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Abstract
Professional sport organizations have successfully raised societal awareness of the
serious nature of concussions and the effect on returning to sports activities or “return-to-
play.” Existing literature places significant emphasis on return-to-play protocols for
concussed athletes, while minimal information is available about when and/or how a
concussed person can best return to a formal educational environment. In particular, there
is a gap in the literature regarding a holistic view of educational approaches, learning
implications, and accommodation needs for Canadian university students recovering
from a concussion. Based on this gap, in this study a comparative quantitative-dominant
mixed methods research design was used to investigate the suitability of in-person and
blended learning environments for university students who have experienced one or more
concussions. The study also explored learning implications and accommodations
required following a concussion. Fifty current or former university students who have
suffered a concussion at some time in their life were placed into two groups: (1) those
who had studied in an in-person learning environment; and (2) those who had studied in
a blended learning environment. An online questionnaire was used to explore how the
students’ concussion symptoms affected their learning, the accommodations they were
provided, and self-reported satisfaction with each learning environment. The following
controlled variables were considered when analyzing self-reported satisfaction:
concussion symptoms, site of injury, accommodations, accident versus sport-related
injury, length of time since original injury, isolated versus multiple injuries, gender,
medication use, approaches to learning, age, number of courses previously taken in their

respective learning environments, and grade achievement. The findings revealed that
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students who had studied in a blended learning environment reported a higher level of
satisfaction. Recommendations focused on the reported changes in learning that follow a
concussion, the use of accommodations in different learning environments, and the role
of faculty as students reintegrate into a formal learning environment.

Keywords: concussion, university students, blended learning, learning

satisfaction, learning implications, accommodations
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Chapter 1. Introduction

This research project was a comparative, quantitative-dominant mixed methods
design study. The aim of the study was to answer the following research questions:

1. Do university students who have sustained a concussion report a higher level
of satisfaction in a blended learning environment than students in an exclusive
in-person learning environment?

2. What are the reported learning implications (if any) among university students
following a concussion?

3. What are the most commonly used learning accommodations (if any) by
university students following a concussion?

Two groups of participants were compared. Group 1, in-person (G1-IP), included
participants who have only studied in an in-person (IP) environment. Group 2, blended
learning (G2-BL), included participants who have studied in a blended learning (BL)
environment. All participants experienced a concussion at some point and have studied in
Canada at the university level. The two groups were compared for self-reported
satisfaction with the respective learning environments, while controlled variables that
may have affected the results were also explored. Learning implications following a
concussion were identified, and accommodations reported by participants were used to
make recommendations for faculty to support a student’s reintegration into a formal

learning environment.

Background
There is little scholarly literature about post-concussion learning implications and

the specific learning needs for university students who have experienced a concussion.
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The in-person learning environment may pose particular problems for these students, as
it is often replete with sounds, bright lights, and distractions that can disrupt the cognition
of the concussed person who is often transiently debilitated by multiple symptoms such
as headaches, photophobia, and sonophobia, as well as marked distractibility
(Ingebrigtsen et al., 1998). Blended learning is often characterized by more flexible
scheduling (Vaughan, 2007). Compared to in-person learning environments, the blended
learning setting may allow for personalization and control, with less extraneous
stimulation for learning new information, and can be individually adapted to
accommodate the symptoms the concussed student is experiencing. Manipulating the
learning environment may facilitate personal learning and the subjective quality of that
learning.

In this study, the suitability of in-person learning versus blended learning for
university students who have experienced a concussion was determined by comparing
self-reported satisfaction. Learning implications and types of accommodations used by
the participants were also explored.

At a policy level within universities, the findings of this research can be used as a
starting point for return-to-learn (RTL) recommendations. In turn, faculty and
instructional designers may be better able to support students’ transition back into a
formal learning environment, including in-person and/or online university environments.
Ideally, proper supports for students as they transition back into a formal learning

environment will increase their likelihood of success.
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Statement of Problem

A concussion results in impairments of neurologic functioning and normally has a
complete resolution of symptoms within 7-10 days (McCrory et al., 2013; Moore et al.,
2014). In some cases, however, symptoms persist for three or more months; other times,
symptoms continue indefinitely. The persistence of concussion-related symptoms is
considered to be “post-concussion syndrome” (PCS) (Moore et al., 2014). It has been
reported that as many as 40-80% of individuals who experience a concussion will suffer
from PCS, with 10-15% of individuals suffering from persistent concussion symptoms
after one year (Ling et al., 2015).

Concussions Ontario, a group sponsored by the Ontario Neurotrauma Foundation,
has reported that the incidence of concussions for adults over 18 years of age is 89 per
1000 (n.d.). Concussions are considered a minor traumatic brain injury (mTBI). The
mTBI differs from a traumatic brain injury (TBI) which, by definition, results in an
alteration in brain function and/or brain pathology. Concussions are caused by an
external force as opposed to biologic causes such as a brain tumour (McCrory et al.,
2017; Menon et al., 2010).

In order to be successful in an academic environment following a TBI, students
often must change their educational goals and/or reduce their course loads. Many of these
students also report a decrease in grade achievement following the injury and may leave
the educational system altogether (Mealings et al., 2012).

It is unknown if these consequences, including decreased scores and leaving the
educational system, are similar for students with mTBIs such as concussions.

Concussions may result in significant absences from the learning environment. If a



BLENDED LEARNING AND CONCUSSIONS 4

student experiences a full resolution of symptoms within the 7-10 day period, the overall
impact on learning may be minimal. However, in a typical university semester of

13 weeks, this amount of time could be a significant absence from the learning
environment. The right kind of learning support during even this relatively short time

would be valuable.

Current Practices

There is an identified need for policy development surrounding concussion
prevention and management in Canada (Frémont et al., 2014). A general
recommendation is to restrict mental and physical activity following a concussion;
however, it is unclear what this recommendation means exactly and for how long
restrictions should apply (Carson et al., 2014). The most current recommendations from
the consensus statement on concussion in sport (McCrory et al., 2017) show that there is
insufficient evidence that complete rest has any impact on recovery. Instead, these
recommendations report that “after a brief period of rest during the acute phase (24—

48 hours) after injury, patients can be encouraged to become gradually and progressively
more active while staying below their cognitive and physical symptoms exacerbation
thresholds” (McCrory et al., 2017, p. 5).

The literature consistently indicates that there should be no return-to-play (RTP)
before the athlete has successfully managed the return-to-learn (RTL); however, until
very recently, there was no universally accepted protocol for determining when or how
this should occur (Carson et al., 2014; Halstead et al., 2013; McCrory et al., 2013). The
Legislative Assembly of Ontario recently passed Bill 193 (2018), Rowan’s Law,

focusing on concussion safety. The focus is on sport, with no mention of RTL following
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a concussion. In June 2018, the Ontario Neurotrauma Foundation developed return-to-
school (post-secondary) considerations (Figure 1). These considerations provide an
algorithm to follow with respect to timing and examples of accommodations such as
separate space, paced breaks, environmental controls, and extra time. While this
algorithm identifies that faculty need to be involved, there is no mention of faculty
workload considerations.

Figure 1

Return-to-School (Post-Secondary) Considerations

Algorithm 12.2

Return-to-School (Post-Secondary) Considerations

Evaluation by a primary care provider. Throughout studant assassment:
Symptoms of anxizty and/or depression should
During the first 72 hours, Js the student be manitared in studants with parsistant symp-
symptomatic ? toms following concussion/mTEI.

Rasume academie activities with accammada-
tions hut no tests. Continug monitoring symptoms.
No academic activity.

After 72 hours, is the student s ie? .Gr{id.ually. resume academic activities under
individualized plan unless symptoms return.

If symptoms return, reduce or stop academic
activity.
One wek: no academic astivity.
Are the student’s symptoins stilf debilitating Gradually resume academic activities under
at 1 week post-injury? individualized plan unless symptoms return.

Notify student services/special neads depart-
If symptoms return, reduce or stop academic
activity.

ment that an mTBI has occurred {Appendix 12.2)
Second week: na academic activity.
Communicate to student services/special needs
Gradually resume academic activities under
individualized plan unless symptoms return.

department that the student Is stlll symptomatlic
and will require support for re-integration.

