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Abstract

This article presents the experiences and results of using a simple learning design for
transforming a traditional, large-scale, face-to-face science module in calculus into blended
learning where all face-to-face lectures were replaced by webcasts and online activities. The article
presents the impact on teaching and learning in terms of how the teacher and the students used
the materials and the impact on the students’ performance and satisfaction. The article concludes
that replacing face-to-face lectures with webcasts and online activities has the potential to
improve learning in terms of a better student performance, higher student satisfaction, and a
higher degree of flexibility for the students. In addition, the article discusses implications of using
learning design for educational development, how learning design may help breaking with the
perception that facilitating blended learning is a daunting process, and, ultimately, its potential for
addressing some of the grand challenges in science education and the political agenda of today.

Keywords: Blended learning, learning design, science education, learning pathways, video, Just-
in-Time Teaching, efficiency

Background

Today’s political agenda for higher education is rather universal: it is essential that a higher share
of future generations obtain a higher level of education in order to ensure prosperity and
economic growth in society. In Denmark the current political agenda on education is expressed
in a national strategy and a so-called ‘profile model’ (The Danish Government, 2012; The Danish
Ministry of Education, 2014a; 2014b). The strategy and model states that 95% of future cohorts
must complete an upper secondary education such as GCSE by 2015, 60% must complete a
further education such as academy and professional bachelor programmes, and 25% a higher
education such as Master’s programmes or other university degrees by 2020 (The Danish
Government, 2012, p.7). At the same time the political agenda is challenged by limited budgets,
the financial crisis, and the costs for providing education to these large shares of future
generations.

In addition, a recent issue of Science has drawn attention to what it refers to as the ‘Grand
Challenges in Science Education’ (Hines et al., 2013). The issue identifies 20 challenges and a
series of issues and topics that need to be addressed in order to ensure quality and effectiveness
of science teaching. The topics include systematic teacher training and pedagogical development
for educational technology, more flexible and student-centred learning, an improvement of
student motivation, and, not least, well-informed decision-making and consideration of the cost-
effectiveness of pedagogical reforms (ibid.).
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Neither the ‘profile model’ nor the recent issue of Science provide direct solutions to the
challenges but since the late 1980s various studies have shown that educational technology has
the potential to improve teaching and learning in higher education in terms of providing higher
flexibility in time, place, and pace for the students, increase students’ satisfaction and motivation,
and in some cases even to act as catalyst for deep learning and better examination results
(Blumenfeld etal., 1991; Conole, 2013; Conole & Dyke, 2004; Price & Kirkwood, 2011).
Unfortunately, the development and implementation of effective technology-enhanced learning
oftentimes requires large budgets, expertise from educational developers and media producers,
and particularly enthusiastic teachers. This increases the complexity as well as the amount of
effort required to effectively implement technology in specific modules and to adapt to various
educational contexts making ad hoc solutions unfeasible and the design process daunting (Earle,
2002; Conole, 2013; Garrison & Kanuka, 2004; Romiszowski, 2004; Weller, 2002). Consequently,
a more efficient solution has to be found where the use of technology is cost-effective, supported
by the institution through policies, funding, and pedagogical expertise, practical to the teachers,
and, ideally, improves students’ learning at the same time (Godsk, 2014).

A possible solution is to adapt a learning design approach and use its models and other kinds of
resources for guiding the development of blended and online learning. Learning design has
demonstrated its potential for minimising the complexity and required effort for teachers in
developing theoretically informed teaching practice (Britain, 2004; Conole et al., 2004; Conole &
Fill, 2005; Conole & Oliver, 2002; Cross & Conole, 2009); however, the design would also need
to be cost-effective and/or reusable in order to address the political agenda. This leads to an
interest in simple and efficient learning design (cf. Godsk, 2014). Learning design models and
tools take many shapes, can be more or less concrete, and may be aimed at specific subject areas,
educational levels and settings (Conole & Oliver, 2002).

This article describes how a simple learning design was used to transform the face-to-face
lectures into webcasts and online activities in a large-scale science module and present its impact
on teaching and learning. The results suggest that a simple design can be used to transform
traditional science teaching into active, more flexible and satisfactory online learning efficiently.
Thus, learning design may potentially be a part of the solution to some of the grand challenges in
science education while also addressing the political agenda.

