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What is the Scholarship of Teaching and Learning?

As educators, we are invested in a generative process of building knowledge and sharing insights.
In our own work this involves delving deeply into the disciplinary and interdisciplinary puzzles that
intrigue us most: unpacking the nuances of a given text, creating evocative art, solving an
engineering conundrum, connecting lessons of the past with current unresolved concerns, making
sense of patterns in population data, and so much more.

The Scholarship of Teaching and Learning provides us with an opportunity to invest just as deeply
in understanding and improving the learning of our students. SoTL is located at the intersection
between the passion we feel for our area of study and the aspirations we have for our students.
What SoTL looks like in practice depends on the context (e.g., discipline, year, location, modality,
instructor approach, student profiles and perspectives). However, some goals are overarching, such
as increasing student engagement, curiosity, capacity for critical thought, and ability of students to
use what they learn beyond a given course.

Cultivating Interdisciplinarity, Preparedness, and Curiosity

The Teaching and Learning Scholars program provides Northeastern educators with an opportunity
to engage in the SoTL in a way that benefits the entire university. In this booklet, you will see the
results of three recent studies that are grounded in the real-world concerns of Northeastern
educators, each of which addresses an essential challenge in teaching and learning. Their
investigations are both thorough and important. Needa Brown'’s work, carried out in the context of
a recently launched interdisciplinary program in Nanomedicine, focuses on meeting the needs of
students with diverse prior experience and life goals. Marguerite Matherne’s work recognizes the
importance of preparation, engaging students in work prior to class, and drawing on the results of
that work so that class time can be personalized to meet the needs of a specific group. Ayce
Yesilaltay considers the question of student agency, helping learners transcend hesitance to ask
questions, collaborate with classmates on finding answers, and build confidence in their capacity to
analyze difficult material.

We hope you enjoy the work of the 2023-24 Scholars, and perhaps that their work will spark ideas
for studies you might want to pursue related to improving the learning of your students! For more
information about the Teaching and Learning Scholars program, contact catlir@northeastern.edu.
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Impact of prior knowledge on a student’s experienced
curriculum

Introduction & Literature

Given the largely interdisciplinary nature of the field of Nanomedicine, there is no model for teaching
or standard textbook for reference. Nanomedicine brings in students from assorted educational,
cultural, and experiential backgrounds. Although these diverse backgrounds add a richness and depth
of discussion to the classroom, they also impact how each student experiences the curriculum. In a
traditional discipline, a student needs to meet certain prerequisite requirements to enroll, thus
justifying the assumption that these students have similar prior knowledge.
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Unlike traditional disciplines, nanomedicine brings in
students from a large pool that includes physics,

engineering, biology, biotechnology, and more. Due to
the diverse backgrounds of these students, the
conventional assumption of similar prior knowledge may
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knowledge drives my curiosity.

As the Program Director of a Master’s in Nanomedicine
degree, my job is to anticipate industry demand and
prepare an educational structure that will allow all my
students to meet these demands. Given the range of
backgrounds entering this discipline within a single cohort, my objective as an educator is to ensure
that my students are graduating with the same level of knowledge regardless of what prior knowledge
they bring into the classroom. Although the focus of this work has been on a Nanomedicine course, it
is highly relevant to a broader audience. This idea of an interdisciplinary education has been gaining
rapid momentum over the last couple decades as industry leaders emphasize the need for an
incoming workforce with a versatile skillset, an ability to adapt, and the proficiency to apply classroom
knowledge to a broad range of real-world problems. The knowledge gained in this study can be
applied to a broader scope of interdisciplinary programs to understand differences in student learning
as a tool to tailor curriculum development.
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Conventionally a curriculum is described as a planned sequence of instructions that imparts knowledge
of a particular field to a student. As we expand our lens, we see that a curriculum is really a living,
breathing concept that is shaped by the perspective of the observer. Viewed as a process, curriculum
occurs in three simultaneous dimensions: 1) intended curriculum, 2) enacted curriculum, and 3)
experienced curriculum [1-3].

The intended curriculum is the planned sequence of

instructions that are outlined in the syllabus. Each time these
instructions are presented to students, that curriculum Curriculum
transforms based on how the content is delivered, what

examples are provided, and how different ideas are connected , \

together. This further reshapes this intended curriculum into an !
ntended - Enacted
enacted curriculum that is built around the interaction of the Curriculum Curriculum

instructor and the student. The intended and enacted curricula

are viewed from the lens of the instructor, however on the

other end of every delivery is a recipient, which in this case is our student. How our students understand
this delivered curricula is the experienced curriculum [1-3]. The careful balance and interaction between
these three curricula drives the impactful transfer of knowledge from instructor to student.

There are several factors that influence a student’s experienced curriculum. One factor is frequency of
interaction with the curriculum. As an instructor | am constantly and continuously interacting with my
curriculum, while my students only interact with it one time when it is being delivered [4]. Another factor
is the inherent discrepancy between the novice and the expert organization of knowledge which
influences what connections are formed between different ideas [5]. As an expert in the field, | am able
to make deeper connections with very little information, yet my students still need to build this
foundational knowledge to develop a richer understanding of the field. This is an important consideration
as my intended curriculum may make assumptions that leave gaps in knowledge for my students, thus
changing how they experience the curriculum. A final critical factor is the prior knowledge that my
students bring with them into the classroom, whether it is discipline specific knowledge or life events or
cultural interactions which all shape how they experience this curriculum.

Prior knowledge can be viewed within the lens of a friend or a foe. At times, prior knowledge can help a
student expand on ideas and build deeper connections, while other times it can limit how a student
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perceives and understands new concepts [5]. There are four types of prior ﬂ m

knowledge: 1) accurate and appropriate, 2) accurate but insufficient, 3)
inappropriate, or 4) inaccurate. Which bin a student’s prior knowledge fits
into will impact how they experience the intended curriculum. Our Appropriate

students come into a classroom with a wealth of prior knowledge, but not m

all that knowledge is necessarily correct or relevant to the intended PRIOR KNOWLEDGE
content being taught.

Activating inaccurate and/or inappropriate prior knowledge such as an invalid assumption, especially at

the fundamental level, can hinder a student’s understanding of stemming concepts. Part of bridging the
gap between the intended and experienced curriculum is to activate and leverage “accurate and
appropriate” prior knowledge. So, how can | determine what prior knowledge my students are bringing
into a classroom? Additionally, from the wealth of knowledge they bring in, how can | ensure | am
activating the accurate and appropriate prior knowledge?

Determining what prior knowledge a student brings with them into the program is a nontrivial task. Prior
knowledge can encompass course work, professional opportunities, self-study, personal experiences, and
more. Some of this knowledge may be directly related while some may be indirect or completely
unconnected. Some of it might be consciously known to a student and some might be unconscious.

Teasing out these different lived experiences requires a systematic methodology that needs to include
multiple points of data entry. Previous literature has included techniques such as student and/or faculty
brainstorming discussions, questionnaires, or concept maps that can be collected at a single, stagnant
timepoint or continuously over time [2, 4-6]. Selection of a data collection methodology is highly
dependent on the disciple of study. In my case, | was specifically interested in collecting data on the
holistic understanding of my students’ general prior knowledge and their specific nanomedicine prior
knowledge. To achieve this, | collected various types of data through pre and post surveys and a series of
iterative concept maps. A critical question for my scholarship was to tease out the impact of prior
knowledge on my student’s experienced curriculum with the ultimate goal of bridging the gap between
my intended curriculum and my student’s experienced curriculum to ensure satisfactory development of
knowledge, as depicted in Figure 1.
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Figure 1. A) Given the interdisciplinary nature of nanomedicine, students entering a nanomedicine course come from various
educational backgrounds with different levels of exposure to nanomedicine. B) Each student brings with them specific prior
knowledge that stems from their previous courses or lived experiences. This prior knowledge can be a foe if it is inappropriate or
insufficient, while it can also be a friend if we are able to active the appropriate and accurate knowledge. C) This prior knowledge
impacts how students understand and experience the curriculum presented to them, creating a unique interaction between the
experienced and intended curricula for each student.

