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Abstract

Blended education, or “flipping the classroom” iapidly becoming a mainstream form of teaching withi
universities. Within Engineering Education, it ispular as it allows more time in-class to focus lamds on
activities such as demonstrations and solving cermplroblems. This paper discusses the effort carduto re-
structure, according to the blended learning ppilesi, the “Propulsion and Power” course of the Apame
Engineering Bachelor degree programme at Delft ehsity of Technology (TU Delft). The redesigned smiwas
supported by a dedicated online & blended educatiuih within the university, and is characterizeg & very
peculiar structure due to the different approacbseh by the two involved lecturers. The first leetudecided to
“pull” the students, by proposing a number of addial videos available in the World Wide Web asupport and
complement to the material taught in class. Comhgrdhe second lecturer opted for a “push” appnoaelf-
recording theory videos to be watched by the sttedahhome and devoting the in-class hours to esegcand
applications of the theory. This format resultedhiclear improvement of the average exam gradegass rates.
The student feedback showed enthusiasm about theblended course, with only a very small minoritjll s
preferring the previous, more traditional approashhough there seems to be a slight preferencstadients
towards the “push” strategy, the “pull” approacts ledso been widely appreciated. However, the cbgdb re-
attract students to the contact hours in class avéyg partially achieved, since just a slight impgavent in the
number of attending students was observed. Thierpelearly shows that the efforts to implement anted

teaching strategy has great benefits for both siiscend staff alike.
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1. Introduction

At the Faculty of Aerospace Engineering at Delftivénsity of Technology (TU Delft) there is an adiculture of
implementing new teaching techniques. The faculfsvamong the first to use computerized homework and
interactive design systems, and to implement ptogetucation in its curriculum [1]. Thus, when TU lDe
announced its intention to introduce and activelgnpote online and blended learning for campus dihrca
aerospace engineering immediately joined the thréa The university formulated a clear missiontestaent with
regards to Open & Online educatidto educate the world and improve campus educabgrmeans of Open &
Online education. We aim at opening up our knowdeitigengineering, design and science to studemhtsval the
world and engage students via new innovative |e@yeixperiences”

To achieve this mission, the TU Delft Open & OnliBducation programme was created in 2013. Thisthiear
strategic programme aims at experimenting withrenkducation and focuses both on campus (in blelededing
format) and fully online education (MOOCs and adiesl courses in online format) [2]. To facilitatés the TU
Delft Extension School was founded, a support drgdion dedicated specifically to this programmieoffers
support on pedagogy, marketing, technology andnlessi Lecturers, staff and the Extension Schogh@tigeam
closely collaborate in their efforts to create palcourses. The aim is not only to create onlineation but to also
(re)use online materials in campus education, tiheisting more blended education on campus [2].

One of the initiatives of the TU Delft Extensionh®ol consists of funding and supporting the effaft¢eachers
willing to introduce new courses, or modify exigtianes, based on a blended education approadhisindntext, a
proposal to modify the “Propulsion and Power” ceuffered in the ® year of the Aerospace Engineering
Bachelor degree programme was funded.

This paper is focused on the preparation, execatimhoutcomes of this effort towards a new blendedion of the
course. The new course is characterized by a \enyliar structure, due to the different approaatsen by the two
lecturers involved in it. While the lecturer of tlagrcraft propulsion part has decided to “pull” teidents, by
proposing a number of carefully selected additioridkos available in the World Wide Web as a supjpod
complement to the material taught in class, thautec of the space propulsion part has opted fpuah” approach:
he recorded a number of videos on the theoretadlqf the course and asked the students to whtsh it home,

before coming to the lecture, while the in-clasarsavere spent on exercises and applications dhewy.



In the paper some quantitative results (coursenddtece, pass rates and average grades), as whk ésedback
received from the students at the end of the cowslebe presented and discussed. In this wayhoge to give a
valuable contribution to the academic debate on blewded education can be implemented and howitroprove

the educational practice in teaching engineerimicty especially to large groups of students fonyneolleagues
facing similar challenges in the world. The papdt &so show how different blended education &gids can be

implemented without needing an excessive amourgsefurces.

2. Benefits of Blended Education

Blended Learning has many different definitionsa\land Seaman [3] define blended education asm &br
instruction in which 30 — 80% of the course content is delivered oflliHewever, there is also criticism on the use
of the term blended education as if it is a nemdhiDriscoll already argues to “get beyond the Kype2002 [4]
and Oliver and Trigwell [5] also object against tise of the term ‘blended learning’ as from thespective of the
learner it is not a new form of learning but rathedifferent form of instruction and pedagogy. Magpropriate
definitions are listed by Graham [6] based on atermsive inventory of definitions: “combining insttional
modalities” or “combining instructional methods”dafinally “combining online and face-to-face insttion”. What
remains is that all the elements of the course teé@& connected to each other to create a reahtBilbetween the
face-to-face instruction and the online part. Far purpose of this paper the last definition: “caririg online and
face-to-face instructions”, as summarized by Graf&{is used.