If symptoms return, reduce or stop academic

aclivily.

Are the student’s symptoms stilf debilitating
at 2 weeks post-injury?

Start attending school (non-physical activities)
very gradually and wilh accommodalions.

Js ra-integration inaffectiva fsymptoms Conlinue sllending academic aclivilies very
plateau or worsen) at 4 weexs post-injury? gradually and monitor progress.
- Greator Accommadations {Appcndix 12.3}
= Move Lhe sludenl's courses Lo audil slalus

Review whether the student should continue in
the program far that scmester

For a narrative desciption and guidaling recommendations relatad ta this algarithm, pleasa refar to Sectlon 12,

Table of Contents Section 1 2 3 4567 8 9101112

Guidgiings for Congussinn/inTBI and Persistent Symprams: 3 E¢. 68
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Note: Reproduced from Ontario Neurotrauma Foundation (2018). Retrieved from

https://braininjuryguidelines.org/concussion/index.php?id=135andtx_onfadults_adultdoc

uments%5Btheme%S5D=12andtx_onfadults_adultdocuments%S5Baction%5D=showandtx

_onfadults_adultdocuments%5Bcontroller%5D=ThemeandcHash=a99222b66{3b47430c

88cfa283dfdd11

This algorithm provides a clear structure and approach for a return-to-learn plan for
university students who have experienced a concussion. The wider literature consistently
identifies that a partnership needs to be established between the student, the educational
system, parents, and the medical/rehabilitation staff once students return to school
(Carson et al., 2014; D’ Amato & Rothlisberg, 1996; Davis & Purcell, 2013; Halstead et
al., 2013). Each student will have unique needs to consider for RTL, just as each
concussion needs unique consideration should the student suffer multiple injuries
(Casson et al., 2009). A partnership approach to concussion management should allow
for support of the student, while balancing the workload implications on faculty. There is
a moral responsibility and a legal duty for faculty to accommodate, however it is also
important to minimize any unnecessary increase in workload and avoid undue hardship

(Ontario Human Rights Commission, n.d.).

Purpose
Carson et al. (2014) found that 44.7% of students who experienced a sport-related
concussion returned to school too soon, as indicated by the recurrence or worsening of

symptoms. However, the authors did not describe the type of learning environment the
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injured students returned to and the types of supports (if any) that different learning
environments can provide.

The purpose of this research is to compare self-reported satisfaction among
concussed university students within different learning environments and determine if
there are common learning implications and accommodations required by university
students who have experienced a concussion. This will help faculty in supporting

students as they transition back to university studies.

Research Questions
This dissertation is designed to answer the following three research questions:

1. Do university students who have sustained a concussion report a higher level
of satisfaction in a blended learning environment than students in an exclusive
in-person learning environment?

2. What are the reported learning implications (if any) among university students
following a concussion?

3. What are the most commonly used learning accommodations (if any) by

university students following a concussion?

Definition of Terms and Abbreviations
e In-person learning environment (IP). The delivery method of physically
attending campus for set times, regardless of instruction style (seminars, lectures,
or labs, for example). This is also used when referring to “traditional” learning.
e GI1-IP = Group 1-In-Person (G1-IP). The 25 participants in Group 1 who
completed the survey representing students who studied in an in-person learning

environment.
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e Blended learning (BL). Any combination of in-person instruction with online
learning, including synchronous and/or asynchronous methods.

e G2-BL = Group 2-Blended Learning (G2-BL). The 25 participants in Group 2
who completed the survey representing students who studied in a blended
learning environment.

e Return-to-learn (RTL). The process whereby a student reintegrates back into a
learning environment following an absence and may be experiencing symptoms
from concussion. The language used in some of the literature is return-to-school.
The terms are used interchangeably in this research.

e Return-to-play (RTP). The process whereby a student reintegrates back into a
sport/physical activity following an absence and may be experiencing symptoms
from concussion.

e Adult learner. For the purposes of this research, an adult is any person 18 years
of age and older.

e Student-student interaction. Qualitative findings where participants refer to the
interaction between student and student.

e Student—teacher interaction. Qualitative findings where participants refer to the

interaction between student and teacher.

Concussion Features and Pedagogical Considerations That Could Influence Self-
Reported Satisfaction Rating

In order to properly compare reported satisfaction between in-person and blended
learning environments, controlled variables need to be considered to account for any

impact on satisfaction measures. In this study, these include the following: concussion
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symptoms, site of injury, accommodations, accident- versus sport-related injury, length
of time since original injury, isolated versus multiple injuries, gender, medication use,
approaches to learning, age, number of courses previously taken in respective
environment, and academic grade achievement. These items will be discussed in further

detail in Chapter 2.

Limitations

This research focused on adults 18 years of age and older. Therefore, any RTL
recommendations would not necessarily be appropriate for students under 18 years of
age. Participants are adult university students in Canada (current or former), and the
questions on the survey focused on the effect of concussions in a formal learning
environment, which makes the findings not generalizable to other kinds of education,

countries, informal learning environments, or continuing education in a work setting.

Delimitations

This research was limited to participants with access to a computer and Internet
service, which may have eliminated candidates who cannot tolerate screens (which is a
common complaint with concussions). Participants had the option of completing the
survey in person or over the telephone.

Students in G1-IP had never studied using BL methods, however the level of
experience G2-BL had with in-person instruction was not captured in the study. Also,
there was variability in the blended learning group in terms of onsite and distance

methods, including synchronous and asynchronous methods.
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Summary

Clinical symptoms from a concussion normally resolve in 7-10 days. However, the
symptoms may persist for three or more months, and, in some cases, indefinitely (Moore
et al., 2014; Wojcik, 2014). The impact of an interruption in learning for concussed
students in a university setting can be profound. The findings, described later, compare
concussed student satisfaction with in-person and blended learning environments.
Learning implications associated with a concussion and the most commonly reported
accommodations required by students as they transition back into a formal learning
environment are also presented.

The findings of this study will be used as the basis of return-to-learn
recommendations including faculty workload considerations, with the ultimate goal of
supporting students as they reintegrate into formal education following a concussion.

This will promote access to education and foster academic success for this population.
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Chapter 2. Review of the Literature

Introduction

This section provides an overview of relevant literature related to different learning
environments for adult learners who have experienced a concussion, possible learning
implications, and student accommodations following a concussion. A review of variables

that could affect the self-reported satisfaction then follows.

Blended Learning in Higher Education

Today, a typical student in higher education is likely to experience both in-person
and blended learning settings. Students have come to expect a certain level of technology
in the instructional design of courses, and universities have an obligation to keep pace
with the evolution of technology and education delivery methods (Folley, 2010). Blended
learning approaches to education combine the advantages of in-person and online
delivery and have been advocated as highly suitable for adult learners (Cornelius &
Gordon, 2009).

There are different definitions of blended learning with respect to in-person and
distance delivery methods. Rather than define blended learning by time spent in the two
settings, according to Garrison and Kanuka (2004) blended learning is the thoughtful and
deliberate integration of classroom learning experiences with online learning
experiences. Working from this understanding, this researcher investigated the self-
reported satisfaction of blended learning versus in-person learning for university students
who have experienced a concussion.

In his work, McCown (2010) identified the advantages of blended courses to

include flexibility and convenience for faculty and students, increased inclusive and
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thoughtful participation by all students, opportunities for students to use technology, and
the cultivation of independent learning by students. These advantages are consistent with
the principles of adult education as described by Knowles et al. (2011), which include
being able to influence one’s own learning process, learning how self-motivated or self-
disciplined one is, and becoming more organized and self-disciplined. Other benefits of
blended learning include decreased time on campus, which can reduce infrastructure
stressors with respect to classroom, office, or geographical challenges (McCown, 2010).

Some of the challenges specific to students identified by McCown (2010) include
the perception that blended courses are more difficult than in-person or classroom-based
courses. Students reported more assignments, a larger volume of material to read, and a
lack of a break from the course in combination, as well as less in-person camaraderie
with peers and faculty. In comparison with fully online courses, in blended courses,
students may be disadvantaged if they do not have work or personal flexibility to attend
onsite seminars (Carter, 2003; Kataoka-Yahiro & Richardson, 2011).

