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Student Lifelong Learning Outcomes
For Different Learning Environments

Abstract

Calls for educational reform emphasize the need for students to develop a capacity for lifelong
learning. Lifelong learners may be characterized as curious, motivated, reflective, analytical,
persistent, flexible, and independent — traits that are critical for success in today’s globalized
economy. Engineering educators and ABET recognize that students’ development of such aptitudes
is vital for their success and that instructors play a critical role in influencing such outcomes.
However, there is a critical lack of research in this area. We are conducting a study investigating
how instructor choices affect student outcomes related to their development as lifelong learners.
This research examines a variety of undergraduate engineering courses at four different institutions
with four different instructors employing a range of active-learning pedagogies. Our theoretical
framework comes from the literature on self-regulated learning recognizing the critical need for
lifelong learners to be self-regulated. In this paper, we consider the research questions “In what
ways do pedagogical choices made by engineering instructors assist students to develop attitudes
and behaviors associated with self-regulated learners?” and “What are students’ perceptions of the
degree to which the different pedagogies support their development as independent learners?”
Student outcomes are measured using the Motivated Strategies for Learning Questionnaire
(MSLQ), a widely used self-report instrument intended to measure motivation and use of different
learning strategies. Dependent groups t-tests were used to compare within-group differences from
pre- to post-course. Significant differences were found for student outcomes on several subscales of
the MSLQ. The learning environment, specifically the students’ perceptions of faculty support for
their growth as independent learners, was measured using the Learning Climate Questionnaire
(LCQ), and we interpret the MSLQ results in light of these results. The different ways that students
change in different courses suggest that different pedagogies influence development of certain
behaviors related to lifelong learning. Our preliminary results suggest that students’ development
as self-regulated learners involves a complex interplay between all these factors.

Introduction

Calls for educational reform emphasize the need for student-centered learning approaches that aid
development of broader skills such as a capacity for lifelong learning™#**°. Engineering educators
as well as ABET recognize that students’ development of such a capacity is vital for their success in
today’s global and rapidly changing engineering environment.*>® However, the current emphasis
in the engineering education community is on assessing students’ lifelong learning abilities, rather
than on understanding the relationship between instructor practices and lifelong learning outcomes.
Lifelong learners are autonomous. They are self-motivated managers of their own learning
processes. They are able to identify their learning needs and initiate, monitor, control, and evaluate
learning strategies to address these needs. Such learners may be characterized as curious,
motivated, reflective, analytical, persistent, flexible, and independent.” Designing learning
environments that foster students’ growth as autonomous, self-motivated managers of their own
learning, however, is not a simple task. With its introduction of program outcome (i) “a recognition
of the need for, and an ability to engage in lifelong learning,” as a requirement for all engineering
graduates, ABET essentially challenged engineering educators to teach not only engineering content
but a way of sustaining professional development after students no longer have the benefit of formal
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educational opportunities on a regular basis. To effectively foster a propensity toward lifelong
learning, faculty need to be skillful in facilitating pedagogies that engage students in being self-
motivating and self-monitoring, in essence to be self-directed. This requires faculty to be sensitive
to and understand student attitudes and behaviors in different educational settings, and be aware of
the roles that classroom environments can play in aiding students’ development of those skills and
attitudes associated with the ability to initiate, monitor and evaluate one’s own learning over time.

ABET’s challenge to engineering educators to foster the ability of our students to engage in lifelong
learning is not one that is easily measured during the time the students are under our guidance.
Descriptions of a lifelong learner are consistent in many respects with descriptions in the education
literature of a self-regulated learner, with one major difference being in the temporal aspect of
where these attitudes and behaviors are exhibited. For the lifelong learner, the curiosity, autonomy,
and self-management occur oftentimes in the workplace where the individual is constantly
accepting the challenge to learn and stay abreast of current developments in his or her field. The
concept of the self-regulated learner is typically associated with someone who is still a student,
responding to learning goals set by an instructor. While surveys of alumni provide a litmus test of
how engaged engineering graduates are in continuous learning, they do not tell us much about what
engineering educators can do that will foster the types of student behaviors in the classroom that
may serve as indicators of what lifelong learning looks like after college. With access to such
information, engineering educational practices can be more explicitly designed to foster
development of the range of behavioral and affective learning outcomes necessary for a disposition
toward lifelong learning.

