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Abstract 
Automatic Control, also called feedback control has been a field of engineering science since the 1950s. 
A very attractive feature of the field is its generality and its wide application in many engineering areas; 
however, this feature also generates certain teaching and learning experience related challenges. The 
curriculum is extremely theoretical, the students need to have a strong mathematical background and they 
need to be able to handle very abstract concepts. In the past, the theoretical aspects of the course were 
complemented with MATLAB/Simulink numerical simulations to assist the teaching and learning. 
Currently, both teaching methods and students learning outcomes are being reviewed in an attempt to 
develop a more integrated learning experience. The aims of these changes are to: (1) increase interaction 
between the lecturer and the students and between the students themselves using e-learning technologies 
and interactive windows, (2) to assist students struggling with abstraction by using not only numerical 
simulations, but also 3D simulations to start with, and augmented/virtual reality in the future, (3) to increase 
student engagement with the taught material by using physical demonstrators during lectures. The 
physical demonstrators will be also available for students to use in their own time, (4) to engage with 
control engineers working in industry in order to understand the state of the art/needs in the professional 
field. 

1 INTRODUCTION 
The curriculum of automatic control course is very theoretical and relies on the students to have already 
mastered knowledge in various fields such as mathematics, electricity, dynamics and physics [1]. The 
core content of the course has not changed for many decades, with students learning how to solve by 
hand control problems, while changes in technology have been outstanding, exceeding all expectations. 
The question to be answered is, as presented in [2], if we teach this subject in the most efficient way, 
given the technology available nowadays.   

Universities have put a lot of effort in developing e-learning application for education [3]. E-learning can 
foster self-paced learning, but also has some disadvantages such as the learning being more linear and 
leaving students feeling more isolated [3]. These disadvantages led to a new definition of e-learning 
called blended learning, where the technology is used to support, rather than replace classroom 
teaching. Blended learning takes place when traditional classroom teaching, face to face, is combined 
with online learning [4]. But why blend? There are many reasons for an academics to choose blended 
learning over other learning options, predominately because facilitates: (1) improved pedagogy, (2) 
increased access and flexibility and (3) increased cost-effectiveness [5]. 

In our curriculum development, we have added two more layers to the blended learning, which are 
interconnected to the two basic ones: (a) use of hands-on demonstrators both in face-to-face and online 
learning, and (b) input for industry to create examples related to current challenges.  

The paper is organised as follows. Section 2 presents the strategies developed (or in development) to 
successfully achieve efficient teaching and improved learning experience. Section 3 discusses the 
impact of the tested strategies. The paper ends with a brief conclusion and an outlook on future projects. 

2 METHODOLOGY 
Over the past few years, the theoretical parts of the course were complemented with the use of numerical 
simulations of different engineering processes. Currently, both teaching methods and students learning 
outcomes are being reviewed in an attempt to develop a more integrated learning experience 

The first step in developing out new teaching material was to define the intended learning outcomes 
(ILOs) and link them to the assessment via the appropriate teaching learning activities likely to lead to 
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the ILOs, following a constructive alignment strategy, as defined by Gibbs [6]. Two questions need to 
be answered in the first place: 

- What do we want the students to learn? 
- How can we be sure they achieve this? 

To answer the first question, we want the students to be able to solve an automatic control problem in 
an abstract manner, enabling them to see the big picture and analyse real world problems, in line with 
what employers demand from engineers [7]. To be sure they have achieved the learning outcomes a 
series of formative assessment tests/quizzes/laboratories in different formats and a final summative 
assessment in exam format will be prepared and delivered. 

The delivery of the course consists of two main teaching activities: lectures and laboratory sessions. 
The way this two are being re-structure is detailed in the next two subsections.  

