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ABSTRACT

Traditional methods of teaching (i.e., didactic reading and lecture) remain the primary
way instruction is delivered in construction management (CM) classrooms. This is true despite a
growing body of literature promoting more contemporary, student-centered pedagogies that offer
improvements over traditional teaching models. One of these is object-based learning (OBL), a
student-centered approach that uses digital learning objects (LOs), such as videos, images,
animations, mobile apps, and educational games, to facilitate deep and engaging learning
experiences. One of the most common types of LO is instructional videos. Over the past quarter
century, abundant research has been conducted in the field of computer science to advance the
quality and reach of instructional video LOs. In contrast, a relatively small amount of research
has been dedicated to understanding them in terms of their pedagogical efficacy. This is
especially true for the field of CM. Very little empirical research currently exists at the
intersection of CM and OBL.

This dissertation examines the ability of supplemental instructional videos (SIVs) —a
specific type of instructional video that complements other forms of instruction, including in-
person teaching, readings, and group work, to deliver a full learning experience — to improve
both the performance and the quality of the learning experience for undergraduate CM students.
The first chapter of the dissertation is introductory, providing information about the major
themes of the dissertation including construction management education, OBL, SIVs, and flipped
classrooms. The second chapter explores the foundational learning theories that support OBL in
a flipped CM classroom. A theoretical framework is proposed that can be used by teachers to
guide them as they tailor their own approach for using instructional videos. The third chapter
presents an interdisciplinary synthesis of best practices for the design and development of SIVs.
Using these best practices, | document the production process of SIVs for an undergraduate CM
course called Residential Construction Technologies. The fourth and fifth chapters cover a study
in which the SIVs | developed were used as teaching aids for pre-class readings in Residential

Construction Technologies. Chapter Four centers on a repeated measures experiment that was



designed to evaluate the effectiveness of the SIVs at improving student performance. Chapter
Five uses surveys and interviews to understand student perceptions of the SIVs. Overall, | found
that the SIVs had little measurable effect on improving the student’s grades. However,
overwhelmingly, the students reported that they valued having the videos, and felt that they
helped with their understanding of unfamiliar or complicated course topics. Chapter Six
concludes the dissertation with a short synthesis of all chapters and summary of their major
themes and findings.
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GENERAL AUDIENCE ABSTRACT

Increasingly, teacher-made instructional videos are being used as educational tools in
university classrooms. Unfortunately, not much guidance is available to help teachers with this
task, and many of the videos being produced today are both low quality and ineffective. This
dissertation’s purpose is to help teachers find an efficient way to produce effective and appealing
instructional videos for their specific learning audiences. Although this work was executed in a
construction management (CM) context, teachers in many fields can benefit from the research.
The first major accomplishment of the dissertation is an educational framework that teachers can
use to incorporate instructional videos in their own curriculums. Next, a collection of the current
best-practice guidelines for the design and development of instructional videos was assembled
and explained. Using the guidelines for ourselves, | produced twelve short videos on various
construction topics to be used in an undergraduate CM course called Residential Construction
Technologies. The videos were designed to accompany readings that the students were assigned
to complete before coming to class. To understand if the videos were effective teaching aids, |
conducted an experiment to measure whether the videos made a difference to the students’
grades. Additionally, | asked the students with a survey and interviews to describe how they felt
about the videos. Overall, | found that the videos had little impact in improving the student’s
scores. However, overwhelmingly, the students reported that they valued and appreciated having

the videos and they felt that they helped with the reading topics.
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PREFACE / ATTRIBUTION OF AUTHORS

This dissertation, which uses the manuscript format, consists of four self-contained
chapters, bookended by an introduction and a conclusion. The four core chapters (i.e., Chapters
2,3,4, and 5) were written with publication in mind and are being prepared for publication in
specific journals. The first and last chapters, the Introduction and Conclusion, will not be
submitted for publication; rather they are intended only for this document. Consequently, some
of the text and information between chapters inevitably repeats, sometimes verbatim, particularly
between the dissertation-only introduction and conclusion chapters (1 and 6) and the others that
were written for publication.

The outline below provides a brief summary of each chapter and specifies the
contribution of each author. The summary also includes the target journal and the latest
publication status.

Chapter 1: “Introduction”

e Summary of Contents: Overview, Background, Problem Statement, Research Questions.
Chapter 2: “Building a Theoretical Foundation for Object-Based Learning in Construction
Management Education”

e Summary of Contents: Framework of foundational learning theories supporting object-

based learning (OBL). Description of OBL, learning objects, and the flipped classroom.

e Contributing Authors: Andrew P. McCoy, Ph.D., Josh lorio, Ph.D.

e Target Journal: Review of Education Research (RER)

e Status: Preparing for Publication
Chapter 3: “Developing Supplemental Instructional Videos for Traditional Construction
Management Learning Materials”

e Summary of Contents: Description of the Cognitive Theory of Multimedia learning.
Advantages and disadvantages of instructional videos. Description of supplemental
instructional videos (SIVs). Current best practices for instructional video design and
development. Production stages of SIVs. Recommendations for using SIVs in the
classroom.

e Contributing Authors: Andrew P. McCoy Ph.D., Quinn Warnick, Ph.D.

XV



e Target Journal: Educational Technology Research and Development or Educational
Media International
e Status: Preparing for Publication
Chapter 4: “Evaluating the Effectiveness of Object-Based Learning in a Flipped Construction
Management Classroom”
e Summary of Contents: Literature review on the effectiveness of SIVs in the construction
management (CM) classroom. Execution and results of a repeated measures study on
SIVs in the CM classroom.
e Contributing Authors: Andrew P. McCoy, Ph.D.
e Target Journal: International Journal of Construction Education and Research
e Status: Preparing for Publication
Chapter 5: “Assessing the Quality of Experience (QoE) of Object-Based Learning (OBL) in a
Flipped Construction Management Classroom”
e Summary of Contents: Literature review on the perception that CM students have of SIVs
in the construction management (CM) classroom. Results of a survey and interviews with
CM Students about SIVs.
e Contributing Authors: Andrew P. McCoy, Ph.D., Bradley Bowen, Ed.D.
e Target Journal: Educational Media International
e Status: Preparing for Publication
Chapter 6: “Conclusion”
° Summary of Contents: Summary of Dissertation. Review and synthesis of general
themes and findings of research questions and dissertation chapters. Reflection and

moving forward.
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CHAPTER 1
INTRODUCTION
Overview

As a relatively new admittee into higher education, the academic field of Construction
Management (CM) is already establishing itself as a valuable addition to both academia and
industry. However, despite the inaugural success of many university CM programs over the past
few decades, future growth and progress are contingent upon the ability of teachers and
instructional designers to meet the needs of CM learners. Unfortunately, similar to other closely-
related academic fields, such as engineering education (Daramola, 2018), an accruing body of
literature warns that the current, predominant instructional method in CM — traditional reading
and lecturing — may be inadequate. If the standard teaching method is indeed insufficient, which
teaching methods are more effective in construction education?

A review of recent literature on the topic of construction education indicates that
providing an effective, transformative learning experience begins by thoughtfully examining and
implementing a variety of foundational learning theories. The literature suggests that a blend of
cognitive, constructivist, and experiential learning theories should inform the selected
instructional approach. Further exploration of the literature reveals that one potential match to
this learning theory criteria involves a new alternative pedagogy, object-based learning (OBL).

OBL is based on the idea that modularized digital learning resources, or learning objects
(LOs), can be strategically deployed by teachers to provide highly efficient and focused learning
opportunities. In 2021, LOs frequently take the form of carefully-produced instructional videos
that can be used to enhance or supplement certain portions of the curriculum.

Scholarship posits that the OBL approach has the ability to overcome many of the
challenges of traditional, reading and lecture-based teaching. In particular, OBL, in combination
with other alternative pedagogies like flipped classrooms, can help teachers proportion the time
spent on theoretical learning (i.e., “book learning”) to spare more in-class time for experiential
learning opportunities. As will be discussed in detail shortly, OBL is currently supported by
theory, but it still lacks sufficient, rigorous, evidence-based support, leaving many gaps and
opportunities for future inquiry. One such gap encompasses an increasingly popular form of

OBL called supplemental instructional videos (SIVs). SIVs are different from other



subcategories of instructional videos because they are used to support and magnify other learning
methods, mediums, and materials, but not substitute for them.

The research presented in this dissertation examines the effectiveness and impact of
OBL, delivered as SIVs, in a CM context. A theoretical framework was established to underpin
the pedagogical philosophy of OBL. An interdisciplinary literature review was conducted to
synthesize a collection of the latest theory-based guidelines that could be used to inform the
design and development of SIVs. Applying the guidelines, a batch of instructor-made SIVs was
produced in preparation for an experiment designed to test the effectiveness of the SIVs as
supplemental learning materials to augment pre-class readings in a CM course. The flipped
classroom model — noted in the literature for being complementary with OBL and video-based
learning — provided the class structure for the experiment. Surveys and interviews were used to
ask students subjective questions about the impact of the SIV to help explain the findings from

the experiment.

Background

The emergence of Construction Management (CM) within higher education half a
century ago has served both academia and the construction industry well (Arditi et al., 2010).
Before being admitted and legitimized by higher education in the mid-20th century, CM did not
exist as an independent, formal degree (Arditi et al., 2010). In the 1960s and 1970s, the nascent
CM discipline had been incorporated within the system of higher education but was represented
by only a few small and scattered programs throughout the United States, often only as
appendages to existing architecture or engineering programs (Chinowsky & Diekmann, 2004;
Guggemos & Khattab, 2016). Nevertheless, in a relatively short period of time, CM proved
successful, and by the early 1980s the number of independent, established programs surpassed
40 (Chinowsky & Diekmann, 2004). Today, the number of CM programs has risen to well over
100 accredited programs that collectively graduate thousands of students annually (Chinowsky &
Diekmann 2004, Smith-Barrow, 2017).

The reason for the exponential growth of the CM academic field in a relatively short
period of time can be ascribed primarily to economic necessity (Arditi et al., 2010). The
economy required an increasingly sophisticated, college-educated construction workforce of

professionals to help meet demand in the modern era (Chinowsky & Diekmann, 2004). Higher



education institutions responded by providing resources and credentials to facilitate the growth
of CM programs in higher education. Without these investments, the CM field might not have
influenced the construction sector in the same manner (Arditi et al., 2010).

Problem Statement

Despite these university contributions, the emergence of CM as a formal degree in high
education remains unfinished. This is particularly true in the domain of pedagogy. Broadly,
higher education has been accused of being a complex bureaucratic network of legacy
institutions (Willcox et al., 2016) that remain yoked to traditional teaching methods prioritizing
the conveyance of theoretical knowledge to elevate cognitive-based learning (Behzadan &
Kamat, 2013; Bernold, 2005; Friedrich et al., 2008). Correspondingly, CM departments that are
newly embedded within the long-standing bureaucracy and traditional culture of higher
education likewise tend to favor more traditional teaching methods (Lee, Salama, & Kim, 2016;
McHenry et al., 2005). Much remains unknown about the way learners in the emerging field of
CM should be educated (Holt et al., 2018; Puddicombe & Johnson, 2011). Additionally, a
growing body of literature posits that predominant pedagogical approaches in CM — cognitive-
based instruction emphasizing the conveyance of theory (i.e., traditional, didactic reading and
lecture-based teaching) — are inadequate and need to be reconsidered (Bernold, 2005; Behzadan
& Kamat, 2013; Deshpande & Salman, 2016; Friedrich et al., 2008; Holt et al., 2018; Hoxley &
Rowsell, 2006; McGarr, 2009; Mukherjee et al., 2005; Rogers & Tingerthal, 2013; Rokooei &
Goedert, 2015).

Central to the dilemma is the convergence of two competing learning priorities,
theoretical learning and experiential learning, in the context of scarce class time and resources
(Jensen et al., 2018). CM instructors must find the way to provide theoretical knowledge more
efficiently, thereby allowing sufficient in-class time for active, student-centered, experiential

learning opportunities (Fogarty, 2017; Rich et al., 2018).

Research Questions and Scope
Although this dissertation follows the manuscript format, in which each chapter is written
to stand independently, all chapters are derived from and are unified by, a central research

question: Are OBL solutions effective (i.e., answering the question: Does OBL, in the form of



SIVs, improve objective measures of student performance?) and impactful (i.e., answering the
question: Does OBL, in the form of SIVs, improve the learning experience?) in a CM classroom?

Before these questions regarding student performance and the quality of experience could

be answered, two precursory topics had to be examined: first, the foundational learning theories
that support OBL, second, the best practices of SIV design and development. In the outline
below, these broad topics have been distilled into exact research questions (RQs) to bring them
within the scope and ability of research to address. Each of these RQs will comprise a single
chapter of the dissertation and are ordered and organized linearly.

RQL1: In what ways do foundational learning theories inform or support the
application of OBL in a flipped CM classroom? The investigation of this
research question will the subject of Chapter 2: Building a Theoretical
Foundation for Object-based Learning in Construction Management Education

RQ2: How does contemporary instructional design literature inform the design and
development of SIVs for CM topics? The investigation of this research question
will be the subject of Chapter 3: Developing Supplemental Instructional Videos
for Traditional Construction Management Learning Materials.

RQ3: Are SIVs an effective tool to support traditional learning materials in a
flipped CM environment? The investigation of this research question will be the
subject of Chapter 4: Instructional Video Object-based Learning in a Flipped
Construction Management Classroom.

RQ4: Do CM learners believe SIVs have a positive impact on the quality of their
learning experience? The investigation of this research question will be the
subject of Chapter 5: The Quality of Experience of Object-based Learning in a

Flipped Construction Management Classroom.

Objectives and Purpose for the Dissertation

The primary objective of this dissertation is to identify a teaching approach that enhances
learning for undergraduates in CM departments, and for learners throughout higher education
more broadly. This overarching objective will be accomplished by deconstructing it into smaller,
manageable objectives, or tasks, whose purposes are to answer the RQs and provide a greater

understanding of:



. The foundational learning theories that can be used to guide the selection of teaching
approaches in CM education.

. The current best practices for designing and developing instructional videos to
supplement traditional teaching materials.

. The capability of the OBL approach to improve learner performance in a flipped CM
context.

. The capability of the OBL approach to improve the learning experience in a flipped CM

context.
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CHAPTER 2
BUILDING A THEORETICAL FOUNDATION FOR OBJECT-BASED LEARNING IN
CONSTRUCTION MANAGEMENT EDUCATION

Andrew F. Barnes

Target Journal: Review of Educational Research

Abstract:
As a relatively new admittee into higher education, Construction Management (CM) is
confirming itself as a valuable addition to both academia and industry. However, increasingly,
scholars warn that the traditional, reading and lecture-based method of teaching in CM is
inadequate in a technologically, economically, and pedagogically shifting college environment.
A literature review on the topic of construction education indicates that providing learners with a
transformative learning experience requires a framework blending cognitive, constructivist, and
experiential learning theories. Further exploration of the literature reveals that one match to this
framework criteria is a new alternative pedagogy, object-based learning (OBL). Recent
scholarship asserts that OBL, in combination with other pedagogies, e.g., flipped classrooms
(FCs), has the ability to alleviate many of the challenges associated with traditional models of
teaching. The application of OBL to CM education is currently supported in theory, but it still

lacks sufficient evidence-based support, leaving gaps and opportunities for future inquiry.

Keywords: construction management, construction education, object-based learning, learning

objects, flipped classroom

Introduction
The emergence of Construction Management (CM) within higher education half a
century ago has served both academia and the construction industry well (Arditi et al., 2010).
Before being admitted and legitimized by higher education in the mid-20th century, CM did not
exist as an independent, formal degree (Arditi et al., 2010). In the 1960s and 1970s, the nascent

CM discipline had been incorporated within the system of higher education but was represented



by only a few small and scattered programs throughout the United States, often only as
appendages to existing architecture or engineering programs (Chinowsky & Diekmann, 2004;
Guggemos & Khattab, 2016). Nevertheless, in a relatively short period of time, CM proved
successful and by the early 1980s the number of independent, established programs surpassed 40
(Chinowsky & Diekmann, 2004). Today, the number of CM programs has risen to well over 100
accredited programs that graduate thousands of students annually (Chinowsky & Diekmann
2004, Smith-Barrow, 2017).

The reason for the exponential growth of the CM academic field in a relatively short
period of time can be accurately ascribed to economic necessity (Arditi et al., 2010). The
economy required an increasingly sophisticated, college-educated construction workforce of
professionals to help meet demand in the modern era (Chinowsky & Diekmann, 2004). Higher
education institutions responded by providing resources and credentials to sponsor the growth of
CM programs in higher education. Without these investments, the CM field might not have
influenced the construction sector in the same manner (Arditi et al., 2010).

Despite these university contributions, the emergence of CM as a formal degree in higher
education remains unfinished. This is particularly true in the domain of pedagogy. Broadly,
higher education has been accused of being a complex bureaucratic network of legacy
institutions (Willcox et al., 2016) that remain yoked to traditional teaching methods prioritizing
the conveyance of theoretical knowledge to elevate cognitive-based learning (Behzadan &
Kamat, 2013; Bernold, 2005; Friedrich et al., 2008). Correspondingly, CM departments that are
newly embedded within the long-standing bureaucracy and traditional culture of higher
education likewise tend to favor more traditional teaching methods (Lee, Salama, & Kim, 2016;
McHenry et al., 2005). Much remains unknown about the way learners in the emerging field of
CM should be educated (Holt et al., 2018; Puddicombe & Johnson, 2011). Additionally, a
growing body of literature posits that predominant pedagogical approaches in CM — cognitive-
based instruction emphasizing the conveyance of theory (i.e., traditional, didactic reading and
lecture-based teaching) — are inadequate and need to be reconsidered (Bernold, 2005; Behzadan
& Kamat, 2013; Deshpande & Salman, 2016; Friedrich et al., 2008; Holt et al., 2018; Hoxley &
Rowsell, 2006; McGarr, 2009; Mukherjee et al., 2005; Rogers & Tingerthal, 2013; Rokooei &
Goedert, 2015).
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In addition to the forces of bureaucracy and institutional culture that keep higher
education tethered to traditional teaching approaches, in recent years finance is likewise proving
itself to have considerable influence on teaching. Human educators are expensive and getting
more expensive with time, even though they already account for the greatest cost in higher
education (Neuman, 2017). Meanwhile, over the past two decades, state and local financial
support for higher education has been in precipitous decline (Neuman, 2017; Picciano et al.,
2010). Reactively, publicly funded research universities have prioritized hiring professors with a
strong record of winning grant money over those with a reputation for good teaching (Picciano et
al., 2010). By necessity, these conditions transfer large portions of the teaching responsibilities to
the unproven academic echelon of graduate students and teaching assistants (Picciano et al.,
2010). This all points to the increasingly urgent need for pedagogical innovations that can
alleviate instructors of some of their teaching responsibilities while maintaining a high level of
quality in a cost-sensitive environment.

Evidence suggests that the academic field of CM is distinct from others (Puddicombe &
Johnson, 2011) and that CM learners tend to respond positively to an instructional design that is
tailored specifically for CM subject matter (Jensen & Fischer, 2006). With the standard,
traditional teaching approach considered inadequate for CM learners and other construction-
related fields, the ensuing question is: which teaching methods are capable of delivering effective
and transformative learning experience to construction learners (Daramola, 2018)?

Transformative learning “shape[s] people and re-orientate their minds” though
“providing ...individual[s] the opportunity to acquire experience, question some assumptions
during the learning and reflect on them at the later stage” (Daramola, 2018, p. 2). Delivering a
transformative learning experience to a specific audience begins by tailoring a theoretical
framework that can be used to inform the selection of a teaching approach (Daramola, 2018;
Fellows & Liu, 2015). A review of the literature reveals that one method frequently used to build
effective theoretical frameworks involves extracting and assembling elements from a variety of
foundational learning theories, rather than only one. This combination-of-theories method has
been used frequently in previous education literature (Baruque & Melo, 2004; Bishop &
Verleger, 2013a; Daramola, 2018; Klassen, 2006; Lam et al., 2016; Marzano et al., 2001;
McWhirter & Shealy, 2018; Ozdamli & Asiksoy, 2016; Ritzhaupt, 2010; Tennyson & Rasch,
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1988) as a way for practitioners to avoid the limitations of a more-restrictive, single-theory
approach.

Building from recent work in engineering education by Daramola (2018), this paper
proposes a new framework for CM based on the combined theories of cognitive learning theory
(CLT), experiential learning theory (ELT), and constructivism. The first half of the paper
analyzes and describes the contributions of each of the theoretical framework’s constituent
theories (i.e., CLT, ELT, constructivism) for a CM context. The second half outlines one way the
proposed theoretical framework may be operationalized through a combination of emerging and
innovative teaching methods: object-based learning and a flipped classroom.

Looking to Engineering Education: Combining CLT, ELT, and Constructivism

Scholars in fields adjacent to CM, namely engineering education, have pointed out the
deficiencies of traditional teaching approaches (Fogarty, 2017; McHenry et al., 2005; Prince,
2004) and are currently working to find better alternatives through blended theoretical models.
Daramola (2018) proposed the combination of both cognitive learning theory (CLT) and

experiential learning theory (ELT) to deliver transformative learning in engineering education, as

Transformative
Learning in Engineering

shown in Figure 2.1.

Cognitive
Learning Theory
Experiential
Learning Theory

Figure 2.1 Cognitive Learning Theory (CLT) and Experiential Learning Theory (ELT) proposed
as the “the two strong pillars of the transformative learning in engineering education and

training” by Daramola (2018, p. 2).

For CM, however, Daramola’s framework is incomplete. Recent literature has touted

constructivism, a modern variation of classical cognitivism, as a critical element of learning in
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CM (e.g., Graham & Thomas, 2008; Hartmann et al., 2010; Hedden et al., 2017; McWhirter &
Shealy, 2018). For instance, Hartmann et al., writes that “CM [is] a discipline that requires
students to solve sociotechnical problems by collaboratively engaging in a social process of
knowledge production and sense-making. That is in line with the constructivist view of
learning...” (2010 p. 255). Hence, in this paper, Daramola’s framework has been adapted to
include elements of constructivism in alignment with this recent trend of constructivism in CM

academic literature as shown in Figure 2.2.

