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ABSTRACT

BACKGROUND & CONTEXT

Core Chemical Engineering (ChEC) courses such as Process Dynamics and Control (CHEN
502) and Chemical Reaction Engineering | (CHEN 407) are commonly taught using deductive
approaches with simplifying assumptions, limiting students’ ability to address complex real-
world engineering problems.

PURPOSE OR GOAL

This paper presents the implementation of computer-aided learning programs (CALPSs) in
undergraduate ChEC courses to promote student-centred learning. Specialized commercial
software was used to support cooperative and peer learning through project-based learning
(PjBL) in CHEN 502 and problem-based learning (PBL) in CHEN 407 at Ahmadu Bello
University, Zaria, Nigeria.

APPROACH OR METHODOLOGY

A mixed-methods design was adopted, combining quantitative analysis of performance
indicators with qualitative survey data. Questionnaires were administered to multiple student
cohorts enrolled in CHEN 502 and CHEN 407 between the 2008/2009 and 2010/2011
academic sessions to evaluate the impact of CALPs in collaborative learning environments.

OUTCOMES

Results were analysed using mean scores and standard deviations, followed by interpretative
discussion. Students’ responses across both courses were ranked and learning gains were
evaluated based on the attainment of course learning outcomes (CLOs).

CONCLUSIONS

Findings from the 2009/2010 and 2010/2011 sessions indicate that most CLOs were
successfully achieved, demonstrating the effectiveness of CALP-supported cooperative and
problem-based learning approaches.

KEYWORDS

Computer-aided learning programs, Process Dynamics and Control, Chemical Reaction
Engineering |.
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Introduction

There is a need for paradigm shift in educating Undergraduate students the fundamental
concepts of some of the crucial Chemical Engineering courses such as the Introduction to
Process Dynamics and Control (CHEN 502), and Chemical Reaction Engineering (CHEN 407)
handled and administered at the Department of Chemical Engineering, Ahmadu Bello
University, Zaria and other Departments around the globe similar in contents in the synopsis
of these vital courses from the classical conventional deductive learning methods to more
logical, active and inductive styles of learning as well as real-time non-traditional approaches
(Isah et al. 2022; Isah and Ameh, 2023; Svrcek et al. 2014). This is due to high level of concepts
abstraction, their inferiority and simplification by so many assumptions and generalizations of
complex real-life situations, and thus, these antique techniques that were developed when the
computational capabilities were very poor, cannot be used to address today’s real-world
complex challenges (Isah et al. 2022; Isah and Ameh, 2023). The inevitability for phasing out
the former pedagogical techniques in the current Chemical Engineering curriculum cannot be
overemphasized. The reason is that they were developed in Mechanical and Electro-
Mechanical Engineering professions where processes are viewed and generally characterized
linear with little dead times, involving single or few species for almost 8 decades ago. In
addition, it was extremely difficult and impracticable to simultaneously solve multivariable
process models with higher order differential equations and high degree of non-linearities
analytically or numerically or with the computing aids due to the limitations of both sophisticated
computer software, hardware, and storage devices with enough required spaces in those days.
This clarion call cannot be overlooked due to the current necessity to meet-up with the
requirements of the student-centred teaching and learning of the basic concepts of these
critical courses in the same ways they are practised and implemented in the Chemical and
Process Industries (CPls), satisfy the demands of the dynamic labour markets, and the
requirements by the program learning outcomes (PLO) (Felder and Brent, 2004; Rugarcia et
al., 2000; Felder and Brent, 2016; Felder and Brent, 2003; Prince and Felder, 2006; Prince
and Felder, 2007). One of the main objectives of this conference paper is to reveal our
recorded success on how the deployment of computer-aided learning programs (CALPs) or
tools and modern innovative pedagogies led to more clearer understanding and retentive
comprehension of the fundamental concepts and principles of these crucial core courses, the
Introduction to Process Dynamics and Control (CHEN 502), and Chemical Reaction
Engineering (CHEN 407), impacted on students’ preparedness in acquiring practical
knowledge, skills, capabilities, and technical know-how prerequisite by the program learning
outcomes (PLO) in the curriculum of Bachelor of Engineering in Chemical Engineering for
addressing their real-world challenges in the profession of Engineering. Moreover, it was to
assist students in developing and improving their cooperative skills for effective teamwork,
leadership and communication skills needed for successful practice in their Engineering
careers (Isah et al. 2022; Isah and Ameh, 2023). To examine and evaluate whether the
students had really attained the expected appropriate knowledge, skills, and attitudes with
respect to the accomplishments or not achievements of the program learning outcomes (PLO),
the survey questions of the candidates’ responses in the research studies must address the
following queries: How candidates strongly agree or disagree about the acquired skills and
capabilities that led to their successes or failures in learning CHEN 502 and CHEN 407 due to
the introduction of CALP for cooperative learning (CL) or peer learning (PL) in project-based
learning (PjBL), problem-based learning (PBL), respectively? What attributes of attitudes were
very likely or unlikely contributed to the students’ successes or failures in learning these two
(2) important courses due to the introduction of CALP for PjBL and PBL? How much more or
less impact that the introduction of CALP for PjBL and PBL led the students’ successes or
failures in comparison with the traditional pedagogies for teaching and learning of these
courses?

