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ABSTRACT 
Three different implementations of the flipped class paradigm were used to teach Chemical Engi-
neering students at Imperial College London (ICL) in the 2023-24 academic year: (1) The 3rd year 
elective course Introduction to Numerical Methods (INM) taught in its entirety in flipped format 
(the “good”); (2) The 2nd year core course on Process Dynamics and Control (PDC), with the first 
half of the course on process dynamics taught in traditional lecture format, and the second half on 
process control taught in flipped format (the “bad”); and (3) a one-week workshop on heat inte-
gration, taught as part of a 3rd year core course on Process Design (PD), taught in flipped format 
(the “surprising”). This paper describes these three implementations in detail and presents and 
analyzes the responses from student surveys intended to ascertain students’ perceptions about 
the level of their satisfaction with the flipped class approach and the degree to which they 
achieved mastery of the taught materials. The actual learning outcomes are also analysed, that is, 
the exam results in the case of the first two courses, and the performance of the students on their 
design project, for the last course. The paper ends with conclusions and recommendations con-
cerning how the flipped class paradigm should be implemented, depending on the classroom sit-
uation for which it is intended. 
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1. INTRODUCTION 
In the 2023-24 academic year, the lead author of 

this paper was on sabbatical at London’s Imperial College 
Department of Chemical Engineering, where he taught or 
co-taught three undergraduate courses, using variations 
of the flipped class paradigm, where lecture materials are 
viewed as preparation by students, and the class time is 
largely used for cooperative problem solving and exer-
cises to build mastery: 
(a) The 3rd year elective course Introduction to Numeri-

cal Methods, INM (the “good”), which used “flipping” 
in each week of the course. This implementation most 
closely followed the flipped class paradigm imple-
mented at the Technion [1, 2].  

(b) The 2nd year core course Process Dynamics and 
Control, PDC (the “bad”) consisting of six weeks cov-
ering process dynamics, taught by conventional lec-
turing, followed by five weeks covering process 

control, taught with a flipped approach. 
(c) The workshop on heat integration, taught as part of 

the 3rd year core course Process Design, PD (the 
“surprising”), which was an integral part of the pro-
cess design course. It involved three online lessons 
completed by the students in advance of class activ-
ity, with each online lesson associated with a hands-
on problem-solving class meeting, to a total of seven 
contact hours held during a single week of the course. 

The reader is probably curious why we have used the 
epithets “good,” “bad,” and “surprising” for the three 
courses, and we promise that all will be clear by the end 
of the paper. The flipping paradigm proposed by Lewin 
and Barzilai [1,2] involves three phases, repeated in each 
week: Phase 1 – Online Lesson, Phase 2 – Class Meeting, 
and Phase 3 – Active Tutorial. Because sufficient contact 
time was unavailable at ICL, the implementations there 
combined the second and third phase into one class 
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meeting which focused mainly on active tutorial work by 
the students.  

David Kolb [3] famously postulated a continuous cy-
cle of cognitive processes employed by learners to per-
ceive and process information: from concrete experience 
to reflective observation, to abstract conceptualization, 
and finally to active experimentation, although he ac-
cepted that most learners favor one cognitive learning 
process over the others. Benjamin Bloom [4] observed 
that moving from passive, lecturer-centered teaching to 
active, student-centered learning can improve learning 
outcomes by one standard deviation.  

The flipping paradigm has been adopted with docu-
mented success by the lead author in all the courses he 
has taught at the Technion. With this rich and successful 
experience behind him, it is not surprising that he re-
quested that all three of his courses taught at Imperial 
College would be delivered in flipped format, even though 
the department had experienced disappointing results 
when flipping had been tried there previously. To their 
credit, the management supported the principle of allow-
ing the author to teach with his approach. 

