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Page J, Meehan-Andrews T, Weerakkody N, Hughes DL,
Rathner JA. Student perceptions and learning outcomes of
blended learning in a massive first-year core physiology for allied
health subjects. Adv Physiol Educ 41: 44 –55, 2017; doi:10.1152/
advan.00005.2016.—Evidence shows that factors contributing to suc-
cess in physiology education for allied health students at universities
include not only their high school achievement and background but also
factors such as confidence with their teachers and quality of their learning
experience, justifying intensive and continued survey of students’ per-
ceptions of their learning experience. Here we report data covering a 3-yr
period in a physiology subject that has been redesigned for blended and
online presentation. Consistent with previous reports, we show that when
we undertook a blended mode of delivery, students demonstrated better
grades than traditional modes of teaching; however the absence of didac-
tic teaching in this subject resulted in lower grades overall. Students have
very strong positive attitudes to weekly quizzes (80% positive approval)
but report ambivalent attitudes to online self-directed learning (61%
negative perception), even though they had 2-h weekly facilitated work-
shops. Overwhelmingly, students who undertook the subject in a self-
directed online learning mode requested more face-to-face-teaching (70%
of comments). From these data, we suggest that there is a quantifiable
benefit to didactic teaching in the blended teaching mode that is not
reproduced in online self-directed learning, even when face-to-face
guided inquiry-based learning is embedded in the subject.
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THE HIGHER EDUCATION SETTING is continuously evolving into a
technology-rich environment. How the ever-increasing variety
of online learning tools are used to balance the expectations of
the incoming student population with the push from university
management to work smarter and in a more cost-effective way
is a factor that must be considered. It is well documented that
universities are under higher pressure than ever before to cut
budgets while providing greater student flexibility and increasing
enrollments (7, 13, 20). This has in part led many institutions to
identify and pursue strategies for increasing the use of digital
learning platforms to deliver learning content to students.

The Sloan Consortium provides a numerical definition for
blended learning, stating that a course with online content of
between 30 and 79% can be considered blended. They then use
the term “web enhanced” to describe online content that

contributes �30%. Contrastingly, a course with �80% content
blended is considered “online” (2). Kwak et al. (10) agrees that
online learning is where all of the learning resources are
delivered through an information technology platform, with
limited face-to-face contact.

The reasons for the shift from a traditional face-to-face model
to a blended learning model are varied. The benefits of combining
information technology into a curriculum are particularly useful
for students that are unable to attend face-to-face classes due to
distance from campus or other commitments such as full time
employment (12). Various studies (11, 17, 21) have discussed the
needs of the ever-changing student body, noting that current
students come to university digitally literate, preferring to access
learning materials when and where it suits them and at a pace
appropriate for their learning style (11).

Teaching strategies that rely on “self-directed” learning
assume that students are both self-motivated and well orga-
nized in their study habits. Online learning, where the students
are required to work in a self-paced manner through sets of
prepared learning activities such as assigned reading, mini-
lectures, and problem sets, should be included as a self-directed
learning design. A recent meta-analysis of the available em-
pirical data on online and blended learning, as defined previ-
ously (8, 16), suggests that although blended learning programs
produce significantly better outcomes in terms of student per-
formance in subjects, online subjects fare no better than tradi-
tional didactic learning modes.

The shift toward asynchronous presentation and online teach-
ing resources in place of face-to-face teaching disengages the
students (3). The science anxiety that many allied health students
experience adds to the disengagement that they feel toward their
tertiary studies (5, 9, 14). Teaching physiology to students of
allied health degrees has well-established challenges (15). A
recent literature review (15) has identified the attributes that
contribute to success in physiology. These attributes include high
school success, as measured by ATAR (Australian Tertiary Ad-
mission Rank), or high school grade point average, science back-
ground, and a low degree of science anxiety. The most intensively
studied area of allied health physiology education is focused on
nursing education. Unfortunately, entrance requirements for nurs-
ing are low, with low ATARs and no science background,
meaning that many students of this particular cohort are at a
known risk of failing physiology (4, 9).

Another important factor linked to the success of nursing
students in physiology is the perceived quality of the teaching. In
this context, factors like the amount of content, teaching style, and
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degree of confidence that instructors have in the course content are
important factors that influence student satisfaction (15).

Previously, we published (19) a description of a subject
redesign process that described the development and transition
of a first-year physiology subject that targeted a broad range of
allied health students, including nursing, public health, and
physiotherapy, from a traditional didactic design that included
3 h/wk of lecture and 1 h of instructor-led tutorial to a design
that emphasized team-based and active learning. This rede-
signed subject (delivered in 2012 and 2013) included aspects
that not only transformed the subject to student-centered learn-
ing but also matched the “blended” subject design (as defined

previously). This included the fact that 30% of the learning
objectives were available to students only via self-directed
learning modules in an online format, and there were online
weekly preworkshop quizzes. In that paper we reported signif-
icant improvement in student mastery of the learning out-
comes, as reflected by a higher proportion of students achiev-
ing “A” and “B” grades.

