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ABSTRACT
Background: Foundational courses in engineering curricula (FECs) are critical to student 
success in engineering but tend to consist of large lecture-style learning environments 
at many universities, which can be challenging for many learners. Moreover, faculty 
from multiple departments within and external to engineering tend to be responsible for 
teaching and managing FECs. Thus, it can be challenging to streamline students’ learning 
outcomes and experiences across these courses despite having a shared purpose of 
developing conceptual knowledge and skills for more discipline-specific courses. 

Purpose: This study considered several FECs taught at a large research institution. It sought 
to describe the educational environments (RQ1) and the factors that influence curricular 
decision-making processes (RQ2) in these courses from instructors’ perspectives.

Design/Methods: This study utilized case study methodology and organized data 
collection and analysis with the Academic Plan Model. Data consisted of semi-structured 
interviews, participant-provided documents, project artifacts, and publicly accessible 
institutional data. Analysis consisted of two qualitative coding cycles.

Results: Results indicated similarities in participants’ descriptions of the educational 
environment in their courses and the factors that influence curricular decision making. 
Similarly, they expressed the need for more collaboration across multiple departments 
to facilitate learning and transfer across the curriculum, but the institution currently lacks 
the mechanism for this collaboration. 

Conclusions: Institutions should consider thinking about teaching experiences holistically 
across curricula. We recommend a student-focused, collaborative, and holistic academic 
plan that encompasses all courses in the foundational curriculum and engages instructors 
of FECs across multiple departments as equal partners in the learning process.

*Author affiliations can be found in the back matter of this article

mailto:soledadmm@vt.edu
https://doi.org/10.21061/see.107
https://doi.org/10.21061/see.107
https://orcid.org/0000-0002-2491-6684
https://orcid.org/0000-0002-6060-6448
https://orcid.org/0000-0003-3849-2947
https://orcid.org/0000-0003-4576-2490


123Soledad et al. 
Studies in Engineering 
Education 
DOI: 10.21061/see.107

INTRODUCTION
Foundational courses in engineering curricula (FECs) are the foundation upon which discipline-
specific courses are built (Chen, Whittinghill & Kadlowec, 2010). They are critical to student success 
in engineering (Lord & Chen, 2014) but have long been challenging student learning experiences 
that lead to attrition (Seymour & Hewitt, 1997; Suresh, 2006). Examples of these courses include 
Calculus and Statics, often described as conceptually challenging, abstract, and theoretical such 
that students often have a hard time recognizing practical application of the concepts (Lord & 
Chen, 2014; Marra et al., 2012). At some institutions in the United States, FECs are taught in large 
class environments of more than 150 students because of limited institutional resources (Coburn 
& Treeger, 1997; Parry, 2012), which creates additional challenges for students and instructors. 
There are also instances when FECs are managed by departments that are independent of each 
other and serve students from across multiple disciplines. For all of these reasons, these courses 
have earned such monikers as “gatekeeper,” “weed-out,” and “barrier” courses in engineering 
curricula (Gahagan & Hunter, 2006; Vasquez et al., 2015). Despite these challenges, it is still 
important to provide quality learning experiences for students in these courses because they 
provide critical foundational knowledge for the remaining engineering curricula.

Some efforts are being made to mitigate challenges and ensure that positive learning experiences 
are facilitated in FECs (Brewe et al., 2009; Stites et al., 2019), such as implementation of active 
learning techniques and inductive approaches to teaching engineering principles (e.g., Borrego 
& Henderson, 2014). Nevertheless, there is evidence showing that there has been little change 
to the way FECs have been taught over the years (National Academies of Sciences, Engineering, 
and Medicine, 2016; National Research Council, 2012). Change is needed, but certain situations 
(e.g., large class environments, heterogeneity of students in a class, availability of instructional 
resources) make adopting change difficult.

Thinking about change efforts, it becomes important to understand the context in which 
curricular decisions are made (McKeachie et al., 1987; Stark et al., 1988). At the core of the 
decision-making process is the instructor, who is responsible for designing effective learning 
environments and experiences for students (Jamieson & Lohmann, 2012; Pascarella & Terenzini, 
2005). Several elements comprise the learning environment, including instructional activities born 
out of teaching and learning strategies (Lattuca & Stark, 2009). There is considerable knowledge 
about teaching and learning strategies (Menges & Austin, 2001), but less focus on the context 
and factors that affect the decisions that instructors make (Menges, 2000). Despite instructors 
of FECs’ knowledge about effective strategies (e.g., small group and facilitated peer interaction; 
providing individualized, timely and meaningful feedback) and the need for changing educational 
environments (Besterfield-Sacre et al., 2014; Soledad et al., 2018; Soledad & Grohs, 2016), these 
alone are insufficient triggers for sustained changes in behavior and practice. Inherent challenges 
related to course structure and context are among factors that may prevent instructors from 
adopting change (Finelli et al., 2013). Prior work also focuses mostly on individual courses (e.g., 
Christiansen et al., 2009); there is less knowledge about how FECs interact as a suite of courses 
that contribute to each other and collectively build a common foundation for engineering students 
across several disciplines. Furthermore, prior work has considered learning experiences holistically 
across curricula (e.g., Jablokow et al., 2014; Toral et al., 2007), and we can take the same approach 
in thinking about teaching experiences.

This study considers the suite of FECs as a common foundational curriculum within engineering, 
taken by students from multiple engineering disciplines (e.g., mechanical, civil, etc.) before 
those students advance to discipline-specific courses. We anchor this perspective of a common 
foundational engineering curriculum using Lattuca and Stark’s (2009) Academic Plan Model, which 
presents the curriculum as a holistic and comprehensive overview of the learning environment(s). 
Lattuca and Stark’s model defines elements within an academic plan (Figure 1) that need to be 
considered when making decisions meant to “foster students’ academic development” (Lattuca 
& Stark, 2009, p. 4). The Academic Plan Model also acknowledges the impact of influences, 
both external (e.g., industry-driven needs) and internal (e.g., institutional resources, student 
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characteristics), on developing and implementing an academic plan. We discuss The Academic 
Plan Model further in Perspectives from Literature.

Motivated by the importance of FECs and acknowledging the challenges associated with these 
courses, we sought to examine the common foundational engineering curriculum, guided by the 
Academic Plan Model, based on instructors’ descriptions of elements of the academic plan as 
enacted in the educational environment. The following questions guided this study:

1.	 How do instructors describe the educational environment enacted through the foundational 
engineering curriculum?

2.	 How do instructors describe the factors that influence their curricular decision-making 
process?

To answer these questions, we used case study methodology (Stake, 1995; Yin, 2009) and examined 
interview transcripts and additional sources of data (e.g., course syllabi, course schedule). Our 
primary data consisted of semi-structured interviews conducted with instructors who teach 
FECs in a large research institution. This work is part of a larger institutional and community 
transformation project with the goal of transforming instructors’ experiences in FECs.

PERSPECTIVES FROM LITERATURE
THE ACADEMIC PLAN MODEL

The Academic Plan Model (Figure 1) provides context for how the educational environment in FECs 
is shaped. The original model was developed by Lattuca and Stark (2009) as a means of thinking 
about academic curricula, in response to “a lack of a comprehensive definition of curriculum” 
(p. 4). Presenting the curriculum in the context of a plan provides an overview of the learning 
environment, the elements that interact and comprise it, and the factors that influence curricular 
decisions. The Academic Plan Model visualizes interacting factors that influence the educational 
environment, particularly in terms of decision making (Lattuca & Stark, 2009). 

An academic plan may be developed for different organizational levels in an institution (e.g., 
course, degree program, college, entire institution), and it is “purposefully constructed to facilitate 
learning” (Stark et al., 1990). The plan consists of eight elements (purposes, content, sequence, 
learners, instructional processes, instructional resources, assessment and evaluation, adjustments) 
that interact and influence the others, ultimately shaping the educational environment and 
learning experiences of students.

Figure 1 Adapted from The 
Academic Plan Model (Lattuca 
& Stark, 2009).
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Purposes refer to the “intended outcomes” (Lattuca & Stark, 2009, p. 4) for the academic plan. 
Content refers to the subject matter that the plan is expected to convey, and sequence is 
how content is arranged so that the plan’s purposes are met. Instructors tend to find a strong 
connection between purposes and content (Stark et al., 1990; Stark, Lowther, Ryan, Bomotti, et 
al., 1988). A similar link also exists between content and sequence, although instructors do not 
consistently make this connection.

Lattuca & Stark (2009) emphasize that learners—a specific group of students—should serve as the 
focal point for designing an academic plan. An academic plan should consider the “characteristics, 
goals, and abilities” (Lattuca & Stark, 2009, p. 14) of the students it is designed for. Keeping learners 
in mind, the academic plan identifies learning activities that will facilitate the learning process 
(instructional processes) and what is needed to implement them (instructional resources, e.g., 
textbooks, learning management systems, classroom infrastructure). Assessment and evaluation 
techniques determine whether the purposes of the plan are met, and yield opportunities for 
improvement that trigger adjustments to the academic plan (Lattuca & Stark, 2009; Stark et al., 
1990). As highlighted in the research questions, the primary focus of this study is to understand 
how the academic plan is currently enacted in FECs. Findings from the study will provide context 
for the educational environment and reveal factors that affect instructors’ course-level decision-
making processes as they adjust the academic plan.

FACTORS THAT SHAPE THE EDUCATIONAL ENVIRONMENT

The Academic Plan Model (Figure 1) acknowledges instructors as key players in the educational 
environment. It emphasizes that various factors influence instructors’ curricular decisions; that 
instructors themselves affect the educational environment; and that consequently, their decisions 
impact students’ educational outcomes. Among the factors that may impact curricular decisions 
are faculty beliefs about teaching, learning, and students, and the perceived barriers to effective 
teaching, such as workload (Eccles, 2007; Yerushalmi et al., 2007). Faculty beliefs, in particular, 
have been found to correlate with faculty behaviors enacted in the classroom, which in turn can 
impact student outcomes (Eccles, 2007; Soledad et al., 2018).

The Academic Plan Model also shows the educational environment as a dynamic process that 
should have feedback mechanisms that enable continuous improvement (Lattuca & Stark, 
2009). However, creating educational environments that foster positive learning experiences, a 
responsibility placed mainly on the shoulders of instructors, includes non-academic and non-
engineering considerations (e.g., student characteristics) for which instructors may not have the 
appropriate support and resources (Borrego & Henderson, 2014; Lattuca, Terenzini, & Volkwein, 
2006; Schreiner, 2010; Stark, Lowther, Ryan, Bomotti, et al., 1988).

Finelli and colleagues (2014) found that instructors most frequently talked about “infrastructure 
and culture” (p. 340) as factors influencing the adoption of effective teaching practices, 
although they usually referred to these influences as barriers instead of facilitators for change in 
practice. Instructors also identified “classroom and curriculum,” referring to class sizes, physical 
infrastructure of classrooms, and flexibility of the curriculum as factors that influence decisions 
regarding teaching practices (Finelli et al., 2014). In particular, course structures that entail close 
coordination, similar to how courses in our study were departmentally structured, have been 
found to cause concerns about loss of autonomy among faculty members (Shadle et al., 2017). 
Although knowledge and awareness of effective teaching techniques is also a factor for the 
willingness to adopt change (Finelli et al., 2014), the prevailing structures and contexts in their 
classes serve as barriers and supersede interest in adopting them (Henderson & Dancy, 2011). 
The factors that influence teaching practices may not necessarily translate to implementation in 
classrooms (Knight et al., 2016), partly because of limitations presented by certain contexts (e.g., 
large class sizes, Grohs et al., 2018) that are beyond the purview of instructors, and competing 
demands on instructors’ time as they fulfill other faculty responsibilities and expectations beyond 
teaching (e.g., research and service) as required by their faculty role/rank and institutional 
structures (Henderson et al., 2011).
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METHODS
To address our research questions, we qualitatively analyzed transcripts of semi-structured 
interviews conducted with instructors and examined additional data sources (e.g., participant-
provided artifacts, project documentation & artifacts), following guidelines for case study research 
(Yin, 2009). Analysis followed a single case study approach with embedded units of analysis (Yin, 
2009) using the Academic Plan Model as framework. 

RESEARCH DESIGN

This study used single case study design with embedded units of analysis. The case is defined and 
bound by the experiences of participating instructors who have taught courses that introduce, 
address, and develop concepts and skills that are fundamental to engineering disciplines (Yin, 
2009). An examination of the engineering curricula across the different engineering programs 
offered by the study location revealed that FECs function as a network of interacting courses, 
particularly from a purely conceptual and skills development perspective. An example of such 
a networked structure, focusing on mechanics courses, is shown in Figure 2. Fundamental or 
foundational courses are taught in years 1 and 2 of the curriculum. Students need to acquire and 
develop concepts and skills in Math and Physics to be successful in Statics. Statics, in turn, serves 
as the foundation for Dynamics and Strength of Materials; Figure 2 uses broken arrows for this pre-
requisite chain because not all students need to take these two courses.