My Question

My question grew out of a surprising interaction | had with a student in a previous course. She was in a
M.D. program, taking my course on Nano/Bio Commercialization. The focus of our conversation was on
developing Al algorithms that might help identify best drug combinations for patients with depression
using a patient-derived training set. | asked my student whether patients who were depressed had the
right mindset to appropriately consent to giving their private data for research. Her response was simple,
"consent is consent” - this took me by surprise! As a researcher, theoretically getting consent from a
patient is a complicated process but from her lived experience in a hospital it was not a big hurdle. This
difference in perspective sparked my Scholarship of Teaching and Learning (SoTL) journey.

Wearing my “Program Director” hat | first started by looking at my courses from a holistic view and was
interested in whether my intended curriculum was transferring the necessary and appropriate knowledge
to my students, training them to meet industry demand. However, after examining the literature and
studying the development of similar STEM programs [2, 4, 6], | quickly realized that a curriculum is a
living concept that is impacted by the deliverer and the receiver. To address this, my initial SoTL question
was: How do my intended and enacted course curriculum align with student mastery of course learning
outcomes?



NEEDA BROWN

College of Science

Taking a closer look into the interaction with the M.D. student, it wasn't the content that | presented or
how | presented it that impacted her response, it was her lived experience that she was bringing into the
classroom. To know if my students were really gaining the necessary and appropriate knowledge, | first
needed to assess what factors were influencing my students understanding of curriculum material. This led
me to revise my SoTL question, arriving at: “How is my students’ prior knowledge about nanomedicine
impacting their understanding of course material as framed within the course objectives?”

Teaching Context

Nanomedicine is a nontraditional disciple in which the fundamentals of the field are still being discovered.
With the recent success of the SARS-CoV-2 vaccine and the Nobel Prize in Chemistry for quantum dots,
interest in nanomedicine has grown exponentially, drawing in students from versatile backgrounds
including but not limited to engineers, physicists, chemist, physicians, biologists and more. Additionally,
these students range from extreme novices who have heard the term “nanomedicine” either in a course or
on the news to budding experts working in the field and developing novel formulations.

The subjects of this study were students enrolled in an introductory “Foundations in Nanomedicine:
Nanotherapeutics” course which provides an interdisciplinary introduction to nanotechnology-based
treatments. There were 49 students enrolled, most of whom were first or second year Master’s degree
students with one B.S. and one PhD candidate. There was a higher proportion of international students
within the course compared to domestic. This is an important confounding variable as each culture and
country has different standards and formats of teaching that can further influence the prior knowledge and
perspective on learning that students bring into the classroom.

The course was taught in a hybrid format with three sections, on-ground, online - synchronous, and online
- asynchronous, with 32, 15, and 2 students respectively. All students watched 1 hour of online lecture
content to build background knowledge about a particular topic and then had a 1.5 hour live or
pre-recorded case-study lecture focused on applying their knowledge. The course content builds from
lower-order concepts such as foundations of nanoparticle synthesis and characterization to higher-order
concepts of nanomaterial-biological interactions and translation. Each week students blog about enabling
innovations within the nanomedicine field related to a disease of their choice, that work culminates in a
final term paper.
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Regardless of background, each student is entering the same classroom and will be taught the same
curriculum, but each student will not walk out with the same experience or understanding of the
material. Therein lies the crux of my SoTlL study.

The Project

Data collection

To collect data on my students’ prior knowledge about the field of nanomedicine | use two different
techniques: 1) survey and 2) concept map. All students were asked to complete an optional
‘pre-survey” during the first week of class and a “post-survey” during the last week of class. The survey
included questions to elicit information about the general educational background of the student such
as education level, discipline of study, and prior degrees as well as more nanomedicine specific
background such as experience in industry, prior nanomedicine coursework, or to establish no prior
knowledge. | also translated course objectives into Likert scale-based questions to gather individual
student perceptions of their nanomedicine related knowledge prior to taking the course.

The Likert scale questions were designed to assess students’ confidence of nanomedicine knowledge
over each of the cognitive domains of Bloom'’s Taxonomy from lower-order memory and understanding
knowledge to high-order application-based knowledge of nanomedicine. Additionally, | included a
subset of general knowledge and professional skills-based questions that | believe are fundamental
concepts my students needed to succeed within the course. The breakdown of the Likert-scale
questions and their respective Bloom’s Taxonomy hierarchical classification can be seen in Figure 2 [7].
The questions were stated as “Select the option that best represents the degree to which you agree
with each statement about yourself... am confident in my understanding of each of these concepts
related to nanomedicine:” with O-1 being ‘Strongly Disagree’ and 9-10 being ‘Strongly Agree’. This
Likert scale-based assessment was repeated at the end of the semester to gauge individual student
perspectives of their understanding of course content after their experience of the curriculum. The
data from this questionnaire provided me with information about the nanomedicine prior knowledge
my students consciously had before to entering my classroom and what knowledge they believe they
had at the conclusion of their classroom experience.
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Figure 2. Breakdown of Likert-scale questions in the pre-survey and post-survey based on their hierarchal ranking in the Bloom’s
Taxonomy cognitive domain. The survey was given to assess student confidence of their nanomedicine specific knowledge and
gain additional general information about their background and experience in nanomedicine. Each Likert-scale question was
prefaced by: “Select the option that best represents the degree to which you agree with each statement about yourself...| am
confident in my understanding of each of these concepts related to nanomedicine:” with O-1 being ‘Strongly Disagree’ and 9-10
being ‘Strongly Agree’. For the post-survey, the second statement was changed to: “AFTER completing Foundations in
Nanomedicine: Nanotherapeutics, | am confident in my understanding of these concepts related to nanomedicine:” Figure
adapted from Vanderbilt University Center for Teaching, CC BY 2.0, via Wikimedia Commons [7].

In parallel, | had my students complete three concept maps throughout the course as a conceptual
visualization of their nanomedicine prior knowledge and progression of knowledge. Only the
on-ground section students were asked to complete a concept map in class during the first, seventh,
and thirteenth week of class as initial, mid-semester, and final timepoints.

The first concept map provided me with visual evidence about what specific nanomedicine knowledge
my students brought with them into the classroom. These initial concept maps ranged from very
simple topics such as how nanomedicine can be used for therapy and diagnosis to more complex maps
such as different types of nanomedicines and their functions.
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As the course progressed, | had the students complete a concept map at the mid-semester and

end-of-the-semester timepoints to visually see the growth of their knowledge as well as to gain data
about how my intended and enacted curriculum were translating to student knowledge. An example of a

student’s concept map progression throughout the semester is presented in Figure 3.

LiooC“V”‘a Ound ij-foxich

o, urce

Clagac temaced 9o'd
Nngpettioey

. Week 1
biomotenals  used in
nanpmed/ane
dvug oelivery < Nanomedicine
o¢ nonoporHale s
o Conces ond / &
athheso S les0S/S
evalpated
in Vitsp
MeSuye nments of bedd.
Nnenopathcles

Reseanc)y T(C.Ln&ﬁues

pid manopardicies

Week 7

Unmet need

/ of patients.
e ? Dot/ -3
N Vivo [ in Vit¥o /7 ba PP .
shdies (animal .
Sro i u) Asvgs 29} of nancpaLtich
ok fumoY
oMers ia i) ars/.m..\.
Na Obx 1o bxesle
O Medicine down A Pt b
—— , oy
Fvsqer !
Non - hvic
Nano paekcle Nosedatue ‘.v,.,of\ 168 Tmmne WAponS ¢
Coa red S— Optimfiation (JAATA&\':‘\%.\},°,, s

it Somi\w\}

hav o o teovgh OF % ranopaiicles — bodegradabie?

n M«a«- '\av\qu.ﬁt—l's
pbe? ‘l \ < 4 > bio Compartibre ?
: K
Sryachart Rt Gurtace Mnaluba"\iy? Matenal  used !
{ e modification? Z \ >~ i Gepahiole =&
Sepe? \L > e dng )
Cina?  Npid? Goepatipe wits
ov obe ' 4
e
fa
o quality Swsface .S
Asropathicle k\a
et WM \axge
Goe prodnction?