185 https://doi.org/10.52202/086293-0019



Real-World Complex Engineering Problems

Handling the facilitations and lectures of the fundamental concepts of the crucial core courses
of the curriculum for Bachelor of Engineering (B. Eng) in Chemical Engineering like the Process
Dynamics and Control (CHEN 502) and Chemical Reaction Engineering (CHEN 407) for more
clearer understanding and retentive comprehension are highly challenging. The basic
knowledge of these vital courses is really requisite and needed in developing technical skills
and capabilities for problem solving skills, tackling real-life encountered problems in the most
persuasive, appropriate, and logical pedagogical techniques for the student-centred teaching
and learning. It entails creative and critical thinking skills in the development of scientific
frameworks for addressing these complex real-world challenges through describing their
processes under both steady and unsteady states, finding the dynamics, analysing, and
characterizing the transient behaviours, designing controllers, and tuning controllers for the
tracking changes in the setpoints and rejecting disturbances, so as to ensure safety and
effectiveness of the process operations, monitoring, and control are resolved through an
expressive step by step procedures in the case of CHEN 502 (Isah et al. 2022). On the other
hand for CHEN 407, sequence of reaction schemes involving multiple competing reactions,
multiple consecutive reactions as well as combination of both parallel and series (i.e., complex)
reaction systems of several participating species in steady-state flowing, semi-batch or semi-
continuous, and ideal batch reactors that are encountered in real-life scenarios, are viewed in
their reality, effectively approached and solved in real-time through a fluent step by step
algorithmic procedures (Isah and Ameh, 2023).

Traditional versus Non-traditional Pedagogies in Problem Solving Skills

The use of old-fashioned traditional pedagogical methods in teaching and learning were mainly
through deductive learning strategies with so many assumptions and generalizations for
simplifications in solution techniques for the problem solving skills to the real-world challenges
of Process Dynamics and Control as well as the second part of the course synopsis of
Chemical Reaction Engineering. These techniques have been utilized since the inception of
the Programme for the Bachelor of Engineering (B.Eng) in Chemical Engineering around the
globe. It is really quite amazing to discover that several Departments around the globe are still
deploying these classical approaches to the aforementioned critical courses, allocating too
much of time in the theories and complex mathematics surrounding the descriptions of process
models resulting from differential and non-linear algebraic equations based on the nature of
the challenges in either CHEN 502 where analysis and characterizations are done using the
so called “The Languages of Process Dynamics and Control” such as the time domain, Laplace
domain, z-domain, frequency domain, and the use of state variables in the Matrix form
representation or as the case perhaps in the several scenarios of CHEN 407 reactor design
and analysis for optimum product distributions. This is contrary to the effective utilization of
resources in devoting more time on the crucial topics like the general concepts for the process
modelling, process characterization, controller design, algorithm development for the
structures of P-only, I-only, PI, and PID feedback control loops, cascade control loops, and
feedforward control loops, and various techniques for controller tuning of vital unit processes,
unit operations, auxiliary process equipment, and overall plant-wide controllability as well as
looking at the strategies for the distributed control systems (DCS) of modern process plants.
In addition, there are several limitations and deficiencies to the ancient analytical graphical
techniques employed in the designs, operations, and analysis of reactors ranging from bench
to pilot, and pilot to commercial scales for single, multiple competing, multiple consecutive, and
complex reaction systems in Chemical Reaction Engineering courses such as CHEN 407. The
resulting reaction models into a set of higher order differential equations are impracticable to
be solved using these classical methods. A lot of assumptions and generalizations of profiles
for some few cases of participating reaction species in steady-state flowing, semi-continuous
and ideal batch reactors have to be compromised and made for several species in different
cases and scenarios in an attempt to depict and have approximate solutions of the complex
real-world challenges. Moreover, there were limitations of both computer software and
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hardware with enough required storage spaces and capabilities when the antique solution
techniques for the traditional pedagogies were developed but these are still surprisingly found
in use around the academia for teaching and learning of these crucial courses!