As shown in Figure 2, for engineering curricula at the study location, FECs are managed by multiple 
departments, some of which reside outside of the College of Engineering (e.g., Math, Physics). 
Exacerbating the disconnectedness in the planning and implementation of these courses, the 
tendency to take a “siloed” mentality to teaching (Alpay & Jones, 2012) is more likely to occur in a 
large research institution, something that is counterintuitive to the networked function of FECs. In 
this study’s context, courses are primarily managed by distinct, independent departments, and it 
is likely that instructors operate according to the administrative context and processes within their 
own department (Hammond, 2004). 

Based on the structure presented in Figure 2, we chose the single-case study design with 
embedded units of analysis (Yin, 2009) because it allowed us to examine the experiences 
of instructors teaching FECs in a large research-intensive institution with high enrollment of 
engineering students, while still acknowledging the unique contexts, processes, and practices that 
departmental administrative structures may bring to their experiences. An embedded case study 

Figure 2 Network of interacting 
foundational courses in the 
mechanics track.
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design is appropriate when the study is examining a single case, but there are subunits within 
the case that merit equal attention (Yin, 2009). We classified the participants into two clusters: 
participants teaching courses managed by engineering departments, and participants teaching 
courses for engineering students managed by servicing departments external to engineering. 

We endeavored to describe specific instructors’ experiences within and across embedded units 
of analysis. Working with a small group of instructors allowed us to build a detailed description 
of their experiences in the context of the classes they taught. Descriptions from a few individuals’ 
experiences may be used as a springboard and lens for examining a phenomenon more broadly, 
an approach that has been found valuable in engineering education research (Foor et al., 2007; 
Pawley, 2019)

PARTICIPANTS AND RESEARCH LOCATION

This study analyzed data collected from seven participants teaching foundational courses included 
in engineering curricula in a large, research-intensive, residential, predominantly white institution; 
Table 1 describes the sample. For this study, we focused on project participants who have taught 
and/or managed the following courses: mathematics (math), physics, and mechanics courses 
(Statics, Dynamics, Strength of Materials). These courses are part of what we operationally define 
as the foundational courses in the engineering curriculum (FECs) (Figure 2). 

All engineering disciplines at the institution where we conducted the study require students to 
take specific math (e.g., Multivariable Calculus) and physics (Foundations of Physics) courses that 
serve as pre- and/or co-requisites for foundational and discipline-specific engineering courses, 
including mechanics. Five of the institution’s fourteen engineering disciplines require the entire 
suite of courses included in the study, and an additional six disciplines require at least one of 
the mechanics courses. All the courses taught by the participants were primarily lecture-based 
courses; only physics has a hands-on experimental laboratory component that students take 
alongside the lecture component.

The courses included in this study have large enrollments; math and physics cater to approximately 
2,000 students, and enrollment in each of the mechanics courses are about half that number. 
Thus, our analyses examine the academic plan that impacts a significant number of learning 
environments and experiences. 

All our participants, who self-selected to participate in the study, are professional teaching faculty 
whose primary responsibilities are focused on undergraduate education and whose roles do not 
offer tenure (Fitzmorris et al., 2020), although our initial recruitment pool included tenure-track 
faculty. One participant held a role that included an expectation for research and scholarship, 
albeit to a lesser degree than what is traditionally expected of tenure-track faculty in a research-
intensive institution. Despite the primary focus on teaching responsibilities, 4/7 participants shared 
artifacts related to research and scholarship. One participant continues to engage in discipline-
specific research, and 3/7 participants engage in the scholarship of teaching and learning. We 
assigned pseudonyms to ensure participant confidentiality.

PSEUDONYM COURSE TAUGHT CLASS SIZE PRIMARY ROLE

Victoria Mechanics 40–140 Professional teaching faculty

Marie Mathematics 40–50 Professional teaching faculty

Kevin Mathematics 40–50 Professional teaching faculty

Mike Mechanics 40–140 Professional teaching faculty

Diane Physics 150–180 Professional teaching faculty

William Physics 150–180 Adjunct teaching faculty

Vanessa Mechanics 40–140 Professional teaching faculty

Table 1 Participant Information.
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To accommodate large enrollments, departments managing the courses offer multiple sections 
of each course that are taught by multiple instructors. There is a designated course coordinator, 
usually an instructor who is actively teaching and/or has taught the course, who assumes course 
management responsibilities, like coordinating the course syllabi, schedule for the semester, 
and assessment methods, among other activities. Three of our participants have served as 
coordinators: one coordinated a specific lecture course, one coordinated three lecture courses at 
the same time, and one coordinated the laboratory component of a course.

DATA COLLECTION 

Primary Data Source

We used transcripts of semi-structured interviews with these faculty members, who each agreed 
to be a contributor to a larger institutional change initiative—interviews analyzed in this study 
occurred at the very start of the faculty members’ engagement in the initiative. Our research 
team developed the interview protocol, conducted interviews, and had access to project data, 
documentation, and artifacts. The interview protocol includes prompts focused on participants’ 
teaching experiences, available resources to support their teaching, and specific resource needs. 
Participants were also asked about the kinds of data (e.g., information about students, teaching 
strategies) that they felt were needed or found helpful, and how they might use those data to 
facilitate learning in their classes more effectively. Examples of interview prompts are shown in 
Table 2. The interview protocol and data collection procedure received ethical clearance through 
the Institutional Review Board (IRB). Interviews lasted for about one hour, documented using 
audio recordings and field notes, and transcribed by a professional transcription service.

Additional Data Sources

Case study research guidelines stipulate the triangulation of multiple data sources (Creswell, 2012; 
Stake, 1995; Yin, 2009). We examined field notes (i.e., notes taken during interviews, meetings 
focused on the larger institutional change initiative, and a summer summit on teaching large 
foundational engineering courses), memos (during analysis), participant-provided artifacts (e.g., 
course syllabi, course schedule), project artifacts (e.g., brainstorming outputs from project cohort 
meetings and the summer summit), and institutional data (e.g., checksheets, historical timetable 
of classes). Field notes and memos complement and corroborate statements documented in 
interview transcripts. Artifacts supplement and provide context for descriptions and perceptions 
given during the interviews.

DATA ANALYSIS

Primary Data Source

Data analysis consisted of two coding cycles, acknowledging the iterative nature of qualitative data 
analysis (Miles & Huberman, 1994; Saldana, 2016). Two project team members concurrently and 
independently conducted analysis and periodically engaged in case analysis meetings to discuss 
coding decisions, definitions, and themes (Miles & Huberman, 1994). To ensure the integrity of 
analysis across researchers, the first author conducted first cycle coding by assigning labels to 
meaningful excerpts in the interview transcript on a subset of the project dataset, supplemented 
by memos when appropriate. This step generated an initial list of codes and observations about 
the data. The first case analysis meeting consisted of a discussion of the initial analysis and 
observations with another researcher, generating an agreement for approaching coding, prior 
to concurrent analysis by both researchers. Both researchers coded using Dedoose™, a cross-
platform online qualitative research analysis tool.

Please describe how you planned for the class. What information did you use to make decisions?

Imagine that I had the authority to provide you with any support services/resources/data/information that you 
need to create the learning environment that you want for your students. What will you ask from me?

What are the things that you care about the most when teaching a class?

Table 2 Sample Interview 
Prompts.
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Second cycle coding employed pattern coding (Saldana, 2016) to the labels and excerpts from 
first cycle coding. We used elements of the Academic Plan Model (see Figure 1) as categories for 
coded interview data, classifying first cycle coding outputs under each element. In looking within 
and across categories, we created tabular displays (Miles & Huberman, 1994). We merged similar 
codes and excerpts when appropriate, ensuring that we documented each decision so that we 
can still trace back all consolidated codes to its original form. Although we followed a pattern 
coding process to account for emergent categories, none of the first cycle codes established a 
pattern that merited a new category.

Additional Data Sources

We used additional data sources, consisting of instructor-provided documents, project artifacts, 
and accessible institutional data (e.g., course schedules, summer summit workshop outputs, 
program checksheets) to support and complement statements made in the primary data source. 
We referred to additional data sources as they relate to, support, and provide context for the 
findings from the primary data source.

RESEARCH QUALITY AND LIMITATIONS

It is important to discuss how research quality and trustworthiness were ensured when conducting 
case study research (Yin, 2009, p. 14). We used three methods to establish research quality and 
trustworthiness, using descriptions by Leydens, Moskal, and Pavelich (2004). First, two researchers 
employed a code-recode process for first cycle coding. Code-recode consists of initial coding, 
waiting for a period of time, then recoding to ensure that all meaningful excerpts were coded 
appropriately and reconfirm initial coding decisions. Second, we conducted member checking by 
providing participants with the results of analysis as part of a project report. Third, we employed 
triangulation through multiple researchers and sources of data.

All members of the project team have experience as instructors and academic administrators, two 
in both tenure-track and professional teaching faculty roles. One has taught similarly structured 
courses included in this study. Our experiences contributed to the motivation to engage in the 
project, informed the development of our data collection protocol, and helped frame our analysis 
approach (Massoud, 2022).

This study was limited to project data provided by participants who willingly engaged in a 
project examining the large class environment in foundational courses in engineering curricula. 
Similarly, all participants’ main role is to teach; we recognize that instructors in roles with different 
responsibilities and expectations (e.g., tenure-track faculty) might have unique perspectives and 
experiences that we are unable to explore. We also acknowledge that there may be inherent 
biases in responses since participants all show a commitment to providing positive student 
learning experiences by being part of the larger institutional change initiative. Their perspectives 
remain valuable, however, as an initial insight into the teaching experiences across FECs in the 
same institution. Although this single case study is limited to one institution, similar curricular 
arrangements are present at other large engineering colleges in the United States and globally—
we would anticipate these findings would resonate in those kinds of contexts.

All research work was approved by an Institutional Review Board.

RESULTS
This study sought to view the suite of courses in the foundational engineering mechanics 
curriculum (Figure 2) as an academic plan. Participants’ perceptions and descriptions of the various 
elements of the Academic Plan Model (Figure 1) describe the educational environment, addressing 
RQ1: How do instructors describe the educational environment enacted through the foundational 
engineering curriculum? Events or situations that lead to adjustments to the academic plan 
describe the factors that influence instructors’ curricular decision-making processes, addressing 
RQ2: How do instructors describe the factors that influence their curricular decision-making process? 
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As indicated in our Methods section, we have two embedded units of analysis: 1) Courses taught 
and managed by external departments (Math and Physics), and 2) Courses taught and managed 
by an engineering department (Mechanics – Statics, Dynamics, and Strength of Materials). 

We organize our findings by presenting participants’ descriptions of the elements of the academic 
plan and discuss the enactment of each element of the academic plan. We share participants’ 
perceptions and self-described experiences, supported by selected quotes from the interview and 
information gleaned from additional sources of data when appropriate. 

In general, we found that despite teaching distinct courses managed by different departments, 
participants described the educational environment in their courses and factors that influence 
curricular decision making in similar ways (see Figure 3). The text preceded by a (+) sign represent 
activities that instructors perceive they are doing well and provide high value for both the students 
and the institution. The text preceded by a (–) sign represent activities that can be improved, or 
that instructors wished they had. Text not preceded by the aforementioned symbols are general 
descriptions of students, prevailing practices, and common resources, where applicable.

We discuss the findings depicted in Figure 3 in more detail in the sections that follow.

PURPOSES

All participants shared that they cared about conveying fundamental course concepts and 
commented on the introductory and foundational nature of the courses that they taught. 
Participants also shared that they care about ensuring that students are able to connect and 
apply what they learned to other contexts. Here is an example from two different departmental 
contexts: 

Understanding fundamental physics is extremely important for engineers… having them 
sort of understand the concepts of physics that underlies a lot of engineering disciplines. 
(Diane, Physics)

What I’m looking for is that they’re understanding the main concepts that we’re talking 
about, especially in these fundamental, introduction courses. If they can get just a few 
basic concepts down, that should support them through all the rest of their courses. 
(Mike, Mechanics)

Two of the four participants teaching in the external service departments expressed, however, that 
it can be challenging to help students make connections and ensure that their teaching is relevant 

Figure 3 Summary of our 
results.
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to the engineering degrees students intend to pursue, because they (the participants) lack an 
engineering background:

Definitely conveying the topics is my main concern, but also keeping the students 
interested in what I’m talking about… I also want to have the material I’m teaching 
somehow relevant to them, and that’s something that I struggle with a little bit, 
because I don’t have the engineering side. (Marie, Math)

Participants shared common perceptions about the purposes of the courses they taught, but 
some participants teaching courses managed by departments external to engineering expressed 
concerns that they attributed to their non-engineering backgrounds.

CONTENT AND SEQUENCE

We present content and sequence together, as all excerpts address these two elements in 
conjunction. This approach is consistent with the link between content and sequence as indicated 
in the Academic Plan Model (Figure 1). Although Lattuca & Stark (2009) indicated that this link is not 
always evident to instructors, we found that participants’ narratives address both elements as a 
combined entity, a likely outcome of the coordinated nature of departmental course management.