Transformative Learning in Construction
Management Education

Cognitive Learning
Theory (CLT)
Constructivism
Experiential Learning
Theory (ELT)

Figure 2.2 Cognitive Learning Theory (CLT), Constructivism, and Experiential Learning
Theory (ELT) acting in unified interdependence to sustain the transformative learning experience

in CM education. (Adapted from Daramola, 2018)

Cognitive Learning Theory

The CLT model, founded on the theory of cognitivism, is a broad theory that is defined
by its divergence from behaviorism — the idea that learning is primarily motivated by external
stimuli (Perry, 1999). Thus, in contrast with behaviorist theory, CLT emphasizes the intrinsic
motivations (Perry, 1999) and internal mental processes (i.e., receiving, organizing, storing, and
retrieving information) that are necessary for acquiring knowledge (Ertmer & Newby, 1993). At
its core, CLT asserts that knowledge is the result of being presented with new information and
then absorbing it (McHenry et al., 2005). The cerebral focus of CLT serves learners by helping
them navigate the complexities of thinking, diagnosing, communicating, conceptualizing, and
information processing (Snelbecker, 1974). Hence, in a classroom in which CLT is applied, as

learners are presented with new concepts, ideas, and theories, and the scientific processes by
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which they are generated, they start to develop the intellectual skills that guide information
gathering, theory-building, and problem-solving.

For CM learners, cognitive skills (e.g., critical thinking and problem-solving) promoted
by CLT help foster the intellectual dexterity that is required to solve real-world problems.
Construction workforce professionals are routinely exposed to a wide array of unprecedented
challenges. Resolution to these challenges depends, in part, on a construction professional’s
mental abilities to collect and process available information in order to produce theory-based
solutions and then apply them (Pears et al., 2012). For example, figuring out how to stage a large
and complex commercial construction project in a densely populated urban environment
surrounded by other commercial, residential, and civil infrastructure is a problem many CM
students will eventually face. Intellectual competency developed through cognitive training
prepares them for assignments like this.

Historically, cognitivism in the construction classroom has taken the form of traditional,
teacher-centered instruction (i.e., lecture-based teaching), in which a teacher spends considerable
class time disseminating theory to learners (McHenry et al., 2005). Lecture-based teaching,
however, is not synonymous with cognitive-based learning. Lecture-based teaching is merely
one highly-criticized delivery method rooted in cognitivism. Increasingly, lecture-based teaching
is being branded as ineffective, as well as time intensive, garnering calls for reform away from
the method (Baruque & Melo, 2004; Behzadan & Kamat, 2013; Deshpande & Salman, 2016;
Friedrich et al., 2008; Stewart et al., 2009). Regardless of criticisms against lecturing, evidence
demonstrates unambiguously that cognitive-based learning remains an important part of the
learning experience (Douglas, 2011; Mayer, 2014; Research and Teaching, 2018) to help
learners develop higher-order thinking skills (Bincy & Raja, 2015). Thus, CLT’s documented
effectiveness does not exonerate the lecture-based teaching method, but it does help to explain its

modern resilience despite so many emerging pedagogical alternatives (McHenry et al., 2005).

Constructivism

Since its conceptualization about a century ago (Liu & Chen, 2010) constructivism has
emerged as the predominant pedagogical rival to the traditional learning approach, i.e. lecture
and text-book learning (Klassen, 2006). Building on the foundation of classical cognitivism,

constructivism is a branch of student-centered cognitivism (McHenry et al., 2005; Stewart et al.,
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2009; Swan, 2005; Tangdhanakanond et al., 2006) that accounts for both individual context and
existing knowledge in the learning process (Ertmer & Newby, 1993; McHenry et al., 2005). To
provide a definition, constructivism is
a poststructuralist psychological theory...that construes learning as an
interpretive, recursive, nonlinear building process by active learners interacting

with their surround[ings] — the physical and social world. It is a psychological

theory of learning that describes how structures, language, activity, and meaning-

making come about, rather than one that simply characterizes the structures and

stages of thought, or one that isolates behaviors learned through reinforcement

(Fosnot, 2005, p. 34).

As with cognitivism, constructivist learning remains a mental activity, but rather than
learners absorbing information by the “passive transfer of facts” (Ertmer & Newby, 1993 p. 62),
new knowledge aggregates with, and enhances, an individual’s existing knowledge (Tempelman
& Pilot, 2011). In essence, learners create meaning for themselves rather than attempting to
extract it from outside sources (Fosnot, 2005). Hence, according to constructivism, learning can
be described as the perennial adjustment of a learner’s existing mental framework to
accommodate new deposits of knowledge and experiences (Lohani et al., 2011; McHenry et al.,
2005).

The constructivist model’s emphasis on additive and adaptive learning aptly match the
needs of CM learners who are in, or preparing to join, the modern CM workforce (Jones, 2018).
For example, the constructivist model trains CM learners to keep up with advancements in
technology of the modern construction industry (McHenry et al., 2005). This technology comes
in the various forms of devices, equipment, systems, processes, policies, human networks, and
infrastructure (Pearson & Ollis, 2006). Constructivist learning theory caters to learners in this
shifting technological environment by helping them develop the mental framework necessary to
embrace change with openness and agility. Constructivism also prepares CM learners for
constant variation between projects. No matter how similar two construction projects are in
design, they are never exactly alike. Each project is unique in location, materials, time,
environmental conditions, labor, or all of the above. Thus, CM professionals are constantly
needing to adapt to project variability by relying on a learning framework that accounts for their

previous knowledge and experience.
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Despite the effective record of both cognitivism and constructivism, these cognitive-
based learning models alone are not without their shortcomings (Jonassen, 1991). In CM
education, cognitive-exclusive instruction is insufficient because, logically, CM is not an
exclusively cognitive activity. CM is highly applied. Many CM professionals depend on their
past experiences for guidance in handling current problems. Thus, increasingly, research
advocates for the inclusion of experiential learning as part of an effective instructional design for
construction fields (Daramola, 2018; Lee et al., 2008; Pedro et al., 2016; Quinn et al., 2019).

Experiential Learning Theory

ELT is a learning model that complements cognitive learning models (Kolb, 1984; Kolb,
Boyatzis, & Mainemelis, 2014; Kolb & Kolb, 2009) by helping learners personalize, internalize,
and retain information that can be retrieved for productive application in real settings (Lee et al.,
2008). David A. Kolb, the originator of ELT, defined learning ““as the process whereby
knowledge is created through the transformation of experience” (Kolb, 1984, p. 38). ELT
emphasizes the role of direct, personal experiences in the learning process, which means having
unmediated, personal exposure to an event that can afterward be translated into knowledge
(Kolb, et al., 2014).

The key to understanding the ELT model is distinguishing a direct learning experience
from a conveyed learning experience (Kolb & Kolb, 2013). Direct learning experiences are
always personal and probably more meaningful experiences, while conveyed learning
experiences, delivered by cognitive-based pedagogies, come by learning from other people’s
experiences. To illustrate with an example of this difference, directly experiencing a movie
means watching it in person, while a conveyed experience would be reading about the movie
from a critic’s review. Or, in a construction context, hearing about the erection of a tower crane
is quite different than experiencing the event firsthand.

Lee et al. (2008) wrote “the construction industry may be considered one of the
experience-oriented enterprises where [learners] need experience associated with the general
knowledge” (p. 160). ELT serves CM learners by providing an experience-based, professional
context where they can draw knowledge, examine the theory, reflect, and, most importantly,
develop a professional identity. By the ELT model, instead of leaving college having only

learned something, CM learners will have become something (Lohani et al., 2011). This
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professional “becoming” happens in college through experiential classroom time and internships
that emphasizes praxis (i.e., practicing theory), using technology, setting goals, solving
problems, and making decisions (Kolb, 1984; Kolb & Kolb, 2013), which are all important skills

for a competent CM professional to master.

Finding a Pedagogical Solution for the CLT/ELT/Constructivist Framework

While the CLT/ELT/constructivist framework as presented in Figure 2.2 above offers
solutions to many of the persistent issues with traditional teaching methods, it poses a new
challenge for any practitioners who may attempt to apply the theoretical framework (Jensen et
al., 2018). Central to the dilemma is the convergence of two competing learning priorities,
theoretical learning and experiential learning, in the context of scarce class time and resources
(Jensen et al., 2018). CM instructors must find a way to provide theoretical knowledge more
efficiently while maintaining an acceptable level of quality, thereby allowing sufficient in-class
time for active, student-centered, experiential learning opportunities (Fogarty, 2017; Rich et al.,
2018). The remainder of this paper discusses the possible application of this theoretical
framework in Figure 2.2 through one pedagogical solution: object-based learning (OBL) in a
flipped classroom (FC) environment. As illustrated in Figure 2.3 below, the combination of
foundational learning theories (i.e., cognitive, constructivist, and experiential) synergistically
supports OBL in a flipped classroom (FC) environment to facilitate a transformative learning

experience for construction learners.
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Figure 2.3 An educational framework outlining how OBL in a FC is supported by foundational
learning theories (i.e., cognitive, constructivist, and experiential) to provide transformative

learning opportunities for CM students.

Object-Based Learning

The opportunities presented by the modern e-learning environment, coupled with the
deficiencies of the traditional teaching approach, have cultivated the development of new digital
pedagogies (i.e., technology-enabled teaching approaches). One of these, that had been
forecasted to help usher in meaningful reforms in higher education generally (S3 Working
Group, The Masie Center, e-Learning Consortium, 2002; Wiley, 2002), and CM specifically
(Lee et al., 2003) is object-based learning (OBL). OBL, from its origins as physical artifacts in
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museums (Chatterjee & Hannan, 2016), is “an instructional strategy that is based on the idea that
people can learn from an object by exploring the object in its context” (Lee et al., 2003 pg. 1). It
is part of the growing family of alternative, student-centered teaching approaches which include
problem-based learning, outcome-based education, inquiry-based learning, game-based learning,
project-based learning, flipped classrooms, blended learning, workshop teaching, and
competency-based learning, to name a few.

OBL has many strengths, ranging from improving the accessibility of educational
materials to content customization (Griffith, 2003). It has been widely applied in e-learning
(Kiaw et al., 2016) and is recognized across many academic fields in most institutions of higher
education (Griffith, 2003). The OBL method has even been employed in some large commercial
and private organizations (e.g., Cisco) as part of their corporate training programs (Hoe &
Woods, 2010). Possibly the greatest feature of OBL is its versatility and compatibility with other
pedagogies to “make instructional resources more efficient and promote learners’ intrinsic
motivation for learning” (Hoe & Woods, 2010 p. 640).

While an authoritative, universally-accepted definition of OBL has not yet received
widespread adoption, OBL can be described as an active, student-centered teaching approach
(Rockenbach, 2011) that engages learners by “decomposing existing course material” (Goh et
al., 2014 p. 1) into manageable, modularized portions of instruction that are delivered as either
digital (Wiley, 2002) or, less commonly, as physical (Chatterjee, 2011) artifacts called learning
objects (LOs).

Learning Objects

Central to OBL are learning objects (LOs), instructional tools that experts hypothesize to
become powerful enough that, under the proper conditions, “teaching and learning as we know
them are certain to be revolutionized” (Wiley, 2002, pg. 20). Some examples of these LOs
include animations, videos, simulations, educational games, multimedia texts, electronic text,
web sites, images, movies, or mobile apps that can be used for educational purposes (McGreal,
2004). Recognizing the potential of LOs, the Learning Technology Standards Committee
(LTSC) of the Institute of Electrical and Electronics Engineers (IEEE) believed it was important
to build the legitimacy of LOs by authoring a formal definition. Their definition states that a LO
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is “any entity—digital or non-digital—that may be used for learning, education, or training”
(IEEE, 2002 pg. 3).

Although the IEEE’s definition helped legitimize the new instructional tool and
“facilitate the widespread adoption of the learning objects approach” the intentionally broad
nature of the definition diluted its usefulness (Wiley, 2002, p. 4). In essence, by the IEEE
definition, essentially all nouns, real, abstract, or virtual, can reasonably be considered LOs. For
example, a historical event, like the Civil War, or a historical figure, like Abraham Lincoln,
could be considered a LO (Wiley, 2002). As an improvement to the IEEE definition, David
Wiley, editor for the Agency for Instructional Technology and Association for Educational
Communication and Technology proposed a more exact definition which is “any digital resource
that can be reused to support learning” (Wiley, 2002, p. 6). By Wiley’s definition, only LOs that
are digital in nature, and thus accessible via the internet (Ritzhaupt, 2010), are considered true
LOs. Without discounting the effectiveness of physical, non-digital LOs (Chatterjee, 2011), this
research uses Wiley’s definition, as previously done in other publications, that narrows LOs to
only those that are digital in nature (Atif et al., 2003).

Notably and productively, throughout his work, Wiley (2002) repeatedly emphasizes
online instructional videos as tangible examples of LOs. Additionally, the FIPSE/LAAP
definition seconds this pattern by directly naming “on-line...video” directly inside its definition
of LO (Chitwood et al., 2000, p. 14). By providing concrete, straight-forward definitions and
guidance, these authoritative sources have helped practitioners ground OBL theory in real
classrooms and coordinate OBL solutions with other pedagogical interventions, like flipped

classrooms (FCs), and others.

OBL and the CM Learning Theory Framework

Though somewhat obscure presently, the OBL approach shows considerable promise and
is a close match to the established theoretical framework in Figure 2.2. As discussed, the
literature indicates that an effective pedagogical framework in CM should combine the mental
fitness emphasized by CLT, the adaptive competence emphasized by constructivism, and the
experiential context emphasized by ELT. Furthermore, for any proposed pedagogical alternative
to work, it must take into account the educational and technological conditions of the learning

environment. OBL fulfills these criteria in a variety of ways.

20



Briefly, regarding CLT, scholarship indicates that OBL can “provide learning support at a
cognitive level” to improve learner engagement, reduce distraction, and mind-wandering
(Willcox et al., 2016, p. IX). In accordance with constructivist theory, OBL facilitates an additive
learning experience in which learners are presented with discrete, organized bundles of
information and are then expected to link them into a coherent, unified idea (Adams et al., 2010;
Atif et al., 2003; Wiley, 2002). Also, as promoted by constructivist theory (McHenry et al.,
2005), the e-learning technology itself helps to improve the quality of learning (Ruiz et al., 2006;
Willcox et al., 2016) by allowing learners greater flexibility and control to direct their own
learning experiences according to their own style and pace. OBL supports ELT by providing
learners first-hand exposure (Kolb et al., 2014) to events and artifacts that stimulate learning.
And it enables instructors to spend more of their time customizing learning experiences through
increased interactions with their students (Christensen 2017; Willcox et al., 2016).

The meager literature that exists to date at the intersection of both OBL and CM
education seems to indicate that CM learners are well-positioned to benefit from the OBL
approach. One research team hypothesized that “the object-based learning method can offer
many advantages to training in the construction industry, especially teaching construction
activities that consist of various construction methods, equipment, materials, and costs” (Lee et
al., 2003, pg. 2). Despite literature like this promoting OBL in theory, the approach currently
lacks adequate, rigorous, evidence-based support (Kay, 2007; Lau & Woods, 2009; Lockyer et
al., 2009). Furthermore, what scanty empirical evidence that has been collected on OBL
generally is too thinly spread across various, unrelated disciplines (e.g., statistics, biology,
general education) making it difficult to apply specifically to CM education, creating a gap and

opportunity for future research (Hoxley & Rowsell, 2006; Wiley, 2008).

The Flipped Classroom: A Supporting Context for Object-Based Learning

Like many other fields, over the past decade the flipped classroom (FC) strategy has
gained momentum in CM education as instructors search for ways to create an in-class learning
environment that is more conducive to active and experiential learning (Burgett, 2014; Lee, Lee,
& Kovel, 2016; Lee, Salama, & Kim, 2016; Rogers & Tingerthal, 2013). Although many
variations and interpretations of FC literature share common themes, to date, a single, formal

definition of the FC has yet to achieve widespread adoption (Abeysekera & Dawson, 2015).

21



Recognizing this, Abeyskera and Dawson (2015) gathered “lowest-common denominator”
characteristics from the literature that could be used to help guide the construction of a universal
definition (p. 6). These are: 1) active, student-centered, peer learning, 2) the rearrangement of
conventional pre-class, in-class, and post-class activities so that most information transmission
happens outside of class time, and 3) the use of supplemental technology, especially video for
pre-class instruction (Abeysekera & Dawson, 2015). Scholarship has further clarified that a FC is
not merely synonymous with e-learning, distance, online or computer-aided learning, a
substitution of a human instructor with technology, or a student doing homework or studying
independently (Ozdamli & Asiksoy, 2016).

Thus, to provide a definition of the FC for the CLT/ELT/Constructivist framework in
Figure 2.2, I drew upon the current descriptions and characteristics of the FC from literature
(Abeysekera & Dawson, 2015), and borrowed heavily from the definition of “flipped learning”
(arbro et al., 2014) and other definitions (Ayala et al., 2017; Bishop & Verleger, 2013b; Bowen
etal., 2012; Jensen et al., 2018; Kelly et al., 2009; Kozma, 1991; Lo & Hew, 2017; Sever et al.,
2013). In this research the FC is defined as a student-centered instructional approach in which
technology enables independent, engaging, and efficient, pre-class and post-class learning
activities that allow teachers to engage learners in active, mentored, collaborative in-class
learning experiences that can be used to build knowledge. Figure 2.4 illustrates a simple, adapted

model of a FC that conforms with this definition.

Flipped Classroom (FC)

Object-based Learning (OBL): Digital
Pre-class learning resources (e.g. instructional videos)
In Class Group Work
Post Class Online Discussions & Reflections

Figure 2.4 Simple, proposed model of a FC using OBL (Adapted from Lo & Hew, 2017)
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When combined, OBL and FC are interdependent. FCs rely on e-pedagogies like OBL
for outsourcing in-class lectures to pre-class activities (Abeysekera & Dawson, 2015).
Reciprocally, OBL depends on supporting contexts, like FCs, for propagation (McGreal, 2004).
Combined with OBL, the FC completes the cognitive learning theory (CLT), constructivist, and
experiential learning theory (ELT) framework (Figure 2.2). Regarding CLT, according to
Bloom’s Revised Taxonomy (2001) the FC serves learners by reserving higher levels of
cognitive learning (i.e., application, analysis, synthesis, evaluation) for in-class time (Gilboy et
al., 2015) while they are being mentored in an active and collaborative environment (Brame,
2013). Regarding constructivism, “constructivism believes learning is a social activity”
(McWhirter & Shealy, 2018, p.3) making the active and collaborative group work of the in-class
activities of the FC highly consonant. Furthermore, because constructivist learning theory is
based on the idea that learners create meaning for themselves through authentic work tasks
(Fosnot, 2005), pre-class preparation for in-class group work converts into a meaningful activity
as well. Regarding ELT, which is founded upon the view that learning comes by doing, the FC
conforms definitionally to this foundational theory by allocating nearly all of in-class time for

active, experiential learning (Lo & Hew, 2017).

Conclusion

In the pedagogically (Behzadan & Kamat, 2013), economically (Neuman, 2017), and
technologically (Bond et al., 2020) shifting college environment, the traditional, reading and
lecture-based instructional method is insufficient to deliver a transformative learning experience
for construction management (CM) learners. Following a review of the literature, | proposed a
theoretical framework in Figure 2.3 adapted from one used in engineering education (Figure 2.2)
(Daramola, 2018). This adapted framework is composed of a variety of foundational learning
theories including cognitive learning theory (CLT), constructivism, and experiential learning
theory (ELT). These theories were used to inform the selection of a new learner-centered
teaching approach — object-based learning (OBL) applied in a flipped classroom (FC)
environment, a pedagogical combination theoretically powerful enough to deliver an effective,

transformative learning experience to CM learners.
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Recommendations & Future Work

As the learning environment continues to shift away from traditional teaching
approaches, well-researched alternatives will be in greater demand. OBL and FC are in need of
more supporting evidence, calling for greater efforts in empirical testing in both highly
controlled research settings and in real classrooms (Abeysekera & Dawson, 2015; Lockyer et al.,
2009). Researchers, instructional designers, and educational practitioners planning to conduct
research on OBL in a FC environment should be careful to follow the most current definitions,
descriptions, specifications, and guidelines for terms and constructs that have widespread
adoption (e.g., LOs). They should provide clear and specific working definitions of less-
developed definitions (e.g., FCs). Special consideration should be given to the selection,
creation, and application of LOs, particularly for self-made instructional videos, which are
rapidly growing in popularity as educational tools (Brame, 2016).

Above all, despite whatever educational challenges arise, as mindful teachers continue
searching for better ways to serve their learners, alternative pedagogical interventions like OBL,
FCs, and others can provide new options for delivering an education that is transformative for

students.
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Abstract
Technological advancements and lower production costs since the mid-1990s have dramatically
improved the opportunities teachers have to tailor self-made instructional videos for their
learners. Unfortunately, video production technology has outpaced the development of practical
theory, causing instructional videos to consistently fall short of their pedagogical potential.
Responding to these shortcomings, scholars from various backgrounds have started publishing
best-practice guidelines to help practitioners as they develop instructional videos for their
respective fields. This article contributes to this ongoing effort by synthesizing theory-based,
best-practice guidelines for a specific subcategory of educational videos called supplemental
instructional videos (SIVs). SIVs are different from other subcategories of instructional videos
because they are used to support and magnify other learning methods, mediums, and materials,
not substitute for them. Bringing best-practice guidelines immediately into application, they were
used to inform the production of SIVs for a real undergraduate course that was held in the
Building Construction Department of a major public university during the Spring 2020 semester.
The process and strategies used to apply the SIV guidelines were documented during the course

for future researchers and practitioners to learn and build from.

Keywords: Supplemental Instructional Videos, Cognitive Theory of Multimedia Learning,

Construction Management, Building Construction, Higher Education
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Introduction

For at least three decades, construction management (CM) departments were trying to
incorporate instructional videos into the classroom (Borzage & Reynolds, 1994). Throughout the
1980s and 1990s, CM teachers were eager to test the technology in their classrooms, however,
even after years of being available, the cost and skill required to produce quality instructional
videos remained prohibitively high (Borzage & Reynolds, 1994; Matthewson, 1988). To
illustrate the magnitude of this barrier, one estimate in 1994 placed the per-minute cost of
professionally produced instructional videos in CM between $800 and $1,000 (Borzage &
Reynolds, 1994). This meant that even the most inexpensive techniques of the era made the cost
for creating an entire instructional video in the thousands of dollars (Epstein, 1990; Senior &
Miura, 1996).