Contrary, there are a lot of efforts in deploying new and modern innovative pedagogical tools
and techniques in the above-mentioned critical courses through the combined strategies of
different deductive and inductive teaching/learning approaches such as cooperative learning
(CL) or peer learning (PL) in project-based learning (PjBL), and problem-based learning (PBL)
for the student-centred learning/teaching (Isah et al. 2022; Isah and Ameh, 2023). In addition
to the problem solving skills for the encountered complex real-life challenges that require the
applications of taught principles and concepts of these vital courses of ChE curriculum,
computer aided learning program (CALP) such as the utilization of specialized commercialized
software programs (SCSP) like Control Station®, Loop Pro® Trainer Solution for Academics,
Mathematical Software Packages (MSP) such as MATLAB, Polymath® MSP are now utilized
in-class activities, assignments, case studies problems related to each of these techniques
(Isah et al. 2022; Isah and Ameh, 2023). (Isah et al. 2022; Isah and Ameh, 2023). One of the
latest requirements from most of the program learning outcomes (PLO) for the survival and
excelling of engineering graduates in the fourth industrial revolution is to acquire the vital skills,
capabilities, and attributes for solving complex real-world problems as stated in most of the
global engineering bodies such as ABET, Washington Accord, Bologna Process Declaration,
and so on (Ali et al., 2021; Phang et al., 2016; Svensson et al., 2016; Kasuba and Ziliukas
2004; Felder and Brent, 2004; Felder and Brent, 2003).

Research Methodology

The concept of computer-aided learning program (CALP) were deployed in the presentations
and facilitation of lectures of Process Dynamics and Control (CHEN502) with the aid of Control
Station® and Loop Pro® Trainer Solution for Academics. Similarly, specialized commercialized
software programs (SCSP) were employed in the the second part, and/or first part of the course
synopsis for the old and new revised ChE curriculum of Chemical Reaction Engineering (CHEN
407), and/or Chemical Reaction Engineering Il (CHEN 407) using mathematical software
packages (MSP) such as MATLAB or SCSP like Polymath® MSP (Isah et al. 2022; Isah and
Ameh, 2023). The lectures were conducted in both deductive and inductive ways that
supported student-centred active teaching and learning for more than 15 years utilizing the
features of cooperative learning (CL) and project-based learning (PBL); and problem-based
learning (PjBL) pedagogies in attempt to address the real-life complex challenges in the cases
of CHEN502 (Luyben and Luyben, 1997; Ogunnaike and Ray, 1994, Cooper and Dougherty,
2000; Cooper and Dougherty, 2003; Edgar et al., 2006) and CHEN 407 (Levenspiel, 1998;
Fogler, 2006; Trambouze, 1959), respectively. A survey questionnaire was used to be
administered to the candidates that studied these courses for the purpose of evaluation of the
courses, and the design of qualitative research investigations over the years. The course
synopsis of the CHEN502 courseware as can be also found in (Isah et al. 2022) included the
following skills and capabilities for the course learning outcomes (CLO):

e To study process dynamics and control by first introducing the aims, objectives, and
tools for process control strategy and through explaining the definitions of important
terminologies used in process dynamics and control,

e To describe the dynamics of process systems and analyse the responses to forcing
functions,

e To characterize the process dynamics by finding the process parameters: process gain,
process time constants, and process deadtime,

