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Abstract

The importance and the challenges of teaching safety are widely recognised amongst educators and
industry. There are differentapproaches toteachingsafety, fromincorporation of safety into every
aspectof a degree programme, to focusing all the safety teaching within stand-alone courses, toan
integrated approach which simultaneously combines both approaches to varying extents. Effective
safetyteachingisalso dependent onthe experience and knowledge of the teaching staff involved
and the locational context of the institution. Here, the novel and comprehensive approaches taken
to inherently embed safety teaching within achemical engineering programme, whichis part of the
wider Integrated Engineering Programme (IEP)teaching framework at UCL’s Faculty of Engineering
Sciences, are examined and its success is measured against student perceptions. Students following
the IEP chemical engineering degree programme widely recognise that safety teachingis
immediately embedded into the curriculum fromthe first yearand they are givenincreasing
opportunities to apply safety learnings throughout their degree. Thisleads to afeeling of
preparednessfortheir capstone design projects and future industrial roles, ultimately achieving the
aim of developing well-rounded, responsible graduate engineers with a strong safety culture

embeddedinthe way they will approach theirfuture work.



Highlights

e Examine challenges and approaches to safety teachinginanacademicenvironment.

e Approachesare stand-alone course, includein all programme aspects or mix of both.

e Show howsafetyteachinginherently embeddedin UCL’'s chemical engineering programme.
e Considerstudent perceptions fortwo cohorts taught based on different approaches.

e Studentperceptionsshow feeling of preparedness for design projects and industry.

Keywords Teaching, Safety, Embedded learning, Chemical engineering, Integrated Engineering

Programme, Student perception

1. Introduction

Safetyis widely acknowledged as a fundamental and significant life-long area of learning and
responsibility of chemical engineers. The aim of both educators and industry isto develop safety -
aware, responsible and well-rounded chemical engineers. Itis easy to understand how these aims
can be achievedinanindustrial setting wheregraduate engineers are solving real -life problems as
part of experienced interdisciplinary teams, and are continually building upon their fundamental
knowledge. However, foreducators within the confinements of the classroom, where students have
limited, if any, industrial experience and where theyare still developing their core chemical
engineering knowledge; itis challenging to effectively impart astrong awareness and appreciation of

safety that can be builtuponinan industrial role.

The significance of safety as a key learning outcome within an educational contextis further
reinforced by accreditation bodies. The Institution of Chemical Engineers (IChemE) (IChemE, 2020)
require graduates to have gained an understanding of avariety of process safety learning outcomes
through formally taught safety courses, as well as beinginstilled with an appropriate attitude to

safety, health and the environment (SH&E). Departments must demonstrate an effective SH&E



culture with an appreciation and practice of SH&E embedded into the teaching, coursework and
project work, and widerin terms of the general operation of the department. Equally, in the USA,
ABET (ABET, 2020) statesthat the curriculum mustinclude considerations of the hazards associated
with the design, analysis and control of chemical, physical and/or biological processes. How these
open-ended and broad-ranging learning outcomes on safety can practically be incorporatedintoa

chemical engineering programme, however, vary.

Mannan et al. (1999) capture this problem through the quote “The challengeishowtocreate a
culture in which consideration of process safety issuesis second nature, driven by a total
understanding of the underlying engineering, process chemistry, and otherfactors.” The authors go
on to propose that universities should provide an integrated engineering education that covers
classical engineering fundamentals as well as providing an understanding of process safety. Mannan
et al. (1999) suggest that this does not meanthe development of anew discipline but ratherthe fine
tuning of the existing engineering curriculum. Further to this, Pitt (2012) considers whatisimportant
interms of what, how and who can teach process safety in chemical engineeringin both academic
and industrial contexts. He suggests that while students may easily learn how to performrelease
rate and dispersion calculations, itis much more challenging for them to solve open-ended
problems, and equallyitis difficult foreducators to assess how well students have dealt with these

open-ended problems.

There have beena number of works recently that have provided an overview of process safety and
process safety education. Tanjin Amin et al. (2019) presenta complete and rigorous bibliographic
review of the evolution of process safety and risk research including brief comments on process
safety education. Acomprehensive study of safety teachingand engineering risk managementis
presented by Meyeretal. (2019) who examine process safety education as a detailedillustrative

example. Their considerations include a range of perspectives such as accreditation, teaching



strategies for process safety in different contexts such as academia, industry and authorities, as well
as the types of process safety training that can be provided such as skills-based, mentoring or web-
based. They extendtheirwork by presenting examples of safety focused university MSc
programmes including process safety management. Similarly Mkpat et al. (2018) performan
extensive review of process safety education, and go on to propose that safety is taughtin different
contexts, introducinga model which illustrates that process safety education can be imparted
through three routes: firstly university education; secondly professional trainingincluding
internships, onthe job training, or continuous professional development; and thirdly through
governmentand regulatory bodies. The authors further break down university education into
Bachelorand Masterdegrees and PhD research. The degree programmes considered by Mkpat et al.
(2018) were mainly engineering programmes thatincorporated process safety in one or more parts
of a wider programme such as chemical engineering. They mention that specificsafetyengineering
degree programmes that address process safety and otherareas, such as safety for nuclearor
mechanical engineering, exist, although thereare not many such programmes. Furthermore, Dee et
al. (2015) performa comprehensive review into how teaching safety has beenincorporatedin US
universities followingincreased process safety requirements from ABET, concluding that a variety of
strategies have been adopted by US universities. From this overview of reviews into teaching safety
itisclearto observe that while the importance of teaching process safety is widely recognised, there
are a variety of differentapproachesto safety teaching describedin the literature. Inrecent work by
Perrinetal. (2018), three approachesto teaching safety are formally identified as:
i. incorporating safety as partof all courses within a chemical engineering degree
ii. teaching process safety asa separate stand-alone course as part of a chemical engineering
degree
iii. anintegrated approach where process safety is taughtin a stand-alone course as well as

being integrated into core chemical engineering subjects.



In thiswork, the three approaches to teaching process safety formalised by Perrin etal. (2018) are

examined within the context of undergraduate chemical engineering degrees.

i Incorporating safety as partof all courses within a chemical engineering degree
Supportforintegrating process safety as an inherent part of the chemical engineering degree comes
from Benintendi (2016), whoincludes anumber of suggestions on how process safety concepts can
be integrated within traditional chemical engineering subjects. A detailed account of how process
safety can be integratedinto areaction engineering course is given by Leveneuretal. (2016),
althoughthey go on to state that a course on process safety should take place afterthe integrated
course they propose. Perrin & Laurent (2008) also identify links between safety topics and core
chemical engineering subjects, although the degree programmes they presentalsoinclude some

form of stand-alone safety courses.