Owing to the technological boom at the turn of the millennium, high-quality videos can
be designed and developed internally, at minimal cost, with user-friendly options in both video
editing software (e.g., TechSmith Camtasia, Adobe Presenter, iMovie) and video hosting
platforms (e.g., YouTube, ScreenCast, Vimeo) (Hernandez-Ramos, 2007; Ozdamli & Asiksoy,
2016). As a result, higher education is quickly embracing this low-cost opportunity to capture
teachings with high-production-quality instructional videos (Hernandez-Ramos, 2007).
Unfortunately, the creation and use of instructional videos is happening despite teachers having
“little or no knowledge of the design techniques that actually improve learning” (Allison, 2015,
p. 19). Many instructional videos being produced at this time amount to little more than recorded
lectures. Consequently, research has documented that learners often complain that these video
lectures are low-production-quality, confusing, boring, irrelevant, and lengthy (Guy & Marquis,
2016; Lo & Hew, 2017). Noting this problem, researchers across fields are beginning to
investigate the advantages and disadvantages of using instructional videos in higher education
and the current best practices in their design and development that make them effective (Allison,
2015).

This paper presents a study in which a batch of supplemental instructional videos was
produced as teaching aides for pre-class reading materials in a flipped undergraduate CM course.
The design and development of the videos was guided by the underlying theories of multimedia
learning and based upon an interdisciplinary synthesis of best practices. The steps of the pre-

production, production, and post-production processes are described in detail.
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Cognitive Theory of Multimedia Learning

Contemporary research shows that teaching with video enhances learning (Brame, 2016).
Noting this effect, scholars have attempted to explain what makes using videos different from
traditional, didactic, reading and lecture-based teaching methods. The current, prevailing theory
is known as the cognitive theory of multimedia learning (CTML) (Brame, 2016, Kulgemeyer,
2018). According to Richard Mayer (2005), the originator of the theory, CTML is a view

of how people learn from words and pictures based on the idea that people
possess separate channels for processing verbal and visual material (dual-channel
assumption), each channel can process only a small amount of material at a time

(limited capacity assumption), and meaningful learning involves engaging in

appropriate cognitive processing during learning (active processing assumption

(p. 47).

Stated simply, CTML is the idea that “people learn more deeply from words and pictures
than from words alone” (Mayer, 2005, p. 31). CTML is founded upon cognitive load theory and
a variety of other forerunning cognitive science theories — i.c., Paivio’s (1986) dual-coding
theory, Baddeley’s (1998) theory of working memory, and Wittrock’s (1989) generative-learning
theory (Mayer & Moreno, 2003) — to explain how multimedia improves learning efficiency by
avoiding a condition known as cognitive overload (She et al., 2009). Cognitive overload is a
situation in which the cognitive demands of a learning task exceed the learner’s ability to process
and store new information (Mayer & Moreno, 2003), a frustrating and discouraging situation that
many learners have experienced. Hence, cognitive load theory asserts that for new information to
be stored in the long-term memory, it must first pass through the working memory, which has
limited processing capacity and has the ability to overload (Kulgemeyer, 2018; Sweller, 1999).

Central to understanding CTML, and its underlying theories, is the dual-channel
assumption, which makes the case that the human body has the ability to receive information
through multiple channels, chief among them the auditory and visual channels (Mayer &
Moreno, 2000). Thus, according to Mayer’s CTML, video would be more effective at
transferring information through the limited working memory because it utilizes multiple
channels (i.e., auditory and visual) concurrently, allowing learners to focus more cognitive

energy towards decoding and internalizing information rather than unlocking it from less-
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effective, single-channel, traditional mediums such as readings (Hoxley & Rowsell, 2006;
Mayer, 2005; Mayer & Moreno, 2003).

The Benefits of Using Instructional Videos

Beyond the potential institutional benefits of reducing cost (Ruth, 2012), saving
instructional time (Pai, 2014), and increasing accessibility (Bonk, 2008), scholars across fields
have documented the learning benefits that result from using instructional videos. In 2013, Sever,
Oguz-Unver, and Yurumezoglu published a review of previous studies on video teaching. From
their research, they uncovered two key benefits of learning from video.

First, Sever et al. (2013) stated that video prompts both concentration and motivation in
students throughout their learning experience. One popular theory that helps explain why video
stimulates concentration and motivation in learners is Kearsley & Shneiderman’s (1998)
Engagement Theory: A Framework for Technology-based Teaching and Learning. This theory
emphasizes the abilities of technology, namely video, to connect students with each other, to new
ideas, and to meaningful tasks when they otherwise would not be able to. It asserts that learner
engagement is a product of three components: relating (the exchange of ideas), creating
(application of ideas), and donating (“‘making a useful contribution while learning” in an
“authentic learning context [which] increases student motivation and satisfaction™) (p. 20).
Modern instructional videos, distributed via online hosting platforms, provides the opportunity
for all three of these components to be fulfilled.

The second benefit listed by Sever et al. (2013) is that instructional videos possess a
unique ability to help learners understand and internalize complicated or abstract concepts. This
benefit is further explained by Elizabeth Choe (2017), whose work focuses on highlighting the
best-practices from instructional video case studies across disciplines. Choe found that when
videos are effectively produced, they have special instructional capabilities, unique from other
teaching methods and instruments. For instance, from her research, Choe (2017) determined that
SIVs are capable of “transcend[ing] space and time to make concepts clearer or more interesting”
(p. 4), showcasing inaccessible events and processes, and “provid[ing] visual metaphors that
make abstract concepts tangible” (p 9). Hence, through the “amplified realism” (Koumi, 2015, p.
9) that video can provide, learners have the ability to view impossible-to-see, real-life

phenomenon in action. To provide an example of this in a CM context, video can demonstrate
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the microscopic, imperceptibly-slow, chemical process of hydration that bonds cement to stone
aggregate to yield concrete — a feat impossible with other traditional, single-channel mediums.

Other advantages of using instructional videos from the literature include: improving
student attention, achievement, and attitude (Allison, 2015; Choudhury, 2011), preventing
cognitive overload (Hew et al., 2018), improving the ease of learning (Sumbawat, 2016), and
accommodating the preferences of a younger, college-age audience (Pai, 2014). Furthermore,
with instructional videos, learners are able to watch and rewatch course material at their
convenience, in their environment, on their devices, at their own pace (Ahmed et al., 2007; Lee
et al., 2003; Lee et al., 2016; Sumbawat & Munoto 2015; Swan, 2005), and even take any
corresponding assessments in tandem (Hew et al., 2018; Moradi et al., 2016).

Instructional videos may introduce some limitations or disadvantages as well. Allison
(2015) concluded that using instructional videos may adversely impact accessibility for older or
economically disadvantaged populations. Furthermore, McGarr (2009) stated that instructional
videos may have the adverse consequence of distracting from primary learning sources and even
“add to the passivity of students and may ultimately encourage less engagement” (p. 17). Finally,
producing quality instructional videos can be a time-consuming process for busy teachers
(Kulgemeyer, 2018), a task that should not be overlooked. Fortunately, technological, and
pedagogical solutions are being developed to address these potential shortcomings. They will be

discussed below.

Current Best Practices for the Design and Development of Instructional Videos

Instructional videos are not intrinsically superior or inferior to in-person instruction,
rather, the success of an instructional video depends on its correct design, development, and
application (Brame, 2016; Muller, 2008). To stress this point, Richard Mayer (2005), in his
explanation of CTML, warned that “simply adding pictures to words does not guarantee an
improvement in learning — that is, all multimedia presentations are not equally effective” (p.
31). Hence, the effectiveness of video as a learning medium is conditional, depending in large
measure upon its conformity with best-practice guidelines.

Because the success of instructional videos relies on using the proper production
techniques, it is imperative that scholars provide correct and contemporary guidelines to those

interested in creating their own videos (Giannakos et al., 2014). Table 3.1 is a contribution to this
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effort, merging best-practices across a variety of applied disciplines, including: biology (Brame,
2016; Jensen et al., 2018), engineering (Bristow et al., 2014; Moradi et al., 2016), education
(Allison, 2015; Kay, 2014; Kulgemeyer, 2018; Lo & Hew, 2017; Mayer & Moreno, 200), STEM
fields (Choe, 2017), library science (Majekodunmi & Murnaghan, 2012), construction

management (Hurtado et al., 2014; Nasir & Bargstadt, 2017), computer science (Espino et al.,
2013; Van der Meij & Van der Meij, 2013), and medicine (Forbes, 2016; Prime et al., 2017), and
business and marketing (Kramer & Bohrs, 2016), among many others (Choe, 2017). By no

means is Table 3.1 intended to be an exhaustive collection of all scholarship commenting on the

subject of SIV production, rather it is a curated collection of guidelines focused on supporting

researchers, instructional designers, and educational practitioners as they tailor content for their

specific audiences. For this reason, content creators should note that because the set of guidelines

presented in Table 3.1 was generated from a wide variety of disciplines, the principles and

techniques presented are broadly applicable as demonstrated by their shared points of overlap
(Ahmed et al., 2007)

Table 3.1 Best practices to optimize student learning from supplemental instructional videos.

Guideline

Rationale

Supporting Sources

Short

Videos should be made as short as necessary
to convey the message. Because sources
vary somewhat defining what this means, it
makes sense to recommend an upper limit.
Ideally, most instructional videos should not
exceed 15 minutes. (Some recommend that
the length should not exceed one and a half
minutes per grade level of the learning
audience. Others say that between 1-4
minutes is ideal. Much of the current
literature seems to agree that between five
and ten minutes is the target duration of an

instructional video, stating, specifically that

Allison, 2015; Bergmann &
Sams, 2014; Bonk, 2008;
Brame, 2016; Bristow et al.,
2014; Choe, 2017; Espino et al.,
2013; Guo et al., 2014; Hew et
al., 2018; Hornung, 2014;
Kramer & Bohrs, 2016;
Kulgemeyer, 2018; Lo & Hew,
2017; Moradi et al., 2016; Nasir
& Bargstadt, 2017; Prime et al.,
2017; Van der Meij & Van der
Meij, 2013
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six minutes has been cited as the ideal

length.)

Scripted A carefully-written script is essential for a Kramer & Bohrs, 2016; Rubin et
clear message. Impromptu monolog can be | al., 2015
detrimental to the delivery, quality, and
effectiveness of the instruction.

Segmented Instead of introducing multiple topics in a Allison, 2015; Brame, 2016;
single video, multiple videos should be used | Choe, 2017; Hew et al., 2018;
to cover single topics. Kulgemeyer, 2018

High-quality | Video, audio, graphics, and animations Allison, 2015; Choe, 2017,
should be neat, smooth, sufficiently loud, Espino et al., 2013; Forbes,
and visually and auditorily clear so learners | 2016; Kulgemeyer, 2018; Mayer
are not distracted or confused by jarring & Moreno, 2003; Moradi et al.,
media. 2016; Nasir & Bargstadt, 2017

Self-made As often as possible, instructional videos Bergmann & Sams, 2014;
should be created by the teacher. Custom- Brame, 2016; Bristow et al.,
made videos do better to connect learners 2014; Espino et al., 2013; Guo
with both their teacher and lesson material, | et al., 2014; Hurtado et al.,
in addition to augmenting the relevance of 2014; Moradi et al., 2016; Pali,
the content. 2014

Engaging Instructional videos should include abundant | Allison, 2015; Nasir &

visual and auditory stimuli such as hand
gestures, vocal inflection, facial expressions,
sound effects, complex backgrounds,
changing color and contrasts, and motion
graphics. It can also be effective to
appropriately elicit emotion, for example,

using humor.

Bargstadt, 2017; Brame, 2016;
Choe, 2017; Espino et al., 2013;
Hew et al., 2018; Jensen et al.,
2018; Kay, 2014; Kulgemeyer,
2018; Moradi et al., 2016; Guo
etal., 2014; Rubin et al., 2015
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Clear

All audio and visual content should be
deliberate and have a clear purpose. Only
necessary sounds and visuals should be used
(e.g., avoid meaningless background music).
The content of the instructional video should
be expressed in the most efficient and easy-
to-understand way possible. Remove any
visual clutter. Use effective combinations of
narration, written text, and imagery (e.qg.,
written, on-screen text should not be
coupled with visuals. Narration and visuals

are a better combination).

Choe, 2017; Espino et al., 2013;
Hurtado et al., 2014; Kay, 2014;
Kulgemeyer, 2018; Mayer &
Moreno, 2003; Moradi et al.,
2016; Nasir & Bargstadt, 2017
Van der Meij & Van der Meij,
2013

Personalized

Narration should use personalized, polite,
conversational language and avoid third-
person references (e.g., say “you” and “I”
instead of “him”, “her”, or “the learner”).
Topics should not use too much difficult

terminology or jargon.

Allison, 2015; Brame, 2016;
Bristow et al., 2014; Espino et
al., 2013; Lo & Hew, 2017;
Majekodunmi & Murnaghan,
2012

Active Instructional videos should incorporate Brame, 2016; Majekodunmi &
guiding questions, interactive questions, or | Murnaghan, 2012; Moradi et al.,
other interactive digital elements that are 2016; Van der Meij & Van der
coordinated with other assignments. Meij, 2013

Connecting | Instructional videos should address the Choe, 2017; Forbes, 2016;

learning topic directly in a way that is

relevant to the learner.

Kulgemeyer, 2018;
Majekodunmi & Murnaghan,
2012; Nasir & Bargstadt, 2017;
Van der Meij & Van der Meij,
2013
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Paced Instructional videos should have an effective | Mayer & Moreno, 2003; Guo et
and reasonable pace that is fast enough to al., 2014; Kay, 2014; Lo &
retain the learners’ attention, but slow Hew, 2017; Nasir & Bargstadt,
enough so learners are not overloaded and 2017; Van der Meij & Van der
lost. Meij, 2013

Developing Supplemental Instructional Videos for Traditional Learning Materials in
Construction Management Courses.

During the spring semester of 2020, the theory-based guidelines outlined in Table 3.1
were incorporated into a second-year, undergraduate CM course called Residential Construction
Technologies, offered at a large, public university located in the Mid-Atlantic region of the
United States. This course was ideal for the research because it applied a flipped classroom (FC)
teaching approach noted in the literature for being conducive to using video (Abeysekera &
Dawson, 2015). The FC reverses the traditional model of in-class learning and at-home
assignments (Roehl et al., 2013). Homework becomes teacher-guided classwork, frequently done
in groups, and theory-based instruction is conducted outside of the physical classroom, often as
readings, online learning modules, or instructional videos (Brewer & Movahedazarhouligh,
2018).

Supplemental Instructional Videos

The type of videos produced for the course were supplemental instructional videos
(S1Vs). According to Kay (2014), four subcategories of instructional videos are commonly used
in higher education. These include lecture-based, enhanced, supplementary, and worked
examples. Lecture-based videos are simply a recorded lecture. Enhanced videos are an
embellishment of another medium. They are frequently used to upgrade or enrich a lecture.
Supplementary videos, in contrast with enhanced videos, complement another teaching medium.
They reinforce the main messages of the instruction by providing emphasis, focus, or clarity.
Worked examples are video explanations of procedural problems. They are frequently used to
help with math and other calculation-based instruction. While the lecture-based category is the

most common form of instructional video used in higher education currently, supplementary is
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recommended due to its ability to provide “significantly more educational value” (McGarr, 2009
p. 317). Speaking specifically of SIVs, McGarr (2009) claimed that

as well as providing revision and summary material, supplementary material can

also be in the form of additional material which may broaden or deepen the

student’s understanding. This type of use can facilitate higher cognitive learning

outcomes since the provision of supplementary material can provide students with

alternative perspectives on content previously delivered or enable further and

deeper exploration of topics (p. 317).

Hence, rather than videos merely substituting for an in-person lecture (i.e., lecture-based
instruction) or embellishing existing learning materials (i.e., enhanced videos), SIVs complement
other forms of instruction, including in-person teaching, readings, and group work, to deliver a
full learning experience.

The main job of the SIVs in the course was to introduce unfamiliar and complex
construction topics in an accessible way, in order to make subsequent assignments (i.e., readings,
group work, reflections, and classroom discussions) more effective and meaningful for learners.
Notably, the videos in this course were designed to supplement the pre-class readings, rather than
the in-class lecture. In alignment with FC theory, the main reason to do this is to provide help
where it is likely to be most needed, but often least available — at home, where reading for class
traditionally happens (Bergmann & Sams, 2012). Also, it is advisable to use SIVs to help with
readings because, increasingly, college-age learners (i.e., Millennials and Generation Z) are
expressing dissatisfaction with reading as a method for learning, in favor of multimedia-based
alternatives. Recent research by the Harris Poll, a global market research firm, on behalf of
Pearson Education, shows that video is quickly overtaking reading as the instructional medium
of choice for upcoming college generations (Pearson Education, 2018). This trend appears to be
true broadly, for learners across all fields of study, as well for CM learners specifically (Bernold,
2005; Hoxley & Rowsell, 2006).

The research procedures in the study follow similar scholarship in other applied
disciplines (Gonzalez et al., 2010; Hurtado et al., 2014; Majekodunmi & Murnaghan, 2012;
Moradi et al., 2016) in which the development of instructional videos was informed by an
established set of guidelines through the video production process. The remainder of this paper is

dedicated to reporting the approach used to apply the guidelines in Table 3.1 to the course.
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The Course

The course, Residential Construction Technologies, trained students to critically evaluate
and compare competing construction materials, methods, building systems, and products. Each
week, for twelve weeks, the 46 learners enrolled in the course were asked to first complete
readings about a specific, industry-standard construction technology termed the conventional
technology. The conventional technologies covered a wide range of construction topics:
foundations, wall framing, floor framing, roof framing, the mechanical system, the electrical
system, the plumbing system, windows, roofing, insulation, exterior wall finishes, and finished
flooring. After learning about the conventional technology, learners were assigned readings
covering more advanced alternatives, called the conventional-plus technologies.

SIVs were developed and provided by the instructor to help learners understand the
readings that covered the conventional-plus technologies, which were expected to be unfamiliar
for students. The SIVs were developed following the production guidelines found in Table 3.1.
Once both technologies (i.e., conventional and conventional-plus) had been introduced, learners
were asked to do additional research in groups and complete a report comparing the two
technologies using an established set of criteria. The criteria included cost, time/schedule,
production/delivery, quality, safety, and sustainability. In their report, each group was asked to
provide a final recommendation to adopt the conventional-plus technology or use the
conventional technology.

To provide an example of one week of this course outline, in week seven, the
conventional technology was a standard traditional storage tank water heater, a widely-used
model found in millions of homes across the United States (Ryan et al., 2010). Learners were
provided literature describing this water heater model in detail. Then learners were assigned
readings covering the conventional-plus technology, a condensing storage water heater,
purportedly superior to the traditional model in a number of ways, but primarily in the domain of
energy efficiency (Lunt, 2009). Condensing storage water heaters also cost substantially more
and have far less market presence. To help learners more fully understand the function and
features of the technologically-advanced condensing storage water heater in comparison with its

conventional counterpart, the traditional storage tank water heater, a four-minute SIV was
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produced to accompany the reading, as represented in Figure 3.1 below. This process was

repeated for all twelve topics covered in the semester.
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Figure 3.1 Supplemental instructional video comparing traditional storage tank water heaters

(left) with its technologically advanced alternative, condensing storage water heaters (right).

Stages of Supplemental Instructional Video Production
Preproduction

Preproduction involved preparing standard tools and procedures to help the development
process remain as consistent as possible across all twelve SIVs created for the course. The video
editing software chosen to develop the SIVs was TechSmith Camtasia 2018, a widely-
recognized, user-friendly, and relatively low-cost option that provides many professional-grade
capabilities. A standard video introduction and outroduction (i.e., intro/outro) was formulated
and saved as a TechSmith Project file (.tscproj) template to be used for all videos. The
introduction and outroduction involved finding engaging “bump” music and developing an
attractive animated sequence introducing the course and SIV topic (e.g., condensing storage
water heaters). The outroduction mimicked the introduction, only it was shorter. The music was
procured from the YouTube Audio Library, a vast collection of free music made available
specifically to support video production. All music used for the template was taken from the
attribution-free portion of the music library.

The SIV production for this course was intentionally minimalist. No professional studio

or equipment was used. Camtasia, Microsoft Office, and a laptop computer were the extent of the
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software and equipment required to produce all SIVs for the course. None of the SIVs required
the use of external video recording equipment or photography. Hence, no cameras, lighting
equipment, or external microphones were necessary. Nearly all images, graphics, animations,
music, and sounds effects used during production came from free, license-free, and attribution-
free sources (i.e., Pixabay.com, Google, YouTube Audio Library, FreeSounds.org). The others
were given attribution inside of the video and were used in compliance with the four-factor test
for fair use under the Copyright Act of 1976 (Adler, 2016). Instructor narration was recorded
using the laptop microphone in a quiet room. Screen recording was facilitated by Camtasia and
Microsoft PowerPoint.

The final step of the preproduction process involved authoring a carefully-worded script
for the narration. Because the SIVs were designed to supplement the reading assignments, rather
than the classroom lecture, developing the script for each SIV was straightforward. The main
points of the readings were highlighted, notes were taken, and any confusing points or
unresolved questions left by the text were researched and answered. The main summary points
were then written into a script, using basic, personalized language, that could be recorded during

the production process.

Production

For this animated SIV series, which did not include traditional filming with cameras, the
production process centered on collecting, developing, and combining the discrete digital
elements that made up both the audio track (e.g., narration, music, and sound effects) and visual
tracks (e.g., video, photographs, captions, and animations) to be used in the Camtasia projects.

Recording and editing the narration was the first step for each SIV. After the narration
was recorded in Microsoft PowerPoint, the raw audio file had to be edited to remove any
misspoken words, unwanted sounds (e.g., coughs, bumping the table), and outtakes. Additional
audio effects were added to the narration track to increase the volume, level the sound, and, if
necessary, reduce any persistent background noise (i.e., room noise).

With the narration complete, the visual tracks were then developed to support the
narration. License-free stock videos, images, and graphics were used liberally from a variety of

sources (e.g., Pixabay, Google, Archive.org). Also, Camtasia’s embedded library of animated
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Visual
tracks

Audio |
tracks

icons and objects were used to support the development of the visual tracks. Screen-recordings
were also used on occasion.