G»\'a'\ovs to Raow
Wow (e oo ﬁuav\ﬁk-\ﬂm\.é
st oW cktwa ock.oA\%

exCape Mol ewdo o 7
WWow 4o Yiv tnow vy s dug s ok

Week 13

Tomor Vasmblove

Tomor '\“"s\ X

o 9ng wease
Ste p\uu.kd n\wg et

) oMA (it "") \
of

whiom e %8 Pukd‘ for
n porloas e

me
/

Concen awa
e N Tumow , (pss Boed
braia boyyies ,
Into A tumoy o
m‘h’a Y TUmov
Bsoladure owd Neasby
S\»dedt\ﬁs .

L

nonopeiticle  Susface
ob\e 10 mimic ™
eniyonmant o pasd
Mw{.— ™o bayaeA
)
weufor | booy dloed ot
VWAL Y i o Corege
Gubgromee od

st b g

Prowges YO IF
o Mo waxker

\

At TRalg

e

At meAcne

VAl

Trensglation

Yoo
Prectinial Clinleal
Srodies Crudin

Naromesticine s SD s d";“-
n is
%Lm*m«u N onatket
i nanopatheles

%
Congides difRvent
Ckwpduisn-ion §
ﬁLA)-c S.‘:,.,, matewal
Gurface modifigang.|

Neopaticle in Fevms whn bionarkers

of ﬂrg&h‘:\% oxea o Clemishry
Coagt P & \o;odhg
' GEiSiiphoni6f or duxectiomal
Nonoporhicley Natk one Able rowavrds
+
P Cmss teshain  tumor HsSue ""SZu
Sato T tvmer | Croge BBQ

PW'«ﬁ o0 fpar ficles  Using

Micsofluidics 5 eagier, Lasge

Semte end good Gualiy Pwowgiout

e bborckeg

En opoalotion o O info e
Nanopod ficle  able”vo bk
bkMﬁﬂ‘é Yehowa YOMOpathile

ond

omh.

Figure 3. Representative examples of the same student’s concept maps at week 1, week 7, and week 13.

10



NEEDA BROWN

College of Science

Data pre-processing

Of the 49 students, only 47 submissions were recorded for the pre-survey and 30 submissions were
recorded for the post-survey. After removal of either blank or incomplete submissions, there were only
41 pre-survey and 27 post-survey submissions for further assessment.

Furthermore, not all students’ submissions were able to be matched between pre-survey and
post-survey either due to lack of a submission or mismatch of identification. Final sample size for
matched submissions was 23 paired surveys for evaluation.

Data classification

To assess variances in incoming student prior knowledge, students were first binned according to their
incoming major (Figure 4A) based on their pre-survey response. Over 60% of students entering the
course were in a M.S. in Biotechnology program followed by 10% from Biomedical Sciences and
Pharmaceutical Sciences each, and the remaining 20% of students were a mix between Pharmacology,
Nanomedicine, Bioengineering, Chemical Engineering and Medicinal Chemistry.

Given the high propensity of Biotechnology students, an alternative binning was conducted based on
student’s response to the pre-survey question, “What experience have you had in the field of
nanomedicine?” to better distinguish students nanomedicine specific prior knowledge (Figure 4B).
Students had to pick from a multi-selection answer key. Students who responded with “I have no
experience in the field of nanomedicine” were classified as No experience. Students who responded
with either “| have taken a course in nanomedicine” or “I have taken a course that included some
nanomedicine education” were classified as Course work only. Students who responded with either I
am currently or have done research in the field of nanomedicine” or “I am currently or have worked in
the field of nanomedicine” or “My current or previous job involved some aspect of nanomedicine” were
classified as Work experience only. Lastly, students who had a combination of statements related to
courses and work experience were classified as Course + Work experience.

11



NEEDA BROWN

College of Science

A Incoming Student Majors B Incoming Nanomedicine Experience
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= Biomedical Sciences
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= Pharmacology
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Figure 4. A) Classification of students based on their incoming majors. B) Classification of students based on their answer to the
question “What experience have you had in the field of nanomedicine?” into four groups: 1) no experience in the field, 2) taken a
course or part of a course where nanomedicine concepts were presented, 3) current or past work/research experience in the field
of nanomedicine, and 4) a combination of course and work/research experience.

Data analysis

Of the 23 students with matched pre-survey and post-survey data, analysis of the Likert-scale
questions was conducted by grouping the questions based on which cognitive domain of Bloom's
Taxonomy they address: 1) Remember = 4 questions, 2) Understand = 2 questions, 3) Apply = 2
questions, 4) Analyze = 4 questions, 5) Evaluate = 2 questions, and 6) Create = 2 questions. There
were an additional 4 questions grouped together and categorized as ‘General & Professional Skills. The
average of the grouped questions was compared across the different groups: No experience, Course
work only, Work experience only, and Course + Work experience. It is worth noting the small sample
sizes within these groups (No experience = 8, Course work only = 6, Work experience only = 3, Course
+ Work experience = 6) limited any statistical analysis, however trends were present.

In the post-survey an additional question was included to assess students’ familiarity with concepts
and modules taught in the course: “What percent of the module content was new for you?”. This data
was further evaluated based on prior knowledge grouping and modules were classified based where
they fit in the cognitive domain of Bloom’s Taxonomy.

12
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For the concept maps, qualitative assessment of a representative student from each group was
assessed to track emergence of new concepts that have been added to the map as well as building of
new and/or stronger relationships between key concepts. It is worth noting that only a limited analysis
of the concept maps has been conducted and further detailed evaluation is necessary to support any
observations made in this very limited dataset.

Findings

Prior knowledge did impact student curriculum experience in lower-order cognitive concepts.

Each week in the course is dedicated to a specific concept or a module. The course begins with
lower-order fundamental concepts such as nanoparticle synthesis and characterization. As the
semester progresses each module builds on the previous such as considerations of material-biological
interactions in nanomedicine design and finally to higher-order concepts such as clinical translation of
nanoparticles and real-world applications.

To study how my student’s prior knowledge impacted their understanding of concepts presented
throughout the semester as well as over the different levels of complexities, in the post-survey,
students were asked how much content presented within a particular module was new to them. A
subset of modules was selected for evaluation based on which cognitive domain of the Bloom’s
Taxonomy they best addressed to see if the complexity of the concept correlated with student prior
knowledge.

As you see in Figure 5, for lower-order, less complex concepts students with no experience found 70%
of the content new while students with course + work experience found only 45% of the content new.
For both Modules 3 and 4 the same trend is present - as the level of experience or prior knowledge
within the field of nanomedicine increases so does familiarity with presented content. The difference in
familiarity between groups is lost as we move into more complex modules such as Module 5 - 10
which require the use of more higher-order cognitive thought of application, analysis, evaluation, and
creating. The classification of whole modules into one category of Bloom’s Taxonomy is a very
simplistic approach to view the impact of prior knowledge through a holistic, macroscale lens. A more
in-depth analysis of critical concepts within each module is necessary to make any conclusive
statements.

13
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Figure 5. Responses of students to the question “How much of this module was new to you?” to assess if their prior knowledge
impacted how they experienced the content presented to them. The modules were chosen to holistically represent a range of
lower-order to higher-order Bloom'’s Taxonomy cognitive domains. The data are presented as mean +/- standard deviation (n = 3 -
8).

Difference in initial prior knowledge of nanomedicine did not impact end-of-term knowledge.

| was interested in seeing if difference in content recognition translated to difference in end-of-term
understanding of course content (Figure 6A). Overall, students coming in with no experience had
lower confidence in their understanding of nanomedicine concepts regardless of the cognitive domain
of Bloom’s Taxonomy classification. Students with either work experience only or a combination of
course and work experience seemed to have similar levels of confidence in their knowledge of
nanomedicine, which correlates well with the previous data of new content recognition.

It is worth noting that the highest-level of Bloom’s taxonomy “Create” questions had the lowest
confidence rating in all groups regardless of experience classification, suggesting that even for more
experienced students higher-order cognitive thoughts are still difficult.

14
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When we look at the post-survey responses, no difference in nanomedicine knowledge is present
regardless of experience classification (Figure 6B). This suggests that either prior knowledge does not
impact student understanding of course material as framed within the context of course objectives or
that course content was presented in a manner that bridged the gap between my intended curriculum
and my student’s experienced curriculum to ensure satisfactory development of knowledge regardless
of prior knowledge. Within this very small sample size, no conclusive statements can be made. Given
the potential dependence of student understanding may vary by specific modules or concepts, it might
be necessary to further scale the analysis to more sublevels to tease out the impact of prior
knowledge. A very important clarification is that this data is based on the student’s confidence in their
understanding of the course concepts rather than an independent evaluation of their actual
understanding. Independent assessment of objective data sources such as the mid-term and term
paper may impact the result outcome.