In 2014, in response to institutional priorities, the subject
underwent another redevelopment, with the removal of all
lectures and didactic teaching; instead, learning activities to
support mastery of the learning objectives were provided solely
through online content. Two hour per week workshop activities

Table 1. Changes in subject teaching and assessment between 2011 and 2014

2011 2012 2013 2014

Pedagogy (constructive alignment)
No. of LO 172 110 (85 minimum LO, 13 extension LO) 110
Teaching Lectures cover all

content
Content divided into “in class” (minimum LO) and “online”

(extended LO)
Academic prepared and recorded

presentations: short (5–15
min) addressing specific
learning objectives

Lecture time 3 � 1 h/wk 2 � 1 h/wk None
Tutorial 1 h/wk: Prepared tutorial

questions, small class
(25 students/class),
optional attendance

1 h/2 wk, Large class (lecture
hall)

Workshop (inquiry based
learning)

2 h/wk: Guided inquiry learning, emphasis on peer-to-peer
learning, compulsory attendance (2.5%/wk; must have
completed weekly online quiz)

As per previous year (2%/wk)

Online activities
Lecture material Recording of live lecture

content
“Minimum” LO: recorded lecture content; “extension” LO:

prepared screen capture or assigned reading
Prepared screen capture

presentations by academics
addressing specific learning
objectives (5- to 15-min
duration)

PowerPoint handout of
lecture slides

PowerPoint handout of lecture slides Worksheets: targeted question
sheets related to online
content

Online Quiz Weekly online quiz: 10
custom multiple-
choice questions

Weekly online quiz: Mastering
A & P (Pearson)

Weekly online quiz: Mastering
A & P (Pearson)

Compulsory (contributes toward weekly workshop mark)
Asynchronous discussion

(monitored and
moderated forum
discussion on LMS)

Yes Yes Yes Yes

Synchronous online
“virtual” class

Yes: 3 times/semester (at
midsemester
assessment times)

Yes: 3 times/semester (at
midsemester
assessment times)

Yes: 3 times/semester (at
midsemester assessment
times)

Yes: 3 times/semester (at
midsemester assessment
times)

�2 h/session �2 h/session �2 h/session �2 h/session

Assessment
Intrasemester test X3 online assignments

(¼, ½, and ¾ points
of semester)

X2 collaborative test; midpoint and final week of semester

X1 in class test focused
on last ¼ semester
LO, 25 multiple-
choice questions

Part A: individual, 50 multiple choice questions; Part B: same test as part A, completed open
book, single-team submission from workshop team

All LO covered in the
proceeding weeks

Minimum LO covered in the proceeding weeks All LO covered in the
proceeding weeks

Final exam 2-h Summative exam 1.5-h Exam, only “extension” LO, 80 multiple-choice
questions

1.5-h summative exam, all LO

80 Multiple-choice
questions (50% of
total mark)

2012: 40% of total mark; 2013: 25% of total mark 80 multiple choice questions
(40% of total mark)

Summary of the year-to-year changes and evolution of the core first-year physiology subject design and implementation. LO, learning objectives; LMS,
learning management system.
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(in face-to-face mode; enquiry based learning approach) were
maintained as implemented previously in 2012 and 2013.

The perceived quality of the learning experience becomes an
important consideration in the subject design.

Thus the aims of the study were the following:

• to assess the impact of online learning resources on the
students’ perceptions of their learning experiences

• to evaluate the impact of the changed pedagogy on the
students’ learning outcomes

• to identify teaching and learning resources utilized in the
subject that the students found most beneficial to their learning
and to track the durability of these resources over time.

MATERIALS AND METHODS

Study design. This comparative cross-sectional study was carried
out at La Trobe University’s regional campuses, Bendigo, Albury/
Wodonga, Mildura, and Shepparton; in the years 2012–2014. The
study was approved by La Trobe University Human Ethics Committee
(2012: FHEC12-171; 2013: FHEC13-071; and 2014: FHEC14-084).

Participants. Only students who were enrolled in first-year, first-
semester physiology at four regional campuses of La Trobe University
were surveyed. Students at all four campuses were invited to partic-
ipate in this survey.

Context of study. Within our institution, first-year physiology is a
common subject that is mandatory for all allied health students. It is
offered in semester 1 to ~2,000 students at the five campuses of La
Trobe University (1 major metropolitan campus and 4 regional/rural
campuses). Approximately one-third of the cohort comes from the
regional campuses.

In 2012, this first-year physiology subject became a blended learning
subject consisting of traditional face-to-face lectures and workshops

covering “core” physiology concepts, with “extension” material covered
independently, outside scheduled class times, by guided activities online,
as described previously (19). Workshop activities allowed students to
consolidate and apply newly attained knowledge. The team-based,
guided enquiry design of the workshop activities encouraged peer-to-peer
learning of the subject content. The peer-to-peer interaction and the
nature of the guided enquiry activity promoted good learning outcomes,
particularly among the most at-risk students, with academically under-
prepared students benefiting from the guidance, support, and example of
their more credentialed colleagues (13). These workshops were initially
very guided and conceptual, progressing into more clinically relevant or
real-life scenarios. Core material was assessed during scheduled work-
shops, in “collaborative testing methods.” This involved 50 multiple-
choice questions (MCQ) tested initially under exam conditions individ-
ually, followed by team submission of the same 50 MCQs. Extension
material was assessed under exam conditions at the end of the semester.