An advantage of incorporating process safety throughout the chemical engineering degree is
identified by Perrin et al. (2018) as the ability to coordinate process safety materialthroughout a
degree programme. In addition, theyidentify that process safety can be an integrating factor within
a lecture. However, Perrin et al. (2018) also identify disadvantages associated with this approach,
the main one beinga potential lack of buy-into execute this approach amongst teaching staff who
may lack the necessary knowledge, interest and experience to supportthe inclusion of process
safety teachingacross a degree programme. Furthermore, they suggestthere is a lack of a major
focus on process safety in this approach. Based on this analysis, Perrin etal. (2018) concluded that
the preference in France istofollow an approach where process safety is taught as a separate stand -

alone course.

In evaluating this approach we see that there are many advantages of incorporating safety as part of

different courses within achemical engineering degree programme, particularly as it exemplifies to



students how safetyis relevant to many aspects of theirchemical engineeringlearningand soinstils
inthema strongsafety culture. However, whilethis approach demonstrates the breadth of safety
considerations within chemical engineering there may be a lack of depthinstudents’ safety learning
without a focused, high-level, stand-alone process safety course. Furthermore, most authors
mentioned here include some form of stand-alone safety teaching. Therefore itis questionable if
incorporation of safetyin all parts of the degree programme without some form of stand-alone
safety teachingis actually performed. However, we acknowledge that there can be significant
variationin the format of stand-alone safety teaching, with a particular difference beingif the stand-

alone elementis safety or process safety focused.

fi. teaching process safety as a separate stand-alone course as part of a chemical
engineering degree

In the literature, there seems to be overwhelming support and experience of teaching safety asone
or two stand-alone courses within achemical engineering degree programme. Examples include the
work of Ferjencik (2007), where the development of an introductory safety engineering course for
studentsona Bachelorprogramme complemented an existing safety engineering course whichis
part of a Masters’ programme. Both of these safety engineering courses are delivered to students on
programmesincluding chemical engineering, chemical technology and others. However, Ferjencik
(2007) acknowledges thatthese coursesare notthe students’ first experience of safety education
since they have already encountered safetyas part of laboratory courses. A similarapproachis
recommended by Schmidt (2013) who suggests that all process and chemical engineering studentsin
Germany should take a mandatory process and plant safety course whilst studying their Bachelor’s
degree andthen develop these learnings furtherin a Masters course. However, itis not clear how
widely this suggested approach has been adopted. Schmidt (2013) goes on to recommend that
furthersupportisalso giventhrough exercises and plantvisits. Perrin etal. (2018), state that the

teaching of safetyin France is mainly through stand-alone courses, which are typically spread across



differentyears withinthe degree programme. Whilethe main focus of safety teachingisin stand-
alone process safety courses, there is often support of process safety learning outcomes through
laboratory work and, as students progress to Masters level, there is further support of process safety
learninginthe design project. In other work, Amaya-Gémez et al. (2019) describe in detail the
development of four safety-related, open-access modules that were developed as part of an
academic-industrial collaboration. The authors describe how these flexible safety modules have
beenincludedin undergraduate teaching at 14 Columbian universities in five undergraduate
engineering programmes, including chemical engineering programmes wherethe modules were
incorporated in many core chemical engineering courses, in particular process plant design. They go
on to discuss how the safety modules have been received favourably as the teaching material

provides abasisto customise and allows easy understanding of the topic.

When consideringthis approach we see that where there isafocus on a stand-alone process safety
course or courses, the safety learning outcomes are still supported by otherareas of the chemical
engineering degree programme, forexample through laboratory courses, plant visits or design
projects. Thereforeitis questionable if stand-alone process safety courses without some form of

supported learningin otherareas of the chemical engineering programme are carried outinreality.

jii. anintegrated approach where process safety is taughtin a stand-alone course as well as
being integrated into core chemical engineering subjects
In the work of Mannan etal. (1999), their proposal for effective teaching of process safetyis for
integration of process safety in core chemical engineering topics, supported by astand-alone course
focusing on process safety. They go on to state that a stand-alone course on process safetyisinfact
a critical aspect of an integrated approach. As already mentioned, Perrin & Laurent (2008) and Perrin
et al. (2018) state that safety teachingis generally delivered via stand-alone safety teaching courses,

although thisis generally supported with further safety teaching in some, but notall, aspects of the



remaining degree programme. Amyotte (2013) discusses the development of a stand-alone
undergraduate process safety course which is delivered to chemical, environmental, biological and
materials engineering students. The authorthen also expands that chemical engineering students
receive further education on process safety inreaction engineeringand in capstone design courses,
as has beenindicated by others mentioned in this review (Mannan etal. 1999, Leveneuretal. 2016,

Perrinetal. 2018).

Novel methods of integrating process safety teaching within the degree programme have been
reported elsewhere. Forexample, Shallcross (2013a, 2013b, 2014) reports that at the University of
Melbourne, safety teachingisintroduced tostudents atan early stage of the programmeina
number of different ways. Shallcross (2013a) details how the importance of safetyisintroduced to
all firstyearengineering students by a study of a past accident, such as the PiperAlphaincident, in
an introductory course. Thisintroduction to process safety is further developedinthe second yearto
students on the chemical engineering programme through a further comprehensive study of past
incidents (Shallcross, 2013b). In addition to this, two lecture courses that are part of the second year
chemical engineering programme start with a 2-4 minute safety share, which mirrors good practice
inindustry and does not form part of the examinable content of the course. These introductions to
safety are not within core chemical engineering subjects such as reaction engineering, but they do
convey the importance of safety and also integrate safety into other courses. Furthermore, the
introductions go some way to meeting the objective outlined by Mannan et al. (1999) of creatinga
culture where consideration of process safety is second nature. In otherinteresting work, Zeng &
Zeng(2017) discuss the development of an operation safety education course which uses
maintenance scenarios or shutdown-startup tasks toillustrate safety and chemical unit operation
learninginthe classroom. The scenario selected as the focus of the operation safety education
course is a distillation column and its related maintenance tasks. As pointed out by the authors, this

approach hasthe benefit of providing students with an insightinto chemical plant operations whilst



limiting the burden onindustrial companiesinvolved. A brief student perception study is presented
by Zeng & Zeng(2017) in which theyidentified aneedforfurtheroptimisation of teaching
procedures, although deeperanalysis and conclusions are not provided. In contrast, Willey etal.
(2020) presentedtheirwork where an entire course focuses on applyingasingle hazard evaluation
methodology on a particular university research orindustrial scenario, utilising research orindustrial
mentors. Whilst this approach provides excellent depth of learning and insight into real-life
scenarios there are potential limitations in the breadth of learning achieved in terms of hazard
analysis methods and scenarios studied. Forfurtherapproaches, examples and contexts on process
safety education, see the recentreviewsin Dee etal. (2015), Mkpat et al. (2018), Perrinetal. (2018)

and Meyeret al. (2019) and references therein.