Taking a step away from nanomedicine specific prior knowledge and evaluating more general and
professional skills we see that the difference between groups is still present (Figure 6C). Surprisingly
students with no experience and course work only still have a lower confidence in their general skills
such as literature review, oral and written skills, and critical thinking skills. This may suggest that
students with less experience may inherently have a lower confidence that needs to be considered
during future evaluations. It is worth noting that the average difference in general and professional
skills confidence between the no experience and course + work experience groups was 1.5 points
while the average difference for nanomedicine specific knowledge ranged from 2.75 - 3.33 in the
pre-survey responses. Similar to the other post-survey responses, no difference in general and
professional skill confidence was identified.

Initial concept map analysis pointed to a discrepancy between student self-assessed nanomedicine
experience level and concept map data. Initial assessment of concept maps comparing students’
self-assessment of nanomedicine experience level and their first concept map identified a discrepancy
on what students considered nanomedicine experience and what unconscious knowledge they actually
had about the field. As evident in Figure 7, a student who claimed to have no nanomedicine
experience made more in-depth concept-node connections than a student who said they had course
work only or work experience only knowledge. Regardless of which subgroup a student was
categorized into, all students showed general improvement in concept map visualization with each
iteration.

15
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Figure 6. Responses of students to the nanomedicine knowledge specific Likert-scale question in the A) pre-survey and B)
post-survey categorized based on based on their hierarchal ranking in the Bloom’s Taxonomy cognitive domain. C) Responses of
students to the general and professional skills Likert-scale question in the pre-survey and post-survey. The data are presented as
mean +/- standard deviation (n = 3 - 8).

This may be a confounding factor due to students gaining more experience with making concept maps
and may not necessarily be related to gaining more knowledge related to nanomedicine. Additionally,
we see that the concept map depth of the student coming in with no nanomedicine experience grew
significantly in nodes and depth compared to a student with some course or work-related experience.

It is worth noting that this trend was unique for this representative student selection, however other
concept maps of students from the same group did not show as much improvement. Initial
examination of the concept maps points to the need for a multi-level analysis approach. For example,
although some concept maps did not necessarily growth in size, the depth of information presented
grew with each iteration. There are two parts to a concept map, the actual concepts and the
relationships between the concepts. Future analysis will need to incorporate this additional level of

complexity to compare the association of prior knowledge and course learning objectives within the
concept maps.
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Figure 7. Representative concept maps from one student in each experience classification. Concept maps were created by students on
week 1 to assess their initial nanomedicine specific knowledge and then at the mid-semester point (week 7) and end-of-semester
point (week 13) to see how their understanding on nanomedicine knowledge evolved.
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Conclusion

Although further in-depth analysis and a larger sample size are necessary to make any conclusive
statements, several key lessons were learned throughout the process. Dissemination of these
lessons/recommendations is provided with the goal to improve study and data collection practice in the
area as well as broaden the scope of the work to other interdisciplinary fields assessing how a student’s
prior knowledge shapes their understanding of course material to better improve transfer of knowledge
from instructor to student.

1. Binning students based on only their self-assessed prior knowledge is insufficient and a more in-depth,
modular and multi-leveled approach is necessary. One example is a student who claimed to have “no
prior knowledge or experience in nanomedicine” on the questionnaire but actually produced a more
comprehensive concept map in week 1 compared to a student who has had multiple courses in
nanomedicine. Additionally, among students grouped within the same experience levels, concept maps
varied highly in depth of nodes and connections between concepts.

2. Students were asked to self-assess their confidence of their knowledge in nanomedicine, which
introduces well-known limitations of over self-estimation in novices and under-estimation in experts.
This phenomenon is referred to the as the Dunning-Kruger effect which suggests that low-skilled
individuals tend to overestimate their own ability [8, 9]. More objective data collection techniques may
provide a better assessment of students’ actual prior knowledge about the field and overall
understanding of course material.

3. Comparison of the pre-survey confidence rating and initial concept map revealed a major disconnect
between a student’s unconscious and conscious knowledge that warrants further investigation to
ensure we identify and activate the right prior knowledge.

4. Although | presented a brief introduction to a concept map in the course, its advantages, and an
example on a topic students should have learned in high school, this was not sufficient to overcome
bias in data collection between students who had experience making concept maps and those who
had not. Throughout the semester most students developed stronger concept maps, however this
could have been a confounding factor of gaining experience and practice making maps rather than
knowledge gained.

An option to overcome this bias would be to have an independent activity to introduce students to
concept maps and assess their understanding prior to data collection. Alternatively, given time
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limitations within a course, we could consider adding a simple question “Do you have experience
making concept maps?” which may help in further subgrouping students and account for difference in
concept maps.

5. In my initial pre-survey, | asked students to anonymize/de-identify their responses by providing a
4-digit code where “The first 2 digits should be the last 2 numbers of your Northeastern University
student number. The last 2 digits should be the first 2 letters of your mother’s maiden name.” This
sparked a lot of confusion as “mother’s maiden name” is a U.S. based term; given the large proportion
of international students within the classroom there were several misinterpretations. Additionally, even
students that understood the language may simply be unaware of their mother’s maiden name or
name of their mother. When asked to replicate this code during their week 7 concept map, only a
handful of students were able to successfully reproduce their code. A key lesson was to simplify the
anonymization key to ensure repeatability and consider cultural differences when selecting language
presented to a diverse group.

My SolL question stemmed from inquiring about how students from various educational and cultural
backgrounds bring in different prior knowledge to a course or program and how that prior knowledge
impacts their understanding of the curriculum. The multi-faceted nature of the data collected allows
for further in-depth analysis which may reveal exciting correlations and expand the understanding of
how different types of prior knowledge impact student learning and curriculum experience. Given the
growing demand for interdisciplinary education, the study conducted and the results obtained can be
applied broadly to other disciplines for better curriculum development and alignment.
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Effectiveness of Just-In-Time Teaching on helping students
achieve lower order learning goals in a Mechanics of
Materials class

Introduction and Literature

Over the course of my 2.5 years teaching, | have noticed that students do not read the textbook even
though | assign sections to read from it for every class meeting. One student comment from an early
course feedback survey from the Spring 2023 semester says it all: “I find the outside readings less
helpful because everything is explained easily and well in class.” While it is encouraging that students
are learning from their in-class experience, | would prefer if they came to class with some background
knowledge. If they did, | would be able to dedicate more class time to higher order cognitive processes,
on Bloom's Taxonomy beyond remembering and understanding (see Figure 1). | can’t do this if
students haven't at least attempted to achieve lower order content mastery prior to class by engaging

with the readings.

Bloom’s Taxonomy

Produce new or original work
e Design, assemble, construct, conjecture, develop, formulate, author, investigate

Justify a stand or decision
appraise, argue, defend, judge, select, support, value, critique, weigh

evaluate

Class, Homework, Labs

Draw connections among ideas
differentiate, organize, relate, compare, contrast, distinguish, examine,
experiment, question, test

analyze

Use information in new situations
execute, implement, solve, use, demonstrate, interpret, operate,
schedule, sketch

Explain ideas or concepts
classify, describe, discuss, explain, identify, locate, recognize,

Reading and Warm-ups
report, select, translate

Recall facts and basic concepts
define, duplicate,list, memorize, repeat, state

Figure 1. Readings and warm-up assignments are intended to help students achieve the lower order learning goals prior to class.
Class time, problem-solving homework, and labs are meant to achieve higher order thinking skills. This diagram is shared with
students on the first day of class as a springboard for discussion about the purpose of readings and warm-up assignments in
their course learning. Image from Vanderbilt Center for Teaching, CC BY 2.0, via Wikimedia Commons
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| have been striving to make more space for active learning in my classes, yet it takes time to do this
well. ' was curious if perhaps | could free up more time for active learning if | could get students to
read the textbook prior to class to familiarize themselves with key foundational concepts beforehand.
Specifically, | wanted students to dedicate attention to content acquisition, the remembering and
understanding aspects of Bloom'’s taxonomy, so that together we could devote most of our class time
to applying course concepts and analyzing the results of those applications. | wondered if | might be
able to use Canvas, our learning management system, to increase student preparedness.