In 2012, compulsory pre-workshop online quizzes were introduced
as a study tool to provide extra support for students undertaking the
core physiology subject, as described previously (Table 1) (19). In
2013, weekly pre-workshop quizzes via Mastering A & P (Pearson
Publishers) were incorporated into the curriculum to facilitate transi-
tion into the workshop component of the subject and to ensure that
students engaged with the online resources. The quiz was linked to a
2% workshop participation grade, which was implemented to encour-
age students to remain engaged throughout the semester. These online

Table 2. Survey tool from 2012 to 2014

2012 2013 2014

Survey format
Online Paper Paper
Self-selecting In class, 1 in 3 of workshop groups All workshop groups

Date of implementation
Late second semester Late first semester Late first semester

Proportion of students who responded
16% 29% 87%

Questionnaire
Demographic questions
Sex
Age
Pathway of entry in to tertiary studies
Campus
Course (Bachelor of Health Science, Nursing, Occupational Therapy, Physiotherapy, Podiatry, Oral Health, Paramedicine, Exercise Physiology, Speech

Therapy, Other)
Primary caregiver (for others), responsibility (parent or caregiver)
Outside work commitments
Travel time to university

Rank learning activities
Rank “Core Learning Objective” related

learning activities
Rank learning activities in order of importance for

your learning experience
Rank your top 5 learning activities in order of

importance
5 Items 5 Items 10 Items

Rank “Extension Learning Objective” related activities
3 Items
Likert Items
3 Questions; team learning experience 8 Questions; blended learning experience
3 Questions; preworkshop quizzes 8 Questions; Mastering A & P and pre-workshop

quizzes
8 Questions on Mastering A&P and pre-workshop

quizzes
4 Questions; collaborative tests

Table 3. %Students by sex for each year of the survey

Year Female Male

2012 84% 16%
2013 81% 19%
2014 74% 26%
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quizzes included a combination of MCQ, label diagram and true/false
questions, and a range of multimedia tools produced by the publisher.

In 2014, all lectures were cancelled in the subject, and teaching
staff developed a package of learning resources that were intended to
deliver the subject content online and/or via self-directed learning.
These resources included short screen capture presentations recorded
by academics that addressed individual learning outcomes, recom-
mended reading from the prescribed text book, links to appropriate
YouTube videos, and/or animated resources provided by the publisher
of the textbook. Weekly pre-workshop quizzes via Mastering A & P
were retained. The learning management system (LMS) was orga-
nized by physiological system, constructively aligned such that re-
sources were directly tied to the learning objective that it was intended
for. PowerPoint slides or lecture notes were not available; rather,
instructors wrote “worksheet” activities that were intended to be
problem sheets that students filled in as they worked through the
online resources, and they were intended as a replacement for lect-
ure notes to promote student engagement as they progressed through
the self-directed learning tasks. As with every previous iteration of the
subject, a student subject learning guide that listed all of the intended
learning outcomes by topic and contained all of the guided enquiry
activities to be completed in the workshop was produced.

Survey and data analysis. Each year, students studying the physi-
ology subject were asked to complete a survey about the learning
environment. The survey tools as described in Table 2 were prepared,
consisting of a range of questions relating to the demographics of the
survey participants, asking students to rank the value of the learning
resources provided and a number of Likert items (5-point scale)
intended to elicit students’ perceptions of their learning experience in
the subject. Two specific attitudes were assessed by the Likert items:
student perception of blended and online learning and student percep-
tion of the value of the weekly online quizzes.

Summative scales for each of the attitudes being assessed by the
Likert items were calculated according to methods by Trochim (22)
and Desselle (6). Each item was assigned a maximum value of 5.
Responses that strongly agreed with the statement were graded 5/5 for
each individual item, whereas strongly disagree was assigned the
value of 1/5. Inverse statements (i.e., I did not like. . .) were assigned
inverted values (strongly disagree � 5, strongly agree � 1). For each
of the attitudes being investigated, the values for the responses were
summed giving a single attitude score (for 8 items, maximum
score � 40, for 3 items, maximum score � 15). Summative scores are
expressed as percentage of maximum scores to facilitated easy com-
parisons between years. Average responses for individual Likert items
are expressed as the mean response � SD. The surveys provided
opportunities for the students to provide expanded answers, and a
thematic analysis on their responses was then conducted.

Thematic analysis was also conducted on the institutional student
feedback reports on the question, “Which 2 or 3 specific aspects of the

subject have contributed most to your learning?” This analysis was
conducted to measure the students’ perception of the quality of the
learning resources.

Statistics. Statistical tests were performed in Microsoft Excel 2013,
using the Analysis ToolPak add-in. Single Factor ANOVA compared
student ATAR and marks for first-year physiology. When statistical
significance was reported (P � 0.001), post hoc t-tests with Bonferni
correction were performed between the comparison years (2012 vs.
2013, 2012 vs. 2014, and 2013 vs. 2014).

Data are presented as means � SD.

RESULTS

Demographics. Surveys of first-semester, first-year physiol-
ogy were conducted each year between 2012 and 2014 (inclu-
sive). Tables 3, 4, 5, 6, and 7 contain data relevant to demo-
graphic details.

For all years of the survey, the balance in male/female ratio was
disproportionally female, which reflects the enrollment. In every
year of the survey, the majority of respondents entered university
directly from high school, with the remainder entering via alter-
native entry pathways. Consistent with the majority of the stu-
dents entering their tertiary studies directly from secondary
school, the majority of the respondents were �20 yr of age.

In 2013, the proportion of respondents from the main cam-
pus (campus A) was underrepresented (51% compared with
70–71% for 2012 and 2014, respectively), whereas one satel-
lite campus was substantially overrepresented (campus D).
Campus B was underrepresented in both 2012 and 2013.