From thisreview intothe three proposed approachesinto process safety teachingitcanbe
concluded that this categorisation of the approachesis notso clearcut. Infact it seemsthatthereis
always some form of simultaneous inclusion of safety in otheraspects of the chemical engineering
degree programme and some form of stand-alone safety course. Therefore it can be concluded that
all reported approaches toteachingsafety follow asimultaneous integrated approach. The
difference can be consideredin terms of the extentto which the breadth and depth of safety
teachingis considered, where breadth can be viewed as the variety of subjects and processes where
safetyisincorporated, and depth as the level of detail from foundation to advanced learningand

application.

Furthermore, itisimportantto note there is also ambiguity asto whatis considered as safety, what
is considered as process safety and where to draw the line between the two definitions. The safety
topics mentioned as part of this review and furthertopics mentioned within the references cited
here are wide-ranging. In this work, we use the term process safety to referto advanced safety

topics within areas such as hazard identification, quantification, mitigation and risk management,



specifically related to process industries that would typically be found in stand-alone process safety
courses. Onthe otherhand we use the term safety toreferto less advanced aspectsin these topics,
application of these concepts outside of processindustries and to topics relevant to a widerrange of
disciplines such aslab safety or occupational health and safety. However, the term safety is often

used as an all-encompassing term to mean both process safety and general safety.

In additionto the differentapproaches of how toincorporate process safety teaching within the
degree programme, itisalsoimportantto consider how industrial reality can be broughtintothe
lecture theatre. This largely depends on the specificknowledge and experience of staff within the
university departments and also locational context of the university toindustry. As proposed by
Benintendi(2016), an integrated, systematicand specificrelationship with industry is beneficial to
process safety teaching. However, there can be difficulty in engaging industry to participatein
process safety teaching at university, as cited by Perrin et al. (2018) as often beingthe casein

France.

In 2014, the Institution of Chemical Engineers (IChemE) established the IChemE Safety Centre (I1SC),
an industry funded, and led, organisation which focuses onimproving process safety through
knowledge sharing and learning. As part of this goal, the ISC has developed material including
detailed case study videos (Kerin, 2016; Kerin and Pollock, 2019); short incidentanniversary videos
on social mediathat explain what occurred and where more information can be found; safety
related newsletters; and otherforms of learning material. Furthermore, the ISC has developed
undergraduate learning outcomes to aid process safety education in undergraduate engineering

(IChemE, 2018) with input from both industry and academia.

In the USA, the Safety and Chemical Engineering Education (SAChE) programme was established in

1992 as ajointeffortbetweenthe Centerfor Chemical Process Safety (CCPS) and the American
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Institute of Chemical Engineers (AIChE) (Spiceretal., 2013). The aim of SAChEis to supportthe
teaching of safetyin undergraduate and postgraduate programmes of chemical, biochemical and
process engineering by providing teaching materials and short courses. Inaddition, they organise
SAChEfaculty workshops at chemical plant sitesin the US to give teaching staff with limited
industrial experiencethe chance to learn about specific process safety topics and witness their
relevance to laboratory, pilot plant or process plant operation. Foracomprehensive description of
SAChE support mechanisms and material, see Spiceretal. (2013). In addition, AIChE has developed a
real-time, interactive teachingtool known as AIChE’s web-based Concept Warehouse which contains
process safety-related problems that can be used in teaching safety by otherinstructors globally as
detailed by Vaughen (2019). Furtheruseful teaching material on process safety can also beenfound
inresources fromthe Chemical Safety Board (CSB), most notably amongstthese are aseries of

safety videos (Horowitz & Gilmour, 2007).

To conclude, itiswidely accepted that teaching process safety forms animportant part of chemical
engineering education. There are arange of approachestoincorporatingthis process safety teaching
intoa degree programme, from full incorporation in every single course within aprogramme, to
focusingall process safetyin one ortwo stand-alone safety courses. However, these two extremes
do notexistinisolation. Inreality all approaches to teaching safety fromthe literature reviewed
here ultimately follow an integrated approach where some form of asafety or process safety stand-
alone course is supported by integrating safety teachingin other areas of the programme such as
laboratory work, design projects, research projects, core chemical engineering subjects and

industrial placements.

At this pointitis importantto note that the publications cited and approaches to teaching safety
mentioned inthis brief review are all priorto the Covid-19 pandemic. It should be noted that it is

likely that the unprecedented circumstances, and potentialincreaseinvirtual learning as aresult of
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the pandemic, will place further demands, constraints, but also potential solutions, in how teaching
safetyisaddressed. Furthermore, with a potential increasein virtual operation of chemical plants,
the industrial perspective of whatis required from safety teaching may change, forinstance, with an
increased focus on cybersecurity. As such, approaches to teaching process safety will be a

continually evolvingand important field.

The aim of this paper isto illustrate how the challenges of teaching safety have been overcome
within chemical engineering degree programmes at UCL, where safety teaching has been embedded
froma depth and breadth perspective throughout the degree programme. In the next section of this
paper, the Integrated Engineering Programme (1EP) teaching framework followed by the UCL Faculty
of Engineering Sciences, and how teaching safety has beenincorporated within this framework for
the chemical engineering degree programme, is presented. Student feedback from asurvey carried
out at the end of the 2016/17 academicyear, where third yearstudentsfrom the first cohort of IEP
studentsand fourth year studentsinthe final cohort of non-IEP students, who were both
simultaneously taking a stand-alone Advanced Safety and Loss Prevention course, reflected on their
experiencesthroughouttheirrespective degree programmes. In section 3, the aimsand formulation
of the studentsurvey are discussed, followed by reflections from analysis of student feedbackin

section 4. Finally, overall outcomesfrom the study are concluded.

2. The IEP framework and teaching safety within the IEP chemical engineering degree
programme

In 2014/15, UCL Faculty of Engineering Sciences, whose mottois ‘Change the World’, launched its

Integrated Engineering Programme (1EP) teaching framework (Sorensen, 2016 and Graham, 2018).

