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Abstract—This full paper presents CALI 1.0: an inventory to
capture the various components of collaborative active learning
and inclusive practices in introductory CS courses, as a basis
for studying their impact on a student’s ability to engage with
course material and be successful in the course. Collaborative
active learning is defined as a pedagogy where learners work
with one another on activities that involve actively engaging
with the course material through discussions, problem-solving,
case studies, role plays, and other methods. CALI consists of
three separate indices: Structure, Sociality, and Inclusiveness.
The Structure Index includes components related to course
setup, organization, assessment, grading, and communications.
The Sociality Index includes components related to opportunities
for students to interact with each other. The Inclusiveness Index
includes components related to how the instructor communicates
a sense of belonging to the students through a growth mindset
and inclusive policies and practices. In this paper, we present
the inventory and results from a focus group of faculty to
gauge responses to using this inventory to capture the teaching
components of their courses. We present CALI as a tool that
can be used to study how teaching practices, e.g. inclusive and
collaborative active learning pedagogies, impact course experi-
ences for students in different demographic groups as well as a
reflective tool for use by faculty while designing their courses.

Index Terms—Active Learning, Student Engagement, Diver-
sity, Sense of Belonging, Faculty Engagement.

I. INTRODUCTION

Introductory CS courses may inadvertently act as “gatekeep-
ers” that prevent student success in the CS major, affecting
retention and contributing to the “leaky pipeline”, especially
for women, non-binary, and racially marginalized students [1]-
[3]. Student success in introductory CS courses has been
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generally linked with prior coding experience [4], [5], course
design/teaching practices [6], as well as students’ sense of be-
longing [7], [8]. To our knowledge, however, research to-date
has not yet attempted to quantify specific course design and
teaching practices in a way that allows for explicit examination
of the relationship between variations in teaching practice
and student experiences and success in these courses [9]. To
address this gap, we present an inventory to capture the effects
of various teaching practices such as collaborative and active
learning practices and inclusive communications strategies on
student experiences in introductory CS courses.

When students enter a CS course setting, they bring —
along with their interest in learning computer science — their
demographic and cultural identities. In CS education research,
there has been some analysis of the role that students’ race,
gender, and social class plays in student outcomes across the
K-20 CS education pipeline [10]. Gaps in equitable race and
gender participation in CS have been widely acknowledged in
CS education research, with much effort put forth to rectify
them [11]. Emphasis has focused on the CS course setting,
with many change efforts aimed at shifting CS teaching prac-
tices from passive learning to active learning [12], [13], and
from individual learning to collaborative learning [14], based
on evidence that these practices yield a more inclusive course
setting, thus helping to close equity gaps [15], particularly
in introductory CS courses [16]. There is increasing attention
paid to the need for culturally-relevant computing that helps
students see how computing can be used to address inequities
in their communities [17], [18]. CS faculty are also paying
more attention to their explicit communication strategies, how
to better communicate and foster a growth mindset amongst
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students, based on evidence that this can foster inclusive
success [19]-[21].

While many best practices to promote inclusive success
are being applied, the CS education field lacks a nuanced
understanding of how such teaching practices, in combination,
impact different student groups. For example, Quille and
Bergen showed that a growth mindset intervention had positive
impacts on programming performance, but did not effect all
student groups equally [21]. Many faculty try to combine
a variety of techniques, attempting to employ multiple best
practices [16]. Variation in adoption makes it difficult to tease
out the effectiveness of such practices. Some CS education
researchers have attempted more controlled studies to isolate
the impact of a particular technique, using it in one section
of a course, with another section as a control group. How-
ever, experimental approaches have ethical implications in
educational settings because they deny access to hypothesized
best practices to one set of students (the students in the
control group), and do not capture the effects of combining
various best practices together. Thus, there is a need to study
how teaching practices (collaborative, active and inclusive
classroom techniques) used in combination, impact student
experiences and success. There are exponential combinations
of teaching techniques, and so attempting to enumerate and
evaluate all potential combinations is not likely to be useful.

In this paper, we present the Collaborative Active Learning
and Inclusiveness (CALI) inventory, which can be used to
record teaching practices applied in a course along three di-
mensions: structure, sociality and inclusion. By characterizing
the amount of structure in a course, the amount of opportuni-
ties for social learning, and the number of different techniques
used to build an inclusive classroom environment, we expect to
be able to consider the impact of these components on different
groups of students more generally. In this paper we explain
how the inventory was developed, introduce the inventory, and
present results from both a pilot study of the inventory and a
focus group of faculty who were asked to use the inventory
to characterize one of their own courses.