2. COURSE DESCRIPTIONS 
Curricula, learning outcomes, and investment ex-

pected from both teachers and students for the three 
courses that were taught in “flipped” format at ICL will be 
detailed in the full paper. These closely resemble similar 
courses taught at the Technion as described in Lewin and 
Barzilai [1,2]. In the space available here, we shall focus 
on distinguishing between the degree to which the flip-
ping paradigm was implemented in the three courses. 

2.1 Introduction to Numerical Methods 
The first part of the course provides instruction on the 

basic building blocks of numerical methods, with the sec-
ond part focusing on the application of those tools for the 
solution of numerical problems associated with engineer-
ing applications (Riggs [5], Carnahan et al. [6]). The 
course taught at ICL was a version of the hybrid flipped 
course developed and taught at the Technion in 2022 
that was described by Lewin and Barzilai [2]. 

2.2 Process Dynamics and Control 
The first part of the course provides the tools to de-

velop first principles and empirical process models. In the 
second part of the course, the derived models are used 
to design simple control systems to meet desired closed-
loop performance specifications (Seborg et al. [7]). The 
first part of the course was taught in regular lecture for-
mat, which included demonstration of applications of the 
taught materials, as well as assigned problem sets for the 
students to try on their own. However, this lecturer-cen-
tered teaching did not provide time for students to work 

problems for themselves in scheduled class time. The 
second part of the course was taught in flipped format, 
in which each week, students prepared for the class 
meeting by watching online lessons in advance. In the 
class meetings, time was provided for students to solve 
hands-on exercises for themselves. Unless such active 
tutorials are offered to students, there is no way to as-
sess their degree of mastery in the formative stage (dur-
ing the studies). We are left only in testing their mastery 
in the summative stage (i.e., by exams).  

2.3 Workshop on Heat Integration  
The workshop provides students with instruction in 

the principles and rules governing the “pinch” design of 
heat exchanger networks (HENs) and their practical ap-
plication (Seider et al. [8]). On the completion of the 
workshop, students are expected to be able to apply all 
the methodologies taught to perform efficient heat inte-
gration in the framework of their design projects. The ma-
terials were divided into three lessons taught in flipped 
format, covering (a) Introduction to HEN synthesis: Tar-
geting and basic HEN design; (b) Advanced HEN design: 
Heat loops, stream splitting and threshold problems; (c) 
Heat and power integration: Extracting flowsheet data for 
HEN synthesis, the usage of the Grand Composite Curve 
for utility management, and efficient integration of pro-
cess units within a HEN. 

3. METHODS 

3.1 Research Questions 
RQ1. What was the level of students’ approval for the 

usage of flipping? Was this perception different for 
those students who engaged more with the course 
resources and activities, compared to those who 
engaged less? 

RQ2. Did the students who engaged most with the 
course resources and activities achieve better 
learning outcomes than those who engaged less? 

RQ3. Which of the three versions of flipping achieved the 
best results, and why? 

3.2 Research Methods 
Two measures were used to assess effectiveness of 

the flipping approach as implemented at ICL:  (a) The 
three course cohorts were asked to respond to surveys 
in which students provided self-assessment of the de-
gree of their engagement with the course components, 
the degree of satisfaction with the flipped class ap-
proach, as well as their estimated degree of learning and 
mastery. (b) Learning outcomes of the three courses 
were analyzed, and where relevant, compared with the 
results of previous years. 
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Table 1: Categorization as “active” students according to response. 

 INM, the “good” PDC, the “bad” PD, the “surprising” 

No. of registered students  29 140 138 
No. of responders 25 (86%) 105 (75%) 108 (78%) 
What was your degree of participation in the following activities? 

Q1. Online lessons (OL) 
completed 

Completed all OLs Completed all OLs Completed all OLs 

Q2. Class meetings (CMs) 
attended 

Attended at least 5 out 
of 10 CMs 

Attended at least half of 
5 CMs 

Attended at least 1 out 
of 3 CMs 

What was your degree of active participation in the following activities? 