Designing and teaching in a blended education fomeguires a large amount of organization skilihfrtecturers
involved. But why would one pursue blended learfirigvidence shows that blended learning tends tterbet
promote active learning by the students resultingigher participation in exams, better pass ratesless drop-our
rates [7] and [8]. Blended learning is also attrélalito lead to deeper understanding, however clesearch of this
claim indicates that this deeper understandingitscaused by the blended learning itself but rablyethe required
rethinking and redesigning the way we as lectuteash [9].This is illustrated by the notion thatvall-designed
combination of face-to-face learning and e-learmiggylts in a course set-up that is active, divargkflexible. The
rhythm of online activities combined with face-@c€ learning makes students study in a more regalag during
the whole course. A well-designed blended courserefstudents a more diverse range of contentsaatidties

compared with a traditional course. It is much mtben just watching a recorded lecture. The E-learpart offers



flexibility in time and space; students can chofsiehin limitations) when and where to study [18Jccording to
the meta-analysis of the US Department of Educatiended learning is on average considerably reffextive
than only face-to-face learning education or onijiree learning [11]. The full positive effect ofdsided learning
can be achieved, however, only when the coursesanefully (re)designed and taught [12]. There @mna@ny
different forms of blended education. Most peopityahink of online videos with in-class exercisesproposed by
Bergman and Sams [13], but other possibilitiestegisch as the use of e-tools to allow studentgaxk within the
learning preferences to improve their skills [1@]llet [15] agrees with that and sees in blendedi @nline learning
the opportunity for students to have a more pelg@dhlearning.

One form of blended learning, which will be the decof this paper, is flipping the traditional lecuwith the
homework assignments. This results basically irefaeface sessions with activities and homeworketasn
watching video-lectures. Many different lectureveiotime have experimented with blended learninthis way. A
large EU project, BLEND-XL, run from 2005 to 200B5], showed different engineering degrees tryingldended
learning with their students, indicating in the sedpuent evaluations that they enjoyed it tremerg@usl that they
felt in contributed to their learning. This is swpjed by other studies such as Lou et al. [17]vel$ as Forcada et
al. [18] which both show that blended methods havgositive effect on student creative learning andtheir
learning attitudes. Students state according tosJd3j that having videos of the lectures is coneety students
can study when they need and at the pace theyHitever, the most important part is freeing ugstaom time
for a lecturer to work with students when they Igeaked this support. According to Sams: “The tinteen students

really need me to be physically present is wheg t& stuck and need my individual help” [13].

3. Educational Environment: The Aerospace Engingeng Bachelor at Delft University of Technology

The Faculty of Aerospace Engineering of TU Delft laareputation for excellence in education. Withrenthan
1500 BSc and 1000 MSc students in 2015, it is dnthe largest educational institutes in the Westeorld
dedicated to aerospace engineering. Its teachimgége is English.

The mission of the Faculty of Aerospace Engineeah§U Delft is“to be the best aerospace engineering faculty in
the world that inspires students, staff and socieith modern education and ambitious research ef tiighest
quality for the future of aerospacd19]. Such an ambitious mission requires an intisgamodern and efficient
study program, which needs to take in due considerdahe many multidisciplinary challenges geneadaby the

complexity of the systems produced by this engingebranch. The current curriculum is aimed at eting “T-
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shaped” graduates [19]. The broad bar of the Thapprovided in the BSc, by offering a broad acaide
background in basic engineering sciences as welh @®nsolidated knowledge of aerospace engineey
technology and the development of academic intelfdcand engineering skills and attitudes to arelyapply,
synthesize and design. The stem of the T-shaperagided in the MSc, which teaches in-depth aerospac
engineering and science and focuses on detailedlkdge of and experience in one or more sub-dis@p! Its
final qualifications are in line with criteria ohé three technical universities in the NetherlafatsAcademic
Bachelor's and Master's Curricula [20]. To achiahese final qualifications, the Bachelor Programplays a
variety of teaching and learning methods rangimgnfractive lectures and studio-classroom to almmudtpendent
self-steering project groups.

The current Bachelor is a 3-year, 6-semester aBdETSTS (European Credit Transfer System) programgtsired
to resemble a real design engineering cycle. Inrbspect, five of the six semesters are dedidatsgecific steps
of the design cycle: (1) exploration, (2) conceptiesign, (3) detailed design, (4) test & simulati¢6) verification
& validation. The fifth semester is devoted to aamiprogram, where students are encouraged toifdokanother
(engineering) field or discipline [19].