We are in the midst of a study investigating how instructor choices affect a range of student
outcomes related to their development as lifelong learners. This study examines a variety of
undergraduate engineering courses at four different institutions throughout the U.S. We chose the
theoretical basis of self-regulated learning (SRL)® as a platform for the linkage between the
behavioral and affective outcomes of college student development and development as a lifelong
learner because of their shared focus on autonomy and self-management. We suggest that in order
to be a “lifelong learner” one must first be a “self-regulated learner”, and to be a self-regulated
learner one must have opportunities to act autonomously. The propensity to self-initiate, to sustain
interest, to seek out challenges or to persist in the face of a challenge, and to evaluate the results of
one’s efforts must be nurtured in much the same way as one’s developing content knowledge base
is nurtured. Lifelong learners do not simply emerge. They are guided, encouraged, assisted, and
challenged to be autonomous prior to the time when they must be independent. Likewise, self-
regulated learners do not easily emerge in environments that do not support autonomy and growth
of the student.®*%*"*2 Student-centered pedagogies support the development of this type of lifelong
learning. Such pedagogies offer students opportunities to exercise choice, with such choice
occurring on a continuum from a more teacher-controlled classroom to a more student-controlled
one.'®* Examining how pedagogies that differ in level of student control affect students’ perceptions
of their own self-regulated attitudes and behaviors may provide us with insight as to how different
course structures can be used to maximum advantage.

In this paper, we seek to add to the knowledge base in engineering education by examining a range
of engineering educational environments characterized by their relative focus on being teacher-
directed or student-directed, and studying the relationship between these types of classroom
environments and proxies for lifelong learning such as self-regulated learning behaviors and
attitudes. We propose that in order for graduates to be lifelong learners they must have
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opportunities to develop the thinking, behaviors, and motivations that characterize lifelong learners
while in the process of becoming an engineer. We believe that opportunities that foster the
development of such traits are found in environments that support student ownership of their
learning over time. Thus we are conducting an investigation of how pedagogical choices influence
student attitudes and behaviors related to self-regulated learning in engineering classrooms.

Research Base
Defining Self-Regulated Learning

Self-regulated learning has been defined by Boekaerts as “a complex, interactive process involving
not only cognitive self-regulation but also motivational self-regulation”**( p.161). Alternatively,
Zimmerman8 defines SRL as “...self-generated thoughts, feelings, and actions that are planned and
cyclically adapted to the attainment of personal goals” (p. 14). Pintrich®® defined four assumptions
of self-regulated learning (SRL) models. The four are (a) learners are active participants in
learning, constructing meaning from information available in the environment in combination with
what they already know, (b) learners can control and regulate aspects of their thinking, motivation,
and behavior and in some instances their environment, (c) learners compares their progress toward a
goal against some criterion and this comparison informs the learner of the status of progress toward
the goal, and (d) self-regulatory mechanisms mediate between the person, the context, and
achievement (pp 387-388). Zimmerman emphasized that in addition to metacognitive skill,
students need a sense of self-efficacy and personal agency for success in self-directed
environments.*® From these descriptions, it is clear that self-regulation involves many forms of
autonomy.

Based on this description of self-regulated learning, it is clear that successful development of
students as self-regulated learners requires a careful balancing of motivational, cognitive,
behavioral, and contextual factors in the classroom. To effectively support development in all of
these areas, instructors must guide their students’ through an increasingly autonomous process of
planning, self-monitoring, and reflection.

Role of Instructor in Self-Regulated Learning

Clearly, instructors play a critical role in effectively promoting student development through their
instructional choices and their interactions with students. Instructors are well positioned to aid
students’ transition from controlled to autonomous learning in different ways through creation of
classroom climates and support structures for student self-direction.*’,*® Instructors can design
learning experiences that include features such as offering students: opportunities to link learning to
personal interests and goals, the chance to make choices and be in control, and significant time for
self-evaluation and self-reflection. Further, instructors can provide appropriate scaffolding and
feedback that helps students progress toward autonomous learning patterns. Black and Deci, in
their investigation of undergraduate students in organic chemistry, revealed that students’ perceived
instructor support of autonomy related to improved perceptions of competence, interest and
enjoyment, and ability to self-regulate.’® Opportunities for individual choice, control, authority, and
responsibility appear to be important elements in the academic achievement and the psychological
development of students.
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Vermunt and Vermetten®® refer to teaching functions that promote student learning and self-
regulation. Their work suggests that different teaching strategies can be distinguished, and they
range from “strongly teacher-regulated to shared regulation to loosely-regulated” (p. 363). The
more loosely teacher-regulated the context is, the more the student needs to regulate; the more
strongly teacher-regulated the context, the less need for student regulation. However, how a student
navigates this complex of internal and external regulation may depend on both the instructor’s
teaching strategies and the student’s learning strategies, according to Vermunt and Vermetten.*?
Where they complement each other, a state of congruence exists; when they are not compatible,
Vermunt and Verloop® describe the outcome as “friction”, which itself has two forms—
constructive and destructive. Constructive friction occurs when the incompatibility between
teaching and learning strategies results in the student learning new approaches to thinking and
learning. Destructive friction can occur when teachers take over for students who are already
employing learning strategies the teacher feels will not lead to a positive outcome or when the
students do not have the level of self-regulatory skills that the teacher assumes they have. Both
situations result in students using thinking and learning strategies on their own, but destructive
friction may result in affective responses from students that negatively impact engagement and
intrinsic motivation. The teacher who intends to help students internalize self-regulatory behaviors
and to know which strategies to use when needs to be cognizant of the students’ affective and
cognitive states, and constantly monitor the effect of the instructional context on the students,
adjusting and adapting when needed.