Student satisfaction with a blended learning environment has been well researched.
Sadeghi et al. (2014) performed a quasi-experimental study that compared students’
learning and satisfaction with a combination of lecture and e-learning opportunities and
classroom-based lectures. Included in this study were 45 undergraduate students who
experienced lecture-based learning and 48 students who experienced blended methods.
The same instructor taught both groups, and pre and post knowledge was measured in
both groups. Results indicated that the methods were comparable in terms of knowledge
increase. However, an increase in student satisfaction was demonstrated for blended

methods as compared to lecture methods.
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Simply changing course delivery from in-person to a combination of online and in-
person methods does not contribute to the learning experience; doing so is solely a
reorganization of content and delivery methods. The person who assumes the role of the
teacher will impact the overarching learning experience. Building on this idea, and
consistent with the principles of andragogy, it is essential to recognize that the person
who assumes the teacher role in a blended learning environment can change. Adult
learners in an online environment are uniquely engaged with each other, a situation
which allows them to change their role from learner to teacher when appropriate
(Cleveland-Innes, 2012; Vaughan et al., 2013).

The online component of a blended learning environment may assist in supporting
cognitive challenges by providing a permanent record of the teaching as found in
asynchronous discussion postings, which also allows the student to take time to reflect
and prepare responses, or even repeat a teaching session if required (Garrison & Kanuka,
2004). Should that student suffer from insomnia, the student could self-pace and work
could be completed around personal sleep patterns. If a student is feeling socially isolated
because of inability to continue with sport, the online component could facilitate social
interactions with peers that may otherwise not occur due to the somatic complaints of the

student.

Learning Implications Following a Concussion

An analysis of the digitized electroencephalography (EEG), or quantitative EEG
(qEEG), has proven to be informative for concussion injuries. Haneef et al. (2013)
differentiated post-concussive periods based on results from acute qEEG (first few hours

to weeks), subacute qEEG (weeks to months), and chronic qEEG (more than 6 months)
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measurements. The immediate effects were usually associated with global and some
localized enhancements of slow alpha power (8—10 Hz) and diminishment of fast alpha
(10.5-13.5 Hz) and fast beta (20-35 Hz). These results are often accompanied by
reported experiences of “difficulties with concentration” and “not feeling sharp.” Fast
beta activity is a major correlate of the capacity to concentrate and acquire new
information and, therefore, holds significant implications for learning. It is interesting
that these changes, although electrical in nature, are more consistent with the definition
of TBI by Menon et al. (2010), which states that a TBI results in an alteration in brain
function and/or brain pathology caused by an external force.

Returning to sport too early can negatively affect learning potential by prolonging
neurocognitive recovery. In work by Majerske et al. (2008), post-injury activity levels
were studied in order to determine the effect on neurocognitive recovery. This
retrospective cohort study included 95 teenaged student athletes (80 males and 15
females) and showed that a higher post-injury activity level aggravated concussion
symptoms, leading to worsened neurocognitive performance. The impact on learning
could include further absence from the learning environment which could last longer than
for the previous injury.

Gibson et al. (2013) performed a retrospective cohort study and found that
“cognitive rest was not significantly associated with time to concussion resolution”

(p- 839) and that cognitive rest needs to be carefully considered. Lawrence et al. (2018)
investigated early exposure to aerobic activity and the impact on both RTL and RTP.
Results of this study supported the idea that the introduction of aerobic activity results in

a faster RTP and RTL, and “for each successive day in delay to initiation of aerobic
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exercise, individuals had a less favorable recovery trajectory” (p. 1). While this finding
addresses physical demands, Brown et al. (2014) looked specifically at cognitive activity
and found that an increase in cognitive activity is associated with longer recovery and
supports the use of cognitive rest in the post-injury period; this study focused largely on a
pediatric population, however. By comparison, Schneider et al. (2013) performed a
systematic review of the literature to evaluate the evidence for rest following a sport-
related concussion and found that the current evidence is limited; “An initial period of
rest may be of benefit. Low-level exercise and multimodal physiotherapy may be of
benefit for those who are slow to recover” (p. 1) but further research is required.

What these studies do not address in relation to cognitive recovery is the question
of learning environment and how a learning environment might accommodate somatic
symptoms and maintain the student below his or her symptom exacerbation threshold.
Blended learning may enable a student to transition back into a formal learning
environment through allowing environmental controls so that the student can maintain a
level of cognitive activity below the threshold of exacerbation of concussion symptoms,
as recommended by McCrory et al. (2017). What is clear in the literature is that a
concussed student will recover more quickly from his or her injury with proper rest from
both physical exertion and cognitive demands, and that the comprehensive management
plan must include a coordinated effort by the student, teachers (including special needs

services), medical staff, and varsity staff if appropriate (McGrath, 2010).

Learning Accommodations
Mealings et al. (2012) performed a review of eight articles using the search criteria

of having a traumatic brain injury and the student informant. The goal was to explore
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students’ perspectives on their educational experiences after suffering a traumatic brain
injury. Common themes were (a) difficulties that the students identified, (b) how those
difficulties affected their study, (c) things that helped, and (d) things that were not
helpful. The main findings were that students reported having to change their courses and
educational goals, reducing their course loads, or experiencing decreases in grade
achievement. Special considerations and accommodations were reported as facilitators of
learning for students who have experienced traumatic brain injuries. Barriers to student
learning included a general lack of understanding of the implications of head injuries and
not receiving special accommodations required to facilitate the learning. Limitations to
this study include the small sample size and a large range in student ages from primary
school age to post-secondary age. The authors also noted that there was a range of
informants used, and not always the students, which may have affected the findings. As
well, this study focused on traumatic brain injuries as opposed to minor concussive
injuries. Regardless of the kind of injury, accommodations must be appropriately
designed for the specific student to meet their needs (Richardson, 2014). As
accommodations are found to facilitate learning, it is reasonable to accommodate
students who have experienced a concussion. Furthermore, universities in Ontario are
required by law to accommodate students, assuming that the accommodation does not
cause undue hardship (Ontario Human Rights Commission, n.d.). The components to
blended learning approaches to education are worthy of exploring as appropriate
accommodation for students who have experienced a concussion and warrant further

study.
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While there is value in accommodations for patients suffering from concussions,
one must be mindful of the consequences of overaccommodation. Hux et al. (2010)
performed a multiple case study to explore how accommodations and learning strategies
can affect the overall educational experience of survivors of severe brain injuries. This
qualitative study included two male and two female college students who experienced a
traumatic brain injury between four and ten years prior to the study. The findings
indicated that there can often be a discrepancy between the assessments of a patient’s
abilities when done by an objective evaluator compared to self-evaluations. In extreme
cases, success in a learning environment that is heavily accommodated could create a
false sense of preparedness for employment and success in a work environment. Inability
to accurately assess one’s abilities may also make self-directed learning problematic in
this population. However, it is unknown if this idea is valid among concussed students.
This study explored for possible consistency among types of accommodations required
by students and the site-specific nature of their injuries.

Individualized learning plans are commonly used for students with chronic
conditions; however, students suffering from prolonged concussion symptoms have not
typically been considered as having a chronic condition, thus giving rise to the need for a
specialized learning plan (Halstead et al., 2013). Given new opportunities to study
concussions, it is reasonable to consider that a concussion is a chronic condition that

could affect learning capacity.
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Controlled Variables: Concussion Features

Concussion Symptoms

Historically, a loss of consciousness and amnesia used to be heavily emphasized in
the consideration of the severity a concussion; however, the literature has now moved to
a focus on duration and severity of post-concussion symptoms in determining the
severity of the initial injury (McCrory et al., 2009). Each concussion is unique to each
person, and each injury must be individually managed (Casson et al., 2009). The most
common symptoms of a concussion are headaches, feeling “foggy,” lability, amnesia,
irritability, slowed reaction times, and insomnia. A loss of consciousness may or may not
occur. Only one of these symptoms is required to suspect the diagnosis of a concussion
(McCrory et al., 2013). Concussion is considered a functional injury, meaning it affects a
person’s ability to function as compared to the pre-injury state. Because it is not a
structural injury, it is not easily diagnosed nor detectable through neuroimaging
(Guskiewicz & Broglio, 2015). Appropriate concussion management is necessary at all
times given its diverse outcomes including somatic, cognitive, and psychiatric symptoms,
a loss of consciousness, amnesia, behavioural changes, cognitive impairment, and sleep
disturbances (McCrory et al., 2005; McCrory et al., 2009; McCrory et al., 2013).