The BSc program follows the CDIt approach and focuses on aircraft and spacecrgitegring and technology,
as well as roles and activities of aerospace eegsf@1]. It is characterized by a significant niembf courses that
focus on specific aspects of aerospace enginearidgechnology already from the start of the fyesdr of study. In
addition, each semester includes one design prajedhcreasing complexity from knowledge to apptios,
synthesis and evaluation ([22], [23]). Besidesubgical thematic structure, the BSc program alas & horizontal
structure, running through the entire program aohmrising three elements: Aerospace Design (oneuteqoker
semester which contains one thematic design prajegta complementary engineering design coursepspace
Engineering and Technology (primarily theoreticalises in the aerospace domain each addressingetime and

correlating to each other), and Basic Engineeriogises on mechanics, physics and mathematics) [24]

4. The “Propulsion and Power” Course

The course “Propulsion and Power” is offered in 8fe quarter of the ¥ year BSc program of Aerospace
Engineering (semester 4). The course accounts 8€#S and is given by two different lecturers ebyusharing
the educational effort: the first lecturer introdadhe principles, fundamental equations and ergimg practice of
air-breathing propulsion, while the second lectufiscusses electric power systems and space (jomtagtulsion.
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Given the importance and relevance of the topioyel as the fact that this is the only courseha twhole BSc
program specifically devoted to propulsion, the reeuis among the most popular ones for studentsuandlly
attracts a large interest.

In the academic year 2014/2015, a total of 359esitslhave taken part in one or more of the asseddtams of
the course. The number of students taking at least of the bonus assignments spread over the wimlese
duration (see sections 4.2 and 4.4) was 341, owthiath 234 students took all of the bonus assignmerhe

average attendance to the lectures in class castlmeated in the order of 100-150 students.

4.1. Learning Objectives

The course is based on the following learning dbjes. At the end of the course a student is able t
1. Understand the basic principles of thrust and pgweducing mechanisms for aerospace vehicles.
2. Perform basic sizing of thrust and electric powemeyation systems suitable for aerospace vehicles.

3. Describe the various components of a gas turbirggnen their working principle and be able to explai

factors that determine their performance.

4. List/describe/explain: the main thrust and eleetripower generation options available; the (main)
components that make up the propulsion and elattdower generation system and their function; the

current limits to thrust/power generation.
5. Apply control volume analysis and integral momentmuoation to estimate the thrust produced.

6. Apply physics to predict the electric power genedaby solar photo-voltaics, batteries, and elealtric

generators.
7. Develop system models from schematic system degnrip
8. Size the electrical power system for a given missio
9. Select the appropriate propulsion/power system foasic types depending on system requirements.

10.Assess the effect of changes in design/operatingnpeters on system performance.



4.2. Course Structure (Pre-Existing)

The previous course format was based on a tothddl dfraditional” lectures in class (2 hours pertlge): 2x7 hours
on air-breathing propulsion (first lecturer), 2x@uns on electric power systems and rocket propul¢second
lecturer). A traditional, (in-class) written exanasvtaken by the students at the end of the cowidepne single re-
sit offered at the end of the educational periothediately following. The overall maximum grade fbe complete
course is 10, with 6 being considered a passindegiia the Netherlands. Four bonus assignments ofégeed to
the students during the course, two for each geaiting a maximum of 2 bonus points. These bomirstp could
be added by the students to their exam grade, liytifothe exam grade was sufficient (i.e., it wad possible to
change an exam fail into a pass just using the $gmints). Some of these bonus assignments were dsn
homework and some in class as tutorials. In pdaicthe last 2-hour lecture of the second partvgrosystems and
rocket propulsion) was devoted to a tutorial, whadttounted for 85% of the bonus points allocatethit part of
the course. Participation or a sufficient gradeghi@ bonus assignments, however, was not mandaiopads the
course. Lecture slides were the main study matésiathe course, supported by readers developethdgourse

staff and by some recommended (but not mandatogid

4.3. Reasons for Change

In its pre-existing version, the course was alreaelyy popular and well received by students, caestl/ being
among the five best scored courses of the whole @8gram in the quality control system based ordestt
feedback. Average grades and pass rates wereaisalered good. However, there were several redsonghich
this situation was not yet considered to be optinyahe instructors.