Ownership of one’s own learning is a goal that many instructional contexts hope to activate. The
importance of transferring the ownership of the learning process to students is essential if students
are to feel confident in their abilities to operate independently as learners over time. Ryan and
Deci®* refer to this as the psychological need for autonomy. Students exercise autonomy when they
make choices and act on those choices. Teachers support student autonomy when they recognize
the student’s perspective and goals, and when they allow students to make choices that are in
concert with those perspectives and facilitative of their goals. Who is making decisions about what
will be learned, how it will be learned, for what purpose and to what extent it will be learned is at
the heart of discussions surrounding autonomy. More specifically, Ryan and Deci’s** self-
determination continuum, which ranges from amotivation to extrinsic regulation (controlled) to
intrinsic regulation (autonomous), speaks directly to this experience of “ownership” with regard to
motivation to learn. The degree to which individuals internalize the values of their environment
depends on how connected and competent they feel, but for the values to become fully a part of the
person, support for autonomy is especially important.?

Stefanou, Perencevich, DiCintio, and Turner? proposed that it was possible to differentiate ways
that teachers support autonomy in the classroom. They proposed three different forms of autonomy
support evident in classrooms: organizational, procedural, and cognitive. According to Stefanou et
al., it is the support of cognitive autonomy, defined as “encouraging student ownership of
learning” (p. 101) that leads to deep psychological and emotional involvement and investment in
learning that is characterized by those whom Deci and Ryan? would call self-determined. Their
work suggested that perhaps there are different student outcomes depending on the prevailing form
of autonomy support, with the most intellectually significant ones perhaps associated with cognitive
autonomy support. It is fairly well-established that the more student ownership there is in learning,
the more engagement there will be; and the more engagement there is in learning, the deeper the
learning.?* However, creating learning environments that encourage student ownership is a critical
issue that continues to confront and challenge teachers from kindergarten through graduate school.
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Of the many factors that contribute to the student response in autonomous learning environments,
perhaps the least explored are the contextual or environmental factors. In 2000, Paul R. Pintrich
noted that “there is a clear need for more descriptive, ethnographic, and observational research on
how different features of the context can shape, facilitate, and constrain self-regulated learning”.™
More than a decade later, the need remains. Studies have shown that students’ positive perceptions
of their assigned tasks and instructors” autonomy support can lead to increases in intrinsic
motivation, self-regulation, perceived competence, interest, engagement, and academic
performance’®?2° but the connections between these student perceptions and the instructors’
choices in course design and classroom environments remain unclear.

Methods

We are in the midst of a large study investigating how instructor choices affect a range of student
outcomes related to their development as lifelong learners. This paper focuses on examining the
following research questions:

1. In what ways do pedagogical choices made by engineering instructors assist students to
develop attitudes and behaviors associated with self-regulated learners? Are there
instructor practices and behaviors that lead students to report greater involvement in and
ownership of their own learning and to different choices of learning strategies?

2. What are students’ perceptions of the degree to which the different pedagogies support their
development as independent learners?

Courses

Participants in this study included four engineering faculty and sixty-two undergraduate students
enrolled in four courses in the 2009-2010 academic year at four different institutions. The
institutions include a small, private specialty engineering school with a gender balanced student
body and small student-to-faculty ratios, two small private liberal arts institutions with typical
engineering gender ratios and small student-to-faculty ratios, one with a College of Engineering and
the other with a Department of Engineering, and a large, public university with a College of
Engineering gender ratio and a student-to-faculty ratio typical of large engineering programs.

These courses are summarized in Table 1. The courses taught by Instructors 1, 2, and 3 are required
classes and the course by Instructor 4 is an elective.

Table 1 Courses in this Study

Instructor Course Title Student Profile

1 Applied Thermodynamics | 20 Senior Mechanical Engineering
11 Electrical Engineering (7 Sophomore, 4 Junior)

2 Electrical Circuits 4 Mechanical Engineering (3 Sophomore, 1 Junior)
1 Sophomore Industrial Engineering

3 Heat Transfer 16 Junior Chemical Engineering
4 Undeclared (3 Sophomore, 1 Junior)

4 Failure Analysis and 3 Junior Mechanical Engineering

Prevention 2 Engineering (1 Junior, 1 Senior)

1 Electrical & Computer Engineering Junior
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All instructors used active learning strategies. However, these courses exhibited a variety of
pedagogical approaches as described by the instructors.