Baseline testing is commonly used in athletics to determine the athletes’ “normal,”
as well as evaluate the severity of head injuries in order to make decisions about when
the athlete can RTP. Challenges with baseline testing include the athletes’ level of
motivation which can influence baseline test performance. Athletes may choose to
underperform at baseline and put forth more effort into post-injury measurements to

minimize their deficits so they may return to play. This factor raises the question of
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whether the baseline is a true evaluation of the pre- and post-injury function (Rabinowitz
et al., 2015). The danger of inaccurate measurements is that, if an athlete underperforms
at baseline, the athlete may RTP inappropriately early. Returning to play would then put
the athlete at increased risk of having another concussion and experiencing slower
recovery time from any subsequent injury (Iverson et al., 2004; Guskiewicz et al., 2003).
This slower recovery time could also mean longer absences from the learning
environment and a negative effect on learning.
Site of Injury

There is limited literature with respect to the exact site of a brain injury and
resulting concussion symptoms. Prefrontal lobes are involved with the organization, self-
monitoring, and complex social aspects of individual behaviours, particularly for the
reconstruction of episodic and autobiographical memories. However, prefrontal lobes
operate more like a mosaic than an integrated homogenous region. Whereas the left
prefrontal cortex is involved with the encoding of new information, the right prefrontal
cortex is more involved with memory retrieval (Kolb & Whishaw, 2003). According to
Keenan et al. (2000), the right prefrontal region is also involved with self-recognition.
Anomalies, even intermittent changes in the electrical activity within this region from
concussive consequences, can be disruptive and can contribute to episodes of diminished
metabolic activity, a condition often psychologically experienced as depression. Normal
integrity of the left temporal region is required for receptive linguistic processing and the
first stages of memory consolidation through the massive interconnections between the
hippocampal formation and the temporal cortices (Gloor, 1997). A review of the role of

the hippocampus during the flexible use and processing of language (Duff & Brown-
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Schmidt, 2012) indicated that the normal integrity of the hippocampus is a major
contributor to cognitive functions that require a person to integrate multiple sources of
information. A history of mTBI not only is associated with deficits in relational memory
and reduced hippocampal volume but appears to contribute to reduced neural activity in

later life (Monti et al., 2013).

Accident Versus Sport-Related Injury

The mechanism of injury has shown differences in concussion resolution time.
Leddy et al. (2012) performed a literature review of 119 articles focused on the
diagnosis, pathophysiology, treatment, and/or rehabilitation of concussions and post-
concussion syndrome. The authors discovered that 10% of athletes continue to have
symptoms of concussions beyond the two-week mark, whereas up to 33% of non-sport-
related concussion patients continue to exhibit symptoms beyond three months. Longer
resolution time can have a more detrimental effect on learning for those students who are

afflicted by long-term concussion symptoms.

Length of Time Since Original Injury

It is important to consider the time that has elapsed since the initial concussion.
Tiller et al. (2013) performed a cross-sectional investigation at yearly intervals to
determine if there are statistically significant changes in the personalities,
neuropsychological, and cognitive domains during the first four years following a head
injury. Their study included a total of 127 adults who experienced a head injury resulting
from a motor vehicle accident and undertook three separate evaluations: two cross-
sectional studies, one within one year of injury (n = 62, 57% men, 42% women, mean

age 31 years) and one within four years of injury (n = 100, 55 men, 45 women, mean age
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34.3 years), as well as a longitudinal study (n =20, 10 men, 10 women, mean age 33
years). The results indicated that those who have suffered a mTBI need to be monitored
for longer periods than previous treatment protocols indicated. Neuropsychological
decline in proficiency and efficiency have been found to occur as late as 0.3 to 1.0 years
after an injury, with relative stability found after the 1.5-year mark. Between 0.5 and 4
years after injury, no statistical differences were found among the level of “cognition,
memory, neuropsychological proficiency and efficiency or personality” (Tiller et al.,
2013, p. 233). However, if the mechanism of injury shows differences in resolution time
(Leddy et al., 2012), it is important to keep in mind that the injuries were sustained from
motor vehicle accidents. With respect to the impact on learning, this study suggests that
the full effect of the head injury may take more time to fully realize than previously
thought. Implications for this study are that we may need to consider learning
consequences for a longer period following what is considered typical recovery from a

concussion.

Isolated Versus Multiple Injuries

Multiple concussion injuries have been shown to have cumulative effects. Iverson
et al. (2004) compared a total of 38 athletes: 19 had no prior concussions, and 19 had a
history of three or more concussions. Participants were matched by gender (18 males
with no previous concussions, 17 males and 1 female with three or more concussions);
age (median 17 for both groups with a SD of 2.7 and 2.5); education (11 high school and
8 varsity with no previous concussions, and 12 high school and 7 varsity with three or
more concussions); and sport (high-risk contact sport). Results showed that, at the time

of the initial injury, athletes with multiple concussions were six times more likely to
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suffer from amnesia and eight times more likely to exhibit mental status disturbances for
five or more minutes than others. Two days after the initial injury, the athletes with
multiple concussions showed a drop in memory performance of 7.7 times that of the
comparator group. Two main limitations to the study were identified by the authors:

(1) the retrospective, quasi-experimental component of the study and (2) the small
sample size. They made no mention of the higher representation of male participants, so
it is unclear whether these findings can be generalizable to women.

Building on the increasing severity of repetitive head injuries, Guskiewicz et al.
(2003) performed a prospective cohort study that included 2905 college-level football
players. All were measured at baseline for incidence of concussion (including repeat
concussions), symptoms exhibited, and recovery time. Of the participants, 184 (6.3%)
experienced one concussion, and 12 (6.5%) had multiple injuries. The most common
symptomatic complaint was a headache at the time of injury (85.2%). If an athlete had a
history of three or more concussions, he or she was three times more likely to suffer
another concussion and a long recovery time. After one week, 30% of athletes with three
or more previous concussions were still symptomatic as compared to 14.6% of athletes
with a history of only one concussion. Only 7.4% of athletes with no prior history of
concussion were symptomatic after one week (Guskiewicz et al., 2003). A slower
recovery time can mean longer absences from the learning environment. As with the
mechanism of injury, prolonged absences from the learning environment resulting from a

slower recovery time could have a profoundly negative effect on learning.
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Gender Differences

Covassin et al. (2006) investigated differences in baseline neuropsychological
function between male (n = 651) and female (n = 558) varsity athletes. In order to
determine neuropsychological impairment from a head injury, the athletes underwent
neuropsychological testing at the beginning of the season to determine a baseline. Using
a post-test only design, the neuropsychological testing was then repeated after the athlete
had sustained a head injury. The post-injury changes from baseline were used to
determine the severity of neuropsychological impairment, when there is concussion
resolution, and when the athlete can return to play. Gender differences were noted on
both the baseline testing and concussion symptoms. At baseline, women performed
significantly better on verbal memory scores, whereas the men performed significantly
better on visual memory scores. The women also presented with more baseline
symptoms than the men did. The three baseline symptoms with the greatest difference
between the genders included feeling more emotional (men: mean 0.25, SD 0.75;
women: mean 0.68, SD 1.31), headaches (men: mean 0.45, SD 0.94; women: mean 0.73,
SD 1.24), and feeling more sadness (men: mean 0.25, SD 0.75; women: mean 0.45, SD
1.05).

