
Examining cognitive engagement in group activities through three lenses

GROUP RESPONSE CODING = INTERACTIVE

GRACE:   Oh, and this one has lone pairs. What kind of structure does that make?

JACOB:    The chart's...DL2, lone pairs. It's bent. Yeah. Cause if we're looking at 

the model, um, the model gives like the best  description of it above, uh, for 

the DL2. So net molecular dipole due to bent geometry. And it shows you below 

what that bent geometry looks like on the planes.

JACOB:   And it's asking us why it's polar.

GRACE:  Oh, I'm assuming they don't cancel each other out.

HELEN:   The left and right aspects do, but they still have a net, like, down. I mean, 

it's just like the green and pink arrows in Figure 5 is what I drew. But on one 

axis or like one....

GRACE:    What about the lone pairs?

JACOB:     Um, it shows in Figure 4, like kind of, uh, the lone pairs are kind of 

like on the arrows or like, do you see Figure 4?

GRACE:    So I've got two of them with the arrows pointing opposite ways in the 

third and fourth quadrants.

JACOB:     Yes.

GRACE:    What are the ones for the lone pairs?

HELEN:     It just says of each bond. I don't think you have to worry about 

the lone pairs.

JACOB:     And then ask why it's polar. And um, like Helen said, it doesn't cancel 

because of the net molecular dipole.

HELEN:     I said it's polar because though the dipoles cancel out in the x-direction, 

they have a net downward dipole moment. I don’t think that's like correct language, 

but...

This group response demonstrates ACTIVE engagement early in the conversation 

with Jacob’s and Helen’s references to the model. However, as the conversation 

progresses, the students attempt to identify bond dipoles for the lone electron pairs, 

causing students to generate new information through dialogue, resulting in 

INTERACTIVE engagement.
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INDIVIDUAL CODING = VARIES BY STUDENT
DR. WHITE: (Key question) eight. Okay. Are you looking at it or 

have you talked about it?

BETH: Um, we've talked about how many arrows to draw and um, 

I think we decided on drawing like three arrows. Uh, I drew like 

two, um, on the X axis, like going different directions and then one 

down on the Y axis.

DR. WHITE: Okay. So for each of the diagonal arrows, they have 

both an X and a Y component. So you, so you have for each of the 

diagonals, you have an X and a Y. And so for this one, you have an 

X and a Y. So you actually have two downward arrows on the 

Y axis.

BETH: Two downwards? Ok. And for those, should we just 

draw them like overlapping or...

DR. WHITE: You can draw them overlapping or right next to each 

other on the Y axis.

NANI: Can I see how you guys draw yours because I am 

completely lost.

LESLIE: (showing her worksheet) I did my top one like that.

NANI: I did that one right.

LESLIE: And then...

NANI: Okay. So what's up with the other, like, does that 

mean that there's five arrows that we have to draw?

LESLIE: I just wrote in the kind of, what was these were 

based on in pencil, just to remind myself of like, Hey, these 

are two, they're just casting shadows on the X and the Y.

NANI: Ok.

LESLIE: But yeah. I don't think like this.

KATIE: (showing worksheet) So then we decided that it 

would have a polar bond going downward, yeah?

BETH: Mm hmm.

LESLIE: 
INTERACTIVE

She generates new 
information based 
on NANI’s question

BETH: 
INTERACTIVE
She contributes 
new information 

based on
DR. WHITE’s 
explanation

KATIE: 
CONSTRUCTIVE
She independently 

generates new 
information

NANI:
ACTIVE

She requests 
clarification but 

does not generate 
any new 

information

QUESTION CODING = ACTIVE

Using the blank Cartesian coordinate system, draw the x- and y-components of each 
bond and use them to explain why DL2 is a polar molecule.

Since the information to answer the question is provided in the model (see excerpt above),
students are expected to manipulate existing information and do not generate any new
information. Therefore, this question is coded as ACTIVE.
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CONCLUSIONS
Group response codes were compared to the corresponding question codes and
discrepancies were identified. These discrepancies suggest that students may not
always engage at the level intended by activity designers. Therefore, students’
cognitive engagement should be identified by the content of the conversation
students participate in, not by the activity itself.

Identification of each individual students’ engagement showed discrepancies
between the engagement level of the group as a whole and the engagement
level of each student within the group. These results suggest that the
engagement of the group is not necessarily indicative of each individual’s
engagement and investigation of students’ engagement at this finer grain size
may give insight into group dynamics which cannot be seen at the group
response level.

BACKGROUND

Active learning involves students participating and engaging
in their own learning in some form instead of simply
listening to a lecture. The implementation of active learning
has been correlated with improved academic performance.1

However, in chemistry courses, active learning activities
which include group work have shown large variations in
the magnitude of these improvements.2 It is possible that
the degree to which students attempt to master concepts
presented in the activity (i.e., cognitive engagement) could
contribute to the discrepancies observed in academic
performance.

The Interactive-Constructive-Active-Passive (ICAP)
framework identifies four modes of cognitive engagement
based on students’ observable behaviors.3

RESEARCH GOAL
This project used ICAP to code questions and responses for
expected and actual cognitive engagement modes,
respectively.

The response codes were then examined at the group and
individual level to give insight into students’ engagement
while working on activity worksheets.

Mode Characteristic Behavior(s)

Passive Receive information
Reading text, listening to 

lecture

Active Manipulate information Underline or highlight text

Constructive Generate new information Summarize lecture material

Interactive
Generate new information 

through dialogue
Work with group to answer 

questions

SAMPLE & DATA COLLECTION

Group conversations, while working on activity worksheets
during a general chemistry class, were audio and video
recorded. Recordings were transcribed and pertinent non-
verbal actions were added to the transcripts.

Each question on the activity worksheet was coded using
ICAP, where researchers predicted students’ engagement
mode based on what the question asked students to do.
Each group response to each question was coded using
ICAP based on the content of the group conversation. The
engagement of each individual student within each group
response was identified by looking at a single student’s
statements and non-verbal actions and determining the
highest engagement mode displayed by that student.
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