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Abstract—In this workshop, we introduce participants to
vocabulary and theory to understand their students’ affective
experiences of doing engineering work. As attention to emotions
and other affective elements of engineering student experiences
has grown in the literature, this workshop will aid instruc-
tors in considering the importance of attitudes, emotions, and
values/beliefs for student learning and identity development.
The workshop will provide ample opportunity for discussion
and reflection, and will empower instructors both to consider
scaffolding of assignments with affect in mind and to survey
students about their affective experiences in order to iterate on
assignment design.

Index Terms—undergraduate, emotion, affect, identity

I. DESCRIPTION AND RELEVANT LITERATURE

This workshop will equip participants to begin engaging
with their students’ emotions as a powerful tool for improving
learning and building engineering identity. This workshop
draws on the results of our National Science Foundation-
funded study on affect and engineering identity. Our project
examines engineering students’ affect (their emotions, feel-
ings, and attitudes [1]) experienced while problem-solving
or doing design. While engineering is often seen as purely
rational, our data and previous studies have shown affect to
be an important part of students’ experiences [2]—[8]. Since
engineers should have the “ability to identify, formulate, and
solve complex engineering problems” [9, p. 6], it follows that
an important part of teaching students to become engineers is
helping them to handle the emotions that come with complex
problem-solving that requires assumption-making, estimation,
uncertainty, and failure [10]-[13].

Workshop participants will be introduced to important
concepts related to affect, including local affect, affective
pathways, global affect, and meta-affect [1]: an affective
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pathway consists of the moment to moment feelings (local
affect) experienced while solving a disciplinary problem.
Depending on how these problem solving experiences end,
positively or negatively, the pathway may influence a student’s
overall (global) affect towards the discipline. These affective
pathways and students’ reactions to them are shaped by
meta-affect, or a student’s cognition and feelings about their
feelings.

During the workshop, we will help participants understand
how students’ affective experiences can influence their learn-
ing [14]-[16] as well as the development of an engineering
identity [17], particularly when engaging in complex problem-
solving [2]. The development of a student’s engineering iden-
tity has been shown to influence whether an undergraduate
student stays in engineering or not, thus having implications
for retention of students in the discipline [18]-[21]. While
many descriptions of engineering identity exist, we will draw
on a social identity framework which describes engineering
identity in terms of socially-constructed norms, values, and
stereotypes of engineering [22]; we will discuss students’
development of an engineering identity using a model based
on the work of [17], [23], [24], in which engineering identity
is composed of four components: interest in engineering,
ability to socially perform engineering tasks (performance),
ability to understand engineering concepts (competence), and
recognition of the student as an engineer (by oneself or
by important others). Each component of identity can be
strengthened or weakened by students’ experiences, meaning
that instructors have potential opportunities to strengthen
students’ engineering identities by attending to their affective
experiences.

During the workshop, participants will reflect on their
course contexts and students’ affective experiences, and de-
velop strategies for emotional scaffolding [8] of complex
problems to promote learning and identity development. We
will share our survey instrument for measuring students’
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affective pathways [25], [26], how we analyze our results,
and our findings from using this question.

II. GOALS

The goals of this workshop are:

1) To communicate the importance of affect and meta-
affect in students’ learning and identity development
to instructors.

2) To provide examples from our data on how we have
seen affect shape student experiences.

3) To share a survey instrument for measuring affective
pathways as a tool for assessing students’ local affect
throughout an assignment.

4) To provide opportunities for participant reflection on
their own teaching contexts and for reframing assign-
ments to help students embrace negative feelings they
may encounter in engineering.

In order to get the most out of the workshop, participants can
bring a complex or challenging multi-step assignment/project
from one of their classes (or an idea for a complex assignment
that has not yet been scaffolded that they would like help
thinking through). Throughout the workshop (see agenda in
Section III), participants will have opportunities to discuss
their course contexts, reflect on how to use assessment tools
to understand students’ affective experiences, and think about
scaffolding for productive affect.