Technology-Enhanced and Blended Learning at Aarhus University

Aarhus University (AU) is a traditional, campus-based university where most of the teaching is
organised as face-to-face lectures, face-to-face exercises, other kinds of in-class teaching activities,
and homework. However, AU, as well as many other universities, has an ambition to
continuously develop and improve learning by means of up-to-date educational technologies for
teaching and learning and pedagogical (and technical) assistance to the teachers and students
explicated in institutional policies and strategies (Aarhus Universitet, 2011). In the ‘policy of
educational IT” at AU the stated objective is that 60% of all teachers should receive an offer for
‘rethinking assistance’ by February 1st 2015 (ibid.), and recently the pro vice-chancellor
announced that the study environment should be improved by making good use of technology
(Correll, 2014). It is up to each of the four faculties and their educational units to allocate funding
and choose the most appropriate implementation strategy, and due to a minimal budget at the
Faculty of Science and Technology, there has been a special interest in focusing on blended and
online learning initiatives with a genuine need and clear incentives for technology-enhancement,
providing blended learning, and/or with a potential large impact in terms of number of students
and teachers affected by the initiative. As a consequence the educational unit gave priority to
transforming Calculus 2.
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Transforming Calculus 2

Calculus 2 is a compulsory undergraduate first-year module on all science programmes at the
university. The incentives for transforming the module were first and foremost the department
management’s desire to make the teaching more cost-effective by reducing the required teaching
staff for the module by developing reusable, web-based teaching materials, and, at the same time,
use the technology to modernise the teaching practice and improve learning. The main learning
goal of the module is to provide an ‘introduction to the theory of how to differentiate and
integrate functions of one or several variables ... linear algebra, and infinite series’ (Course
Catalogue, 2013). The module counts for 5 ECTS and is compulsory for students studying
Mathematics and Mathematics-Economics, and a compulsory auxiliary module for the other 11
undergraduate science programmes. This makes Calculus 2, together with its predecessor
Calculus 1, one of the largest modules in terms of enrolled students at the faculty. Normally, the
module is taught face-to-face over 7 weeks with 4 hours of lectures, 2 hours of exercises with
written assignments, and 3 hours in the Mathematical Lab. The examination is summative and
consists of a 4 hour written examination on a set topic and assessed by the Danish 7-point
grading scale. In order to be eligible to take the examination the student must pass 4 of the
written assignments during the module (ibid.).

In this case a total of 1,184 students deriving from all 13 science programmes at the faculty were
enrolled in the module except the engineering programmes, since they run their own calculus
modules. The average age of the responding students was 21.9 years (median 21 years) and 50%
were female. Most students live relatively close to campus and their average distance to the
university was 13.2 kilometres; however, the median was merely 5 kilometres and 75% lived less
than 10 kilometres away.

In order to actualise the aforementioned incentives, the teacher and management had previously
been working on some ideas about how the materials should be designed and the teaching carried
out. These ideas primarily entailed a transformation of the face-to-face lectures into online
learning in terms of screencasts presenting the curriculum and exercises in form of multiple
choice quizzes (MCQ)s) for testing students’ understanding. The ideas had been tried out during
an earlier run of a calculus module (in 2012) by transforming a single lecture into an online,
sequential learning path (also referred to as ‘learning pathway’) shifting between screencasts and
MCQs. Inspired by the positive experiences from this run and in order to operationalise and
theory-inform future technology-enhancements and transformations the educational unit
developed a learning design model, ‘STREAM’ (Godsk, 2013), based on the ideas of Active
Learning (Bonwell & Eison, 1991), Just-in-Time Teaching (Novak etal, 1999), and Peer
Instruction and Flipped Classroom (Mazur & Hilborn, 1997). The management and teacher
decided to use a similar design to transform the entire Calculus 2 module and, in dialogue with an
educational developer and the media lab, the relevant materials and activities were developed and
implemented.

