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BACKGROUND  
Numerical and graphical examples are used in lectures to model the solution of some typical problems 
in chemical engineering applications.  These techniques are inherently dynamic and in most occasions 
difficult to follow by students who are trying to grasp the concepts and at the same time learn the 
method that they will need to use in similar calculations later.  The sequence of actions and their 
significance of each step of the calculation are quite important but this cannot be fully appreciated 
when looking at the final product.  Consequently, students always feel that they need more examples 
which are not always feasible to do with a finite lecturing time available. 

PURPOSE 
This work investigates the use of podcasts as a tool for student to learn about dynamic techniques 
used in problem solving.  The main objective of the work was to create video podcasts that replicate 
the graphical and numerical methods used in solving relevant problems in the context of solid-fluid 
separation processes and chemical engineering fundamentals and establish if they can improve the 
students’ learning experience and flexibility in the teaching delivery. 

DESIGN AND METHOD  

Podcasts have been designed and created around particular examples in two undergraduate courses 
in Chemical Engineering; the first one is dealing with solid-fluid separation processes and second unit 
deals with chemical engineering fundamentals.  Camtasia Studio 7

®
 was used to produce the 

Podcasts which were recorded using a table PC providing a more realistic approach to the use of the 
graphical methods.  The podcasts were delivered through the Virtual Learning Environment (VLE).  
On-line tests were also embedded in the VLE to assess competency and attainment of learning 
outcomes.   Evaluation questionnaires were used to find about the students’ learning experience when 
using the podcasts for learning.  

RESULTS  
The project outcomes have been evaluated by obtaining feedback from the students using an 
evaluation questionnaire.  The results from the questionnaire show that in general students find the 
podcasts beneficial for their learning and give them confidence when tackling similar problems.   

CONCLUSIONS 
In general, students found the Podcasts help them learn these techniques at their own pace and time 
allowing them to grasp and consolidate concept in a more effective manner.  Staff also felt that the 
podcast have been a positive addition to the e-learning provision of the courses as they have 
contributed to increasing the students general engagement and interest in the subjects. 
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Introduction 

Problem solving is considered one of the key skills for engineering graduates.   Hence the 
development of problem solving skills is an area of great emphasis in any undergraduate 
curriculum in engineering (Fui Tong, 2003).  The development of problem solving skills 
throughout the undergraduate education is also a programme accreditation requirement in 
many countries (ABET, 2012), (Engineering Accreditation Board, 2012), (Engineers 
Australia, 2012). 

In many occasions solving certain problems in engineering require steps in which it is 
necessary to combine data contained in graphical/numerical representations with 
mathematical models allowing for a complete solution to a problem.  In these cases, it might 
occur that by looking to the final representation or image the untrained eye will not be able to 
know how exactly this was achieved. The sequence of actions and the significance of each 
step of the calculation might be quite important but this cannot be fully appreciated when 
looking at the final product (e.g. the numbers of a spreadsheet or the lines drawn on a graph) 
as shown in Figure 1.   

 

 
 

 

Figure 1. Some examples of graphical/numerical representations used in some chemical 
engineering calculations. 

An analogy of this situation in the arts could be found for instance in paintings.  One can 
admire and see the elements of a painting without truly knowing what steps were taken to 
obtain the final product; what was sketched first? In what order colours were added? What 
types of strokes were used for each aspect?  For the admirer of the painting, gaining the 
knowledge of the different techniques and sequences used is arguably not important. 
However for the art student, who might want to replicate if not the motif the methods and 
techniques on her/his own, this is important.  Similarly, in solving problems using graphical 
representations the same difficulties arise for engineering students.   

Typically in chemical engineering, when using graphical representations in the solution of 
problems two different situations may occur.  One case is when data/information must be 
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extracted from a graph.  The other case occurs when data from the graph must be combined 
with a mathematical or other representation in order to obtain the relevant information to 
continue solving a problem.  For an educator demonstrating either of these for the benefit of 
the students poses different challenges.  The challenge in the first instance is to ensure that 
students learn and are able to obtain a piece of information from a graph. In the second 
instance the challenge is greater as it not only requires students to be able to obtain 
information from the graph but also to apply and combine different aspects of knowledge.  
Traditionally, these techniques can be demonstrated during a lecture.  However, as they are 
inherently dynamic in most occasions, they are difficult to follow by students trying to grasp 
the concepts and at the same time learn the methods that they will need to use in similar 
situations later.  Consequently, students always feel that they need more examples.  It is 
always possible to do more examples/demonstrations in lectures but with a finite time of 
lecturing available this is not always feasible.  How can we provide students with more 
opportunities to observe these demonstrations without compromising lecturing time?  