Over the summer of 2023 | began searching the literature to learn more about how others have
accomplished the same or similar goals to increase student preparation prior to class. At first, | focused
on literature about flipped classrooms because | was focused on the use of technology to deliver
asynchronous material, but | quickly discovered that this wasn’t exactly what | wanted to do with my
course. Flipped classrooms and blended or hybrid classrooms involve replacing some or all class time
with asynchronous material delivered online [2]. | was not looking to replace my classroom time with
asynchronous material, but rather to supplement it by supporting student learning before and between
face-to-face class time.

Eventually, the literature led me to Just-In-Time-Teaching (JiTT), a pedagogy that aims to help students
effectively prepare for class and develop good study habits [3]. It was first developed in the late 1990s
with the advent of the internet at Indiana University Purdue University Indiana and the U.S. Air Force
Academy to help non-traditional students in STEM courses effectively prepare for class and improve
their learning [4].

JiITT involves assigning students a reading and an online assignment, called a “warm-up,” associated
with that reading. The warm-up assignment is made available to students well in advance of the due
date, which is a few hours before class time. The just-in-time aspect comes from the instructor
reviewing the student responses in those few hours before class and gauging what learning goals the
students did or did not attain. The instructor then adjusts their lesson plan according to the level of
knowledge that students will have coming into the class. | wondered if the JiTT approach might also
help my students see the benefit of their pre-work because | would be able to identify areas where
they were struggling and be more responsive to their homework experience in class.
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JiTT has been shown to provide a scalable method for creating a regular feedback loop between
student and instructor [4] and to increase student learning relative to classes that do not use this
method [5]. In addition, warm-up assignments promote good study habits by requiring frequent, short
spurts of studying throughout the course rather than cramming right before major exams [4].
Warm-ups also promote motivation, if used effectively. Effective use of JITT includes explaining the
learning benefits of the warm-up exercises on the first day of class, making the assignments low-stakes
in terms of grades, using open-ended questions, and creating a supportive environment where
mistakes are seen as part of the learning process [4].

My Question

My original question was “How can Just-In-Time Teaching be implemented in a Mechanics of Materials
class?” This question focused on how to implement JiTT within my specific teaching context. While
that is useful information, it has been detailed before for very similar contexts, including in an
undergraduate Mechanics of Materials course at another institution [6].

A more useful focus is how using JITT influences student learning. This especially became apparent as
the semester progressed and | read student responses to the warm-up assignments. Open-ended
questions revealed student thought processes that made misconceptions apparent. | realized | could
get a lot more from this data than just ideas for how to implement instruction, which led to my revised
SoTL question of “What is the impact of Just-in-Time Teaching on student mastery of lower level (on

Bloom’s Taxonomy) learning goals prior to class?”

Teaching Context

| began to probe my curiosity about student pre-class preparation in the Fall 2023 semester, in two
sections of ME 2355 Mechanics of Materials. This is an intermediate level, lecture-based Mechanical
Engineering course that teaches the fundamentals of solid mechanics. It is a lecture-based class with a
separate lab corequisite. Most students are either sophomores or juniors. Each section meets three
times a week for 65 minutes, one at 9:15 am and the other at 1:35 pm. In Fall 2023 the 9:15 class had
51 students enrolled and the 1:35 class had 49 students enrolled, for a total of 100 students.

The summative assessments largely focus on problem-solving. The final course grade is based on
weekly homework problem sets (10%), weekly 15-minute quizzes (35%), one midterm exam (20%), and
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one final exam (35%). Formative assessment is largely performed through active learning in class, such
as think-pair-share, polls, and small group work.

Warm-up assignments were part of the homework grade. There were two warm-ups per week, due
every Monday and Thursday at 7:00 am. Each warm-up was worth 5 points, half of one problem on
the weekly problem sets, making the warm-ups collectively worth 1.5% of the final course grade. The
warm-ups were graded for completion, not accuracy, to discourage cheating and encourage
participation. Each week's assignments and warm-ups were released no later than noon the preceding
Friday to ensure students had ample time to complete them, as depicted in the flow diagram below.

Before Class

Instructor
reviews

Warm-up
assignments

e Available 4

Warm-ups
discussed/

e Adjusts class reviewed in
content class
accordingly

results

Readings days before

class
* Due 2 hours
before class

The Project

Designing Warm-up assignments

| designed the warm-ups by first examining the learning goals for each chapter and identifying which
ones were lower on Bloom'’s taxonomy - these were the learning objectives | wanted to target with
the warm-up assignments. | then drafted ideas for questions targeting the specific learning goals on

paper.

The details for each question were fleshed out when | created the actual questions in Canvas quizzes.
An example of the instructions and questions for one reading are shown in Figure 2. A variety of
question types were used, including multiple choice, choose from a dropdown, fill in the blank,
calculation, and short answer, which are all easily created in Canvas quizzes. In addition, every
warm-up assignment ended with the question, “After reading the textbook and completing this
assignment, what are you still confused about? If nothing is confusing, what part of this
reading/assignment did you find the most interesting?” [4]. This is often called a “muddiest point”
question, with the purpose of understanding student’s current level of understanding [7].
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Preparing students for warm-ups

Instructors using JiTT have noted the importance of preparing students for the assignments and
motivating them to complete them [4]. Many warm-up questions ask for short explanations and
reasoning, so there was an additional concern that students would use ChatGPT or other large language
models (LLMs) to produce answers which they could copy and paste into their submissions. Although the
warm-ups were not graded for accuracy, this would defeat the entire purpose of the exercise. To
preempt this, | explained he objective of the warm-up assignments to students on the first day of class
with the image in Figure 1. Specifically, they were told the goal of the warm-ups was to help them
achieve the lower order goals before class so class time could be spent on the higher order goals.

Warm-up for Class #6 a+

Quiz Instructions

This warm-up is based on information in Ch. 2.2 - 2.3 of the textbook.

[© | Question 1 1pts

A cord with an initial length of 6 m is used to hang a mass from the ceiling. You measure the length of the cord after hanging the mass and find it to be 6.3 m.
What is the average normal strain in the cord, in percent?

[© | Question 2 1pts

In your own words, briefly compare the deformations indicative of normal and shear strain. How will a body experiencing normal strain deform? How will a body experiencing
shear strain deform?

Edit View Insert Format Tools Table AlOO%
2ptv Paragaphv | B ] U Av Z v Tiv | PvEYmYBY %Y | 8 R Yy = = o=y
[ | Question 3 1pts

After reading the textbook and completing this assignment, what are you still confused about? If nothing is confusing, what part of this reading/assignment did
you find the most interesting?

If you used a large language model (such as ChatGPT) for this assignment and have not already cited = it, do so here.

Edit View Insert Format Tools Table A\ 100%

12pt~ Pargaph~ | B I U A v £ v T'v LY EvY &Y BAY v 8 H $

L
<
iii
<
i
<

Figure 2. An example of a warm-up assignment created in Canvas quizzes. Question 1 is a calculation question, question 2 is a
short answer question, and question 3 is the “muddiest” point and Al citation question.
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Synthesis of student responses to the Warm-up

Analyzing 100 student responses in the two hours prior to class was a daunting task. After a few
weeks of doing this, | was able to review the responses and prepare for class on my 40-minute train
commute in to campus. Multiple choice or fill in the blank questions were quickly reviewed in Canvas,
but the responses to the open-ended and muddiest point questions were more challenging to quickly
and thoroughly synthesize. | downloaded these from Canvas into an Excel sheet for review, either by
reading the responses or using ChatGPT to summarize the responses.

ChatGPT proved to be an effective tool to summarize student responses to the muddiest point
question. | copied and pasted the responses to this question from the Excel sheet into ChatGPT with
the prompt:

| asked students what they found most confusing or interesting about an assigned reading.
Their responses are below. Summarize them according to what was interesting and what was
confusing.

Thankfully, the responses did not need to be formatted or edited for ChatGPT to distill rows and rows
of text into a short, concise list. The first few times this method was employed, | verified the efficacy
of ChatGPT’s summary by doing my own thematic review of the student responses. When | compared
my analysis with the output from ChatGPT, | determined that it was both an exhaustive and accurate
reflection of what the students said.