The overriding principal of the IEP is that in order to change the world, students need to be taught

differently, and thisisachieved through ascenario- and problem-based engineering curriculum.
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Fundamental engineering knowledge is taught at the same time as giving students the opportunity
to apply and extend theirfundamental knowledge on research-based projects. In addition, students
have the opportunity tolearnand develop their professional skills. Projects carried out as part of the
IEP teaching framework tackle discipline-specifictechnical problems, such as an examination of
separation processes forthe petrochemical industry or foranthropologistsinthe Amazon area of
Brazil, or real world challenges such as energy and health in various global locations. The projects
and scenarios are carried out in both interdisciplinary and discipline-specificteams. The ultimate aim
of the IEP isto produce well-rounded engineers with a strong understanding of fundamental
engineering principles, and an appreciation of the complexity and context of engineering problems,

instrong alignment with the learning outcomes of accreditation bodies and the needs of industry.

Within the IEP teaching framework, UCLEngineering Sciences offer a Bachelor (BEng) and Integrated
Masters (MEng) in Chemical Engineering, with options to spend the penultimateyearonindustrial
placement, orto specialise in biochemical engineering, chemistry or engineering mathematics inthe
final year, or tospendthe final year abroad. Irrespective of which of these optionsis taken, the first
3 years of the two programmes are the same since most coursesinthe first 3 years are compulsory,
as is common with otherdegree programmesin the UK. Thisenables properplanning, introduction
and delivery of key concepts, such as safety, from the start of year 1 until graduation after3 or 4
years. Anoverview of the IEP chemical engineering programme in terms of courses taken, their
alignmentto IEP Faculty-wide content, core chemical engineering content, design, experimentation,
research and elective contentacross the 4 years of the degree programme isshowninFig. 1. In
terms of student and staff numbers onsuch a degree programme, the current undergraduate cohort
at UCL Chemical Engineeringistypically 110-140 students peryear, taught by 26 academicstaff and
10 lecturers (teaching). The focus of this study is to consider specifically how the teaching of safety
has beenincorporatedintothe IEP chemical engineering degree programme and how this compares

to the approach in the previous non-IEP chemical engineering degree programme. It should notbe
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considered an evaluation of the faculty-wide |IEP framework as this has been considered elsewhere

(Graham, 2018).

InsertFig. 1.

Fig. 1. An overview of the chemical engineering programme at UCL Engineering Sciences.

In terms of safety teaching within the IEP chemical engineering programmes, a systems approach
has beentaken whichinherently embeds safety learning throughout the degree programme from
the firstweekin Year 1to graduation at the end of Year 3 or 4 (Pollock & Sorensen, 2018). Fig. 2
shows how safetyisintroduced and developed from a depth and breadth perspective across the
entire chemical engineering degree programme. Here, most courses are 7.5 ECTS, whilstthe

capstone design projectin Year3 and the research projectin Year 4 are both 15 ECTS.

InsertFig. 2.
Fig. 2. An overview of how safety has beeninherently embedded into the chemical engineering

programme at UCL Engineering Sciences from depth and breadth perspectives.

The depth of the programme reflects how safety isimmediately introduced in Year 1 through the
Design & Professional Skills | course where concepts of safety are introduced straightaway and
appliedtosocietyingeneral and tosituations to which 18 year olds can relate, forexample arisk
assessment of cyclingthrough London. Thisis extended throughout Year 1 and in the safety topic of
the Design & Professional Skills Il course in Year 2 to have more of a focus on processindustries
through the examination of past accidents, risk reduction strategies and hazard evaluation methods.
Anotherimportant safety topicthatisintroducedinYear2 are hazards and control of exothermic

reactions. Introduction of this topicat this pointinthe curriculum fulfils recommendations from the
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Chemical Safety Board (CSB) that awareness of reactive hazards should be incorporated into the
curriculumfollowing the T2 Laboratories accident (Crowl| & Louvar, 2011). To overcome the
challenges of teaching safety in a classroom environment and students’ lack of industrial experience,
the realities of real-life industrial problems, decision making constraints and consequences are
introduced through safety videos from the IChemE Safety Centre (1SC) (Kerin, 2016; Kerin and
Pollock, 2019) and Chemical Safety Board (CSB) (Horowitz and Gilmour, 2007). Furthermore, asis
commonin industrial safety meetings and as suggested by Shallcross (2014), introductory safety
lectures are started with a brief safety moment often relating to the safety topics to be coveredin
the lecture. The depth of safety learningis further built uponin Year 3, where students apply their
safetylearnings to their capstone design project (15 ECTS), whichisa more complex and detailed
industrial process problemthan previously considered in theirfirst two years of study. Concurrently
inYear 3, students take acompulsory Advanced Safety and Loss Prevention course (7.5ECTS) to
furtherdevelop theirin-depth safety learning, focusing on hazard identification, risk management

and quantitative risk assessment.

The breadth of safety learnings, and how these can be applied across different industries and at
different stages withinthe design cycle are also key learning outcomes of the IEP framework. In
Years 1 & 2, students perform 6 week-long minidesign projects called Scenarios (see Figure 1). Each
Scenario has a different engineering challenge orindustry asits focus, forexample, biofuels,
petrochemicals, pharmaceuticals orairseparation. In each of these Scenarios, there is asafety
elementand students work on a different safety deliverable,such as the development of a risk
matrix foran LNG facility orthe development of a safety newsletter forthe air separationindustry.
In the capstone Year 3 design project, the breadth of hazard evaluations that can be applied
throughout the process design cycle are examined in detail. These include investigation of past

accidents and material safety datasheets (MSDS) relevant to the process underdevelopment during
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conceptual designin preparation for performing a group Preliminary Hazard Analysis. As the design
moves into the preliminary design stage, students perform a HAZOP within theirgroups on the
processthey are developing, brainstormingideas and capturing discussions. Finally, in the detailed
design stage studentsindividually perform a safety study such as a Safety Integrity Level (SIL)
Analysis on the process unitthattheyare individually designing; considering the hazardous events
relevanttotheirprocess unit, and quantifying the reliability of their system usinga Fault Tree
Analysis. Such an approach to safety studies within the capstone design project gives students an
appreciation of the information available at different stages within the projectand the
corresponding hazard evaluation techniques that can be employed, as discussed by Towler & Sinnott
(2012). For a furtherdetailed description of the depth and breadth approach taken to teaching

safety within the IEP framework see Pollock & Sorensen (2018).