After the visual elements were built, preset animations and behaviors (e.g., fly-in images,
bouncing words, rotating photos) were applied to them to improve visual engagement. Sound
effects (e.g., pops, swooshes, and dings) were used sparingly to emphasize some of the animated
visuals. Occasionally, transition effects (e.g., fading and fading to black) were used between
scenes, but less frequently. Other visual effects like blurring, fading, highlighting, and zooming
in and out were appropriately applied to the visual elements throughout the SIVs as well. Figure
3.2 below provides a visual sample of the various digital elements and SIV sections that
comprise one of the Camtasia project files created for the course.

TechSmith Camtasia - Plumbing tscproj

@# 0 2%

Various effects

Main text track

- 2 0 F A
Main image track [RE2 { : ’ ,.&gmm- ik I

White background —[R&& Callout

Narration rac 4 Audic  Audio 1 o WAL BATSS 1

Bump music

Introduction Subject (e.g. Condensing Storage Water Heaters) Outroduction

Figure 3.2 Screenshot of the in-progress Camtasia project for the condensing storage water
heaters SIV.

Post-production
Post-production of the SIVs began with rendering each Camtasia project into a video file
(i.e., .mp4) in preparation for final review. Once the video file was generated, the draft was given

a close review by all members of the development team for any missed errors that needed to be
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addressed. If any errors were discovered in the draft file, the Camtasia project was revised and
re-rendered. This process was repeated until no errors were found and all production team
members approved.

Following the rendering and revision process, dissemination of the final draft was the last
step to deliver the SIVs to the learners. The university learning management system (LMS),
Canvas, was used as the video hosting platform. The reason for using Canvas instead of more
public options (e.g., YouTube) was to allow the videos to be joined with other educational tasks,
like quizzes, that could be directly linked to the grade book.

Time Commitment

Following the semi-experimental production of the first few SIVs in the research course,
an effort was made to document the time required to produce the remaining SIVs. Table 3.2
outlines the time expended during each step in the production sequence of the final seven SIVs in
the course. This table does not include the time spent on researching the assigned readings,
building the Camtasia project file template, production team discussions or revisions, or
launching the video on Canvas LMS. For production events in which the time expense was
difficult to calculate precisely (e.g., writing and editing the script would sometimes require
additional research halfway through the task, causing it to be scattered over various days), they

were estimated to the closest minute, five minutes, or, in some cases, fifteen minutes.

Table 3.2 Recorded time for various production stages of seven SIVs created for the course.

Preproduction Production Post-production
Write & edit | Audio recording Production of Initial review, edit, Total Length of
seript & editing visual layers Render revision Re-render |production time final video
Video 1 90 45 120 7 15 7 284 2.73
Video 2 120 45 60 8 15 10 258 4.05
Video 3 60 30 90 4 15 4 203 2.13
Video 4 60 30 90 6 15 5 206 2.03
Video 5 90 45 90 10 5 0 240 3.13
Video 6 90 25 90 10 5 0 220 2.46
Video 7 90 30 90 9 5 0 224 2.59
Total 600 250 630 54 75 26 1635 19.12
Average 85.71 35.71 90.00 7.71 10.71 371 233.57 2.73
All times in minutes.
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Course Administration
An important aim of this research report is to promote a positive change in the quality
and efficiency of the multimedia content that is being developed for college courses. One way
this change can happen is for professors to enlist the help of their teaching assistants (TAs). For
example, under the direction of professors, and guided by the theoretical best practices like those
found in Table 3.1, TAs could be the primary technicians who create customized batches of SIVs
that can support traditional readings and lectures. Then, in a drafting process, professors will
review the initial video rendering, request revisions, and eventually give their approval of the
final versions of each SIV. This format is ideal because it will concurrently familiarize TAs with
the course subject matter while sparing the professor’s time from the technical tediousness of
creating SIV content. Some other benefits of this structure include:
e Training for TAs in video-editing software and course subject matter, building their
knowledge, and improving their resumes and portfolios with meaningful contributions.
e Making educational materials more accessible and distributable by modularizing them
digitally.
e Building a digital content warehouse of SIVs that can be easily recycled by professors

and departments for use in future courses.

Additional Considerations

As with any new undertaking, the level of expertise of the SIV production team should be
considered when setting expectations or when comparing product-based or experience-based
outcomes. For the research presented above, the technician who produced the SIVs has years of
experience in every stage of the instructional video production process (e.g., planning and
authoring messages, writing and narrating scripts, and working with video editing software).
Hence, those with little or no experience producing instructional videos will likely have different
experiences from the ones documented in this paper as they make their initial attempts to create
SIVs. To this end, | feel compelled to offer a word of encouragement by reminding readers that
not long ago Microsoft PowerPoint undoubtedly seemed overwhelmingly complex in
comparison with transparencies and overhead projectors. Keep in mind that, in the cycles of
technological development (Rogers, 2010), instructional video hardware and software is still

relatively new and likely to continue improving with time. | expect that in the coming years
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video production will be even more intuitive than it is now and those previously excluded from
adopting the medium because of computer and user interface challenges will feel more
comfortable with it.

Conclusion

Over the past few decades, easily-accessible, low-cost video editing software has been
developed that enable professors to produce high-quality educational resources. Instructional
videos can now be developed that approximate the quality of traditional, in-person instruction.
However, despite the new software’s robust functionality and intuitive interface, reports of
poorly executed multimedia content ensued, demonstrating that producing college-level
instructional videos required more than exceptional technology. Hence a new barrier emerged —
the professoriate needed better guidance with the new video editing technology. Responding to
this barrier, multimedia scholars and experts throughout higher education began publishing a
wave of best-practice recommendations to help with instructional video design and development.

This paper is one outgrowth of that effort, cataloging current best practices used across
fields specifically for supplemental instructional videos (SI1Vs) — a subcategory of instructional
video that has been touted in the literature for its effectiveness. This paper also contributed by
documenting the application of the best-practice guidelines for an undergraduate CM course. The
research offered many new insights ranging from recommendations for a production sequence to
reporting the time expense of each stage of SIV development. Possibly the most important
contribution of the research is its confirmation that the best-practice theories promoted by the
literature, and curated in this paper are practical, deployable, and realistic. The strategies and
procedures used to apply the guiding theories have been documented and are ready for reference.
Finally, the execution of the research also revealed important knowledge gaps and additional

opportunities for inquiry.

Recommendations for Future Work

As revealed by research from The Harris Poll on behalf of Pearson Education (2018),
instructional video is quickly becoming the preferred learning medium for upcoming
generations. Researchers can be responsive to this growing trend in a few helpful ways. First,

more primary research is needed for expanding and improving the best-practice theory that
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teachers and instructional designers should use when designing and developing instructional
videos. Also, part of the primary research should include a more comprehensive time
expenditure for these prescriptions. It is important to know how much time it requires professors
and their TAs to follow the production guidelines. Second, in the constantly shifting pedagogical
and technological college environment, existing sets of best-practice guidelines must be routinely
checked for relevance and updated. Third, this paper focused on reviewing and applying theory
specifically for SIVs. More research is needed on the other mentioned subcategories of
instructional videos (i.e., lecture-based, enhanced, and worked examples) to identify points of
commonality and departure. Finally, although the efforts documented in this paper are an
important first step to improving instructional videos that are used in classrooms, equally as
important is knowing how learners respond to instructional videos in real and controlled settings.
Thus, more empirical research is needed to find out the extent to which instructional videos have

an effect on student performance and the quality of their learning experience.
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CHAPTER 4
INSTRUCTIONAL VIDEO OBJECT-BASED LEARNING IN A FLIPPED CONSTRUCTION
MANAGEMENT CLASSROOM
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Abstract
Instructional videos are quickly becoming a permanent fixture of modern higher education.
However, little empirical research has been conducted testing the effectiveness of instructional
videos for improving student performance. The meager literature published to date makes this
particularly true in the field of construction management (CM). In the spring semester of 2020,
46 learners in a CM course participated in a research study aimed at understanding the ability of
supplemental instructional videos (SIVs) to improve student understanding of pre-class readings
in a flipped classroom. The SIVs were designed and developed based on an interdisciplinary
synthesis of best practices and delivered online as supplemental learning materials in a repeated-
measures crossover experiment. Results from the experiment indicated that supplemental
instructional videos had little measured effect on student performance, regardless of age, year in
school, gender, final class grade, or complexity of the learning topic. A closer examination of the
negative results suggest that practitioners should not expect large or significant changes in their
learners’ performance from supplemental, instructional video interventions. Outside of the SIV
treatment, the research discovered that the abrupt shift to exclusively online class in response to

the COVID-19 pandemic was associated with a significant increase in student performance.

Keywords: Construction Management, Object-Based Learning, Supplemental Instructional
Videos, Flipped Classrooms, COVID-19

Background and Introduction
Object-Based learning (OBL) is an active, student-centered teaching approach

(Rockenbach, 2011) that breaks down course subject matter (Goh et al., 2014) into small,
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modularized portions of instruction that can be delivered digitally (Wiley, 2002). As defined by
some of the pioneering construction education scholars of the pedagogy, OBL is “based on the
idea that people can learn from an object by exploring the object in its context” (Lee et al., 2003
pg. 1). Fundamental to the OBL approach are learning objects (LOs) — “digital resource[s] that
can be reused to support learning” and are openly distributable online via the internet (Wiley,
2002, p. 6). Some examples of LOs that conform to this definition include various multimedia
content such as digital text, graphics, photographs, animations, and, most notably in recent years,
instructional videos (Chitwood et al., 2000; Wiley, 2008).

The conceptualization of modern LOs is attributable to H. Wayne Hodgins, who has been
called the “father” of LOs or “Mr. Metadata” for his contribution to the field of computer science
(IEEE Computer Society, 2020). Foreseeing a future defined by internet-based learning, Hodgins
envisioned placing the “control of content...into the hands of every individual...where everyone
in need of a given skill or knowledge can be connected directly with those who have it... to have
potentially billions of authors and publishers...” (Hodgins, 2002, p. 81). Hodgins also claimed
that the “most significant promise [of LOs would be] to increase and improve the effectiveness
of learning and human performance” (Hodgins, 2002, 76).

Hodgins’s work has empowered companies like YouTube, possibly the largest repository
of video-based multimedia content on the planet, to largely fulfill the first half of his vision —
putting the control of content within reach of everyone, connecting people, and empowering
“billions of authors" (Hodgins, 2002, p. 81). Following the concurrent, sudden breakout of both
online learning and low-cost, high-quality video editing software, instructional videos have also
become a defining feature in the landscape of modern education (Brame, 2016). To illustrate the
extent to which Hodgins's vision has materialized, YouTube EDU, a sub-site of YouTube
devoted exclusively to publishing instructional videos, was chartered in 2009 (Arrington, 2009)
and currently makes available more than 700,000 instructional videos produced by a variety of
both well-known (i.e., PBS, TEDEd, and Khan Academy) and lesser-known authors (Teachers
YouTube, n.d.).

Although the reach and momentum of instructional videos is extensive, because of
Hogdin’s sustained emphasis on developing the technical side of LOs, research in this field has
been disproportionately focused on the computer science of LOs rather than their pedagogy,

leaving many open questions about the educational efficacy of LOs and OBL (Wiley, 2008).
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Fundamental questions regarding the pedagogical quality of instructional videos remain
unanswered. Chief among them: Do instructional videos live up to their “most significant
promise [...] to increase and improve the effectiveness of learning and human performance.”
(Hodgins, 2002, p. 76)? If so, for who, in which ways, and to what extent?

As a result of these lingering questions, this study aims to explore the impact of
instructional videos for undergraduate students, focusing on a flipped classroom (FC)
construction management (CM) course. In the field of CM, few studies have been published that
directly evaluate the effectiveness of instructional videos. Those that are available are too
dissimilar in scope and methods to aggregate and generalize to the overall population of
undergraduate CM learners (Burgett, 2014; Choudhury, 2011; Hurtado et al., 2014; Lee, Salama,
and Kim, 2016). The scant research that has been published on the effectiveness of instructional
videos for CM education report mostly positive results (Choudhury, 2011; Hurtado et al., 2014;
Lee, Salama, and Kim, 2016). However, no previous research could be found that evaluated the
ability of instructional videos to supplement traditional, pre-class learning materials (in contrast
with lecture) in a FC setting. Considering McGarr’s (2009) claim that “[supplementary video]
material can facilitate higher cognitive learning outcomes [by] providing students with
alternative perspectives on content previously delivered or enable further and deeper exploration
of topics” (p. 317), this works focuses on the effectiveness of SIVs, determined by the
improvement between pretest to posttest scores, rather than other types of instructional videos.
This paper contributes to the literature by reporting the outcome of an explanatory, quasi-
experimental research study measuring the effectiveness of SIVs for traditional, pre-class
learning materials in an authentic, CM FC. It also provides insight on the student performance
differences between in-person instruction and exclusively online learning. Unexpectedly, exactly
halfway through the research study (after week 6 of 12), the COVID-19 pandemic suddenly
forced all in-person classes to move online. Hence, a COVID-19 research question (RQ4) and
variable were created to examine any changes between the two periods of different instructional

delivery methods (i.e., six weeks of in-person vs. six weeks of online instruction).

Literature Review
Prevailing pedagogical theory suggests that instructional videos should have the ability to

improve undergraduate CM learner achievement (Lee et al., 2003). The literature predicts that
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instructional videos will be most effective and conducive to learning in two situations: first, to
demonstrate a technique, and second, when learners need visuals to gain a true appreciation of
the subject matter (Meisel, 1998). Both situations apply to CM education (Hoxley & Rowsell,
2006) due to the applied nature and complexity of the field. These two situations imply that
instructional videos should be particularly helpful when integrated as visual supplements to
existing CM curricula. Additionally, because the medium of video remains effective regardless
of the level of complexity of the content (Liu & Hatipkarasulu, 2014), this supplementation may
be uniquely effective with more difficult or technical topics. Other theory suggests that the visual
elements of instructional videos may have a greater impact with less-experienced learners who
are unfamiliar with learning topics and find readings or other traditional mediums challenging
(Nasir & Bargstadt, 2017).

While this theory provides guidance on the deployment of instructional videos, limited
research has empirically evaluated the effectiveness of instructional videos directly, and
specifically in a construction education context. Choudhury (2011) tested the effectiveness of
instructional videos on undergraduate CM students in an environmental control systems course.
Learners enrolled in the summer 2009 course did not have any instructional videos while learners
in the 2010 course were “shown video clips related to the course” (p. 5). He found that using
instructional videos to supplement classroom lecture had a statistically significant positive effect
on learners’ test scores across years. A notable weakness of this work is that the paper provides
little-to-no information about the characteristics of the “video clips” (p. 2) themselves. Details
about content, length, quality, selection and development criteria, and the process for applying
the videos in the lectures, are all left out.

Burgett (2014) used the flipped classroom (FC) approach to test the effectiveness of
video lectures in a CM course on Heating, Ventilation and Air Condition (HVAC). The course
was divided into two sections, providing the first section of 23 learners with a traditional
teaching experience in which in-person lectures were given during class time. The second class
section, comprising 18 learners, was given recorded video lectures to be watched before class on
the course website. The research study concluded that the results on the final exam for both class
sections were nearly identical. In this study, students reported that they did not appreciate the

recorded lectures. They were reluctant to watch them and felt that they were a “poor choice” for
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teaching difficult concepts (Burgett, 2014, p. 6). Burgett (2014) thus concluded that instructional
videos are better suited for introducing basics of complex subject matter like HVAC systems.

Similar to Burgett (2014), Lee, Salama, and Kim (2016) studied the effectiveness of
instructional videos on separate sections of a FC that used various self-developed, multimedia-
based tools including instructional videos. Two sections of an upper level estimating course in a
CM department served as the treatment group and two served as the control group for the
research. The pretest and posttest scores revealed that the FC, which utilized instructor-
developed, lecture-based instructional videos, produced greater positive changes in performance.
Notably, the researchers emphasized their belief that success in a FC is conditional on the design
and execution of the videos.

Hurtado et al., (2014) noted the impact that video production technique and
implementation had on student performance. Drawing upon best practice guidelines for
instructional video design and development from the fields of Educational Technology and
Instructional Design, this research team developed and tested a quality assessment tool for the
effectiveness of instructional videos in a CM statistics course. Notably, the quality and utility of
instructional videos, not the achievement of the learners, was the primary subject of evaluation.
Nevertheless, attention was still given to student performance. The researchers commented that
over the course of three semesters, as the instructional videos received greater utilization (i.e.,
minutes watched and number of views), learner performance increased.

This thin and fragmented body of empirical research emphasizes the gap that exists in the
field of CM education regarding the effectiveness of instructional videos. Importantly, the
knowledge gaps on these topics are not unique to CM. Basic questions on a variety of related
topics currently remain unanswered across many fields. For example, in 2018, Jensen et al.
(2018), a research team focused on general undergraduate education, published a literature
review as part of an exploratory investigation of the best pre-class learning content in a flipped
classroom. In their review, the team found that “only one [previous] systematic, controlled
comparison has been made between various pre-class content delivery methods to determine
which is most effective for student learning” (p. 525). Jensen et al. (2018) concluded their
research by stating that the medium of video appears to be the superior method (over interactive
tutorials or textbook-style readings) for pre-class learning, however, additional research is still

needed before any causal relationships could be determined.
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One hindrance to better research on the effectiveness of instructional videos comes from
uncontrolled variability in video quality, length, pace, personalization, and level of engagement.
Until very recently, many instructional videos were produced without informed guidance
(Hurtado et al., 2014), falling short of student expectations on account of design or execution
flaws and giving instructional videos a poor reputation (Choe, 2017). This, in part, may have
contributed to the mixed results researchers have reported on of the effectiveness of instructional
video LOs in applied, non-construction fields (Bowen et al., 2012; Jensen et al., 2018; Kelly et
al., 2009; Kozma, 1991; Sever et al., 2013). Attending to the need for better guidance on the
design and development of instructional videos, over the past few years, scholarship has
produced a wave of domain-specific, best-practice theory to guide researchers and practitioners
as they attempt to produce effective instructional videos (Brame, 2016, Choe, 2017). Some of
this best practice comes directly out of the CM field (Hurtado et al., 2014; Nasir & Bargstadt,
2017). Despite current progress, the literature is clear, explicitly and implicitly, that more
empirical research is needed to determine the effectiveness of instructional videos.

A second problem with the current body of literature is a failure to consistently and
clearly describe the type of video being used in research. In 2012, Robin H. Kay (2012)
conducted an extensive literature review on the use of videos in higher education and found that
nearly all instructional videos fit into one of four categories: lecture-based, enhanced, worked
examples, and supplementary. Lecture-based videos are those that substitute for in-person
lectures, while enhanced videos amplify existing presentations by converting visuals to video,
and layering in a narrated audio track. Worked examples provide meticulous explanations of
specific problems and are mostly used in math and science. Finally, supplementary videos, or
supplemental instructional videos (SIVs), “augment the teaching and learning of a course and
include...summaries of class lessons or textbook chapters...or additional material that may
broaden or deepen student understanding (Kay, 2012, p. 821). This study focused on the latter of
these categories, SIVs, for their ability to provide “significantly more educational value” and to

“broaden or deepen the student’s understanding” of the subject matter (McGarr, 2009 p. 317).
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Research Questions & Expectations

This study explores whether instructional video LOs are an effective way to supplement
traditional pre-class learning materials (readings) in a flipped CM environment. More
specifically, the focus was on the following research questions:

e RQL1: Does the use of instructional video LOs, as supplemental, educational tools for
traditional learning materials (i.e., readings), improve objective measures of learner
performance? Based on research by Choudhury (2011), | expected that learners who
received instructional video supplementation of pre-class learning activities would have
better learning outcomes (i.e., greater improvement in their scores) than learners who did
not receive instructional video supplementation.

e RQ2: Which construction topics (e.g., plumbing, foundations, framing) are most
conducive to using instructional videos? Based upon the research by Liu & Hatipkarasulu
(2014), I expected that instructional videos would be associated with better learning
outcomes (i.e., greater improvement in student scores between the pretest and posttest)
for more complex and difficult-to-understand subjects than for simpler subjects.

e RQ3: Which learner groups, in terms of gender, age, years in school, and final grade in
class benefit most from instructional video LOs? Based upon the research by Nasir and
Bargstadt (2017), | hypothesized that instructional videos would be more impactful for
learners who traditionally have less construction experience (i.e., younger students,
females, underclassmen, and participants with lower final grades in class) and therefore
expected to see greater improvement in their performance.

e RQ4: What effect does the COVID-19 shutdown have on the performance of CM
learners? Due to the original FC course design, that relies on technology and elements of
blended learning (i.e., partially online and partially in-class), | hypothesized that the
COVID-19 shutdown of all in-person instruction would have no measurable effect on

student performance.

Materials and Methods
In the Spring Semester of 2020, 46 undergraduate learners in a course titled Residential
Construction Technologies consented to participate in the research study on OBL. Prior to

signing up, students in the class were given a short presentation and handout describing the
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research activities and objectives. All research activities were approved by and conducted in
accordance with the Virginia Tech Institutional Review Board (protocol 19-853). Because the
course was a first-time offering, researchers had the ability to structure the course and research in
a way that concurrently served the needs of the learners and the inquiry. The literature was first
reviewed to inform the methodology. After careful consideration, the research team chose a
flipped classroom (FC) for the course structure, supplemental instructional videos (SIVs) as the
LOs, and employed a repeated measures experimental design (RMED) for data collection.
Consistent with previous research (Kedar & Kumar, 2013), effectiveness was measured in terms
of improvement between pretest and posttest scores and was used to answer the four research
questions (i.e., RQ1, RQ2, RQ3, and RQ4). The pretest and posttest score data were collected
from the gradebook in the university learning management system (LMS), Canvas. Demographic
information needed to answer RQ3 was provided by the participants in a Qualtrics survey.
Further details of the methodology are outlined below.

