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Beyond Problem-based Learning: Using Dynamic PBL 

in Chemistry 

Tina L.Overton,
a
 and Christopher A. Randles

b
  

This paper describes the development and implementation of a novel pedagogy, dynamic 

problem-based learning. The pedagogy utilises real-world problems that evolve throughout the 

problem-based learning activity and provide students with choice and different data sets.  This 

new dynamic problem-based learning approach was utilised to teach sustainable development 

to first year chemistry undergraduates. Results indicate that the resources described here 

motivated students to learn about sustainability and successfully developed a range of 

transferable skills. 

 

 

Introduction 
 

Problem-based learning (PBL) first appeared in 1969 as a new 

approach to medical education at McMaster University in Canada. It 

was developed as an educational approach drawing on philosophy, 

psychology, and educational research. According to Barrows 

(Barrows 1980), PBL can be explained as  “the learning that results 

from the process of working toward the understanding or resolution 

of a problem”. Savery and Thomas (Savery 1995) have used 

Barrow’s model to demonstrate that PBL fits easily within the 

framework for effective learning described by the constructivist 

learning theory. Constructivism is a philosophy of learning founded 

on the premise that, by reflecting on our experiences, we construct 

our own understanding of the world we live in. PBL learning is a 

process of building on prior knowledge, problem solving, using 

critical thinking approaches and reflecting (Maudsley 2000).  

According to Barrows (Barrows 1996) PBL refers to learning 

which is facilitated by six core features: 

1. Learning is student-centred; 

2. Learning occurs in small peer-groups; 

3. Teachers act as facilitators; 

4. Problems provide the organising focus and stimulus for 

learning; 

5. Problems are the vehicle for the development of problem-

solving skills; 

6. New information is acquired through self-directed 

learning.  

In this way, PBL aims to facilitate students’ self-learning (Johnstone 

2006). As a result of the problem solving process, the outcomes for 

students who learn through the PBL pedagogy are; that they are able 

to think critically and are able to recognise and solve complex, real-

world problems by identifying and evaluating information sources, 

that they can work effectively in small groups, that they can 

demonstrate versatile communication skills and that they can use 

knowledge and intellectual skills to become independent and lifelong 

learners (Duch, Groh and Allen 2001). 

It has been suggested that problem-based curricula can lead to 

increased retention of knowledge, enhanced integration of basic 

scientific concepts, development of self-directed learning skills and 

increasing intrinsic interest in the subject matter being learned 

(Dolmans 1996). PBL students have been found to be more likely to 

study for meaning than conventional students (Newble 1986), 

though Groves (Groves 2005) suggests that this is unlikely to occur 

if the assessment is not supportive or the work load is excessive.  

PBL is one of several related pedagogies that are designed to 

engage students in active learning and enhance learning outcomes. 

Like PBL, context-based learning (CBL) uses a real life context to 

motivate learners but, unlike PBL, may not involve problem solving. 

CBL has been used extensively in secondary science education as 

the underlying design principle of whole curricula (Bennett and 

Luben 2006, Parchmann et al 2006, Ramsden 1997). Process-

oriented guided inquiry learning (POGIL) has become popular in 

chemistry in higher education and uses an inquiry or problem-based 

approach, without necessarily using a real life context (Farrell et. al.  

1999). 

The implementation of PBL in chemistry in higher education has 

been growing steadily. Belt et al have produced a suite of PBL 

resources for analytical chemistry drawing on contexts in industrial, 

pharmaceutical, environmental and forensic chemistry. (Belt 2002; 

Summerfield 2003). These resources deliver learning outcomes in 

analytical chemistry as well as a range of transferable skills. Wang 

has also produced PBL resources for learning of analytical chemistry 

(Wang 2003). Green chemistry has been used as a context for PBL 

in chemistry (Grant 2004; Heaton 2006) where the aim has been to 

raise the issue of green chemistry as it relates to the chemical 

industry. PBL has been employed to deliver learning on sustainable 

development where the focus has been on the chemistry and 

economics of energy generation (Belt 2005, Williams 2012 ) In 

another example, sport was used as the context to meet learning 

outcomes in biochemistry, simple thermodynamics and materials 

chemistry (Potter 2006). Environmental chemistry is another context 

that lends itself to delivery of the chemistry curriculum (Kegley 

1996). It might be expected that the traditional branches of 
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chemistry, inorganic, organic and physical, would be more difficult 