A further benefit of embedding safety throughout the curriculum means that safetyisatopic that is
continually discussed and debated by students who may come from culturally diverse backgrounds
(50% of the cohort are overseas students). Perceptions of what constitutes ‘safe’ may vary across
the cohort, but as time progresses students can develop theirunderstanding based on a wide range
of applications and contexts to become well-rounded, safety-aware and responsible chemical
engineers regardless of their background and understanding on entry to the programme. This again
aidsin fulfillingthe objective of Mannan etal. (1999) of creatinga culture in which process safetyis

second nature.

Referring back to the review of approachesto teachingsafetyinsectionl,itisclear that the
approach to teaching safety within the IEP chemical engineering degree programme follows an

integrated approach with significantemphasis on both the breadth and depth of safety teachingand
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learning. In comparison, inthe previous non-lIEP chemical engineering degree programme, teaching
safety againfollowed anintegrated approach, however, the breadth and depth of this safety
teaching was not so developed. In the non-1EP chemical engineering programme, safety teaching
was focusedin a variety of safety tasks completed within the capstone third year design project
coveringsafety studies that would be completed at different stages of the process design cycle. This
was furthersupported by an optional, fourth year stand-alone process safety course forthe MEng
programme. Increased depth of safety teaching within the IEP chemical engineering programme is
achieved by introducing safety teachingin the first year; addition of an introductory stand-alone
safety topicas part of the second year Design and Professional Skills Il course; and concluding witha
compulsory process safety stand-alone course and capstone design project safety tasks in the third
year. The breadth of teaching safety has been widened by increasingthe numberand variety of
safety tasks performed, and the number of processindustries studied particularly within the mini-
design project Scenarios completedinthe firsttwo years. Forthe MEng programme, further safety

aspectsare includedinthe research project.

The overall success of UCL’s IEP chemical engineering degree programme has been demonstrated
through a number of metrics. Firstly, through the successful accreditation of the IEP chemical
engineering degree programmes by the IChemEin 2016. In feedback from the IChemE, the
department’svision to produce graduates with astrong safety ethos was particularly recognised.
Furthermore, inareportreleased by MIT School of Engineering (Graham, 2018), UCL Engineering
was identified as one of four global emerging leadersin engineering education. The IEP’s approach,
which focuses on application of knowledgeinto practice on authenticengineering problems which
allows studentsto reinforce theirlearning, was particularly commended. Moreover, UCLEngineering

and itsinnovative IEP teaching framework was further recognised by winning the Collaborative
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Award for Teaching Excellence (CATE) in 2017 which is awarded and funded by the UK’s Higher

Education Academy (Advance HE, 2020).

3. Aims and formulation of student survey

In the academicyear2016-17 there wasa unique occurrence where third year students from the
first cohort onthe IEP framework, and fourth yearstudentsinthe last cohort of the non-IEP
framework, were both taking the same, stand-alone process safety course on Advanced Safety and
Loss Prevention (7.5ECTS). This situation arose since as part of the re-design of the chemical
engineering degree programme in response to the introduction of the IEP teaching framework the
elective stand-alone process safety course in the fourth year of the non-IEP programme was moved
to the third year, to run alongside the capstone design project, and was changed toa compulsory

course.

As such, both third year IEP and fourth year non-1EP student cohorts took the same stand-alone
process safety course in 2016-17, each with a different priorlearning experience which gave the
unique opportunity tosurvey student perceptions, awareness and understanding of safety and how
teachingsafety had been delivered throughout the IEP and non-1EP chemical engineering degree
programmes. This differs from previously discussed literature studies which typically focus on the
development of a new safety course (Ferjencik, 2007, Amyotte, 2013), perceptionsinthe inaugural
yearof a course (Amaya-Gémezetal., 2019) or provide an overview of how safetyis taughtin

differentinstitutions but typically without providing a student perspective (Perrin etal., 2018).

In the third term of the academicyear in 2016-17, a voluntary online survey was released afterall
coursework marks had beenreturned and after the exam had been sat by students, butbefore the
examresults were released. This timing was chosen so that perceptions were still freshin the minds
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of students whilstas the same time ensuring responses would not be influenced by knowledge of
marks obtained inthe final exam. An online survey was chosen to maximise anonymous student
engagementduringabusy exam period. Focus group interviews were not possible as many students
had already returned home. A total of 20 survey questions were formulated with the aimto collect

data on the following themes:

i Factualdata giving an indication of programme (BEng or MEng — IEP or MEng — non-1EP)
and genderof responding students;
fi. Perceptions on awareness and understanding of safety;
jii. Perceptions of when and where safety concepts were introduced and applied during the
degree programme;
iv. Perceptions of preparedness for the capstone design project;
v.  Evaluation of effectiveness of different methods for teaching safety and embedding

safety within the degree programme.

Responsesto questions were typically formulated as atick box. Inresponses where agreement to
the statementsin the question had to be shown, a scale of ‘Strongly disagree’, ‘Somewhat disagree’,
‘Neitheragree nordisagree’, ‘Somewhat agree’ and ‘Strongly agree’ was used. Inthe introductory
preamble of the online survey the aims of the survey, in terms of an evaluation of how inherent
integration of safetyintheir degree programme had been received, and the impactit had on their
understanding of safety and further development of safety teaching methods, were made clear.
Furthermore, it was stated that the survey was notan evaluation of the stand-alone process safety
course but ratheran evaluation of how safety had been taught throughout their entire degree

programme.
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Before the student perceptions themselves are examined, it isimportant to compare and contrast
the two cohorts of students that took part in the survey, see Table 1. From this comparisonitcan be
seenthatthirdyear IEP students had prior experience of Scenarios and Design and Professional Skills
lecture courses. Onthe otherhand, fourth year non-IEP students had priorexperience of the
capstone third yeardesign project while the IEP students were taking the capstone third year design
project at the same time as the stand-alone process safety course. Both IEP and non-IEP cohorts had
experience of in-class examples, assessed and unassessed, although where they had encountered

these examples, and the type of examples, differed based on theirexperiences as outlined above.

Table 1 Comparison of experiences of students on IEP and non-1EP chemical engineering degree
programmes thattook part inthe teachingsafety surveyinthe third term of 2016-17.

Insert Table 1.