e To study the techniques for linearization and coupling of process systems,

e To learn the instrumentation techniques for flow, level, pressure, temperature, and
composition measurements,
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e To study different types of controllers and the modes of operation for on/off,
proportional (P-Only), proportional/integral (Pl), and proportional/integral/derivative
(PI&D),

e To study the various types and characteristics of control valves, transmitters, and
transducers,

e To design and test a P-Only, PI, PI&D controllers for tracking changes in the setpoint,
and rejecting disturbances, respectively

e To explore how controller tuning parameters such as controller gain (Kc) impact on P-
Only, PI, PI&D controller performances,

e To study the control schemes and modes for the control of key process variables of the
unit operations and unit processes overall process control.

Teammates were used to be formed ranging from eight (8) to eighteen (18) or from seven (7)
to nineteen (19), and five (5) to seven (7) team members for the cooperative learning (CL) in
project-based learnings (PjBL) for more than 15 years with the assigned responsibilities and
stated objectives in order to accomplish the course learning outcomes after the first in-class
demonstrations. Four (4) main groups were used to be reformed for tackling their individual
unique project-based learning (PjBL) assignments based on four (4) different PjBL case
studies. The projects were all about describing the processes mathematically under steady
and unsteady states through modelling, finding the process dynamics and characterizing the
dynamics into process gain, process time constants, and process deadtime, designing
controllers, and determining the controller gain tuning parameters for P-Only, PI, and PI&D
controllers, controller testing, and controller tuning for tracking changes in the setpoints and
rejecting disturbances. The case studies were for a single loop jacketed reactor with
temperature controller, a counter current shell and tube heat exchanger with a temperature
controller, a gravity drained non-interacting double tanks processes with a level controller, and
distillation column with a composition controller as shown from Figures 1 to 4.

PjBL case study 1: The jacketed reactor is a continuously stirred tank reactor (CSTR) in
which the first order irreversible exothermic reaction: A===>B occurs as shown in Figure 1.
Residence time is constant in this perfectly mixed reactor, so the steady state conversion of
reactant A from the reactor can be directly inferred from the temperature of the reactor product
stream. To control reactor temperature, the vessel is enclosed with a jacket thréugh which a
coolant passes. The measured process variable is product exit stream temperature. To
maintain temperature at 81.5°C < Text < 99.5°C, the controller manipulates the coolant flow
rate through the jacket. The disturbance variable is the inlet temperature of coolant flowing
through the jacket.

< single Loop Jacketed Reactor,
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Figure 1: Single Loop Jacketed Reactor with a Temperature Controller
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PjBL case study 2: The heat exchanger is a counter current shell and tube, lube oil cooler as
shown in Figure 2. The measured process variable is lube oil temperature exiting the
exchanger on the tube side. To maintain temperature at 130°C < Texit < 176 °C, the controller
manipulates the flow rate of cooling the controller manipulates the flow rate of cooling liquid on
the shell side. Thus, as the controller output (or flow rate of cooling liquid) increases the exit
temperature decreases.
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Figure 2: Counter-current Heat Exchanger Process with a Temperature Controller

PjBL case study 3: The gravity drained tanks process is two non-interacting tanks stacked
one above the other. Liquid drains freely through a hole in the bottom of each tank as shown
in Figure 3. The measured process variable is liquid level in the lower tank. To maintain lower
tank level at 1.26 m < Hy< 7.83 m, the controller manipulates the flow rate of liquid entering the
top tank. The disturbance variable is a secondary flow out of the lower tank from a positive
displacement pump. Thus, the disturbance flow is independent of liquid level except when the
tank is empty.

Measured Frocess Variable
Level (m)

ContrllerOutput
)

Figure 3: Gravity Drained Tanks Process with a Level Controller

PjBL case study 4: The distillation column as shown in Figure 4 is for binary distillation of
benzene and toluene. The objective is to separate toluene from benzene by sending a high
percentage of benzene (and thus low percentage of toluene) out the tops stream and a low
percentage of benzene (and thus high percentage of toluene) out the bottoms stream. The
column dynamic model employs tray-by-tray mass and energy calculations like the one
proposed by McCune and Gallier (1973). To maintain top composition of benzene at 75.0% <
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y < 98.6%, the top controller manipulates the reflux rate to control the top composition. The
bottom controller adjusts the rate of steam to the reboiler to control the bottoms composition.
Any change in feed rate to the column acts as a disturbance to the process.