ChatGPT was less effective at analyzing student responses to the short answer questions. Initially, |
prompted ChatGPT to analyze responses for inaccuracies, misconceptions, etc. After reviewing
ChatGPT's analysis and doing a manual analysis, it was clear that what ChatGPT produced was
inaccurate and did not reflect the student’s actual responses.

ChatGPT proved useful in analyzing one specific type of short answer question: those that asked
students to explain a concept or term in their own words. For the most part, responses that included
certain keywords demonstrated full understanding of that concept. While ChatGPT could not
determine the accuracy of student responses, it could list responses that included a set of key words
that would be part of any adequate explanation.
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For example, | used ChatGPT to analyze student responses to the question “In your own words,
explain what stress is.” In Excel | concatenated a number at the beginning of each response and then
copied and pasted the column into ChatGPT with the following prompt:

A set of student responses are below. Categorize the responses that include the following key words

Group 1 - “internal force” and “area”
Group 2 - “intensity”
Group 3 - “internal force” only

ChatGPT then generated a list of numbers corresponding to the response for each group.

Using Warm-ups in class

The last part of the synthesis | did during my commute was to summarize the responses to all
warm-up questions on slides, starting with the muddiest point responses, which | shared at the
beginning of class. For open-ended questions, | shared one or two anonymous student responses on
the slides [4]. The class would then discuss the strong points of the explanation and anything that was

missing or incorrect.

A peer-instruction model was used for multiple choice and dropdown questions [4]. If more than 70%
of the class got the question correct on the warm-up, | spent a few minutes in class explaining the
correct answer, and perhaps more importantly, why the other options were incorrect. If less than 70%
of the class got the answer correct, | reviewed the relevant material and asked students to revisit the
question with their neighbors in the classroom. After a few minutes of discussion, students would

re-vote and/or a volunteer would explain their thinking.

For calculation questions, students were provided with the worked-out answer [8], both electronically
through Canvas and as a print-out given in class. | briefly walked them through the steps and
answered questions. Students were then tasked with solving a different, slightly more advanced
problem with their neighbor, which | then reviewed in class after they had time to work on it on their

own.
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Findings

Student perception of warm-ups

A midcourse survey was administered to students in either week 4 or 5 of the 15-week semester and
asked, among other things, to what extent the warm-up assignments were helpful to their learning.
The same question and a few others about the warm-up assignments were posed again in an end of
semester survey (separate from the university administered student evaluation of teaching survey).
Results from both surveys as well as the mid-semester survey from Spring 2023, in which JiTT was not
used, are shown in Figure 3. Student perception is overwhelmingly positive.

One of the most notable takeaways is that before using JiTT, students for the most part were not
reading the textbook at all. In Spring 2023, when JITT was not used, 42% of respondents chose N/A in
answer to the question “To what extent have the before class readings been helpful to your learning?”
in a mid-semester survey. One student comment says it all: “I find the outside readings less helpful
because everything is explained easily and well in class.” In the Fall 2023, when JiTT was implemented,
79% of students said the readings were either somewhat helpful or very helpful in the mid-semester
survey. One student quote from the mid semester survey emphasizing this is “The warm ups and
readings are actually helpful to understanding concepts before they are developed in class.”

Likewise, 72% of students said the warm-ups were either somewhat or very helpful in the
mid-semester survey, and 73% said the same in the end-of-semester survey. A quote from those
surveys that emphasize this is: “I enjoy the warm-ups. Completing a warm-up familiarizes me with the
material and helps guide me towards key concepts. | often get lost while reading engineering
textbooks, so the warm-up questions help center my attention and allow me to focus on
relevant/important information.”

Not everyone was thrilled with the warm-up assignments, though they were in the minority. 6% of
students in both the mid- and end-of-semester surveys said the warm-ups were not at all helpful to
their learning. One student wrote, “The warm ups do so much more harm than good. | often spend
valuable lecture time trying to unlearn the concepts | tried to teach myself so | could complete the
warm up...” This quote is particularly interesting from an instructor’s point of view, as this student’s
experience is indicative of the work and frustrations that are part of the learning process. Whether or
not this “unlearning” would need to happen with or without the warm-ups is an interesting question.
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To what extent have the before class readings been To what extent have the warm-up assignments been
helpful to your learning? helpful to your learning?
50% 60%
40% 50%
0,
30% 40%
30%
20%
) 20%
1 1N |
ox o W
Notatall Alittle helpful Somewhat Very helpful Notatall Alittle helpful Somewhat Very helpful N/A
helpful helpful helpful helpful
m Spring 23 m Fall 23 mid mFall 23 mid mFall 23 end

Figure 3. Student responses to feedback surveys. The Spring 23 and Fall 23 mid surveys were sent in either weeks 4 or 5 of the 14
week semester. In Spring 2023, there were no warm-up assignments. The Fall 23 end survey was sent out in the last week of the
semester.

Effectiveness of warm ups on student mastery of lower order skills

Each question in the warm-up assignments targeted a specific learning goal for the course,
concentrating on the levels of cognitive process represented in Bloom’s taxonomy. Table 1 shows the
number and types of questions used for each level in the taxonomy. Most questions targeted either
the “understand” or “analyze” level. Understand learning goals were most frequently assessed using a
short answer question type, and multiple choice was most frequently used for analyze learning goals.
Because these two taxonomy levels and question type pairs had the most data, they were analyzed to
determine how effective they were at helping students meet the learning goals.

Understand | Apply Analyze
Calculation 0 3 1
Dropdown 1 0
Fill in the blank 0 0 6
Multiple choice 2 0 14
Short answer 12 3 4
Short answer/MC 1 0 0

Table 1. The types of questions used to target a level of mastery on Bloom’s taxonomy.
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Student responses to short answer questions were classified either individually by the instructor or
with assistance from ChatGPT, as detailed previously, as wither having met the learning goal (LG),
almost met the LG, or not met the LG. The results are shown in Figure 4 for a subset of these
questions. For these questions, an average of 60% + 28% of students met the learning goal, 22% +
18% of students almost met the learning goal, and 17% + 14% did not meet the learning goal, where
the + is a standard deviation. While the average of meeting the learning goal is high, it is also relatively
variable. It is worthwhile to note that students did not meet the learning goal on only one of these
questions.

Understand: Short Answer

Explain the physical meaning of the moment-curvature equation

Explain the nature of shear stress in a beam

Explain the difference between displacement and deformation

Explain the concept of stress (normal and shear)

Explain why stress is a more useful metric than force -

Explain the concept of stress (normal and shear)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

mMetlG mAlmostmetlLG mDid not meet LG

Figure 4. Percentages of responses that indicated the student had met, almost met, or not met the learning goal of understand using
short answer questions. Specific goals of each question are listed.
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Student responses to multiple choice questions were analyzed using the survey statistics feature in
Canvas (see results in Figure 5). Some questions only had the possibilities of either meeting the
learning goal or not, while others had options that indicated the learning goal was almost met. For
these questions, an average of 62% + 23% of students met the learning goal, 16% + 24% of students
almost met the learning goal, and 22% + 12% did not meet the learning goal, where the + is a standard
deviation. Again, the greater proportion of students met the learning goal on these questions. The
proportion that almost met the learning goal was small because some questions did not have an
option for almost meeting the goal.

Conclusion
Below | list some recommendations for anyone wanting to implement this Just in Time Teaching in
their own class.

Warm-up design

It is worthwhile to learn the best way to use your LMS before starting to create the warm-up
assignments. For instance, creating questions in the question bank of Canvas quizzes allows for
organization of questions by chapter, as well as providing a master copy of the questions that then can
be imported into individual assignments.

With 100 students, | would not recommend including more than two short answer questions on one
warm-up assignment. The time required to analyze those responses, especially if ChatGPT cannot be
used, is prohibitive. It is possible that ChatGPT, or another LLM, could be better leveraged to analyze
student responses accurately and speed up this analysis. Because this is such a new tool this author

and many others are still learning how to use it.