2.1 Lecturing 
A poorly structured lecture session may encourage a ‘memorize and regurgitate’ and ‘copy and replicate’ 
way of learning [8]. In order to avoid such a way of learning, an approach of taking interactive windows 
every 15 minutes has been taken. Each 50 minutes lecture session is broken as 15-10-15-10 minutes 
slots with 2 interactive windows per session. The idea is not to overload the lectures with didactic 
presentation that may convince students replication is what is important.  
The effectiveness of interactive windows, and whether the students like them or not, was studied in [9]. 
The study concluded a positive outcome for both. In the presented case here, the interactive windows take 
2 different forms: (i) problem solving exercise where ‘buzz groups’ (groups of two/three students) are given 
5 minutes to discuss a problem following a think-pair-share strategy. (ii) predict the outcome of a 
demonstrator/simulation following a predict-experience-reflect steps. In some cases the answer to the 
exercise or outcome is given immediately, during the same lecture. Others times students can discuss 
until the next lecture. 
In the past, numerical simulations using Simulink/MATLAB were used in order to be able to solve high 
order complicated problems that can be solved my hand. From next year, a new capability within MATLAB 
to represent 3D system dynamics and control will be included, Simscape, where the response of the 
system can be solved numerically and visualised in a dynamic manner.  As an example, we can consider 
the classical balancing problem represented in Figure 1, where an inverted pendulum is balanced in its 
upright position by rotating its base. Figure 1 shows the abstract representation of the plant, using a 
transfer function in the Laplace domain, a 3D simulation using Simscape and a real demonstrator, from 
QUANSER.  
Students engagement and achievement of the learning outcomes is assessed in real time by incorporating 
quiz environments, via TurningPoint, for both student self-assessment and efficient summative 
assessment. TurningPoint polling software is an easy-to-use engagement and assessment solution that 
allows learners to participate in real time using a keypad or their own mobile, tablet or computer [10]. The 
same software is used at the end by students to request some concepts are defined again during the next 
lecture.  
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Figure 1. (a) Transfer function of the system in the Laplace domain;  

(b) Simscape simulation; (c) Physical Demostrator. 
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All our lectures are recorded and available to students. Recordings have proven to be hugely valuable, 
especially for international students [11]. These academic subtitles were added to the recorded 
lecturers. While the requirement for – and benefits of- captioned online lectures for student with 
disabilities is widely recognised, these captions or transcripts might also represent further opportunity 
for a personalised approach to learning of the mainstream student population [12,13]. Recent research 
in the matter has found the delivery of captioned lectures a useful tool in enhancing inclusivity and 
leaning outcomes for the disabled, international and broader student population [13].  Closed captions 
improve both comprehension and vocabulary for most of the student population [12]. They enable easy 
comprehension of vocabulary that is spoken very quickly or with strong accents, mumbling or 
background noise. Users of captioned online videos also report higher user engagement and better user 
experience [14].  Figure 2 shows a snapshot of one of our recorded lectures with captions: 

 
Figure 2. Recorded lecture snapshot with captions. 

With the new lecture structure, 1/3 of the time would be used for hands on, reflection activities, losing 
some of the time it was filled with didactic teaching, to tackle this problem, some of captioned lecturers 
will be used in the next academic year with a partially flipped classroom approach in mind [15].  

2.2 Laboratory-based learning 
There is a compulsory laboratory session, on using software for the assessment of automatic control 
skills and an optional ‘take home laboratory’ for students to apply their knowledge on automatic control. 

2.2.1 Compulsory laboratory session 

In most cases, realistic systems produce high order equations requiring calculations that are not possible 
with pen and paper. It is not easy to include realistic problems on a traditional exam scenario. In order 
to put students in an industrial scenario, they must attend a laboratory session where they learn how to 
use the relevant toolboxes in MATLAB which will able them to tackle a high order control problem. During 
the laboratory session, students learn to compute stability margins and optimal controllers numerically, 
for a series of examples of increased complexity. 

2.2.2 Take home laboratories 

Nowadays is possible to build/buy inexpensive automatic feedback demonstrators, making it possible 
to provide students with their own kit. We are developing a ‘Control Developer Corner’, to be run library-
style, where students can borrow automatic feedback demonstrators to reinforce their knowledge on the 
subject. The corner started last academic year with Lego Mindstorms sets. Lego Mindstorms combine 
simple yet unconstrained construction with servo motors, sensors and programmable microprocessors. 
Although it is marketed as an education toy for children aged 12 and up, the control community has 
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taken up Lego Mindstorms for engineering education [16] and postgraduate research [17]. The idea was 
that the students will develop their own automatic feedback demonstrators and apply the learnt controller 
tuning techniques. The library will expand next academic year with already built feedback demonstrators 
using The Arduino Engineering kit [18]. Figure 3 show one of demonstrators the students can take home, 
a self-balancing bike via a rotating disk. 

 
Figure 3 Self balancing bike, the Arduino engineering kit [18]. 