In particular, the idea of moving towards a blendersion of the course was triggered by two maitivations.
Firstly, for this course, a clear and non-negligiBmigration” of students was observed from attagdihe
traditional lectures in class to watching the reearversion in their own time at a moment of tlshinosing. All the
lectures of the course were recorded in the Acacléfaar 2012-2013 by means of the internal recordiysiem of
TU Delft “Collegerama” (collegerama.tudelft.nl) amdade available to the students. In their feedbatikdents
repeatedly stated that they appreciated the quaiitiye recorded lectures, and a large majoritthefn expressed a
clear preference to watch them at home insteadtefiding the same lectures in class. As a reqwtnumber of
students dropped, from a previous average of appeigly 150 students per lecture to less than allBough this

lower attendance did not influence the course paes(see results for 2013 and 2014 in Table 2).
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Secondly, discussions with the students duringaftet the course showed that a majority of thendéento start
studying very late for the exam and usually did statdy much during the course itself, while it islknown from

literature [25] that a regular study behavior dgamproves study success and course results. Doese was
typically perceived as difficult, the exam as haltthough the pass rates in the order of 75-80%heregular exam
and 70% for the re-sit, as well as the averageegrémthe order of 5.5 out of 10, were considecebet fine by the

faculty’s quality control office.

The lecturers strongly felt that the student engeage with the material should be more continuous @msistent
during the course and at the same time respedtmgttidents desire to have more freedom on whengage with
the theory of the course. Hence a proposal was ratle TU Delft Extension School for funding angpport to
change the course format into a blended one, mbasgd on the “flipped classroom” concept and cemphted
by a completely electronic exam and homework tdifate grading and early feedback.

The proposal aimed at improving the student engagémuring the contact hours, increasing the dffectss of
the lectures and their alignment with the learmjectives. In making this change, the main idedifchallenge
was to maintain and eventually improve the alreadygellent evaluation of the course, avoiding lovadiy

approaches that would probably have a negativeteffdis effort resulted in a new course structaescribed in

detail in the following section.

4.4. New Course Structure (Blended Approach)

To assist in the design of online and blended @suthe TU Delft Extension School has developedoits
pedagogical model: the TU Delft Online Learning MbL0]. This model encourages an online learnixgeeence
that is diverse, inclusive, supportive, interactigetive, authentic, innovative and flexible at #amne time. All its
courses (online or blended) are designed withrtiagel in mind allowing the lecturer to design arseuthat meets
the identified needs of the learners.

With that in mind, the blended version of the ceuddfered in the Academic year 2014-2015 was desigmith
three key elements of the model in mind: (1) introel more exercises and practical examples (inteegct2) make
a more extensive use of active learning elemertiv€; (3) to not increase the course complexitg dmit as

much as possible the instructors effort in prefpaind executing the course by using videos. (flexib



In the resulting structure, the general timetalole the number of contact hours in class remainetiamged (2x14
hours), and the bonus points mechanism remainadtinthe following changes were implemented witpeet to

the previously existing structure:

-) The number of bonus assignments was increassix,toffered almost on a weekly basis to the stislduring

the course. In this way students were challengdoketactive right from the start of the course. Fagsignments
were given as homework, while the sixth one wascai tutorial during the last 2-hour lecture inssdaThe first
four assignments students had to complete usingitaldassessment tool (Maple TA) allowing for egsgding and
feedback.

-) The final exam was offered (both the regular and the re-sit) completely electronic, also irstbase using
Maple TA as the digital assessment tool. TU DeHlonpotes digital assessment and has sufficientitiasilto

simultaneously examine large groups of studentseXdm questions were accessed electronically eysthdents,
with 75% of the problems answered and graded djrégt the electronic system and the other 25% ansgven

paper and graded by the instructors.

-) The in-class lectures were supported by onliorgtents according to the flipped classroom conespdescribed
by Jackie Gerstein [26] and the Flipped ClassrodeidFGuide [12]. The two lecturers involved in tbeurse each
decided to adopt a completely different approackhis respect, indicated for simplicity as “pullt t{push” and

described in detail in the following.

PULL approach (aircraft part)

In this case, the instructor decided to activate $hudents by proposing available online video ndtdo
complement the parts taught in class or to refessfumed knowledge. A total of 44 videos were pregds the
students, distributed evenly over the aircraft pathe course, on topics such as fundamentalkesfrtodynamics,
combustion and fuels, turbo-machinery, principlefebengines. The video content offered had atihuraof about
one hour per week. In some cases, several videaos diifferent sources on the same topic were prapdsech
week, to further increase the interest of studentfn video of the week” was suggested to thelestis as well, on
topics such as jet powered bikes, motorcycles, taeigng vehicles. The general idea of this appragab to expose
students to different lecturing styles and difféneays of teaching the same topics, allowing sttglére freedom to
choose material that best fitted their personainieg style. It was not the increase student waélby offering

more material in comparison with the pre-existiggsion of the course. Although most of the topreated by the



videos were also taught during the regular lecturetass, this approach made it possible to crepp®rtunities for
more in-depth explanations, answering questions;lass exercises and experiments, including a feactigal
demonstrations. This made the lectures more irtigeaand time-effective.