Subjects’ final results. The distribution of student grades for
this first-year physiology subject (2011–2014) is shown in Fig.
1. The 2011 and 2012 data have been reported previously (19)
and are included here to aid in assessing the impact of the
change of andragogy toward blended learning. As reported
previously, redesigning the subject to promote active, team-
based learning substantially improved student outcomes in the
subject, with far a larger proportion of students earning “A”
and “B” grades. ANOVA analysis of the subject grades be-
tween 2012 and 2014 shows statistically a significant differ-
ence in the final grade [F(2, 1,354) � 70.4, P � 0.001]. Post hoc
testing showed no significant difference in results between
2012 and 2013 [t(885) � 1.39, P � 0.16] but found comparison
of both these years to be significant compared with 2014 [2012:
t(906) � 10.9, P � 0.001; 2013: t(915) � 9.31, P � 0.001]. The
mean grade in 2012 was 71.9 � 9.9% and in 2013 was
71 � 10.5%. This grade fell to 64 � 10.7% in 2014.

Table 4. %Students enrolled in each discipline

Year Nursing Health Science Diploma Health Science Podiatry OT Physiotherapy Paramedicine Speech Pathology Exercise Physiology Oral Health Other

2012 47% 12% 4% 3% 5% 6% 8% 5% 4% 7%
2013 44% 13% 5% 5% 7% 5% 8% 5% 6% 3%
2014 41% 8% 4% 4% 6% 7% 8% 5% 6% 4% 6%

OT, Occupational Therapy.

Table 5. %Students that are female in each discipline over each of the 3 yr of the survey

Year Nursing Health Science Diploma Health Science Podiatry OT Physiotherapy Paramedicine Speech Pathology Exercise Physiology Oral Health Other

2012 90% 82% 88% 86% 96% 62% 57% 96% 63% 84%
2013 93% 73% 76% 52% 78% 86% 63% 96% 48% 81%
2014 88% 85% 57% 71% 82% 48% 41% 100% 41% 77% 54%
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Comparison of entry ranking (ATAR) showed no statistical
difference between 2011 to 2014 student cohorts [F(3,1922) � 0.87,
P � 0.46].

Careful inspection of the distribution of final results (Fig. 1)
reveals that the distribution of grades seen in 2014 more
closely resemble those observed in 2011 (traditional didactic
andragogy) than those seen in 2012–2013 (team-based learn-
ing). The transition to blended learning in 2012 and 2013
shifted the entire cohort marks toward a greater proportion of
students gaining “A” and “B” grades. In contrast, the cohort
results shifted back to the lower “C” and “D” grades in 2014,
when the lectures were removed from the subject. Comparing
the ratio of students who earned either an “A” or “B” in each
of the years between 2012 and 2014 with the proportion of
students who earned a “C” or “D” (the AB/CD ratio) shows
that, in 2012, for every student who earned an “C” or “D”, 1.4
students earned either an “A” or “B”. Similarly, in 2013, the
AB/CD ratio was 1.3. In 2014, this ratio fell to 0.48, or, in other
words, for every two students who earned either a “C” or “D”
in 2014, one student earned an “A” or “B”. This is comparable
with the 2011 BC/DE ratio (0.35).

The substantial alteration to the subject was entirely in the
presentation of learning content (teaching), which went from
26 h of lecture and 26 h of workshop and the majority of
content delivered in lectures (some online) to no face-to-face
lectures (all content delivered online) and 24 h of small class
workshops. It is reasoned that the substantial fall in subject
grade averages is related to the altered teaching approach.

Student perceptions of learning support and tools. In 2012
and 2013, face-to-face lectures were a key part of the subject
presentation. In both these years, staff identified five key
teaching and learning resources available to students. These
were 1) lectures, 2) workshops, 3) asynchronous online dis-
cussion, 4) weekly pre-workshop quizzes, and 5) private stud-
ies. On the survey, students were asked to rank the value of
each of these resources. A single ranking for each resource was
determined by calculating the weighted average response for
each resource at a particular rank (expressed as a percentage;
weighted average was calculated by assigning a top ranking the

value of 5 and a bottom ranking a value of 1 and multiplying
the percentage of respondents at that rank by the assigned
value). The weighted averages were then summed giving a
score out of 5 for each resource. The value of each learning
resource is seen in Fig. 2A. It is notable that the two teaching/
learning resources where there was face-to-face interaction
between instructor and students (lectures and workshops) were
consistently seen as the most valuable teaching/learning re-
source by students. Forty-three percent of respondents listed
lectures as their most important learning resource in 2012, and
44% listed it as their most important in 2013. Similarly, 60
(2012) and 47% (2013) listed workshop as their most important
learning resource. The final rankings placed lectures and work-
shop as nearly equally highly valued for each of 2012 and 2013
(lectures: 2012, 4.2 out of 5; 2013, 4.1; workshop: 4.1, 4.2) and
little distinction between weekly quizzes and private studies
(quiz: 3.4, 2.9; private studies: 3.8, 2.9). Asynchronous online
discussion was the least valued resource (2.1, 1.5).