II. RELATED WORK

Lack of diversity in the CS field can lead to the recreation
of existing system inequities from society into current and
future technologies [22]. A lack of diversity is an increas-
ingly alarming pattern as racially marginalized students in the
United States currently make up 30% of the U.S. population,
but students from these populations represent a very small
portion of those who earn a science, technology, engineering,
and mathematics (STEM) undergraduate degree [23]. There
is mounting evidence that active learning is beneficial for all
students, but leads to especially significant gains for students
from marginalized groups [15]. However, there are many
different ways to employ active learning [24], and mixed
results from the literature suggest that not all active learning
interventions ‘work’. In the life sciences, there has been a shift
from talking about specific active learning practices to a focus
on ‘course structure’, which is often increased in classes to

accommodate active learning activities and to ensure student
participation [25]-[27]. For example, to accommodate in-class
active learning activities, an instructor may flip a class, require
students to watch content videos or complete guided readings
before class, and then use homework quizzes to act as a forcing
function to get students to come to class prepared. Eddy and
Hogan first noted that it was possibly this increase in structure
and forcing functions, as much as the nature of the active
learning activities themselves, that led to increased student
success, especially for first generation college students [28].
Gross et al. showed that the increased completion of prep-
work in flipped, active learning classes led to better learning
outcomes in a Chemistry course [29]. There is early evidence
of similar impacts in computing [14], [30].

There have been previous efforts to measure active learning.
Van Amburgh et al. developed an Active Learning index
that is a low-level observational protocol for use in the
classroom [31]. That tool is similar in nature to the COPUS
protocol, which collects minute-by-minute observations in a
classroom to characterize what is happening [32]. While these
are useful tools, they are more-fine grained than we desire for
our purposes. Our intention is to record the general practices
in a course, rather than the percent of time spent on particular
activities in a given class meeting. The Structural Index in the
CALLI inventory aims to capture the level of structure provided
in a computing course overall.

Another pedagogical element that often, but not always,
goes hand-in-hand with active learning is collaboration and
social interaction [33]. This element may come in many forms,
such as pair programming [34], team assignments or capstone
projects [35], lightweight teams for in class activities [36],
peer instruction quizzing [37], peer mentoring [38], and class
discussion forums [39]. These elements can all contribute
to helping students engage in their learning, see content
from other people’s perspectives, learn to work together, and
build community within the classroom. As described by Deil-
Amen [40], incorporating such elements into a course can
provide socio-academic integrative moments that can help
students feel more connected to their major. The Sociality
Index in the CALI inventory attempts to capture the variety
of ways that courses can provide connective moments.

There is increasing attention given to what constitutes equi-
table access in post-secondary computing education, including
the ways that different curricula, tools, and guiding pedagogies
impact equitable learning for different groups of students [41],
[42]. Students who enroll in introductory CS courses often
come with different motivation levels, expectations, computing
experience, and computing perceptions based on their child-
hood upbringing, and K-12 experiences [20], [43]. Background
variations can significantly impact how students experience
pedagogical practices that they encounter in introductory CS
courses. Equity in introductory CS courses must focus not
only on who gets access to the courses, but the modes of
pedagogy used within classrooms and curricular policies of
those courses. And it is not sufficient to look at individual
demographic groups when considering equity concerns - there

Authorized licensed use limited to: Temple University. Downloaded on January 24,2023 at 15:16:03 UTC from IEEE Xplore. Restrictions apply.



is growing consensus that an intersectional lens [44] is needed
to understand the complexity of experiences for students at the
intersection of underrepresented identities [45], e.g., female
students of color [45], particularly in Computer Science [46].
The growth mindset of the instructor teaching the course has
been shown to play a role in student success in STEM, and
a lack of faculty growth mindset is particularly harmful to
students from under-represented groups [47]. The CALI in-
ventory Inclusiveness Index attempts to capture equity-related
practices by looking at growth mindset messaging, inclusive
pedagogical policies, and the classroom cultural environment.