This structure and its goals were explained tcstbdents during the first lecture, but also by nseafrthe following

announcement made available in the Virtual Learingironment (VLE).

As | told during this week's lecture every weekwilemake some supporting video material availaflais will

consist of a series of videos explaining furthemeoof the topics addressed during this week's destor

refreshing basis concepts of thermodynamics. Wenveike available approximately 1 hour of videosrgweeek.
Almost all of the videos are part of lecture selésourses addressing similar topics elsewheréworld. The
combination is chosen such that they meet thesef-our specific course. Of course it is recomneghtd make
use of other videos in those lecture series whey #ine of interest to you. In this way we wanthove you the vast
resources available on the internet in the areprpulsion and power that can be used for furthedg now and

in the future.

PUSH approach (space part)

For this part of the course, the instructor decittedompletely move the theoretical topics to omlaontent, using
the contact time in class almost exclusively foereises and practical applications. The first Ieztof the space
part was used for an introduction, a descriptiorihef course structure and a set of “entry exertisgsnded to

refresh the background knowledge students werecegeto have. Subsequently, prior to the followifinge

lectures, several online videos were provided éodfudents, addressing the theoretical aspecténthia¢ previous
format of the course were taught in class. A sunyroéthe schedule of this part of the course, iditig the topics
of all supporting videos, is provided in Table lthdugh complete freedom was left to the studemt$row and
when to watch the videos, they were ideally exmktbedo so before the corresponding lecture inschaere a set
of exercises and practical applications of the thewere proposed and discussed by the teachernfexample,
after exposing the students to the basics of rogleetd the ideal rocket theory in the videos attacto Lectures 11
and 12, these principles were then applied in dasthe study and characterization of two very famoocket
engines: the Space Shuttle Main Engine and the &dgke F1 engine used for the Apollo missions toNoon.

The lecturer recorded a total of 26 videos witly@dal duration of 10-15 minutes per video. An aggr effort of
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approximately 1-1.5 hours per video was requiredht lecturer to prepare, record and post-prodess t(not
including the time previously required to prepdre kecture slides).
Also in this case, the structure and objectivethefspace part of the course were explained tettldents by means

of the following VLE announcement.

During my lecture today, | have explained that seeond part of the course (electrical power systemscket
propulsion) is based on a different structure wikpect to the past.

The theory is now left to your self-study at hoitmg Ipoking at the slides or watching the videost thhave
prepared: both are already available for the whotrurse). It's important that before the lectureciass you get at
least an idea of the theory associated to it, beeathis will make the session in class more usefylou and your
overall learning experience more complete.
In class we will just recall very shortly the thgaand then work at exercises (mainly taken fromeddms, but
also a couple of design cases of real rockets @adecraft). In most of the cases you will be gia@dew minutes tg
work yourself at each exercise, and then we wiltdss together the solution. Thus, don't forgétritog with you a

calculator and enough writing paper!
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Table 1: Schedule of the lectures and online videdsr the second part of the course (power systemsi@ space

propulsion).
Lecture. 9 No Videos
Introduction
09-1. Introduction and Fundamentals (1)
09-2. Introduction and Fundamentals (2)
Lecture 9 09-3. Dynamic Generators: Fundamentals and WorRiiriciple
Electric Power 09-4. Dynamic Generators: Basic Equations
Systems 09-5. Drive Systems, Static Generators
09-6. Photovoltaic Generators: Working Principlel &haracteristic Curve
09-7. Photovoltaic Generators: Performance anah&izi
10-1. Batteries: Working Principle and Fundamentals
Lecture 10 10-2. Batteries: Discharge Rate and Sizing
Electric Power 10-3. Fuel Cells, Capacitors
Systems 10-4. Power Management
10-5. Power Conversion and Distribution
11-1. Introduction (1)
11-2. Introduction (2)
Lecture 11

11-3. Rocket Propulsion Fundamentals: the Rockeaton
11-4. Rocket Propulsion Fundamentals: the Thrusiakgn
11-5. Rocket Propulsion Fundamentals: Specific lisgpand Efficiency
12-1. Ideal Rocket Theory: Assumptions and Buildiigcks
Lecture 12 12-2. Ideal Rocket Theory: Nozzle Flow and Jet ¢i¢jo
Rocket Propulsion | 12-3. Ideal Rocket Theory: Mass Flow Rate and EgjmmRatio
12-4. Ideal Rocket Theory: Characteristic Veloeihd Thrust Coefficient
13-1. Classification of Rocket Engines
13-2. Cold Gas Rockets
13-3. Liquid Mono-Propellant Rockets
13-4. Liquid Bi-Propellant Rockets
13-5. Solid Propellant Rockets