The Course: Residential Construction Technologies

Similar to previous research on OBL (Lee & McCullouch, 2005) the course, Residential
Construction Technologies, was organized so that each week of the semester covered a different
construction topic (e.g., foundation, framing, plumbing, interior floor finishes). Within each
topic, learners were introduced to two competing construction technologies: 1) a conventional
technology and 2) a more technologically-advanced alternative, termed ‘conventional-plus
technologies.” The conventional-plus technologies were chosen based upon their promise of
improved efficiency in terms of cost, quality, time, safety, or sustainability. The main learning
objective in the course was for learners to effectively contrast the conventional-plus technologies
and with their conventional counterparts. To meet this objective, each week all learners in the
class were given readings covering both technologies (i.e., conventional and conventional-plus
technologies) to prepare them for an in-class quiz and later, group project work that were used to
assess their mastery of the technologies.

| was interested in evaluating whether SIVs provided learners with a better understanding
of unfamiliar topics in the readings, and if the improved understanding translated to improved
performance on the in-class quizzes. To execute this quasi-experiment (Fellows & Liu, 2015),

half of the class each week was randomly selected to receive an additional learning assignment
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to privately watch a short, supplementary instructional video before completing the readings on
the conventional-plus technologies. These instructional videos were the treatment in the
experiment and served as the main independent variable of the research. For equity, by the end of
the semester, all learners received the same number (i.e., six) instructional videos to supplement
their readings. To provide an example of this process, in week seven, a standard 50-gallon
storage-tank water heater was contrasted with a condensing storage water heater. All learners
were assigned readings covering both water heaters to be completed before the in-class quiz and
group project work. Half of the learners in the class were also provided with an instructional
video on condensing storage water heaters to be watched before completing the reading on that
conventional-plus technology.

The Flipped Classroom Approach

To support the course learning objectives and research on OBL, the course was designed
as a flipped classroom (FC), a student-centered teaching approach that switches, or flips,
classroom tasks with at-home learning tasks (Bergmann & Sams, 2012). In a FC, traditional
classwork assignments (e.g., lecture or discussions about readings) are completed at home (i.e.,
not with immediate access to the instructor), facilitated by technology, in preparation for teacher-
guided classwork (Abeysekera & Dawson, 2015). Traditional homework assignments (e.g.,
worked problems or group work) are done during class where learners have access to immediate
help from the instructor and their peers (Jensen et al., 2018).

OBL is a complementary pedagogy to FC because FCs are designed specifically to
provide space for the use of supporting technologies, in particular, instructional videos, during
pre-class learning segments (Abeysekera & Dawson, 2015). Reciprocally, the FC is a good
match for OBL because LOs are designed to be components of a broader learning framework
(McGreal, 2004). Instructional videos are teaching tools, like books, that are of themselves
insufficient to deliver complete and transformative learning experiences (Liu & Hatipkarasulu,
2014). To emphasize this point, the literature is clear that technology-enabled learning mediums,
such as instructional videos, are unable to substitute for either teachers or classrooms (Willcox et
al., 2016). However, when instructional videos are combined with an appropriate classroom
context, such as a well-implemented FC, the pedagogical tool becomes powerfully effective
(Bergmann & Sams, 2012; Yadav et al., 2011).
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The role of the FC in the Residential Construction Technologies course was, first, to
provide an optimal classroom environment for active, mentored, student-centered, experiential
learning opportunities (Jensen et al., 2018) and second, but not secondarily, to provide a suitable
research environment for investigating OBL (Bishop & Vergler, 2013b). In accordance with the
literature on FCs, the course was divided into three distinct learning segments: pre-class, in-class,
and post-class (Lo & Hew, 2017).

e Pre-class work was strictly independent and primarily involved the completion of
assigned readings. For learners who received the additional assignment to watch an
instructional video on the conventional-plus technology, this was to be completed before
the readings.

e In-class work was dedicated to group work that required students to apply knowledge
from the readings to complete an estimating and impact assessment for a residential
construction project. Weekly in-class quizzes covered only material found in the pre-class
readings.

e Post-class work required learners to revisit the subject matter covered during the pre-class
and in-class segments with online discussions, reflections, and collaborations.

Importantly, the FC was carefully designed and implemented to not become a variable in the
research, but instead, remain an operationalized construct that was held constant to support the

real focus of evaluating OBL for CM learners.

Supplemental Instructional Videos

The design and development of the SIVs was informed by contemporary best practice
guidelines from the literature (Brame, 2016; Choe, 2017; Kulgemeyer, 2018; Nasir & Bargstadt,
2017). Briefly, this meant that the SIVs needed to be: as short as necessary (i.e., less than 10
minutes, but closer to 5), scripted, segmented (i.e., focused on a single topic), high-quality in
terms of production, instructor-made, engaging, clear, personalized (i.e., first-person voice),
interactive (i.e., corresponding quiz questions to be answered while watching), connecting, and
properly paced.

Twelve SIVs were developed, one for each conventional-plus technology covered in the
semester. The software used to produce the SIVs was a home-license of TechSmith Camtasia

2018. Nearly all elemental content (i.e., images, graphics, videos, music, and sounds effects)
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used during production came from license-free, attribution-free, creative commons, and public
domain sources including Pixabay.com, the YouTube Audio Library, Google Images,
Archive.org, and FreeSounds.org. Any content taken from outside of the public domain was
attributed in the video and adhered to the fair use doctrine under the Copyright Act of 1976
(Adler, 2016). A basic, standard outline was consistently applied to each SIV, including a routine
introduction, complete with music and motion graphics. All SIVs went through a consistent pre-
production, production, and review process to ensure that they were all qualitatively similar.

Experimental Design

This study on OBL evaluated the effectiveness of SIVs. Although “effectiveness” in
teaching remains a “contested concept” without a universally-accepted definition (Devlin &
Samarawickrema, 2010, p. 112), scholars generally agree that effective teaching can be broadly
summarized as “that which causes students to learn and grow or is accepted by teachers and
other educational professionals” (Tuckman, 1995 p. 127). In education research, effectiveness
has been measured using assessments (Bishop & Verleger, 2013a; Burgett, 2014; Jensen et al.,
2018; Lee, Lee, & Kovel, 2016; Lee, Salama, & Kim, 2016; Tuckman, 1995), often in the form
of pretests and posttests (Kedar & Kumar, 2013; Kulgemeyer, 2018; Rokooei & Goedert, 2015).
Measuring effectiveness should not be confused with measuring retention or depth of learning.
Specific and specialized measurement instruments (e.g., permanency tests, retention tests, and
Webb’s depth-of-knowledge assessments) have been developed and are available for these types
of inquiry (Hess et al., 2009; Johnson & Mayer, 2009; Sever et al., 2013).

To evaluate the effectiveness of SIVs in terms of improvement between pretest and
posttest scores, | applied a repeated measures experimental design (RMED), which is
characterized by taking multiple measurements on individual participants. More specifically, |
conducted a within-subject, withdrawal-of-treatment, crossover experiment. The crossover
RMED has the ability to boost statistical power from a relatively small sample size (Minke,
1997; Yadav et al., 2011) because each participant receives both the treatment and comparison
conditions repeatedly at different times, generating a larger quantity of total measurements
(Salkind, 2010). The RMED is highly effective at neutralizing potentially confounding variables
(e.g., intelligence, GPA, experience, year in school, gender, and age) because the participants in

the treatment group are the same as those in the comparison group (Minke, 1997). In a real
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classroom environment, controlling as many confounding variables as possible was imperative to

preserve a functional and reliable, quasi-experimental setting.

Independent & Dependent Measures

Typical of a crossover RMED that employs a pretest and posttests, two independent
variables were introduced during the study. The main independent variable, or focal variable
used to answer RQ1, was the treatment of supplemental instructional videos (SIVs). SIVs were
introduced to support the conventional-plus technology readings during the pre-class learning
segments of the flipped classroom (FC). The second independent variable was time, the periodic
treatment of the SIVs over the course of the semester. For RQ2 and RQ3, gender, age, learning
topic, and year in school were examined as qualitative moderator variables in order to explore
which, if any, course topics and student populations are most likely to be impacted by the
treatment of SIVs.

Because the research sought to measure the effectiveness of SIVs through the
performance of learners on their assessments, the effectiveness construct was operationalized by
the scores collected from the pretest and posttest. Thus, student performance, measured as the
difference in scores between the pretest and posttest, was the dependent variable, i.e. the target

problem or main focus under observation (Bishop & Verleger, 2013a; Check & Schutt, 2012).

Executing the Crossover RMED in Residential Construction Technologies

The crossover RMED was ideal for Residential Construction Technologies because the
course content was siloed into weekly, non-accumulative sections that were identical in structure,
but distinct in content; no instructional materials or corresponding work assignments were linked
with previous or future course topics or materials. This format provided multiple opportunities
for testing the effects of the independent variables (i.e., the SIVs) that were not biased by
previous instruction from earlier in the course (Lee & McCullouch, 2005), and thus preserved
statistical independence between measurements. This was important because a common
weakness of single-participant (i.e., when the same individual is used for both the treatment and
control) repeated measures design is the additive, or multiplicative effect, where, over time, the
treatment group inadvertently influences the control group (Girén et al., 2003). Furthermore, the

RMED was a good match for the course because of the FC setting. The RMED features repeated
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measurements of the same sample in a simple, consistent, and iterative format (Frey, 2018),
consonant to the FC which offers a predictable and modularized structure by repetitiously
cycling through three defined learning periods (i.e., pre-class, in-class, and post-class).

The research study deployed the pretest and posttest strategy (Minke, 1997), a common
variation of the RMED in which before-and-after observations are made, documented, analyzed,
and reported (Salkind, 2010). The pretest and posttests allowed us to measure student
performance more precisely by calculating the difference in scores between the two assessments.
Using the difference, rather than weekly posttests alone, accounted for learners’ existing
knowledge of the topics that had been acquired before the course.

The pretest consisted of 84 multiple-choice questions that were administered during the
first two class sessions of the semester. The goal of the pretest was to measure learners’ existing
knowledge about the spectrum of conventional-plus technology topics to be covered throughout
the course. The logic behind a single, comprehensive pretest, instead of weekly, topic-specific
pretests, was for convenience, time savings, and to reduce possible carryover effects including
boredom and testing fatigue (Salkind, 2010). Learners did not have the ability to review their
scores or the questions after the pretest was submitted. The pretest was counted towards learners’
grades for completion only.

For the posttests, in-class quizzes were administered each week throughout the semester
covering that week’s conventional-plus topics, which were described in pre-class reading
assignments. Following previous studies (Lee, Salama, & Kim, 2016), the posttest questions
were identical in number, content, and structure to the pretest questions, but occasionally varied
slightly in wording and answer option ordering. The scores and questions from these posttests
were available for learners to review and counted toward their final grades in the class.

Pretest and posttest questions covered material exclusively from the reading assignments,
not the SIVs, so that learners in the control groups each week were not being quizzed on subject
matter they had not been exposed to. The purpose of the SIVs was to introduce and supplement
the readings, not substitute for them, so they could be used to help learners gain a better
understanding of the new and unfamiliar topics in the readings specifically.

To control the research environment, all in-class instruction was taught by the same
instructor that produced the instructional videos. Also, consistent with a crossover design, the

assignment of learners to the treatment group was randomized each week so each repeated
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measure consisted of a new, dynamic assortment of participants from the sample pool (Figure
4.1). All course material presented in each repeated measure was considered to be “new
knowledge” subject matter (Burgett, 2014 p.2) to establish independent measurements and
eliminate existing knowledge biases. The research was designed so carryover effects and
measurement sequencing could be statistically accounted for during analysis. The course did not
allow for counterbalancing which, for this research, would manifest as distributing treatment
topics (e.g., roof framing, plumbing, exterior finishes) to different learners at different times
throughout the course (Suter, 2012). Finally, to identify any unclear, ambiguous, redundant, or
gameable questions, all pretest and posttest questions were piloted by multiple undergraduate
CM learners in the same department who were not participants of the study.
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Figure 4.1 Randomized assignment of learners to treatment and control topics for each week of

the semester.

The course learning management system (LMS), Canvas, was used to administer all
instructional videos exclusively to the treatment group each week, minimizing or eliminating the
opportunity for diffusion to members in the control group. This modern technique of using
technology to create a virtual separation of treatment and control groups has precedence in the
fields of both education (Gabarre et al., 2013; Qiang, 2014; Sao Pedro et al., 2009; Shermis et al.,
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2008; Walton, 2018; Ward, 2009) and engineering education (Kedar & Kumar, 2013; Pappas,
2013).

COVID-19 Adjustments to the Research

Fortunately, the COVID-19 pandemic, which required all instruction exclusively online,
had no effect on the treatment of pre-class SIVs that were already being administered online.
Likewise, the pretest, which was administered in aggregate during the first two class sessions of
the course, remained unaffected. The primary disruption came at the point of classroom activities
including mentored instruction, group work, and the posttests, which, for weeks 1-6 of the study,
were administered in-person. After the COVID-19 shutdown, these classroom activities
continued, but were conducted synchronously online rather than in-person. Despite these
disruptions, after the quick approval of the University IRB, the study proceeded as initially
planned, with the added goal to explore how the effectiveness of OBL would be affected by
moving the flipped classroom online (i.e., by moving the synchronous components of the course

to an online setting with Zoom web conferencing).

Population and Sample

The target population for the research was undergraduate CM learners. However,
broadly, all learners in the domain of construction education were considered to be part of the
population that can contribute to and benefit from this research. This is because construction
education extends beyond learners majoring solely in CM (Puddicombe & Johnson 2011) to
include those majoring in a variety of other fields such as construction and engineering, real
estate, facility management, interior design, engineering, and architecture, among others
(Bhattacharjee, 2014). Even more broadly, all learners throughout many fields and tiers of
education (i.e., primary, secondary, higher education), and especially in the applied disciplines,
have the potential to benefit from this research that, fundamentally, is seeking a better way to
introduce new and unfamiliar topics to a specific learning audience.

During the study, a survey was conducted asking participants to provide demographic
information needed for RQ3. The majority of the 46 learners in the research course were male
(78%, n=36) and majoring in Building Construction (89%, n=41) — representative of the

population of undergraduate learners the research was primarily designed to benefit (Morello,
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Issa, & Franz, 2018). Students were primarily in their second (n=10), third (n=17), or fourth
(n=12) year of college, with few in their first (n=1) or fifth year (n=2).

Data Analysis

Student performance data for this study were collected using the university LMS, Canvas.
Grades were downloaded as an Excel spreadsheet and combined with demographic data which
was collected from students in a Qualtrics survey at the end of the course. The data files were
stored on a secure enterprise system, the university portal to Google Drive.

All statistical analyses were conducted in SPSS (version 25). To begin the data analysis
and see how it should proceed, a mixed model ANOVA — a statistical test often used in studies
in which data were collected by using repeated measures (Frey, 2018) — was conducted on the
data to account for sequencing and carryover effects. Based upon the mixed model ANOVA, no
significant results were found for either sequences or carryover effects, indicating that first, the
research was not statistically influenced by the random sequence of treatment topics (p = .246),
and second, that none of the previous weeks’ treatments carried over to have an undue impact on
subsequent trials (p = .899). Following the mixed model ANOVA, to answer RQ1, an
independent t-test was used to evaluate the interaction effects between the main independent
variable (i.e., the administration of the SIVs to the treatment group) and the dependent variable
(i.e., the difference between pretest and posttests scores). Next, for RQ2 and RQ3, a two-way,
between-subjects ANOVA was used to evaluate differences in the treatment and control groups
for the moderating variables (i.e., gender, year in school, age, topic, final grade in class, impact
of the shift to exclusively online learning from in-person due to COVID-19). Finally, post-hoc

independent t-tests were executed discriminately based upon significant results identified.

Results
Assumptions of the Statistical Tests

For both the two-way ANOVASs and the independent t-tests, six assumptions were
reviewed or tested. These included: 1) confirmation of a continuous dependent variable, 2) two
or more categorical variables, 3) independence of observations, 4) tests for outliers using
boxplots, 5) normality, using Shapiro-Wilk test of normality, and 6) homogeneity of variances

using Lavene’s test of equality of error variances.
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Following the first iteration of each statistical test, outliers greater than 1.5 box-lengths or
more from the edge of the box in a boxplot were reviewed and removed. These outliers were
removed so that the individual data points did not have undue influence on the generalization of
the results. Any outliers that emerged following this first iteration of removal were left in place.
After the outliers were removed, the two-way ANOVA was re-executed.

The Shapiro-Wilk test scores were reviewed to identify violations in normality.
Assumptions of normality were violated in about half of the tests because the pretest scores were
predictably low and skewed the curve to the right. Conversely, overall, the learners did well on
posttests, making the curve skew left. However, because ANOVAs are considered to be fairly
"robust™ to deviations from normality (Maxwell & Delaney, 2004) testing could proceed.

Lavene’s test of equality of error variances was upheld in all two-way ANOVA tests with
the exception of two moderating variables: course topic and final grade in the course. Because
the p-value of the course topic was significant at a p < .10 level (p =.079), post-hoc independent
t-tests were used to evaluate differences in the dependent variable at the topic level. Independent
t-tests were advisable in this situation because they provide “Equal Variances Not Assumed”
results that can be used when violations in Lavene’s score are detected. All statistical tests

assumed a 95% confidence interval.

Results of the Main Independent Variable (RQ1)

For RQ1, I found that, on average and across course topics, students in the treatment
group, which received SIVs to accompany pre-class readings, scored 3.99 points higher on their
posttests than on their pretests. Students in the control group, which received no SIV
supplementation, had a mean increase in performance of 3.92. An independent t-test indicated
that this difference between the treatment group and the control group was not statistically
significant (p =.610) (Table 4.1).
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Table 4.1 Results of the independent t-test for the SIV treatment. The “Mean Improvement

Score” refers to the difference between the pretest and posttest.

Mean Standard
Improvement Sig. (2- Mean Error
Group M Score tailed) Difference Difference Lower Upper
SV 242 3.99
0.610 0.073 0.143 -0.207 0.353
Mo 51V 259 3.92

9o C.l.

Results of the Moderating Variables (RQ2 and RQ3)

For RQ2 and RQ3, a two-way ANOVA was applied to the moderator variables: gender,
year in school, age, course topic, and the final grades in class, to explore whether they have any
influence on the ability of the SIVs to improve student performance. At the p < .05 level, no
significant differences were identified between the treatment group and control group for any of
these moderator variables, however, some practically significant trends emerged. First, with SIV
treatment, men improved more than women, on average. As shown in Table 4.2, between the
pretest and posttest, men who received the SIV improved by an average of 0.07 points, while
women’s scores dropped by 0.35 points. This is true despite women showing greater overall
improvement from pretest to posttest than men. Second, students who were in their fourth and
fifth year of college tended to have higher mean improvement scores when given SIVs than
those in their first, second, and third years, as shown in Table 4.3. Third, students who received a
C or an F as their final grade in the class (none in the class received a D) showed greater
improvement between the pretest and posttest when given SIVs than students who received
higher final grades in the class (Table 4.4). For a complete summary of the two-way ANOVA for

each moderating variable, see Appendix 4.1.

79



Table 4.2 Results of the two-way ANOVA for the Gender variable. The “Mean Improvement

Score” refers to the difference between the pretest and posttest.

Mean
Improvement Mean Standard
Gender  Group M Score Difference Deviation F P-Value
Male SV 158 4.01 0.07 1.58
Mo 51V 203 3.94 1.45 1.069 0.302
Femnale SV 30 4.10 0.35 140
Mo 51V 33 4.45 1.30

855 C.I.

Table 4.3 Results of the two-way ANOVA for the Year in School variable. The “Mean

Improvement Score” refers to the difference between the pretest and posttest.

Mean
Yearin Improvement Mean Standard
School  Group N Score Difference Deviation F P-Value
Eirst SV 6 4.17 0.50 0.98
Mo SIV ] 4.67 1.37
cecond SV 50 4.64 0.09 1.31
Mo SIV 49 4.55 0.98
Third SV 87 3.9 -0.13 148 1.173 0.322
Mo SIV 54 4,12 1.39
Fourth SV 62 3.84 0.51 1.48
Mo SIV g9 3.33 1.75
Eifth SV 11 4.27 0.52 1.49
Mo SIV 12 3.75 1.60

S5% C.I.
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Table 4.4 Results of the two-way ANOVA for the Final Grade in Class variable. The “Mean

Improvement Score” refers to the difference between the pretest and posttest.

Mean
Final Grade Improvement Mean Standard
inClass  Group N Score Difference Deviation F P-Value
A SV 68 4.22 _0.08 1.24
Mo 51V 66 4.30 1.05
A SV 111 4.22 0.23 1.57
Mo 51V 120 3.99 1.60
Bt SV 22 3.64 032 2.01
Mo 51V 28 3.96 1.71
B sV 2 3.36 0.00 1.63 1.1138 0.351
Mo 51V 22 3.36 1.40
B- SV 7 3.00 _0.60 0.00
Mo 51V 10 3.60 1.43
c SV 4 1.75 1.5 2.36
Mo 51V b 0.50 2.17
£ SV 2 4.00 233 0.00
Mo 51V 3 1.67 2.89
95% C.I.

Relevant to RQ?2, at the p <.10 level, Course topic became a significant moderating
variable in the ANOVA. Post-hoc independent t-tests indicated significant differences in student
performance between the treatment and control groups in two of the twelve course topics. First,
the treatment group significantly outperformed the control group in terms of their mean
improvement in assessment scores for the week 9 topic, Roofing: Solar Shingles (p = .003).
Second, the control group significantly outperformed the treatment group in week 11 on the topic
of Exterior Wall Finishes: Insulated Vinyl Siding (p = .010). In both cases, the boxplots for the
control groups were heavily skewed, but in opposite directions. The boxplot for the control group
in Roofing: Solar Shingles had no scores in the lower quartile, even after initial outliers were
removed, indicating a strong skew to the right. The boxplot of the control group scores for
Exterior Wall Finishes: Insulated Vinyl Siding had no scores in the upper quartile range,
indicating a strong skew to the left. No outliers were detected in the treatment group for either

topic (Table 4.5). For a summary of post-hoc t-tests for all course topics, see Appendix 4.2.
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Table 4.5 Significant results of the two-way ANOVA for the Course Topic variable. The “Mean

Improvement Score” refers to the difference between the pretest and posttest.