Q3. Engagement while 
watching online lessons 

Watched some clips re-
peatedly 

Not asked Watched all clips at 
least once 

Q4. Degree of active par-
ticipation in CMs 

Tried to solve some or 
all the class problems  

Tried to solve problems 
in at least half of the 
CMs 

Tried to solve most or 
all of the class problems  

No. of “Active” students  14 (56%) 41(39%) 52 (48%) 

Table 2: Listing of survey questions regarding students’ perceptions of flipped classroom. 
Q5. Flipped classroom (FC) is more appropriate than traditional teaching 

 

 
Q6. FC improved my ability to learn 
Q7. FC motivated me to take an active role in my learning  
Q8. FC encouraged me to learn more effectively 
Q9. FC was a valuable learning experience 
Q10. I want to expand my learning opportunities with more courses using FC 
Q11. The online lessons (OLs) were helpful in clarifying the course material 

 

 
Q12. The OLs prepared me adequately for class meetings 
Q13. The in-class activities in the class meetings (CMs) were engaging and interactive 
Q14. The CMs helped me to apply concepts I learned from OLs  
Q15. List the resons why the CM was effective to your learning (or not)   
Q16. What was the level of confidence in your mastery after CMs?   

   
(a) INM, the “good” (b) PDC, the “bad” (c) PD, the “surprising” 

Figure 1: Summary of responses to the surveys in the three courses, differentiating between the total class and the 
“active” and “passive” groups. 
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4. SURVEYS RESPONSES: RESULTS AND 
DISCUSSION 
The first four survey questions are intended to gauge 

the degree of responder engagement in the components 
of the flipped courses. The first two ascertain the extent 
of the responder’s passive engagement, that is, what per-
centage of the Online Lessons (OLs) were completed, 
and class meetings attended. The third and fourth estab-
lish the responder’s degree of active engagement, that is, 
for the OLs, were the video clips viewed partially, just 
once, or often several times to improve understanding, 
and in the class meeting problem-solving exercises, did 
the responder just listen to the presented solution, or try 
to solve a few, most, or all the problems. As shown in Ta-
ble 1, the responses to these questions distinguish be-
tween two approximately equal groups: the so-called 
“active” students, i.e., those that meet given levels of en-
gagement with the online resources and class meeting 
exercises, and those that do not, who are termed “pas-
sive” students.  

The remaining survey questions, listed in Table 2, 
were intended to ascertain, from each responder: Group 
  (Q5-Q10), the degree of agreement with several state-
ments concerning the flipped class paradigm as imple-
mented, Group , the degree of agreement with state-
ments concerning the effectiveness of the online lessons 
and class meetings (Q11-Q14), and Group , their per-
ception of the level of confidence in their understanding 
of the course material (Q16). Except for Q15 and Q16, the 
responses were on a Likert scale of 1-5, with 1 = strongly 
disagree, 2 = disagree, 3 = neither agree nor disagree, 4 
= agree, and 5 = strongly agree. Q15 asks the responders 
to indicate the reasons why the class meeting was effec-
tive for their learning or not. For Q16, the scale was: 1 = 
not at all confident, 2 = somewhat confident, 3 = confi-
dent, 4 = very confident, and 5 = extremely confident. 

The students’ responses to all three surveys are sum-
marized in the radar plots of Figure 1, which shows the 
average scores returned for three categories of students: 
The scores for the “active” and “passive” students, on ei-
ther side of the scores for the entire class. The polar plots 
provide a visual comparison of the degree of approval for 
the flipped class paradigm for the three courses; the de-
gree of approval in each course is in proportion to the 
area encircled by the plots:  

(a) The largest area indicating relatively high approval 
was expressed in the “good” course, where the re-
sponses to most questions indicate “agreement” 
(the “active” students returned an average score of 
4.3), with statistically indistinguishable responses 
for the “active” and “passive” students, with the ex-
ception of their degree of confidence in mastery, 
where “active” students are significantly more 

confident than “passive” students. 