No Videos

Rocket Propulsion

Lecture 13
Rocket Propulsion

Lecture 14
In-Class Tutorial

If we measure both approaches in terms of the GoRldes of Flipping from th€&lipped Classroom Field Guide

[12], we see that the PULL approach has fewer activitiedass but otherwise adheres to the rules. TUSHP

approach is a “full flip’, making all of lecturesto homework and doing mostly activities in thessl@om. For

reference purposes the Golden Rules of Flippingtated in [12], are given:

1. “The in-class activities involve a significant amboh quizzing, problem solving and other activeriéag
activities, forcing students to retrieve, apply,déor extend the material learned outside of claBkese
activities should explicitly use, but not merelpeat, the material in the out-of- class work.

2. Students are provided with real-time feedback.
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3. Completion of work outside class and patrticipatiorthe in-class activities are worth a small bugrsficant
amount of student grades. There are clear expexttatfor students to complete out-of-class work attend
in-person meetings.

4. The in-class learning environments are highly stuoed and well-planned.”

[source: Flipped Classroom Field Guide [12] ]

5. Results

Two quantitative tools have been used to evallsteffectiveness of the new course structure: #ss pate and the
average exam grade. These numbers are shown ia Zdbk three course editions, the 2013 and 205B% gwith
the previous non-blended structure) and the 205 (aith the new blended structure), for both thgutar exam
and the re-sit.

The results show a clear improvement of the avegrgde (for both parts of the course) and the passin the
regular exam session 2015. This trend seems talyepartially confirmed by the re-sit session 20b&t this is
probably due to the higher number of students pgdsie first exam and, thus, the lower number wdeits taking
the re-sit. This is confirmed by the clear improwesrvisible in the global pass rate during eacldecdc year,
calculated considering the total number of studattending the regular exam and the re-sit ofybat.

The lecturers involved in the exam felt that theeleof difficulty of the exam in 2015 was compamtib the
previous editions (or even slightly more difficuli)his feeling appears to be supported by thessizal analysis of
the test. The reliability using Cronbach’s alpha éme difficulty (p-value) were calculated for easkam. Due to
the software used to assess the multiple choicstigms in 2013 and 2014 it is impossible to incltige scores for
the open questions in the calculation of the rditgland the difficulty but it is expected thatehdifficulty score
would have been lower as the open question wengsémton assessing higher Bloom’s taxonomy levélk [Ris
impossible to predict what would have been the evaifi Cronbach’s alpha. The results in Table 2 stiwat all
exams have a Cronbach’s alpha greater than 0fhdéo2015 exam indicating a high reliability of tyeam and the
difficulty of the exams as indicated by the p-vabfeeach exam is either higher than previous exardoes not
differ by a large amount taking into account the previousroents on the limitation of the data of 2013 and401

and are in any case close to the ideal value ohakfficulty of 0.5 [25]. The improvement can thé&ree be directly
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related to the new structure of the course, whednss to help the students to better achieve theihgaobjectives
and prepare for the exam.

According to these results, one of the initial akijes (increase the pass rates and the studems3@eems to have
been fully achieved. Another objective (increase #tudent attendance in class) was apparently jpatially
achieved: the estimated average number of studdtéading the lectures is about 100-150, which islight
improvement with respect to the recent decreasiegdt but is still less than 50% of the “active” daats
participating in the assessment. Finally, and rniropbrtantly, the objective to make students actight away from

the beginning of the course was also reached. @hejpation in the weekly bonus tests was high.

Table 2: Average grades and pass rates in the la$iree editions of the course. Grades range from110, pass

grade is 6 out of 10. All results marked with * petain to the MC part of the exam only.

Average | Average | Reliability Difficulty # of
Year Session grade grade of exam of exam students | Pass Rate| Pass rate
aircraft space | (Cronbach’ | (p-value) taking (session) (year)
part part s alpha) exam
Regular 5.36 5.88 0.56* 0.59* 405 75.6% o
2013 Re-Sit 5.32 5.87 0.56* 0.58* 200 70% 73.7%
Regular 5.85 5.84 0.62* 0.71* 282 80.5% o
2014 Re-Sit 4.9 5.78 0.56* 0.60* 120 70% 77.4%
Regular 6.42 6.44 0.75 0.49 314 85% o
2015 Re-Sit 5.64 5.81 0.70 0.51 85 71.8% Ty

6. Student Feedback

Another valuable tool to evaluate the new couragctiire is student feedback. Two different typefeefiback were
received, both obtained at the end of the course tfe regular exam: the official course evaluatarried out by
the faculty as a part of the education quality oanprocedure, and a more specific feedback reqdedirectly by
the instructors to the students. Both feedbacksta@re totally anonymous and the identity of resiiom students
was not traceable.