III. THE CALI INVENTORY

We developed the Collaborative Active Learning and In-
clusiveness (CALI) inventory to enable investigation of the
various components of classroom instruction and course design
that impact a student’s ability to effectively engage with
introductory CS course materials. CALI 1.0, the initial version
presented in this paper, is expected to be further refined and
eventually serve to both study practices and effects on students,
as well as to serve as a reflective guide for faculty seeking to
create more collaborative, active learning course experiences
for students. The inventory consists of three indices: Structure,
Sociality, and Inclusiveness. Structure is defined as the way
the course is set up and delivered, and is captured by items
such as the way materials and activities are organized and
delivered, how grading is implemented, and the mechanisms
for communication and attendance, etc. Sociality is defined as
the level of collaborative learning and peer-to-peer engagement
in the course, captured by items about the quality and quantity
of opportunities for students to interact and work together.
Inclusiveness characterizes how the course policies, materials,
grading, and feedback mechanisms communicate a culture of
belonging and growth mindset to students.

A. Development History & Design Goals

The Connected Learner project at the University of North
Carolina Charlotte aimed to transform faculty attitudes towards
teaching by creating a community of practice shifting fac-
ulty attitudes and teaching practices away from knowledge
transmission and didactic teaching toward a student-centered
mindset. The project researchers examined the literature to
understand best practices and experimented with a variety of
innovative teaching methodologies. Through CS course obser-
vations, the research team noted that a higher level of structure
in active learning courses was often coupled with higher
levels of sociality, and that these instructors communicated
inclusive messaging in their content delivery and course policy
decisions. However, detangling the effects of each of these
components was difficult, making it challenging to discern
which components were most effective at improving student
engagement and performance. The desire to untangle teaching
practice effects led to the development of the CALI inventory.

Active learning pedagogies have been shown to promote
success and narrow the achievement gap for students who have
historically been underrepresented in the computing field [14],

[15]. The CALI inventory, while focused on active learning
(it is in the name!), does not have any individual items that
explicitly record active learning. This omission is intentional
because active learning takes so many different forms under
many different names, making it difficult to include them
all [24]. Thus, items on the three indices capture the course
structure and social interactions that tend to occur as an
instructor implements active learning approaches, regardless
of the specific activity.

The inventory can be viewed as taking a systems ecology
approach. The classroom is a complex environment, and
there are many interacting teaching components that can
work together to create a healthy learning environment. The
CALLI inventory enables analysis by grouping components into
systems: the structural system, the social system, and the
inclusiveness (policy) system. These systems together form
the learning environment.

The inventory is designed to be used to record practices
within a particular section of a course, since different sections
are typically taught by different instructors and in-class prac-
tices vary, even if certain high-level elements of the course
are kept the same across sections. Throughout the rest of this
paper we use the term course and, for multi-section courses,
we would envision the inventory being recorded separately
for each section. To use these indices, which are quite wide-
ranging in the information recorded, a researcher would gather
information from the learning management system (LMS)
course site, as well as through class observation and/or in-
terviews with the instructor.

B. The Structural Index

The Structural Index focuses on how much structure there
is in the course, and allows courses to be characterized along
a spectrum from free-form to highly structured. This index
measures the level of detail about content provided to students
upfront, how grades are assigned, how material is delivered,
and puts particular emphasis on the amount of different
activities students are expected or required to participate in and
complete. Figure 1 shows the Structural Index. For most of the
dimensions, an observer or researcher checks the description
that most closely resembles what is happening in the class. For
grading and for feedback the observer checks all applicable
elements.

To illustrate the use of the Structural Index, we describe
two hypothetical courses that would be at either end of the
structure spectrum:

o Free-Form: Course has a single final exam worth 100%
of the grade, no required attendance, weekly outline,
assignments or in-class activities. A textbook is listed on
the syllabus. Students decide whether to attend lectures
or not, and whether to read the textbook or not.