Methodology

The transformation of the module was evaluated experimentally with a post test-only design (cf.
Creswell, 2014) and by means a web-based questionnaire, examination results, statistical data,
evaluation results, and interviews. The students were divided into four major groups (so-called
‘tracks’): Track 1 (or “I'1T’) was the test group where the lectures were transformed into online
learning and Track 2-4 (“I2-4°) constituted the control group receiving traditional face-to-face
lectures. 306 of the students (equivalent to 26%) followed T1. The division into tracks was made
by the study administration solely by taking two practical factors into consideration: the different
study programmes’ syllabus and in consideration for the existing exercise group structure. Besides
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this the division was completely random. T1 consisted of a total of 135 Mathematics students,
171 Physics students, 60 Molecular Medicine students, and 42 Chemistry students. T2-4 consisted
of students from most science programmes except Mathematics and Molecular Medicine, but did
include the Mathematics-Economics students. This means that both T1 and T2-4 consisted of
groups of students to whom the module was classified as a compulsory module and as a compulsory
anxiliary module; however, the percentage of students assumed to perform well in this module is
relatively higher in T1. In addition, some students decided to switch to T1 during the module.
These students were considered as a secondary test group and treated separately in this study
under the designation “I'ls’. Four respondents were not in a group and therefore not included in
the results. One respondent decided to switch from T1 to T2-4.

Studies and Data

In order to evaluate the impact on teaching and students’ learning various data was collected and
a series of qualitative and quantitative studies were carried out. This included:

e A web-based questionnaire addressing the students’ profile, usage of the materials,
satisfaction, and learning approach. The questionnaire was sent to all students
immediately after the examination (i.e. Jan. 18th 2014) and reminders were sent after 10
days to the students, who had not responded yet. The questionnaire was closed after 3
weeks (i.e. Feb. 8th) with a response rate of 26% fully completed (n = 307) and 1% partly
completed (n = 14). As announced to the students, the responses were treated
anonymously so that no data would be made available which could identify the identity of
individual or small groups of students. All study programmes that require students to take
the module were represented in the responses.

e The examination results for each individual student including all the respondents. The
exams were graded according to the Danish 7-step scale (which is compatible with the
ECTS-scale). The scale consists of two failing grades, -3 (F) and 00 (Fx), and five passing
grades, 02 (E), 4 (D), 7 (C), 10 (B), and 12 (A). Grades as of 7 are considered to be above
average.

e  Statistical and access data from the IT systems involved. This includes the play statistics
from the video server and access and usage statistics of the module homepage in the
learning management system (LMS).

e Aninterview with the module secretary about the organisation of the module.

e An interview with the teacher about the background for the transformation, how the
preparations and teaching were carried out, and his experiences with teaching with
technology.

e  Registration of the time spent on developing the online materials and data about costs.

e  Examination results from previous years.

Some of these studies and data contain certain threats to validity, biases, and additional
uncertainties that should be taken into account. These include:

e The representativeness of the web-based survey responses. Though the 26% response
rate of the survey is potentially equivalent to a sampling error of less than 5% with a
confidence level of 95%, some students may have been specially motivated to respond
due to strong opinions about the use of technology or a disappointing examination result.
Furthermore, active students obtaining good examination results may also be more active
in responding to surveys.

e The risk of the Hawthorne (or ‘observer’) effect. As the test group inevitably will be
aware that the online learning is a different setting than the face-to-face lectures there is a
risk of change in behaviour and/or effort. However, the change in student behaviour can
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be considered as a natural and non-persistent outcome of transforming learning and,
furthermore, studies suggest that actual impact of the effect is insignificant (Brown, 1992;
Jones, 1992).

e The representativeness of the control group. The control group (T2-4) has a slightly
different composition than the test group (T'1) and, in addition, some students left the
group for the secondary test group T1s. Both facts lower the representativity; however, to
partly compensate for this, additional figures, which deduct the results from the students
enrolled with Calculus 2 as compulsory module and the GPAs of the entire T1 and T2-4
groups (including T1s) of students, are provided in the results.

e  The differences in the actual teaching on the different tracks. Though the curriculum and
the overall module structure were the same, there were differences in teacher, materials
used in the lectures, and how the teacher would teach. However, the premise in this study
is that there zs a difference in the way the curriculum is being taught.

e An interest in obtaining a good result that may be reflected in the interview with the
teacher.

e  Various bad (or good) experiences with IT systems, network problems, etc. among the
test group, which may have influenced the over-all learning experience.

e A picture perfect perception of face-to-face lectures among the test group, which may
have caused a biased view on the online lectures.

e Minor differences in the size of the population (n) due to procedure differences in
obtaining data from different administrative systems.