Participants’ descriptions indicate department-level course management for both units of analysis. 
Consequently, all participants shared that they followed a common syllabus and course schedule 
shared across multiple sections and instructors; that their students take a common time final 
exam; and that certain policies, including that of assessment, are coordinated at the department 
level, although to varying degrees. An examination of participant-provided documents that 
included course syllabi and department-level detailed course schedules corroborated the 
descriptions shared by our participants. In combination, these findings indicate that departments 
largely determine course content and provide a common syllabus for instructors to follow:

There is a central syllabus… assignments are chosen by the course coordinators 
according to the syllabus with assigned dates across all 50 sections. There’s no deviating 
from that… even the exams are common. Not only the final, but every exam is common. 
(Marie, Math)

Participants who also served as course coordinators for lecture courses described decisions 
related to coordinating courses as a way to give students across sections a relatively common 
and comparable learning experience and to ensure that similar student outcomes are addressed 
across instructors:

What I’ll do at the start of the semester is put together… a time table. I sent this out to 
all of the instructors… it lists all the topics that we’re going to cover, and dates for the 
tests, and homework assignments and that kind of thing. Instructors will play about 
this a little bit to fit their own teaching style… The idea is all of those students, so that’s 
maybe eight hundred in statics, will be getting the same experience no matter who’s 
teaching it. They’re all learning the same material at the same pace, doing most of the 
same homework assignments. (Participant, Coordinated three courses)

The rationale to coordinate courses to ensure coherent learning outcomes and experiences, 
and designating a coordinator to facilitate conversations and activities across instructors, is in 
keeping with curriculum planning strategies for implementing systemic change in STEM education 
(Reinholz & Apkarian, 2018).

Coordinating course schedules and assessment policies varied by course, even within departments 
managing multiple courses. Based on participants’ narratives for both units of analysis, instructors’ 
autonomy increases as the course becomes more advanced. For example, Marie qualified that 
for math, instructors’ autonomy varies depending on the course. The description Marie gave in 
the excerpt above is for the first course in the calculus sequence; instructors teaching succeeding 
courses in the sequence, such as multivariable calculus, have a little bit more flexibility in terms 
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of assigning homework and writing exams. For some courses, only the central syllabus and 
the common time final are the same across multiple sections; the instructor may then assign 
homework and administer other tests of their own design and choosing, as described by Victoria:

We are given a syllabus… We do not have to exactly follow that syllabus, so we have 
some freedom in… structuring things a little differently. What is set is the grading 
structure, and they ask that you don’t deviate from policies in terms of substituting 
exams for test grades and stuff like that. And then, the exam is a common time final 
that’s sort of handed to you to give to your students. But there is some freedom in how 
you teach the course and how you handle the topics, but you need to cover all the 
topics. (Victoria, Mechanics)

Although there were some variations, participants described course content and sequence as 
coordinated at the department level, indicating little input, if any, from instructors. Examples of 
participant input, in cases where input is gathered, included collaboratively writing exams and/or 
assignments with the other instructors teaching a course:

So, they write tests as teams. They’ll have certain instructors on a test one team where 
they’ve written that test, and then another set of instructors will be on the test two 
team, test three, and then the final. (Participant, Coordinated one course)

This narrative is similar across participants, whether they have served in coordinator roles or not.

INSTRUCTIONAL PROCESSES

Participants shared instructional activities related to solving word problems, and caring about 
ensuring that students are able to apply the skills learned through these activities to other contexts. 
We present two examples from different departmental contexts:

We’re trying to help them learn how to solve problems, to think critically, to look at 
a situation and sort of figure out what is extraneous information, what’s the most 
relevant to the problem, being able to apply some fundamental situation to different 
circumstances that might have different surface features, but realizing there’s some 
deeper thing. (Diane, Physics)

I will explain a concept, talk about how it relates to what we were doing last week and 
what we’re going to do next week, then I’ll relate it to a problem out of the textbook. 
I’ll solve one and then I’ll have them solve one. They can learn the concept, they can 
see how to apply it, and then they get some practice doing that. Then these homework 
problems will relate to that same topic so they get a bit of practice by themselves. (Mike, 
Mechanics)

Participants did not expound much on the specific activities and interactions that are going on 
in the classroom, a possible limitation of the interview prompts. They did, however, share some 
instructional activities that they would ideally like to do but find difficult, such as effectively 
facilitating peer interaction in class:

One thing that I want to happen in my classes, and some semesters it happens, and 
some it doesn’t, is having conversation between the students and interaction in the 
classroom… I just have found that I don’t end up having them work in groups as much. 
You definitely give up certain things, when you get in these big classroom [class] sizes. 
(Marie, Math)

I really think making students talk and learn in groups is really important for these 
harder concepts… if they’re teaching each other, I feel it ingrains better. I don’t think the 
course as structured right now allows for a lot of that, because there’s so much content 
to go through. (Vanessa, Mechanics)

The narratives shared by Marie and Vanessa indicate how the choices that they made in their 
classes have been influenced and altered by departmental structures that are beyond their control, 



133Soledad et al. 
Studies in Engineering 
Education 
DOI: 10.21061/see.107

factors that have been identified as barriers to the implementation of change in STEM classrooms 
(Finelli et al., 2013; Shadle et al., 2017).

Diane, however, shared the approach she used to facilitate peer interaction in her class:

I would present a question or a problem, and I would say, “Okay, work with your 
neighbor, see what you can do.” It was me and an undergraduate learning assistant 
who would run around the classroom trying to help people, and that worked pretty well 
considering, you know, there was 150-ish students in there and just the two of us. At 
least by having them grouped, you know that if you can get at least one person in a 
group to understand what’s going on, they can disseminate sort of what’s happening. 
(Diane, Physics)

In the section discussing Purposes, participants described conveying fundamental course 
concepts and facilitating ways for students to connect and apply what they learned to other 
contexts. Modeling how a concept is applied in problem solving and facilitating peer interaction 
are examples of behaviors that allowed participants to achieve their perceptions of the purpose of 
the courses they taught.

INSTRUCTIONAL RESOURCES

Instructional resources are the “materials and settings used in the learning process” (Lattuca & 
Stark, 2009, p. 5). Participants all mentioned the following instructional resources available for 
students to support their learning process: a common textbook, a learning management system, 
an online homework system, and office hours. Since the choice of learning management system is 
an institutional decision, the two embedded units of analysis use the same system. All participants 
referred to using an online homework system, but we noted that homework systems and practices 
varied across departments. Math and physics shared very coordinated use of the online homework 
system; mechanics instructors, on the other hand, can opt out of using the suggested online 
homework system, although all three of our participants teaching mechanics chose to use it.

Participants shared several opportunities for students to seek help, including descriptions of how 
their departments conduct office hours:

You can get help outside of lecture, and that’s either in my office hours, we have 
recitation, which is a kind of homework help resource, then they also have common 
office hours. (William, Physics)

When they come in here and they work and I keep my door open. At least with the 
handful of students that utilized that in the fall, it was a very free experience for them 
to come in here and work. If they had a question, they just came in and ask. They came 
back out, worked some more… I try to keep a lot of office hours for that reason too, 
because it is a thing where you can’t accommodate everybody’s learning styles. Some 
people really just need that… really to be able to sit down and show them on paper 
something, and it helps them. (Victoria, Mechanics)

It is interesting to note that Victoria’s office, which the research team was given access to, is 
located within a larger space that includes a common area that students can use for study 
purposes. This arrangement is not true for the other participants.

Teaching assistants (TAs) may serve as graders, assist in class, or independently conduct office 
hours to ensure that students had access to help and feedback, although the function of TAs 
vary across departments and courses. For example, participants teaching Physics do not receive 
grading assistance from TAs “mainly because all our tests have to be multiple choice” (William, 
Physics), but TAs help conduct common office hours:

This is a service provided by the Physics department where there’s a couple of TAs in 
a room in [building], and any introductory physics students can go there and get help. 
(William, Physics)
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The Math department, on the other hand, assigned graders depending on class size:

Once I got to the larger class I qualified for a grader and while it was a huge benefit in 
terms of time, because I didn’t have that, there is obviously a little bit of a setback to 
that because then I’m not looking at my students’ papers. (Marie, Math)

Diane and William (Physics) also mentioned using clickers in their classes. The use of student 
response technology, such as clickers, is a means of encouraging and facilitating student 
engagement in the classroom, particularly in large classes (Martyn, 2007). Mike, however, 
acknowledged the potential benefits that may be derived from using them in the classroom, 
especially for encouraging student engagement, but expressed concerns about cost and undue 
burden that requiring these tools may place on students:

Things like clickers… Using something like that to encourage participation would be great. 
The only reason I don’t do it in my classes is I don’t want students to have to buy one 
more thing to have to attend this university. They have to buy laptops… textbooks… If 
it’s something that everybody did, I wouldn’t mind doing it for my class. At least it’s 
useful to them for their whole four years here, but I’m not going to make them buy 
something just for my class. (Mike, Mechanics)

Participants have common access to some resources, particularly those that are institutional 
in nature (i.e., learning management system), but there are variations in the instructional 
technologies used in the classroom or required of students (e.g., homework system, clickers) 
between our embedded units of analysis. There is an opportunity to coordinate the use of 
instructional technologies across departments in order to maximize the benefits that may be 
derived from these tools and resources. 

LEARNERS

Lattuca and Stark (2009) emphasize that academic plans should include efforts to accommodate 
varying student goals, characteristics, and abilities. In this section, we focus on participants’ 
descriptions of students in their classes to get a sense of who the instructors are interacting with 
and how students might impact instructors’ decisions. We found that our participants’ interactions 
with learners are closely tied with small adjustments that they make to the course throughout the 
semester, which we discuss in the Adjustments section.

Participants, particularly those teaching math and physics, recognized that students in their 
classes come from a variety of backgrounds and levels of preparedness for college in general 
and their courses in particular. For example, Marie mentioned that some students may already 
have credits for Calculus 1: “They’ve had [advanced placement] credit, they’ve got dual enrollment 
credit.” But there are also students who, for a variety of reasons that include performance in the 
SATs and high school math [grade-point averages], are not considered “math-ready” and would 
have been required to take a Precalculus class, unless they are able to pass a readiness test: “Some 
that really want to be in engineering or math are not ready for [Calculus 1] as we declare them, 
they don’t pass their math readiness test. They would start in [Precalculus].” 

Participants also acknowledged that because they are teaching required fundamental courses, 
there may be differences in students’ motivations for taking the course:

I understand that not everybody… loves mathematics, that this is something that they 
have to take because their major in some other department says they have to take it, 
and they may love that, but they don’t really love this. (Kevin, Math)

Since students who take fundamental courses usually do so in the first few academic terms of 
their undergraduate careers, participants also commented on how students are still going through 
a period of adjustment and may need guidance in learning how to learn:

With teaching freshman classes, you know another goal I think is just to get them 
to learn how to be students, and get them ready for the next step… build in some 
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assessments of their conceptual understanding, and have that be a valuable piece 
of the course, and not just doing the math and just getting a right answer… I’ve 
never been an engineering student at [institution] so I don’t know, but just from my 
interactions with the students that I’ve had, I think students can feel really lost as 
engineering students, just because their departments are so large. At the beginning, 
they haven’t picked their track, so it’s just like they’re one big mass. (Diane, Physics)

There was a dearth in excerpts specifically describing students and the current ways in which 
student characteristics are integrated into course planning. This may be because of limitations of 
the interview protocol, as well as prevailing departmental practices related to course management 
and coordination, where course planning, especially in terms of purposes, content, and sequence, 
is an exercise that seems to be beyond individual instructors’ purview.

Participants did identify data on students that they wished they had access to and how they might 
use it to make curricular decisions:

It would be helpful to know if there are particular concepts that they’re stuck on that 
are sort of hindering understanding the broad concepts or being able to apply them 
correctly… if I find that students are responding better to having more active time in 
class and really even teaching them the background material or the derivations or 
whatever are not really that helpful at all that it might be, then I can certainly adjust my 
approach into focusing more on one thing than the other. (Victoria, Mechanics)

Mike (Mechanics), on the other hand, expressed frustration with lack of access to data about 
students beyond what he can deduce through in-class interactions. He wished for access to 
information about how they were performing in their other classes, and whether he was discussing 
material at the appropriate level. He said: “I don’t necessarily know what level or how they’ve been 
performing in their other classes… [there’s] probably a good reason I don’t, but if everyone in my 
class has a GPA of 3.8 then that tells me something about the class. If everyone is down at 2.6, 
maybe I need to spend more time on the fundamentals.” (Mike, Mechanics)

Comments regarding access to data, or lack thereof, was corroborated through project artifacts 
and field notes collected during the summer summit on teaching large foundational engineering 
courses conducted by the project team. All our study participants are part of a larger group 
of instructors who participated in two summer summits on teaching experiences in large 
foundational engineering courses, and having access to certain types of data emerged as among 
the factors that would help support instructors’ curricular decision-making processes during group 
brainstorming sessions. 

Participants’ descriptions of their students indicate large classes composed of a heterogeneous 
mix of students from varying degrees of preparedness for both the course and navigating the 
undergraduate engineering learning environment, and motivation to learn. Heterogeneity in a 
large class setting makes it challenging to relate to and meet individual students’ needs (Mulryan-
Kyne, 2010).