< Distillation Column [B[EIET]

File Run Tasks Help

=y £ [=2] = = " & ?

Clock | Rescale History  Plot Save EditFile | Pause Design  Help ‘

95.0

Time: S6E1 Min
I CT: Manual Made / £2 Manual Made [ File Storage: OFF

Figure 4: Distillation Column with a Composition Controller

Use the Case Studies Module of Loop-Pro Trainer Solutions to respectively establish your
design level of operation (DLO) by changing only the controller output (CO) signal using the
specific information provided to you.

a) Consider the CO given to you as your COgiss, €stablish other design level of operations
(DLO) parameters, generate, collect and record controller output (CO) to measured
process variable (PV) signals when the response is half way (Use Print Screen key to
copy it and then take it to MS Word), at the same time storing the dynamic process
data to be used for controller design and tuning recipe (name the data as your
registration number as for example, U04CE0000.dat and import it into MS Word in
tabular form). The data should not be more than 1, 500 data points and should be
presented at the end of the report.

b) Fit a first order plus dead time (FOPDT) model to the data generated in (a) above to
describe the dynamic behaviour (After simulation, use the Print Screen key to copy it
and then take it to MS Word).

c) Record the FOPDT process model parameters and use them in rules and correlations
to complete the controller design and tuning recipe for P-Only, PI, and PID. Also, record
the tuning parameters in each case.

d) Validate your completed controller designs in c) above and study the tracking changes
in setpoint and load disturbance rejections under the three (3) different controller
actions. Observe and compare the performance of three (3) controller actions as each
attempt to track the changes in set-point and disturbance rejections.

e) Explore how the magnitude of tuning parameters in each case of c) above (K¢, and/or
7;, and/or tp) individually impact the controller performance when setpoint tracking is
the objective, using averaged moderately aggressive and very aggressive tuning
values. Under what conditions the system is likely to be unstable?

Similarly, the topics of the second or first part of the course synopsis for CHEN 407 courseware
as shown in Isah and Ameh (2023) included the following capabilities for the course learning
outcomes (CLO):
e To study multiple reactions and design for optimum product distributions in an ideal
batch and steady-state semi-continuous, and flowing reactors, respectively,
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e To examine the influences of temperature and pressure for a single and multiple
reactions under adiabatic and non-adiabatic conditions in an ideal batch and steady-
state semi-continuous, and flowing reactors, respectively, and

e To study the optimum temperature progression in an ideal batch and steady-state semi-
continuous, and flowing reactors, respectively.

Nevertheless, the knowledge, and capabilities learned from the first part of CHEN 407 from
the old ChE curriculum, Chemical Reaction Engineering | (CHEN 305) of the new revised ChE
curriculum for synopsis of the courses, 7 credit units of Calculus, Differential and Integral
Calculus, Differential Equations and Transforms together with 6 credit units of Physical
Chemistry and Chemical Engineering Kinetics and Catalysis (CHEN 305) of the old ChE
curriculum resulting in a total of 13 credit units were relevant and needed for the retentive
comprehension of either the second or the first parts of the course synopsis of the old or the
new revised ChE curriculum, respectively. The following skills were the expected CLO of the
first part of the course outline for the old ChE curriculum:
e To review the kinetics of homogeneous reactions,
e To study the constant and variable volume ideal batch and steady-state flowing reactor
systems, respectively,
e To derive the performance equations for the design, and analysis of single reaction in
an ideal batch and steady-state flowing reactor systems, respectively.

