioral actions of students in different learning situations

to distinct modes of cognitive engagement. This way,

they moved away from the historical ambiguity associ-

ated with broad operational definitions of cognitive

engagement.

The ICAP framework operationalizes engagement in

terms of activities that are applicable to, and observable

in, a number of learning environments. They posit that

students show deeper psychological investment in learn-

ing and are more cognitively engaged as they move from

passive to active to constructive to interactive engage-

ment. Invariably, each mode of cognitive engagement re-

quires different levels of knowledge-change processes, or

means of acquiring and knowing through learning, that

result in increasing levels of meaningful learning from

passivity to interactivity (Chi & Wylie, 2014). To illus-

trate this, Chi and Wylie drew distinctions between

modes of engagement by indicating distinctive actions

and verbs that characterize each level.

According to the ICAP framework, when passively en-

gaged, students are only oriented towards instruction. For

example, students may passively listen to a lecture, read

books, or watch a video. Students become actively

engaged when they repeat, rehearse, or copy notes. To be

considered constructively engaged, a student must take

the original material and manipulate it in a meaningful

way. Meaning that, constructively engaged students reflect,

integrate, and self-explain concepts. Interactive engage-

ment represents the deepest level of cognitive engage-

ment; students may engage in discussions in which they

explain their thoughts and positions to one another. Stu-

dents may defend, ask, and debate as they interactively en-

gage in the learning context (Chi & Wylie, 2014).

One objective of the ICAP framework is to provide in-

structors with a tool that enables them to assess the mode

of cognitive processing of students. This is accomplished

by observing students’ learning behaviors as they engage

with learning tasks in the classroom (Chi & Wylie, 2014).

This task of observing and inferring cognition based on

students’ overt behaviors can prove daunting to instructors

based on factors such as their student population size, time

and effort required during class, and understanding of the

assumptions of the framework. Furthermore, the useful-

ness of seeking to observe cognition has been questioned

by Appleton, who has suggested that making inferences re-

garding students’ cognitive engagement via observation is

not as valid as obtaining students’ perspectives on their

learning experiences (Appleton et al., 2006).

While the ICAP framework allows for inferences on

students’ mode of cognitive engagement during a class-

room learning activity, a survey-based measurement

schema to provide educators aggregated feedback of stu-

dents’ perspective on their own cognitive engagement

has yet to be developed. Because the ICAP framework

currently relies on the interpretations of an observer, it

is limited in its scalability to serve as an effective tool for

assessing and evaluating students’ cognitive engagement.

The ICAP framework also focuses on a learning activity

as opposed to the experience of an individual learner.

These scalability and specificity challenges create a need

to develop measures that both solicit individual student

perceptions and are grounded in the ICAP framework.

Evaluating the robustness of the ICAP framework

In response to the ICAP framework, some have designed

studies to test the comparative efficacy of instructional

methods that encourage each mode of cognitive engage-

ment highlighted by the ICAP framework. Some of the

early work to test the ICAP hypothesis was conducted

by Menekse and colleagues (Menekse, Stump, Krause, &

Chi, 2011; Menekse, Stump, Krause, & Chi, 2013). In

their studies, they compared the learning gains of stu-

dents’ contexts that either promoted interactive, con-

structive, active, or passive learning activities. They

found that students had higher and deeper conceptual

understanding of materials science and engineering con-

cepts when taught using learning activities that fostered
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interactive engagement. Additionally, the test scores

demonstrated that students had significant incremental

learning gains from passive to active to constructive to

interactive activities—which affirms the central ICAP

hypothesis.

Wang and colleagues collected and coded data from

massive open online course (MOOC) discussion forums,

using coding schemes based on the ICAP framework

(Wang, Yang, Wen, Koedinger, & Rosé, 2015). They aimed

to better understand how students engage in online learn-

ing environments that often lack teacher and peer social

presence (Akcaoglu & Lee, 2016). They observed that stu-

dents’ active and constructive discussion behaviors signifi-

cantly predicted students’ learning gains, consistent with

the ICAP hypotheses (Wang et al., 2015).

The associations between overt behaviors and cogni-

tive engagement underscore the predictive validity of the

framework and strengthen the case for using it as a con-

ceptual framework for designing a cognitive engagement

instrument. Drawing on the ICAP framework, DeMon-

brun and colleagues mapped instructional practices to

the four modes of cognitive engagement. Then, students

were prompted on their response to the instructional

practice (i.e., value, positivity, participation, distraction,

evaluation) (DeMonbrun et al., 2017). While DeMon-

brun used the ICAP framework to indicate the mode of

the classroom students were in, they did not map the

engagement of students to ICAP, or specifically study

cognitive engagement. Yet, their work serves to validate

that ICAP is a reliable indicator for modes of cognitive

engagement in measurement scales.

Because of the importance of cognitive engagement in

the development of meaningful learning environments

for students, we argue that an optimal instrument would

leverage the modes of cognitive engagement proposed

by ICAP to provide an empirically reliable tool for asses-

sing engagement in classroom learning contexts. How

students interact with one another, take notes, and

process material, which are behaviors associated with el-

ements of the ICAP framework, are classroom learning

contexts relevant to engineering courses and influence-

able by educators. These classroom learning contexts

thereby provide a foundational starting point for asses-

sing cognitive engagement.

Survey development and exploratory results
In the following sections, we summarize the develop-

ment of our instrument to measure student cognitive

engagement based on the ICAP framework. This instru-

ment is a part of an ongoing program of research aimed

at holistically understanding how STEM students engage

with their courses both inside and outside the classroom.

While our previous work has offered specific details on

modifications made to various versions of our

instrument (Lutz et al., 2018), here we explicate the it-

erative processes of survey development that led to the

current version with evidence of validity and reliability.

Our approach follows recommendations by DeVellis in

Scale development: Theory and applications (DeVellis,

2017) in large part because the work focuses on the devel-

opment of measurement tools in educational contexts.

