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Work-in-Progress: Inclusive Learning and Teaching Strategies or Effective Course
Design? Constructing Significant Learning Experiences in Low and High Achieving
Learners

Background
While the percentage of Science, Technology, Engineering, and Mathematics (STEM) majors
continues to decline in the United States, the ongoing shortages of under-represented groups and
minorities remain for these majors and in the workforce [1-2]. Addressing diversity barriers or
challenges are paramount in engineering education as racial, gender, and ethnic biases
marginalize under-represented students like African Americans, students of low socio-economic
status, women, and Hispanics. These negative perceptions and stereotypes of under-represented
students have reportedly affected student learning and performance [3]. The lack of inclusion or
having a sense of belonging can occur in the classroom from the remarks of students or
instructors via student-student or student-instructor interactions. Although the instructor or a
student may unintentionally state or imply stereotypes, a subtle trace can disengage under-
represented students possibly causing them to change majors. Certain instructional strategies
may remove stereotypes by creating an inclusive learning environment. While the instructor
initiates these strategies, it is through the joint-actions of students and teacher(s) to establish and
sustain the classroom environment. One way these actions can be indicators of broadening
participation in under-represented groups is through The National Science Foundation’s (NSF)
framework proposes indicators of Diversity and Inclusion which can be short- or long-term
changes of under-represented student outcomes at the institutional and individual level [4]. At
the individual level, the indicators are intellectual and social participation with peers, retention,
persistence, student experiences in successfully completing courses, and attitudes like confidence
in abilities). Measures of individual factors like class participation, confidence in abilities, and
performance on course assignments are shaped by the instructor’s teaching strategies.

Although traditional instructional practices are prominent in science, technology, engineering,
and mathematics (STEM) undergraduate courses, such as lecturing, [5], students in active-
learning instruction have been reported to perform better than students from traditional
instruction[5]. Traditional lecturing has been reported as less effective for student learning
because students are passive participants with minimal opportunity to interact and participate
with instructor [6-7]. Over time, the continuous passive engagement and lack of participation are
less effective for student learning versus students having a more active participatory role in
purposeful activities [8].
Student engagement and their perceptions of effective instructional activities have been
positively correlated with achievement (GPA), critical thinking, and retention of first-year
students from different racial and ethnic backgrounds [5-6]. This study aims to deeply investigate
student-instructor interactions in a first-year chemical engineering course. The following
research questions seek to supplement the investigation of the class environment by better
understanding students’ perspectives and how they participate and interact with the instruction in
a first-year chemical engineering course asking:

1. What are students’ perceptions of effective instructional and learning strategies?

2. Do students’ perceptions vary by performance, achievement, or group?



While there are other strategies to establish inclusive class environments as stated in chapter 6 of
How Learning Works [11], joint-actions like student-instructor interactions have been found to
be effective in improving students’ motivation [12], perceptions of being successful [13],
participation in class activities [9], [10], [14].

Some factors reported discouraging motivations are competitive classroom environments and
grades [14]. While grades are an evaluation of student learning inferred by the instructor,
students’ grades have been interpreted by students as a measure of success and achievement.
Students with lower performance or grades, therefore, become less motivated and doubt their
abilities to be successful in the engineering program. Other educational factors reported as
discouraging to students’ motivation were time commitment on course tasks and the quality of
teaching with large effects for female than male students [14]. Although grades reflect students’
competence and indicate growing opportunities, how students interpret the grades to impact their
motivation and persistence in engineering.

Student Learning Framework

Learning is an active process requiring meaningful construction of content to-be-learned and
reorganizing it with one’s prior knowledge [15]. Student learning can presumably be reflected in
the students’ performance on course assignments as each assignment is a demonstration of what
students can do with the content. While poor or good performance on an assignment is indicative
of learning, a single instantaneous measure of performance is unreliable in determining if
learning has occurred [15]. Therefore, multiple measures of student learning are required with
the accumulation of these performances resulting in the students’ achievement. Student
achievement defined here as the students’ final grade in a course comprised of subsequent
performances on course assignments. While effective instruction has been evaluated by student
achievement [16], student perceptions and explanations can triangulate effective instructional
practices and potentially distinguish what is and isn’t working.

Student performance on assignments is an evaluation of students understanding or learning
which collectively compose their final grade in the course, student achievement. Student
achievement has positively been correlated with class participation/engagement, diverse teaching
methods, clear course goals, teacher-student rapport, class structure, and classroom environment
[6], [12], [16]-[20]. The classroom environment describes the class dynamics and interactional
patterns between the instructor and students which is viewed in this paper as the mode the
instructor facilitates thinking and student learning.

Methodology and Methods

This study purposefully selected an introductory to chemical engineering course, process
fundamentals, taught by an instructor who has been recognized for their distinguished teaching
by the university. Although the studied instructor was recognized as a distinguished instructor,
the award alone doesn’t justify their instructional practices to be more effective than others
necessarily. However, at a large research institution, an instructor recognized for distinguished
teaching suggests something is salient, impactful or meaningful to some capacity in their course
or instruction. While previous literature can inform the researchers of potential factors, it is
argued that applying quantitative methods would oversimplify the nuances and/or relational
processes, student-instructor interactions, and student perspectives.



Multiple methods were utilized to gather evidence to identify effective instructional and learning
strategies. An ethnographic approach was taken to assess explain the culture of the classroom via
observations. The classroom observations served to inform the survey items while a survey was
developed to capture the students’ experiences. The survey contained multiple items capturing a
range of student perceptions followed by semi-structured interviews to corroborate students’
responses from the survey. From the survey results, students were selected based on their survey
responses. The student perceptions from the survey responses would be followed up by a semi-
structured interview to corroborate their self-reported responses to the survey.

Course Description

The instructor is a clinical track faculty member at a large research institution. Clinical track
faculty members are contracted by each department with future appointments being contingent
on teaching success. The site being studied is a college level course where newly accepted
discipline students must successfully complete the course before proceeding to later courses. The
studied population comprised of 44 of 46 newly admitted chemical engineering students. Since
the students are newly admitted into the program, they may be considered novices in discussing
topics in the subject domain.

Methods

While the data analysis is ongoing, the survey questions had a 4-Likert scale to measure
students’ perceptions. Most survey questions utilized a 4-item Likert scale from Strongly
Disagree, Disagree, Agree, to Strongly Agree. Multiple items asked students about the
classrooms’ environment, activities and interactions as well as self-efficacy. 42 of the 46
undergraduate chemical engineering students consented to participate in the study. A closed-
ended survey was administered to participants with a 52% response rate.

Preliminary Results
74% of the responding students indicated the homework and in-class worksheets were most
conducive to their learning while reading the textbook was perceived by 60% of the respondents
as the least effective learning strategy. All student responses agree (~77% strongly agree) that the
class was structured in a way that fostered learning which developed their problem-solving skills
(~60% strongly agree).

e in-class activities to be most in learning and understanding concepts

e the instructor structured class inviting of student participation and engaging

All of the undergraduate chemical engineering students agreed they had developed problem-
solving skills from the course with 95% feeling confident in applying what they learned in the
course to future chemical engineering coursework.

Future work

While multiple students were recruited, only one student agreed to participate in an interview. A
semi-structured protocol was used to allow for the student to elaborate on their survey responses
and learning experiences. The interview will be transcribed and holistically coded for a broad
understanding of experiences.
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