Impact on Teaching

The actualised design was guided by the STREAM model and consisted of a complete
transformation of all face-to-face lectures into a series of streaming, dual-channel, webcasts, i.e. a
video channel of the presentation and another of the teacher, of typically 10-20 minutes
supplemented with one or more subsequent MCQ exercises for the student to test his/her
understanding of the webcast and open-ended questions for reflection and follow-up. The
webcasts were recorded directly to a streaming server using a LifeSize video conferencing system
combined with a LifeSize video centre. The materials were compiled and structured in a series of
online, sequential learning paths in the LMS (i.e. Dokeos 1.8.4) for asynchronous usage with a
section available for each week (see example in Figure 1) and supplemented with two optional
‘Lecture Mathematical Lab’ face-to-face sessions of two hours each week allowing the students to
drop-in, watch the webcasts together, and ask the teacher questions. In practice this lead to the
transformation of 7 weeks of 2 x 2-hour lectures into 14 learning paths of each 10-12 webcasts
and 4-16 MCQs.
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Figure 1. The learning design of the transformed lectures. The figure shows a learning path in the
LMS containing webcasts, MCQs, and reflection exercises with follow-up. The student can navigate
the path using the left menu.

The open-ended questions for reflection were formulated according to the principles of ‘warm-
up exercises” known from Just-in-Time Teaching (cf. Novak et al., 1999; Simkins & Maier, 2010)
asking about what the student found confusing or interesting. A tutor from the existing tutor
team was recruited as ‘e-instructor’ and each week she would browse through all the incoming
reflections and develop supplemental, follow-up learning materials to address the most pertinent
and critical subjects. These follow-up materials took different forms such as short webcasts with
additional worked examples or other kinds of relevant materials followed by a notification email
sent to the students each week.

The students did not receive any detailed introduction to the materials except a one-minute
introductory video in the first learning path, which provided a loose idea about the how the
webcasts could be used for studying and group discussions. The students were notified about the
webcasts in the first weekly assignments note; however, as the teacher revealed in the subsequent
interview there was an actual risk that not all students were aware of the existence of the learning
paths. Furthermore, the students were rather inexperienced with this kind of learning and 76% of
the students in the test group responded that they had no previous first-hand experience with or
knowledge of teaching making use of online learning paths with activities.

The teacher had been very cautious not to change any of the other teaching activities besides the
lectures: “... one of the virtues with what we did here was that we only tampered with one aspect.
So the module has not been changed at all except for using these videos on one quarter of the
students’ (teacher on the module, translated from Danish). I.e. the exercises with written
assignments, the Mathematical Lab sessions, and the examination remained unchanged and, to
his knowledge, no references were made to the online materials from any of these activities. A
few students decided to use the learning paths during the Mathematical Lab sessions; however, it
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was the teacher’s impression that the students disturbed each other. The supplemental and
optional Lecture Mathematical Lab sessions offered to the T1 students were little used.
According to the teacher the number of participants dropped ‘exponentially’ during the module
from approximately 95 students attending the first session to 5 students the last session.

The teacher responded in the interview that his preparations had been very different than usual.
Usually, he would prepare just prior to the lectures by reading textbooks and preparing clicker
questions. For the transformed lectures he prepared the teaching over a longer period of time
and estimated to have spent approximately %3 moretime for preparations on the whole. He spent
most of the time preparing the materials for the webcasts, preparing the presentations, and
making the actual recordings. Several lectures were recorded on a single day and prepared just
prior to the recording; however, the materials had been prepared longer time in advance and
partly based on PDF-slides already developed by a colleague. The teacher compared the effort to
preparing for teaching a new module: ‘if I am going to teach a new module, which I haven’t
taught before, I also have to read the book and/or the teaching material, which I have to base it
on. So, you can say, what I did with those files (i.e. the preparation of the presentation materials)
equals this’ (teacher on the module, translated from Danish).

In the interview, the teacher expressed excitement about the transformation and appreciation of
the collaboration with the educational developer and the media lab. However, he also felt
restricted by not having the technical skills to set up the learning paths himself. He was surprised
to discover that the students preferred to see the webcasts at home instead of attending the
Lecture Mathematical Lab sessions.