The official course evaluation is performed by neah a standard evaluation form for all the coursethe BSc
program. Students are asked to provide their etialueon several aspects related to the course rakter
organization, coherence, difficulty and assessmesig a 5-point Likert scale from 1 (bad) to 5ddh In addition,

they provide a final global evaluation of the caues a whole, in this case using a Likert scalgingnfrom 1
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(poor) to 10 (excellent). Unfortunately, the unsigy's chosen evaluation software does not alloviousvaluate if
statistically significant differences in the evaloa scores between the two years exists.

The complete results of this evaluation are preskimt Table 3, where the results obtained in 20Ew(blended
structure) are compared to the 2014 ones (previmusse format). A total of 55 students participatedthe
evaluation of the 2015 course, while 31 studentsqgipated to the 2014 evaluation. This low resgorate is due to
the fact that all course evaluations are carrigdooline by a central office and not through thetdeers involved,
leading to low motivation and participation fronudénts.

The results in the table show that, although thesmwas already evaluated as very good in 204 4pipreciation
improved further in 2015. Noticeably, a slight ieerent can be observed in the score given by tliests to all
sub-criteria. It is particularly interesting to edhat the largest increment was obtained in theriom “difficulty of
assessment corresponds to difficulty of the courséis shows that one of the initial concerns wHieth to the
decision of changing the course structure (thesmwas perceived by the students as difficult) seenmave been
removed, even if the level of difficulty of the ZDExam is judged by the lecturers comparable, if glightly

higher, than the previous ones.
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Table 3:

Results of the students course evaluation 2015, compared to the 2014 edition.

Evaluation Evaluation
2014 2015
(n=31) (n=55)
Use of VLE 4.26 4.42
Course material (e.g. reader, book, slides) 4.16 4.27
. Sample questions 4.29 4.45
Material Content (e.g. topics) 4.23 4.44
Sufﬂmen; examples related to Aerospace 461 4.75
Engineering
Lectures 4.03 4.19
Lecturers 4.29 4.34
Organization | Teaching methods used 4.1 4.16
Structure of the course 4.16 4.39
Relevance of the course for my education 4.48 4.69
Coherence of course within the semester 3.97 4.18
Coherence of topics/themes within the course 4.13 4.33
Coherence Building on knowledge of prior courses 4.16 4.31
AFte_nnon paid to relationship with other courses 387 4.07
within the semester
Study load 3.94 4.24
Difficulty of the course (topics, etc.) 3.97 4.15
Difficulty Boundary conditions (lecturers, teaching
methods, organization, materials, link to prior 4.13 4.24
knowledge etc.)
Grading 3.96 4.02
Course material is represented in assessment 4.13 4.27
Assessment Difficulty of assessment corresponds to difficulty 3.45 4.18
of the course ' '
Study goals of this course are covered 4.13 4.29
Global evaluation of course (scale 1-10) 8.07 8.35
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The second feedback was based on a set of quessérd to the students in order to evaluate trectéfeness of
the new blended course structure and to comparevitheifferent approaches taken by the lecturertheftwo parts
of the course (“pull” vs. “push”). A total of 82w&tents took part in the feedback. The questionedasind the
answers received from the students are summarizéichlble 4. The table clearly shows that studentseigaly

appreciated the course structure: only 9% of th@rndt consider any of the two strategies effectiveneet the
learning objectives, while about 40% consideredhlibe strategies effective. About 35% of the sttslé@mdicated
that they watched all or most of the videos, anlgt 88% of them did not watch any of the videos. @llealthough

both strategies are definitely appreciated, theesrs to be a clear preference for the “push” gyatspace part of
the course). Another interesting information preddby the table is that, although the number oflesits who

watched the videos is comparable for the two ggrese for the videos recorded by the teacher (spacg the




students tended to watch all of them once stawéile only a few students watched all the videogpsuting the

aircraft part.

Table 4: Summary of the answers received from thedents to the feedback questionnaire proposed byé

lecturers (n=82).

In your opinion, which one of the two blended ediocestrategies (aircraft part or space part) is o
effective to understand the course topics and peefi the exam?

Aircraft part 9.1%

Space part 41.6%
Both of them 40.3%
None of them 9.1%

Did you watch the videos provided to support therse?

Aircraft part Space part

Yes, all of them 9.9% 18.3%

Yes, most of them 23.5% 18.3%

Only some of them 42% 41.5%
None of them 24.7% 22%

Do you think that the supporting videos helped tyobietter prepare for the exam?
Aircraft part Space part

Yes, definitely 22.1% 38.5%
Yes, partially 46.8% 41%
No 31.2% 20.5%

It is also interesting to look at some of the comtagrovided by the students together with thesdfack. Among
the positive ones:

-) I really enjoyed the in class demonstrations!d/Moesn’t like watching things explode and burn?