Mean Standard
Improvement  Sig. (2- Mean Error

Course Topic Description Group N Score tailed) Difference Difference Lower Upper
Siv 20 4,85

9 Roofing: Solar Shingles 0.003 1.144 0.353 0427 1.861
No SIV 17 371

Exterior Wa.ll FInI.SI‘:IES: Siv 17 3.76 0.010 1235 0.455 216 031
Insulated Vinyl Siding No SIV 23 5.00

95% C.1.
As with the other moderating variables, a two-way ANOVA was used to test whether the
transition to fully online learning due to the COVID-19 shutdown had any significant impact on
the effectiveness of SIVs. The test failed to detect any significant differences in student
performance between the treatment and control groups before and after COVID-19 (p = .741), as

shown in Table 4.6 below.

Table 4.6 Results of the two-way ANOVA for the Student Performance & COVID-19 variables.

The “Mean Improvement Score” refers to the difference between the pretest and posttest.

Mean
Improvement Mean Standard
Type of Instruction  Group N Score Difference  Deviation F P-Value
In-person Instruction SIV 124 3.87 0.07 1.58
(First half of semester} No SIV 134 3.80 . 1.60
0.109 0.741
Online Instruction ~ SIV 118 4.12 002 1.64
(Second half of semester) No SIV 122 414 ) 1.46

95% C.1.

However, the ANOVA indicated that across all students, irrespective of SIV treatment
and control groups, there were significant differences in student performance before and after the
COVID-19 disruption (p = .037). In the first half of the semester, during which instruction was
partially in-person, students had a mean performance increase of 3.83, compared to a mean

performance increase of 4.13 across the weeks in which instruction was fully online (Table 4.7).
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Table 4.7 Results of the two-way ANOVA for the COVID-19 variable. The “Mean Improvement

Score” refers to the difference between the pretest and posttest.

Mean
Improvement Standard Mean

Type of Instruction N Score Deviation Difference F P-Value
In-person Instruction 258 383 159

(First half of semester)

- - 0.30 4.354 0.037

Online Instruction 240 413 1546

{Second half of semester)

95% C.1.

Discussion

The first research question (RQ1) focused on whether supplementary instructional videos
(S1Vs) that are administered to support pre-class readings have any impact on learner
performance in terms of improvement from the pretest to the posttest. Contrary to the results that
Choudhury (2011) reported, I found that, in aggregate, student performance was not significantly
improved by the use of SIVs. The difference between the two studies may be due to a number of
factors. First, the environment and conditions that the videos were administered could have an
effect. Choudhury (2011) showed the videos during class to magnify understanding of the
lecture. Our SIVs, in contrast, were administered at home by the learners themselves before
completing the readings. In Choudhury’s study, additional explanations were likely provided and
questions could be answered immediately, which resulted in the classroom supplementing the
videos, rather than the videos acting as the supplements. Second, the qualitative aspects and
magnitude of the intervention may be influential in the findings. Choudhury (2011) used “video
clips” to supplement the classroom lecture but offered little information about the number of
videos shown, the duration of each video, or the frequency of the video treatment. From a close
read, | assume that the videos were more generic, covering a broader range of topics, and were
used more abundantly than the SIVs in our study. In our SIV research, a single video was
provided for each pre-class reading assignment and, to stay in compliance with the latest
literature, they were made intentionally short (Moradi et al., 2016). The average duration of the
SIVs produced for the course was just under three minutes.

The second research question (RQ2) focused on the complexity of the course topic. |
expected that more complex topics would include those with many interconnected parts and

complicated functions, such as solar shingles, condensing storage water heaters, and fiber optics.
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Topics assumed to be less complex included those with fewer assemblies and operating parts,
such as three-pane windows and luxury vinyl plank flooring. Results from post-hoc, independent
t-tests indicated that the treatment group in the week 9 topic, Roofing: Solar Shingles topic
performed significantly better than the control group. Conversely, the control group in the week
11 topic of Exterior Wall Finishes: Insulated Vinyl Siding significantly outperformed the
treatment group. Because the directions of these differences are inconsistent (i.e., in Topic 9 the
treatment group had a higher mean score, and in Topic 11 the control group had a higher mean
score), no inferences about the effectiveness of SIV treatment could be made. As reported in the
results, the data for the control groups were heavily skewed in both cases, and it is possible that
the statistical tests used to evaluate the data were impacted by this non-normal distribution. Thus,
unlike Liu & Hatipkarasulu (2014), I found that the level of difficulty or complexity of the topic
had no bearing on the effectiveness of SIVs. It is possible that this surprising lack of difference
stems from the additional effort that learners may have exerted to understand the more complex
topics. Explanatory qualitative data (i.e., learner surveys and interviews) could help reveal
whether this is the case. In a real research environment, it is difficult, if not impossible, to
measure or control intrapersonal effort, however, it would be valuable to conduct SI1V research in
a highly-controlled environment that holds variability of learning time, learning environment,
and outside resources constant.

The third research question (RQ3) focused on the impact of students’ demographic
characteristics (i.e., gender, age, year in school) and their final grade in class on the effectiveness
of SIVs. | found no statistically significant differences across student groups. However, in terms
of practical significance, our findings opposed some of Nasir & Bargstadt’s (2017) assertions
that learners with less knowledge were likely to receive greater benefits from video-based
learning. On average, men and students in their fourth and fifth years in college tended to
perform better than their counterparts when given SIVs. Congruous with our own predictions,
students who received a C or F as a final grade in the course also tended to show greater
improvement between the pretest and posttest with SIVs. When these students did not have the
SIVs to help with the readings, they did not improve nearly as much. This result is likely heavily
influenced by the very low number of measurements (n < 7) in both of these final grade
categories. Also, the only learner who received an F was an international student who needed to

return home early after the sixth week of class on account of the COVID-19 pandemic.
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Counter to our hypothesis in RQ4, | observed that the switch to exclusively online
learning in response to the COVID-19 pandemic had a statistically significant positive impact on
student performance. It is possible that online instruction itself could be the variable that
triggered the improvement. However, it could also be a result of the students being more familiar
with the course structure in the latter half of the semester. The specific combination of topics in
the first and second halves of the study may have also been influential to the outcome. To better
understand why the move to exclusively online instruction had a significantly positive impact on
learning, more research would need to be conducted that counterbalances the order of treatment.
For example, one section of students should receive online learning in the first half of the
semester while the other section receives online learning in the second half. Whatever the reason
for the improvement in performance as a result of the switch to exclusively online learning, this
result seems to indicate that modern educational technology has the ability to rival certain
aspects of in-person CM classroom learning in circumstances in which classroom technology is
already a sizable dimension of the experience (i.e., a flipped classroom). It is likely that even a
decade ago, before the widespread adoption of many advances in educational technology, such
as live classroom video streaming, high quality recorded lectures, intuitive video editing
software, and widespread and robust LMS technology, COVID-19 would have been far more

disruptive and devastating to the learning experience.

Limitations

This study was limited in a few key ways that could be addressed in future research. First,
the SIVs in this study were self-administered, learners were asked to watch the videos at home,
alone, and before completing the readings. While controls were installed to improve the
likelihood that these instructions were followed, the potential for minor inconsistencies across
research participants still existed. For example, some students may have been sharing living or
study space with classmates outside of class. Additionally, the type of device used to watch the
video (e.g., a phone versus a computer) and the time that elapsed between when a student
watched the video, completed the reading, and took the posttest may have impacted student
improvement as a result of the SIVs. A second limitation, as stated previously, was the COVID-
19 pandemic, which precipitously shut down all in-person instruction after the sixth week of the

study. For a FC, which already relied heavily on technology, this disruption was fortunately
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minimized, nevertheless, the switch from blended instruction to full, synchronous, online

meetings should be taken into account.

Conclusion

Due to the work of Wayne Hodgins and other computer science visionaries, instructional
video object-based learning (OBL) has become a highly common and accessible medium for
learning. Consequently, for higher education, OBL has allowed teachers to rethink the traditional
classroom structure. Instruction that previously had to be delivered in-class and in-person can
now be economically captured and delivered with video. However, despite these substantial
leaps forward in computer science, certain pedagogical questions around instructional video
OBL remained unanswered. Most of all, do instructional videos have the ability to improve
learner performance? | asked this question in a construction management (CM) context for
supplemental instructional videos (SIVs), which have been touted in the literature for their ability
to “broaden or deepen the student’s understanding” (McGarr, 2009 p. 317). While some useful,
practically significant results and trends were detected from the experiment, little statistically
significant evidence was found to indicate that SIVs contributed to an improvement of learner
performance, despite accounting for moderating variability in age, year in school, gender, final
grade in the class, and complexity of the learning topic.

These negative results are beneficial in a few ways. First, they confirm similar findings
by previous construction education researchers including Burgett (2014), who likewise failed to
detect significant improvement in student performance based upon a video intervention. Also,
Hoxley & Rowsell (2006) who concluded “that video-based teaching is at worst no less effective
than more traditional methods and that students seem to prefer it as a method” (Hoxley &
Rowsell, 2006, p. 116). Second, the experiment suggests that CM educators should not expect
large or significant changes in their learners’ performance from small SIV interventions. As
discussed, in this study, SIVs were produced deliberately to be as-short-as-necessary to comply
with the literary guidelines for the design and development of instructional videos. Future work
should consider magnifying the impact of SIVs by increasing the length or quantity of videos
used, or increasing learners’ interaction with the intervention, for example, through additional
video quiz questions or real-time, online discussions about the videos. Finally, the study

demonstrated that instructors have the ability to tailor their own digital educational content
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quickly, skillfully, economically, in accordance with best practices, and using readily available
equipment (e.g., cell phone cameras and personal computers) and technology (i.e., low-cost,
highly intuitive video editing software that can be downloaded remotely).
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Appendices

Appendix 4.1 Results of the two-way ANOVA for moderating variables. The “Mean

Improvement Score” refers to the difference between the pretest and posttest.

Mean
Improvement  Mean Standard
Level Group N Score Difference Deviation F P-Value
Male SV 198 4,01 0.07 1.58
No SIV 203 3.94 1.45
Gender 1.069 0.302
SV 30 4.10 1.40
Female -0.35
No SIV 33 4.45 1.30
1901 SV 6 0.83 -0.67 1.47
No SIV 6 1.50 1.64
1994 SV 6 417 0.84 1.33
No SIV 6 3.33 1.86
1996 SV 6 3.67 -0.33 1.86
No SIV 4 4.00 0.00
1997 SIV 38 4.00 0.41 1.40
No SIV 39 3.59 1.83
Year Born oy P 3.80 165 0.526 0.815
1998 : -0.07 )
No SIV 75 3.87 1.32
1999 SIV 75 4,20 0.06 141
No SIV 79 4.14 1.53
2000 SV 23 4.74 0.28 1.48
No SIV 24 4.46 1.18
sV 6 4,17 0.98
2001 -0.50
No SIV 6 4.67 1.37
First SV 6 417 -0.50 0.98
No SIV 6 4.67 1.37
SV 50 4.64 1.31
Second 0.09
No SIV 49 4.55 0.98
SV 87 3.99 1.48
Year in School Third -0.13 1.173 0.322
MNo 51V 94 4,12 1.39
SV 62 3.84 1.48
Fourth 0.51
No SIV 69 3.33 1.75
SIV 11 4,27 1.45
Fifth 0.52
No SIV 12 3.75 1.60
SV 19 2.89 1.73
1 - Foundation: Sealed Crawl -0.19
No SIV 25 3.08 1.53
SIV 19 4.00 1.16
2 - Framing Walls: ZIP System -0.29
No SIV 24 4.29 1.20
3 - Framing Floors: SV 23 4,13 0.66 1.55
Weyerhaeuser Edge Gold No SIV 19 4.79 ) 0.98
4 - Framing Roofs: Trusses SV B 4.26 0.30 1.33
No SIV 24 3.96 1.90
5 - Mechanical: Mini Split System StV 20 .10 0.54 155
No SIV 25 2.56 1.98
SV 24 4.63 1.50
6 - Communication: Fiber Optics No SIV 20 385 0.78 146
Course Topic o : - 1662 0.079
7 - Plumbing: Condensing SV 18 3.83 0.05 2.20
Storage Water Heater MNo 51V 16 3.88 ’ 0.72
8 - Windows: Three-pane SV 19 4,74 0.58 0.73
Windows No SIV 19 4.16 ) 1.21
SIV 20 4,85 1.321
9 - Roofing: Solar Shingles 1.02
No SIV 18 3.83 0.86
SV 22 4.32 1.67
10 - Insulation: Radiant Barrier -0.41
No SIV 15 4.73 0.88
11 - Exterior Wall Finishes: SV 15 4.27 0.73 0.96
Insulated Vinyl Siding Na SIV 23 5.00 ) 1.21
SV 17 341 1.00
12 - Flooring: Luxury Vinyl Plank -0.39
No SIV 20 3.80 1.51

25 L.l
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Mean

Improvement  Mean Standard
Level Group N Score Difference Deviation F P-Value
A s 63 4.22 -0.08 1.34
No 51V 66 4.30 1.05
A SV 111 4.22 0.3 1.57
Na SIV 120 3.99 1.60
Bt sV 22 3.64 -0.32 2.01
Na 51V 28 3.96 1.71
Final Grade in Class B sV - 2.36 0.00 1.63 1118 0.351
No 51V 22 3.36 1.40
B SV 7 3.00 -0.60 0.00
Na SIV 10 3.60 1.43
c sV 4 L.75 125 2.36
Na 51V 6 0.50 2.17
s 2 4.00 0.00
F 2.33
No SIV 3 1.67 2.89

95% C.I.
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Appendix 4.2 Results of the post-hoc t-tests for all course topics. The “Mean Improvement

Score” refers to the difference between the pretest and posttest.

Mean Standard
Improvement Sig. (2- Mean Error

Course Topic Description Level M Score tailed) Difference Difference Lower Upper
SV 19 2.89

1 Foundation: Sealed Crawl 0.708 -0.185 0.492 -1.18 0.807
Mo 51V 25 308
sV 19 4 .00

2 Framing Walls: ZIP System 0.425 -0.292 0.362 -1.02 0439
Mo 51V 24 429
Framing Floors: Sy 73 413

3 Weyerhaeuser Edge Gold 0.102 -0.659 0.393 -1.45 0136
Subfloor Mo SIV 19 479
SIV 19 426

4 Framing Roofs: Trusses 0.556 0.305 0.513 -0.73 1342
MoSlV 24 3.96
Mechanical: Mini Split sV 20 3.1

5 Syst 0324 0.54 0.541 -0.55 1632
yEtem NoSIV 25 2.56
Communication: Fiber s 24 4.63

o Outi 0.091 0.775 0.449 -0.13 168
pHcs NoSIV 20 3.85
Plumbing: Condensing sV 18 3.83

7 st Water Heat 0940 -0.042 0.549 -1184 1101
orage Water Heater No SIV 16 3 88
Windows: Three-pane s 20 4.6

3 Wind 0.21 0.442 0.347 -0.26 1145
naews NoSIV 19 416
5V 20 4 85

g Roofing: Solar Shingles 0.003 1144 0.353 0.427 1861
Mo 51V 17 371
Insulation: Radiant s 22 4.32

lDE ; 0.386 -0.415 0.473 -1.37 0544
arrier NoSIV 15 473
Exterior Wall Finishes: sV 17 3.76

11 I 1ated Vinyl Sidi 0.010 -1.235 0.455 -2.16 -031
nsulated Vinyl Siding No SIV 23 500
Flooring: Luxury Vinyl SV 17 341

12 Plank 0372 -0.388 0.429 -1.26 0484
zn NoSIV 20 3.8

5Ll
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CHAPTER 5
THE QUALITY OF EXPERIENCE OF OBJECT-BASED LEARNING IN A FLIPPED
CONSTRUCTION MANAGEMENT CLASSROOM

Target Journal: Educational Media International

Abstract
Generation Z (i.e., those born between 1995 and 2015) now comprises the majority of the current
undergraduate population. Some evidence shows that they prefer learning by video to all other
methods. Recognizing this trend, and assuming that all instructional videos are not equally
preferential for all college students, researchers across various fields are exploring their best use
for college classrooms. As part of a broader study on object-based learning (OBL), this paper
reports the perceptions that study of second-year construction management (CM) students have
of a specific type of instructional video called supplemental instructional videos (SIVs). SIVs are
designed to aid and reinforce primary learning materials and methods, not replace them or
merely enhance them. The SIVs were produced by the instructors in accordance with OBL
theory and based on an interdisciplinary curation of the latest literature covering the proper
design and development of instructional videos. They were administered in a flipped CM
classroom and delivered online to help the students with unfamiliar topics found in pre-class
readings. Data was collected through the Quality of Experience (QoE) strategy that relies on
surveys and interviews. Overwhelmingly, learners in the course reported their appreciation and
preference for having SIVs as a teaching aide. However, when asked about the ability of SIVs to
improve their actual class performance, they expressed uncertainty as to whether any real

difference was made.

Keywords: Object-Based learning, Supplemental Instructional Videos, Construction

Management, Quality of Experience, Flipped Classroom

98



Introduction

A little more than a decade and a half ago, Leonard Bernold (2005), a construction
professor and researcher at North Carolina State University, documented one undergraduate
construction learner’s complaint: “How can you expect me to read something when I don’t
understand it... In my job, I will not be required to write because I will work on a construction
sight [sic]” (Bernold, 2005, p. 538). While Bernold was using this learner’s frustration to
illustrate the well-documented shortcomings of the traditional, reading-and-lecture based system
in construction education (e.g., Behzadan & Kamat, 2013; Deshpande & Salman, 2016; Friedrich
et al., 2008; Holt et al., 2018; Hoxley & Rowsell, 2006; McGarr, 2009; Rogers & Tingerthal,
2013; Rokooei & Goedert, 2015), it also reflects the simple reality that many undergraduate
learners perceive unassisted readings on unfamiliar topics to be challenging and prefer to avoid
them. Sharing Bernold’s observation that undergraduates seem to prefer certain learning
mediums over others, over the past few years interested researchers, practitioners, and
educational institutions have paid increasing attention to trends in learning preferences for rising
generations.

In 2018, Pearson Education commissioned a national, online survey through The Harris
Poll, a global market research firm based in New York, which was aimed at understanding the
differences in educational interests, outlook, and values between Millennials (i.e., those born
between 1980-1994) and Generation Z (i.e., those born between 1995 and 2015), who now
constitute the majority of undergraduate learners. Responses from 2,587 individuals ages 14 to
40 revealed that Generation Z prefers YouTube over all other learning methods listed in the
survey, including books, interactive group activities, and learning apps and games. This study
confirmed some previous research by Chan (2010) who found that college students preferred
video to textbooks. Chan noted that “that video instructions are favorable to these university
students and have a tremendous potential as a supporting tool for formal learning beyond the
traditional classroom setting” (Chan, 2010, p. 1317). The Pearson survey also showed that
Millennials still prefer books to YouTube by a small, 5% margin (Pearson Education, 2018).

Hypothesizing that future generations are likely to continue favoring video-based
learning over more traditional, reading-based methods, researchers across fields have begun to
explore a new pedagogical alternative called object-based learning (OBL). OBL is an active,

student-centered teaching approach that relies on digital educational resources called learning
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objects (LOs) to facilitate tailored learning experiences for a specific audience (Lee &
McCullouch, 2005; Wiley, 2002). LOs include a wide array of e-learning-based instruments such
as “text[s], graphics, photographic[s], animation[s], or video[s]” (Chitwood et al., 2000, p. 14).
Currently, one of the most common types of LOs are supplemental instructional videos (S1Vs)
(Kay, 2012). SIVs, in contrast with other categories of instructional video LOs (i.e., lecture-
based, enhanced, worked examples), are deployed to support primary learning methods,
mediums, and materials, but not substitute for them (Kay, 2014). To offer an example of when an
SIV may be appropriate and useful, an instructor may decide to include a SIV with a particularly
challenging textbook reading. Theoretically, if watched before completing the reading, the SIV
could help introduce any unfamiliar or complex concepts to give the learner a better grasp of the
subject and improve learning outcomes.

OBL, and specifically video-based LOs such as SIVs, are frequently used in flipped
classrooms (FCs), another budding pedagogical intervention designed to disrupt traditional
models of education (Barett, 2012; Lee et al., 2016). A FC has been defined as an instructional
strategy in which learners are provided with additional learning materials at home, often in the
form of video (Abeysekera & Dawson, 2015), so scarce class time can be spent focusing on
active, mentored, experiential learning opportunities (Jensen et al., 2018). The literature suggests
that FCs and OBL are naturally integrative. FCs depend on supporting technologies for
outsourcing portions of instruction (Abeysekera & Dawson, 2015), and OBL is most effective
when nested within a larger pedagogical framework (McGreal, 2004).

Because the OBL approach is still relatively new, fundamental questions about the
educational impact of SIVs remain unanswered (Lockyer et al., 2009), including how learners
across all tiers of education feel about SIVs as part of their curriculum (Kay, 2007). The
aforementioned 2018 Pearson Education national survey suggests that learners in rising
generations have an affinity for instructional videos, however, the exploratory survey is only a
starting point, useful for identifying a general trend, but far too broad in scope to provide
targeted guidance for instructors working in formal classrooms. Hence, many academic fields
need more domain- and intervention-specific research. CM is no exception. In CM, only a few
studies have been published that consider how CM learners feel about teacher-prescribed
instructional videos (Cherrett, et al. 2009; Hoxley & Rowsell, 2006; Liu & Hatipkarasulu, 2014;

Wong et al., 2018; Zaneldin et al., 2019). This low volume of literature is insufficient to cover
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the extensive and still-expanding landscape of open and unaddressed inquiry related to the value
of instructional videos for CM learners.

This study, as part of a larger investigation of OBL and LOs, is an explanatory
investigation of CM learners’ perceptions of SIVs that are made to support traditional reading
materials. Surveys and interviews were used to evaluate how students’ quality of experience

(QoE) was related to the use of SIVs in a flipped CM classroom.

Literature Review

In general, the current literature supports the idea that CM learners hold a favorable view
of instructional videos. In 2006, Hoxley & Rowsell researched the best way to use video with
lectures. Their survey showed overwhelmingly that 98.6% of their construction students
supported videos being used and, similar to the 2018 Pearson survey, they “preferr[ed] to watch
a video [over] read[ing] a book” (p. 118). Hoxley & Rowsell also found that instructional videos
are most helpful to learners when used with a concentration aid, like a quiz, and if “the main
purpose of the lecture is to deliver technical detail, then this is certainly best delivered after the
viewing of the video” (Hoxley & Rowsell, 2006, p. 121).