The variable costs for developing and implementing the materials and for e-instructor assistance
were approximately 6,000 EUR in total, which equals 5 EUR per student for the initial run of the
module. In addition, the fixed costs for running the media lab and the educational unit should be
taken into account. If the materials are reused for a later run of the module with only minor
changes the variable costs, including an e-instructor, can be estimated to approximately 1,000
EUR in total or 1 EUR per student.

Impact on Students’ Learning

The impact on students’ learning was assessed through an analysis of how the materials were
perceived and used by the students including the flexibility the materials provided, the students’
actual performance, and their satisfaction with the teaching.
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Use of Materials and Flexibility

Knowledge about the usage of the learning paths was identified based on statistics from the LMS
(cf. Table 1).

Table 1: The number and usage of the learning paths, webcasts, and exercises

Materials Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Total
Number of learning 2 2 2 2 2 2 2 14
paths
Number of webcasts | 12 11 10 12 12 10 12 79
(+ 1 intro
video)
Number of MCQs 16 10 9 10 10 7 4 66
Follow-up materials 2 webcasts Individual 2 documents 2 webcasts 1 PDF 2 tablet - 7 webcasts
with worked feedback with with worked document videos + 1 and tablet
examples mathematical examples with a webcast videos + 3
proofs collection of documents
theorems
Usage
Webcast plays 355 295 305 278 253 252 270 287
Number of student 54 30 27 24 18 18 n/a 171
reflections

Furthermore, the questionnaire revealed that the extent of the students’ usage of the learning
paths highly differs. On average, the T1 students completed 11.1 learning paths (of 14) and saw
each webcast once. The majority of the students (81%) participated in the MCQs and a smaller
part in the reflection exercises (39%) or saw the follow-up materials (45%).

MCQ exercises i N T - T : iz

Reflection exerises FEEE T ;6

Follow-up materials and videos I_ﬂ- 16 _3 183
0% 25% 50% 75% 100%

Wes, almays MYes, most of the time | Yes, from time to time
Bves, but seldom MNo  Don't know/not sure
Figure 2. The extent to which the T1 and T1s students used the MCQ exercises, reflection exercises,
and the follow-up materials. The statistics are based on 183 responses.

Furthermore, the survey revealed a diverse usage of the learning paths and showed that they
provided a high degree of flexibility to the students with regards to time, place and pace of
studying:

e 80% of the students most frequently used the learning paths at home, 13% used the
materials at the university prior to/after teaching.

e 81% of the students most frequently used the learning paths alone, 19% together with
peers.

e  39% of the students most frequently used the learning paths in the morning and
afternoon, 14% in the evening on weekdays, during the weekend and other days off, 12%
in the evening on weekdays. 29% stated that it varied.
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e  The learning paths were most often used no earlier than one week prior to the related on-
campus exercises (51%) - typically on a specific day - or in the subsequent week (24%).
Only 4% used the learning paths earlier than one week prior to the related on-campus
exercises.

e 48% of the students most frequently went through an entire learning path during one day.
21% went through minor parts from time to time. 16% went through more than one
learning path during one day. 15% went through learning paths over more than one day.

e  The webcasts had the second-most plays within one day just prior to the exam.
Student Performance

The student performance has been evaluated based on the examination results, the students’
learning approach, and their perceived utility of the materials and online activities.

The passing rates and grade point-averages (GPA) for each of the tracks are listed in Table 2. The
survey respondent results were calculated by obtaining the examination results of the respondents
from each track and, in addition, examination results from all students entrolled in the module are
listed as a reference. In comparison the GPA was 8.6 and pass rate 96% in 2012 and 8.9 and 96%
in 2011. However, as the profile of the cohort and examination questions differs from year to
year the grades fluctuate equally and, thus, cannot be used for comparison.

Table 2: The students’ examination results with a comparison of pass rates and GPA for the online
students (T1) and the face-to-face students (T2-4). The grades and percentages in brackets
are the grades and rates when the mathematical students are deducted. The pass rates are
calculated based on the students that are eligible to attend the examination (i.e. have
passed 4 of the written assignments during the module) and have indeed attended it.