-) The dedication of the lecturer of the space p@ktery motivating for the course, good job!

-) The videos supporting the aircraft part are fralifferent providers, thus when watching them ntawatstyle,
they offer alternation and variety. The videos sufipg the space part offer probably a little bietber preparation,
because they are stripped from unnecessary exfiva iflease keep the fun videos, they offer anqibespective on
what you learn.

-) The videos supporting the aircraft part are sgt very well. They are made by people who are popanhd

experienced video makers, with the right equiprtentake it all look fancy.
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-) I very much enjoyed the lively lectures relatedhe aircraft part. Moreover, | liked the factthweekly tests were
provided, which force you to keep on track withrteterial as the course progresses.

-) | very much like the fact that the lecturer bétspace part spent all the time on practicing eses instead of
going through the pure material. | enjoyed the mmagsignments which really help understand the niadtend
how to apply it.

-) Good lectures and the exam was not too hardhaetoo easy.

-) | appreciated the bonus points cause this fretueaking of exercises made me understand the eonegerial
more.

-) Perhaps the best course | have attended as aAgBaspace Engineering student. There was a Iqiraftice
material, the teachers very helpful, always avd#gato help. | think more and more exams shouldigiad], since
the students can know their final grade fasterdisb because it's easier for professors to grade.

-) The way the space part of the course was sewap,very nice. Making videos of the lectures waeky well
because that way you can skip certain parts yoeaaly understand and re-play others that are quitécdit.
Doing the exercises in class really gave a goodewstdnding of how to solve them and, if you cotjddw the
teacher would solve them. All in all, a really nmsurse.

Conversely, among the less positive remarks:

-) For the space part, | do not have a real prefexe for live or recorded (video-based) lectureswhuer, after
having watched the videos and done the exercigtnding the live lectures did not lead to sigrifit benefit
anymore.

-) 1 did not really like the interactive space leas. Too much doing stuff in the lectures. I'cheatprefer the
material being taught with every now and then astjoe in between.

-) I think it's very good that the teachers tryitmovate, however, for me personally the setupttier Power &
Rocket part was not ideal (i.e. the fact that dgrihe lecture only exercises were discussed instéateory).
Exercises | can do at home; theory is easier tceustdnd when it is explained in class.

Looking at the above comments as a whole, it iy elar that there is no “perfect” teaching strattat will make
all students happy. Some students are very opémsdonnovation, whilst some others still prefer immaraditional
ways of teaching. Although it is clear from thedback results presented in this section that alargjority of the

students definitely liked the new blended structfrthe course, the only negative remarks receored were from
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a few students who still prefer the pure “knowledigasfer” lecturing style, including a very limitenumber of
activating elements. Reaching a 100% level of fatiion of students is a very challenging and, phif, almost

impossible objective in higher-level education.

7. Conclusions and Recommendations

The initiative taken of turning a traditional fateeface on-campus engineering course into a bleedeadse seems
to have had the desired effect the lectures setocathieve. The analysis of students’ performarathe outcome
of student evaluations clearly show that the im@atation of blended education positively affected pass rate
and the average grade without compromising onatilfy and reliability.

Going blended gave lecturers the opportunity teroffiore active face-to-face content in class whachto higher
student appreciation and involvement. By simultaisgointroducing digital assessment the work loathe staff
remained balanced.

Attendance in class did not improve as much aslgbturers had hoped for, but it is anticipated tths will
increase as students will realize the value ofrikedass activities and accept this new form otheag.

When comparing the two different approaches usethttoduce blended learning, students indicatedights
preference for the “push” approach over the “papproach. This was to be expected as the “pusthrbapp allows
for more tailoring of the material to the learnioljectives. However, the “pull” approach has alserbproven to
be a very worthwhile approach especially if a leetudoes not want venture into the world of editamgl recording
videos. To assist others in this effort, large paftthe “power and propulsion” course will be madailable in the
close future on OpenCourseWare, via Ocw.tudelft.nl.

For colleagues who are considering implementingeaded approach both formats form a good solufidre most
important gain you get by implementing a blendegraach is the (re-) engagement of your studenth wie
material and you as a lecturer in-class. Your ahalepends on your personal preference and teachyteg
resources available and your confidence in creajiogr own online video material. A mixed “push”1fu
approach is of course also a viable option.

As this research shows, supported by other evidémwee literature, a well-structured blended apploatmost
always pays off in terms of higher student anduest satisfaction, better learning outcomes andenstudent
engagement which is after all what we do this for.
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