4. Reflections onstudentfeedback

In this section the results from the student survey will be analysed and discussed. The structure of
thissectionfollows the 5themes withinthe survey, as outlined in points itov inthe previous
section. For each of the 5 themes within the survey the results will be presented and immediately
discussed to enable reflection of the survey results and their implications. This section then
concludeswith an overall reflection section which brings together points from the different themes
of the survey, summarising their overall implications and reflecting how this fits within the context
of the differentapproachesto teaching safety as reviewed in section 1. The paperthen concludes

with overall conclusionsin the next, and final, section.
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i Factualdata giving an indication of programme and gender of responding students
The online survey was sentto 176 students enrolled on the stand-alone process safety course in
2016-17; 44 responseswerereceived, equatingtoa 25% studentengagementwith the online
survey. Inorderto differentiateif responses were from IEP or non-IEP students, the first questionin
the survey asked the year of study with potential responses eitheryear3or 4. There were 35 and 9
respondees whoindicated they were in theirthird and fourth yearrespectively, correspondingto a
28% and 17% response rate amongst third and fourth year students respectively. Reasons fora
lowerresponse rate amongst the non-IEP students may have been that they feltthe survey was
more aimed at |EP students who had taken part in Scenarios and other |IEP elements that had not
been availableto the non-I1EP students. Furthermore, all non-l1EP students were graduating Masters’
students, whilstamongst the responding IEP studentsin the third year 69% of them were returning
the following yearto complete their Integrated Masters. The differencein response rates between
IEP and non-IEP students means that whilesignificant conclusions can be drawn from the responses
of IEP students, and will be the focus of this paper, the responses of non-1EP students can only be
used to compare and contrast with the opinions of the IEP students. It should also be noted that
thereisaslightgenderbiasinthe responses of the IEP students, where only 20% of IEP respondents

are female comparedto 26% in the IEP cohort overall.

In terms of accuracy of survey responses and resulting conclusions, it was assumed that all students
whoindicated they were intheirthird yearfollowed the IEP chemical engineering degree
programme. However, there could have beenvariations, forinstance due tointerruption of studies
some studentsinthe third year may not have been following an IEP chemical engineering degree
programme. Studyingall survey responses it was estimated that this may have been the case forup
to 3 of the third yearresponders. Upon reflection a better formulation would have been to explicitly
ask on which degree programme students were registered. Furthermore, it was noted that some

student responses forsome questions were omitted and/or not possible, forexampleathird year
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studentrespondingto a question onthe fourth yeardesign project ora fourth year student
respondingtoa question on IEP Scenarios. While there could be small inaccuracies forthese
reasons, there may be inaccuracies for otherreasons such as responders not reading or misreading a
guestion. Assuch itwas decided to evaluate all responses foragiven question and accept overall
trends whilstacknowledging potential minorinaccuracies. In a few instances infeasible responses
were excluded from the analysis, if thisis the case thenitis explicitly mentioned. In the following
sections, results are presented in terms of percentage of the IEP (third year) and non-IEP (fourth
year) students whoindicated agiven response fora particular question where the total number of
IEP or non-IEP respondersistypically 35and 9, and isno lowerthan 31 and 7, respectively. Due to
the small data set obtained forthis single snapshot in time it was not possible to perform arigorous

guantitative analysis, instead this study should be viewed as an indication of student perceptions.

fi. Perceptions on awareness and understanding of safety
A keylearning outcome of the IEP teaching frameworkis a broad understanding of the complexity
and context of engineering problems (Sorensen, 2016, Graham, 2018). Safety is strongly linked to
thissince at every stage in the career of a chemical engineer, and in every stage of a process
engineering project, there is significant consideration of the associated hazards, risks and
consequences by the chemical engineer and how these can be mitigated. To determine how
effectively this awareness and understanding of safety has been conveyed to students during their
undergraduate studies, students were asked toindicate agreement to different statements on their
perceptions of theirawareness and understanding of safety. Responses to these questions are

showninTable 2.

Table 2 The percentage of students who indicated ‘Strongly agree’ or ‘Somewhat agree’ with
statements asking abouttheir perceptions of theirawareness and understanding of safety.

Insert Table 2
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From the results presentedin Table 2it isimportant to note that both cohorts of students feel they
have a good understanding of the importance of safety in chemical engineering, in societyin general
and of inherently safe design. These key learning outcomes are very well conveyed to students
irrespective of their degree programme, although 2-5% strongeragreementis observed amongst |IEP
students. Interms of awareness of safety, best practices, technical knowledge and an appreciation
of safety culture being effectively imparted, agreement in both cohorts goes down. However, there
is still strong agreement, particularly amongst IEP students who note 74% agreement, although this

givesanindication of an area for furtherimprovement within the teaching safety curriculum.

jii. Perceptions of when and where safety concepts were introduced and applied during the
degree programme
Now that students have validated their perception as having agood understanding of the concepts
of safety, the survey moved ontoexamine when inthe degree programme these concepts were
introduced and when students had the opportunity to apply safety concepts. The results from these

guestionsare showninFig. 3 and Fig. 4.

InsertFig. 3.
Fig. 3. Studentresponses when asked in which year of the programme were you firstintroduced to
the concepts of understandingrisk, hazards and accidents. Responses from IEP students are shown

ingrey shadingand responses from non-IEP students are shown with asquare grid pattern.

InsertFig. 4.

Fig. 4. Percentage of studentresponses who indicated ‘Strongly agree’ or ‘Somewhat agree’ when

askedifthey had the opportunity to apply theirsafety knowledge during the degree programme in
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courseworkorlecturesinYear 1, 2, 3 and 4. Responses from |IEP students are shownin grey shading

and responses from non-IEP students are shown with asquare grid pattern.

From Fig. 3 it can be observedthat57% of IEP students feltthatthey were firstintroduced to the
concepts of understandingrisk, hazards and accidentsin theirfirst year of study compared to only
22% of non-1EP students. This compares furtherto an overall perception from non-IEP students that
they were firstintroduced to these same concepts mainlyin theirsecond year of study (mostlikely
as part of theirlaboratory course). Furthermore, fromFig. 4, it can be observedthat 52% of IEP
studentsfeltthatthey were given the opportunity to apply theirsafety knowledgein coursework or
lecturesimmediatelyinthe first year compared to only 29% of non-IEP students. Moreover, as both
cohorts of students progress through the years of theirstudy, both cohorts felt they were given
more and more opportunity to apply the safety knowledge they were gaining. This culminatesina
spike of at, or nearly at, 100% in the third year, which equates amongstthe IEP studentsto their
experiencesinthe capstone design project and the stand-alone process safety course, while for non-
IEP students this spike can be attributed solely to the capstone design project since the stand-alone
process safety course was taken inthe fourth year. Fig. 3 and 4 show the success of the IEP chemical
engineering degree programme in terms of achievingits key aims of producing engineers with a
broad understanding of the context of engineering problems by providing ample opportunities to
apply theirfundamentalknowledge on industry-orientated, real-life engineering projects right from

the start of theirdegree programme.