Blackburn (2011) pointed out that in the pursuit to motivate and engage students in the 
learning process educators are constantly trying to bring into their classroom the latest 
technological advancements, in particular, to improve their problem solving and critical 
thinking skills. It is evident that the surfacing of eLearning as an important way to deliver 
teaching and learning at all levels has increased with fast technological developments.   

It was argued at some point early in the advent of eLearning that this will replace completely 
face-to-face learning, however it has been recognised that any learning occurs as part of 
multiple social and cultural interactions (‘social constructivism’) and as such eLearning is 
arguably also part of that context (Kidd, 2012).  Jochems et al. (2004) have proposed a 
framework for ‘Integrated e-learning’ that takes pedagogical, technical and organizational 
aspects into account as well as a systems design perspective based on a student centred 
approach.  This framework considers complex learning processes, a variety of learning 
methods and flexibility at the same time.  

Kidd (2012) speaks of the ‘digital native’ to refer to an learner or individual completely 
immersed in a digital environment where media can provide immediate and immense access 
to information and social interactions.  This ‘digital native’ or ‘digital learner’ is one very 
familiar with devices such as iPods, MP3 players, mobiles and their associated media (e.g. 
podcasts, videos).  In particular, podcasts have been recognised in the last few years as a 
tool used effectively in higher education (Berger, 2007), (Fernandez et al., 2009), (Andersen, 
2011), (Abdous et al., 2012).   

Edirisingha et al. (2008) provide a guide for the design of podcast for learning in higher 
education.  The first factor they consider is the pedagogical driver in the decision to adopt 
podcasts based around the issues or difficulties that they can address within the learning 
context. One of the drivers with a pedagogical rationale, they identified, for the use of 
podcasts is when the teaching of complex and challenging concepts is limited by lectures or 
face-to-face interaction. 

This work investigates the use of podcasts as a technological tool in the undergraduate 
chemical engineering curriculum.  It has originated from the need to provide better support in 
the learning experience of students at The University of Manchester in cases where the use 
of numerical and/or graphical techniques arises in problem solving given the limitations of 
demonstrations during lecture time. The question that this study aims to answer is whether or 
not podcasts can help to improve the learning of students in these situations. Moreover, this 
work explores how podcasts can respond to the demands on flexibility required by both the 
students and staff when dealing with these problems.   

In order to investigate these aspects a series of podcasts were designed and delivery to two 
undergraduate courses in Chemical Engineering at The University of Manchester over the 
academic year 2010-11. An evaluation to gain insight into the students experience was 
carried out. 
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Podcast development and delivery methodology 

The design and delivery of the podcasts in this work integrated a variety of methodologies, 
guides and aspects reported in the literature (Edirisingha, Salmon, & Nie, 2008), (Andersen, 
2011), (Kidd, 2012), (van Merriënboer, Bastiaens, & Hoogveld, 2004). 

Podcasts with video for two courses at two different levels (1 and 2) of the undergraduate 
programme were developed and delivered through the university wide Virtual Learning 
Environment (Blackboard 9).  Different delivery approaches were used in each course 
regarding the integration of the podcasts in the eLearning provision.  Details on aspects of 
the development and delivery follow. 

Creating Podcasts 

The podcasts created in for this work have been designed around particular topics; those in 
which numerical and/or graphical methods are to be discussed. In each case an example 
was chosen to be used as basis for the demonstration through the video which also included 
voice narration. 

The level 2 course was delivered in the first semester of the academic year while the level 1 
course was delivered in the second semester.  Therefore the level 1 podcast production 
benefitted from the previous experience of developing more challenging podcast for the level 
2 course.  The theme of the course at level 1 was around Chemical Engineering 
Fundamentals and podcasts were produced for a variety of cases but only those relevant to 
the use of graphical techniques will be discussed here (Evaporation and McCabe-Thiele 
method).  The theme of the course at level 2 was Separation Processes in Solid-Fluid 
Systems and both numerical and graphical methods were present. Three specific examples 
were chosen for this theme (Particle Characterisation, Hindered Settling and Thickener 
Design) as the cases that will benefit the most from a podcast resource. 

Upon the selection of each example to be developed into a podcast, it was necessary to 
create a script or storyboard for each of them. These storyboards will contain the sequence 
of actions throughout and the story to be told (including the voice element). The storyboards 
included diagrams and scripts for the voice narration.  These were used for the recording and 
edition of the podcasts. The podcasts were recorded using the software Camtasia Studio 7® 
(TechSmith, 2010) which can record any on-screen action and voice from the computer.  For 
the purpose of creating these podcasts a Tablet-PC was the computer of choice.  By using a 
Tablet-PC it was possible to recreate the graphical methods in a manner that was closer to 
the action as it occurs during a lecture or when students attempt to repeat the method on 
their own, giving it a more realistic dimension. 