ASSESSMENT AND EVALUATION

Assessment and evaluation refers to “strategies used to determine whether decisions about 
the elements of the academic plan are optimal” (Lattuca & Stark, 2009, p. 5). Participants who 
taught physics mentioned using the Force Concept Inventory (Hestenes et al., 1992) for course 
assessment purposes:

We do something called a Force Concept Inventory test… that helps us gauge the 
efficacy of the course and that helps us determine what we need to change about it. So 
they [students] take it at the beginning of the semester, and at the end of the semester, 
and we see how they improve. (William, Physics)

Participants also shared the ways they personally sought student feedback to assess the impact 
of instructional activities on students’ learning processes:
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Periodically, not every semester, I’ll do like a mid-semester survey to the students and 
just say, “Hey, what’s working, what’s not working?” and I’ve made changes based on 
those findings before. (Diane, Physics)

Sometimes when I can sense that the students are struggling a bit, especially with 
certain topics just at the beginning of class, asking how did the homework go? What did 
you think of that? Then if they’re still confused about the certain topic, taking that class 
to go over that topic again. (Vanessa, Mechanics)

Beyond the Force Concept Inventory, which was unique to physics, and personal attempts by 
participants to elicit feedback from students, we found little evidence of prevailing practices 
related to course assessment and evaluation that feed into decisions on adjustments to the 
academic plan.

The institution, however, administers end-of-semester student evaluations of teaching surveys, 
which collect data on students’ perceptions of their experiences in the course. Although a 
convenient source of institutionally collected data on students’ perceptions of the course and 
the educational environment, research on end-of-semester student evaluations of teaching 
surveys has shown issues of bias and related challenges (Marsh & Farrell, 2015). Participants’ 
comments indicate that despite the availability of this institutionally collected assessment data, 
they encounter challenges with using them meaningfully and constructively for course planning:

I don’t feel like it’s honestly helped me at all. My scores have been fine. I’m very 
happy with the scores that I get, but I get like a 30-something percent response rate… 
Generally, all they’re saying is that I go too fast, when I’m always behind with the 
schedule I should be, so I don’t know how much slower I can go… they’re not really 
giving me anything constructive… I have to cover all the material, so when they’re 
saying I’m going too fast, I don’t know. (Marie, Math)

The institution allows departments to append course-specific items to end-of-semester student 
evaluations of teaching surveys. Mike (Mechanics) shared that their department included items in 
the survey that asked students to provide self-reported ratings on particular course-related skills. 
He lamented, however, that instructors only had access to their own data and not aggregate 
responses across course sections. Since courses are coordinated across section, Mike argues that 
such information would have been helpful for coordinated course planning: 

If there’s something that every single section is not coming across properly, that would 
be nice to know. I don’t know that at the moment. That would be nice to know because 
then I can kind of change the schedule around and make a point to tell people we need 
to spend more time on this. (Mike, Mechanics) 

Kevin (Math), on the other hand, expressed a desire to evaluate the course he taught based on 
students’ perceptions of how the course prepared them for success in the succeeding course:

I’d like to have some student-generated data on how effective was I at my goal of 
connecting this course to what came later. I’d like to know if I teach Linear Algebra in 
the fall semester, I like to hear back at the end of the spring semester, now that you’ve 
taken Differential Equations… how successful was I at that goal? (Kevin, Math)

Participants’ comments above indicate missed opportunities to leverage student-provided course 
assessment data productively. In the absence of course-level practices that inform adjustments-
related decisions to the academic plan based on the data, it indicates a need to strengthen the link 
between assessment and adjustments, at least for the courses included in the study.

ADJUSTMENTS

Participants shared that interaction with students, which generates student-based feedback in 
various forms, primarily inform the curricular decisions and adjustments that they make for the 
course:
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As I teach something on Monday, my students, there are things that they have 
questions about, or not sure about, and now I have to rethink what I’m going to do on 
Friday to incorporate that feedback… If there is something I have attempted differently, 
I might ask them specifically, I would like to see your comments… That’s the part that’s 
valuable for me. I will sometimes ask them to comment on some specific aspect that 
I’ve had to change, or adapt, or something. (Kevin, Math)

Every class is so different depending on the students that are in there. They all kind of 
have a different personality, and so it’s purely driven by what I’m feeling like what I’m 
getting back from the students. (Victoria, Mechanics)

Although participants mentioned making adjustments to their courses, the data did not address 
what these specific adjustments were, to what elements in the academic plan these adjustments 
were made, and how the course changed because of these changes. Most narratives imply changes 
to instructional activities, and most referred to small changes to the planned activities for the day 
to accommodate the need to address difficulties or the need to clarify specific topics. Adjustments 
to the purposes, content, and sequence, for example, were not discussed; we consider this as an 
outcome of the close coordination implemented in the courses, which render these elements 
stable because planning for them is beyond individual instructors’ control. The general narrative 
is that details and plans regarding these elements are prepared at the department and course 
coordinator level and given to instructors for them to follow in an effort to provide students with 
common learning experiences across multiple instructors.

One idea related to course planning and curricular decision making is the notion of collaborating 
with instructors from other departments:

So, as a resource that I would like, like from the department from the university is 
maybe to afford us some time to connect with colleagues outside of the department 
when we’re teaching a class that services other departments, to get some input from 
those departments on why their students are in my room. (Kevin, Math)

Kevin spoke of this suggestion as a means of getting input for planning what course topics to 
emphasize and what skills are critical for succeeding in courses taken in other departments. Kevin 
also cared about making relevant to students’ disciplines the examples he discusses in class and 
the learning activities he facilitates so that students may more easily make connections between 
the math concepts and skills with discipline-specific contexts: 

I want them to come out of this class with a sense of understanding why their 
department decided that this was an important class for them to take. That, they have 
some confidence about how this class fits into their profession, and their field… that this 
isn’t just a bureaucratic hoop they had to jump through. (Kevin, Math)

In particular, he asks the following questions:

The challenge for me is that if I want to make this course meaningful, connected to the 
other field of study, and it’s not a field of study that I know much about, I want to know 
enough about these other fields to get an insight as to why they made their students 
take a [math] class, where are they going to be using this? So, I find myself asking, 
what kinds of things do you cover in statics, and what kind of things do you cover in 
crystallography, and what other topics do you cover that cause a student to have issues 
with this? (Kevin, Math)

Marie (Math), Diane (Physics), and Mike (Mechanics) also shared Kevin’s sentiments about the 
potential benefits of collaborating across departments during their interviews. Mike, in particular, 
commented:

Being able to get instructors of these different courses together, usually even different 
departments which is probably why we don’t do it, getting them together, talk about 
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exactly what’s covered, what isn’t covered, what they expect, and what they don’t teach 
as well, would probably make our instructors’ lives a lot easier, especially the new ones 
coming in the first couple times they teach these courses. (Mike, Mechanics)

This idea of collaborating across departments was also documented in project artifacts examined 
for this study. It emerged during an institutional change project meeting conducted with the 
larger group of project participants, and thus received agreement from other faculty members 
who were not part of this particular study. 

DISCUSSION AND RECOMMENDATIONS
We observed similarities across embedded units of analysis, for all elements of the Academic 
Plan Model, which confirm our earlier assertion that institutions may want to consider the suite of 
interacting foundational courses in engineering curricula more explicitly as a common curriculum. 
We highlight the following key findings:

1.	 Courses within foundational engineering curricula have a shared purpose, strive to 
provide a common learning experience for students, and contribute to achieving student 
outcomes that promote student success in subsequent discipline-specific courses, based 
on our participants’ perspectives. We found that this shared purpose transcended current 
institutional structures, where separate departments managing the courses operated in silos. 
Thus, it may be beneficial to consider these courses collectively and establish an overarching 
governance structure focusing on students, enacted through an academic plan designed for 
streamlined course planning across a foundational engineering curriculum. Such a structure 
may facilitate the design of effective learning environments at this stage of undergraduate 
engineering students’ academic careers.

2.	 The fundamental concepts and skills developed in each foundational course that have been 
known to be critical for success in courses within and beyond the foundational engineering 
curricula are interconnected at some level or form. Thus, FECs are closely related. There are 
opportunities for synergy across these courses that will be beneficial for instructors teaching 
the courses and for students’ learning processes and experiences.

3.	 Results confirm that instructors are both critical decision-makers and stakeholders in 
a broader academic plan in which they have limited control. Promoting continuous 
improvement through an overarching student-focused academic plan for a foundational 
engineering curriculum will benefit from engaging instructors across multiple departments 
as equal partners in course and curriculum planning.

SHARED PURPOSES, LEARNING EXPERIENCES, AND OUTCOMES: AN ACADEMIC 
PLAN FOR FOUNDATIONAL ENGINEERING CURRICULUM

Participants’ descriptions of the purposes, content, sequence, instructional processes, instructional 
resources, assessment and evaluation, and adjustments indicate that Academic Plan Model 
(Figure 1) elements are enacted in a similar manner across courses in the foundational curriculum 
and impact the same group of learners, despite institutional structures indicating that courses 
are managed in a siloed manner. Thus, it is feasible to develop a student-focused, consolidated 
academic plan that creates similar and streamlined educational environments and learning 
experiences encompassing all courses in the foundational curriculum. We found that it may 
be beneficial to develop both a coordinated and collaborative course planning process that: 
concurrently and collaboratively designs academic plans across the interacting courses in the 
foundational curriculum, managed by multiple departments; includes active participation and 
input from the instructors who teach these courses; and considers the goals, characteristics and 
abilities of the students who take these courses sequentially and/or concurrently.

Foundational courses in engineering curricula have been described as seemingly unrelated 
courses that develop critical skills (Lord & Chen, 2014). Our results indicate that this notion of 
un-relatedness may be an outcome of the siloed management of these courses, despite their 
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common goal of cultivating conceptual knowledge and skills, and the fact that these concepts 
and skills are crucial for success in other courses (Streveler et al., 2008), including those within 
the foundational curriculum. The silo mentality for teaching and managing courses is more likely 
to occur in large research-intensive institutions (Alpay & Jones, 2012). It was thus important to 
understand prevailing teaching and learning experiences in FECs in a “bottom-up” approach to 
develop the appropriate course planning structure (Hammond, 2004) that will provide students 
with effective learning environments and positive learning experiences across FECs. 

Participants teaching distinct courses across multiple departments, and who have little to no 
opportunities for collaboration with each other, expressed similar aspirations of working together 
and learning from each other as they strive to facilitate meaning- and connection-making for 
students across their courses. The need to facilitate connections for students is supported by 
literature; at this stage of their academic careers, undergraduate engineers are still in need of 
assistance in connecting what they already know to how their knowledge and skills can be applied 
to new contexts (Ambrose et al., 2010). Thus, helping students make connections across courses 
is an important point for an instructor to consider (Sheppard et al., 2009). Some participants found 
it challenging to help students make connections between fundamental course concepts and 
applications, particularly when they need information beyond their discipline-specific backgrounds; 
developing a holistic academic plan by collaborating with other departments will help streamline 
efforts at meaning-making and transfer across courses. It also addresses the perception of 
disjointed but scaffolded foundational courses by providing students with opportunities to see 
how the knowledge and skills developed in one course are applied in their other courses and 
encouraging students to take a deeper approach to learning engineering. Furthermore, developing 
a holistic and integrated academic plan addressing foundational courses in engineering curricula 
may serve as initial steps towards taking a networked approach to the academic preparation of 
engineers (Sheppard et al., 2009).

OPPORTUNITIES FOR SYNERGY ACROSS COURSES

There are three main considerations when engaging in course planning, as espoused by Posner 
& Rudnitsky (2006): what should be learned, why it should be learned, and how to facilitate the 
learning process. Instructors commonly address these considerations within their own courses. 
Based on our participants’ narratives, we found that what should be learned is largely determined 
by the department, through course coordinators, and provided to instructors. How to facilitate 
the learning process depends on instructors’ preferences and experiences (Stark et al., 1988); 
factors that influenced our participants’ decisions include available instructional resources and 
interactions with students. Their information on why students need to learn is largely based on 
their department’s discipline-specific lens and the intended learning outcomes for the course they 
are teaching as outlined in the common syllabus provided to them. They recognize, however, that 
as instructors of foundational courses, their role involves facilitating opportunities for students to 
develop knowledge and skills that are critical to meeting not only the learning outcomes of the 
courses that they are teaching, but of succeeding discipline-specific courses as well. The outcomes 
of succeeding discipline-specific courses, however, are usually beyond the purview of instructors 
teaching foundational courses in servicing departments, particularly those external to engineering.

Shared course planning efforts across silos through a broader foundational engineering curriculum 
would seem to address the disconnects described by participants. For example, mechanics 
courses may share learning outcomes, course content, sequence, and instructional processes 
with math and physics, so that instructors in these servicing departments may know what skills 
are important for students to develop and why they need them. Sharing information on sequence 
(i.e., arrangement of course content) is particularly critical for co-requisite courses taught by 
service departments that students may concurrently take with engineering courses, to ensure 
that students are able to develop knowledge and skills in a timely manner. Sharing instructional 
processes and course material may help instructors determine how to facilitate learning in 
ways that students will find meaningful and relatable. Efforts to address the concerns raised by 
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participants on information-sharing and collaboration across departments may lead to a more 
robust learning experience for students.