That being said, there is a strong argument for including as many short answer questions as possible.
The nature of the response type allows a richer picture of how students understand (or don’t
understand) the concepts being assessed than would be possible through a multiple choice, dropdown,
or calculation type question. The latter question types do not yield insight to the student’s thought
process; they simply tell you whether they got the question right or wrong. Having the students write
out their thoughts helps draw out misconceptions and gaps in knowledge.
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Analyze: Multiple Choice

Analyze a member in combined loading

Analyze the deflection of a beam

Analyze the deflection of a beam

Analyze the deflection of a beam

Analyze the deflection of a beam

Analyze a composite beam

Analyze a composite beam

Analyze a composite beam

Draw V-M diagrams for beams

Draw V-M diagrams for beams

Draw V-M diagrams for beams

Analyze a statically indeterminate system

Analyze a statically indeterminate system

Analyze a statically indeterminate system
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g
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Figure 5. Percentages of responses that indicated the student had met, almost met, or not met the learning goal of analyze using
multiple choice questions. Specific goals of each question are listed.
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For example, one of the warm-up questions assessing understand level learning goals was “In your
own words, explain what makes shear stress different from normal stress.” Most students were able to
identify that shear stress acts parallel and normal stress acts perpendicular. But an important
misconception was identified through their responses - many of them said that the stress acts parallel
or perpendicular to the force, rather than to an area. This reveals that students did not understand the
connection between stress and force. If this had been a multiple choice question with options of
parallel and perpendicular, it is likely a vast majority of students would have gotten it correct and this
misconception would not have been revealed. This is one example of many similar misconceptions
drawn out in the short answer questions.

Using ChatGPT

Using ChatGPT effectively took a lot of trial and error. Being as explicit as possible in prompts and not
giving it room to make any judgement calls yielded the most accurate results. It is important to use
prompts with clear criteria and indicate the exact word or phrase must be present. Otherwise, it made
inaccurate interpretations of student responses. Prompting with these stringent instructions resulted in
many responses that indicated the learning goal was either met or almost met not being identified as
such, but it also did not result in any false positives. Even with a stringent prompt, it is important to
review what ChatGPT provides for accuracy. With some practice, it can be used quickly and reliably to
categorize student responses where key words or phrases can be identified.

Using warm-ups in class

Using JiTT requires a change in how instructors think about teaching and about class time [4].
Implementing this pedagogy made me realize that | was assuming students were not coming to class
prepared. | detailed every definition, concept, and application as if the students were being introduced
to it for the first time. During the design phase of the warm-ups, it became clear that if | expected
students to use the warm-ups effectively, | needed to hold them accountable by not reviewing every
concept in class as if they had never seen it before.

But there is also a risk in not spending time on concepts that students could use more support and
practice with, even if they did read about it in the textbook. The feedback loop constructed by the
warm-ups closed this gap. The level of student understanding was apparent in their responses, so |
knew exactly what needed to be reviewed and practiced in class.
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Ending every warm-up with the “muddiest” point question was also invaluable. Many times students
answered a question correctly, but indicated they were not confident in their answer in the muddiest
point question. This lent further insight into what needed to be touched on in class to best support
their learning. Another interesting insight derived from the muddiest point question responses was
that often the aspect of a reading that one set of students found the most confusing was found by
another set to be the most interesting.

When most students demonstrated they had met a learning goal, the class content previously used to
introduce a topic was replaced with the students’ own responses to the warm-up. Examples include
“Why do you think an engineer cares about stress?” or “What benefit do you think having a beam
made of more than one material provides? Can you think of any examples of beams made of two or
more materials?” Their responses led to a richer discussion in class.

Implementing JITT certainly benefitted the students in this project. It helped them stay on top of the
material, come to class prepared to learn, and helped them see how useful their textbooks are. It also
acted as a catalyst for creatively thinking about how an instructor should use class time. Students
asked deeper questions in class and showed a lot of interest on why engineers should care about
these concepts. Their perception of the assignments was overwhelmingly positive. Short answer and
multiple-choice type questions were moderately successful at helping students demonstrate mastery
of low-level learning goals. The most important take-away from each assignment was that | knew
exactly where the students’ level of knowledge was, and class time could be tailored to what the
students needed.
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Student-led questioning within peer feedback groups as a
means for increasing student confidence in analyzing
scientific literature

Introduction and Literature

My pilot study examined the effect of peer feedback on students’ confidence when implemented
within a collaborative learning environment guided by student-generated questions. Participants in this
study were first-year college students enrolled in Inquiries in Biological Sciences, a discussion-based
course focused on reading, analyzing, and communicating primary scientific literature in biomedical
sciences.

When | first started teaching this course, | was most puzzled by class dynamics around participation
and asking questions. Students would speak freely on subjects such as study strategies, presentation
techniques, self-check, and wellness, but grew more cautious when discussing science and answering
questions. Student participation in science courses can be impeded by their fear of negative peer
evaluation [1]. They do not want to make mistakes in front of classmates and are therefore reluctant to
take intellectual risks. Fear of negative evaluation by peers also affects students’ willingness to ask
questions. | have been searching for strategies that might help circumvent student hesitation around
asking questions, participating, and taking intellectual risks. | wanted to have students to participate in
discussions more freely and to normalize the asking of questions. | speculated that mechanisms for
lowering anxiety and increasing confidence needed to be built into the learning experience design,
through both pre-class assignments and in-class collaborative work.

Collaborative learning techniques can have a positive impact on student self-regulation and improve
retention of information [2]. A plethora of studies indicate that involving students in small group
activities prompts them to participate more readily in the classroom. | was intrigued by a technique
called “holding discussions without speech” that | discovered in The Discussion Book: 50 Great Ways to
Get People Talking [3]. The authors propose that fruitful discussions can be held without anyone
needing to raise their hand. Ideas can be contributed via smaller group discussions, by text, or by
writing on a shared poster board. This was an eye-opening concept for me as an educator because it
postulated that in-class participation, while a marker of student understanding, does not always have
to take place verbally in front of the entire class.
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| wondered if small group discussion might prompt my students to ask more questions. A study
grounded in the classroom observation protocol COPUS (Classroom Observation Protocol for
Undergraduate STEM) found that undergraduate students who engaged in small group discussions
before answering questions spent more time asking and answering questions during subsequent
lectures [4]. It was interesting to note that simply giving students clicker questions did not
automatically make the classroom an “active learning” environment. Students who were asked to
engage in discussion prior to answering clicker questions asked more questions during the lecture.

| also noted the value of using individual work (e.g., problem solving, reflection) in conjunction with
group engagement. In one chemistry recitation class, students were given sample chemistry
problems relevant to the coursework that they were asked to answer in a cooperative group setting
[5]. Then students were given some problems to solve on their own before the next class. When
students came to the next session, their answers were assessed by the TAs and, after receiving
feedback, students discussed their answers within a group-based cooperative discussion format.
After the group discussion, students were allowed to change their answers and improve their grades,
then worked again in groups on another set of questions.

This group-individual-group (GiG) format was compared with another group (control group) where
students attended recitations in a traditional format. Students who engaged GiG format recitation
sessions performed better on all exams throughout the course and reported increased satisfaction in
evaluations about the course and recitation sections. When designing small group learning
experiences, this research helped me recognize the importance of beginning with individual work,
followed by immediate feedback and an opportunity for students to improve their work in a
cooperative setting, in promoting student learning. It was also reassuring to me to see that the GiG
format increased both student academic performance and satisfaction.

Small group learning has benefits for students at all levels, promoting deeper learning, longer
knowledge retention, improved self-confidence, and enhanced self-motivation [6, 7]. For deep
learning to be attained, students need to develop self-awareness of their own questions on a given
topic, learn how to ask questions, and have the ability to receive feedback.
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Peer feedback in a small group setting where students work together creates an atmosphere of
positive interdependence in which students develop these important deep learning skills. | speculated
that small group learning, grounded in student-generated questions and peer feedback, could provide
my students with an opportunity to practice their scientific communication skills and deepen their
learning in a safer environment without the fear of feeling judged.