A set of open-ended focus complex real-world challenges that possess the characteristics of
problem-based learning case studies were considered and tackled for more than 15 years in
attempt to address the open-ended problems during the one-month due-date individual
assignments in the analysis and design of multiple competing, multiple consecutive, and
complex multiple reaction systems for the optimum product distributions of variety of products
ranging from petrochemical complexes to commodity, to fine chemical and to specialty
chemical, and also to pharmacokinetics analysis of the drug-based products. Algorithms for
the resulted coupled sets of ordinary differential equations (ODESs) in the cases of packed bed
reactors (PBRs) or assumption of steady-state plug flow reactors (PFRs) or sets of algebraic
non-linear equations (ANLEs) in the cases of constant stirred tank reactors (CSTRs) or
combination of both flowing reactors for multiple participating species were developed and
solved simultaneously in the design and analysis of optimum product distributions for the
combination of both multiple parallel and series (i.e., complex) reaction systems (Isah and
Ameh, 2023). However, the students were initially taught the skills for critical and creative
thinking as well as step-by-step procedures for the development of algorithms for solving
complex reaction systems of real-world problems through the combined strategies of deductive
and inductive approaches.

Results and Discussion

General Performance in CHEN 502 and CHEN 407 for a Typical Session

A typical academic year, one for each of these two (2) crucial core courses out of many
academic sessions, in the curriculum of Bachelor of Engineering in Chemical Engineering, at
Ahmadu Bello University Zaria, was selected for the consideration in the research
investigations for demonstrations. The overall performance of all candidates in the Introduction
to Process Dynamics and Control (CHEN 502) in 2009/2010, and Chemical Reaction
Engineering (CHEN 407) in 2010/2011 academic sessions are presented with their cumulative
frequencies and analysed, respectively using the mean scores and standard deviations
indicators as 104 students, 50.83 marks, and 1.50; and 183 students, 52.49 marks, and 1.36,
respectively. The distributions of grade marks for the candidates in CHEN 502 for 2009/2010
session scored 7 A’s, 24 B’s, 29 C’s, 11 D’s, 21 E’s, and 12 F’s, while that of the candidates in
CHEN 407 for 2010/2011 sessions scored 15 A’s, 38 B’s, 67 C’s, 22 D’s, 28 E’s, and 13 F’s.
The total number of passes in CHEN 502 (A, B, C, D, and E) and failures (F) were 92 and 12.
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Figure 5: Grade distribution scores in CHEN 502 and CHEN 407 for 2009/2010 and 2010/2011,
respectively academic sessions

It can be inferred from the statistical analysis that approximately 68% of the scores are between
49.33 and 52.33 marks, 95% of the scores are between 47.83 and 53.83 marks, and almost
all the scores are between 46.33 and 55.33 marks under standard normal curves. On the other
course, CHEN 407, the total number of passes (A, B, C, D, and E) and failures (F) were 170
and 13, respectively. It can be inferred from the statistical analysis that approximately 68% of
the scores are between 51.13 and 53.85 marks, 95% of the scores are between 49.8 and 55.21
marks, and almost all the scores are between 48.42 and 56.56 marks under standard normal
curve as exhibited in Figure 5.

Responses of Research Survey Questionnaire

Several surveys were conducted throughout the periods for handling the lectures, facilitations
and administrations of these courses, Introduction to Process Dynamics and Control (CHEN
502) and Chemical Reaction Engineering (CHEN 407) at the Department of Chemical
Engineering, Ahmadu Bello University, Zaria for more than 15 years. For this conference
paper, surveys of 104, and 183 cohorts of students that were conducted in 2009/2010 and
2010/2011 academic sessions for CHEN 502 and CHEN 407, respectively, were chosen for
disclosing the research findings of the survey qualitative investigations. In the survey
questionnaires, the students were asked to indicate how strongly they agree or disagree, how
most likely or unlikely attained to what led to the attributes for their successes or failures in
these two (2) different taught courses CHEN 502 and CHEN 407 at different times. Figures 6
and 7 display the ranking of responses for 104 and 183 candidates in CHEN 502 and CHEN

407, respectively.
Strongly Agree | Strongly Agree
Neutral 3
Disagree
Strongly Disagree |Strongly Disagree
No Response No Response

41.7%

43.7%

18.4%

2.90% 9%

31.1%

3.9%97%°1.0%

The activities of LOOP PRO” TRAINER solution for
academics, a CALP in PBL helped me to realize the
connections between the areas of CHEN 502

CALP activities with the aid of LOOP PRO® TRAINER solution
for academics in PBL of CHEN 502 helped more than

traditional pedagogies to understand the course. Kknowledge that | hadn't appreciated before.