DeVellis outlines eight main steps in the development of a

scale. We describe in sequence how we executed each of

these steps in developing the student course cognitive en-

gagement instrument (SCCEI). The overlapping and itera-

tive nature of scale development is particularly evident in

steps 2, 3, and 4 (generating an item pool, determining a

format for measure, and expert review, respectively)—we

generated an item pool, determined item formats, and

conducted expert reviews in a concurrent series of activ-

ities. Therefore, we present steps 2, 3, and 4 in a single

section to allow the reader to follow the logic behind the

selected items and measurement format. The 18 items

tested for the SCCEI validity evidence are presented at the

conclusion of step 4. This paper illustrates how we

followed recommended practices in instrument develop-

ment in an effort to provide a transparent description of

the process.

Step 1: Determine clearly what it is you want to measure

The first step in scale development is to think “clearly

about the construct being measured” (DeVellis, 2017, p.

105). Obvious though it may sound, it is particularly im-

portant in determining the operational definition of the

construct to measure and the theoretical framework to

draw from (Benson & Clark, 1982). Step 1 is important

in defining how the intended new instrument differs

from any other existing instrument. Identifying the ap-

propriate theoretical framework is germane to item spe-

cification and development.

As noted earlier, engagement has been broadly defined

and discussed at various levels of specificity in the litera-

ture. Researchers emphasized the importance of deter-

mining the level of specificity when conceptualizing

engagement in an effort to develop a tool to measure the

construct (Sinatra et al., 2015). We sought to develop an

instrument that assesses cognitive engagement through

leveraging the strengths of the ICAP framework (Chi &

Wylie, 2014). The ICAP framework is premised on em-

pirical data that associates certain observable behavioral

characteristics with cognitive engagement and learning

gains. The ICAP framework does not directly address

cognition. Rather, behavioral responses are used as prox-

ies for students’ cognitive engagement. Utilizing the

ICAP framework as our foundational definition for cog-

nitive engagement was strategic given that the frame-

work has been positively received and well-cited within
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the engineering education research literatures (e.g.,

Menekse et al., 2013; Wang et al., 2015).

We based our construct and item specificity on how

the ICAP framework describes behavioral responses that

depict the four levels of cognitive engagement. Because

the ICAP framework can be applied to a wide array of

learning activities, we looked for learning activities ubi-

quitously present in engineering courses and influence-

able by educators. Constructs to measure were the

modes of engagement when students were interacting

with peers, taking notes, and processing material in a

course. While these constructs do not holistically repre-

sent learning in a classroom, or the ICAP framework,

they provide an intentional starting point from which to

understand modes of cognitive engagement in engineer-

ing classes.

After an extensive literature search, a decision was made

to allow students to reflect on their own cognition, not

only for benefits gained from self-reflection (Nicol &

MacFarlane-Dick, 2006), but because their perspective on

their own engagement is valuable. Appleton et al. argue

that self-report is more useful than observation and rating

scales when analyzing emotional and cognitive engage-

ment specifically (Appleton et al., 2006). They argue that

observation and teacher-rating scales are unreliable mea-

sures of emotional and cognitive engagement due to their

highly inferential nature. While self-report may not be re-

flective of an absolute reality, we are not seeking to prove

that students are a perfect judge of their own behaviors

(or cognition for that matter). Rather, students’ own be-

liefs about their engagement shape their reality and, in

turn, the reality of those seeking to educate them. There-

fore, we employed self-report in this study to enrich our

understanding of student engagement.

Steps 2, 3, and 4: Generate an item pool, determine the

format for measurement, and expert review

In step 2 of DeVellis’s model, the developer “generate[s] a

large pool of items that are candidates for eventual inclu-

sion in the scale” (p. 109). It is important to generate items

that reflect the survey’s purpose in sufficient quantity and

redundancy. In step 3, we determine the format for meas-

urement, addressing the significance of the type of scaling,

the number of response categories, and the time frames

associated with the item. Steps 2 and 3 should occur sim-

ultaneously, ensuring that items are matched with an ap-

propriate format for measurement. The purpose of step 4

is threefold: (1) have experts rate how relevant the items

are to the construct being measured, (2) evaluate for clar-

ity and conciseness, and (3) point out phenomena not ad-

dressed in the survey (p. 118).

Here, we present the initial items we developed and

their coinciding format for measurement, followed by an

overview of the review and modifications made to both,

and finally a presentation of the items and format for

measure to study validity in subsequent steps.

Items and measurement schema were developed by

our research team of experts in different disciplines in-

cluding engineering education, psychometrics, educa-

tional research, social networking, and faculty change.

We conducted virtual meetings monthly for a year as

part of ongoing development (steps 2 and 3) and review

(step 4) processes. We reached out to Ruth Wylie, a co-

author of the published classic work on the ICAP frame-

work, to provide expert review of our items. An add-

itional, substantial piece of the step 4 expert review was

interviewing faculty and students. While extensive find-

ings of the feedback generated by both faculty and stu-

dents can be found elsewhere (Barlow, Lutz, Perova-

Mello, Fisher, & Brown, 2018; A. J. Ironside et al., 2017;

Ironside, Lutz, & Brown, 2018), here we present the

findings most directly related to modifications made to

our instrument.

When determining how to specify items for each con-

struct, we considered how ICAP’s action verbs were re-

lated to interacting with peers, taking notes, and

processing material. Consequently, we ensured each item

reflects at its root action verbs associated with each of

the four levels of cognitive engagement, thus aligning

with ICAP.

First, our research team paired the verbs used by Chi

and Wylie (2014) with a large range of potential actions

or cognitive states (e.g., we paired the generative verbs

compare and contrast with lecture concepts and course

content to construct items that capture the presence of

constructive engagement). Secondly, we generated mul-

tiple items to capture each construct being measured.

We selected adjectives to minimize overlap between

discrete items. Third, in accordance with Benson and

Clark (1982), we created a redundant set of items about

twice as large as would be needed to capture all the di-

mensions of the construct we intend to measure. This

recommendation is intended to ensure sufficient number

of items are retained, as some (poor items) may be lost

to the validation process. Lastly, we narrowed our initial

pool of items while ensuring the generalizability of those

items and their ability to measure each level of cognitive

engagement that ICAP prescribes. We ended up with 38

items (see Table 1) to measure four levels of cognitive

engagement. Fig. 1 below offers a visual depiction of

how the ICAP theory was translated into a redundant

set of items using the framework’s original verbiage.