In 2014, academic staff involved in the subject identified 10
different teaching/learning resources to assist students in mas-
tering the subject content (Fig. 2B). On the 2014 survey,
students were asked to rank (in order from 1 to 5) their top 5
(of 10) activities that contributed the most to their learning
experience. The rankings of each learning activity are summa-
rized in Fig. 2B. Students ranked workshops (face-to-face) as
their most important learning experience (2.8/5). The next most
valued learning resources in order were the weekly pre-work-
shop quiz (2.4), the recommended readings (1.7), and work-
sheets (1.6). Surprisingly the academic presentation (1.3), the
student study guide (which contained a list of all the learning
objectives and the workshop activities) (1), and the publishers’
animation package (1) only ranked as the fourth- to fifth-most
valued resource. The remaining learning resources scored �1,
with the asynchronous discussion being the least-valued re-
source, scoring a ranking of 0.08/5.

The popularity of each of the learning resources was also
assessed by simply counting the number of times a resource
was listed in the students’ top 5 learning resources. The order
of popularity was pre-workshop quizzes (75% of students

Table 6. Sex and age demographics for survey participants for each year of the survey

Year

Sex Enrolled Pathway for Entry Age, yr Campus

Male Female Total %Enrolled
Direct entry from

high school
Mature age 21 or over

on commencement

Other
nontraditional

entry �20 21–30 31–40 �40 A B C D

2012 11 (15%) 59 (84%) 439 16 41 20 8 46 16 4 3 49 5 8 8
2013 24 (19%) 105 (81%) 448 29 99 30 NA 100 17 5 6 66 0 19 45
2014 106 (26%) 304 (74%) 473 87 268 109 32 300 80 14 13 289 52 31 37

NA, not available.

Table 7. No. (and %) of survey respondents by discipline for each year of the survey

Year

Course (Allied Health Discipline)

OT Physiotherapy

Bachelor of
Health
Science Podiatry Oral health

Paramedic
Practice

Exercise
Physiology Nursing

Speech
Pathology

Diploma Health
Science Other

2012 8 (11%) 6 (9%) 10 (14%) 2 (3%) 4 (6%) 5 (7%) 6 (9%) 19 (27%) 8 (11%) 2 (3%) 0
2013 8 (6%) 11 (9%) 15 (12%) 8 (6%) 3 (2.3%) 11 (9%) 2 (2%) 62 (48%) 7 (5%) 1 (0.8%)
2014 23 (6%) 29 (7%) 30 (7%) 17 (13%) 15 (4%) 37 (9%) 35 (6%) 170 (41%) 22 (5%) 17 (4%) 15 (4%)

48 STUDENT PERCEPTIONS AND LEARNING EXPERIENCE

Advances in Physiology Education • doi:10.1152/advan.00005.2016 • http://advan.physiology.org
Downloaded from journals.physiology.org/journal/advances (106.051.226.007) on August 4, 2022.



included them in the top 5), workshops (74%), recommended
readings (58%), worksheets (57%), private studies (46%),
academic presentations (43%), publisher’s animations (35%),
student study guide/external sources (33%), and asynchronous
forums (4%).

Students’ attitude toward pre-workshop quizzes. Student
responses on each of the surveys on the questions were related
to positive attitude toward the pre-workshop quizzes. Each
Likert item was on a five-point scale; 1 � strongly disagree
and 5 � strongly agree. For each item, the proportion of
students that rated the statement to that level was calculated
and multiplied by the value (i.e., X1 for “strongly disagree”
and X5 for “strongly agree”). A group attitude for each item
was then calculated by calculating the weighted average of the
student response to each item and then multiplied by 5, giving
a score for each item out of 5. Items that expressed a negative
attitude toward the pre-workshop quizzes were scored in re-
verse order (5 � “strongly disagree” and 1 � “strongly
agree”). The item scores were then added up to give a single
“student attitude toward pre-workshop quiz” score, with the
higher score representing greater positive attitude toward the
quizzes. In 2012 the maximum positive attitude toward pre-
workshop quizzes was 15, whereas in 2013–2014 the maxi-
mum positive attitude was 40.

Figure 3 demonstrates the overall positive attitude students
have toward weekly online quizzes. These quizzes are a hurdle
requirement (i.e., they are compulsory but of no ultimate grade
value). The response to individual Likert items can be seen in
Fig. 3. Likert scale scores of 12/15 (78%, 2012), 32/40 (79%,
2013), and 31/40 (78%, 2014) were recorded for these items,
suggesting that students have an overwhelmingly positive
attitude toward the weekly quizzes.

Student usage of learning resources in 2014. The majority of
students self-reported viewing academic presentations and
reading the prescribed text most of the time. Whereas comple-
tion of worksheets and attending interactive tutorials were
reported as accessed only some of the time, attending synchro-
nous online tutorials were reported as never being attended by
the majority of students (Table 8).

Attitude toward blended learning. In 2014, we surveyed
students’ attitudes toward the blended learning model. We asked
eight questions in relation to perceptions of the blended learning
experience, and the weighted average response to each item is

summarized in Fig. 4. Of a possible maximum 40 mark for the
Likert scale for student negative perception of their learning
experience, students reported a mediocre negative perception of
62%, suggesting that students are generally ambivalent to the
learning experience in the subject in that year.

When students were asked about the “amount” of learning
content (resources) available online, 60% of students reported
that the resources provided were adequate for their purposes,
one-third said there was too much content, and 5% said there
was too little content.

Qualitative feedback. On the 2014 survey, we gave the
students a number of opportunities to suggest qualitatively
ways to improve the subject or provide additional comments
about the subject design.