The edition of the podcast considered a compromise in required details to be included and 
length. Typically podcasts are relatively short with lengths below 10 minutes (Kidd, 2012), 
(Falconer, Nicodemus, Grazzia, & Medlin, 2012).  Edirisingha et al. (2008) reported that in 
the majority of cases there is an inverse relation between the length of the podcast and the 
tendency to listen suggesting that about 10 min is a good compromise. For this study it was 
decided to create self-contained podcasts, instead of a series of episodes, with a structure of 
sections to provide flexibility. This approach resulted in podcasts duration varying between 7 
and 15 minutes in length making some slightly longer than suggested ealier. 

The style used for the podcasts was as a presentation similar to what will occur in a lecture. 
Once the editorial processes was completed the podcasts were produced as MP4 files for a 
variety of devices: Internet, iPod, iPhone and Android.  

Delivering podcasts 

The eLearning component of the course on Separation Processes in Solid-Fluid Systems 
(Level 2) was design so that each topic was covered in a self-contained learning guide.  
There are a total of seven learning guides in the whole course, each consisting of a 
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sequence of learning activities.  The last of the learning activities in each guide is a self-test, 
as part of the assessment for learning, which aims to provide students with feedback on their 
progress.  Students can attempt each test up to three times and will need to score at least 
75% to consider that it has been completed successfully. The self-tests in the two learning 
guides containing podcasts had questions relevant to the methods and techniques expected 
to be learned through the podcasts.  Although results of the tests could not be directly linked 
to attainment of learning outcomes they can be used as an indication of the level of student 
engagement in the learning process. 

The course on Chemical Engineering Fundamentals (Level 1) was delivered to the first year 
students.  In this case learning guides within the VLE were also used for eLearning. Similar 
to the case of the second year (Level 2) course each learning guide had an associated test 
at the end however in this case the tests were part of the assessment of the course.  Like in 
the level 2 course the tests contained some questions about the fundamentals of the 
methods and techniques demonstrated in the podcasts. Although a number of podcasts were 
produced for this unit to demonstrate a variety of concepts and methods, only those related 
to numerical and/or graphical techniques are discussed in this paper. 

Project evaluation and discussion 

The success of the use of podcasts in improving the students’ experience in the two courses 
was evaluated via on-line surveys based on a student evaluation questionnaire set up within 
Blackboard 9 (VLE) for each course. Both courses have been delivered with almost identical 
formats in the academic years 2010-11 and 2011-12.  Results from data gathered from 
surveys carried out in 2010-11 are reported below.  However, the amount of data gathered in 
the surveys carried out in 2011-12 is deemed to be too small to provide any statistical 
significance to the results.  The evaluation questionnaire used in all cases had 8 questions 
and consisted of a combination of Likert statements (scale 1-5) and commented answers.  
The questionnaire addressed whether or not the use of podcasts had a beneficial impact on 
students' learning and if so what benefits. 

Average scores for the tests that were used as part of the eLearning delivery of both courses 
are also reported to provide an indication of students’ engagement and attainment of 
expected learning outcomes. 

Students’ perceptions 

In general the students’ feedback obtained through the evaluation questionnaire was 
tremendously positive. Table1 shows the results from the survey carried out in 2010-11 in 
both courses; level 1 (L1) and 2 (L2).   

These results show that 93−98 % of the respondents thought that the podcasts were useful 
for their learning, a good way to support examples in lectures and gave them more 
confidence in tackling problems in the level 2 course.  Students at level 1 seem to perceive 
that the podcasts are beneficial for their learning but they do not seem to feel as confident 
when tackling problems on their own as the level 2 students.  This could be attributed to the 
fact that at level 2 students are more experienced and have potentially developed their 
problem solving skills to a greater degree.  This experience might place them in a different 
baseline in terms of confidence.  

When asked about the length and pace of the podcasts in both courses 76%−86% of the 
respondents thought that they were of adequate pace and length. This was the only point, 
pace and length, in which there was a noticeable spread in responses with students at level 
2 disagreeing more than those at level 1.  The longest podcast was one used at level 2 and 
this might explain the spread of results in this case.  This provides a point for future 
consideration.  As stated previously, a length of 10 minutes has been reported as adequate 
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(Edirisingha, Salmon, & Nie, 2008) and some of the podcasts used in this work slightly 
exceeded that suggested length. 

Table 1.  Students’ responses to evaluation survey in 2010-11.  Level 1 (L1): 210 students 
enrolled,  58 respondents.  Level 2 (L2): 134 students enrolled, 62 respondents.  

Statement 
Agree and 
Strongly 
agree /% 

Neither 
agree nor 

disagree /% 

Disagree 
/% 

Course level L1 L2 L1 L2 L1 L2 

I find the podcasts of worked examples useful 
for my learning. 