Survey Track 1: Track 1s: Track 2-4:
respondents online students switching students face-to-face students
(n=299) (n=90) (n=122)
GPA 9.3 (9.0) 8.6 (8.3) 7.9(7.8)
Pass rate 99% (98%) 99% (99%) 95% (95%)
Absence, 2 were absent 1 was not eligible. 2 were absent, 1 was not
missing eligible, 1 unknown status.
eligibility or sign
up.
Entire cohort Track 1: Track 2-4 and T1s: face-to- | All
online students face and switching
(n = 306) students
(n=795)
GPA 9.1 (n =253) n/a 7.1(n=618) 7.7
Pass rate 97% (8 failed) n/a 94% (35 failed) 95%
Absence, 6 were absent, 17 were not n/a 26 were absent, 73 were not | no data
missing eligible, 16 did not sign up, eligible, 39 did not sign up, available
eligibility or sign | 14 results unavailable. 39 results unavailable.
up.

The table shows significantly better examination results in T1 and T1s than T2-4. In particular
the GPA shows a significant variation: the T1 students have the best score, the T1s the second
best, and T2-4 the lowest score. Though the relative percentage of students studying
Mathematics and Mathematics-Economics is higher in T'1, the tendency is the same when these
groups are deducted from the figures (shown in brackets). A similar pattern is present when
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looking at the examination results of all students enrolled in T1 and T2-4 (cf. Table 2 and
Figure 3). Also the amount of top grades is significantly higher among the T1 students (cf.
Figure 3).

45%

40%

35%

30%

25%
W Track 1

20% W Track 2-4

15%

10%

5%

0%

-3 00 02 4 7 10 12

Figure 3. The relative grade distribution of the online students (T1) and the face-to-face students
(T2-4) in percentages. Notice that the figures also include the mathematical students.

The survey also revealed that the students on T1 and T'1s had varying perceptions of the utility of
the learning paths suggesting different approaches to learning: strategic, surface, and deep
learning. All three learning approaches were present and of rather comparable significance with a
slight preference for using the learning paths for the strategic purpose ‘doing a better exam’ and
least preference for ‘understanding the topics in depth’.

I used the learning paths because I

expected they nould help me do s better NI c B

exam.,

I used the learning paths because I

expected they would nelp me earn the SN i DENEN 7 i

maost necessary curriculum,

I used the learning paths because I

the topics of the module in depth,

0% 25% 50% 75% 100%
W To a very large extent lTo a large extent | To a certain extent

M To a limited extent MTo a very limited extent  Don't know/not relevant

Figure 4. To what extent the students’ found the three statements to be consistent with their use of
the learning paths.
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The students perceived the webcasts and the MCQs as the most important online learning
material for understanding the curriculum.

The videos i 38 m — 20 “ 5 182

The MCQ exercises | o N 28 i - 14 182

The follow-up materials and videos :E- 15 _ 13 41 182
0% 25% 50% 75% 100%

1To a very large extent MTo a large extent | To a certain extent
B To a limited extent W To a very limited extent Mot at all
Don't know/not relevant
Figure 5. The students’ assessment of the extent to which the different materials helped them
understand the curriculum.

Only a minority of the students found the follow-up materials useful for understanding the
curriculum and merely 79 students participated in the reflection exercises (which equals
approximately 14% of all students who had accessed the learning paths). A few more had seen
the follow-up materials. However, the 24 students who participated in half of the reflection
exercises or more all passed their examination and obtained a GPA of 11.1.

Student Satisfaction, Preferences, and Perceived Utility

The survey shows a significantly higher satisfaction between the T1 and T1s students than the
T2-4 students (cf. Table 3). In addition, the vast majority of the students using the learning paths
preferred learning paths to face-to-face lectures (cf. Figure 6).

Table 3: The student satisfaction with the learning outcome of the module and preferences for face-
to-face lectures versus online learning paths. The figure in brackets shows the satisfaction
among non-mathematics/mathematics-economics students. 2% of the respondents (n = 5)
decided to stop or switch track during the module and thus deducted from the figures.

Track 1: Track 1s: Track 2-4:
online students switching students face-to-face students
(n =99, 31%) (n =90, 28%) (n =122, 39%)
Prefers or highly prefers learning 63% 67% n/a
paths
Prefers or highly prefers face-to- 28% 12% n/a
face lectures
Satisfied or highly satisfied with 83% (80%) 76% 52%
the learning outcome
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Highly prefers learning paths | 34% 33
Prefers learning paths | 29% 28
No preference | 8% 8
Prefers face-to-face lectures | 13% 1z
Highly prefers face-to-face lectures | 15% 14
Don't know [1o% 1

0% 25% S50% 75% 100%

Figure 6. Whether the online students (T1) prefer learning paths similar as in Calculus 2 or traditional
face-to-face lectures in an auditorium.