Figure 6: Cooperative and project-based learning (CPjBL) with the aid of computer-aided
learning programs (CALPs) in Process Dynamics and Control (CHEN 502)
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Strongly Agree Strongly Agree
Agree ree

Neutral

Disagree e
Strongly Disagree Strongly Disagree
No Response No Response

39%

40%

15.3%
8%
2.0943-3% 59 3%
1.1%

38.3%

0.5%

CALP activities for PBL in CHEN 407 helped more than
traditional ways of learning to understand

The Polymath activities in CALP for PBL helped me to realize

the connections between the areas of CHEN 407
the course concepts.

knowledge that | hadn't appreciated before

Figure 7: Problem-based learning (PBL) with the aid of computer-aided learning (CALPSs) in
Chemical Reaction Engineering | (CHEN 407)

The opinions of candidates in computer-aided learning program (CALP) with the aid of Loop
Pro® Trainer Solution for Academics for cooperative learning (CL) in project-based learning
(PjBL) of CHEN 502 and CALP deploying Polymath® SCSP MSP were assessed and ranked
as shown in Figures 6 and 7, respectively. 31.1% and 50.5% strongly agreed and 43.7% and
41.7% agreed that the CALP activities deploying Loop Pro® Trainer Solution for Academics
assisted them to realize the connections between the areas of CHEN 502 knowledge that they
hadn’t appreciated before and CALP activities for PjBL in CHEN 502 helped them than ancient
traditional pedagogies in having more clearer understanding and retentive comprehension of
the course concepts and ideas, respectively as shown in Figure 6 and 7. However, only 1%
and 0% (none of the candidates) disagreed and 1.9% and 0% (none of the students) strongly
disagreed with the earlier and later assertions, respectively. In addition, 18.4% and 4.9% were
neutral while 3.9% and 2.9% did not respond to both views, respectively.

On the other hand, 38.3% and 49% strongly agreed and 40% and 39% agreed that the
Polymath activities in CALP for PBL helped them to realize the connections between the areas
of CHEN 407 knowledge that they hadn’t appreciated before and CALP activities for PBL in
CHEN 407 permitted and facilitated them more than ancient traditional pedagogies in order to
have better understanding and retentive comprehension of the taught course concepts and
principles as exhibited in Figure 7. However, 3.3% and 3% disagreed and 2.2% and 0.5%
strongly disagreed with the former and later assertions, respectively. Moreover, 15.3% and 8%
were neutral while 1.1% and 0.5% did not respond to both claims, respectively.

The ranking of the students’ responses in the comparison studies between utilization of
computer-aided learning programs (CALPs) with the aid of Loop Pro® Trainer Solution for
Academics in project-based learning (PjBL) together with that of Polymath® SCSP MSP for
problem-based learning (PBL) and ancient traditional learning pedagogies (TLP) in learning
CHEN 502 and CHEN 407 as shown in Figures 8 and 9, respectively based on creativity
through motivations and enthusiasms and life-long learning for the practice of Engineering
Profession.
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Figure 8: Comparison between CALP for CL in PjBL and traditional learning pedagogies (TLP)
in learning CHEN 502 based on creativity and life-long learning for Engineering Practice

It can be observed that 47.6% and 28.2%, and 28.2% and 49% of the candidates were much
more, and somewhat more felt that they were challenged to create their own understanding on
CALP with the aid of Loop Pro® Trainer Solution for Academics in PjBL and the skills acquired
from the course were employed in the process for tackling complex real-world projects in
CHEN 502 that prepared them for facing the future challenges of Engineering Profession
through that kind of life-long learning, respectively. Nevertheless, 3.9% and 3.9%, and 2.9%
and 3.9% of the respondents were somewhat less, and much less in agreements with the
earlier and later claims, respectively. Moreover, 13.6% and 12.6% were having the same
opinions while 3.9% and 2.9% had no response to both statements, respectively.

Much More
Somewhat More
The Same

Somewhat Less

Much Less
No Response

8%
5%

4%

33%

Feel challenged to create your own understanding on
PBL using the CALP.

Much More
Somewhat More
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25.7%
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Feel the CALP for PBL prepares you more for practice
in the Engineering Profession.
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Figure 9: Comparison between CALP for PBL and traditional pedagogies (TLP) in learning
CHEN 407 based on creativity and life-long learning for Engineering Practice
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LOOP PRO® TRAINER solution for academics in Process Dynamics
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in Chemical Reaction Engineering | (CHEN 407)?