to deliver via problem based learning as the applications and real life 

contexts are less obvious. Some success has been achieved, however, 

and a collection of resources in these braches has been published by 

the Royal Society of Chemistry (RSC). The PBL approach has also 

been applied successfully to learning in the undergraduate chemistry 

laboratory. McGarvey has collaborated with industry to produce a 

suite of physical chemistry experiments (McGarvey 2004) and 

McConnell et al have produced PBL mini-projects which utilise 

contexts such as cosmetics, food and forensic science (McConnell 

2007). Tosun and Cenocak implemented PBL chemistry laboratories 

for trainee teachers finding enhanced motivation for the subject for 

those with a weak science background.  

PBL is different from conventional forms of learning in 

chemistry in that the students work in teams throughout the process 

and move towards a solution to the problem scenario together by 

gathering and sharing information and ideas. There are several 

formal models of PBL and these are strictly adhered to in some 

disciplines, particularly medicine and associated professional 

disciplines, such as nursing (Boud 1998). As PBL is relatively new 

in the sciences, practitioners are developing flexible models and 

implementing them in ways that suit their own particular context. 

However, the common features of a PBL pedagogy are the use of a 

real world context for the problem scenario, group work, complex 

problem solving, the acquisition of new knowledge, and assessment 

through the presentation of outcomes or product. However, the 

problem scenarios used in PBL are usually static; that is, the problem 

that students produce a solution for is the same as the one that they 

were first presented with.  

Usually, all groups of students work with the same scenario and 

same data sets. This situation is easy to manage in the classroom and 

is relatively easy to assess, but it is somewhat artificial and does not 

mirror real-world problem solving, where the context and scope of 

the problem may vary over time. The study described here utilized 

dynamic problem scenarios in order to simulate a more realistic 

problem solving experience for students and to develop problem 

solving skills that more closely resemble those used outside of 

education. Our new model of PBL, dynamic problem-based learning 

(dPBL), uses scenarios in which the parameters of the problem 

change over time, provide different groups of students with different 

data sets, or provide different routes through the problem for 

students. Thus, each group of students will have tackled an 

individualized problem.  

PBL is most readily implemented in applied aspects of chemistry 

where the real-life contexts are easily identified. One such applied 

topic in chemistry is sustainable development which appears as a 

topic in many modern chemistry curricula. Sustainable development 

is defined as “development that meets the needs of the present 

without compromising the ability of future generations to meet their 

own needs” (UN, 1992). In the context of chemistry, green 

chemistry falls under this overarching definition. The principles of 

green chemistry are well established (Anastas, 2011) and the twelve 

principles of green chemistry were published nearly 20 years ago 

(Anastas and Warner, 1996). Applications of the principles of green 

chemistry have informed the development of undergraduate 

laboratory activities (Dick, 2012) and some classroom activities 

(Andraos and Dicks, 2012). Much of the focus in the implementation 

of green chemistry in the curricula has been on more effective and 

efficient organic synthesis (Andraos, 2012a), the replacement of 

solvents (Aktoudianakis et al, 2009) or catalysis (Dickas and Batey 

2012). Andraos and Dicks (2012) state that quantification of energy 

consumption and costs for chemical reactions have still to receive 

attention from research and teaching perspectives.  

Sustainable development in its broadest sense encompasses more 

than the principles of green chemistry. Issues still of interest to 

chemists include supply chain management (Foerstl 2010), energy 

consumption (International Energy Agency, 2013), waste 

management (Christ 2008), environmental impact, ecology and 

human living conditions. An implementation of dynamic PBL 

designed to deliver learning in sustainable development is described 

here.  

 

Methodology 
 

What is dynamic PBL? 

 

The general pedagogy for PBL involves several steps;  

 students are divided into groups and presented with the problem, 

 students brainstorm in order to clarify the nature of the problem 

and identify their learning needs, 

 students delegate roles within the groups and share existing 

knowledge, 

 outside the classroom the students engage in independent study, 

 students come together in a group to share and critically evaluate 

the resources and information they have gathered, 

 students work towards a solution. 