INSTRUCTOR 1

ME-303 Applied Thermodynamics is a Junior/Senior-level, required course for mechanical
engineering students. The course meets 3 times per week, has no associated laboratory and includes
homework sets, quizzes, and midterm and final exam. Collaborative student-centered learning
techniques including in-class problem solving using clickers, peer to peer instruction, discussions
with student neighbors, calling on students for answers, and handing out partially completed notes
are employed. Conceptual questions are included in addition to calculation-based examples. The
homework assignments are completed by about half the students in two-person teams, while the rest
elect to do them individually. Each time that a homework solution is submitted, the students take an
in-class quiz that assesses their knowledge of the homework material.

Classes consist of brief lectures (less than 10 min) and example problems. Students are led by the
instructor in solving the problems, with the instructor setting up the problem (describing it,
providing known values, etc.) and breaking the problem into small ‘chunks’ or steps, which are then
turned over to the students to solve on their own. Clickers are used for gathering feedback. When
there is some confusion as to the correct answer, impromptu two-person teams are formed to
discuss the question, and then students are retested. This procedure is repeated until the problem is
completed, at which point a new problem is started. The student-student and student-faculty
interactions are medium-high or high, relative to a traditional lecture class.

INSTRUCTOR 2

ELEC 201 Electrical Circuits is a sophomore level class. This is the first required course in their
major for Electrical Engineering students. Industrial and Mechanical Engineering majors may take
this course or a different course that includes broader introduction to electrical engineering. There
is an associated laboratory but this was taught by a different instructor. The class meets 3 times a
week for 55 minutes each and includes weekly homework assignments, two midterm exams, and a
final exam. This course is taught in an active learning format including in-class problem solving
and cooperative learning homework teams.

Faculty-student interactions occur primarily during class lecture periods. In a typical class period,
prepared notes in PowerPoint are projected using a TabletPC and Classroom Presenter?’. The notes
come in a packet for a particular topic so one packet of notes might last from 2 to 6 lecture periods.
The notes are intended to provide the outline and structure for the discussion of the topic. There are
many spaces where students are encouraged to write in their own notes, answers to questions or
solutions to problems. Questions are asked to be sure that the students are following. Students are
called on in order going around the room to be sure that everyone is called on. Students are told
that they can always pass if they do not know the answer but they need to pass to another student by
name. Sometimes volunteers are taken. There is a reasonable amount of faculty-student interaction
but little student-student interaction during this time.

Most periods include at least one problem where the problem statement is included in the notes
along with whatever supporting information is necessary (e.g. circuit diagrams). A blank space is
provided for students to work out solutions. Students are typically told to “turn to a helpful
neighbor”. Students then work together in ad-hoc groups of 2 or 3 while the instructor walks
around the room and checks in with groups, asks questions or answers questions. During this time,
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there is a fair amount of faculty-student interaction (either student initiated or faculty initiated) and
student-student interactions within their groups. Depending on the level of difficulty of the problem
(and the size of the class), the reporting out is handled in several ways. Sometimes, a volunteer
comes to the front and presents the solution. Sometimes, the instructor will work through the
solution on the TabletPC with guidance from the students. If all student groups seemed to get the
solution easily, it may not be discussed in the larger group.

The instructor assigns students to cooperative learning homework teams of 3-4 students during the
first week of the semester. They work in these groups throughout the semester handing in one
solution per group. Students are assigned team roles (described on the syllabus) which rotate for
each assignment. The recorder must write the entire solution. Early in the semester, students have
the option of doing a team expectations assignment. Most groups meet once a week. Significant
student-student interaction happens at these times.

There are, of course, other interactions including faculty-student interactions in the instructor’s
office (during office hours or other times or e-mail communication (asking questions about
homework problems). The Engineering lab rooms are open to students when classes are not
scheduled so students often meet there.

INSTRUCTOR 3

CHEG300 Heat Transfer is a required course for Chemical Engineering Juniors. The course has 3
hours of lecture, 1 hour of recitation and a 2 hour lab each week. The course is taught in a problem-
based learning format and includes open-ended homework problems and laboratory assignments.
Assessments include graded problem and laboratory assignments, peer assessment of individual
student contributions and traditional quizzes and exams.

Only a fraction of the scheduled “lecture” time is devoted to lecturing. Lectures are “student
driven” meaning that they generally only occur in response to students’ posted questions.
Therefore, the pattern of class activity is best described as a mix of lectures and group work. On
days when students have posted questions, those questions will form the basis for the day’s lecture.
Lectures employ simple active learning techniques but the primary faculty-student interaction is
through the lecture with only modest student-student interaction during the short class activities.
On days when there are no questions (or few questions) the bulk of the class period is spent in small
group work, with the instructor acting as a facilitator, responding to student questions or
interviewing students about their progress. During these open periods, there is significant faculty-
student interaction (either student initiated or faculty initiated) and significant student-student
interactions within their groups while they work on the assigned problems.