There were 437 responses; several themes emerged from the
responses (Table 9). Seventy percent of the responses re-
quested either lectures or more face-to-face teaching. Only 12
out of 437 responses indicated that the students felt adequately
supported in their learning.

To assess the possibility that the poor perception of the online
subject was due to the quality and presentation of the resources
provided, we also conducted thematic analysis in response to the
question, “Which 2 or 3 specific aspects of the subject have
contributed most to your learning?” (Table 10). Students clearly
identified that the resources prepared and provided by the instruc-
tors were beneficial to their learning. They listed that the pre-
workshop quizzes, workshops, online learning resources, and
worksheets were positive contributors to their learning.

Time spent on subject. In semester 2, in 2014, we conducted
an additional survey asking students to report the number of
hours per week that they spent on the first-semester core
first-year physiology subject and compared their workload to
other core first-year first-semester subjects. The number of
hours reported by students on the subject (including the “swot
vac” study period, a private study period before exams) was on
average 90.6 h, and the total number of hours spent on other
first-year core subjects was 89.6 h on average for the entire
semester (Fig. 5, A and B). The university student workload
policy (1) suggests that 150 h be spent on each of these subjects
(including class time). Twenty-nine percent of the students
reported spending only 1–3 h/wk on the core physiology
subject, which effectively means that this is equivalent to class
time only (Fig. 5A). There is no evidence that time spent on
first-year physiology distracted the student from study in other
first-year subjects (Fig. 5, A and B).

DISCUSSION

As we have reported previously, changing the subject learn-
ing design from a purely didactic teaching model to a blended
teaching and learning model in 2012 significantly improved
student outcomes in this subject. This was evidenced by the
higher proportion of “A” and “B” grades that students earned
relative to previous years (19). This observation was sustained
in the second year (2013) of this teaching model and is
consistent with the reported benefits of “blended learning” over
traditional didactic techniques (16). However, Means et al. (16)
also noted that online models of education provided no benefit
over traditional didactic teaching. In 2014, in response to
institutional pressures and priorities, all face-to-face lectures
were cancelled in the subject being described here. Although
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2-h weekly workshops were retained, these workshops re-
mained as team-based guided enquiry activities and not
teacher-led classes. In essence, no face-to-face teaching oc-
curred in the subject; students either engaged with online
learning resources provided through the LMS or participated in
self-directed learning activities in class. Analysis of student
performance without any direct face-to-face teaching activity
(2014) demonstrates that the proportion of students with “A”
and “B” grades falls compared with the blended approach used
in 2012 and 2013. Although pass rates remained high in 2014,
the distribution of grades is more closely related to the 2011
student performance.

Our previous paper (19) indicates that as much as 40% of the
assessment in the subject is the result of team activities during
the semester. Among the team activities are weekly participa-

tion in workshops (20%) and two team tests (2 � 10%). In
addition, during the semester, students complete two individual
assessments that are also worth 10% each. We have previously
indicated that a “D” and “C” grade in the subject represents
effective participation and engagement in the subject and
team assessments with only minimal individual success in
achieving the intended learning outcomes, whereas “A” and
“B” grades demonstrate higher levels of individual mastery
of the subject content. Thus a high proportion of students
achieving “A” and “B” grades in 2012–2013 indicates that
the blended learning model encouraged greater individual
student success in the subject. This conclusion was sup-
ported by structural equation modeling (18), which sug-
gested that effective team-based learning improved individ-
ual marks on the final exam.
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In contrast to the 2012 and 2013 outcomes, eliminating
face-to-face teaching in 2014 seemingly has negated the ob-
served gains in student outcomes. The high proportion of
students who scored “C” and “D” grades in 2014 indicates that
students are more heavily relying on the team marks to pass
without demonstrating individual mastery of the content (free-
loading from other students).

Caution should immediately be expressed regarding our
interpretation of the results data. First, in each of the years
2012 and 2013, the specific learning objectives of the subject
were divided into two components, the “core learning objec-
tives” (CLO; 70% of the subjects’ learning objectives) and
“extension learning objectives” (ELO; 30%), with the CLOs
being taught and assessed in face-to-face classrooms, whereas

ELO content was accessed exclusively by students online and
assessed in the final exam. The elimination of all face-to-face
lectures in the subject in 2014 made the division between CLO
and ELO redundant; thus all learning objectives were assessed
as they were covered during the semester, and the final exam
was summative of all the subjects’ learning objectives. Thus
the difference in performance between 2012–2013 and 2014
may be explained by the absence of the CLO/ELO division in
the subject rather than a direct effect of the change in peda-
gogy.

Students’ perceptions of their learning experiences.
McVicar et al. (15) have identified students’ perceptions of
their own learning experiences as being correlated to their
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Table 8. Student self-reported data regarding the frequency with which they used resources available to them to support
their learning

Always Most of the Time Some of the Time Never

Did you view the academic presentations (e.g., YouTube clips) (n � 405)? 23 40 31 6
Did you complete the worksheets (n � 404)? 21 33 38 9
Did you attend the interactive face-to-face tutorial (n � 403)? 26 18 37 18
Did you attend the online Collaborate* sessions (n � 402)? 12 8 24 56
How much of the prescribed reading did you do (n � 406)? 22 48 28 2

Data are a count of the no. of responses to each question expressed as a percentage of all of the responses to the question. *Product of Blackboard
(Washington, DC).
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success in human biosciences. Factors that influence the stu-
dent perception included the quality of the teaching in the
subject, the sense of being overwhelmed by the content, and
the extent that they feel supported by the teaching staff. In this
context it is important for teaching staff to identify the factors
in the subject design that students value in their learning
environment. Our institutional student feedback of subject
surveys has indicated generally high satisfaction by students
with the subject design. Notably, however, in 2014 student
appreciation for the subject design, teaching, and learning
support fell by 20% (data not shown).