DeVellis recommends proactively choosing a time-

frame that reflects the objective of the survey. Time-

frame highlights the temporal feature of the construct

being assessed. Some scales may have a universal time

perspective (e.g., stable traits such as locus of control),

while others require transient time perspective (e.g., a
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depression or some activity scale). In determining an ap-

propriate response scale for the survey, we considered

possible timeframes that our items could address: a sin-

gular incidence/activity, an individual class period, or

the aggregate experience of the course. We decided that

the Likert scale would address the aggregate experience

of the in-class activity of a student within a particular

course.

We simultaneously sought to determine an appropri-

ate scale format for the items generated during step 2.

Because we were interested in assessing how well re-

spondents believed the items described their learning be-

haviors, we chose Likert-scale type using the appropriate

language “...descriptive of my…” as our response type

(Table 2 shows the Likert scale option format that we

adopted). This wording was based on a previously devel-

oped Likert scale used in educational research related to

classroom practices (Walter, Henderson, Beach, & Wil-

liams, 2016). In order to determine a convenient level of

response options, DeVellis suggests that one considers

that respondents are able to discriminate meaningfully

between response options (DeVellis, 2017, p. 123). For

example, it is more conceptually convenient and poten-

tially meaningful to use a 3- or 5-scale Likert type, than

to use an 11 or 100-scale type; the fewer the options, the

fewer the labels needed (e.g., strongly disagree ... strongly

agree) to describe intermediate options. Evidence sug-

gests that different scale lengths have varied benefits and

drawbacks (Preston & Colman, 2000; Weijters, Cabooter,

& Schillewaert, 2010), and there is not overwhelming

evidence for exclusive use of a particular scale length.

Table 1 The 38 items developed in step 2, with targeted mode

of ICAP

ICAP category Question

Interactive I defend my approach to others when
discussing course content.

I discuss my position with others regarding
the course content.

I ask questions to understand other students’
perspectives when discussing course content.

I answer questions describing my perspective
when discussing course content

I explain concepts to others when discussing
course content.

I justify my perspective to others when
discussing course content

I evaluate alternatives with others when
discussing course content.

I do not discuss course concepts with other
students.

I work with other students to understand
ideas or concepts regarding course content.

Constructive I take notes in my own words.

I add my own notes to the notes provided by
the lecturer.

I draw pictures/diagrams/sketches to clarify
course content.

My course notes include additional content to
what the teacher provided.

I add my own content to the course notes
during lecture.

I consider how multiple ideas or concepts
relate.

I consider how lecture content relates to
content from other courses.

I consider how lecture content relates to
course assignments.

I compare and contrast lecture concepts to
concepts from other courses.

I do not consider how course content relates
to other courses.

Active I take verbatim notes.

I copy solution steps verbatim.

I only copy the notes the instructor writes
down.

I do not add my own notes to the course
notes.

I apply current concepts being taught to
previous course content.

I combine current concepts with previous
course content

I apply current solution steps with previous
course content.

I combine current solution steps with previous
course content.

I do not apply course content to previous

Table 1 The 38 items developed in step 2, with targeted mode

of ICAP (Continued)

ICAP category Question

content.

Passive I listen to lectures without doing anything
else.

I listen to what the teacher is saying and
do not do anything else

I do not think about course content during
lecture.

I focus my attention on things other than
course content during lecture.

I do not write notes during lecture

I do not pay attention to course content
during lecture.

I think about current concepts covered in
this course.

I think about previous concepts covered in
the course.

I think about solution steps during the lecture.

I think about previous solution steps during
the lecture.
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Initially, we leveraged a 5-point Likert scale to mimic

that which had been previously validated; this was later

modified to multiple 3-point Likert scales in the dy-

namic development of the SCCEI

This instrument was built in Qualtrics (2005), an on-

line platform for survey distribution and analytic tools.

For initial testing, there were 480 total student responses

from 24 different courses. Instructors from the 24

courses were solicited for feedback in a series of inter-

views. In these interviews, they were asked to share their

beliefs on the functionality of the instrument in their

classroom environments and what they hoped to gain

from the use of such an instrument. Of the 480 students

who participated in the study, 13 students volunteered

to be interviewed to discuss and justify their responses

to survey items.

We learned from these interviews that students often

used both in-class and out-of-class justification for their

responses to items, all of which were explicitly intended

to relate to their in-class activity. We therefore deter-

mined in future iterations of the survey both in-class

and out-of-class engagement should be measured simul-

taneously to explicate the location of the engagement.

While we did not seek to validate the out-of-class en-

gagement scale in this study, it provided students with

an opportunity to differentiate between where engage-

ment activities took place. Evidence that students did

distinguish between the two scales is presented in our

other work (A. J. Barlow & Brown, 2019).

Students aggregating their in-class and out-of-class en-

gagement when responding to items resulted in us

modifying the format to measure to explicate the loca-

tion of engagement. We chose to modify the single

Likert scale to multiple scales representing different

timescales: frequency and duration of activities in-class,

and frequency of activities out-of-class. Responses to the

in-class frequency scale were the focus of the validation

study, while the duration and out-of-class scales are to

Fig. 1 Original language from ICAP framework (white); sample questions from early development stages (gray)

Table 2 The 5-point Likert scale associated with the 38 items developed in step 2

Prompt: The following items refer to activities you engage in during class without being directed to do so by your teacher

Not at all descriptive of my
in-class activity

Minimally descriptive of my
in-class activity

Somewhat descriptive of my
in-class activity

Mostly descriptive of my
in-class activity

Very descriptive of my in-
class activity
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be utilized for future scale development. Three, 3-point

Likert scales were used to capture participants’ response

on multiple timescales (see Table 3).

Subsequently, we conducted a factor analysis to extract

an optimum number of factors that underlies the scale

and to document validity evidences for the scale. Using

an exploratory factor analysis (EFA) (N = 480) with

principle axis factoring and oblique rotation, tentatively

six factors were extracted. Kaiser-Meyer-Olkin (KMO)

was 932, indicating that the measure of sampling ad-

equacy was sufficient for the EFA. Bartlett’s test of

sphericity of χ
2(703) = 9196.892 p < 0.001, suggesting

that there were patterned relationships among the sur-

vey items. This analysis was primarily exploratory; deci-

sions to retain items were based in both our

conceptualization of engagement and statistical evidence

of validity (e.g., eigenvalues greater than 1). We note the

ways in which our conceptualization of cognitive en-

gagement (i.e., ICAP) can be applied to the exploratory

factors in the following ways.