As with the lecture, only a fraction of the scheduled lab time is spent on traditional laboratory
work. During formal laboratory work, student teams collect data in the laboratory, primarily under
the supervision of a graduate student. There are significant student-student interactions within the
team and only minor faculty-student interactions in laboratory. The actual laboratory time typically
takes no more than 1 hour. The remaining hour is spent in group meetings. The instructor also
meets with every team individually for approximately 30 minutes, answering technical questions
and soliciting student feedback on workload, stress levels, etc. These meetings provide significant,
personalized faculty-student interaction. On weeks with no physical laboratory students give oral
presentations of their laboratory work from the previous week, so there is significant student to
faculty communication and some faculty to student communication by way of feedback.
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In addition to these “in-class” interactions, there are other interactions including faculty-student
interactions through open office hours, extensive e-mail communication and phone conversations.
The culture within the department encourages students to “live in” the Engineering building and
many hours of student interactions occur there most evenings.

INSTRUCTOR 4

ENGR3820 Failure Analysis and Prevention is a project-based, upper-level elective course for
engineering students. This course meets for four hours per week and is taught in a project-based
learning studio format. There are no exams in the course. Student evaluation is based on project
deliverables (case study reports, oral presentations, and posters), team evaluations, and written self-
reflections.

Student development in the course is focused on professional-level competencies and application of
self-directed learning skills. By organizing and carrying out failure investigations of real-world
components and systems, and through analysis of published case studies students “learn failure
analysis by doing failure analysis.” The student-directed projects emphasize the interdisciplinary
nature of failure investigations, and the class devotes significant time to discussions of contextual
factors that contribute to engineering decision-making.

Learning in the course is centered on failure analysis projects, and students typically complete 3-4
failure investigations in the semester. All students begin the semester with a 2-week study of the
failure mode in paperclips or light bulbs. The goal of this project is to provide students with an
opportunity to collect and analyze evidence to test an expert’s published hypothesis regarding how
paperclips or light bulbs fail. The project also provides an opportunity for students to hone their
hands-on materials science laboratory skills.

Subsequent projects in the course involve analysis of real products that have failed in service.
Student teams form around common interests (e.g., mechanical failures, electrical failures,
corrosion failures), and they select a failed component or system that they wish to analyze. Each
project and the relevant technical content is necessarily different, since each team is studying a
unique failed product. The teams establish their own project goals, timeline, and investigative
strategies. They design their own experiments, and they identify information resources appropriate
to their particular project. Most projects culminate in the preparation of a failure analysis case-
study style report; some projects end with a poster presentation. Once the report has been
submitted, students self-assess their report in several competency areas (e.g., communication,
qualitative analysis, diagnosis); they reflect upon their own self-directed learning processes; and
they evaluate their teaming behaviors and skills with self- and peer-assessments.

Throughout the projects, the instructor serves as a consultant and a sounding board for the project
teams’ experimental strategies and data analyses. In the first half of the semester, the instructor
provides weekly reading assignments (e.g., case studies, failure analysis methodologies) and
facilitates an in-class discussion of these readings. In the second half of the semester, student teams
take responsibility for the selection of readings and facilitation of the in-class discussions. The
instructor provides grading/self-assessment rubrics, as well as guidelines for the teaming and self-
directed learning reflections.
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Summary Description of Courses

Overall, the courses may be considered in terms of the balance between content and process
oriented learning goals. For the purposes of this paper, content-focused learning goals refer to those
goals that are concerned primarily with assisting the students to acquire new content knowledge or
to review recently learned content knowledge with the intent of incorporating such knowledge into
the students’ expanding knowledge of the field. Process-focused learning goals refer to a set of
goals that are concerned with assisting the students to (a) set goals and select strategies to
investigate an open-ended problem (b) identify resources (information, lab, and human) relevant to
the problem, (c) design and implement a project plan, and manage a project team, and (d) reflect on
the learning process and self-assess progress. Each course has some of each of these types of goals
but the balance varies among the four courses. Applied Thermodynamics (Instructor 1) is most
heavily focused on content with Electrical Circuits (Instructor 2) next most heavily content-focused
but with more process-focus entering in student homework teams followed by Heat Transfer
(Instructor 3) which brings in more focus on process through its problem-based type format but
retains a significant content focus and Failure Analysis and Prevention (Instructor 4) which is most
heavily focused on process with its project-based type format with content much less emphasized.