In addition, the students were asked to further elaborate their preferences. The majority of the
group of students who preferred learning paths highlighted the flexibility as particular satisfying,
including that they could decide the pace of the presentation of the curriculum, and that they
could repeat difficult passages and skip the easy parts. The students were highly satisfied with the
way the learning paths were designed, especially the short webcasts and exercises. This is, among
others, expressed in these responses:

The learning paths provide an excellent opportunity for me to administer the pace of the

lecture, which highly helps me to increase my understanding’ (student A, translated from
Danish)

‘.. the videos mafkes it much easier to keep up and understand the curriculum, as you can
spend the time you need to go back, repeat a section, to cover it all. In the lectures the lecturer
may have to hurry up if there is limited time left. Large cadean to ... for being very clear and
have a good pace in the videos’ (student B, translated from Danish)

The more sceptical students expressed, among others, the need for self-discipline:

Personally I highly appreciate the lectures as my self discipline is not very high, but during the
examination preparation the learning paths were very helpful.’ (student C, translated from
Danish)

A frequent comment was that the students saw the webcasts in their study groups where they
helped each other with questions and understanding. Thus, some students found it important to
form such groups prior to being introduced to this kind of teaching.

Furthermore, the students in T1 and T1s were asked to indicate their perceived utility of the
learning paths for different purposes on a likert scale (cf. Figure 7).
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Learning the curriculum _ 17 . 58 1B2
Repetition during the module 24 _ 5 182
Exam preparation 18 _ 4 182
Solving assignments 30 _ 6 182
Providing perspective _ 33 _ 12 182
Later in the programme “ 13 — 57 182
Later employment “ 9 _ 62 182
Reexam preparation M2. 75 182

0% 25% 50% 75% 100%

W To a very large extent lTo a large extent | To a certain extent

B To a limited extent M To a very limited extent  Don't know/not relevant

Figure 7. The students’ perception of the utility of the learning paths for different purposes

The students found the learning paths particularly useful for learning the curriculum, for
repetition during the module, for examination preparation, and for solving assignments; however,
a few of the students could also see the utility of the materials for providing perspective, for later
employment, and for later during their education though these options were hypothetical at this
point.

Learning Design for Educational Development

The results suggest that a simple transformation comprising webcasts and MCQs combined in
learning paths can be used to improve science teaching in terms of higher student performance,
higher student satisfaction, and more flexible learning in a feasible way. The pivotal questions are,
however, whether these positive and unequivocal results can be recreated when teaching is being
transformed in a comparable setting, and whether a learning design model such as STREAM can
be used for this matter. One cannot say for sure based on this transformation, but considering
the unambiguity and significance of the results and the rather common setting and simple
learning design, the design and results should be transferrable to other contexts. In addition, the
first results of a more recent (i.e. 2014) transformation of the Calculus 1 module by means of an
almost identical learning design indicates that a this new group of students share the same
preference for online learning with learning paths and makes use of the flexibility. The
preliminary results of the survey reveal that the majority of the students prefer learning paths to
face-to-face lectures, that they most frequently use the learning paths other places than at the
university, and that they mostly access the materials at other times than regular teaching hours or
at very different times.

Naturally, face-to-face lectures can take many forms and may for instance entail engaging and
active learning. In such cases, replacing the face-to-face lectures with webcasts and MCQs may be
considered a step backwards. On the other hand, this transformation was only guided by the
STREAM model and, as such, potentially disregarding important pedagogically points and thus
missing out on some of its potential. The experiences from this transformation suggests that it
can be very difficult to predict how a teacher will adopt a learning design model and as such how
the teaching will be transformed and carried out. So a big imponderable in this kind of
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educational development is the actual adoption of the learning design model. As stressed by
Conole and others learning design aims at making theory-informed pedagogical decisions, not
necessarily prescribing the teaching in every detail (Conole & Fill, 2005; Conole & Oliver, 2002).
Following this idea, the fact that the STREAM model did influence some aspects of the
transformation can be considered as appropriate use. However, half uptakes make it difficult to
identify the potential of learning design for educational development. As a consequence more
research on how learning design models and tools are deployed and actually adopted by teachers
and in teaching practice would be useful. Potentially, a properly deployed learning design model
could serve as a tool for recreating successful educational interventions.