93 98 0 2 0 0 

The podcasts with worked example are a good 
way to support the examples in lectures. 

93 98 0 2 0 0 

After watching the podcasts I can tackle the 
exercises more confidently. 

83 93 9 7 0 0 

I find the podcasts explanations easy to follow. 83 98 7 2 2 0 

I find the podcasts of a good length and pace. 86 76 5 19 2 5 

Some of the comments that students gave when asked what the liked the most about the 
podcasts were: 

 “The fact that you have the ability to go over the problems and examples as many 
times as you need to. You're able to go back to previous slides and recap things said 
so you can make sure you fully understand the problem. Between the lecturer, ebl 
and these podcasts, it is very easy for concepts to sink in.” 

 “Very good explanation and all the working shown clearly. Easy to follow when all the 
steps are shown (gradients on the graph, equations used, final result). Podcasts are 
perfect length and cover all necessary information related to the question.” 

  “That it makes the process in solving the problem very clear, as it moves through 
step by step. Better than just looking at a page of working.”  

 “That even if it takes a while for me to understand a method, I can always pause and 
think again and rewind. The freedom makes it very easy to learn.” 

 “I am a strong auditory learner, it helps me a great deal in lectures to learn and 
having these lectures on demand, on my iPod are a great help to me and would like it 
to be applied to in other subjects...The podcasts improve my confidence in tutorials.” 

 “I can pause and work through as I go along at my own pace.” 

 “The podcast means that I can learn wherever I am and at any time I wish to.” 

 “They enable me to cement my knowledge of the particular topic by following through 
a worked example.” 

 “It provides us with a better understanding of each topic and also acts as a reminder 
of the lectures covered. Helps us refresh what we have learned and helps us tackle 
the exercises.” 

 “You can review the information at any time and as many times as you like to aid your 
own understanding. It is also a different alternative for portraying the information, 
which could be more beneficial for certain students whose learning styles are not 
supported by a lecture environment.” 

Some of the comments from students regarding what could be improved were: 

 “A greater range of questions. Be it topic or difficulty.” 

 “The speed of the podcast, sometimes they can be a bit slow paced.” 

 “...the smoothness, some are a bit jittery and freeze occasionally...” 
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Attainment of learning outcomes 

The on-line tests embedded in the VLE (Blackboard 9) were used as part of the assessment 
for learning element.  As mentioned previously, only in the level 1 unit, each on-line test was 
also part of the summative assessment. 

Table 2 shows the number of students who took the tests associated to each of the topics 
where podcasts were used as a tool to support the face-to-face delivery of graphical and 
numerical techniques.   

At level 1 (L1) each topic had an associated podcast where graphical techniques were 
relevant and at least one of the questions in the test was relevant to that technique.  The 
students had only one opportunity to complete the test in an allocated time slot. As these 
tests were part of the summative assessment of the unit almost all students took each of the 
tests (Table 1).  It will be worth noting that although the performance is above 60% for both 
academic years there seems to be a lower level of achievement in 2011-12. It is not possible 
to associate this change to the podcast usage as it was not possible to obtain records of their 
usage in the VLE. 

The on-line tests at level 2 (L2) related to two of the topics taught in the unit.  In this case, 
two podcasts were used in the delivery of concepts around a single topic (i.e. Hindered 
settling and Thickener design) while only one podcast was used to delivered the numerical 
techniques associated with the topic of Particle diameter in powders. It is worth noting that 
although voluntary the great majority of students engaged in the learning process both taking 
the tests and achieving higher marks than 75% set as measure of success. 

Table 2. Percentage of students taking the test for each topic and average percentage scores 
for the tests in different academic years for the level 1 (L1) and level 2 (L2) units. 

Academic Year  2010−11  2011−12  

Topic  

(Number of podcasts) 

Students 
taking test 

Ave. score 
Students 

taking test 
Ave.  score 

LEVEL 1 

Evaporation (2) 98% 78.2% 97% 61.4% 

McCabe-Thiele Method (1) 92% 76.8% 96% 84.4% 

LEVEL 2 

Particle characterisation (1) 87% 84.5% 97% 87.5% 

Hindered settling and 
Thickener design (2) 

81% 85.2% 92% 86.2% 

 

As from the perspective of the lecturer, podcasts will be highly recommended. They are an 
excellent investment in developing good resources for any course in particular when wanting 
to support the more difficult concepts to grasp and their applications. 

Conclusions 

From the results obtained through the surveys in both courses it is evident that the use of 
podcasts enhances the students’ learning experience; motivating and engaging them with 
their own learning and also by providing them with the ‘freedom’ of access, time and place to 
learn. In general students expressed that podcasts also help them to consolidate and build 
their knowledge and consequently increase their confidence.  Finally, podcasts seem also to 
cater well for different learning styles. 
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