Items generated appeared to measure a mode of en-

gagement that falls beyond the ICAP framework—disen-

gagement. Chi and Wylie’s passive engagement indicates

orientation towards instruction, and some students will

indeed fall below this threshold. This means some stu-

dents will not be oriented towards instruction (passively

engaged) but will be disengaged with the material

altogether. Although we designed some items to be re-

verse scored, the negatively worded items coalesced

around a common factor related to disengagement. We

note that some suggest against the practice of including

reverse coded/negatively worded items (Roszkowski &

Soven, 2010). Therefore, these items related to disen-

gagement were removed. The study of students who fail

to engage entirely—those who are disengaged—is be-

yond the scope of the modes of cognition measured by

SCCEI.

Originally, we developed items to measure modes of

cognition associated with both notetaking and process-

ing. The preliminary EFA suggested that items factored

in alignment with their learning activity (i.e., processing),

not simply their mode of cognitive engagement. We

noted from preliminary interviews that students seemed

to fail to distinguish between various verbs associated

with higher-order processing of material, making con-

structive processing difficult to measure. Beyond this,

researcher expertise suggested that notetaking is

inherently active in nature; therefore, passive notetaking

was not a conceptually reasonable construct for measure

by the SCCEI.

We concluded that our items preliminarily measured

five distinct phenomena of cognitive engagement: Inter-

activity with peers, constructive notetaking, active note-

taking, active processing, and passive processing. Items

were intended to represent an aspect (or indicator) of

the mode of cognitive engagement in a classroom with

respect to a specific learning experience; the SCCEI may

indicate whether a student constructively or actively

took notes, actively or passively processed information,

and interacted with their peers. Items did not holistically

encompass a mode of cognitive engagement, rather they

indicated its presence in a given learning activity. Fur-

thermore, the SCCEI does not measure ICAP holistic-

ally, rather it relies on ICAP to better understand

cognition within classroom notetaking, processing of

material, and interactivity with peers.

We leveraged the preliminary EFA to determine the

highest correlating items related to our five newly hy-

pothesized phenomena, and iteratively sought evidence

for construct and content validity from interview data-

sets and expert reviews. Items were removed until there

were three to four remaining items for each of the five

factors. In the end, a set of 18 items remained for valid-

ity testing (see Table 4). At the conclusion of steps 2, 3,

and 4, we had conducted a thorough review of both our

items and format for measure to provide a foundation

for seeking validity evidence with subsequent testing.

Step 5: Consider inclusion of validation items

Validation items are intended to limit the influence of

factors not related to the construct being measured. A

common example of unrelated influence is social desir-

ability, being that certain responses to given items can

be seen as more desirable. For example, in the context

of our study, validation items might ensure that students

are reporting on their engagement, not how their in-

structor desires for them to be engaged, how peers

might view their responses, or how they feel obligated to

respond due to social pressures. As we sought to meas-

ure cognitive engagement through a distinctive, previ-

ously underutilized lens (i.e., ICAP), developing

validation items was a substantive task. Therefore, in a

follow-up study, we sought external validation of the

SCCEI by using it in tandem with a teaching practice

Table 3 Three, 3-point Likert scales; only the in-lecture frequency scale was used for validation

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

In lecture (frequency) In lecture (duration) Outside the classroom

Few to no lecture
periods

Some lecture
periods

Most lecture
periods

Little to none of the
lecture period

Some of the
lecture period

Most of the
lecture period

Hardly
ever

Some
days

Most
days
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measurement tool. The study consisted of additional

data collection beyond that which is present in this

study. Results tested for correlations between previously

established constructs of teaching best practices and

modes of student engagement, adding evidence for the

validity of the modes of engagement measured by the

SCCEI (Barlow & Brown, n.d.)

Step 6: Administer items to a development sample

In Step 6, the survey was administered to a large sample

population. The population ought to be representative of

the larger population for which the survey is intended;

in the case of our instrument, we sought to develop a

survey that could indicate cognitive engagement of stu-

dents in engineering courses varying in structure, style,

and content. To this end, we recruited 15 engineering

courses at eight different institutions that took place at

varying points in a four-year curriculum. Institutions

ranged in size, emphasis in research, and location.

Enrollment in the courses ranged between 33 and 235.

As part of reliability testing, an intraclass correlation co-

efficient (ICC) was generated based on the mean scores

of each item for the 15 courses sampled. The ICC esti-

mate and its 95% confidence interval were calculated

using SPSS statistical package based on single-rating,

consistency (as opposed to absolute agreement), and a

2-way random-effects model. Our ICC value of 0.615

(95% CI, 0.456 to 0.788) indicates that SCCEI items ex-

plain approximately 62% of the variation in item scores

between courses sampled, and is therefore considered to

be moderately reliable (Koo & Li, 2016).

The total population surveyed was 1412 students.

After removing responses less than 50% complete, 1004

responses were utilized for analysis, resulting in an over-

all response rate of 71%. This large sample was randomly

split into two groups in order to conduct both an ex-

ploratory and confirmatory factor analysis. For a sum-

mary of participant demographics, see Table 5 below.

Step 7: Evaluate the items

DeVellis notes that “item evaluation is second perhaps

only to item development in its importance” (DeVellis,

2017, p. 139). Evaluation entails examining the manner

in which particular items correlate, predict variance, and

form reliable scales to measure the desired constructs.

To evaluate our items, we conducted factor extraction

methods and internal reliability testing in line with rec-

ommendations by DeVellis (2017) and Thompson

(2004). First, to perform the proper calculations, Likert-

type responses were converted into numerical scores.

Specifically, we implemented a 3-point scale in which 1

represented low frequency and 3 represented high fre-

quency. Items to which students did not respond were

considered null and omitted from subsequent analysis.

Exploratory and confirmatory factor analyses were con-

ducted for evidence of validity.

Exploratory factor analysis

We conducted an exploratory factor analysis following

recommendations from Thompson (2004) as well as

Costello and Osborne (2005) on approximately half of

the dataset. The dataset was split into two groups such

that the demographics (class size, term sampled, gender,

race/ethnicity, etc.) of each set were similar. Although

the development of the ICAP framework itself was ro-

bust, the structure of, and interaction between, the vari-

ous modes of engagement is relatively underexplored.