Conclusions and Perspective

Though this study entails certain statistical uncertainties and other threats to validity, all the
results suggest the same thing unanimously: transforming a traditional science module of calculus
into blended learning with a simple learning design replacing the face-to-face lectures with
webcasts and online activities in terms of MCQs and reflection exercises has the potential to
improve teaching and learning in several ways. The online students obtained significantly better
examination results, better pass rates, and were significantly more satisfied with the learning
compared to the face-to-face students. In addition, 63% of online students preferred the online
learning with learning paths to traditional face-to-face lectures. Only 28% preferred the
traditional face-to-face lectures.

There was evidence of highly flexible learning in terms of a very diverse use and access to the
materials. The learning paths were used at different locations and 80% of the students most
frequently used them at home in spite of that the vast majority lived less than 10 kilometres away
from campus. 51% of the students most frequently used the learning paths within a week prior to
the related on-campus exercises; however, the way the paths were used was highly diverse ranging
from 21% who most frequently was going through minor parts from time to time to 16% who
studied more than one learning path per day. Also, the materials were used intensively just prior
to the examination suggesting a high degree of use for repetition. Only few students expressed
concerns with the online materials and were worried that they would not have the self-discipline
to use the learning paths; however, the majority of students found the materials useful for not
only for learning the curriculum but also for repetition during the module, examination
preparation, and solving assignments.

With regards to the desire of the management to make the teaching more cost-effective by
reducing the teaching staff and at the same time modernise the teaching practice and improve
learning, the transformation must be considered successful. The learning did improve and the
marginal costs for developing the online learning was less than 5 EUR per student and the
variable costs for repeating the online learning would be approximately 1 EUR per student.
Significantly lower than the face-to-face setup with its required teaching staff and lecture halls.
However, to get a complete picture of the costs the fixed costs for running the media lab and the
educational unit must be taken into account as well.

In addition, this study provides provisional evidence of some of the potential of blended learning
and pointers to how it can be actualised. Among others, the study revealed that blended learning
based on a simple learning design where traditional face-to-face science lectures are completely
replaced with online learning in terms of webcasts and activities has the potential to increase
flexibility for the students, improve examination results, and increase student satisfaction.
Compared to other studies such as Price and Kirkwood’s review of evidence-based practices of
technology-enhanced learning in higher education (2011) and the ‘Program in Course Redesign’
by the National Center for Academic Transformation (Twigg, 2009; 2013) this study may serve as
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an example of how technology for blended learning can be used to support flexibility, support
mobile and geographically remote learners, support feedback to students, support students’
revision and reinforcement, increase student satisfaction, and reduce costs (Price & Kirkwood,
2011, pp.3-4; Twigg, 2009, p.1148). This may, at the same time, be seen as a break with the
perception that ‘no two blended learning designs are identical’ (Garrison & Kanuka, 2004, p.97)
and that different contexts necessarily require a unique blended learning design (ibid.). The study
illustrates that developing and implementing blended learning does not always have to be a
complex and daunting affair with comprehensive teacher training and thorough pedagogical
strategies and/or radical change of teaching approach to yield good results. And though some
effort is required to do the actual transformation and to keep the module up-to-date, the case
provided in this article suggests that learning design has the potential to facilitate good practice
and even address some of the grand challenges in science education and the current political
agenda of providing higher education to large groups of students. Or to put this in other words:
learning design may help ‘breaking the iron triangle’; i.e. widen access, improve quality, and lower
costs at the same time (cf. Daniel etal., 2009). It may even clear the way for transforming
education into completely online and open learning.

Future Work

The fact that learning did improve in so many aspects in spite of the simple learning design and
the deficient adoption of the STREAM model suggests that educational technology has the
potential to transform and improve learning in similar large-scale science modules in a feasible
way and that learning design may be an important tool to actually make it feasible. As a
consequence future research within this field should concentrate on at least two aspects:
developing and optimising operational and efficient learning design tools for guiding the
transformation and using educational technology in science higher education, and scrutinising
how learning design and design models are actually adopted and develop methods for improving
the deployment and adoption. In addition, the future work includes transforming other parts of
the module, such as the examination, into online learning.
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