o High-Structure: Course has 4 term tests, weekly quizzes,
2 graded assignments, a final project, regular in-class
activities, a comprehensive course page on the LMS that
shows what will be covered each week and what readings
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Dimension |Description of Application in Course Dimension |Description of Application in Course
Midterm O Student Occasional ad hoc teams m|
Final O DTa_am\né«:rk Long term lightweight teams (ungraded teamwork) |
urin ass
Multiple Tests (3+) O (chsckg all that |Middleweight teams (teams for graded assignments) O
Grading Assignments O apply) Project teams (large, long-term graded assignment) O
(check all that =
apply) Quizzes O Stud No lab o
Blog posts or writing reflections O Taa:wg:: in No teams in lab o
Graded discussions O Lab Occasional or optional pair activities O
Graded classroom participation O Regular pair activities in labs (pair programming, etc.} e}
No teamwork outside of class o]
Student Not stated O Student =
Learning |Listed in syllabus o 'cl;aan'!:mrl; Facilitated SIU?Y groups [s]
Outcomes  [Referred to in leamning activities ) ué?;s: of |Long term pro!ecl toamwork _ o
Completely up to the student o) Long term project teamwork and facilitated study groups O
A‘is'g'lei Reading lists, videos, sample exercises provided, but not required O N.ons pr.uwdsd - - ©
woorf S Homework or prep-work required but not graded o Online Discussion forum with anonymous posting allowed ]
Homework or prep-work required and graded or tested o D';‘:::::un Regular discussion forum (not graded) °
- Discussion forum (graded) o]
Not monitored ®]
Occasionally taken, but not part of grade o Discussion forum with points for active participation ]
Attendance Occasionally taken, part of grade o i None providad °
Taken reqularly pa; rt of grade o) Onlél;:':]hat Chat room usage is encouraged during class time o}
- - - Chat room encouraged within and outside of class time o}
Not monitored o N 5
Participation Occasionally monitored, but not part of grade [} Ome ional class di - o
P Occasionally monitored, part of grade ) In Class/Lab ccastcna ass ‘sc,uf(},SIon
Regularly monitored, part of grade o Collaborative |Occasional group activities o
Ret d y '_ i O Active Occasional class discussion and occasional activities O
dhack eturned exams/assignments i
F - g Learning Occasional class discussion and regular activities e}
(check all that |Early tests, quizzes to help students get feedback O Active learning activities with group/partner every class o
apply) Regular opportunities for feedback, even if not graded O No group testing o
Ad hoc schedule, things happérf -at instructor's .discretion (0] ;.;sc;::ssf Partial group quizzes (may answer individually first) I}
Scheduling Some regularly scheduled ac?nvntles{exams/aSSIgnment§ [¢] N 1.“ Group-based quizzes/tests o
Full semester calendared: quiz, assignment, test dates in advance O Group quizzes and 2-stage exams o
Full semester calendared, plus regular weekly rhythm of work O None o
Course materﬁals not ;?rovided onl?ne - 1) \‘IU:rcnl'laus:s Occasional warmups (ice-breaker questions/activities) O
LMS Use Course mater!als prov!ded onl static web‘ sut.e ] Regular (weekly or every meeting) warmups I}
Course materials provided using LMS with integrated gradebook O None o
Participation on LMS is an integral part of the course completion [¢] Outside Help |Individual office hours/tutoring online 0o
Group help sessions/tutoring sessions O
Fig. 1. The Structural Index. A researcher or observer selects the description Classroom Students stay seated throughout class period o
within each dimension that most accurately represents what is happening in the M ¢ |Occasional opportunities to move and talk to others o
course, based on examination of course materials as well as class observations Regular opportunities to move and talk to others o

and/or instructor interviews.

or prep work students are expected to complete before
class. Attendance is mandatory and recorded.

C. The Sociality Index

The Sociality Index is designed to characterize how much
opportunity a student has to interact with other class peers. The
interaction may be highly structured and/or part of a graded
assessment (e.g. pair programming or group tests) or very
informal and ungraded (e.g. think-pair-share or group discus-
sions). The course may provide online forums for interaction.
The Sociality Index has two versions: one for in-person or
hybrid courses and one for courses that are completely online
(not shown). The dimension that differs for online courses is
Movement, which has descriptions related to breakout rooms
instead of physical movement. Figure 2 shows the Sociality
Index for in-person and hybrid courses.

To illustrate the use of the Sociality Index, we describe two
hypothetical courses from each end of the sociality spectrum:

¢ Individual: Course is a lecture-based course, with all

individual assignments, quizzes and exams. There are no
group or pair activities in class or lab. Communication

Fig. 2. The Sociality Index (in-person version).

with the instructor is all handled through private email,
there are no online discussion forums.

¢ Collective: Course is a flipped, active learning class with
permanent lightweight teams. Students do all in-class
activities in a group and are often encouraged to move and
talk with other teams. The course has an online discussion
forum and biweekly group tutoring sessions.

D. The Inclusiveness Index

The Inclusiveness Index, shown in Figure 3, aims to charac-
terize ways that a course design may convey a more inclusive
and welcoming infrastructure and environment to all students,
particularly to students from marginalized groups.