Therefore, because we are simultaneously developing a

set of scales and operationalizing a theory of student

Table 4 18-item version of SCCEI; uses comparison of Likert

scales to isolate in-class engagement

ICAP Category Question

Interactivity with
peers

I defend my approach to others when
discussing course content.

I discuss my position with others regarding the
course content.

I explain concepts to others when discussing
course content.

I justify my perspective to others when
discussing course content.

Constructive
notetaking

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.

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

I copy solution steps verbatim (meaning word
for word directly from the board/PowerPoint
slide/doc camera etc.).

I only copy the notes the teacher writes down.

Active processing I connect current concepts with previous
course content.

I apply current solution steps with previous
course content.

I think about previous concepts covered in
the course.

I consider how multiple ideas or concepts
relate.

Passive processing I pay attention to my teacher or whomever is
speaking.

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.

Barlow et al. International Journal of STEM Education            (2020) 7:22 Page 10 of 20



engagement, an exploratory factor analysis (EFA) was

appropriate. We conducted EFA using SPSS version 24™

with missing values excluded pairwise (N ~ 495)—as-

suming all cases were unique. We utilized principle axis

factoring with oblique rotation of items due to the cor-

relation between items. Additionally, we ran reliability

tests, using Cronbach’s alpha as a metric. Our Kaiser-

Meyer-Olkin (KMO) measure of sampling adequacy was

0.834, indicating a sample sufficient for factor analyses

(Cerny & Kaiser, 1977). Bartlett’s test of sphericity indi-

cated that the correlation matrix is not an identity

matrix and is therefore useful for a factor analysis [χ2
(153) = 2794.1, p < 0.001]. Additionally, with 495 re-

spondents, our ratio of items to respondents was over

20. The number of respondents situates our data within

the “very good” sample size as defined by Comrey (1988)

and well above the 5 to 10 recommended by Tinsley and

Tinsley (1987). We utilized principle axis factoring to

better understand the variance between factors (as op-

posed to principle component analysis, which seeks to

better understand how individual items explain overall

variance in score).

Several approaches to determining the appropriate

number of factors to extract in the dataset have been

proposed, the most common being eigenvalue and scree

plot (Costello & Osborne, 2005). However, both

methods have been criticized as being inadequate to

obtaining an optimum number of factors. The parallel

analysis (PA) is proposed as a more reliable alternative

(Crawford et al., 2010). Parallel analysis represents the

amount of variance that would be explained by each fac-

tor with completely randomized responses to items;

number of responses and items are set equal to the

number present in the dataset, and the eigenvalues for

each factor are generated. Parallel analysis eigenvalues

are compared to the eigenvalues present in the actual

dataset—the scree plot. We conducted a parallel analysis

based on principle axis factoring (PA-PAF) by running a

PA syntax in SPSS® 25 that simulated 5000 parallel data

sets from the raw data set using a permutation approach.

The PA analysis supports the five-factor model; when

factors extracted from the dataset explain more variance

than is explained by randomized responses in the paral-

lel analysis, they are considered meaningful. This sup-

port is illustrated in the eigenvalue table (Table 6) and

the scree plot (Fig. 2) below. We therefore felt confident

in extracting five factors. Each factor indicates the pres-

ence of a mode of engagement as defined by ICAP in

the context of interacting with peers, notetaking, or pro-

cessing material (see Table 7 for factors extracted).

After determining five factors should be extracted, we

looked at the loadings on each factor and the reliability of

the items measuring each construct. The absolute value of

all factor loadings was above the 0.3 minimum suggested

by Hair et al. (Hair, Anderson, Tatham, & Black, 1995).

Though the bounds on Cronbach’s alpha for reliability are

“personal and subjective,” a lower bound of 0.60 is sug-

gested (DeVellis, 2017, p. 145). Reliability for each factor is

greater than this 0.60 bound, with some alphas exceeding

0.8. The large number of respondents and small number

of items in our scale both influence alpha negatively

Table 5 Summary of study population demographics for all

student responses

Study
sample

Engr. student
population

Institution type

Large, public northwest R1 institution 47% -

Moderately-sized, public northwest R2
institution

13% -

Small, private southwest teaching institution 7% -

Large, public southwest R1 institution 7% -

Large, public western teaching institution 7% -

Large, public southeast R1 institution 7% -

Small, private northwest teaching institution 7% -

Moderately-sized, private midwest research
institution

7% -

Course focus

Civil and construction engineering 40% 8%

General engineering 27% 5%

Chemical engineering 7% 7%

Mechanical engineering 7% 22%

Electrical engineering 7% 17%

Aerospace engineering 7% 4%

Computer science 7% 13%

Academic level

Freshman 38% -

Sophomore 9% -

Junior 23% -

Senior 30% -

Gender

Male 82% 78%

Female 18% 22%

Nonbinary 0.7% N/A

Race and ethnicity

Caucasian 78% 67%

Asian 13% 16%

Hispanic/Latinx 4% 12%

Black/African American 4% 4%

Native American 0.4% 0.3%

Pacific Islander 0.2% 0.2%

Note: For race and ethnicity, multiple options could be selected. All

demographic information collected was optional. Engineering student

population data was collected from Engineering by the numbers (Yoder, 2018)
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(lower its value). Our intention was to build a useable in-

strument, and therefore we traded off a large pool of items

for slightly lower reliability. Strong evidence is provided

that these five modes of cognitive engagement are indeed

distinct and can be defined, at least in part, by differences

in behaviors and actions taken to complete in-class

activities.

Confirmatory factor analysis

The remaining half of the dataset was used to confirm

the findings of the EFA through a confirmatory factor

analysis (CFA). Our CFA was conducted in alignment

with Brown (2006), who suggests CFAs are useful in

verifying both the factors and the relationship of items

to factors in questionnaires. We conducted our CFA

using AMOS Version 26™ with missing values replaced

with means, as CFAs do not allow for missing data (N =

507). Our sample of 507 respondents far exceeds the

minimum sample suggested by other researchers (Ding,

Velicer, & Harlow, 1995; Gorsuch, 1983). We evaluated

the model based on the comparative fit index (CFI),

Tucker Lewis index (TLI), root mean square error of ap-

proximation (RMSEA), and standardized root mean

square residual (SRMR) model fit statistics. A CFI >

0.95, TLI > 0.95, RMSEA < 0.06, and SRMR < 0.08 is

recommended for continuous data (Hu & Bentler, 1999).