Men and women differ in the types of symptoms they report following a sport-
related concussion. Frommer et al. (2011) performed a descriptive epidemiology study
comparing gender differences with respect to symptoms, recovery time, and the time to
return-to-sport following sport-related concussions, examining 610 males and 202
females. There was no difference in the number of symptoms reported, but there was a
difference in the types of symptoms reported. Men reported more amnesia, confusion,

and disorientation, while women reported more drowsiness and sensitivity to noise. The
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timeline for symptom resolution was similar for the two groups. One considerable
limitation to this study was that the authors were not able to confirm a consistent level of
concussion severity among the participants.

Covassin et al. (2013) performed a review focusing on the benefit of using
neurocognitive testing and highlighting the pre- and post-concussion neurocognitive
profiles of male and female concussed athletes. Female athletes are at greater risk of
concussions, and concussed female athletes are 1.7 times more cognitively impaired than
male concussed athletes. Some of the hypothesized explanations are physical and
functional in nature. Physically, women have weaker neck muscles and smaller neck
girths than men. There is a resulting difference in the ability to stabilize the head during
acceleration/deceleration forces, making females more susceptible to higher speeds of
acceleration following impact. Also, the physical size of the average female head is
smaller than men’s, predisposing women to concussions in sports such as soccer where
there is a greater difference between the size of the ball and the size of the athlete’s head.
Other physical differences between men and women include neuroanatomical cerebral
blood flow and estrogen level differences. It is unclear whether estrogen has a protective
or detrimental effect on concussion outcomes; however, the higher cerebral blood flow
and higher glucose metabolism in women may exacerbate the neurometabolic cascade.
From a neurocognitive functioning perspective, at baseline, women perform better on
verbal memory and perceptual motor speed than men. Men perform better in visual—
spatial tasks and quantitative problem solving than women do. These differences at

baseline may explain some of the gender differences in concussion symptoms and
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outcomes. These differences may also influence a participant’s preference of learning

environment.

Medication Use

As pain, anxiety, and depression are three common symptoms associated with a
concussion, it is important to consider the use of analgesics (both narcotic and non-
narcotic), anxiolytics, and antidepressants. One of the well-known features of mTBI is
that conventional antidepressants, both tricyclic and SSRIs, are generally not effective.
These medications were standardized in populations that were reactively or
endogenously depressed. The mechanical, energy-induced depression associated with
mTBI likely involves different mechanisms. Therefore, treatment with anti-epileptic
compounds, including melatonin, may be more helpful (Roberts et al., 2001; Persinger,
2000). Although pharmaceutical treatments are not usually recommended for students
engaging in high rates of new information acquisition because of the marked lethargy
associated with their consumption, depending on the students’ concussion symptoms

pharmacological interventions may be required and could negatively affect learning.

Controlled Variables: Pedagogical Considerations

Learning Accommodations

Other common symptoms of a concussion that require accommodation as the
student transitions to an in-person learning environment include amnesia and insomnia,
which can leave a student without the cognitive or physical energy to function in the
academic setting. Cognitive deficits may also continue even when the student believes he

or she is fully recovered from the injury (McGrath, 2010; McCrory et al., 2013).
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Accommodations need to be carefully considered as different types of
accommodation may be more suitable for some students than others, as might different
learning environments. The self-reported satisfaction rating may vary according to the

level and suitability of the accommodations.

Approaches to Learning

Measuring individual differences is an important consideration according to the
cognitive school of learning (Ally, 2004). A study by Gurpinar et al. (2013) investigated
whether or not approaches to learning affect learner satisfaction with problem-based
learning in medical students. Results of this study indicate that students with a deep
approach to learning reported a higher satisfaction. Given the different reported
satisfaction levels among learning approaches, it is important to control this variable

across the two participant groups.

Age and Number of Courses Taken in Learning Environments

So (2009) studied blended learning as a viable option for public health education
and reported findings of a case study in which 48 graduate students completed a
satisfaction survey (response rate of 87%). A correlation analysis showed that student
satisfaction was positively although weakly related to age (» = 0.32, P < 0.05) and the
number of previous distance learning courses (» = 0.30, P < 0.05). This suggests that
older students and those who took more courses by distance were more satisfied with the
course. This reported correlation of satisfaction with age and number of courses taken
requires consideration when comparing the two groups.

King (2014) points out that women are at higher risk of developing post-

concussion syndrome (PCS), while increased age and being female are two risk factors in
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the development of permanent PCS. These findings make it imperative to consider age
and previous experience with distance learning methods in evaluating satisfaction in a

blended learning environment.

Academic Grade Achievement

Student grade achievement is likewise an influence on self-reported satisfaction
ratings. In a study by Owston et al. (2013), high achieving students reported more
satisfaction with their blended courses than their low achieving counterparts. In order to
control for academic achievement as an influencer on self-reported satisfaction, academic

grade achievement between the two groups was compared.

Summary

There is conflicting data in the literature surrounding the appropriate amount of
physical and cognitive rest following a concussion. Further research is required to
determine the best comprehensive management plan to facilitate complete recovery from
concussions (D’Amato & Rothlisberg, 1996), which will promote a return to the learning
environment. While there are now very broad RTL considerations for adult learners, they
do not emphasize approaches to learning in the plan, nor do they provide faculty

considerations.
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Chapter 3. Theoretical Underpinnings

Introduction

The theoretical foundation of this study was based on the cognitive load theory
which views learning as being influenced by intrinsic, extraneous, and germane loads
that are related to working and long-term memory. Principles of adult education, the
community of inquiry, and the revised Bloom’s taxonomy also served as additional

theoretical considerations.

Cognitive Load Theory

There are three types of cognitive load under the cognitive load theory: intrinsic,
extraneous, and germane (or effective). For effective learning to occur, the working
memory, where conscious cognitive processing occurs, must exceed the total of the
intrinsic, extraneous, and germane cognitive loads (Paas et al., 2003; Paas et al., 2010).

Information is transferred first from working memory to long-term memory, and
working memory is heavily affected by what is stored in long-term memory. While new
information in working memory will be lost if not transferred to long-term memory, there
are no limits upon working memory when dealing with stored information in long-term
memory (Sweller, 2016).

The first category, intrinsic cognitive load, considers the interactivity of
information that is to be understood and is not able to be altered by instructional
manipulation, apart from simplifying a learning task by omitting parts of the lesson.
Working memory capacity, as it relates to the information to be understood, can only
handle a small number of interacting elements. Working memory is dependent upon

long-term memory to expand the capacity for processing information. There can be a
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complex and significant amount of knowledge stored in long-term memory that is
reduced to a “schema” (simplified knowledge) that can be brought to working memory.
This architecture, or the combination of working and long-term memory, is essential to
allow for more complex thinking. The simplicity of the schema allows for the working
memory to expand the processing abilities. Schemas are automatic in nature and
processing is occurring without adding to the cognitive load in that situation, whereas
working memory requires conscious cognitive processing (Paas et al., 2003).

The second category is extraneous cognitive load. Building on the interactivity of
elements, the way information is presented can impact the automation of schema.
Extraneous cognitive load can be influenced by instructional design; however, the
importance of this element is directly related to the intrinsic load. If the intrinsic load is
high, then lowering the extrinsic load will have a more positive effect on learning,
whereas if the intrinsic load is low and the extrinsic load is minimized, the effect on
learning will be less significant. Extraneous cognitive load is linked to working memory
in that the resources are used to search long-term memory for schema (Paas et al., 2003).

The online environment can offer a variety of teaching approaches that can
decrease extraneous load and may accommodate the learning needs that have developed
from a concussion. For example, if sensitivity to light and noise is problematic, the
student can adjust the brightness and sound.

The final category of cognitive load is germane (or effective) cognitive load which
enhances learning. Like extraneous cognitive load, it is also influenced by instructional
design but differs from extraneous cognitive load which negatively effects learning.

Germane cognitive load is also linked to working memory. However, in this category, the
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link is with schema acquisition and automation. This category is also linked to
motivation, where an increase in motivation can increase cognitive resources available
(Paas et al., 2003). This motivation is in line with one of the main principles of adult
education as described by Knowles, whose ideas will be discussed in further detail. The
cognitive load theory will be used to interpret the data focused on learning implications

following concussion injuries.