III. AGENDA AND WHAT TO EXPECT DURING THE
WORKSHOP

Our workshop is intended to be informative, reflective, and
productive. The discussion and reflection elements as noted
below are for participants to talk in small groups, share with
the larger group, and reflect on their own teaching practice
and curriculum. The approximate schedule of the workshop
is given in Table I. More details on the content covered in
the schedule is provided in the sections below.

A. Affective Pathways

Affective pathways are sequences of emotions, or local
affect, an student experiences as they solve a problem [2],
[27]. The local affect in a pathway can have positive, negative,
and/or neutral emotions. If a pathway ends in a few positive
emotions, the pathway is positive and may contribute posi-
tively to a student’s global affect. If a pathway ends in a few
negative emotions, the pathway may contribute negatively to
a student’s global affect. For example, if a student constantly
ends their problem solving experience in dynamics in a state
of confusion and frustration, this might create dislike of the
subject and negative global affect.

Building off previous work of mathematics researchers
Goldin [27] and Gémez-Chacon [28], we created a survey
question to document engineering student’s affective pathway.
Previous research has documented multiple iterations we have
made on which words are included and how we ask this

TABLE I
WORKSHOP AGENDA
Workshop Component Approx.
Time
Overview and introductions 15 min
Discussion: Where do complex problems show up in | 10 min
your curriculum?
Introducing affect and affective pathways 15 min
Discussion: What types of complexity bring up strong | 10 min
emotions for your students? How have you seen affect
or affective pathways in your classroom?
Affective pathway vignettes and a survey tool 15 min
Reflection: How could I use this tool in my classrooms | 10 min
or modify it to serve my needs?
Meta-affect and the shaping of affect 15 min
Discussion: Meta-affect and regulation 15 min
Linking affect and identity 15 min
Reflection: During what activities do you notice your | 10 min
students feeling like an engineer? What are ways you
have seen students’ experiences aid or hurt their engi-
neering identity?
Reflection: How could you modify the scaffold or frame | 20 min
of one existing assignment to help students embrace
uncertainty or feeling stuck, or even to experience
these feelings as productive or build their engineering
identities?
Wrap-up 10 min
Networking and questions 20 min

In the drop down menus below, select the sequence of emotions
that you experienced from start (top) to finish (bottom) while
modeling the pool lift this semester.

The following words will appear in each of the drop down menus:

Accomplishment, Anxiety, Confidence, Confusion, Curiosity,
Distress, Encouragement, Enjoyment, Excitement, Frustration,
Happiness, Pride, Puzzlement, Satisfaction, Stress, Uncertainty

You may use as many or as few words as needed to describe
your emotional pathway.

v
Accomplishment
Anxiety
Confidence
Confusion
Curiosity
Distress
Encouragement
Enjoyment
Excitement
Frustration

~

Fig. 1. Affective Pathway question

question, and gathered evidence towards instrument validation
[25], [26]. The current version can be found in Figure 1.
An example of a student’s recalled experience solving an
open-ended problem designing a pool lift [29], [30] that we
characterized as positive included the following words:

Puzzlement — Confusion — Curiosity — Stress —



Satisfaction — Happiness — Pride
While this student’s experience did contain confusion and
stress, we see their resultant emotions ending with satisfac-
tion, happiness, and pride.
Another student had a different experience solving the
problem:
Confusion — Accomplishment — Puzzlement —
Frustration — Anxiety
This student’s experience ended with frustration and anxiety,
two negative emotions, and thus has a negative ending.
Other pathways can have what we determine to have neutral
endings as they have neutral, or both positive and negative
words at the end.
Confidence — Confusion — Anxiety — Uncer-
tainty — Stress — Uncertainty — Confusion
In the workshop we will discuss ways faculty can use this
tool to measure students’ experiences during a problem to
determine how to alter the scaffolding of problems to either
better support students and mitigate negative emotions, or
open up problems to more ill-definedness.