The CFA yielded the following model fit indices CFI =

0.965, TLI = 0.957, and RMESA = 0.041, 90% CI [0.033,

0.049], SRMR = 0.0436. Based on the recommendation

noted earlier (Hu & Bentler,1999), the CFA model

depicted in Fig. 3 appropriately represents the sample

data.

With evidence of good model fit, we analyzed the stan-

dardized factor loadings of items and covariances, aver-

age variance extracted, and construct reliability of each

of the factors. Item reliabilities ranged from 0.531 to

0.884, which exceed the acceptable value of 0.50 (Hair

et al., 1995). Covariance between factors ranged between

0.11 to 0.59, falling below the 0.85 threshold that indi-

cates two factors may indeed be measuring a single

Table 6 Results from PA-PAF, which suggest a five-factor model

Root Raw data Means 95th percentile

1 4.251 0.401 0.473

2 1.508 0.330 0.385

3 1.289 0.274 0.321

4 1.066 0.227 0.268

5 0.378 0.184 0.223

6 0.092 0.145 0.180

7 0.052 0.108 0.140

8 0.013 0.073 0.104

9 0.004 0.038 0.066

10 − 0.075 0.006 0.033

11 − 0.077 − 0.027 0.001

12 − 0.115 − 0.058 − 0.033

13 − 0.132 − 0.090 − 0.064

14 − 0.159 − 0.121 − 0.095

15 − 0.174 − 0.153 − 0.128

16 − 0.205 − 0.187 − 0.161

17 − 0.230 − 0.223 − 0.194

18 − 0.243 − 0.268 − 0.234

Fig. 2 Scree plot and results of parallel analysis; points indicate variance extracted for factor(s)
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construct (Kline, 2011). Visual representation of the

CFA model along with standardized factor loadings and

factor covariances can be seen in Fig. 3. The construct

reliabilities (CR) ranged from 0.681 to 0.861, and fell

above the 0.60 threshold suggested by Bagozzi and Yi

(1988). Values for average variance extracted (AVE) fell

between 0.421 and 0.610; while it is commonly suggested

that AVE values are above 0.5 (Hair, Black, Babin, & An-

derson, 2010), if CR values all remain above 0.6, some

have suggested items within the factor should be

retained (Fornell & Larcker, 1981). Table 8 provides a

summary of these results. The cumulative effect of the

CFA results added validity evidence to the model sug-

gested by the EFA; we propose that the SCCEI measures

five factors of cognitive engaging, indicating the presence

of modes of cognition as defined by ICAP with respect

to a given classroom experience.

Step 8: Optimize scale length

The length of a scale should be modified in order to in-

crease the reliability of the instrument in step 8. To do so,

developers must balance the benefit of a larger number of

items increasing reliability with fewer number of items

minimizing the burden on the participant (DeVellis,

2017). As we have established, a primary purpose of devel-

oping our survey was to provide educators with data on

the engagement of students enrolled in their course.

Through expert review, we determined that a shortened

instrument would be crucial for its practical use. Educa-

tors mentioned the importance of an instrument that a

majority of students would respond to, requiring that in-

strument to be of minimal effort to the student. To such

an end, we focused our efforts on minimizing the number

of items while still maintaining adequate reliability. The

Cronbach’s alpha of 0.60 and greater for each of the five

factors indicated that our scale was both reliable and at a

minimum length, and removing any additional items

would serve to reduce the overall reliability of the

instrument.

Table 7 Results from the EFA related to frequency of in-class

experiences

Instrument item Factor
1

Factor
2

Factor
3

Factor
4

Factor
5

Factor 1: Interactivity with peers

I defend my approach to
others when discussing
course content.

0.716

I discuss my position with
others regarding the
course content.

0.662

I justify my perspective to
others when discussing
course content.

0.656

I explain concepts to
others when discussing
course content.

0.564

Factor 2: Constructive notetaking

My course notes include
additional content to
what the teacher provided.

0.835

I add my own notes to
the notes provided by
the teacher.

0.769

I add my own content to
the course notes.

0.651

Factor 3: Active processing

I think about previous
concepts covered in the
course.

0.723

I connect current concepts
with previous course
content.

0.632

I apply current solution
steps with previous course
content.

0.495

I consider how multiple
ideas or concepts relate.

0.42

Factor 4: Active notetaking

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

0.755

I copy solution steps
verbatim (meaning word
for word directly from the
board/PowerPoint slide/
doc camera etc.)

0.675

I only copy the notes the
teacher writes down.

0.567

Factor 5: Passive processing

I listen when my teacher
or whomever is speaking.

− 0.915

I pay attention to my
teacher or whomever is
speaking.

− 0.796

I follow along with my − 0.619

Table 7 Results from the EFA related to frequency of in-class

experiences (Continued)

Instrument item Factor
1

Factor
2

Factor
3

Factor
4

Factor
5

teacher or whomever is
speaking when they
discuss examples.

I follow along with the
activities that take place
during the course.

− 0.543

Eigenvalue 1.677 1.803 4.866 2.063 1.008

Percent variance 9.315 10.017 27.035 11.461 5.601

Cronbach alpha reliability 0.756 0.811 0.741 0.702 0.818
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Discussion and conclusions
In this study, we reported the development of a new in-

strument designed to measure the cognitive engagement

of engineering students. Chi and Wylie’s review of cog-

nitive engagement in the classroom provides a theoret-

ical framework (ICAP) for the development of a new

measure of cognitive engagement based on empirically

supported relationships between students' learning be-

haviors, their related cognitive activities, and learning

outcomes. A secondary goal of this study was to illus-

trate the basic steps of scale development as recom-

mended by DeVellis in ways that might serve as a

resource for future developers.

Since its publication, the ICAP framework has been

favorably received within the engineering education

research community. In fact, DeMonbrun and col-

leagues have initiated a measure of cognitive engage-

ment based on the framework (DeMonbrun et al.,

2017). They posit that a student will identify a class-

room as interactive, constructive, active, or passive

and respond to that classroom environment cogni-

tively, emotionally, and behaviorally (DeMonbrun

et al., 2017). Here, we provide an instrument with

validity evidence to determine how students report

their own cognitive engagement in the classroom

(e.g., the SCCEI allows for modes of engagement in a

variety of classroom atmospheres).