Principles of Adult Education

As this research is focusing on university students, it is important to consider
principles of adult learning as a theoretical foundation. There are a variety of ways that
“adult” can be defined, including the biological definition (the age of reproductive
capability); the legal definition (the age when the law considers a person is an adult); the
social definition (the age of performing adult roles such as full-time worker, spouse, or
parent); and the psychological definition (the age of accepting responsibility for one’s
own life and being self-directed) (Knowles et al., 2011).

Knowles’s (1975) seminal work on andragogy can be described and understood in
comparison to pedagogy. Andragogy encompasses the theory and practice of self-
directed learning and is described as the art and science of helping adults learn, whereas
pedagogy is the art and science of teaching children (Knowles, 1975). Traditionally,
pedagogical models of teaching involve the student as a passive recipient of knowledge
transfer. Teachers make decisions about readiness to learn and what needs to be learned
and how, and students are motivated by external pressures from parents and teachers

(Knowles, 1984).
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The andragogical model of learning is based on five assumptions. First, adult
learners are self-directed, and there is a desire on their part to take responsibility for their
own lives, including the planning, implementing, and evaluating of their learning
activities. Second, adult learners enter educational situations with a significant amount of
experience, which is a valuable resource to the learner as well as to others. Experience
must be valued and used in the learning process. Third, readiness to learn occurs when
adults perceive a need to know or do something in order to perform more effectively in
some aspect of their lives. This readiness can be facilitated by helping adults assess the
gap between where they are now and where they want or need to be. Fourth, motivation
to learn occurs after adults experience a need in their life situation, therefore, learning
needs to be problem-focused or task-centred. Learning activities need to be directly
linked to the identified needs, and it is important that adults apply what they have
learned. Fifth, external factors such as salary increases are of little motivational value for
adult learners. Internal factors—such as self-esteem, recognition, better quality of life,
greater self-confidence, and the opportunity to self-actualize—motivate adult learners
(Knowles et al., 2011).

These definitions of andragogy and pedagogy do not dictate how best to teach
adults and children in all circumstances; rather, they distinguish between teaching and
learning approaches. Depending on the learning needs, it can be appropriate to use
andragogical or pedagogical approaches regardless of the learner population (Knowles,
1975). This flexibility to match the approach with the learning needs is especially
important when dealing with students suffering from brain injuries. Furthermore, the

above definitions do not prescribe any learning environment. Knowles, however,
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“foresaw technology as one of the major forces shaping adult learning in the 215 century
and a force that would be consistent with andragogy” (Knowles et al., 2011, p. 242).
Consistent with principles of andragogy and moving away from a passive learning
and didactic teaching style, the role of the teacher in a blended learning environment
using online methods must adjust accordingly. Online instruction requires a shift in
traditional, teacher-centred approaches to education, and instructors must relinquish
control over the teaching/learning process (Rounds & Rappaport, 2008). This role change
is consistent with the principles of andragogy, as the instructor moves from an authority
figure role toward more of a facilitator role (Johnson, 2008). This shift in control is
essential for adult learners in order to properly support their active construction of
personal knowledge (Shovein et al., 2005). This change in teaching practice is not limited
to those faculty with experience with online teaching, as it has also been reported by
faculty who are new to online education (Cleveland-Innes & Gauvreau, 2015). The
instructor and the instruction are important factors to consider when evaluating student
satisfaction in any learning environment, as the instructor and the instruction are related
to overall satisfaction with a course, regardless of delivery models (DeBourgh, 2003).
Concepts of self-directed learning are embedded within the online learning
environment. So too are the principles of andragogy. Synchronous and asynchronous
communication in an online environment requires learners to be self-directed, to take
responsibility for their learning, and to assume control of their learning (Garrison, 2003).
Knowles (1975) also contributed to the literature surrounding self-directed learning,

arguing that “people who take the initiative in learning (proactive learners) learn more
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things, and learn better, than do people who sit at the feet of teachers passively waiting to
be taught (reactive learners)” (p. 14).

One must consider the principles of adult education and self-directed learning very
carefully when working with adult learners with brain injuries. People who have suffered
a traumatic brain injury have demonstrated overconfidence in self-judgments of learning
due to the accommodations provided to them to facilitate learning (Ramanathan et al.,
2014). While the recovery from brain injuries is often measured by a person’s ability to
return to their previous life, such as work or school, it is essential to account for
accommodations that have been made in order to cope with the demands of work or
school. For example, a student may be equally successful in learning post-injury;
however, the student may have to invest much more time in studying in order to achieve
the same results as compared to pre-injury.

It has specifically been shown that using web-conferencing to deliver distance
education improves the students’ learning experience (Long et al., 2014). When using
distance education approaches, student satisfaction and grade achievement are also
influenced by the degree of interaction between participants (Roblyer & Wiencke, 2004).
This supports the use of the community of inquiry framework as an appropriate measure

of the overall student experience using blended learning with online methods.

Community of Inquiry Framework

One identified reason for the success of blended learning is the ability to facilitate a
community of inquiry (COI) (Garrison & Kanuka, 2004). The COI as described by
Garrison et al. (2010) was originally developed within the specific context of computer

conferences in higher education. Three main components of the COl—including the
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cognitive, social, and teaching presence—are pictured in Figure 2, and are described as
the interacting elements that contribute to the overall educational experience.
Figure 2

Community of Inquiry Framework

| Creating an Educational Experience

EDUCATIONAL
EXPERIENCE

Setiny Rogulating
Camate

Reproduced from Garrison (2017), p. 25.

The cognitive presence is the most closely linked to success in higher education
and is best explained by the ability to construct meaning through sustained
communication. Social presence is defined as the ability of all participants in the COI to
project personal characteristics into the learning environment so that a sense of the real
person is present and interpersonal relationships can develop. The social presence plays
an important supportive role to the cognitive process, by “indirectly facilitating the
process of critical thinking carried on by the community of learners” (Garrison et al.,
2000, p. 89). Teaching presence encompasses both the design and the facilitation of the

educational experience, most often performed by the teacher. The value of teaching
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presence in the COI model is the support and enhancement of the social and cognitive
presences, for the purposes of meaningful educational outcomes (Garrison et al., 2000).

One major criticism of the COI framework is the lack of a clear link with learning
outcomes (Garrison et al., 2010). Rourke and Kanuka (2009) criticized the framework for
having been cited in over 200 reports, of which only five measured student learning, and
criticized the methodology used in those studies. Conclusions of their review of the
framework were that the social presence, teaching presence, and cognitive presence are
unconnected to empirical evidence of meaningful learning. On the surface, this provides
concern about using the COI framework to study blended learning approaches to
concussed students. However, Akyol et al. (2009) responded to these criticisms, focusing
on both the methodology of the review by Rourke and Kanuka (2009) and their critique
on learning outcomes, claiming there was a serious misrepresentation of the COI model.
Central to this was a lack of emphasis on the process of how knowledge is constructed,
and a heavy emphasis on narrowly focusing on learning outcomes.

The term “facilitator of the educational experience” is consistent with the
description of the role of the educator in an online environment as described by Johnson
(2008) and Knowles (1975). The consistency in the role of the educator in the COI
model, the online component of the blended learning model, and principles of andragogy
establish a clear link which requires careful consideration of these individual concepts,
yet they should not be considered as mutually exclusive. Further developments of the
online COI have elaborated on the role that faculty plays in a blended learning
environment, with facilitation of learning being paramount to the role. Simply changing

course delivery from in-person to a combination of online and in-person methods does
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not contribute to the learning experience, as this is merely a reorganization of content and
delivery methods. It is the teaching presence of the faculty member who contributes to
the community of inquiry that will impact the overarching learning experience.
Consistent with adult education principles, students in a blended COI are uniquely
engaged with each other, allowing them to change role from learner to teacher when
appropriate (Cleveland-Innes, 2012; Vaughan et al., 2013). The role of the faculty is
crucial in the overall COI model, which makes it essential that educators understand the
learning needs of a student who has experienced a concussion. The role of the faculty
member will be of importance with the second and third research questions, which

address learning implications and accommodations required following a concussion.