2.3 Additional resources 

2.3.1 Blackboard 
Blackboard is the University of Bristol’s centrally supported online learning environment. In recent years, 
the University has invested in additional elements including Re/Play (lecture capture), Turnitin 
(plagiarism detection) and the library reading list tool (TALIS). 

All units use automatically created sites on Blackboard, in which registered students are automatically 
enrolled. Students have improved access (24/7) to course activities and material [19].  

Many of the possibilities within blackboard were used in our course, such as: 

• Developing formative assessments via online test with multiple choice answers. 
• Automatic control example/challenge to be submitted via Turnitin. 

• Encourage students to use the discussion forum. 
• All recommended reading is listed using TALIS, linking the material to the university library 

catalogue. 

• Upload of lecture notes, presentations, solved examples etc. 

2.3.2 Industrial partners input 

We are now in the process of starting a collaboration with industrial partners. In this first stage, we aim 
to develop a series of realistic engineering challenges that can be tackled using automatic control theory. 
The challenges will be presented to students and they will be encouraged to work a solution in groups 
in the interactive windows during lectures or as homework. Practicing engineers will be invited to present 
this challenges during lectures, The In a second stage, we aim to undertake a full curriculum review to 
better align learning outcomes with current market needs. 

3 RESULTS 
The work presented in this paper is being implemented now and we have had limited feedback from 
students on the impact of the new teaching approach in learning outcomes and students satisfaction. 

We had very positive feedback from the captioning of the recorded lectures, with up to 90% of students 
aware of the capability and over 80% using it (survey during a lecture were attended by 50% students 
out of a cohort of 200). Students are able to give written feedback electronically and said: “ subtitles are 
useful on replay”, “I find that reading something whilst simultaneously hearing it aids memory (something 
to do with engaging numerous parts of the brain to tackle the same object)“, “provided closed captioned 
subtitles on Replay to aid with understanding, which is invaluable”. 
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The ‘taking home laboratories’ were not very popular this first year, students said they are overloaded 
with work and there was no time to design demonstrators from scratch. Only the most advanced 
students, already exceling in the subject, used this opportunity (students in the top 5% percentile).  

The same happen with the set of tests on blackboard that were only used by about 10% of the students 
again, we found correlation between students taking the tests and higher marks in the exam (students 
not taking the test average 60/100 versus 73/100 achieve by students taking the test). 

It seems all the voluntary activities to apply control knowledge were only taken by intrinsically motivated 
and the problem faced here could be described by the Susan and Robert dichotomy [6,20]. Robert is 
characterized by surface learning and will stick to lower-level activities and memorization as long as 
they suffice [21].  How can we make Robert behave like Susan?  

During next academic year, both demonstrators and tests will be more present during lecturers and an 
effort will be made to link learning outcomes and exam with the two activities, to show students that this 
activities are not an ‘add studying time’ but a ‘different use of the studying time’ that is not necessarily 
more time consuming, by aligning the activities towards the exam, ‘training towards the exam’, is likely 
to make the activities relevant to all students, including Robert [21]. 

The impact of all the new activities for next academic year: new distribution of lecture time, better 
alignment of the out-of-lectures activities with exam and industry input will be evaluated at the end of 
the academic year by measuring the teaching Effectiveness using some of the strategies suggested in 
[22]. The following strategies will be put in practice: (1) student ratings from school on engineering 
internal survey, (2) peer ratings: in class teaching and teaching documentation will be reviewed by head 
of department (3) self-evaluation, (4) student interviews, (5) learning outcomes measures, results in 
exams and tests, (6) student engagement: attending lectures, viewing lecture recordings, using out-of-
class equipment,   

4 CONCLUSIONS 
This paper presented the strategies we are developing for improving the students learning experience 
on an automatic control course. The final aim is for the students to be able to attain the learning 
outcomes for the unit, that is, to able to tackle control engineering problems in an abstract manner, using 
all the tools introduced in the course. Some of the changes have been already implemented, such as 
adding subtitles to our recorded lectures and offering the students laboratory kits to take home, Some 
others are going to be implemented next academic year, such as a new structure for the lecturing time, 
introducing interactive windows and a new collaboration with industry partners.  

Previous steps show that only the most advanced students are engaging with out of lectures activities 
hence an effort is being made to reach out all students, by aligning summative assessment (exam) with 
the take home laboratories activities, making sure as many students as possible take part in all activities 
available and benefit for their learning outcomes. 
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