iv.  Perceptions of preparedness for capstone design project
Afterestablishing that students within the IEP framework perceived themselves to have agood
understanding of safety afterintroduction and application of the concepts of safety in the early
years of their degree programme, the survey moved on to consider more complex application of

safety concepts and understanding. Specifically, students were asked, ‘based on the first two years
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of the programme, and the courses running concurrently in the third year, did they feel prepared to
tackle the safety aspects of the third yeardesign project?’ A comparison of responses from IEP and
non-lEP studentsisshowninFig. 5. From Fig.5 itisclearto see opposingviews fromthe different
cohorts of students. Amongst the IEP students the modal responseis agreement with this
statement, shared amongst 71% of the IEP students, while only 22% agreementis observed amongst
non-lEP students. In fact,amongst the non-IEP students the modal response is disagreement with
the statementregarding preparedness for safety aspects of the capstone design project at 44%.

From thisis can be concludedthatthe IEP approach of inherently embedding safety throughout the
IEP chemical engineering degree programme has been felt by studentsandindeed provides them

with the advantage of feeling prepared for safety aspects within the capstone design project.

InsertFig. 5
Fig. 5. A comparison of responses when students were asked about preparedness for the capstone
third year design project. Responses from IEP students are shown in grey shading and responses

from non-IEP students are shown with asquare grid pattern.

v.  Evaluation of effectiveness of different methods for teaching safety and embedding
safety within the degree programme

To evaluate differentapproaches toteachingsafety, aseries of further surveyquestions focused on
the different teaching methods utilised within the IEP chemical engineering degree programme. Fig.
6 illustrates students’ responses when asked how effective differentlearning methods have been
whenlearningaboutsafety. From Fig. 6it is rewarding to observe that the introduction of Scenarios
as a teaching method, akey element of the new, innovative, real-life and industrially focused IEP
teaching framework, has been perceived as effective with 81% of respondents indicating that they
found the Scenariosto be ‘Somewhat effective’ or ‘Very effective’. It should be noted that IEP

responsesto evaluate the effectiveness of Scenarios was evaluated out of 32 students, as three of
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the Y3 students had indicated they had not taken part in Scenariosin this question, forall other

teaching methods IEP responses were evaluated out of 35 students as per other questions.

This comparesto responsesfrom non-IEP students where in-class exercises, either assessed or
unassessed, were previously the most effective teaching method for safety. Alsoimportant to note
are the responsesregardingtechnical lectures, such as the stand-alone process safety lecture course
and safety lectures within the capstone design project. While only 50% of non-IEP students found
this an effective method, this grew to 77% amongst |IEP students and was the most successful
teaching method after Scenarios, more so thanin-class exercises. There could be anumber of
reasons forthis. For example, by having the opportunity to apply safety knowledge as part of the IEP
chemical engineering degree programme in Scenarios, students may have gained more powerful
insights when materialwas formally taught within alecture setting. Furthermore, by bringing the
stand-alone course on process safety forward from the fourth yearto the third year, and makingit
compulsory, may have increased its effectiveness. This was achieved firstly by running the stand-
alone process safety course concurrently alongside the capstone design project, learnings between
the two courses can be shared and enhanced, and secondly, by developing continuation of depthin
safetylearning by placing the stand-alone process safety course directly afterinitial safety learnings
contextualised within society in general and the processindustries that are covered as part of the

‘Design and Professional Skills’ lectureseriesin Year 1 and 2.

InsertFig. 6

Fig. 6 ‘'Somewhat effective’ and ‘Very effective’ responses from students when asked ‘How effective
do youfeel the followinglearning methods have been when learning about safety?’ Responses from
IEP students are shownin grey shading and responses from non-IEP students are shown with a

square grid pattern.
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Extendingthis evaluation of effectiveness of teaching methods, students were asked their
perceptionsinterms of ‘What aspect of the programme has effectively imparted an awareness of
safety to prepareyou for an industrialrole?’ The responses shownin Fig. 7 from the IEP students
show the success of the depth and breadth approach to teaching safety that has been developed as
part of the IEP teaching framework. As shownin Fig. 7, IEP students perceived the capstone design
projectand stand-alone process safety course as the most effective methods, scoring 89% and 82%,
respectively. This was closely followed by Scenarios which were rated as effective by 77% of
respondents (although effectiveness of Scenarios was rated by 31 students since 3 had indicated
they had notdone Scenarios and a fourth had not answered). Finally, 48% of respondents also
indicated that otherlectures, unspecified but could include lectures as part of ‘Design and
Professional Skills’ or other core engineering content such as ‘Separation Processes’ or ‘Reaction
Engineering’ were also effective inimpartingan awareness of safety foran industrial role. It should
be noted that ‘Advanced Design’ is aseparate M-level course (Process Systems Engineering and
Design) takeninthe fourth yearand so a response was only applicable from the non-1EP students
whowereintheirfourthyear. Furthermore, it can be seen that whilst the stand-alone process safety
course and the capstone design project are evaluated to be most effective forimpartingawareness
of safetyforan industrial role amongst non-IEP students, the IEP students perceived these methods
to be even more effective. Fromthisitcan be inferred thatthe depth of safety teaching withinthe
IEP chemical engineering degree programme, with the introduction of Scenarios and project-based
learningearly oninthe curriculum, enhances the success of teaching methods encountered at later

stages of the degree programme.

InsertFig. 7

Fig. 7 ‘'Somewhat effective’ and ‘Very effective’ responses from students when asked ‘What aspect of

the programme has effectively imparted an awareness of safety to prepare you foran industrial
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role?’ Responses from I[EP students are shown in grey shading and responses from non-1EP students

are shown with a square grid pattern.

Finally, students were asked ‘Forallaccredited programmes, aspects of risk and safety should be
embedded throughoutthe programme, i.e. mentioned or considered in most courses. Do you feel this
has been the case foryourprogramme?’ Intheirresponse to this statement, |IEP students indicated
71% agreement compared to 67% by non-1EP students. From this it can be concluded that while the
majority of respondents from both cohorts perceived safety to be embedded across their
programme, the response was slightly higheramongst IEP students. However, in light of responses
by IEP students to questions regarding the effectiveness of teaching methods (Fig. 6 & 7), which
show a spread of responses to different methods throughout the IEP teaching framework, further
signposting of where safetyisembedded in the IEP teaching framework should be indicated to

students.