The Revised Bloom’s Taxonomy

The revised Bloom’s taxonomy by Krathwohl (2002) was used to frame the
analysis of the qualitative data where cognitive changes were reported. The original
taxonomy included six major categories in the cognitive domain, ordered from simple to
complex: knowledge, comprehension, application, analysis, synthesis, and evaluation.
Use of this hierarchy assumes that a learner must master the lower-level categories
before being able to move to more complex thinking. The revised taxonomy has a two-
dimensional framework and includes nouns (which provide the basis for knowledge) and
verbs (which provide the basis for cognitive process dimension), making it a better tool
for identifying learning concerns under the cognitive load theory, which will be further
discussed. The structure of the cognitive process dimension of the revised taxonomy is,
in order from simple to complex: remember, understand, apply, analyze, evaluate, and

create. For clarity, the analysis of data considered low processing skills to include
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memory difficulties, recall/retention difficulties, and confusion. Comprehension
difficulties were considered mid-level processing skills, and abstract/conceptual learning

difficulties were considered high-level processing skills.

Summary

The cognitive load theory, principles of adult education, community of inquiry, and
the revised Bloom’s taxonomy can all be applied to the exploration of learning
implications following concussion injuries in a university student. These theoretical

underpinnings will be applied to the results and discussed in Chapter 6.
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Chapter 4. Methodology

Introduction

The research method used in this study was a comparative quantitative-dominant
mixed methods design. This specific approach relies on a quantitative, post-positivist
view, while at the same time including the qualitative data to benefit the research
(Johnson et al., 2007).

Two groups of participants were compared: G1-IP students (N = 25) studied in an
in-person (IP) environment, and G2-BL students (N = 25) studied in a blended learning
(BL) environment. All participants had experienced at least one concussion and studied
in Canada at the university level. Both groups were compared for their self-reported
satisfaction with their learning environments, while controlling for variables that may
influence the reported satisfaction. Learning implications and accommodations required
after a concussion were also explored. The purpose of the study was to answer the
following research questions:

1. Do university students who have sustained a concussion report a higher level
of satisfaction in a blended learning environment than students in an exclusive
in-person learning environment?

2. What are the reported learning implications (if any) among university students
following a concussion?

3. What are the most commonly used learning accommodations (if any) by
university students following a concussion?

As supported in the literature, controlled variables found in Table 1 were included

in the collection and interpretation of data as they may have influenced the self-reported
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satisfaction. These include concussion features; concussion symptoms, site of injury,

accident versus sport-related injury, length of time since original injury, isolated versus

multiple injuries, gender differences, and medication use. The controlled pedagogical

considerations include; learning accommodations, approaches to learning, age, and

number of courses taken in their respective environments, and academic grade

achievement. The comparators were an in-person classroom setting and a blended

learning environment. The dependent variable is the reported satisfaction with his or her

learning environment. A visual summary of the study is provided in Table 1.

Table 1
Research Summary
Controlled variables that may affect dependent variable | Independent | Dependent
variables variable
Concussion features: In-person Self-
e Concussion symptoms classroom reported
e Site of injury delivery satisfaction
e Accident- versus sport-related injury Blended with
e Length of time since original injury learning learning
e [solated versus multiple injuries environment
[ ]

Gender differences
Medication use

Pedagogical considerations:

Learning accommodations

Approaches to learning

Age and number of courses taken in learning
environments

Academic grade achievement

Paradigm, Reliability and Validity

This research used a pragmatic worldview which includes a problem-centred and

real-world practice orientation. It considered things that work effectively in specific

situations and as solutions to problems (Creswell, 2009).
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Research Design

Participants

Inclusion criteria for this research were any individual who was at least 18 years
old, was a current or former student at any Canadian university, and suffered a
concussion at any time in their life. It was important to include former students in order
to capture students who may have had to withdraw from their studies as a result of their
injury. Two groups of students were compared: Group 1 were those who have studied in
an in-person learning environment (G1-IP) (N = 25), and Group 2 were those who have
studied in a blended learning environment (G2-BL) (N = 25). All students had
experienced a concussion and are able to speak about how their concussion symptoms

affect their learning in the respective learning environments.

Sampling

Not every member of the wider population had an equal chance of being part of
this research study, nor did the sample represent the wider population of learners in
general. All participants had to meet the criteria of being an adult learner who was
currently or formerly enrolled in university education, and who had experienced at least
one concussion. Therefore, a non-probability sampling technique was used, thereby
excluding some members of the wider population and including others (Cohen et al.,
2007).

Purposive sampling was used and, once the initial inclusion criterion of having a
concussion was met, participants were asked if they had experience in an in-person
learning environment and/or a blended learning environment, and the sample was

stratified. Therefore, a non-probability sampling was again used to assign the participants
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into G1-IP or G2-BL. For example, if a participant had only ever studied in an in-person
environment, they were assigned to that group and excluded from the blended learning
group. The value of this approach is that, like in expert sampling, the participants were
considered to be the expert on the lived experience of a concussion in their respective
learning environment which was the focus of this research. The results of this research
are generalizable to the population being tested, not the wider adult population in
general.

For the purposes of this research, the goal was to have sample sizes of 25, thus
making the project robust to violations of the assumptions and variance between the
groups (Diekhoff, 1992). Participant selection was limited to students studying at a

Canadian university to minimize variability between the groups.

Ethical Considerations

There was no relationship between the researcher and the participants; however,
the participant population could possibly be viewed as a vulnerable group as they may
have been in a professional relationship with a varsity program, special needs
department, clinic, and/or physician. In order to eliminate any pressure on possible
participants, the invitation email was sent to all students, in various institutions, and
poster advertising was used in public settings. This was done to avoid having any
specific student targeted for inclusion in the research. It was up to each participant to
contact the researcher and provide an email address at which to be sent the invitation to
participate. There was no reporting back to varsity programs, special needs departments,

clinics, and/or physicians about response rates.
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Participation in this research study was strictly voluntary. All identifying data was
strictly confidential and was removed from the data for analysis. The information was
stored as outlined in the research ethics board application. This research presented
minimal (if any) risk of harm. The only person who ever had access to identifying data
was the primary researcher, Robyn Gorham, who is also a nurse practitioner registered
with the College of Nurses of Ontario. Confidentiality of participant information fully
complied with the Tri-Council policy for research ethics. Furthermore, any sensitive
information shared with the researcher also complied with the practice standards for
nurse practitioners regulated by the College of Nurses of Ontario. In appreciation of the
time invested by participants, there was a draw for a new iPad mini following data

collection.

Recruitment

Following approval from the research ethics board (REB) at Laurentian University
and Athabasca University, an email advertisement was sent to the varsity director at
Laurentian University and the University of Western Ontario, who forwarded it to all
varsity students and athletic teams. The REB-approved poster advertising was also
displayed in public areas such as special needs offices, libraries, and medical clinics in
Ontario. The student portal at Athabasca University was also used to advertise the
research study. Student associations at Laurentian University also disseminated the
advertisement in their newsletter. If students were interested, they contacted the primary
researcher to confirm that they fit the criteria chosen for purposive sampling. If they were

appropriate for this research study and after transcript information was provided, an



BLENDED LEARNING AND CONCUSSIONS 43

email was sent to them which included their personal number identification and the link

to the survey. A consent form was completed prior to beginning the survey.

Data Collection

The online survey (Appendix A) was administered using Survey Monkey™.,
Questions used Likert scales, and provided opportunities for free text for participants to
express themselves freely in response to open-ended questions. All participants were
given the choice to complete the survey in-person or over the telephone with the
researcher, or online. Participants were made aware on the consent form that the survey
was delivered on a United States—based server, and that the data would be stored in the
United States and subject to the Patriot Act. No identifying data was included in the
survey. Prior to the formal beginning of the research project, the survey was pretested by
a person who met the inclusion criteria to ensure that the questions were properly

understood by the participants.