We also noted opportunities to share instructional resources and synergize technology-based 
learning tools. Through project cohort meetings and summits, participants learned about the 
practices and resources of the departments represented in the project, and identified best practices 
that may inform departmental decisions. Expanding and institutionalizing opportunities for 
collaboration beyond our project may maximize the use of institutional resources and streamline 
processes. An example related to our findings may be the use of student response systems; 
departments may come together and agree to using the same technology so that associated 
gains for students are realized across multiple courses that share similar course structures.

CONCLUSION
Findings from this study highlight the potential benefit of 1) having instructors be more actively 
engaged in departmental course planning and management processes; and 2) facilitating 
collaboration across departments managing interacting foundational courses. An implication for 
practice at the department level is to facilitate these opportunities for instructors, acknowledging 
that foundational courses in engineering curricula function as a network of interacting courses, 
and allowing instructors to collaborate when planning learning activities and align course 
coverage according to the needs of succeeding courses. The institution may consider exploring 
what organizational structures and resources are needed; what existing structures and resources, 
such as faculty development and support programs, can be leveraged; and identifying possible 
constraints, to develop an overarching governance structure for coordinated course planning 
across foundational courses in engineering curricula managed by different departments. This 
work may serve as impetus for conversations towards establishing an entity to develop, enact, 
and facilitate collaboration among stakeholders through an academic plan for the foundational 
engineering curriculum at the institution where we conducted the study. This approach of 
acknowledging the networked nature of foundational courses in engineering curricula is in 
keeping with recommendations for the academic preparation of engineers offered by Sheppard 
and colleagues (2009), and such an approach could be translated to other institutional contexts. 
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	Lattuca & Stark, 2009, p. 4
	Stark et al., 1990
	Stark, Lowther, Ryan, Bomotti, et 
	al., 1988

	Lattuca & Stark () emphasize that learners—a specific group of students—should serve as the focal point for designing an academic plan. An academic plan should consider the “characteristics, goals, and abilities” () of the students it is designed for. Keeping learners in mind, the academic plan identifies learning activities that will facilitate the learning process (instructional processes) and what is needed to implement them (instructional resources, e.g., textbooks, learning management systems, classroo
	2009
	Lattuca & Stark, 2009, p. 14
	Lattuca & Stark, 2009
	Stark et al., 
	1990

	FACTORS THAT SHAPE THE EDUCATIONAL ENVIRONMENT
	The Academic Plan Model () acknowledges instructors as key players in the educational environment. It emphasizes that various factors influence instructors’ curricular decisions; that instructors themselves affect the educational environment; and that consequently, their decisions impact students’ educational outcomes. Among the factors that may impact curricular decisions are faculty beliefs about teaching, learning, and students, and the perceived barriers to effective teaching, such as workload (; ). Fac
	Figure 1
	Eccles, 2007
	Yerushalmi et al., 2007
	Eccles, 2007
	Soledad et al., 2018

	The Academic Plan Model also shows the educational environment as a dynamic process that should have feedback mechanisms that enable continuous improvement (). However, creating educational environments that foster positive learning experiences, a responsibility placed mainly on the shoulders of instructors, includes non-academic and non-engineering considerations (e.g., student characteristics) for which instructors may not have the appropriate support and resources (; ; ; ).
	Lattuca & Stark, 
	2009
	Borrego & Henderson, 2014
	Lattuca, Terenzini, & Volkwein, 
	2006
	Schreiner, 2010
	Stark, Lowther, Ryan, Bomotti, et al., 1988

	Finelli and colleagues () found that instructors most frequently talked about “infrastructure and culture” (p. 340) as factors influencing the adoption of effective teaching practices, although they usually referred to these influences as barriers instead of facilitators for change in practice. Instructors also identified “classroom and curriculum,” referring to class sizes, physical infrastructure of classrooms, and flexibility of the curriculum as factors that influence decisions regarding teaching practi
	2014
	Finelli et al., 2014
	Shadle et al., 2017
	Finelli et al., 2014
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	Grohs et al., 2018
	Henderson et al., 2011

	METHODS
	To address our research questions, we qualitatively analyzed transcripts of semi-structured interviews conducted with instructors and examined additional data sources (e.g., participant-provided artifacts, project documentation & artifacts), following guidelines for case study research (). Analysis followed a single case study approach with embedded units of analysis () using the Academic Plan Model as framework. 
	Yin, 2009
	Yin, 
	2009

	RESEARCH DESIGN
	This study used single case study design with embedded units of analysis. The case is defined and bound by the experiences of participating instructors who have taught courses that introduce, address, and develop concepts and skills that are fundamental to engineering disciplines (). An examination of the engineering curricula across the different engineering programs offered by the study location revealed that FECs function as a network of interacting courses, particularly from a purely conceptual and skil
	Yin, 
	2009
	Figure 2
	Figure 2

	As shown in , for engineering curricula at the study location, FECs are managed by multiple departments, some of which reside outside of the College of Engineering (e.g., Math, Physics). Exacerbating the disconnectedness in the planning and implementation of these courses, the tendency to take a “siloed” mentality to teaching () is more likely to occur in a large research institution, something that is counterintuitive to the networked function of FECs. In this study’s context, courses are primarily managed
	Figure 2
	Alpay & Jones, 2012
	Hammond, 2004

	Based on the structure presented in , we chose the single-case study design with embedded units of analysis () because it allowed us to examine the experiences of instructors teaching FECs in a large research-intensive institution with high enrollment of engineering students, while still acknowledging the unique contexts, processes, and practices that departmental administrative structures may bring to their experiences. An embedded case study design is appropriate when the study is examining a single case,
	Figure 2
	Yin, 2009
	Yin, 2009

	We endeavored to describe specific instructors’ experiences within and across embedded units of analysis. Working with a small group of instructors allowed us to build a detailed description of their experiences in the context of the classes they taught. Descriptions from a few individuals’ experiences may be used as a springboard and lens for examining a phenomenon more broadly, an approach that has been found valuable in engineering education research (; )
	Foor et al., 2007
	Pawley, 2019

	PARTICIPANTS AND RESEARCH LOCATION
	This study analyzed data collected from seven participants teaching foundational courses included in engineering curricula in a large, research-intensive, residential, predominantly white institution;  describes the sample. For this study, we focused on project participants who have taught and/or managed the following courses: mathematics (math), physics, and mechanics courses (Statics, Dynamics, Strength of Materials). These courses are part of what we operationally define as the foundational courses in th
	Table 1
	Figure 2

	All engineering disciplines at the institution where we conducted the study require students to take specific math (e.g., Multivariable Calculus) and physics (Foundations of Physics) courses that serve as pre- and/or co-requisites for foundational and discipline-specific engineering courses, including mechanics. Five of the institution’s fourteen engineering disciplines require the entire suite of courses included in the study, and an additional six disciplines require at least one of the mechanics courses.
	The courses included in this study have large enrollments; math and physics cater to approximately 2,000 students, and enrollment in each of the mechanics courses are about half that number. Thus, our analyses examine the academic plan that impacts a significant number of learning environments and experiences. 
	All our participants, who self-selected to participate in the study, are professional teaching faculty whose primary responsibilities are focused on undergraduate education and whose roles do not offer tenure (), although our initial recruitment pool included tenure-track faculty. One participant held a role that included an expectation for research and scholarship, albeit to a lesser degree than what is traditionally expected of tenure-track faculty in a research-intensive institution. Despite the primary 
	Fitzmorris et al., 2020

	To accommodate large enrollments, departments managing the courses offer multiple sections of each course that are taught by multiple instructors. There is a designated course coordinator, usually an instructor who is actively teaching and/or has taught the course, who assumes course management responsibilities, like coordinating the course syllabi, schedule for the semester, and assessment methods, among other activities. Three of our participants have served as coordinators: one coordinated a specific lec
	DATA COLLECTION 
	Primary Data Source
	We used transcripts of semi-structured interviews with these faculty members, who each agreed to be a contributor to a larger institutional change initiative—interviews analyzed in this study occurred at the very start of the faculty members’ engagement in the initiative. Our research team developed the interview protocol, conducted interviews, and had access to project data, documentation, and artifacts. The interview protocol includes prompts focused on participants’ teaching experiences, available resour
	Table 2

	Additional Data Sources
	Case study research guidelines stipulate the triangulation of multiple data sources (; ; ). We examined field notes (i.e., notes taken during interviews, meetings focused on the larger institutional change initiative, and a summer summit on teaching large foundational engineering courses), memos (during analysis), participant-provided artifacts (e.g., course syllabi, course schedule), project artifacts (e.g., brainstorming outputs from project cohort meetings and the summer summit), and institutional data (
	Creswell, 2012
	Stake, 1995
	Yin, 2009

	DATA ANALYSIS
	Primary Data Source
	Data analysis consisted of two coding cycles, acknowledging the iterative nature of qualitative data analysis (; ). Two project team members concurrently and independently conducted analysis and periodically engaged in case analysis meetings to discuss coding decisions, definitions, and themes (). To ensure the integrity of analysis across researchers, the first author conducted first cycle coding by assigning labels to meaningful excerpts in the interview transcript on a subset of the project dataset, supp
	Miles & Huberman, 1994
	Saldana, 2016
	Miles & Huberman, 1994

	Second cycle coding employed pattern coding () to the labels and excerpts from first cycle coding. We used elements of the Academic Plan Model (see ) as categories for coded interview data, classifying first cycle coding outputs under each element. In looking within and across categories, we created tabular displays (). We merged similar codes and excerpts when appropriate, ensuring that we documented each decision so that we can still trace back all consolidated codes to its original form. Although we foll
	Saldana, 2016
	Figure 1
	Miles & Huberman, 1994

	Additional Data Sources
	We used additional data sources, consisting of instructor-provided documents, project artifacts, and accessible institutional data (e.g., course schedules, summer summit workshop outputs, program checksheets) to support and complement statements made in the primary data source. We referred to additional data sources as they relate to, support, and provide context for the findings from the primary data source.
	RESEARCH QUALITY AND LIMITATIONS
	It is important to discuss how research quality and trustworthiness were ensured when conducting case study research (). We used three methods to establish research quality and trustworthiness, using descriptions by Leydens, Moskal, and Pavelich (). First, two researchers employed a code-recode process for first cycle coding. Code-recode consists of initial coding, waiting for a period of time, then recoding to ensure that all meaningful excerpts were coded appropriately and reconfirm initial coding decisio
	Yin, 2009, p. 14
	2004

	All members of the project team have experience as instructors and academic administrators, two in both tenure-track and professional teaching faculty roles. One has taught similarly structured courses included in this study. Our experiences contributed to the motivation to engage in the project, informed the development of our data collection protocol, and helped frame our analysis approach ().
	Massoud, 2022

	This study was limited to project data provided by participants who willingly engaged in a project examining the large class environment in foundational courses in engineering curricula. Similarly, all participants’ main role is to teach; we recognize that instructors in roles with different responsibilities and expectations (e.g., tenure-track faculty) might have unique perspectives and experiences that we are unable to explore. We also acknowledge that there may be inherent biases in responses since parti
	All research work was approved by an Institutional Review Board.
	RESULTS
	This study sought to view the suite of courses in the foundational engineering mechanics curriculum () as an academic plan. Participants’ perceptions and descriptions of the various elements of the Academic Plan Model () describe the educational environment, addressing RQ1: How do instructors describe the educational environment enacted through the foundational engineering curriculum? Events or situations that lead to adjustments to the academic plan describe the factors that influence instructors’ curricul
	Figure 2
	Figure 1

	We organize our findings by presenting participants’ descriptions of the elements of the academic plan and discuss the enactment of each element of the academic plan. We share participants’ perceptions and self-described experiences, supported by selected quotes from the interview and information gleaned from additional sources of data when appropriate. 
	In general, we found that despite teaching distinct courses managed by different departments, participants described the educational environment in their courses and factors that influence curricular decision making in similar ways (see ). The text preceded by a (+) sign represent activities that instructors perceive they are doing well and provide high value for both the students and the institution. The text preceded by a (–) sign represent activities that can be improved, or that instructors wished they 
	Figure 3

	We discuss the findings depicted in  in more detail in the sections that follow.
	Figure 3

	PURPOSES
	All participants shared that they cared about conveying fundamental course concepts and commented on the introductory and foundational nature of the courses that they taught. Participants also shared that they care about ensuring that students are able to connect and apply what they learned to other contexts. Here is an example from two different departmental contexts: 
	Understanding fundamental physics is extremely important for engineers… having them sort of understand the concepts of physics that underlies a lot of engineering disciplines. (Diane, Physics)
	What I’m looking for is that they’re understanding the main concepts that we’re talking about, especially in these fundamental, introduction courses. If they can get just a few basic concepts down, that should support them through all the rest of their courses. (Mike, Mechanics)
	Two of the four participants teaching in the external service departments expressed, however, that it can be challenging to help students make connections and ensure that their teaching is relevant to the engineering degrees students intend to pursue, because they (the participants) lack an engineering background:
	Definitely conveying the topics is my main concern, but also keeping the students interested in what I’m talking about… I also want to have the material I’m teaching somehow relevant to them, and that’s something that I struggle with a little bit, because I don’t have the engineering side. (Marie, Math)
	Participants shared common perceptions about the purposes of the courses they taught, but some participants teaching courses managed by departments external to engineering expressed concerns that they attributed to their non-engineering backgrounds.
	CONTENT AND SEQUENCE
	We present content and sequence together, as all excerpts address these two elements in conjunction. This approach is consistent with the link between content and sequence as indicated in the Academic Plan Model (). Although Lattuca & Stark () indicated that this link is not always evident to instructors, we found that participants’ narratives address both elements as a combined entity, a likely outcome of the coordinated nature of departmental course management.
	Figure 1
	2009