Another way to consider the differences among the courses is in terms of the amount of
independence that the students have or ownership of their own learning. This can be thought of
along a continuum from teacher-directed (teacher makes all decisions, controls evaluation, content,
and class time) to student-directed (students share in decision making, influence content and class
time). The more student- directed format allow for more autonomy for the students. Figure 1
shows the instructor’s estimation of where their courses lie on these continua.

student-directed
A

4

failure analysis

small private
engineering
college

3

heat transfer

small private liberal
arts university

content focus » process focus

p)

electrical circuits

1

applied thermo
small private liberal

arts university

large public
university

teacher-directed

Figure 1 Continua of content to process focus (horizontal axis) and student-directed to teacher-
directed (vertical axis) for the four courses in this study.
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Instruments

To begin to measure student’s development of characteristics associated with those of lifelong

learners, we used the Motivated Strategies for Learning Questionnaire (MSLQ).?® To assist in

characterizing the learning environment from the students’ point of view, we used the Learning
Climate Questionnaire (LCQ).?

Motivated Strategies for Learning Questionnaire (MSLQ)

Student motivational, cognitive, and behavioral outcomes are measured using the MSLQ, a Likert-
scaled self-report instrument used to measure college students” motivational orientations and use of
different learning strategies. Scores range from 1 to 7 with 1 meaning “not at all true of me” and 7
meaning “very true of me”. Mean scores on each subscale are reported. The MSLQ has high
internal consistency, reliability, and predictive validity. **3' The MSLQ includes 15 subscales. Six
of these address motivation: intrinsic motivation, extrinsic motivation, task value, control of
learning beliefs, self-efficacy, and test anxiety. Nine are learning strategies: rehearsal, elaboration,
organization, critical thinking, self-regulation, time and study environment, effort regulation, peer
learning, and help seeking. The MSLQ is designed to be used in whole or in part. For this study,
the Text Anxiety subscale was eliminated because tests were not given in all courses. Also, the
wording in several items was modified to better reflect the learning environments of the courses.
Specifically, references to “study” were replaced with “prepare” and “lecture” with “class
discussion.” Students completed a 76 item MSLQ survey at the beginning and end of the semester
using an electronic survey system.

Learning Climate Questionnaire (LCQ)

In this study, the LCQ was used to assist in characterizing the learning environment in each class.
The LCQ is one of the Perceived Autonomy-Supportive Climate Questionnaires developed by Deci
and Ryan based on self-determination theory (SDT).?* The LCQ is typically used to describe the
learning environment in a particular class at the university level as autonomy-supportive or
controlling. This self-report instrument measures students’ perceptions of the amount of faculty
support for their growth as independent learners or instructor autonomy support. In this study,
students responded to 15 items on a 7-point Likert scale using an electronic survey system at the
end of the semester. Scores range from 1 to 7 with 1 meaning “strongly disagree” and 7 meaning
“strongly agree”. One total score (from 0 to 7) results as the average of the item scores. A higher
score represents a higher perception of autonomy support.

Analysis and Findings

One-Sample t-tests were used to situate the sample of engineering students in each course of this
study relative to the data in the MSLQ manual. Dependent groups t-tests were used to compare
within group differences from pre-test to post-test on the subscales of the MSLQ. Effect sizes were
calculated using Cohen’s d with 0.2 being interpreted as a small effect, 0.5 a medium effect, and 1.0
a large effect.*®> One-way analysis of variance was used to compare differences of perceived
support for autonomy across the four courses at the end of the course.

Where do our students start? MSLQ for engineering students

The MSLQ manual provides mean scores based on data from a sample of Midwestern college
students at a four-year university. The authors note that they have not provided norms for norm-
referenced comparisons because the instrument is designed to be used at the course level. They
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recommend that for comparative purposes, the establishment of local norms would be most
appropriate. However, because no engineering students were included in the sample that produced
the means provided in the MSLQ, we felt it was important to obtain a reference point from which to
understand where the engineering students in this study started. We compared our engineering
students in individual classes to the means in the MSLQ manual. The results of this analysis are
shown in Table 2 and inform some of the discussion later in the paper.

Table 2 shows significant differences between the MSLQ reference data and course-specific
engineering student groups in this study. Instructor 1’s students reported significantly higher mean
scores in the learning strategy of time and study environment; and lower mean scores in the learning
strategy scales of rehearsal and organization, and in the metocognitive scale of metacognitive self-
regulation. Instructor 2’s students reported significantly higher mean scores in the learning strategy
scales of peer learning and help seeking, and higher mean scores in the motivation scale of extrinsic
goal orientation. Instructor 3’s students reported significantly higher mean scores in the learning
strategy scales of time and study environment, peer learning, and help seeking, and lower mean
scores in the motivation scales of control of learning beliefs and self-efficacy for learning and
performance and in the learning strategy scales of rehearsal, elaboration, organization, and effort
regulation. Instructor 4’s students reported significantly higher mean scores in the motivation
scales of intrinsic goal orientation and task value and in the learning strategy scales of time and
study environment, peer learning and help seeking, and lower mean scores in the motivation scale
of extrinsic goal orientation and the learning strategy scales of rehearsal and organization

21 vE€T1 22 abed



Table 2 Means on MSLQ subscales for Engineering Students by Course Compared to MSLQ
Sample. Statistically significant differences are shown with two-tailed p-values in parentheses.