Our primary objective was to develop and provide evi-

dence of validity for a measure of cognitive engagement

with ties to an empirically verifiable framework (which

ICAP provided), and that has broader applications to

relevant situations. We set out to develop a tool to

measure ICAP in the context of students’ cognitive en-

gagement while notetaking, processing material, and

interacting with peers; this tool was intended to be use-

ful to educators seeking to deepen understanding of

Fig. 3 CFA model; arrows represent standardized factor loadings, factor connectors represent collinearity between factors
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their students’ cognitive engagement in these contexts.

Through an extensive collection of validation evidence,

this study presents an instrument that allows engineer-

ing educators to make valid claims about students’ cog-

nition in these instances. We were also able to

strengthen claims of the construct validity of the instru-

ment based on the exploratory and confirmatory ana-

lyses conducted. We realize, however, that instrument

validation is an iterative process that requires multiple

studies conducted across diverse populations to

strengthen the evidence of the validity of an instrument.

As such, we intend to follow up on this study by collect-

ing data to test our validity claims among other student

populations, as well as to examine the predictive and

concurrent validity of the instrument against established

measures or indicators of cognitive engagement. While

teacher rating, student observation, and learning out-

comes may still remain crucial indicators of cognitive

engagement, we envision that the SCCEI could provide

researchers with a robust approach for measuring

cognitive engagement with classroom experiences, espe-

cially if the intent is to evaluate the effectiveness of par-

ticular instructional interventions. Additionally, the

frequency scale of the SCCEI allows for educators to

prompt students to report on their cognitive engage-

ment at different timescales (i.e., daily, weekly, or term

basis).

Implications regarding ICAP framework

Chi and Wylie proposed a pragmatic theoretical lens for

differentiating student cognitive engagement in a class-

room. The intent of ICAP is to provide a hierarchical

description of cognitive engagement that begins with

passive engagement (characterized by individualistic

learning activities) and progresses to include interactive

engagement (characterized by interpersonal, collabora-

tive learning activities). Several studies have examined

the central premise of the framework that learning out-

comes are positively correlated with increasing levels of

cognitive engagement.

Table 8 Results from the CFA related to frequency of in-class experiences

Instrument item Standardized
factor loading

Construct reliability Average variance
explained

Factor 1: Interactivity with peers 0.770 0.455

I defend my approach to others when discussing course content. 0.672

I discuss my position with others regarding the course content. 0.666

I justify my perspective to others when discussing course content. 0.693

I explain concepts to others when discussing course content. 0.668

Factor 2: Constructive notetaking 0.794 0.562

My course notes include additional content to what the
teacher provided.

0.738

I add my own notes to the notes provided by the teacher. 0.738

I add my own content to the course notes. 0.772

Factor 3: Active processing 0.772 0.459

I think about previous concepts covered in the course. 0.707

I connect current concepts with previous course content. 0.689

I apply current solution steps with previous course content. 0.617

I consider how multiple ideas or concepts relate. 0.692

Factor 4: Active notetaking 0.681 0.421

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

0.752

I copy solution steps verbatim (meaning word for word directly from
the board/PowerPoint slide/doc camera etc.)

0.644

I only copy the notes the teacher writes down. 0.531

Factor 5: Passive processing 0.861 0.610

I listen when my teacher or whomever is speaking. 0.884

I pay attention to my teacher or whomever is speaking. 0.767

I follow along with my teacher or whomever is speaking when they
discuss examples.

0.798

I follow along with the activities that take place during the course. 0.657
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In the first phase of our item evaluation, we observed

that some respondents seemed to differentiate between

verbs related to their experiences of within a course;

items related to students’ notetaking and their process-

ing of material factored separately, even when related to

the same mode of cognition. This suggests that re-

searchers may be able to obtain a more valid self-report

of how engaged students are by focusing items to

emphasize particular course experiences, such as when a

student is taking notes. Furthermore, our work suggests

that while both notetaking and processing material are

activities that are theoretically aligned with active en-

gagement, operationally, they occur at different frequen-

cies within students. For example, students may actively

process material more frequently than they actively take

notes in a given course. In this way, we see our work

supporting the ICAP framework as it has been previ-

ously established: Students’ engagement will fluctuate as

they participate in different classroom activities. This

work provides foundational insight as to what might be

involved in the development of a scale to measure the

frequency at which student engage at a particulate mode

when participating in specific classroom activities.

Chi and colleagues’ recent work goes on to note that

students have difficulty differentiating between active and

constructive activities (Chi et al., 2018). We also observed

this phenomenon in our work, suggesting that more work

is needed to explore what verbiage clearly elicits a particu-

lar mode of cognitive engagement. We see it as important

for future work to continue to develop scales that assess

the presence of a mode of cognitive engagement related to

classroom learning activities (e.g., when students are asked

to solve a problem), as well as explore the distinction be-

tween closely related modes of cognitive engagement (e.g.,

active and constructive).

Instructor use of the SCCEI

The SCCEI is bound to appeal to some instructors, as it

addressed a subject of broad interest to the educational

community—student engagement. Yet, in the initial de-

velopment of the SCCEI, the primary focus was to align

with best practices in scale development. Subsequent

focus was placed on generating a useful and useable in-

strument for instructors. Therefore, instructors who

wish to use the SCCEI in their classroom at this time

will need to interpret results cautiously and conserva-

tively. We confidently suggest that implementation of

the SCCEI will provide some insights on the degree to

which student are engaged along its factors. We suggest

instructors implement the SCCEI in its entirety, or at a

minimum, implement all items related to a given factor

of interest.

For instructors wishing to score the SCCEI, responses

should first be converted to numerical data. A value of

one (1) should be assigned to the lowest frequency (few

to no lecture periods), up to a value of three (3) assigned

to the greatest frequency (most lecture periods). Items

related to each factor should then be summed. This sum

should then be divided by the total possible number of

points in the factor. The result should then be multiplied

by 100. In the end, instructors will have calculated a per-

cent alignment with each factor.