B. Meta-Affect

While students’ local affect can be a reaction to external
circumstances, it does not exist entirely outside the realm
of students’ control or understanding. Meta-affect, consisting
of both affect about affect and cognition about affect, can
determine how students experience their emotions [1], [31]. A
common example of meta-affect is affective regulation, which
is a skill that enables students to manage their emotions. We
have seen engineering students do this in the following ways
[2, p. 292]:

e “Recognize discomfort as necessary

« Regulate the engineering work to regulate the emotions

o Check with a friend

o Reassure yourself

o Take a break”

However, meta-affect can take on many forms and play
various roles in problem-solving. Students are said to have
productive meta-affect when their meta-affect supports learn-
ing or accomplishment [32]. The development and stabiliza-
tion of such productive meta-affect over time is known as the
process of meta-affective learning [32]. In our research, we
have seen engineering students do the following [2, p. 292]:

o “Recognize as authentic disciplinary activity

o The part that’s ‘supposed’ to be difficult seems easy

o See challenge as confidence-building

e See challenge as learning”

A student’s meta-affect may establish a context in which
emotions are experienced [2], [31]-for example, in an in-
class problem-solving session with a supportive instructor,
it may feel “safe” to experience frustration while solving
a problem; the same frustration may be interpreted very
differently by the same student if it occurs while solving
an exam problem. In these two cases, the same emotion

(frustration) is experienced; however, students’ beliefs (about
the problem, the class, the instructor, the subject matter, etc.)
can lead to different meta-affective contexts that shape the
experience of such an emotion [4], [31].

C. Linking Affect, Identity, and Assignment Scaffolding

Our grant also explores how affect, affective pathways, and
meta-affect may influence a student’s engineering identity.
Our previous work [2] includes examples that suggest that, for
some students at least, the affective experience of overcoming
frustration while solving complex problems can lead to strong
feelings of pride and competence (which is a component of
engineering identity). As described in the previous section,
students’ meta-affect plays an important role in the effects
that their affect has on their engineering identity development.

Because the emotions that students experience while
problem-solving have implications for both their global af-
fect [1] and their identity development, it is important that
instructors consider local affect and affective pathways when
scaffolding assignments, particularly highly complex ones.
During the workshop, we will share strategies from our own
work [2, pp. 300-301] to help instructors scaffold to help
students embrace feelings of discomfort and frustration:

1) “Offer complex open-ended problem, but scaffold them
to support student learning and mitigate overwhelming
negative affect”

2) “Offering choice can improve students’ epistemic af-
fect”

3) “Normalize negative affect during disciplinary problem-
solving”

4) “Encourage affective regulation (to a point)”

We will also share and connect to strategies from other
literature [5], [8], [15].

IV. EXPECTED OUTCOMES

Participants will come away with an understanding of
affect, affective pathways, and meta-affect, and how these
affect students during problem-solving activities. Participants
will be guided through revising the scaffolding of a complex
assignment from their own courses and be given a tool to
measure affective pathways in their courses. Links will also
be made to how these influence engineering identity.

V. ABOUT THE FACILITATORS

The workshop will be facilitated by the Co-PIs on a grant
focused on affect and identity in engineering, Dr. Emma
Treadway and Dr. Jessica Swenson. They are also co-authors
of a recent JEE article entitled “Engineering students’ epis-
temic affect and meta-affect in solving ill-defined problems”
[2].

Dr. Swenson is an Assistant Professor in Engineering
Education at the University at Buffalo. She has engaged in
engineering education research for thirteen years and has
a passion for translating her research into practice with an



emphasis on engineering science courses at the undergrad-
vate level. She has delivered professional development for
many types of engineering instructors including engineering
professors and teaching assistants, and K-12 teachers. She
also teaches the introductory course on engineering education
in her department’s doctoral program. Her current research
focuses on engineering judgement, teachers of emerging mul-
tilingual elementary students, and affect and identity.

Dr. Treadway is an Assistant Professor in the Department
of Engineering Science at Trinity University, where she has
taught numerous undergraduate engineering courses with a
focus on implementation of research-based pedagogical meth-
ods. She also has experience in professional development fa-
cilitation, having previously worked as an Engineering Teach-
ing Consultant at the Center for Research on Teaching and
Learning in Engineering at the University of Michigan. She
is currently active as part of the Curricular Transformation
Team associated with Trinity University’s participation in the
Howard Hughes Medical Institute Inclusive Excellence 3 (ie3)
initiative, helping to plan and lead annual curricular summits
that focus on issues of inclusion and equity in introductory
STEM curricula.
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