MSLQ Sl\grsnl‘% Instructor 1 Instructor 2 Instructor 3 Instructor 4
subscale b (N =20) (N = 16) (N = 16) (N = 10)
mean
Intrinsic Goal _
Orientation 5.03 5.65 (p=0.014)
Extrinsic Goal _ _
Orientation 5.03 5.58 (p=0.024) 3.35 (p=0.002)
Task Value 5.54 6.08 (p=0.005)
Control of
Learning 5.74 5.00 (p=0.015)
Beliefs
Self-efficacy
for Learning _
and 5.47 4.94 (p=0.013)
Performance
Rehearsal 453 | 3.33 (p=0.001) 3.33 (p=0.000) | 2.8 (p=0.002)
Elaboration 4.91 4.22 (p=0.016)
Organization | 414 | 3.44 (p=0.027) 3.51 (p=0.029) | 3.33 (p=0.021)
Critical
Thinking 4.16
Metacognitive _
Self-regulation 4.54 372 (p=0.01)
Time and
Study 4.87 | 5.46 (p=0.018) 5.27 (p=0.026) | 5.43 (p=0.022)
Environment
Effort _
Requlation 5.25 4.60 (p=0.000)
Peer Learning | 7 gg 4.83 (p=0.000) | 4.35 (p=0.000) | 3.87 (p=0.000)
Help Seeking | 384 5.17 (p=0.000) | 5.17 (p=0.000) | 5.43 (p=0.000)

What are the learning environments like? Faculty and Student Perceptions
The faculty descriptions of their courses provided in the previous section highlighted the
pedagogical approaches of the instructors and illustrated the significant variation in learning
environments. Despite the variation in the learning environments, all were considered to
incorporate aspects of active learning, thus allowing students some degree of autonomy as learners.
Providing opportunities for students to take ownership over some aspects of their learning may not
always result in students actually seizing those opportunities. Supporting students in becoming
managers of their own learning processes and behaviors is often a critical instructional condition
that needs to be satisfied. Student perceptions of the degree of support for autonomy within each
learning environment were captured by the LCQ. The means and standard deviations of the LCQ

results for the courses in this study are summarized in Table 3. There are differences in the reported
means for several of the courses indicating that students felt varying degrees of autonomy support in
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these environments. Instructor 1’s perceived level of autonomy support was not different from any
of the other isntructors. Instructor 3’s perceived level of autonomy support was significantly lower
than that of Instructor 2 (p= 0.021) and Instructor 4 (p = 0.005). Instructors 2 and 4 were not
perceived as different by their students in their support of student autonomy.

Table 3 LCQ Results for Courses Studied
Instructor 1 Instructor 2 | Instructor 3 Instructor 4

Mean 5.35 6.1 4.87 6.46
Standard Deviation 1.1 0.81 1.38 0.36

How do our students change? Differences in MSLQ after taking courses

Analysis of the MSLQ results at pre- and post-course show some significant temporal differences
for student outcomes on several subscales of the MSLQ for different instructors. The statistically
significant results are summarized in Table 4. For all other subscales, no statistically significant
differences were seen between pre and post. No statistically significant differences were found
following Instructor 1’s course. After the course with Instructor 2, students reported a statistically
significant increase in organization. After Instructor 3’s course, students reported statistically
higher intrinsic motivation, peer learning, effort regulation, elaboration, and organization. After
Instructor 4’s course, students reported statistically significant lower task value and higher peer
learning.

Table 4 Statistically significant pre- and post MSLQ Results. (No statistically significant
differences were seen for Instructor 1.)

Pre (start of Post (end of
MSLQ term) term) p Effect
Subscale Instructor Std. Std. size
Mean Dev. Mean | Dev.
Intrinsic Goal 3 499 | 1.04 | 544 | 092 | 0.023 0.22
Orientation
) 3 4.35 0.79 4.85 1.39 0.024 0.21
Peer Learning
4 3.87 0.55 4.43 0.67 0.045 0.91
Task Value 4 6.08 0.46 4.65 0.96 0.001 1.90
Effort Regulation 3 4.60 0.42 5.30 0.98 0.004 0.42
Elaboration 3 4.22 1.02 4.17 1.08 0.016 0.13
o 2 4.02 1.38 4.64 1.43 0.002 0.21
Organization
3 3.51 1.05 4.17 1.30 0.015 0.26
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Discussion and Conclusion

The different ways that students change in different courses suggest that different pedagogies
influence development of certain behaviors related to self-regulated learning and by extension to
lifelong learning.