(b) The smallest area indicating relatively low approval 
was expressed in the “bad” course, with the largest 
differences between the responses of the “active” 
and “passive” students out of the three courses: The 
average responses of the “active” students indi-
cated “agreement” with positive opinions (average 
score of 3.5), while for the “passive” students, the 
average indicated disagreement. The average stu-
dent opinion that their level of confidence was only 
“somewhat confident.” 

(c) The survey results indicate that the “surprising” 
course was perceived somewhere between the 
other two courses, where again, one can observe 
that the “active” students were statistically more 
positive in their opinions than the “passive” ones.   

5. LEARNING OUTCOMES 
 For the “good” and “bad” courses, both of which in-
cluded an examination as the main grade component, this 
is straight forward, and these are presented and dis-
cussed. For the “surprising” course, in which there was 
no final exam, but rather, a group project, we bring the 
group project grade distribution of the project compo-
nent that involved heat integration, with a comparison 
with its distribution from the previous year, when heat in-
tegration was taught by regular lecturing alone. A passing 
grade at ICL is 40%, with grades of 70% and above being 
considered 1st Class Honors (the highest grade). 

5.1 Learning outcomes for the “good” course 
(INM) 

Going by the responses from the first four questions 
of the corresponding survey (See Table 1) and the lec-
turer’s own observations, most students were actively 
engaged during the entire semester. Figure 2 presents 
the exam grade distribution for this course, showing that 
given this level of motivation in the class, it is not surpris-
ing that all the students passed the exam, with an aver-
age grade of 71%. The grade distribution is multimodal, 
indicating that the class is roughly divided into three 
equally sized groups, one which excelled, one which did 
well by ICL standards, and one last group who passed the 
exam with basic capabilities. This pleasing outcome is in-
dicative of a well-prepared exam, which accomplished a 
clear separation of the course participants by abilities. 

5.2 Learning outcomes for the “bad” course 
(PDC) 

In this case, most of the students (61%) were not ac-
tively engaged during the entire semester. Figure 3 
shows the exam grade distribution for this course, indi-
cating that given the relatively low level of engagement 
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in the class, it is not surprising that the overall class per-
formance was poor, with an average of 50%; 41 out of 
149 students failed the exam (28%), with 21 scoring 
above 70%. Indeed, the primary lecturer reports that this 
is the worst performance in the course in all the years 
that she has taught it. As shown in Figure 3, the distribu-
tion can be decomposed into a bimodal distribution using 
the method of Lewin [9], which computes the parameters 
of two weighted normal distributions that best fit the 
overall grade distribution: for the better-performing stu-
dents with an average of 63%, and for the underperform-
ers with an average of 35%. The better-performing stu-
dents constitute 64% of the class, with the remaining 
36% being the underperformers, which can explain the 
high failure rate. Students cannot realistically expect to 
achieve mastery in a course if they do not engage, which-
ever method is used to teach it. 

 
Figure 2. Exam grade distribution for Introduction to 
Numerical Methods (the “good” course). 

 

 
 

Figure 3. Exam grade distribution for Process Dynamics 
and Control (the “bad” course). 

5.3 Learning outcomes for the “surprising” 
course (Workshop on Heat Integration) 

 About half of the students (48%) were actively 
engaged during the workshop. It is of interest to compare 

the team grade distribution for the design project’s heat 
integration component awarded last year, when the sub-
ject was taught using face-to-face lectures, with this 
year’s grade, in which the subject was instructed by the 
one-week flipped workshop. As shown in Figure 4, this 
year’s distribution is slightly narrower (the standard devi-
ation has dropped from 12.4% to 10.0%), with a slightly 
higher average grade (the average has increased from 
75.3% to 77.2%). However, this small improvement is not 
statistically significant. 

  
(a) (b) 

Figure 4.  Grades for the L5 component (heat integration) 
of the design project: (a) for 2023 (last year), (b) This 
year’s (2024) grades following flipped workshop 
participation. 