Vi Overall reflection of student perceptions
As with most otherstudent surveys, students were given the opportunity to voice theiropinionsin
open-ended questions askingthem to comment on aspects of the programme where safety could be
covered more, and any othercomments related to their experience of learning safety within their
programme. Fromthe comments returned by the studentsitwas very rewarding to observe thatthe
goals of inherently embedding safety teaching throughout the IEP chemical engineering degree
programme had been identified by the students, with one student commenting “/ think that courses
are taught with a safety aspect in mind so that safety becomes part of our everyday critical thinking”,
while anotherstated “...overallthe department has done a good job of gradually increasing the
importance of safety forthe students throughout the academicyears”. Additionalideas on how to
furtherembed safetyintothe curriculum were also interesting, such as one student suggesting “/

think it would have been good to have a Scenario that focused on safety”, presumably entirely

28



focused onsafety as all Scenarios contain an element of safety. These student comments show that
the challenge, as quoted from Mannan et al. (1999) nearthe start of section 1, of creatinga culture

inwhichthe consideration of process safetyissuesis second nature has been achieved.

To furtherevaluate the success of the approaches to teaching safety within the IEP chemical
engineering degree programme, and to validate the conclusions on student perceptions drawn from
the studentsurvey, marks from the stand-alone process safety course assessments were analysed.
The average mark for courseworkinthe stand-alone process safety course for both the IEP and non-
IEP cohort of students was the same and was a high first class degree mark. The overall average
mark of the stand-alone process safety course for both the IEP and non-IEP cohorts was again a high
firstclass degree mark, although the average mark for the non-1EP cohort was 2.2% higher than for
the non-IEP cohort. This could be because the significantly smaller number of students onthe non-
IEP chemical engineering programme were all graduating MEng students and not a mixture of
penultimate-year MEng and graduating BEng students asin the IEP cohort, but itcould also be
because the non-1EP students were generally ayearolderand had an additional year of study under
theirbelt. Furthervalidation of the conclusions from this study through the analysis of third year
design project safety assessmentsis not comparable since the format of the design project safety
assessments and the teaching staff involved in assessment between the two cohorts changed with

the introduction of the IEP.

Overallitcan be concluded thatthe increased depth and breadth of teaching safety within the IEP
chemical engineering degree programme has been perceived by IEP students. In particular, the new
teachingframework hasledtoan increased perception of preparedness for the capstone design
projectand an increased perception of the effectiveness of teaching methods for preparation foran
industrial role. Whilst overallit can be concluded thatthere is a similarity in student perception of

understanding safety irrespective of degree programme, it can be seen thatthereisa higher
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perception of awareness of safety within the IEP cohort. From student comments, thisincreased
awareness of safety together with anincreased depth and breadth of safety teaching has been
perceived by students, and has led to an indication that consideration of process safety is starting to

become second nature.

5. Conclusions

The teaching of safety is of fundamental importance within achemical engineering degree
programme. There are a variety of methods forteachingthisimportant topicfromincorporating
safetyinto every course withina degree programme; to focusingall learning in one ortwo stand-
alone process safety courses, and finally a simultaneous integrated approach in which astand-alone
course is supported by incorporation of safety teachingin some, if not all, otheraspects of the
programme. Fromthe literature review it was concluded that in reality all approaches follow an
integrated approach with varyingamount of, and focus on, stand-alone safety courses and
incorporation throughoutthe chemical engineering degree programme. Identifying the extent of
integrationis often dependenton the strengthsinterms of knowledge and experience of teaching

staff and locational context of the university.

Within the recently established Integrated Engineering Programme (IEP) teaching framework at UCL,
the depth and breadth of teaching safety within the IEP chemical engineering degree programme
has beenincreased, with safety teaching inherently embedded throughout. Firstly, from a depth
perspective, where safety isintroduced immediately in the first year and runs throughout all years of
the degree programme. Secondly, from abreadth perspective, interms of the range of instances
within the process design cycle, and examples from differentindustries, wheresafety isembedded.
Furthermore, innovative project-based teaching methods are employed, such as mini design

projects, known withinthe IEP framework as Scenarios, as well as incorporation of safety into
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laboratory experimentation, in-class examples, design projects and lectures. In addition, safety
videos, such asthose produced by the IChemE Safety Centre (ISC) and Chemical Safety Board (CSB)
are used to exemplify real-lifeindustrial incidents. Through these wide-ranging approaches the
challenges of safety teaching within the confinements of the classroom, where students have limited
industrial experience and where they are still developing their core chemical engineering knowledge,
are addressed with the aim of creating well-rounded and safety-aware graduates with astrong

safety culture.

The success of this novel new approach has been corroborated from student feedback, where over
90% of students feel they have a good understanding of the importance of safety within chemical
engineering, societyingeneraland the concept ofinherently saferdesign. Furthermore, students
recognise thatsafetyisintroducedimmediately inthe first yearand feel they have continually
growingopportunities to apply theirsafety learnings as they proceed through theirstudies, leading
themto feel prepared to tackle safety in their capstone design project and future industrial roles.
The success of this approach has been furtherrecognised through the successful accreditation of the
IEP chemical engineering degree by the IChemEin 2016 in which the department’s visionto produce
graduates with a strong safety ethos was particularly recognised. Finally, to conclude, the success of
such a comprehensive safety teaching programme could not be achieved without the efforts of all
teachingstaffinvolvedin every aspect of safety teaching, with strong academic, industrialand

laboratory experience.
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Tables

Table 1
Programme IEP Non-IEP
Year of studyin 2016-17 Third Fourth

Studentexperience

before 2016-17

Scenario-based project
learning

IEP courses such as Design
& Professional Skills | &1
In-class examples —

assessed and unassessed

In-class examples —
assessed and unassessed
Capstone 3" year design

project

Studentexperience

during 2016-17

Capstone 3" year design

project

Stand-alone process safety

course

Stand-alone process

safety course
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Table 2

Question: Do you feel ... % IEP % non-1EP
responses | responses

that an awareness of safety, best practices, technical knowledge & an 74 67

appreciation of safety culture has been effectively imparted?

you have a good understanding of the importance of safety in chemical 91 89

engineering?

you have a good understanding of the importance of safetyinsocietyin 94 89

general?

you have an understanding of whatinherently safe design meansin the 91 89

chemical industry?
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