Figure 10: Overall students’ satisfaction and dissatisfaction on computer-aided learning
programs (CALPs) for cooperative learning (CL) in project-based learning (PjBL) and problem-
based learning (PBL) in CHEN 502 and CHEN 407, respectively

In the other course, 33% and 43.2%, and 33% and 25.7% of the respondents were much more,
and somewhat more felt that they were challenged to create their own understanding on CALP
with the aid of Polymath® SCSP MSP for PBL and the skills acquired from PBL using CALP in
the process of addressing complex real-world problems in CHEN 407 that prepared them for
future life-long learning and the practice of Engineering Professional challenges, respectively.
Nonetheless, 5% and 3.3%, and 4% and 1.6% of the respondents were somewhat less, and
much less in agreement with the former and later statements, respectively. Additionally, 8%
and 7.1% were having the same opinions whereas 17% and 19.1% had no response to both
different views, respectively.

Figure 10 exhibits the ranking of responses for the students on the overall satisfaction and
dissatisfaction with the introduction of computer-aided learning programs (CALPs) for
cooperative learning (CL) in project-based learning (PjBL) with the aid of Loop Pro® Trainer
Solution for Academics and problem-based learning (PBL) using Polymath® SCSP MSP in the
processes of learning and addressing complex real-world challenges through the application
of taught concepts and principles learnt in CHEN 502 and CHEN 407, respectively. 20.4% and
60.2% of the candidates were very satisfied and satisfied, respectively. However, only 3.9%
and 0% (i.e., none) of the candidates were dissatisfied and very dissatisfied with the
introduction of CALP with the aid of Loop Pro® Trainer Solution for Academics for CL in PjBL
of CHEN 502, respectively. Besides, 9.7% were in a neutral position while 5.8% had no
response, respectively. On the other course, 33.3% and 43% of the students were very
satisfied and satisfied, respectively with the introduction of CALP utilizing Polymath® SCSP
MSP in CHEN 407. Nonetheless, 1.6% and 1.1% of the respondents were unsatisfied, and
very unsatisfied with the introduction of CALP for PBL in CHEN 407, respectively. Moreover,
10% were in a neutral position while 11% had no response, respectively.

Conclusions

In conclusion, this research was successful in demonstrating the impact of deployment of
computer-aided learning programs (CALPs) with the aids of Loop Pro® Trainer Solution for
Academics and Polymath® SCSP MSP for cooperative learning (CL) in project-based learning
(PjBL) of the Introduction of Process Dynamics and Control (CHEN502), and problem-based
learning (PBL) of Chemical Reaction Engineering (CHEN 407), as a new learning pedagogies
in Engineering Education for what led to the candidates’ success or failure in some of these
vital core courses of the curriculum for the Bachelor of Engineering in Chemical Engineering
Programme, with cohorts of 104 and 182 students for 2009/2010 and 2010/2011 sessions,
respectively. Survey questionnaires were used to be administered after the completion of each
course for the course evaluation and our ongoing qualitative research inquiries for more than
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15 years. The main course learning outcomes (CLO) of CHEN 502 were achieved using the
case studies for the CL in PjBL in-class work demonstrations, cooperative team work and
unique individual project tasks. Likeise, most of the CLOs of CHEN 407 were accomplished
for PBL in-class work demonstrations and one-month due-date individual assignments. These
results can be seen and observed clearly from the research findings as indicated in the survey
responses of the students in the programme. 20.4% and 60.2% of the candidates in CHEN
502; and 33.3% and 43% of the candidates in CHEN 407 were very satisfied and satisfied;
respectively, with the introduction of CALPs with the aids of Loop Pro® Trainer Solution for
Academics and Polymath® SCSP MSP in the process of learning and tackling complex real-
life challenges, respectively. Nonetheless, only 3.9% and 0% (none), 1.6% and 1.1% of the
candidates in the cases of CHEN 502 and CHEN 407 were respectively dissatisfied and very
dissatisfied. Moreover, 9.7% and 5.8%; 10% and 11% were having neutral positions and no
responses, respectively.
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