Data, Analysis, and Instruments

Qualitative data was analyzed using thematic analysis. Quantitative data was
entered into SPSS version 20 for analysis. The main statistics used for data analysis were
ANOVAs and MANOV As, or a correlation matrix. This project used both between- and

within-subject designs.

Quantitative Instruments

The quantitative instruments that were used in the online survey included informal
questions relating to learning environments and accommodations, and then formal tools

including the Rivermead Post-Concussion Symptoms Questionnaire, Roberts Inventory
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of Common Experiences, Raven’s Coloured Progressive Matrices, and the Revised Two-
Factor Study Process Questionnaire (R-SPQ-2F).

Rivermead Post-Concussion Symptoms Questionnaire. The survey evaluated
concussion symptoms using the Rivermead Post-Concussion Symptoms Questionnaire,
which measures the severity of symptoms following mild to moderate head injuries. It
provides a total score and includes a list of 16 different symptoms most commonly
present with concussive injuries, including blank sections where participants can add
“other” symptoms specific to their condition. It compares the symptoms pre- and post-
injury, using a severity scale of 0 (not experienced), 1 (no more of a problem than before
the concussion), 2 (mild problem), 3 (moderate problem), and 4 (severe problem)
(Lannsjo et al., 2001). Eyres et al. (2005) performed a cross-sectional study on 369
patients with head injuries to provide evidence of reliability and internal and external
construct validity of the tool, using a Rasch analysis of data. The authors criticized the
tool for not meeting modern psychometric standards and reported that the 16 items
should not be summated into a single score. By removing the first three items (headache,
dizziness, and nausea) and using the questionnaire in two separate parts (RPQ-13 and
RPQ-3), the scales showed good test-retest reliability and adequate external construct
validity. The concern of a single score was also supported by King et al. (1995) who
investigated the reliability of the tool, again using the Rasch model. Results of this study
show good reliability for individual PCS items in general, however some variation was
found between the different symptoms. The authors also noted that some of the
differences in rating of the individual symptoms do not affect the overall robustness of

the questionnaire and recommend its use. The tool is considered adequate for the
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purposes of researching learning implications following concussion injuries as it is being
used simply to evaluate concussion symptoms, not to determine a score to contribute to
the diagnosis of PCS. Furthermore, when being used for classical test theory, reliability
and validity has been demonstrated (Lannsjo et al., 2011). Classical test theory and Rasch
model are two different models of psychometric testing. A “Rasch analysis examines
how data conform to the model, in contrast to the traditional approach whereby the
model is used to explain the data” (Lannsj0 et al., 2001, p. 42).

Ingebrigtsen et al. (1998) studied 100 consecutive patients with the aim of
validating the Rivermead Post-Concussion Symptoms Questionnaire as a measure of the
severity of PCS. At 3 months post-injury, patients with PCS had significantly higher
scores than those without, and those on sick leave resulting from the injury reported
higher RPQ scores than those not on sick leave. Results of this study show that the tool is
useful and valid as a measure of the severity of PCS.

Roberts Inventory of Common Experiences. This inventory was developed by
Dick Roberts and his colleagues to discern which subjective reported experiences were
most associated with people’s difficulties adapting after closed head injuries. This
psychometric tool comprises 36 items and provides a minimum score of 0 and a
maximum score of 216. Each item includes six options: never, <l/month, 1/month,
1/week, >1/week, 1/day, and >1/day, and is coded from 0 to 6. Items of interest related to
learning implications for those who have suffered a concussion include olfactory, visual,
and auditory illusions, sick headaches, confusion spells, memory gaps, speech problems,
mental decline, depressive spells and suicidal ideation, anxiety, panics, and temper

outbursts. The score has been strongly correlated with the efficiency and proficiency of
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cerebral processing as measured by dichotic word listening tests. There are well
established norms for the inventory (Roberts et al., 1990).

Raven’s Progressive Matrices. This performance-based inventory assesses the
person’s capacity to employ non-verbal, spatial reasoning to solve similarities and to
utilize conceptual manipulations to discern identities of shapes and objects. This capacity
is strongly correlated with right hemispheric functions. Diminished function within the
right hemisphere, particularly if it is subtle, is often difficult to measure following brain
injuries (Kolb & Whishaw, 2003). The significance of the right hemisphere when
evaluating learning is that it is most proportionally activated when a person is exposed to
very new stimuli or Raven’s situations to which they have not been exposed previously
and for which there are no previous verbal labels. Because people with brain injuries may
also display diminished motivation and enhanced frustration to failure for the first trial of
a learning situation, a quantitative inference (such as the Raven’s) for this function is
important to measure. The specific form of this test used was the Raven’s Coloured
Progressive Matrices. It includes a total of 36 questions that measure general cognitive
ability.

The Revised Two-Factor Study Process Questionnaire (R-SPQ-2F). Biggs
(1987) developed the original Learning Process Questionnaire (LPQ) which was a 36-
item self-reporting questionnaire that demonstrated three distinct approaches to learning:
(a) surface, (b) deep, and (c) achievement learning with specific motives and strategies
that contribute to each approach. The original LPQ was designed for school-aged
students (Biggs et al., 2001). As a result of significant changes in higher education since

the development of the LPQ, the Revised Two-Factor Study Process Questionnaire (R-
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SPQ-2F) was developed (Kember et al., 2004). Testing of the new questionnaire was
completed by 495 undergraduate students, and strong psychometric properties have been
established. The R-SPQ-2F focuses on two main factors: deep and surface approaches. It
was suitable for the purposes of this study as it is designed for teachers “to evaluate the
learning environment in their own classrooms” (Biggs et al., 2001, p. 145). Permission to
use this tool is included in the published article, noting that the conditions are that the
source be acknowledged as Biggs, Kember, and Leung (2001), with copyright on the

questionnaire being tied to John Biggs and David Kember.

Qualitative Data

Demographic data and questions focused on learning environments, changes in
learning following a concussion, and student satisfaction. These questions were
developed after reviewing relevant literature by McCown (2010), Garrison and Kanuka
(2004), Carter (2003), and Kataoka-Yahiro and Richardson (2011), who discussed
various advantages and disadvantages of different learning environments.

The learning accommodations that were specifically asked about were taken from
McGrath (2010, p. 495), who summarized reasonable accommodations to support student
athletes’ return to a learning environment. Participants were given free text opportunity
to provide other accommodations if they were not included in the summary provided by
McGrath.

Qualitative data was analyzed using thematic analysis, a method of qualitative data
analysis for “identifying, analyzing and reporting patterns (themes) within data” (Braun
& Clarke, 2006, p. 79). It is an appropriate method in the context of the epistemology and

theoretical foundations of this project as it is not strictly tied to any pre-existing
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theoretical frameworks. Under thematic analysis, themes are identified as a pattern of
response or meaning within the data. An inductive approach was used which explained
the themes identified as being strongly linked to the actual data, without trying to fit the
data into pre-existing codes. Inductive approaches are “data-driven” (Braun & Clarke,
2006).

To enhance the rigour of this qualitative analysis, a second coder was selected to
perform an analysis of the qualitative data using thematic analysis. The second coder was
an experienced educator with a doctoral degree not related to the medical field, had no
declared biases, and had considerable experience in thematic analysis.

An important consideration in qualitative research is the awareness of personal
theoretical positions and values. The use of reflexivity, or the self-reflection of personal
biases, enhances rigour in qualitative research (Buckner, 2005; Thorne et al., 2004;
Patton, 2002; Schwandt, 2001). When analyzing the data, there were no disagreements
between the researcher and coder that were not resolved by agreement on a new code or
category that both people felt better represented their original statement. The quantitative
findings were never shared with the secondary coder so that triangulation of the data
would be more authentic.

Qualitative data will be presented by category first (first letter capitalized), and
then prevalent subcodes and sub-subcodes. Sub-sub-subcodes and open codes (in
brackets) will also be provided when relevant. A full list of axial codes is included in
Appendix B, in table format, with the most abundant codes highlighted in bold. Only the
subcodes and sub-subcodes will normally be presented, however where the highest

coding frequencies occur in sub-subcodes or sub-sub-subcodes, those will also be
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