	Participants’ descriptions indicate department-level course management for both units of analysis. Consequently, all participants shared that they followed a common syllabus and course schedule shared across multiple sections and instructors; that their students take a common time final exam; and that certain policies, including that of assessment, are coordinated at the department level, although to varying degrees. An examination of participant-provided documents that included course syllabi and departmen
	There is a central syllabus… assignments are chosen by the course coordinators according to the syllabus with assigned dates across all 50 sections. There’s no deviating from that… even the exams are common. Not only the final, but every exam is common. (Marie, Math)
	Participants who also served as course coordinators for lecture courses described decisions related to coordinating courses as a way to give students across sections a relatively common and comparable learning experience and to ensure that similar student outcomes are addressed across instructors:
	What I’ll do at the start of the semester is put together… a time table. I sent this out to all of the instructors… it lists all the topics that we’re going to cover, and dates for the tests, and homework assignments and that kind of thing. Instructors will play about this a little bit to fit their own teaching style… The idea is all of those students, so that’s maybe eight hundred in statics, will be getting the same experience no matter who’s teaching it. They’re all learning the same material at the same
	The rationale to coordinate courses to ensure coherent learning outcomes and experiences, and designating a coordinator to facilitate conversations and activities across instructors, is in keeping with curriculum planning strategies for implementing systemic change in STEM education ().
	Reinholz & Apkarian, 2018

	Coordinating course schedules and assessment policies varied by course, even within departments managing multiple courses. Based on participants’ narratives for both units of analysis, instructors’ autonomy increases as the course becomes more advanced. For example, Marie qualified that for math, instructors’ autonomy varies depending on the course. The description Marie gave in the excerpt above is for the first course in the calculus sequence; instructors teaching succeeding courses in the sequence, such 
	We are given a syllabus… We do not have to exactly follow that syllabus, so we have some freedom in… structuring things a little differently. What is set is the grading structure, and they ask that you don’t deviate from policies in terms of substituting exams for test grades and stuff like that. And then, the exam is a common time final that’s sort of handed to you to give to your students. But there is some freedom in how you teach the course and how you handle the topics, but you need to cover all the to
	Although there were some variations, participants described course content and sequence as coordinated at the department level, indicating little input, if any, from instructors. Examples of participant input, in cases where input is gathered, included collaboratively writing exams and/or assignments with the other instructors teaching a course:
	So, they write tests as teams. They’ll have certain instructors on a test one team where they’ve written that test, and then another set of instructors will be on the test two team, test three, and then the final. (Participant, Coordinated one course)
	This narrative is similar across participants, whether they have served in coordinator roles or not.
	INSTRUCTIONAL PROCESSES
	Participants shared instructional activities related to solving word problems, and caring about ensuring that students are able to apply the skills learned through these activities to other contexts. We present two examples from different departmental contexts:
	We’re trying to help them learn how to solve problems, to think critically, to look at a situation and sort of figure out what is extraneous information, what’s the most relevant to the problem, being able to apply some fundamental situation to different circumstances that might have different surface features, but realizing there’s some deeper thing. (Diane, Physics)
	I will explain a concept, talk about how it relates to what we were doing last week and what we’re going to do next week, then I’ll relate it to a problem out of the textbook. I’ll solve one and then I’ll have them solve one. They can learn the concept, they can see how to apply it, and then they get some practice doing that. Then these homework problems will relate to that same topic so they get a bit of practice by themselves. (Mike, Mechanics)
	Participants did not expound much on the specific activities and interactions that are going on in the classroom, a possible limitation of the interview prompts. They did, however, share some instructional activities that they would ideally like to do but find difficult, such as effectively facilitating peer interaction in class:
	One thing that I want to happen in my classes, and some semesters it happens, and some it doesn’t, is having conversation between the students and interaction in the classroom… I just have found that I don’t end up having them work in groups as much. You definitely give up certain things, when you get in these big classroom [class] sizes. (Marie, Math)
	I really think making students talk and learn in groups is really important for these harder concepts… if they’re teaching each other, I feel it ingrains better. I don’t think the course as structured right now allows for a lot of that, because there’s so much content to go through. (Vanessa, Mechanics)
	The narratives shared by Marie and Vanessa indicate how the choices that they made in their classes have been influenced and altered by departmental structures that are beyond their control, factors that have been identified as barriers to the implementation of change in STEM classrooms (; ).
	Finelli et al., 2013
	Shadle et al., 2017

	Diane, however, shared the approach she used to facilitate peer interaction in her class:
	I would present a question or a problem, and I would say, “Okay, work with your neighbor, see what you can do.” It was me and an undergraduate learning assistant who would run around the classroom trying to help people, and that worked pretty well considering, you know, there was 150-ish students in there and just the two of us. At least by having them grouped, you know that if you can get at least one person in a group to understand what’s going on, they can disseminate sort of what’s happening. (Diane, Ph
	In the section discussing Purposes, participants described conveying fundamental course concepts and facilitating ways for students to connect and apply what they learned to other contexts. Modeling how a concept is applied in problem solving and facilitating peer interaction are examples of behaviors that allowed participants to achieve their perceptions of the purpose of the courses they taught.
	INSTRUCTIONAL RESOURCES
	Instructional resources are the “materials and settings used in the learning process” (). Participants all mentioned the following instructional resources available for students to support their learning process: a common textbook, a learning management system, an online homework system, and office hours. Since the choice of learning management system is an institutional decision, the two embedded units of analysis use the same system. All participants referred to using an online homework system, but we not
	Lattuca & 
	Stark, 2009, p. 5

	Participants shared several opportunities for students to seek help, including descriptions of how their departments conduct office hours:
	You can get help outside of lecture, and that’s either in my office hours, we have recitation, which is a kind of homework help resource, then they also have common office hours. (William, Physics)
	When they come in here and they work and I keep my door open. At least with the handful of students that utilized that in the fall, it was a very free experience for them to come in here and work. If they had a question, they just came in and ask. They came back out, worked some more… I try to keep a lot of office hours for that reason too, because it is a thing where you can’t accommodate everybody’s learning styles. Some people really just need that… really to be able to sit down and show them on paper so
	It is interesting to note that Victoria’s office, which the research team was given access to, is located within a larger space that includes a common area that students can use for study purposes. This arrangement is not true for the other participants.
	Teaching assistants (TAs) may serve as graders, assist in class, or independently conduct office hours to ensure that students had access to help and feedback, although the function of TAs vary across departments and courses. For example, participants teaching Physics do not receive grading assistance from TAs “mainly because all our tests have to be multiple choice” (William, Physics), but TAs help conduct common office hours:
	This is a service provided by the Physics department where there’s a couple of TAs in a room in [building], and any introductory physics students can go there and get help. (William, Physics)
	The Math department, on the other hand, assigned graders depending on class size:
	Once I got to the larger class I qualified for a grader and while it was a huge benefit in terms of time, because I didn’t have that, there is obviously a little bit of a setback to that because then I’m not looking at my students’ papers. (Marie, Math)
	Diane and William (Physics) also mentioned using clickers in their classes. The use of student response technology, such as clickers, is a means of encouraging and facilitating student engagement in the classroom, particularly in large classes (). Mike, however, acknowledged the potential benefits that may be derived from using them in the classroom, especially for encouraging student engagement, but expressed concerns about cost and undue burden that requiring these tools may place on students:
	Martyn, 2007

	Things like clickers… Using something like that to encourage participation would be great. The only reason I don’t do it in my classes is I don’t want students to have to buy one more thing to have to attend this university. They have to buy laptops… textbooks… If it’s something that everybody did, I wouldn’t mind doing it for my class. At least it’s useful to them for their whole four years here, but I’m not going to make them buy something just for my class. (Mike, Mechanics)
	Participants have common access to some resources, particularly those that are institutional in nature (i.e., learning management system), but there are variations in the instructional technologies used in the classroom or required of students (e.g., homework system, clickers) between our embedded units of analysis. There is an opportunity to coordinate the use of instructional technologies across departments in order to maximize the benefits that may be derived from these tools and resources. 
	LEARNERS
	Lattuca and Stark () emphasize that academic plans should include efforts to accommodate varying student goals, characteristics, and abilities. In this section, we focus on participants’ descriptions of students in their classes to get a sense of who the instructors are interacting with and how students might impact instructors’ decisions. We found that our participants’ interactions with learners are closely tied with small adjustments that they make to the course throughout the semester, which we discuss 
	2009

	Participants, particularly those teaching math and physics, recognized that students in their classes come from a variety of backgrounds and levels of preparedness for college in general and their courses in particular. For example, Marie mentioned that some students may already have credits for Calculus 1: “They’ve had [advanced placement] credit, they’ve got dual enrollment credit.” But there are also students who, for a variety of reasons that include performance in the SATs and high school math [grade-p
	Participants also acknowledged that because they are teaching required fundamental courses, there may be differences in students’ motivations for taking the course:
	I understand that not everybody… loves mathematics, that this is something that they have to take because their major in some other department says they have to take it, and they may love that, but they don’t really love this. (Kevin, Math)
	Since students who take fundamental courses usually do so in the first few academic terms of their undergraduate careers, participants also commented on how students are still going through a period of adjustment and may need guidance in learning how to learn:
	With teaching freshman classes, you know another goal I think is just to get them to learn how to be students, and get them ready for the next step… build in some assessments of their conceptual understanding, and have that be a valuable piece of the course, and not just doing the math and just getting a right answer… I’ve never been an engineering student at [institution] so I don’t know, but just from my interactions with the students that I’ve had, I think students can feel really lost as engineering stu
	There was a dearth in excerpts specifically describing students and the current ways in which student characteristics are integrated into course planning. This may be because of limitations of the interview protocol, as well as prevailing departmental practices related to course management and coordination, where course planning, especially in terms of purposes, content, and sequence, is an exercise that seems to be beyond individual instructors’ purview.
	Participants did identify data on students that they wished they had access to and how they might use it to make curricular decisions:
	It would be helpful to know if there are particular concepts that they’re stuck on that are sort of hindering understanding the broad concepts or being able to apply them correctly… if I find that students are responding better to having more active time in class and really even teaching them the background material or the derivations or whatever are not really that helpful at all that it might be, then I can certainly adjust my approach into focusing more on one thing than the other. (Victoria, Mechanics)
	Mike (Mechanics), on the other hand, expressed frustration with lack of access to data about students beyond what he can deduce through in-class interactions. He wished for access to information about how they were performing in their other classes, and whether he was discussing material at the appropriate level. He said: “I don’t necessarily know what level or how they’ve been performing in their other classes… [there’s] probably a good reason I don’t, but if everyone in my class has a GPA of 3.8 then that
	Comments regarding access to data, or lack thereof, was corroborated through project artifacts and field notes collected during the summer summit on teaching large foundational engineering courses conducted by the project team. All our study participants are part of a larger group of instructors who participated in two summer summits on teaching experiences in large foundational engineering courses, and having access to certain types of data emerged as among the factors that would help support instructors’ 
	Participants’ descriptions of their students indicate large classes composed of a heterogeneous mix of students from varying degrees of preparedness for both the course and navigating the undergraduate engineering learning environment, and motivation to learn. Heterogeneity in a large class setting makes it challenging to relate to and meet individual students’ needs ().
	Mulryan-
	Kyne, 2010

	ASSESSMENT AND EVALUATION
	Assessment and evaluation refers to “strategies used to determine whether decisions about the elements of the academic plan are optimal” (). Participants who taught physics mentioned using the Force Concept Inventory () for course assessment purposes:
	Lattuca & Stark, 2009, p. 5
	Hestenes et al., 1992

	We do something called a Force Concept Inventory test… that helps us gauge the efficacy of the course and that helps us determine what we need to change about it. So they [students] take it at the beginning of the semester, and at the end of the semester, and we see how they improve. (William, Physics)
	Participants also shared the ways they personally sought student feedback to assess the impact of instructional activities on students’ learning processes:
	Periodically, not every semester, I’ll do like a mid-semester survey to the students and just say, “Hey, what’s working, what’s not working?” and I’ve made changes based on those findings before. (Diane, Physics)
	Sometimes when I can sense that the students are struggling a bit, especially with certain topics just at the beginning of class, asking how did the homework go? What did you think of that? Then if they’re still confused about the certain topic, taking that class to go over that topic again. (Vanessa, Mechanics)
	Beyond the Force Concept Inventory, which was unique to physics, and personal attempts by participants to elicit feedback from students, we found little evidence of prevailing practices related to course assessment and evaluation that feed into decisions on adjustments to the academic plan.
	The institution, however, administers end-of-semester student evaluations of teaching surveys, which collect data on students’ perceptions of their experiences in the course. Although a convenient source of institutionally collected data on students’ perceptions of the course and the educational environment, research on end-of-semester student evaluations of teaching surveys has shown issues of bias and related challenges (). Participants’ comments indicate that despite the availability of this institutiona
	Marsh & Farrell, 2015