In 2012 and 2013, we asked students to rank the learning
activities in the subject by importance. Five distinct learning
resources were identified: lectures, workshops, asynchronous
discussions, weekly quizzes, and private studies. In these years
of the survey, students consistently ranked the lectures and
workshops as their most important learning resource. However,
in 2014, students did not find online recorded academic pre-
sentations to be an adequate substitute for the live presented
lectures. Students’ dissatisfaction with the absence of lectures
in the subject was further reinforced by the expanded answer
survey items, with 70% of students asking for more face-to-
face time when asked to suggest ways that teaching staff can
offer more support and 57% of respondents asking for more
contact time with teachers when asked how the learning expe-
rience could be improved. A clear theme emerging from the
survey in 2014 was that students felt that the lack of face-to-
face interaction with teaching staff, and in particular a lack of
face-to-face lectures in the subject, negatively impacted their
learning experience. Notwithstanding students’ dissatisfaction
with the absence of lectures, students reported that the re-
sources provided by the teaching staff were significant contrib-
utors to their learning experience, suggesting that these stu-
dents found the resources to be accessible, helpful, and con-
structive to their learning experiences. This clearly identifies

that the lack of lectures, rather than the quality of the online
resources, was the source of the student anxiety.

As part of an effort to encourage student engagement and
provide increased contact time between teaching staff and
students, synchronous online tutorials were provided during
semester, using proprietary virtual classroom software (Collab-
orate; Blackboard, Washington, DC). Despite the vocal de-
mand for more “lectures” and “face-to-face” time, students did
not see the synchronous online class, where they could interact
with an academic, as a substitute for the in-class environment.
This may relate to access and availability issues, as the syn-
chronous (Collaborate) classes required good internet avail-
ability and capacity to attend a class during evening hours,
when family or work commitments may have interfered.

Our data also indicate a general lack of student engagement.
Evidence of the lack of student engagement in the subject in
2014 (blended mode) was seen when we asked students to
report on the number of hours that they dedicated to the subject
over the semester. Students reported spending an average of
90 h during the semester dedicated to study of the subject. This
compares unfavorably with the university student workload
policy (1), which lists expected time spent on this subject as
150 h. What is striking is that nearly 30% of the students
self-reported spending no more than 3 h/wk on the subject,
indicating that the only time they focused on the subject was
during the workshops and the online quiz. Thus, our data show
that although students can be induced to attend class, by
assigning a grade value to attendance they do not replace the
lost contact time with more time engaging in the material
online.

Online quizzes. Since 2012 we have been surveying stu-
dent attitudes toward compulsory pre-workshop quizzes.
These quizzes were instigated as an engagement tool. The
rationale was that students had to demonstrate some level of
preparedness to be able to actively and meaningfully engage
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in the team learning task in workshops. From the outset, we
were concerned that students would react negatively to a
compulsory task that did not itself attract a grade mark and
which failure to complete would result in forfeiture of

marks. We were also interested in students’ perceptions of
being required to complete the task before the workshop
activity. Since 2013 we have used a proprietary software
package (Mastering A & P, Pearson) provided by the text-

Table 9. Qualitative analysis of students’ perceptions of their learning

Theme
Total No. of Comments
Following That Theme Exemplar Comments

Feel supported 12 “I am a very independent worker and I found whenever I needed help or a question to be
answered the guidance was there and was very helpful.”

“Overall I loved this subject. I thoroughly enjoyed the blended learning model.”
More face-to-face 124 “Two hours a week is not enough time to learn all of this subject. The lectures online are

often hard to grasp the concept of, and if you do not understand them, that’s it. There is
not one person to support you.”

“I would rather learn from a human than a monitor.”
“Disgusting method of delivering learning. How are we first-years expected to learn this

subject well on our own? Someone who doesn’t go to university would be able to learn
the same thing. Why do we pay fees? Needs to be more traditional face-to-face learning
so that we can interact and learn off our teacher, not a YouTube video!”

More lectures 189 “I would have loved to have real-time lectures done face to face. This is how I learn since
I come directly from year 12.”

“I feel like the transition from having lectures made it more difficult to stay up to date with
the content. I feel that by having lectures I would be more engaged with the content.”

“Lectures!!!! It is disgraceful that this subject does not have lectures. YouTube clips are
not adequate replacements for lectures.”

“Would prefer lectures. Online learning is okay as a supplement, but it is not standard
learning.”

“Actual lectures and tutorials with facilitators to assist our learning and not merely leaving
it up to the student to teach themselves; this is not open university.”

More answers provided (worksheet
answers, lecture notes)

33 “Online learning and learning on our own are very hard. There is minimal contact with the
facilitator, and most people don’t and can’t learn like that. How are we supposed to
know if we’re right if we’re learning on our own? We don’t.”