The findings from the Hoxley & Rowsell (2006) study are largely confirmed by Cherrett,
et al. (2009), who reported that 75% of second-year undergraduate students in their study stated
that video had enhanced their learning experience with safety topics. They cautioned
instructional designers and practitioners that passively viewing a video is not sufficiently
stimulating. Learners must actively engage with the content presented by the videos.

Liu & Hatipkarasulu (2014), in their research on building information modeling (BIM)
education, found that providing instructional videos to support complex procedural instructions
seemed to be effective. They reported that instructional videos were particularly beneficial for
learners who were behind in their work. In agreement with Hoxley & Rowsell (2006), survey
data indicated that learners felt that content delivered by video was beneficial. However, similar
to Cherrett et al. (2009), Liu & Hatipkarasulu warned that the instructional videos alone were
insufficient in providing a deep understanding of subject matter.

Wong et al. (2018) experimented with video-based learning in a CM course utilizing a
blended teaching model (i.e., both in-class and online). Seventy-six learners were taught using

the model and then surveyed. I found that “students were satisfied with design and content of the
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instruction videos” and “considered e-learning approach useful because it allows them to control
their pace, time, and location for learning” (Wong et al., 2018, p. 1).

Most recently, Zaneldin et al. (2019) studied undergraduate CM learner satisfaction in
response to course topics being taught with instructional videos. Following the study, 67 learners
were questioned with an online survey administered through the university learning management
system (LMS). Overall, learners were “satisfied with the contents of the instruction [sic] videos
and benefited from these videos” (Zaneldin et al., 2019, p. 475). The learners commented that
they appreciated and preferred the blended model that included online instructional videos

because they had greater access to course content.

Research Questions & Expectations:

Building upon this literature, | explored the perceptions of construction management
students towards supplemental instructional videos (SIVs) in a flipped learning environment.
More specifically, this study investigated the following research questions:

e RQ1: Does the use of instructional videos, as supplemental, educational tools for
traditional learning materials (i.e., readings) in a FC improve CM learners’ subjective
perception of their own performance? Based upon the preliminary work of Hoxley &
Rowsell (2006) and Cherrett et al. (2009), our expectation was that CM learners would
perceive the SIVs to have a positive impact on their performance.

e RQ2: Which construction topics (e.g., plumbing, foundations, framing) do CM learners
believe are most conducive to using SIVs? Based upon the research by Liu &
Hatipkarasulu (2014), | expected that learners would express more appreciation for SIVs
covering complex construction topics.

e RQ3: Are CM learners satisfied with the quality, pace, engagement, and duration of the
SIVs? Based upon the research by Wong et al. (2016), who used the latest technology and
expert guidance to create instructional videos, | expected that learners would be satisfied

with SIVs developed in accordance with best practice guidelines.

Methods
| conducted a mixed-methods triangulation study (Creswell & Creswell, 2017) to

understand student perceptions of SIVs in a flipped CM classroom. Consistent with previous
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research on video- and multimedia-based instruction (Brunnstrém et al., 2013; Ljubojevic et al.,
2014), 1 used the Quality of Experience (QoE), a metric commonly used in customer service and
telecommunications, to measure learners’ subjective impressions of instructional videos. The
QokE is defined as “the degree of delight or annoyance of the user of an application or service. It
results from the fulfillment of his or her expectations with respect to the utility and/or enjoyment
of the application or service in the light of the user’s personality and current state” (Le Callet et
al., 2012). Modeling Ljubojevic et al. (2014), who evaluated the QoE “to investigate efficiency
of use of supplementary video content in multimedia teaching” (p. 275), I administered a survey
to study participants to evaluate their QoE with SIVs. After which, | conducted one-on-one
interviews to gather further explanatory information. All research activities were reviewed and

approved by the Virginia Tech Institutional Review Board (protocol 19-853).

Course and SIVs

I conducted this study in a course on Residential Construction Technologies, in which
students critically examined emerging construction technologies and compared them with their
more conventional counterparts. The course was structured to introduce a new and innovative
construction technology (e.qg., solar roof tiles, condensing storage water heaters, ZIP framing
systems) each week for twelve consecutive weeks of the semester. Short SIVs were produced for
each of the emerging technologies to aid with pre-class readings on their design and function.
Each learner in the class was assigned a random set of six SIVs throughout the semester. The
SIVs were distributed through the university LMS with all other course assignments. Learners
were instructed to watch the SIVs alone, before class, and before completing the course readings
that they were designed to support.

SIVs for the course were developed in compliance with a synthesis of interdisciplinary
guidelines from the literature (Brame, 2016; Choe, 2017; Hurtado et al., 2014; Kay, 2014;
Kramer & Boéhrs, 2016; Moradi et al., 2016; Van der Meij & Van der Meij, 2013). Hence, they
were short (i.e., approximately three minutes each), narrated with a script, focused on a single
topic, and rendered in high definition with only high-quality audio and visual elements. Each was
designed and produced by the same instructor teaching the course and made to be engaging for
an undergraduate audience. They were organized, clear, purposeful, narrated with a personalized,

first-person voice, and interactive (i.e., incorporated guiding quiz questions). Finally, the SIVs
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were designed to be direct and relevant, and paced for maximum learning and engagement. The
videos were produced using a home-license of TechSmith Camtasia 2018 software, which
allowed piecing together elemental media from a variety of sources including Google Images,
FreeSounds.org, Pixabay.com, and the YouTube Audio Library. All SIVs started with a standard
template, using the same introduction and conclusion, and underwent a consistent design,
production, and review process to make them as similar as possible. Following the guidance by
Hoxley & Rowsell (2006) and Cherrett, et al. (2009) each SIV was accompanied by a short quiz

to ensure that the videos were actively watched.

Surveys

| developed a survey instrument with questions modeled after those asked used by
Ljubojevic et al. (2014). They used a five-level opinion survey to ask subjective questions about
perceived changes in performance, quality of the video, attention span, and whether the video
made answering content questions easier. Our survey asked similar questions focused on
learners’ perception of how their own performance was impacted by the SIVs; their opinion of
the quality and effectiveness of the SIVs; which course topics learners believed they had the best
grasp of; and how learners felt about the SIVs generally. The survey also asked students to rate
the quality, duration, and pace of the instructional videos. The survey was composed of both
closed-ended, ordinal questions on a traditional 5-point Likert scale and a few open response
follow-up questions. The full list of IRB-approved survey questions can be found in Appendix
5.1.

The survey was piloted under real conditions by 3 current undergraduate CM learners in
the same department who were not participants of the study. The purpose of the pilot was to
check for unclear or confusing questions, ambiguity in answer options, and to preview the format
of the data output. The 25-question survey was then administered online through Qualtrics
survey software to all 46 learners in the course after the final week of instruction. Survey
responses were exported from Qualtrics into SPSS (version 25) for data management and

analysis. For each closed-ended question, | calculated frequencies and descriptive statistics.
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Interviews

Following the survey, a short, approximately 5 to 10-minute interview was conducted
with participants to gain further insights into the learners’ QoE. The purpose of the interviews
was to build upon the surveys and further strengthen the explanatory nature of the research.
Unlike the surveys, which were focused on extracting data from participants, the interviews
helped derive interpretations from the findings (Gubrium & Holstein, 2001). Each interview was
semi-structured, allowing for some deviation from a set of 5 predetermined, guiding questions
that asked participants to describe their experiences with and perceptions of the SIVs and the
OBL approach. The interviews were conducted remotely using Zoom web conferencing
software. The Zoom platform was also used to audio-record and transcribe the interviews. The
computer-generated transcripts were edited for accuracy and then selectively coded for themes
that provided additional insight into survey questions. The full list of IRB-approved interview

questions is available in Appendix 5.2.

Results
Study Sample

All 46 students in Residential Construction Technologies were invited to participate in
the study. 42 students completed surveys and participated in follow-up interviews for a response
rate of 91%. Participants were predominantly male (n = 36; 86%) and composed almost entirely
of Building Construction majors (n = 41; 98%), representing the current overall population of
undergraduate CM learners the research targeted. A single study participant was majoring in
Real Estate (2%). Participants of the study were primarily in their second (n=10; 24%), third
(n=17; 40%), and fourth (n=12; 29%) years of school. VVery few were in their first year (n=1;
2%) or fifth year (n=2; 5%).

RQ1: Does the use of instructional videos, as supplemental, educational tools for traditional
learning materials (i.e., readings) in a FC improve CM learners’ perception of their own
performance?

Eight of the closed-ended survey questions, listed in Table 5.1, were dedicated to

understanding whether learners felt that the SIVs had any impact on their performance and
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experience in the course. Overall, the learners felt strongly that the SIVs improved their
understanding of the construction topics. They were divided, however, on whether the videos had

any real impact on their performance in terms of grades.

Table 5.1 Class averages of the learners’ perceptions of the impacts of SIVs on their course

performance and experience.

Perceived impacts of 5IVs on performance and experience  Mean Std. Dev. Scale
Ql Theinstructional videos made unfamiliar topies from the readings 4738 0544 1 (Strongly disagree| -
easier to understand. 5 (Strongly agree)
Q3 Watching instruetional videos made completing the readings go 4962 0.885 1 {Strongly disagree) -
faster. 5 (Strongly agree)
Q4 Iwould have preferred to have an instructional video to help with 4786 0.606 1 (Strongly disagree| -
all topics throughout the course {not just half). 5 (Strongly agree)
Q6 Watching the instructional video made it less likely for me to 5 071 1156 1 {Strongly disagree) -
complete the assigned readings. 5 (Strongly agree)
Q7 Watching the instructional videos gave me greater confidence in 1914 0951 1 (Strongly disagree) -
my ability to do well on the in-class quizzes. 5 (Strongly agree)
Q11 Iwould have preferred to have more elassroom lecture and 5619 1011 1 {Strongly disagree) -
discussion instead of watching instructional videos. 5 {Strongly agree)
Q13 My performance in the class would have been about the same with 2.000 1082 1 (Strongly disagree] -
or without the instructional videos. 5 (Strongly agree)
Q15 Ofthesixinstructional videos that you were provided over the
3.571 2.390 1-6
course of the semester, how many did you watch more than once?
N-42

Across all learners, 95.2% of them ‘agreed’ or ‘strongly agreed’ that the SIVs made
unfamiliar construction topics in the readings easier to understand (Figure 5.1). In the open
response follow-up question, one learner explained that the SIVs “gave a visual background to
the technology, that for me, were totally new topics. By having the images narrated, it gave a
deeper understanding than view[ing] textbook pictures.” Another wrote that the SIVs “[provided]
a clear and concise introduction to a topic with visuals, [which] helped before getting into greater
detail.”

106



Perceived impacts of SIVs on performance and experience

I, 8.6%

Q1. The instructional videos made unfamiliar topics from the o 16.7%
readings easier to understand. 0.0%
0.0%
50.0%
Q3. Watching instructional videos made completing the readings 1430 31.0%
go faster. 4.8%
0.0%

Q4. I would have preferred to have an instructional video tohelp |5 42,9-5%
with all topics throughout the course (not just half). 2:4.3,:
0.0%
B 24%
Q6. Watching the instructional video made it less likely for me to 111;-;5
lete the as=igned readings. = o
FOmpEE 31.0%

40.5%

I 52

Q7. Watching the mstructional videos gave me greater confidence 11% 40.5%
in my ability to do well on the m-class quizzes. 4 8% "
B 24%
B 24%
Q11. T would have prefared to have more clasgoom lecture and 14.3% 42.9%
discussion instead of watching instructional videos. 5 o
23.8%
I 15.7%
B 1%
Q13. My performance m the class would have been about the %ng
same with or without the instructional videos. lg:ﬁ\n/:
B 1

m Strongly agree Somewhat agree Neither agree nor dizagree Somewhat dizagree = Strongly dizagree

T1%
Q15 Of the six mstructional videos that you were provided over 24% :
the course of the semester, how many did you watch more than 16.7%
once? 19075

2
I 13.8%

mG w5 04 05 02 ml m)

Figure 5.1 Class distributions of the learners’ perceptions of the impact of SIVs on their course

performance and experience.
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However, students were divided on whether or not the SIVs ultimately improved their
performance in the course. The question with the most distributed responses was Q13, which
asked learners whether they believe the video helped them with classroom performance.
Agreement and disagreement were equal, totaling 35.7% each, with the remaining 28.6%
indicating that they ‘neither agree nor disagree.” Interview data suggest that the near-normal
distribution of responses to this question may be attributable to the determination of learners to
perform to a certain standard regardless of the aid provided by SIVs or the demands on their
effort. About three quarters of the students, 71.5%, disagreed or strongly disagreed that watching
a video made them less likely to do the assigned readings. A few more, 81%, felt like the videos
made the assigned reading go faster. As one student stated in the open-response follow-up
question in the survey: “[The SIVs] did not change how I worked.” Another learner in the class
wrote: “I believe my performance would've been the same. The videos were an additional
background that made the learning easier, but | performed well in the class without the videos as
well.” This sentiment was shared by a number of other students who indicated that while the
videos were helpful, they learned the material and succeeded even in weeks in which they were
not assigned a SIV.

Interview data were consistent with and provided additional depth to survey data on
student perceptions of the impact of SIVs. Regarding questions of performance, the most
prominent theme was the tension between the SIVs only seeming helpful and being actually,
demonstrably helpful. One participant’s response best exemplifies this sentiment: “I don't know
how much [the SIVs] really helped my quiz grade, to be honest. But like I said, | feel like I
genuinely learn more by watching them [sic].... instead of reading 10 pages of PDF and still
being semi-confused.... I don't know if it helped my grade, but it made me learn [the material]
instead of just read[ing] it.”

Learners responded most uniformly to Q4, which asked if they would have preferred a
video for all twelve topics instead of only six. Nearly all of them, 95.2%, reported that they
‘agree’ or ‘strongly agree’, with 85.7% responding that they ‘strongly agree.” Responses from
the surveys strongly correlated with findings from the interviews. When asked openly whether
they had any recommendations for the use of instructional videos in the course, participants

frequently responded that SI1Vs should be provided for all topics, not just the half that each
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learner received. In many cases, students stated that they wanted to see SIVs used in their other
courses as well. Encapsulating this feeling, one learner said:

I would have liked to have [SIVs] for all [course topics]. Honestly,...sometimes |

feel like, in a lot of classes I'm taking, [teachers] assume | know exactly what

[they’re] talking about. [T]hey...use terms that I actually haven't heard

before...[and] | end up trying to look them up [during the discussion]. So, I think,

[the SIVs] give a quick basis of what we're talking about before going into

readings and...class discussions. | think that [the SIVs] really helped.

Learners also had a diverse range of responses to a survey question about their relative
preference for watching videos versus classroom discussion and lecture. The largest group of the
class (n=18; 42.9%) stated they ‘neither agree nor disagree’ that they would have preferred to
have more classroom lecture and discussion instead of watching instructional videos (Figure
5.1). Another 40.5% of students ‘strongly’ or ‘somewhat disagreed’ with this statement.
Collectively, this suggests that students were generally satisfied with the balance of video- and
lecture-based learning in the course. As one student wrote in the open-response follow-up
question:

I have really enjoyed this class structure. [1] like how we get introduced to the topic

through online modules, then we get a chance to ask questions and have classroom

discussions. | feel like it helps because not everyone learns at the same pace. One reason
why | tend to dislike a class is because of too much forced classroom discussion.

Other students similarly saw value in a combination of SIVs, lecture, and discussion, and
felt that the videos, as designed, were effective supplements to the other classroom activities: “I
think doing both [watching the SIVs and engaging with classroom lecture] would have helped
the most. The videos were simple to give a[n] introduction. The addition of more classroom

lecture[s] would have added onto that introduction.”

RQ 2: Which construction topics (e.g., plumbing, foundations, framing) do CM learners believe
are most conducive to using SIVs?

The second research question inquired about which construction topics (e.g., plumbing,
foundations, framing, etc.) the learners felt were most conducive to video supplementation.

Question 4 of the interview asked, “Which instructional videos, if any, stand out to you and
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why?” Response data from the interviews was analyzed to determine which SIV topic had the
most voluntary mentions by name because students found it to be particularly helpful. Most of
the participants mentioned at least one topic that stood out, and some mentioned multiple topics.
A few did not feel like any SIVs were particularly helpful or replied that they could not
remember any of the SIVs well enough to answer.

As displayed in Table 5.2, participants in the study had diverse opinions about the topics
that were most helped by the videos. The topic that was mentioned the most, with eight separate
mentions, comprising 38% of the learners who received the SIV, was mechanical. After this,
plumbing, electrical, foundation, and framing walls were all mentioned relatively frequently.
Exterior wall finishes, roofing, and framing floors were mentioned, but less frequently, while

framing roofs, windows, insulation, and flooring were not mentioned at all.

Table 5.2 Frequency of each topic mentioned in the interviews.

# Learners who

Topic received the SIV  Topic % of learners who
Topic # Topic Technology Complexity  for the topic mentions mentioned the topic
5 Mechanical Mini-split system Complex 21 8 38%
7 Plumbing Condensing storage water =~ Complex 24 5 21%
heater
6 Electrical (low volt.) Fiber optics Complex 25 5 20%
Foundation Closed crawl space Complex 21 4 19%
2 Framing walls Premium sheathing (i.e., 21 4 19%
Huber ZIP System) Simple
11 Exterior wall finishes  Insulated vinyl siding Simple 21 2 10%
9 Roofing Solar shinges Complex 22 2 9%
3 Framing floors Premium subfloors (i.e., 25 1 4%
Weyerhaeuser Edge Gold)  Simple
Framing roofs Trusses Simple 22 0 0%
Windows Triple-pane windows Simple 25 0 0%
10 Insulation Radiant barrier Simple 24 0 0%
12 Finished Flooring Laminated vinyl tile Simple 25 0 0%

In general, the topics with more complex technologies — those with many interconnected
parts, intricate assemblies, and complicated functions, such as the mini-split system, fiber optics,
and condensing storage water heaters, received the most mentions. Meanwhile, simpler, more
straightforward technologies with fewer assemblies and operating parts such as triple-pane
windows and laminated vinyl tile were mentioned less frequently or not at all. This relationship

between topic complexity and number of mentions has some qualitative support. During the
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interviews, one learner offered his recommendation of when SIVs should be used: “Include the
[SIVs] as much as possible, [but] I don't think it's necessary for everything. | think [they] should
only be used for the more complicated technologies.” Another learner, while discussing the
“Plumbing” topic during an interview, provided some insight into why the more complex topics
are conducive to video supplementation. He said,

[Before learning about condensing storage water heaters] | just thought it was a

big tub of water... | didn't really know how it worked at all. And it's a pretty

complex system. So, seeing that visual and actually going through the process of

how [water] actually goes through the coils and everything. I didn't know any of

that was in there. So that was the best one for me...
There are a few notable exceptions to this trend. Roofing — solar shingles, would normally be
considered a more complex topic, while framing walls would be less complex, however, more

students mentioned the SIV for premium wall sheathing than the SIV for solar shingles.

% of Learners who Received the SIV who Mentioned it by Name

L JEh
I 21%

5 Mechanical - Mini-split system

7 Plumbing - Condensing storage water heater

6 Electrical (low volt.) - Fiber optics

2 Framing walls - Premium sheathing (i.e., Huber ZIP System)

1 Foundation - Closed crawl space

11 Exterior wall finishes - Insulated vinyl siding

9 Roofing - Solar shinges

3 Framing floors - Premium subfloors (i.e., Weyerhaeuser Edge Gold)
12 Finished Flooring - Laminated vinyl tile

10 Insulation - Radiant barrier

8 Windows - Triple-pane windows

4 Framing roofs - Trusses

I 20%
I 19%
I 19%
I 10%

I 0%

N 4%

0%

0%

0%

0%

Figure 5.2 Learners who mentioned the SIVs in their interviews as a percentage of those who

were given the SIVs.

RQ 3: Are CM learners satisfied with the quality, pace, engagement, and duration of the SIVs?

The final research question focused on student perceptions of the design and development

of the SIVs. Seven of the survey questions, listed in Table 5.3, asked learners how engaging the
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videos were and how they felt about the quality, pace, and duration of the videos overall. Figure

5.3 displays the detailed Likert scale response summary.

Table 5.3 Class averages about the perception of the supplemental instructional videos.

Video Questions Mean Std. Dev. Scale
Q9 My mind would wander or [ would be easily distracted while 1595 0.587 1 (Never)-5
watching the instructional videos. - ’ (Always)
Q10 The quiz questions that were assigned with the instructional videos 4381 0.936 1 (Strongly disagree) -
helped me pay closer attention to the videos. ’ ' 5 (Strongly agree)
Ql6 Itwas helpful to know that the instructional videos were produced 4571 0.941 1 (Strongly disagree) -
specifically for this course by the instructor. ’ ' 5 {Strongly agree)
Q18 The pace of the instructional videos was... 1 (Far too slow) - 5
2.857 0.354
(Far too fast)
Q19 Theinstructional videos were engaging (i.e. good use of images, 4643 0.533 1 (Strongly disagree -
text, animations, sounds, voice narration). ' ' 5 {Strongly agree)
Q20 Thelength of the instructional videos was... 1 (Far too short) - 5
2.786 0.470
(Far too long)
21 Th lity (i.e. el d coh taudi d visuals) of th 1 {Very poor)-5
Q. e quality (i.e. clear and coherent audio and visuals) of the 1024 0.841 {Very poor)
instructional videos was... (Excellent)

N=42

Q9, Q10, and Q19 focused on engagement. Q19 asked directly how engaging the learners
felt the SIVs were in terms of images, text, animations, sounds, and voice narration.
Overwhelmingly, 97.7% reported that they ‘strongly agree’ or ‘somewhat agree’ that the videos
were engaging. This number correlates strongly with Q9 which indirectly evaluated how
engaging the SIVs were for learners by asking them how distracted they were while watching the
videos. The vast majority, 95.2% answered either ‘rarely’ or ‘never.” Q10 asked learners whether
the guiding quizzes that went with the SIVs helped them pay closer attention to the videos.
Consistent with Q19 and Q9, a majority of the class, 85.7%, either ‘strongly agree’ or ‘somewhat

agree’ that video quizzes improved their engagement with the videos.
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Figure 5.3 Class distributions about the perceptions of the supplemental instructional videos.
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Q16 asked learners how they felt about having their instructors produce the videos. Most,
92.8%, reported that they either ‘strongly agree’ or “somewhat agree’ that it was helpful to know
the videos were made by the instructor specifically for the course they were in. This survey result
is supported by qualitative data from the interviews, in which multiple learners expressed their
preference for instructor-made SIVs. One learner said,

I've had classes in the past that [teachers] would supplement with videos. A lot of

times they weren't made by the TAs or the professors. They were videos they

found on YouTube or somewhere else, and some of it relates to the information

that we're talking about, but not all of it, so you had to pick out the important

information. Whereas these videos were exactly what we are learning about.