6. ADDRESSING THE RESEARCH 
QUESTIONS 

The three research questions can now be ad-
dressed: 

RQ1. For all three courses, what was the level of ap-
proval for the usage of flipping? Was this percep-
tion different for those students who engaged 
more with the course resources and activities, 
compared to those who engaged less? 

We can state that most students perceive the flipped 
class teaching method positively, with the “active” stu-
dents perceiving this to a greater extent than the “pas-
sive” ones. The least positive perceptions were for PDC, 
which was not flipped in its entirety. 

RQ2. Did the students who engaged most with the 
course resources and activities achieve better 
learning achievements than those who engaged 
less? 

Students that are more engaged with their studies usu-
ally achieve better outcomes than those who engage 
less. The most striking example was seen in the results 
of the final exam for PDC (see Figure 3), where the class 
can be divided into high- and low-performing subsets ac-
cording to the degree of their engagement.  

RQ3. Which of the three versions of flipping achieved 
the best results, and why? 
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Based on the survey and outcomes data, the best 
results were achieved in the elective course INM. This 
was the only course out of the three that adopted flipping 
in its entirety and was taught to a relatively small group 
of committed students. This experience indicates that if 
the student body come fully onboard, the approach has 
the capacity to be extraordinarily successful. Again, 
based both on survey and outcomes data, the lowest 
level of approval for the flipping method and the poorest 
outcomes were received by PDC, principally because 
many of the students opted not to engage with the 
course. Going by the survey results, the one-week 
flipped workshop on heat integration was well received 
by the students, who implemented the materials taught 
in the workshop successfully into their projects at least 
as well as with previous experience with the course and 
certainly more uniformly across the entire class.  

7. CONCLUSIONS 
We have reported the outcomes from a year of 

flipped teaching at ICL. The three undergraduate 
courses taught were different variations of the flipped 
paradigm that has been run successfully at the Tech-
nion in Israel: (1) a 3rd year elective course on numerical 
methods taught in its entirety in flipped format (the 
“good”); (2) the 2nd year core course on process dynam-
ics and control, with the first half of the course on pro-
cess dynamics taught in traditional lecture format, and 
the second half on process control taught in flipped for-
mat (the “bad”); and (3) a one-week workshop on heat 
integration, taught as part of a 3rd year core course on 
process design, taught in flipped format (the “surpris-
ing”). The four main takeaways from this study are as 
follows: 

 If a decision to “flip” a course has been made, the 
decision should be concerning the entire course. 
The least successful implementation of flipping 
reported in this study was the one in which the 
first half of the course was delivered as lecture-
based, with no significant effort being made to 
ensure students are mastering the topics being 
taught, and the second half was given by “flipped 
class.” The switch between the two modes caused 
about half of the students to simply give up on the 
entire course and rely on cramming a few days 
before the exam, leading to an abnormally high 
failure rate.  

 In contrast, the elective course on numerical 
methods, taught as a “flipped” course in its 
entirety was a clear success – the small class of 29 
students were actively engaged to the point that 
an attempt to differentiate between the 
perceptions of the most and least engaged 
students did not produce results of statistical 

significance.  

 The flipped workshop on heat integration was 
another success, where even the least engaged 
students perceived that the flipped approach 
improved their learning. Indeed, the students’ 
approval of the flipped class paradigm was 
generally good, despite the unusually intensive 
way it was applied, ergo the epithet “the 
surprising”.  

 To obtain reliable results in student perception 
surveys, it is imperative to separate the 
responders into those who significantly engage 
with the course resources and activities, and those 
who engage less or not at all. High- and low-
engagers often become high- and low-performers, 
respectively, and the perceptions of these two 
groups can be significantly different. 

We have presented these results and our conclu-
sions to assist any lecturer who is considering applying 
flipping in his or her classroom with useful tips and infor-
mation. 
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