	I don’t feel like it’s honestly helped me at all. My scores have been fine. I’m very happy with the scores that I get, but I get like a 30-something percent response rate… Generally, all they’re saying is that I go too fast, when I’m always behind with the schedule I should be, so I don’t know how much slower I can go… they’re not really giving me anything constructive… I have to cover all the material, so when they’re saying I’m going too fast, I don’t know. (Marie, Math)
	The institution allows departments to append course-specific items to end-of-semester student evaluations of teaching surveys. Mike (Mechanics) shared that their department included items in the survey that asked students to provide self-reported ratings on particular course-related skills. He lamented, however, that instructors only had access to their own data and not aggregate responses across course sections. Since courses are coordinated across section, Mike argues that such information would have been
	If there’s something that every single section is not coming across properly, that would be nice to know. I don’t know that at the moment. That would be nice to know because then I can kind of change the schedule around and make a point to tell people we need to spend more time on this. (Mike, Mechanics) 
	Kevin (Math), on the other hand, expressed a desire to evaluate the course he taught based on students’ perceptions of how the course prepared them for success in the succeeding course:
	I’d like to have some student-generated data on how effective was I at my goal of connecting this course to what came later. I’d like to know if I teach Linear Algebra in the fall semester, I like to hear back at the end of the spring semester, now that you’ve taken Differential Equations… how successful was I at that goal? (Kevin, Math)
	Participants’ comments above indicate missed opportunities to leverage student-provided course assessment data productively. In the absence of course-level practices that inform adjustments-related decisions to the academic plan based on the data, it indicates a need to strengthen the link between assessment and adjustments, at least for the courses included in the study.
	ADJUSTMENTS
	Participants shared that interaction with students, which generates student-based feedback in various forms, primarily inform the curricular decisions and adjustments that they make for the course:
	As I teach something on Monday, my students, there are things that they have questions about, or not sure about, and now I have to rethink what I’m going to do on Friday to incorporate that feedback… If there is something I have attempted differently, I might ask them specifically, I would like to see your comments… That’s the part that’s valuable for me. I will sometimes ask them to comment on some specific aspect that I’ve had to change, or adapt, or something. (Kevin, Math)
	Every class is so different depending on the students that are in there. They all kind of have a different personality, and so it’s purely driven by what I’m feeling like what I’m getting back from the students. (Victoria, Mechanics)
	Although participants mentioned making adjustments to their courses, the data did not address what these specific adjustments were, to what elements in the academic plan these adjustments were made, and how the course changed because of these changes. Most narratives imply changes to instructional activities, and most referred to small changes to the planned activities for the day to accommodate the need to address difficulties or the need to clarify specific topics. Adjustments to the purposes, content, an
	One idea related to course planning and curricular decision making is the notion of collaborating with instructors from other departments:
	So, as a resource that I would like, like from the department from the university is maybe to afford us some time to connect with colleagues outside of the department when we’re teaching a class that services other departments, to get some input from those departments on why their students are in my room. (Kevin, Math)
	Kevin spoke of this suggestion as a means of getting input for planning what course topics to emphasize and what skills are critical for succeeding in courses taken in other departments. Kevin also cared about making relevant to students’ disciplines the examples he discusses in class and the learning activities he facilitates so that students may more easily make connections between the math concepts and skills with discipline-specific contexts: 
	I want them to come out of this class with a sense of understanding why their department decided that this was an important class for them to take. That, they have some confidence about how this class fits into their profession, and their field… that this isn’t just a bureaucratic hoop they had to jump through. (Kevin, Math)
	In particular, he asks the following questions:
	The challenge for me is that if I want to make this course meaningful, connected to the other field of study, and it’s not a field of study that I know much about, I want to know enough about these other fields to get an insight as to why they made their students take a [math] class, where are they going to be using this? So, I find myself asking, what kinds of things do you cover in statics, and what kind of things do you cover in crystallography, and what other topics do you cover that cause a student to 
	Marie (Math), Diane (Physics), and Mike (Mechanics) also shared Kevin’s sentiments about the potential benefits of collaborating across departments during their interviews. Mike, in particular, commented:
	Being able to get instructors of these different courses together, usually even different departments which is probably why we don’t do it, getting them together, talk about exactly what’s covered, what isn’t covered, what they expect, and what they don’t teach as well, would probably make our instructors’ lives a lot easier, especially the new ones coming in the first couple times they teach these courses. (Mike, Mechanics)
	This idea of collaborating across departments was also documented in project artifacts examined for this study. It emerged during an institutional change project meeting conducted with the larger group of project participants, and thus received agreement from other faculty members who were not part of this particular study. 
	DISCUSSION AND RECOMMENDATIONS
	We observed similarities across embedded units of analysis, for all elements of the Academic Plan Model, which confirm our earlier assertion that institutions may want to consider the suite of interacting foundational courses in engineering curricula more explicitly as a common curriculum. We highlight the following key findings:
	1. Courses within foundational engineering curricula have a shared purpose, strive to provide a common learning experience for students, and contribute to achieving student outcomes that promote student success in subsequent discipline-specific courses, based on our participants’ perspectives. We found that this shared purpose transcended current institutional structures, where separate departments managing the courses operated in silos. Thus, it may be beneficial to consider these courses collectively and 
	2. The fundamental concepts and skills developed in each foundational course that have been known to be critical for success in courses within and beyond the foundational engineering curricula are interconnected at some level or form. Thus, FECs are closely related. There are opportunities for synergy across these courses that will be beneficial for instructors teaching the courses and for students’ learning processes and experiences.
	3. Results confirm that instructors are both critical decision-makers and stakeholders in a broader academic plan in which they have limited control. Promoting continuous improvement through an overarching student-focused academic plan for a foundational engineering curriculum will benefit from engaging instructors across multiple departments as equal partners in course and curriculum planning.
	SHARED PURPOSES, LEARNING EXPERIENCES, AND OUTCOMES: AN ACADEMIC PLAN FOR FOUNDATIONAL ENGINEERING CURRICULUM
	Participants’ descriptions of the purposes, content, sequence, instructional processes, instructional resources, assessment and evaluation, and adjustments indicate that Academic Plan Model () elements are enacted in a similar manner across courses in the foundational curriculum and impact the same group of learners, despite institutional structures indicating that courses are managed in a siloed manner. Thus, it is feasible to develop a student-focused, consolidated academic plan that creates similar and s
	Figure 1

	Foundational courses in engineering curricula have been described as seemingly unrelated courses that develop critical skills (). Our results indicate that this notion of un-relatedness may be an outcome of the siloed management of these courses, despite their common goal of cultivating conceptual knowledge and skills, and the fact that these concepts and skills are crucial for success in other courses (), including those within the foundational curriculum. The silo mentality for teaching and managing cours
	Lord & Chen, 2014
	Streveler et al., 2008
	Alpay & Jones, 2012
	Hammond, 2004

	Participants teaching distinct courses across multiple departments, and who have little to no opportunities for collaboration with each other, expressed similar aspirations of working together and learning from each other as they strive to facilitate meaning- and connection-making for students across their courses. The need to facilitate connections for students is supported by literature; at this stage of their academic careers, undergraduate engineers are still in need of assistance in connecting what the
	Ambrose et al., 2010
	Sheppard et al., 2009
	Sheppard et al., 2009

	OPPORTUNITIES FOR SYNERGY ACROSS COURSES
	There are three main considerations when engaging in course planning, as espoused by Posner & Rudnitsky (): what should be learned, why it should be learned, and how to facilitate the learning process. Instructors commonly address these considerations within their own courses. Based on our participants’ narratives, we found that what should be learned is largely determined by the department, through course coordinators, and provided to instructors. How to facilitate the learning process depends on instructo
	2006
	Stark et al., 1988

	Shared course planning efforts across silos through a broader foundational engineering curriculum would seem to address the disconnects described by participants. For example, mechanics courses may share learning outcomes, course content, sequence, and instructional processes with math and physics, so that instructors in these servicing departments may know what skills are important for students to develop and why they need them. Sharing information on sequence (i.e., arrangement of course content) is parti
	We also noted opportunities to share instructional resources and synergize technology-based learning tools. Through project cohort meetings and summits, participants learned about the practices and resources of the departments represented in the project, and identified best practices that may inform departmental decisions. Expanding and institutionalizing opportunities for collaboration beyond our project may maximize the use of institutional resources and streamline processes. An example related to our fin
	CONCLUSION
	Findings from this study highlight the potential benefit of 1) having instructors be more actively engaged in departmental course planning and management processes; and 2) facilitating collaboration across departments managing interacting foundational courses. An implication for practice at the department level is to facilitate these opportunities for instructors, acknowledging that foundational courses in engineering curricula function as a network of interacting courses, and allowing instructors to collab
	2009

	FUNDING INFORMATION
	This work was funded in part by a National Science Foundation Grant (DUE-1712089).
	COMPETING INTERESTS
	The authors have no competing interests to declare.
	AUTHOR CONTRIBUTIONS
	Michelle conceptualized the study, conducted qualitative data analysis, and prepared the initial draft of the paper. Michelle selected the theoretical framework and methodology by incorporating discussions with and input from Jacob, who serves as PI for the grant funding the work. David, who is also a co-PI on the grant, and Homero also provided insights into data analysis and initial draft preparation. These discussions and inputs were provided through weekly grant meetings and regular correspondence. Home
	AUTHOR AFFILIATIONS
	REFERENCES
	Alpay, E. & Jones, M. E. (2012). Engineering education in research-intensive universities. European Journal of Engineering Education, 37(6), 609–626. DOI: 
	https://doi.org/10.1080/03043797.2012.736953

	Ambrose, S. A., Bridges, M. W., DiPietro, M., Lovett, M. C., & Norman, M. K. (2010). How Learning Works: Seven Research-Based Principles for Smart Teaching. John Wiley & Sons.
	Besterfield-Sacre, M., Cox, M. F., Borrego, M., Beddoes, K., & Zhu, J. (2014). Changing engineering education: Views of US faculty, chairs, and deans. Journal of Engineering Education, 103(2), 193–219. DOI: 
	https://doi.org/10.1002/jee.20043

	Borrego, M., & Henderson, C. (2014). Increasing the use of evidence-based teaching in STEM higher education: A comparison of eight change strategies. Journal of Engineering Education, 103(2), 220–252. DOI: 
	https://doi.org/10.1002/jee.20040

	Brewe, E., Kramer, L., & O’Brien, G. (2009). Modeling instruction: Positive attitudinal shifts in introductory physics measured with CLASS. Physical Review Special Topics-Physics Education Research, 5(1), 013102. DOI: 
	https://doi.org/10.1103/PhysRevSTPER.5.013102

	Chen, J. C., Whittinghill, D. C., & Kadlowec, J. A. (2010). Classes that click: Fast, rich feedback to enhance student learning and satisfaction. Journal of Engineering Education, 99(2), 159–168. DOI: 
	https://doi.org/10.1002/j.2168-9830.2010.tb01052.x

	Christiansen, H., Benzley, S., Guthrie, S., & Paudel, G. (2009). Efficient Teaching Of Elementary Engineering Mechanics Courses. 14.522.1–14.522.14. 
	https://peer.asee.org/efficient-teaching-of-elementary-engineering-mechanics-courses

	Coburn, K. L., & Treeger, M. L. (1997). Letting go: A parents’ guide to understanding the college years (3rd ed.). HarperCollins Publishers, Inc.
	Creswell, J. W. (2012). Qualitative inquiry and research design: Choosing among five approaches. SAGE.
	Eccles, J. S. (2007). Families, schools, and developing achievement-related motivations and engagement. In J. E. Grusec & P. D. Hastings (Eds.), Handbook of socialization: Theory and research (pp. 665–691). The Guilford Press.
	Finelli, C. J., Daly, S. R., & Richardson, K. M. (2014). Bridging the research‐to‐practice gap: Designing an institutional change plan using local evidence. Journal of Engineering Education, 103(2), 331–361. DOI: 
	https://doi.org/10.1002/jee.20042

	Finelli, C. J., Richardson, K. M., & Daly, S. R. (2013). Factors that influence faculty motivation of effective teaching practices in engineering. 2013 ASEE Annual Conference & Exposition, Atlanta, GA. DOI: 
	https://doi.org/10.18260/1-2--19604

	Fitzmorris, C., Shehab, R., & Trytten, D. (2020). As necessary as the cleaning crew: Experiences of respect and inclusion among full-time non-tenure-track electrical engineering faculty at research-intensive institutions. IEEE Transactions on Education, 63(4), 263–272. DOI: 
	https://doi.org/10.1109/TE.2020.2978643

	Foor, C. E., Walden, S. E., & Trytten, D. A. (2007). “I wish that I belonged more in this whole engineering group”: Achieving individual diversity. Journal of Engineering Education, 96(2), 103–115. DOI: 
	https://doi.org/10.1002/j.2168-9830.2007.tb00921.x

	Gahagan, J., & Hunter, M. S. (2006). The second-year experience: Turning attention to the academy’s middle children. About Campus, 11(3), 17–22. DOI: 
	https://doi.org/10.1002/abc.168