In addition to my background reading about the value of small groups on active engagement, | also
considered what kind of student-produced artifacts might help me understand the impact of the
question-posing, peer feedback strategy | planned to implement in my study. A major goal in my
course is to improve student capacity to read, analyze, and explain scientific literature. Concept
mapping is a widely used educational strategy for helping students recognize patterns and hierarchical
relations between topics and display their knowledge of connections in a meaningful schematic. In the
book Thinking ,Fast and Slow, Daniel Kahneman conjectures two systems of thinking that operate
contemporaneously in our minds [8]. “System one," our fast and intuitive thinking system, is fast yet
prone to making errors. “System two” is our deeper, more analytical system of thinking that is less
likely to make errors, but operates more slowly. Concept maps were used to prime students to think
more deeply about the paper on their own before discussing with peers. Indeed, the process of
analyzing scientific articles lends itself to schematic organization of background, experiments, figures,
graphs, and experiments, and therefore concept maps could provide me with insight into how students
were interpreting what they were reading [?], and how that capacity for interpretation developed
during the course. Zimmerman's theory of metacognition promotes the benefit of initial, individual
preparatory activities phase that require planning [10]. Building on that idea, | incorporated a pre-class
component into the study in which students read scientific literature, generated concept maps, and
through that mapping process identified questions about aspects of the literature that they found
confusing. | tracked the development of student concept maps across their engagement in the course.

My Question

The goal of this study was to help students gauge their sense of increasing proficiency, normalize
help-seeking behavior, and leverage self-reported gains in confidence to increase student engagement
in class. | decided to focus my study on collaborative learning techniques because that broad category
of teaching strategies has been demonstrated to help students self-regulate their learning, fostering
both “positive interdependence and individual accountability” [11]. Small group work was the
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collaborative learning strategy, but my curiosity revolved around increasing student comfort with asking
questions for which they did not have answers, thereby improving confidence in relation to reading and
analyzing scientific literature. The question | posed was “What is the effect of peer feedback, grounded
in student questions, on student confidence in a collaborative learning environment?"

The Project

My review of the literature helped me recognize the importance of proper scaffolding, monitoring, and
instructor support when engaging students in small group work - that design and implementation of the
learning experience was important. The learning experience | created unfolded in three phases:
preparatory, executive, and closing.

Preparatory Executive Closing
Phase Phase Phase
( ) Reviewing A ([ Class-wide
: -Wi
L] AssiRﬁ::IREticle -l Student || Discussion of
g Questions in Article
Small Groups
. / . A \ J
' R ' )\ ~ ™\
o Discussing Student
— Cg:clzl:”t]ilaa — Student — Reflections on
P P Questions the Activity
\ / . ) . >
' ™
Reporting
L Preparing | | Confidence
Questions Levels (Pre-and
§ ) \Post Discussion)J

Figure 1: Three phases of the learning experience.

This carefully constructed sequence began with pre-class work to promote individual analysis and
question identification, followed by in-class small group work to provide peer feedback on student
questions. This guided students through a process of both generating their own questions and
attempting to answer questions posed by other students.

The activity was repeated four times with small changes in each iteration. The changes included having
students analyze different parts of the paper to be analyzed that week (e.g., abstract, introduction,
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figures). Each student created an alias for the exercise and used the same alias throughout the semester
instead of their real names. This allowed me to track individual work while maintaining student
anonymity. Students reported on their level of confidence following each cycle of question and
answering generation so that both they and | could gauge their perception of self-development. |
compiled and did a thematic analysis of these reports. For the purpose of this study, one of the four
cycles was not usable because some students neglected to report their confidence levels at the end.

l. Preparatory Phase

In the preparatory phase, students read part of a scientific article, created a concept map of that part,
and articulated two questions about any aspect of the article that was unclear or confusing to them.
Prior to the mapping exercise students received instructions on how to create a concept map. They
were also provided with online resources and examples of concept maps prepared by students from
prior semesters. My goal in doing this was to scaffold the development of student understanding of
concept mapping as a process so that both they and | could focus our attention on their analysis of
scientific literature.

Students were prompted to upload all their work a few hours prior to class. All student questions were
compiled and printed on paper to distribute in class.

Il. Executive Phase

The executive phase took place in class when students were divided into small groups consisting of
three or four people. Each student was supplied with a printout of all student questions about the
abstract of the paper to be analyzed (not just the questions posed by those in their group). Students
were then asked to review the questions on their own and to report how confident they were about
being able to answer each question on a Likert scale (1 not confident at all, 4 moderately confident, 7
extremely confident) on the paper. Students were then prompted to discuss the questions and possible
answers to the questions amongst themselves for 20 minutes. During the discussion they were also
asked to share their concept maps and show each other where they thought each question belonged on
their concept maps. Students had an opportunity to review their concept maps, see how everyone
prepared theirs, and better visualize their questions in relation to the article’s content and concepts. At
the end of the 20 minutes, students were asked to rate their confidence on being able to answer the
same questions once again post-discussion.
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Ill. Closing Phase

Students were asked to write and submit reflections on the activity after it had concluded. Class
discussion of the paper after the peer feedback activity allowed answering any remaining student
questions and addressing any student misconceptions.

Findings and Lessons Learned

Preparatory Phase Insights: A careful review of student concept maps provided me with insight into
how student analysis of scientific literature evolved throughout the semester. Some students’ concept
maps became progressively more complex with each iteration. For example, the work of Student #1 is
represented in Figure 2, A-C. Map A is the student’s first concept map prepared in a pre-class
assignment. Maps B and C show the student’s increasingly complex representations created for their
second- and third-pre-class assignments. In contrast, the maps of other students did not increase
noticeably in complexity, but rather became better organized. For example, the first concept map D
created by Student #2 below reveals a grouping ideas and arrows that indicate perceived relationships,
but subsequent maps by the same student (E, F) demonstrate increasingly schematized representation

of the analyzed article.

By the fourth cycle of analysis, both students created maps that resembled their third (complex or
organized). It is possible that by the third iteration, students had developed an analytical process that

made sense to them.

Executive Phase Insights: Analysis of student confidence levels indicated that their confidence
increased in each exercise when averaged per question (total of six questions were evaluated per
exercise in groups of three students (Fig. 3). Each student prepared two questions per article. The
exercise was repeated four times throughout the semester. The change in student confidence seemed
similar across the three exercise regimens. The average level of student confidence expressed in Likert
scale (mean value of confidence levels expressed for six questions per nine students for three separate
exercises out of 7 + standard deviation) for answering each other’s questions pre-discussion was 2.29 +
0.18. After discussion, the average confidence levels increased to 3.48 + 0.28 (p<0.01 in Student’s
t-test).
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Figure 2: Examples of student work showing how concept maps evolved throughout the semester in complexity (Student #1

panels A-C) or organization (Student #2 panels D-F)
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Student Confidence Levels
Pre- and Post-Discussion (Likert Scale)
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Figure 3: Average changes in student confidence levels per question are shown in Likert scale (1-7) for pre-discussion
(blue bars) and post-discussion (orange bars) confidence levels in three separate exercises in the semester. Asterisks
indicate p value < 0.01 in a two-tailed paired Student’s t-test. Error bars indicate standard error of the mean.

Closing Phase Insights: Initial student reactions were extremely positive. Students reported that they
enjoyed discussing the paper with their peers, as evidenced by the following comments:

‘I do like the idea of trying to figure out the article and ask questions before going
through the slides because it allows me to try and make my own inferences before
hearing the correct answers.”

‘| found it surprising how some of us had very similar questions to each other, which
made me feel a lot more comfortable about the fact that | had some doubts. It helped me
relate to my classmates and allowed me to truly realize that others can struggle too.”

‘| was surprised at how quickly | had my questions answered by my group members and
how quickly | was able to answer some of their questions.”

‘..since | didn't really process the paper in-depth as an individual, | didn't know how much
| knew before working with my peers. Afterwards, | realized | knew more about some of
the nitty-gritty details than | would have thought. ...I thought this experience may have
been more challenging than it was. Since we all have different strengths, collaborating
together and combining those different strengths made analyzing the paper much easier
than expected.”
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| was surprised by how much we were able to clarify as a group by sharing our
understanding. However, it was different because it felt more streamlined; also, we had to
share out our answers to the class after. It was consistent though, because everyone had
gaps in their knowledge but slowly we helped to fill them. | really like this sort of activity
because we get to do it individually, talk it out in a group, and then discuss as a class.”

Students reported that they enjoyed reading each other’s questions and were pleasantly surprised to
see that they all had similar questions and that they all had similar struggles. This indicates that the
goal for normalizing questions had been attained. Students were also surprised at how they were able
to make progress on understanding the article when they worked on it together, indicating that the
group component of the project helped increase confidence in the quality of their answers to

questions.
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