Simpler or less content 11 “The contact hours are disproportionate to the amount of content.”
Other 73 “This subject is poorly set out, and it seems that the lecturers do the bare minimum but

blame us for poor marks. Students require more help. The only learning I do is with my
group in the workshop for 2 hours, where we continue to teach ourselves. I am not
happy with this course at all.”

No extra resources required 7 “I find the classes and online support very useful and feel that there don’t need to be
changes.”

Total respondents 437

Student responses to extended answer questions.

Table 10. Thematic analysis of students’ responses to the survey question, “Which 2 to 3 specific aspects of this subject
have contributed most to your learning?”

Theme
Percentage of 177 Responses

That Identify This Aspect Exemplar Comments

Pre-workshop quiz 27 “The weekly quizzes help me pinpoint my study for the week.”
“The weekly quizzes have helped reiterate my knowledge each week.”

Workshop 18 “The workshops have helped me understand weekly topics to a high standard.”
Online learning

resource
16 “I have found that the recorded lectures for this subject that are on LMS have helped me the most

during this semester.”
Group Work 16 “Being able to discuss things I don’t understand with my group, as they are always able to clear up

blanks in my own knowledge.”
“Group work: outstanding amount learned through discussion with my team members . . . even if just

to validate your own ideas.”
Facilitator 14 “Having both a group and the workshop facilitator to clear up any questions or uncertainties.”

“The enthusiasm displayed by the facilitators and their motivation.”
“My workshop facilitator has been a great help at explaining things and helping me work things out.”

Worksheet 12 “. . . having worksheets with specific questions related to the learning objectives.”
Other 32 “Well-structured learning objectives.”

“The virtual drop in classes . . . is fantastic and I really enjoy how he goes through the content quite
directly.”

“The way the LMS site is set out is helpful. You are given clear instructions on what is to be
completed before each class and what is expected of you for a particular body system. The
worksheet for each body system is invaluable.”

“Online LMS portal is excellent and very well organized.”
“The preparation behind the weekly modules and the relevant resources attached.”
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book publishers and linked closely to the textbook itself. In
all 3 yr of the survey, students reported a strong positive
attitude toward the weekly quizzes, with the Likert scale
value being ~78% of the maximum possible positive attitude
rating toward the test. Individual questions on the scale and
extended answer comments reveal that students found that
the weekly quizzes helped them stay up to date with their
studies and were a good revision tool for the weekly
learning objectives. They also reported that they did not find
the weekly quizzes excessively difficult or of little value.
Finally, students were required to achieve a benchmark
grade on the quiz (75%) to qualify for their workshop grade;
students reported that this benchmark was not difficult.

Expanded answers to the survey itself support the Likert
items, with students reporting that the quizzes encouraged
constant revision of the course material. Interestingly, students
also reported that allowing multiple attempts at the quiz was a
disincentive to actually revise material, as the answer, if it was
too difficult to reason, could be found by simple random
guessing until the correct answer was achieved.

Importantly, the positive attitude toward the weekly quizzes
acts as a control for the 2014 survey of the student learning
experience. Although the student attitude toward the online
learning experience, in the absence of didactic teaching, was
ambivalent (at best), these same students reported strong pos-
itive attitudes toward the quizzes, consistent with the previous
years’ results. Thus the negative perception of the learning
experience in the subject cannot be dismissed as a cohort
effect, with students being harsher judges than in previous
years.

Conclusion. Disruptive technologies are intruding into
every aspect of life and changing the way we do things. As
tertiary education students become more “digitally native,”
the thought is that they increasingly want their content
available when they want, how they want, and where they

want. That is, the content that we as educators provide is
like any other content available on the Web and should be
provided in that form. There is an inherent logical error in
this thinking; entertainment content is sought by the con-
sumer, and they will watch what they find interesting and
entertaining. The amount of time that they will spend with
the content from the Internet is proportional to their incen-
tive to engage with it. It is without doubt wrong to confuse
educational content with entertainment content. In physiol-
ogy, it has long been known that we have to cater to the
needs of students who can be described as “science averse”
and reluctant learners. Thus we are asking students to
consume content through online resources that they would
not voluntarily seek out. Furthermore, unlike entertainment
content, we expect our students to absorb the content and be
successful on tests, on assessments, and in problem solving
after watching this media, all things that they would not
normally do with their entertainment from the Internet.

Similarly, there is a risk of “throwing the baby out with the
bathwater” in the drive to eliminate didactic teaching from the
curriculum. Scheduled and structured lectures tell the students
that there is a time, place, and environment where they need to
be. In effect, the structured timetable provides a scaffold
around which students can plan their activities. Ultimately, we
are training future health care professionals; these are people
who will need to attend their workplace at a particular location
and specific time and interact with real people in the work
environment. Universities in Australia want their graduates to
be “work ready” but insist in providing an environment that
devolves the responsibility to be present.

Finally, the advantage of blended learning is that it provides
an avenue to increase the student engagement in their
learning. The success of the blended program is likely the
result of increased student engagement. However, as has
been reported previously, online learning provides no sim-
ilar benefit. Blended content should augment the learning
activities in the subject, not be a substitute for it, and our study
here demonstrates that it can have negative consequences in
terms of student success when done for its own sake.

A poor attitude toward online learning is not a reflection of
dissatisfaction with the subject. Students have generally per-
ceived the online quizzes as a positive learning experience.
Survey results regarding online learning quizzes are consistent
across all years of the survey.
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