	Grohs, J., Young, G., Soledad, M., & Knight, D. (2018). Leveraging local data for reflective teaching in large classes. Innovations in Education and Teaching International, 1–11. DOI: 
	https://doi.org/10.1080/14703297.2018.1433548

	Hammond. (2004). Herding cats in university hierarchies: Formal structure and policy choice in American research universities. In R. G. Ehrenberg (Ed.), Governing Academia: Who is in charge at the modern university? (pp. 91–138). Cornell University Press.
	Henderson, C., Beach, A., & Finkelstein, N. (2011). Facilitating change in undergraduate STEM instructional practices: An analytic review of the literature. Journal of Research in Science Teaching, 48(8), 952–984. DOI: 
	https://doi.org/10.1002/tea.20439

	Henderson, C., & Dancy, M. H. (2011). Increasing the impact and diffusion of STEM education innovations. Forum on the Impact and Diffusion of Transformative Engineering Education Innovations, New Orleans, LA. 
	https://www.nae.edu/default.aspx?ID=26293

	Hestenes, D., Wells, M., & Swackhamer, G. (1992). Force concept inventory. The Physics Teacher, 30(3), 141–158. DOI: 
	https://doi.org/10.1119/1.2343497

	Jablokow, K., Spreckelmeyer, K. N., Hershfield, J., Hershfield, M., McEachern, C., Steinert, M., & Leifer, L. (2014). Exploring the impact of cognitive style and academic discipline on design prototype variability. 24.587.1–24.587.13. 
	https://peer.asee.org/exploring-the-impact-of-cognitive-style-and-academic-discipline-on-design-prototype-variability

	Jamieson, L. H., & Lohmann, J. R. (2012). Innovation with impact: Creating a culture for scholarly and systematic innovation in engineering education. American Society for Engineering Education. 
	https://aseecmsprod.azureedge.net/aseecmsprod/asee/media/content/member%20resources/pdfs/innovation-with-impact-report.pdf

	Knight, D. B., Cameron, I. T., Hadgraft, R. G., & Reidsema, C. (2016). The influence of external forces, institutional forces, and academics’ characteristics on the adoption of positive teaching practices across Australian undergraduate engineering. International Journal of Engineering Education, 32(2A), 695–711. 
	http://hdl.handle.net/10453/98088

	Lattuca, L. R., & Stark, J. S. (2009). Shaping the college curriculum: Academic plans in context (2nd ed.). Jossey-Bass.
	Lattuca, L. R., Terenzini, P. T., & Volkwein, J. F. (2006). Panel Session – Engineering Change: Findings from a Study of the Impact of EC2000. Proceedings of the 36th ASEE/IEEE Frontiers in Education Conference, 1–2. DOI: 
	https://doi.org/10.1109/FIE.2006.322520

	Leydens, J. A., Moskal, B. M., & Pavelich, M. J. (2004). Qualitative methods used in the assessment of engineering education. Journal of Engineering Education; Washington, 93(1), 65–72. Citations: 91. DOI: 
	https://doi.org/10.1002/j.2168-9830.2004.tb00789.x

	Lord, S. M., & Chen, J. C. (2014). Curriculum Design in the Middle Years. In Cambridge handbook of engineering education research (pp. 181–195). Cambridge University Press. DOI: 
	https://doi.org/10.1017/CBO9781139013451.014

	Marra, R. M., Rodgers, K. A., Shen, D., & Bogue, B. (2012). Leaving engineering: A multi-year single institution study. Journal of Engineering Education, 101(1), 6–27. DOI: 
	https://doi.org/10.1002/j.2168-9830.2012.tb00039.x

	Marsh, J. A., & Farrell, C. C. (2015). How leaders can support teachers with data-driven decision making: A framework for understanding capacity building. Educational Management Administration & Leadership, 43(2), 269–289. DOI: 
	https://doi.org/10.1177/1741143214537229

	Martyn, M. (2007). Clickers in the classroom: An active learning approach. Educause Quarterly, 30(2), 71. 
	http://educationgroup.mit.edu/HHMIEducationGroup/wp-content/uploads/2011/04/Clickers.pdf

	Massoud, M. F. (2022). The price of positionality: Assessing the benefits and burdens of self-identification in research methods. Journal of Law and Society, 49(S1), S64–S86. DOI: 
	https://doi.org/10.1111/jols.12372

	McKeachie, W. J., Pintrich, P. R., Lin, Y.-G., & Smith, D. A. F. (1987). Teaching and learning in the college classroom: A review of the research literature (p. 124). National Center for Research to Improve Postsecondary Teaching and Learning, University of Michigan. 
	https://eric.ed.gov/?id=ED314999

	Menges, R. (2000). Shortcomings of research on evaluating and improving teaching in higher education. In K. E. Ryan (Ed.), Evaluating teaching in higher education: A vision for the future (pp. 5–11). Jossey-Bass Inc. DOI: 
	https://doi.org/10.1002/tl.8301

	, R. J., & Austin, A. E. (2001). Teaching in higher education. In V. Richardson (Ed.), Handbook of research on teaching (4th ed.), (pp. 1122–1156). American Educational Research Association.
	Menges

	Miles, M. B., & Huberman, A. M. (1994). Qualitative data analysis: An expanded sourcebook (2nd ed). Sage Publications.
	Mulryan-Kyne, C. (2010). Teaching large classes at college and university level: Challenges and opportunities. Teaching in Higher Education, 15(2), 175–185. DOI: 
	https://doi.org/10.1080/13562511003620001

	National Academies of Sciences, Engineering, and Medicine. (2016). Barriers and opportunities for 2-year and 4-year STEM degrees: Systemic change to support students’ diverse pathways (S. Malcom & M. Feder, Eds.). National Academies Press. 
	http://www.nap.edu/catalog/21739

	National Research Council. (2012). Discipline‐based educational research: Understanding and improving learning in undergraduate science and engineering. National Academies Press. 
	https://nap.nationalacademies.org/download/13362

	Parry, M. (2012, April 29). “Supersizing” the college classroom: How one instructor teaches 2,670 students. The Chronicle of Higher Education. 
	http://chronicle.com/article/How-One-Instructor-Teaches/131656/

	Pascarella, E. T., & Terenzini, P. T. (2005). How college affects students: A third decade of research (Vol. 2). Jossey-Bass Inc.
	Pawley, A. L. (2019). Learning from small numbers: Studying ruling relations that gender and race the structure of US engineering education. Journal of Engineering Education, 108(1), 13–31. DOI: 
	https://doi.org/10.1002/jee.20247

	Posner, G. J., & Rudnitsky, A. N. (2006). Course design: A guide to curriculum development for teachers (7th ed.). Pearson.
	Reinholz, D. L., & Apkarian, N. (2018). Four frames for systemic change in STEM departments. International Journal of STEM Education, 5(1), 1–10. DOI: 
	https://doi.org/10.1186/s40594-018-0103-x

	Saldana, J. (2016). The coding manual for qualitative researchers (3rd ed.). SAGE Publications.
	Schreiner, L. A. (2010). The critical role of faculty and faculty development in sophomore success. In M. S. Hunter, B. F. Tobolowsky, J. N. Gardner, S. E. Evenbeck, J. A. Pattengale, M. A. Schaller, & L. A. Schreiner (Eds.), Helping sophomores succeed: Understanding and improving the second-year experience (pp. 129–145). Jossey-Bass.
	Seymour, E., & Hewitt, N. M. (1997). Talking about leaving: Why undergraduates leave the sciences. Westview Press.
	Shadle, S. E., Marker, A., & Earl, B. (2017). Faculty drivers and barriers: Laying the groundwork for undergraduate STEM education reform in academic departments. International Journal of STEM Education, 4(1), 1. DOI: 
	https://doi.org/10.1186/s40594-017-0062-7

	Sheppard, S. D., Macatangay, K., Colby, A., & Sullivan, W. (2009). Educating engineers: Designing for the future of the field. Jossey-Bass Inc.
	Soledad, M., & Grohs, J. (2016). Understanding faculty experiences in teaching large classes: A pilot study on faculty perceptions of teacher-student interaction in foundational engineering courses. The 2nd Annual Teaching Large Classes Conference. 
	http://www.teachinglargeclasses.org/conference/proposals/proposal206.doc

	Soledad, M., Matusovich, H. M., & Carrico, C. (2018). Faculty perceptions of the teaching and learning experience in fundamental mechanical engineering courses. 2018 ASEE Annual Conference & Exposition. 
	https://peer.asee.org/faculty-perceptions-of-the-teaching-and-learning-experience-in-fundamental-mechanical-engineering-courses

	Stake, R. E. (1995). The art of case study research. SAGE Publications, Inc.
	Stark, J. S., Lowther, M. A., Bentley, R. J., Ryan, M. P., Martens, G. G., Genthon, M. L., Wren, P. A., & Shaw, K. M. (1990). Planning introductory college courses: Influences on faculty (Technical Report TR-89-C-003.0). National Center for Research to Improve Postsecondary Teaching and Learning, University of Michigan. 
	http://files.eric.ed.gov/fulltext/ED330277.pdf

	Stark, J. S., Lowther, M. A., Ryan, M., Bomotti, S. S., Genthon, M., Martens, G., & Haven, C. L. (1988). Reflections on course planning: Faculty and students consider influences and goals (Technical Report NCRIPTAL-TR-88-C-002.0; p. 225). National Center for Research to Improve Postsecondary Teaching and Learning, University of Michigan. 
	http://files.eric.ed.gov/fulltext/ED316067.pdf

	Stark, J. S., Lowther, M. A., Ryan, M. P., & Genthon, M. (1988). Faculty reflect on course planning. Research in Higher Education, 29(3), 219–240. DOI: 
	https://doi.org/10.1007/BF00992924

	Stites, N. A., Berger, E., Deboer, J., & Rhoads, J. F. (2019). A cluster-based approach to understanding students’ resource-usage patterns in an active, blended, and collaborative learning environment. International Journal of Engineering Education, 35(6), 1738–1757.
	Streveler, R., Litzinger, T., Miller, R., & Steif, P. (2008). Learning conceptual knowledge in the engineering sciences: Overview and future research directions. Journal of Engineering Education, 97(3), 279–294. . DOI: 
	www.summon.com
	https://doi.org/10.1002/j.2168-9830.2008.tb00979.x

	Suresh, R. (2006). The relationship between barrier courses and persistence in engineering. Journal of College Student Retention: Research, Theory & Practice, 8(2), 215–239. DOI: 
	https://doi.org/10.2190/3QTU-6EEL-HQHF-XYF0

	Toral, S. L., Martínez-Torres, M. del R., Barrero, F., Gallardo, S., & Durán, M. J. (2007). An electronic engineering curriculum design based on concept-mapping techniques. International Journal of Technology and Design Education, 17(3), 341–356. DOI: 
	https://doi.org/10.1007/s10798-007-9042-4

	Vasquez, H., Fuentes, A. A., Kypuros, J. A., & Azarbayejani, M. (2015). Early identification of at-risk students in a lower-level engineering gatekeeper course. The Institute of Electrical and Electronics Engineers, Inc. (IEEE) Conference Proceedings., 1–9. DOI: 
	https://doi.org/10.1109/FIE.2015.7344361

	Yerushalmi, E., Henderson, C., Heller, K., Heller, P., & Kuo, V. (2007). Physics faculty beliefs and values about the teaching and learning of problem solving. I. Mapping the common core. Physical Review Special Topics-Physics Education Research, 3(2), 020109. DOI: 
	https://doi.org/10.1103/PhysRevSTPER.3.020109

	Yin, R. K. (2009). Case study research: Design and methods. SAGE.

	Instructors’ Beliefs on the Importance of Inter-Departmental Curriculum Planning for Engineering Student Learning
	Instructors’ Beliefs on the Importance of Inter-Departmental Curriculum Planning for Engineering Student Learning

	ABSTRACT
	ABSTRACT
	Background: Foundational courses in engineering curricula (FECs) are critical to student success in engineering but tend to consist of large lecture-style learning environments at many universities, which can be challenging for many learners. Moreover, faculty from multiple departments within and external to engineering tend to be responsible for teaching and managing FECs. Thus, it can be challenging to streamline students’ learning outcomes and experiences across these courses despite having a shared purp
	Purpose: This study considered several FECs taught at a large research institution. It sought to describe the educational environments (RQ1) and the factors that influence curricular decision-making processes (RQ2) in these courses from instructors’ perspectives.
	Design/Methods: This study utilized case study methodology and organized data collection and analysis with the Academic Plan Model. Data consisted of semi-structured interviews, participant-provided documents, project artifacts, and publicly accessible institutional data. Analysis consisted of two qualitative coding cycles.
	Results: Results indicated similarities in participants’ descriptions of the educational environment in their courses and the factors that influence curricular decision making. Similarly, they expressed the need for more collaboration across multiple departments to facilitate learning and transfer across the curriculum, but the institution currently lacks the mechanism for this collaboration. 
	Conclusions: Institutions should consider thinking about teaching experiences holistically across curricula. We recommend a student-focused, collaborative, and holistic academic plan that encompasses all courses in the foundational curriculum and engages instructors of FECs across multiple departments as equal partners in the learning process.
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