To illustrate the use of the Inclusiveness Index, we describe
two hypothetical courses that would be at either end of the
inclusiveness spectrum:

« Traditional: Course has strict attendance and participa-
tion policies, with no latitude or accommodations for
student groups with special needs. The materials do
not include perspectives or examples from marginalized
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Dimension |Description of Application in Course

Provides information about campus resources

Includes statements of accessibility and accommodations
related to disability, sexuality, religion, veteran status or need

Course
Syllabus
(check all
that apply)

Includes SLOs promoting ethics and growth mindset

Incorporates diversity statement and students invited to discuss
No opportunities for students to work in diverse teams
Formation of teams is left to students or automated

Diverse |Teams are created with diversity in mind

Interaction

Encourage and support opportunities for peer support

o|o|o|Cc(Oo|O|Oof OO

Explicitly fosters collaboration and community, acceptance of
diverse identities through discussion and reflection activities

No attendance policy / attendance not required

Attendance policy is fixed
Attendance policy is fixed with clear processes for exceptions
Attendance policy sets expectations & allows student feedback

Attendance

Explain criteria used for evaluation and give a rationale

Uses anonymous grading when appropriate to avoid bias

Grading Include assessment of inclusive behavior during group work

(check all
that apply)

Multiple ways to meet SLOs and demonstrate learning

Learning assessed early and often using variety of methods

Encouraged to demonstrate development (growth mindset)

Grading policies set expectations & encourage student feedback
Traditional material not reviewed for diverse perspectives

o|c|0|O0OO(ojojlo|jo|o|o|o

Material reviewed for inaccuracy and absence of relevant
perspectives. Students alerted to limitations.

o]

Content
Context

Some culturally responsive materials content included

o

Culturally responsive materials written by people of different
backgrounds or by members of the group discussed by the class

o]

Opportunities to critique materials, discuss experiences, correct
inaccuracies or misrepresentations related to identity groups

Predominantly provided through course assessments
Feedback at checkpoints/before final

Required check-ins with instructor or TAs

Reflection based checkpoints (self-feedback)

Timely feedback provided to students not meeting expectations

Feedback

Participation based on attendance or not ocbserved
Participation is based on subjective instructor/TA observation

Participati
articipation Participation assessed through provided rubric

alo|Oo|o|C|O|O|C|0

Variety of inclusive approaches to encourage participation

Fig. 3. The Inclusiveness Index. For the two shaded dimensions, the
researcher or observer selects all that apply.

groups. There is no opportunity for student reflection,
interaction with diverse groups, or to provide feedback
on course policies.

o Inclusive: Course has clear policies for attendance,
feedback, and participation, and the instructor commu-
nicates flexibility and responsiveness to course policy
feedback. Students work with peers within the class
in diverse groups. Materials have been updated with
readings from/about marginalized voices. The instructor
and course policies communicate a growth mindset belief
in students’ ability to succeed.

E. Index-Based Course Classification

The completed inventory for multiple course sections pro-
vides a basis for classifying a single section as free-form vs
highly structured, individual vs. collective in sociality, and
traditional or inclusive in terms of course climate. Once an
observer or researcher completes the three indices for multiple
course sections, the items selected in each index form a vector
that describes the section in terms of structure, sociality, and
inclusiveness. The dimensions of the vectors are the options
for the items in the index, and the value for each dimension

is a binary indicating presence or absence. The vectors for
each index can be clustered, using an algorithm such as k-
means, to identify which course sections are similar to each
other in each index. The courses in each cluster can then
be inspected to determine whether those sections record the
presence of relatively more structure, more sociality, and more
inclusive practices than the sections in other clusters. Again
we emphasize that these categorizations are not meant as value
judgments for the sociality and structure indices: there may
be very good reasons for a course to be free-form vs. highly
structured or individual vs. collective. Though there are likely
few good reasons to have a course that is traditional rather
than inclusive. What this categorization allows is a grouping
of courses such that multi-course analysis can be conducted at
a higher level, as we detail in the following section on potential
uses.

IV. POTENTIAL USES OF CALI

The main purpose of developing the CALI inventory is as a
research tool, to enable investigation into how introductory
CS course pedagogy practices and classroom environments
impact the student experience and learning. Usage for research
is explained in the first two subsections below. However,
the inventory has other potential uses which are detailed in
subsequent subsections C-F.

Collective
Few course engagement | Many course engagement
requirements, many requirements, many
3* collective learning collective learning
-T_U opportunities opportunities
O
o Few course engagement | Many course engagement
%2 requirements, few requirements, few
collective learning collective learning
opportunities opportunities
Individual
Free-form High-structure

Structure

Fig. 4. A structure-sociality matrix of indexed courses could be used for
analysis of sets of courses.