Exactly what we needed to know for the quizzes...

Q18, Q20, and Q21 asked about the pace, duration, and quality of the videos,
respectively. For Q18, 85.7% of the class reported the pace of the SIVs was ‘about right’. The
remaining 14.3% of respondents thought the videos were ‘too slow.” For Q20, 81.0% of the class
reported that the duration of the videos was ‘about right’. The remaining 19.0%, nearly a fifth of
the class, felt that the videos were either ‘too short’ or ‘far too short.” During the interviews, one
learner said that “around 10-to-12-minute length [for the SIVs] would really be good.” Another
learner disagreed with this minority view. He said, “even though [the SIVs are] only three and a
half minutes, they definitely convey a lot of information that you can retain easily through the
graphics and the sounds.” For Q21, 33.3% of the class thought the quality of the SIVs in terms of
audio and visuals was ‘excellent,” while 38.1% thought the quality was ‘above average,” and
26.2% thought the quality was ‘average.” One person, 2.4%, thought the quality was ‘below
average.” Speaking about the quality and length of the SIVs, one learner said in his interview that
“in terms of the formatting and the transitions, I thought [the SIVs] looked really nice. And I
think that helped [to] keep them interesting. I think all of them were a perfect length. I think it's

key to have something that's engaging.”

Discussion & Conclusion
Recent data show that broadly, videos are the preferred method for learning amongst
current college-age generations (Pearson Education, 2018). This study examined specific

implications of these recent trends for the field of construction management (CM). Guided by
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both object-based learning theory and the latest guidelines on the design and development of
instructional videos from the literature, a batch of supplemental instructional videos (SIVs) were
produced to support pre-class readings in a second-year undergraduate CM course. This course
was optimal for a study on video due to its flipped classroom structure. In accordance with the
Quality of Experience method, surveys and interviews were used to ask the learners subjective
questions about the effectiveness of the SIVs. They were also asked to describe which course
topics were best suited for video and how they felt about the design and development of the
videos themselves.

Results analyzed from both surveys and interviews show that the participants in this
study give clear support for using SIVs in CM classrooms. They reported overwhelmingly their
belief that the SIVs positively affected their understanding of the topics. They also clearly
expressed that the videos enhanced the quality of experience. This result is similar to and
confirms the findings of both Hoxley & Rowsell (2006), Cherrett, et al. (2009), and Liu &
Hatipkarasulu (2014) in this way. When asked about whether the SIVs had any measurable
impact on their performance in terms of grades, participants were divided. Half of the class felt
that the videos boosted their grades. The other half were skeptical, expressing uncertainty as to
whether the short SIVs made any real difference. This result reflects the mixed findings of some
studies in which performance was measured objectively. For example, Hurtado et al., (2014)
found that performance increased as instructional video use increased. Also, while studying the
effectiveness of instructional videos, Lee, Salama, and Kim (2016) found that using video has
the tendency to produce greater positive changes in performance. Other studies (Burgett, 2014;
Kulgemeyer, 2018) however, report that utilization of instructional videos yields small or no
positive performance results. In the interviews, learners were asked to name any SI1Vs that stood
out to them as particularly helpful. In general, the complex topics were named more frequently,
which is the same result that Liu & Hatipkarasulu (2014) reported. Finally, the results of this
study were similar to Wong et al. (2018), in that participants were overall pleased with the design
of the SIVs in terms of pace, duration, and quality. While this study focused on CM students,
learners across all fields, levels of education, and backgrounds, can benefit from this research
that is designed to provide insight into how to improve understanding of new and unfamiliar

topics.
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Generational learning preferences are likely to evolve and shift over time. This seems to
be especially true for technology-reliant pedagogies like instructional video object-based
learning. While researchers can attempt to forecast learning preferences, it is imperative that past
and current research, including this study, be regularly reviewed and updated for relevance. This
research study was conducted in the Spring Semester of 2020. At the beginning of March, at
exactly the half-way mark (i.e., week 6 of 12), the COVID-19 pandemic abruptly shut down all
in-person instruction across the University. Fortunately, the study was being conducted in a
flipped classroom in which the SIV treatments were self-administered by the learners themselves
while at home. Nevertheless, though minimized, the disruption still required one international
student to return home early and withdraw from the study before providing any feedback in
either the survey or interview. Also, this study was conducted in a real-world setting in which the
participants were responsible for self-administering the supplemental instructional videos (SIVs)
in their own environments, at their leisure, and on their own devices. Future research might
consider removing any corresponding variability (e.g., viewing devices and environmental
distractions) by reproducing these results in a highly controlled setting in which I administer the
SIVs. Finally, in accordance with the literary guidelines, the SIVs in this study were intentionally
designed to be as short as necessary. On average the videos were just under three minutes long.
Future work should consider amplifying the impact of SIVs by using longer videos to see how
this changes the results of Q13 in which learners were asked to rate their performance in the

class based upon the videos.
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Appendices
Appendix 5.1 Survey Questions (IRB-approved)

Choose the extent to which you agree with the statements below. When asked, provide a short,
written response.

1. The instructional videos made unfamiliar topics from the readings easier to understand.
Strongly Disagree  Disagree Neither Agree or Disagree ~ Agree Strongly Agree
1 2 3 4 5

2. Inone or two sentences, explain why you feel this way.

3. Watching instructional videos made completing the readings go faster.
Strongly Disagree  Disagree Neither Agree or Disagree  Agree Strongly Agree

1 2 3 4 5
4. 1 would have preferred to have an instructional video to help with all readings throughout
the course.
Strongly Disagree  Disagree Neither Agree or Disagree ~ Agree Strongly Agree
1 2 3 4 5

5. Inone or two sentences explain why you feel this way.

6. Watching the instructional video made it less likely for me to complete the assigned

readings.
Strongly Disagree  Disagree Neither Agree or Disagree  Agree Strongly Agree
1 2 3 4 5

7. Watching the instructional videos gave me greater confidence in my ability to do well on
the in-class quizzes.

Strongly Disagree Disagree Neither Agree or Disagree  Agree Strongly Agree
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8. In one or two sentences explain why you feel this way.

9. My mind would wander or | would be easily distracted while watching the instructional
videos.
Never Rarely Sometimes Often Always
1 2 3 4 5

10. The quiz questions that were embedded inside the instructional videos helped me pay
close attention to the videos.
Strongly Disagree  Disagree Neither Agree or Disagree  Agree Strongly Agree

1 2 3 4 5

11. I would have preferred to have more classroom lecture and discussion instead of
watching instructional videos.
Strongly Disagree  Disagree Neither Agree or Disagree  Agree Strongly Agree

1 2 3 4 5

12. In one or two sentences explain why you feel this way.

13. My performance in the class would have been about the same with or without the
instructional videos.
Strongly Disagree  Disagree Neither Agree or Disagree  Agree Strongly Agree

1 2 3 4 5

14. In one or two sentences explain why you feel this way.
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15. Of the six instructional videos that you were provided, how many did you watch more
than once?
1 2 3 4 5 6

16. 1t was helpful to know that the instructional videos were produced specifically for this
course by the instructor.
Strongly Disagree  Disagree Neither Agree or Disagree  Agree Strongly Agree
1 2 3 4 5

17. In one or two sentences explain why you feel this way.

18. The pace of the instructional videos was....
Very Slow  Slow About Right Fast Very Fast

1 2 3 4 5

19. The instructional videos were engaging (i.e., good use of images, text, animations,
sounds, voice narration).
Strongly Disagree  Disagree Neither Agree or Disagree ~ Agree Strongly Agree

1 2 3 4 5

20. The length of the instructional videos was...

Very Short  Short About Right Long Very Long
1 2 3 4 5
21. The quality (i.e., clear and coherent audio and visuals) of the instructional videos was...
Very Poor Below Average Average Above Average
Excellent
1 2 3 4 5

22. Year in School
a. First
b. Second
c. Third
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d. Fourth
e. Other (Please Specify)

23. Major
a. Construction Management
b. Construction Engineering and Management
c. Real Estate
d. Other (Please Specify)

24. In what year were you born?

25. What gender do you identify as? (please select one)
a. Male
b. Female
c. Other
d. Prefer not to respond

125



Appendix 5.2 Interview Questions (IRB-approved)

The interview will be semi-structured. These questions are used as a guide to determine why the

student responded a certain way on the survey.

Questions:

1.

Overall, how did you feel about the instructional videos you periodically watched before
completing the assigned readings for class?
Overall, what impact do you believe the instructional videos had on your learning
experience?
a. Did completing the assigned readings seem any different after watching an
instructional video?
Overall, what impact do you believe that the instructional videos had on your classroom
performance?
a. If any, what impact do you believe the instructional videos had on your in-class
quizzes?
b. If any, what impact do you believe the instructional videos had on your
contribution to group work?
Which instructional videos, if any, stand out to you and why?
If any, what are your recommendations for the use of instructional videos in current or

future construction management classes?

Potential Probes:

That is really interesting...
e ...can you provide a specific example of what you are describing?
e ...can you tell me more about that?
e ..what do you believe made you feel that way?
e ..what makes you think that?

e ..what led you to believe that?

126



CHAPTER 6
CONCLUSION
Summary of Dissertation

Technological, pedagogical, and economic forces are causing the traditional teaching
practices of higher education to shift. The predominant, didactic, reading-and-lecture-based
methods of instruction are being challenged by the unique needs of emerging academic fields,
such as CM, because of their focus on preparing students for the modern industry (Holt et al,
2018). In this modern educational landscape, researchers and practitioners from across fields
have begun using technology to develop more efficient and innovative ways to educate. One of
these new methods is object-based learning (OBL) — a student-centered pedagogy that features
digital learning objects (LOs) to deliver active learning experiences to a targeted audience
(Wiley, 2002). Examples of LOs include instructional videos, images, and animations. One of
the most common types of digital LOs that has considerable potential for aiding teachers are
supplemental instructional videos (SIVs) (Kay, 2012). In contrast with other types of
instructional video LOs (i.e., lecture-based, enhanced, worked examples), SIVs are designed to
support other teaching materials and methods, not stand in for them (Kay, 2014). OBL
instruments, such as SIVs, are naturally complementary and synergistic with other methods of
teaching, such as the flipped classroom (FC) — an active and student-centered teaching approach
that rearranges traditional pre-class, in-class, and post-class activities so that class time can be
spent collaborating, solving problems, and working on projects (Abeysekera & Dawson, 2015).
By outsourcing some of the traditional instruction to SIVs, teachers can spend class time
working with students, rather than lecturing to them.

This dissertation began with a central research question: Are object-based learning (OBL)
solutions appropriate in a CM classroom? The question was subdivided into four smaller, more
specific questions that were examined in the four core chapters of the dissertation. First, in which
ways do foundational learning theories inform or support the application of OBL in a flipped CM
classroom (RQ1/Chapter 2)? Second, how does contemporary instructional design literature
inform the design and development of SIVs for CM topics (RQ2/Chapter 3)? Third, are SIVs an
effective way to support traditional learning materials in a flipped CM environment
(RQ3/Chapter 4)? And fourth, do CM learners believe SIVs have a positive impact on the quality
of their learning experience (RQ4/Chapter 5)? This final chapter of the dissertation begins by

127



reviewing and synthesizing the major themes and findings of these questions and chapters
including: 1) the impact of OBL on CM student performance, 2) the preference CM students
have for OBL, and 3) the ability of OBL to help teachers balance the competing priorities of
theoretical learning and experiential learning, in the context of scarce class time and resources.
Also, in the first of the four core chapters of the dissertation a theoretical model (Figure 2.3)
described how OBL in a FC could deliver a transformative learning experience for CM learners.
This model is briefly revisited and re-examined by what was learned following the research
study. Finally, findings from each chapter and their implications are examined in the context of
previous publications and some opportunities for future research are described.

CM Student Performance

Chapter 4 evaluated the impact of SIVs on student performance objectively, by
measuring improvement between pretest and posttest scores. In our study, | found no empirical
evidence that the participants who received the SIV intervention performed better or worse than
those without it. This remained true even after accounting for differences in age, year in school,
gender, final class grade, and complexity of the learning topic. In Chapter 5, | measured the
subjective impact of SIVs on student performance, using end-of-course surveys and interviews.
The participants were asked the extent to which they agree with the statement: “My performance
in the class would have been about the same with or without the instructional videos.” As a
whole, the class was equally divided, with the same number of participants in agreement as
disagreement with the statement. These neutral results (i.e., SIV intervention neither helped nor
harmed student performance) from both objective and subjective measures are consistent with
each other and with some previous CM research. For example, Burgett (2014) tested the
effectiveness of instructional videos by comparing two sections of a course on heating, venting,
and air conditioning (HVAC) - one section taught as a flipped class and the other using
traditional lecture. Burgett found that the two class sections “performed nearly identically” on
their exams (p. 5). In education research outside of CM, Kulgemeyer (2018) evaluated
differences in posttest scores between students who received high-quality instructional videos
and a control group. Kulgemeyer reported that the research “could not find a significant
difference between the [treatment and control] groups in the post-test results on their conceptual

knowledge” (p. 18). These studies with negative results are inconsistent with other construction
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research by Choudhury (2011), Lee et al. (2016), and Hurtado et al. (2014), who were able to
detect positive learning outcomes due to video interventions. The mixed results from these
various studies suggest that the design and development, production and delivery, subject matter,
and classroom context of the instructional videos may all moderate the impact of instructional
videos on student performance. Future research should examine these various studies, including
this dissertation, by carefully reviewing and comparing their methods and findings to determine
the criteria that gives instructional videos the greatest opportunity to help students make

objective improvements.

CM Student Preference

Chapter 3 provided an interdisciplinary synthesis of best practices from the literature for
the design and development of instructional videos (Table 3.1). These best practices were a key
focus of the survey and interviews in Chapter 5, which aimed to evaluate whether the best
practices were effective and preferential according to CM students. From their responses, |
learned that the participants overwhelmingly approved of the SIVs that were designed in
conformity to the criteria in Table 3.1 (i.e., quality, duration, pace, and engagement). Students
reported that they enjoyed the SIVs and preferred having them because they believed that they
helped with their understanding of the course subject matter. This is true despite their skepticism
that the improvements in understanding translated to improvements in class performance in
terms of grades. Similar observations have been made by previous researchers. Hoxley and
Rowsell (2006), who used medical literature to inform their research on the use of instructional
videos to teach undergraduate construction learners, concluded that “video-based teaching is at
worst no less effective than more traditional methods and that students seem to prefer it as a
method” (p. 116). Burgett (2014) reported similar results, stating that overall, “students
moderately preferred recorded over live lectures,” and that “it appears that recorded lectures are
just as effective as live lectures at conveying information” (p. 3). Outside the field of CM, Sever,
Oguz-Unver, and Yurumezoglu (2013) found “no significant difference between the academic
achievement” in the quantitative results, but only significance in the qualitative results measuring
learner preference for instructional videos (p. 454). These findings suggest that first, instructional
video type and design matters to CM students. The participants of this dissertation research

found the SIVs developed under the criteria of Table 3.1 to be highly favorable, while the
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research studies that used “lecture videos,” as described in the studies by Burgett (2014) and
Hoxley and Rowsell (2006) were moderately favorable. Also, drawing conclusions from this
dissertation research as well as Burgett (2014) and Hoxley and Rowsell (2006), CM learners
seem to prefer video as a medium for learning regardless of whether it objectively makes a
positive difference to their grades. As rising generations continue to show interest in video as a
learning medium (Pearson Education, 2018), future research should continue to explore the
limits of CM learners’ preference for instructional videos. For example, when do learners prefer
video to field trips? When do CM learners prefer to watch, rather than read? When do CM
learners prefer video-based instruction to teacher-based instruction? Asking and answering these
and similar questions will help ensure that video-based instruction remains student-centered,

prioritizing the needs and preferences of the learning audience they are supposed to serve.

Balancing Learning Priorities

In Chapter 2, | proposed a theoretical model (Figure 2.3) describing how the combination
of instructional video OBL and FCs can help CM instructors balance theoretical and experiential
learning in the context of scarce class time and resources (Jensen et al., 2018). The remainder of
the dissertation documented the execution of the criteria contained in the theoretical model in
Figure 2.3 with a research course, Residential Construction Technologies. In Chapter 3, | learned
that instructors are capable of producing their own instructional videos in accordance with
guidelines from the literature and using readily-available equipment and technology, such as cell
phone cameras, personal computers, and video editing software. In Chapter 4, | learned that
while SIVs do not appear to offer many performance advantages for students, they also do not
detract from instruction, demonstrating that they may be a viable option for outsourcing some
theory-based instruction. Chapter 5 strengthened this claim, showing that students appreciated
and even preferred the OBL/FC structure. Collectively, survey participants seemed aware that
the SIVs were not directly improving their grades; nevertheless, they overwhelmingly reported
their preference for them as a dimension of the learning experience. Exemplifying this sentiment,
one student reported during an interview: “I think...the information in those videos helps free up
a lot of time in class to be able to have discussions. | like the video structure, a lot more than in-

class lectures. Yes, or getting all the information in class.”
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Revisiting the Original Theory

The theoretical model initially proposed in Chapter 2 (Figure 2.3) used existing literature
to describe how OBL in a FC is one way to provide a transformative learning experience for CM
learners. One contribution of this completed dissertation research study is to continue building
and strengthening the theoretical model with the insights and findings from Chapters 3, 4, and 5.
Chapter 3 provides the strongest support. It focused on the design and development of
instructional video for use in the OBL approach. As Figure 6.1 proposes, after publication, this
chapter provides additional support for using supplemental instructional videos (SIVs) in the pre-
class segment of a FC. Chapter 4, which presented the results of a repeated measures experiment
on SIVs, and Chapter 5, which reported student perceptions of the OBL approach, demonstrated
that instructional videos can be useful in administering the FC in both the pre-class and in class

segments.
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Reflection & Moving Forward

It was a privilege to help design, develop, and teach undergraduate CM courses while a

graduate student. I consider it the highlight of my Ph.D. and, coupling teaching with a research

study on OBL, I could not have devised a better experience-based learning opportunity for

myself. The main finding of this study can be condensed into a single sentence: supplemental

instructional videos appear to have little measured effect on improving learner performance, but

they also seem to have a substantial, positive impact on the quality of the learning experience.

The quality of experience is the main takeaway of this research. CM students prefer OBL in the

form of SIVs. SIVs made the course a better learning experience for the students and they

expressed interest in having more of them in their future courses.
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This study on SIVs will guide my future research on effective and appealing ways to
teach CM students. First, I would like to expand on this dissertation study to include greater
numbers of other, less-represented groups, namely, ethno-racial minorities and women. The field
of CM is well-positioned to benefit from an increase in diversity for a few reasons. First, CM has
near-universal value. Peoples of nearly all backgrounds, nationalities, languages, cultures,
ethnicities, races, genders, religions, ages, experiences, family statuses, and tastes make use of
the built environment in distinct ways for purposes of both utility as well as the expression of
their idiosyncrasies. It is only natural, therefore, that the process of creating the built
environment be informed, if not represented directly, by a diverse professional population. The
second reason is that CM routinely experiences workforce shortages. Talent is in short supply
(Morello et al. 2018; Sewalk, 2013). Broadening the outreach to new, untapped, or less-tapped
pools of potential talent increases the likelihood of matching the low supply to the high demand.
Unfortunately, for the research in this dissertation, the student sample that registered for the
research course did not allow for targeted exploration of the impact of SIVs within or across
ethno-racial groups. Through future research, it would be particularly valuable to understand the
impact of SIVs on the performance and learning experiences of Hispanic students, given that
many, if not majority, in the workforce in some markets and construction fields are Hispanic
(Bureau of Labor Statistics, 2015). The impact of SIVs on women was specifically examined in
this dissertation research; however, their sample size was small. Given their persistent majority
of enrollments and graduates (U.S. Department of Education, 2020), as well as the shortage of
CM professionals that is expected in the next decade, understanding more about how women in
CM learn is advisable (Morello et al. 2018).

Second, | would like to study how students who become multimedia content creators
differ from those who are merely multimedia content consumers. McGarr (2009) said:

The final and least frequently mentioned use of [instructional video] podcasts in

education, is what could be described as creative use, wherein students become more

engaged in the learning through constructing knowledge rather than simply receiving it.

The student is required to have a deep level of knowledge of the subject matter if they are

to successfully construct a suitable [instructional video] podcast, and therefore this type

of use challenges the student to critically examine the material they have been exposed to

previously (p. 317).
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Applying this “creative use” model described by McGarr (2009, p. 317), | would help students in
future courses build their knowledge of a certain CM topic by having them develop their own
multimedia learning resources. For example, using the guidelines in this dissertation, particularly
Chapter 3, CM students could design and develop instructional videos on residential plumbing
systems, back-charging purchase orders, or critical path scheduling. As a researcher, | would
then assess the extent of their understanding of these topics in comparison with others in which
they were merely content consumers.

Finally, I would like to focus on students with different motivations. During my
dissertation research, | worked closely with 46 individual students. Some of them are naturally
gifted learners and workers. They are the students who are intrinsically motivated, focused, and
ambitious, and know what they want from their university experience. These students are open to
and appreciate help, but do not normally need it. I also had the opportunity to meet students who
are still unsure of what they are looking for from their University experience. From my
observations, these students need help (desperately, some of them), but aren’t typically interested
in it or receptive to it. | also observed a third tier of students. These are students in the middle,
that need help and are eager to work for it. They want learning to come easier and are willing to
do what it takes to get ahead but can’t seem to make the traditional classroom format work for
them the way it seems to for some of the naturally-gifted “A” students. This is the student profile
that I would like to be my target population in future research studies. They are the individuals
looking for a nudge to push them into the high-performing category of their peers, and | believe

focusing my efforts on them is how | can do the most good in CM education.
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