Instructors should use caution when interpreting the

calculated values. We, as the developers, do not know

what a specific value means. For example, if the in-

structor calculates 67% alignment with a given factor, on

the surface it means that the average student is engaged

at a particular mode 67% of the time. However, in this

survey and scale development in general, the precise in-

terpretation of the question or the scale by participants

is not known. As a result, the values will give a general

sense of student engagement for that particular con-

struct, but not an exact value that can be specifically

interpreted. An instructor could implement the instru-

ment in multiple classes over time and eventually get a

sense of how student engagement differs in different

courses and/or offerings of a single course. This could

be used to understand the potential impacts of efforts to

improve engagement by the instructor. Instructors may

also consider if they are actively trying to encourage a

particular form of engagement. For example, if they

never ask students to work in groups, then they would

not expect to have high scores on the interactive scale.

In summary, results must be interpreted very carefully

and in context to the classroom environment.

Limitations

SCCEI items are based on the theoretical framework of

ICAP, yet these items are limited in their ability to holis-

tically represent a mode of cognitive engagement. Im-

portantly, interactivity with peers indicates that the

student reports potential for interactive engagement;

only nuanced observation and/or discussion with the

student would allow for insight as to the level with

which they were interactively engaged with the material

while interacting with peers. Furthermore, these items

do not span the extent of learning activities that gener-

ate cognitive engagement in the classroom; originally,

more items were included to capture a broader range of

engagement activities, but difficulty was encountered in

generating reliable factors from these items. Future, sub-

stantive work may wish to validate additional items to

more holistically capture ICAP modes of cognitive

engagement.

The measurement scale likewise limited the granular-

ity at which cognitive engagement can be understood

from the SCCEI. We envisaged that using three, 5 or

more point Likert scales concurrently for each survey
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item would overburden respondents and hinder re-

sponse rate (Preston & Colman, 2000; Weijters et al.,

2010). This rational led to our use of a 3-point Likert

scale. Future studies make to wish to add additional re-

sponse categories to the Likert scale and again test for

evidence of validity. This may provide more reliable,

meaningful responses than the 3-point scale of this

study. Despite limitations, the SCCEI provides educators

with meaningful insight as to the presence of various

modes of cognitive engagement in different classroom

learning experiences.

Our sample was comprised entirely of engineering stu-

dents. Although we designed our instrument to be useful

across STEM courses, validation evidence is needed for

the use of the SCCEI outside of engineering. Our sample

reasonably represented the population demographics, but

Caucasian males remained overrepresented compared to

national averages in engineering (see Table 5 above). Fur-

ther work is needed to understand the nuanced ways in

which underrepresented groups cognitively engage, par-

ticularly as to how it may differ from normative groups.

Valid claims can be made insofar as an instrument pro-

vides validity evidence; our broad sampling of courses

across many institutions allows the SCCEI to make valid

claims about engineering students in general, but limits its

ability to provide valid claims about specific engineering

student populations. Civil and general engineering were

overrepresented in our sample, while mechanical and elec-

trical were underrepresented. Additionally, some disci-

plines were not represented at all and may require future

studies on validity. Generalizability of all findings pre-

sented is limited by the sample recruited for the study.

Future direction

Validation efforts involve iterative evaluation and im-

provement of an instrument in order to improve its psy-

chometric soundness. Currently, we have only three or

four items to assess each of the five factors. To further im-

prove the reliability of the subscale comprising the instru-

ment, we intend to create and test additional items for

each construct on the scale. In this study, we have exam-

ined the structural validity of the subscales on our instru-

ment. Subsequently, we intend to conduct other studies to

further strengthen the validity evidence of our instrument.

We look to establish its construct and predictive validity

by examining measures and proxies of cognitive engage-

ment across a broader sample of students. Efforts will also

be made, in the future, to determine the ability of the in-

strument to effectively discriminate cognitively engaged

students from those who are not.

Because we intend to expand the items on the instru-

ments to improve the reliability of the sub-sales, future

work would consider focusing on a single subscale (i.e.,

interactivity with peers) and developing items to related

constructs that could be administered apart from the

larger scale for specific research needs and minimize the

need to administer the entire cognitive engagement

when that is not desired. We posit that more studies are

needed to better understand the interplay between en-

gagement inside and outside of the classroom on other

variables that mediate or moderate student learning and

performance in engineering—especially in specialized

learning contexts, (e.g., flipped classrooms). More work

is needed to develop scales to indicate the presence of

ICAP modes of engagement beyond classroom walls.

Our intent was to develop a scale to measure a con-

struct (cognitive engagement) that is subsumed within a

meta-construct (student engagement) drawing upon a the-

oretical framework that has a strong empirical support.

We envision that our study will inspire others to create

scales based on empirically grounded theory to measure

other constructs germane to engineering education re-

search that are subsumed in broader meta-constructs.

Conclusion

The present study seeks to report our effort to validate a

new instrument of cognitive engagement with a

literature-based theoretical framework. Our scale devel-

opment efforts were informed by DeVellis’ research. As

we explored DeVellis’ recommendations, we demon-

strated that identifying the relevant literature plays a

major part in scale planning development. Consequently,

we aligned, and reasonably integrated Chi and Wylie’s

ICAP framework of cognitive engagement (Chi & Wylie,

2014) to situate the purpose and scope of our instru-

ment. This theoretical alignment was important to the

authenticity and the validity of our scale. We demon-

strated the importance of engaging experts and target

stakeholders in increasing the content validity of the

scale being developed, and perhaps more in creating an

instrument that is relevant and has a broader applica-

tion. To create a good scale, one must be open to revis-

ing items on the scale, and may have to make the

decision to remove poorly performing items. Further,

items may not be bound together on the same construct

even though they were designed to do so. In fact, it is

possible that different factor patterns may emerge, which

then would require some theoretical framework to cali-

brate or interpret.

Finally, we intended to develop a four-factor instru-

ment. However, the items comprising the proposed

four-factor scale developed emerged into five factors that

are theoretically relevant to the overarching framework

on which the instrument was conceptualized. Our in-

strument provides new perspectives on the ICAP frame-

work and extends its application for scalability to

broader contexts. We are hopeful that this study will in-

spire other innovative research and development in the
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area of student cognitive engagement, particularly in en-

gineering education.
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