A. CS Education Research

Researchers in CS Education often work to determine how a
particular pedagogical practice impacts student experience or
learning outcomes [9]. There are so many possible interven-
tions to study, and the intersection of different interventions,
teaching approaches, mindsets, and inclusiveness practices
may have differing effects. By grouping interventions and
practices along the three dimensions of structure, sociality,
and inclusiveness, we hope to be able to categorize large
sets of courses for further analysis. The matrix in Figure 4
provides an example; once the indices are recorded for a
set of courses, the courses could be clustered into categories
and then researchers can look at correlations between course
sections in each cluster with student success and student
mindset. Similarly, researchers could look at DFW rates (%
of students receiving D or F grades, or withdrawing) of the
courses in each quadrant, or student engagement ratings. Of
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course, other matrices could be drawn to reflect different index
combinations such as sociality vs. inclusiveness, or structure
vs. inclusiveness. Once data has been collected on a set
of courses, various analysis trajectories can help to uncover
effectiveness of structure, sociality and inclusiveness practices.

B. Intersectional Analysis

There are challenges associated with studying a set of inter-
ventions in a single course or between two sections. Because of
the relatively small sample size, teasing out differential effects
on demographic subgroups is difficult, and often can only be
done at the level of binary gender distinctions (leaving out non-
binary and transgender students) or the majority of racioethnic
groups vs. ‘everyone else’ (leaving out groups with typically
small sample sizes, such as indigenous students). Using the
approach described above, data for a larger set of courses
could allow a new approach to course categorization; broader
analysis could then be done to understand companion data
from those courses for specific sub-groups of students that
typically lack a sufficient n size for intersectional analysis
within a course. For example, a researcher could look at the
final grades of a particular subgroup of students (e.g., Latina
first-generation students) and map their performance in courses
across the quadrants in Figure 4 to see what types of course
environments they are most successful in, and whether that
success differs from the course success of students as a whole.

C. Institutional/Departmental Analysis

A computer science unit (department, college, or school)
could use the indices to generate a snapshot in time to
understand how the courses in their program are being taught.
This information could then be used by researchers and admin-
istrators, for example, to map student pass rates to understand
how the student body in that particular institution performs in
classes with higher or lower structure, or how students respond
to courses that are low in inclusivity. This information could
help to provide insight on what could be done to improve
student experiences and performance in classes that have
low pass rates. Such insights could lead to recommendations
such as providing more structure or scaling back the social
interaction, to meet the needs of that particular student body.

D. Undergraduate Advising

It is also possible that CALI information for a unit could be
used by undergraduate advisors to guide students into sections
of courses that are taught in a way that would meet their
needs. For example, students with severe social anxiety may
fare better in courses with low sociality, and students who
are first generation college students may be directed towards
sections of courses that are high in structure.

E. Course Intervention Tool

The CALI inventory could also be used as a process-
oriented intervention tool. Where a class with issues (such as
a high DFW rate) has been identified, the instructor could be
provided with the inventory to analyze the course in a reflective

manner. With the help of mentors, training, or through self-
reflection, the instructor could restructure or revisit the way
they teach/implement the course. After implementing changes,
the inventory could be repeated, and along with student
performance, feedback and instructor self-reflection, provide
a way to capture course improvement progress.

F. Faculty Reflection Tool

The CALI Inventory can also be used by faculty as a
reflection tool. The objective is to provide faculty with a new
lens through which to consider their own teaching practice
and its impact on student experiences and learning. The tool
could be used in two ways: as a post-course evaluation lens
to understand what worked and did not work in a completed
course as well as a planning tool for a course that has yet to be
taught. The Structural Index can be used to help faculty think
explicitly about how much structure they currently provide
or want to provide to students for a given class, and different
ways to provide that structure. The Sociality Index can be used
by faculty to think about how they might go about creating en-
gagement and building community in class. The Inclusiveness
Index can be used by faculty to consider the many ways that
their course policies, communications and content can work
together to create an inclusive and welcoming environment.