Considering these results in light of the continuum of content and process provides some insights.
The courses with more emphasis on content goals (Instructors 1 and 2) showed fewer gains in the
process-related strategies and behaviors. The courses with more emphasis on process goals
(Instructors 3 and 4) showed more gains in areas related to the processes of learning such as peer
learning (collaborating with one’s peers), effort regulation (controlling one’s effort despite
competing alternatives or lack of interest), elaboration (strategies such as paraphrasing,
summarizing, analogical reasoning, generative note-taking), and in the affective variable of intrinsic
goal orientation (participating in the task for value of learning). The decrease of Instructor 4’s
students for task value (an evaluation of how interesting, important, or useful the task is) might be
related to their high initial values and the nature of the course. Given that it is a multidisciplinary
elective, students may enter the course excited. However, some students find projects more relevant
to their major or using more of their existing knowledge base while others learn that this topic is not
as relevant as they initially thought.

Comparing the LCQ, MSLQ, and faculty course data yields some interesting findings. Students in
Instructor 3’s course were all in the same engineering major and the content was relevant to their
progression in their curriculum. The design of this course seems to have achieved outcomes
associated with self-regulated learning, as evidenced by the high reported gains in many categories
associated with increased independent learning on the MSLQ. However, these students reported
lower scores on the LCQ in terms of the perceived instructor support for autonomy. From the
faculty course descriptions, the level of autonomy provided to the students in Instructor 3’s course
is high. Perhaps the students report less support on the LCQ because they feel frustrated at having
to “do things on their own” in this required course. This was the first time many of these students
experienced a pedagogy such as this and were not accustomed to taking control of their learning and
solving problems with a high degree of ambiguity. Thus they may have explained their discomfort
with their own uncertainty as a lack of supportiveness on the part of the instructor in the open-ended
setting. This might be explained in terms of the constructive “friction” between teaching and
learning strategies as described by Vermunt and Verloop®. It is also noteworthy that this
Instructor’s students had the most subscales below the MSLQ mean at pretest, which may indicate a
generally lower level of intrinsic motivational orientation or cognitive strategy development, or
perhaps a higher dependence on authority.

How much choice is too much? In Instructor 4’s class, the students report feeling very supported
and valued as contributors to their own learning consistent with the Instructor’s description of
providing significant amounts of autonomy. Reports of peer learning increased significantly from
the start to the end of the semester, a result that is somewhat expected given the emphasis on
authentic team projects. These students also started out highest on several MSLQ subscales such as
intrinsic motivation and task value, possibly reflecting their anticipated interest, curiosity, and
expectations for useful learning in this technical elective course. However, the students do not
report the level of gains of Instructor 3’s students despite the greater autonomy. In fact, as
discussed earlier, they report significant drops in task value throughout the semester. The decrease
in task value may result when students in this high autonomy environment are unable to find project
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topics of personal interest, or when they discover that the projects they choose do not lead to the
type of content learning or skill development that they anticipated. Since the instructor does not set
the project topics, project timelines, or project strategies, students are free to make their own
choices — even choices that lead to disappointing project results and undesirable learning outcomes.

In Instructor 2’s course, students reported high feelings of instructor support for their learning as
measured by the LCQ but they only reported gains in the organization learning strategy subscale of
the MSLQ (strategies that help to make connections among information to be learned). This student
gain may be a result of Instructor 2’s course notes, in-class problem solving, and homework teams,
which provided scaffolding to help students succeed. Instructor 2’s course was for sophomores and
the topic has a reputation of being difficult. Thus the instructor did focus on trying to dispel fears
and encourage students that they could be successful in learning the material. This certainly is
consistent with support for their learning although it might not reflect high degrees of student
autonomy.

Future Work

The work presented here is part of a larger study. Further analysis of the quantitative data from a
total of eight courses is underway including correlations between the different instruments. In
addition, we are analyzing qualitative data from focus groups and student dialogue from audio and
videotaped classes to gauge students’ perceptions of the degree to which the learning environment
supported their autonomy. This mixed-methods approach should provide for rich, contextualized
descriptions of what instructors and learners do, how instructors and students relate to each other,
and how students view their classrooms. Analysis of these results can help inform other
engineering educators about effective ways to help students develop as lifelong learners.

Future work will also consider variables such as gender and student development. Preliminary

analysis shows that year in school (sophomore, junior, senior) plays a large role in the outcomes of
our students on the MSLQ.
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