V. PILOT TEST

We conducted a pilot test of a beta version of the CALI
inventory in Fall 2020, using it to record information on
the CS1 course at (anonymized university & unit). The beta
version of the inventory had numeric scores associated with
each dimension description, allowing calculation of a score out
of 26 for each index. The CS1 course at (redacted university)
is managed exclusively by the Integrated Critical Core (ICC),
an academic sub-unit that includes all the instructors for
core courses taught in the first two years of the Computer
Science degree. This unit ensures consistency across the
introductory courses in addition to promoting best practices
and sharing knowledge and resources. For each course in
the first two years, the ICC creates a base course in the
LMS that synchronizes course specific modules including links
to textbook content, activities, assessments, and descriptions
of learning outcomes. That base course is then used as a
template by instructors of each section of that course, with
each section instructor modifying the template to reflect their
specific policies and pedagogical approaches.

The beta Structure and Sociality Indices were recorded for
6 sections of the sample CS1 course in two phases. First,
we recorded data by investigating the LMS setup for each
section and conducting a close reading of the syllabus. The
LMS setup provided much of the information needed for the
Structural Index. Second, we observed classes and interviewed
the section instructors to gather data that could not be gleaned
from the LMS pages and syllabi. Due to the consistency of
the base LMS course template, the courses scored similarly
on the Structural Index.
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We observed marginal differences in the Sociality Index
scores, but significant differences in particular dimensions
within that index, due to the way the instructors customized
their individual CS1 sections. The most important takeaway
from the pilot test was the conclusion that while the two
Indices captured much of what we wanted, issues around
equity, diversity and inclusion, including factors such as com-
munication about growth mindset, were not being captured.
Thus, this pilot test led to the development and addition of
the Inclusiveness Index.

VI. Focus GRouP

In Fall 2021, we conducted a focus group among 5 faculty to
gather feedback from faculty about the three Indices. The goal
was to study how the items in the three Indices aligned with
the ways that instructors talk about and think about pedagogy
and inclusiveness. The faculty saw the beta version of the
inventory that had points assigned to each element. We asked
the faculty to indicate separately for each item on the inventory
if they planned to use that item and/or if they actually did
use that item. The focus group was conducted over Zoom at
(anonymized institution) and lasted approximately 90 minutes.
It was moderated by Author 2. The question prompts were:

o Were there any parts of CALI that you liked or struggled
with when reflecting on your course?

o Which elements of CALI include aspects of your course
design that you think are effective in creating a positive
learning environment?

o Which course design elements do you think impact a
positive learning environment?

o What prompts would you add that address course design?

o Can CALI help understand classroom climate or capture
students’ learning; why or why not?

e Which parts of CALI made you think about classroom
climate or student learning?

o What are some barriers or equity gaps that exist in the
way intro CS courses are designed/taught?

o How was your experience of using CALI, and what might
have improved it?

A. Focus Group Results

The focus group was recorded, transcribed by Author 2,
and then coded iteratively by three authors using grounded
theory techniques [48]. The transcript was coded via open and
selective coding [11] independently, with researchers applying
qualitative verification strategies [49] to compare codes, dis-
cuss thematic labels, and derive a consensus of themes.

Themes about the instrument included confusion, use, and
suggestions. Emergent themes regarding teaching practice
included feeling overwhelmed, uncertainty about inclusion
practices, and teaching challenges. All faculty expressed con-
fusion about the inventory and were unclear about the meaning
of some response options. For example, being asked about
planned versus actual teaching strategies was a limiting choice,
which prompted suggestions, which are described in the Dis-
cussion. The theme of use emerged as a concern among all

the faculty, who perceived that the inventory would be used
to assess their teaching performance.

“I do believe the [inventory] is about the classroom

climate. .. ..it’s about what me [sic] the instructor

provides. . . about my teaching philosophy.”
They believed that the inventory options about teaching prac-
tices were a ranked scale of ideal practices. The activity of
discussing the inventory served as a reflection tool among the
faculty about how they teach,with one faculty noting that it
“increased my awareness of many things.” The challenges they
face, and support needs, also emerged. All faculty described
feeling overwhelmed in meeting the expectations of teaching
large courses amid a pandemic.

“We have a bunch of things that [the students] have

to do, and then we have a lot of this conversation

about an inclusive environment.....and there’s just

no opportunity in the class.”

The Inclusiveness component prompted discussion about
faculty’s trepidation regarding how to address diversity and
equity within their courses. Each faculty member mentioned
specific challenges they face in their teaching practice, such
as the poor quality of the LMS and compatible tools, and the
varying degrees of student attitudes about learning. Variation
in the students’ preparation for the courses was a major
concern. One faculty member noted:

“the background is so different, it’s overwhelming.”
Another faculty member made a similar comment:

“a lot of [students] have exposure to computer
science very early, and a lot of them don’t.”

VII. DISCUSSION

Suggestions from the faculty focus group resulted in various
clarifications to the inventory, which are reflected in the
Indices presented here. Faculty were interested in the inventory
functioning as a checklist and including options about class
size, teaching assistant presence and type of delivery (e.g.,
in person, online, hybrid) to capture the context of a section.
A choice option matrix was suggested where responses could
distinguish between planned activity and implemented activity.
To make the inventory feel less like a teacher assessment
and more like a research and development tool, removal of
the scoring structure was suggested. Additionally, providing
suggestions for how to implement the teaching strategies was
desired by the faculty, which was an unexpected discussion
outcome since the purpose of the tool is not to provide
pedagogical instruction.

Faculty repeatedly described being overwhelmed with the
responsibilities of teaching and a need for support. They view
the inventory as a potential resource.

“There’s just a lot going on. And I feel like [the
inventory] it’s high level, and it’s sort of like how we
feel like, yeah, I'm a cool teacher. Look at the cool
stuff I do. Or maybe, maybe I should think about
doing that. That’s a good idea, but boy, I don’t have
time. So I'll put it in the back burner or something.
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...it’d be cool to have this just as a list of things to
consider in the beginning of every [LMS] template.”

There are nuances to consider when applying the inventory,
so that the intended use is clear to faculty and not viewed as
a threat. As one faculty noted:

“The [inventory] is like, are you doing quizzes?
And are you doing discussions? And are you doing
presentations? So how many, you know, because it
would be easy for a, a really lousy teacher to waffle
this and make themselves sound awesome.”

In response to such concerns about the inventory being used
for instructor assessment, we defined neutral terms (individual
vs. collective and free-form vs high-structure) for the two
ends of the structure and sociality spectra that could reduce the
value-laden assessment concerns. By showing a visual such as
the matrix in Figure 4 to instructors, we could show them that
their course fits somewhere in the matrix, and we can describe
good reasons to have courses in all four of the quadrants. For
example, some economically disadvantaged students may fare
better in more free-form courses due to family care-giving
or job-related scheduling demands, while some introverted
students or students with serious social anxiety issues may
fare better in courses that are more individual than collective.

Challenges with stress around culturally relevant teaching
strategies were a central concern among the majority of the
faculty. This uncertainty focused both on a lack of knowledge
about how to make programming content culturally relevant,
as well as how best to promote equity and diversity in course
policies. While there was recognition among the group that
they desire understanding of what teaching practices work
best for enhancing student learning outcomes, they also feel
uncertain about how to address inequities in student prepara-
tion/backgrounds in computing [43]. As one faculty member
commented about the Inclusiveness items:

“I mean, I just, how do we create a diverse team
without automatically, say, you know, segregating
people according to race or gender or something like
that... I, I really don’t have an answer for that.”

While we have applied more neutral terms to the ends of
the sociality and structure spectra, the labels that we apply
to the end of the inclusiveness spectrum are purposefully
value-laden. Courses that are low in inclusiveness are labeled
traditional and courses that are high are labeled inclusive.
Our position is that promoting inclusive teaching practices is
critical at this juncture in the history of computing education,
given the numerous and serious equity issues the field is
facing [22], [23], [41].

A. Limitations

We have presented v1.0 of CALI, which is a work in
progress. We anticipate the inventory will evolve as we con-
tinue to study its application and efficacy as an analytical tool.
In its current state, it has not been validated psychometrically.
Face-validity of the items are a first step in this process, and we
plan to continue capturing faculty design input. Incidentally,

this iterative process of collaborating with faculty in the inven-
tory development and use is expected to assuage their concerns
about the assumed value assigned to teaching strategies that
are more structured and collective.

VIII. CONCLUSION

We have presented the Collaborative Active Learning and
Inclusiveness (CALI) inventory, version 1.0. This inventory
consists of three separate indices that capture the level of
structure, sociality and inclusiveness in a particular course
offering. The inventory can be used for both analytical re-
search purposes to study teaching practices that work with
various student backgrounds, within institutional contexts by
Computer Science unit administrators, and by faculty as a ped-
agogical reflection tool. We have described how the inventory
evolved, and how initial feedback through piloting and focus
groups led to the refinements that are present in this version.
We invite researchers and colleagues at other institutions to
use the inventory and share results, and anticipate that future
iterations of the inventory will incorporate feedback from a
broader set of constituents.
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