This cycle of independent study, group interaction and critical 

analysis is repeated as many times as dictated by the problem. 

Eventually the students present their solution and reflect on the 

process and solution. Throughout the process the tutor’s role is one 

of guidance and support.  

This basic organizational structure was adhered to in the dPBL 

activity. However, at the outset of the activity the groups of students 

were presented with a choice of problem scenarios. Four scenarios 

were developed, each designed to deliver the same learning out 

comes, but the contexts were all different. In addition, each group 

was given the opportunity to select supporting information. Thus, 

each group commenced the information retrieval and problem 

solving stages with a different set of data. In between some of the 

cycles of independent study, group interaction, and critical analysis 

the groups were presented with additional information in the form of 

events that impacted upon the problem in some way, either 

positively or negatively. Each group received different sets of 

additional information. Consequently, groups had a choice of 

scenario, received different initial data and had to cope with different 

impacts on the problem.  

 

The dynamic PBL activity 

 

One of the major challenges for the twenty first century is 

sustainable development. Chemists have an important role to play in 

developing sustainable industries, renewable energy sources, 

recycling and waste management amongst other issues (Jenck et al 

2006, Foerstl et al 2010). It is important that graduate chemists have 

some appreciation of the role they may play in a chemical industry 

that increasingly focusses on sustainable development and in 

ensuring a sustainable futures society. This resource was designed to 

give students this insight. 

The study described here was practise-based action research 

(Mills, 2003). The aim of the study was to investigate whether 

dynamic PBL was readily implementable, and how it impacted in 

students in terms of learning and attitudes to the activity. The 

learning activities were part of a module offered to first year 

undergraduate chemists. The undergraduates undertook the activities 

without any awareness that they were new or novel. Evaluation data 

was collected from all students at the end of the learning activities 

through a questionnaire with open and closed questions, but before 
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the students had received the results of their assessed work. As this 

was part of a regular teaching activity no specific ethical clearance 

was required. However, students were informed in writing that their 

evaluation and assessment data would only be used anonymously 

and individuals would not be identified. They had the option to 

withdraw from the evaluation activities.  

The cohort of students was 160 first year chemistry 

undergraduates per year. This paper resorts the outcomes of the first 

two years of implementation. They were divided into four groups of 

40 students each of which was run by a facilitator and within each of 

these cohorts they were organised into smaller groups of 4-6 

participants. The students were introduced to the activity with a short 

introduction to sustainability and were then given their brief. The 

brief informed them that they had been retained by a sustainable 

construction and consultancy company, Global Sustainable. They 

were to assist with a major contract and advise on design, 

economics, technology, energy and waste management. Each project 

had to be delivered within a constrained budget. Each 4-6 participant 

group then selected one of the four scenarios to work on.  

Four different PBL scenarios that were developed. 

 

Scenario 1 New development near the Physt River, USA 

The task is to design a microgeneration sustainable village to house a 

population 480, implementing technology that minimises the impact 

on the local ecosystem. 

The constraints for this scenario included: 

 no large scale industry can be moved into the area, 

 care must be taken to reduce the environmental impact to both 

land and water, 

 the site is an area of outstanding natural beauty, so no building 

can be more than two stories high, 

 where possible local contracts must be used and 60% of all 

materials must be sourced locally, 

 any repairs to the environment must be completed and not left 

for the local population, 

 there is a budget of $160 million USD to complete the project.  

 

Scenario 2 Postgraduate Campus in Hong Kong.  

The students are tasked to develop a self-sustaining postgraduate 

school in Hong Kong where all energy has to be produced and all 

waste processed on site.  The school should provide education for at 

least 50 students and research  facilities for 22 research scientists. 

The constraints for this scenario included: 

 the site has been approved under the understanding that it will 

remain green and self-sustaining for both waste management and 

energy production, 

 the school must have very low impact on the Nam Lang Shan 

environment, 

 a centre of excellence in the development of green industrial 

processes must be created, 

 there is a budget of HK$1 billion. 

 

Scenario 3 Green Transport  

In this scenario students must analyse the costs of producing 

biodiesel and bioethanol to be used in Midsummer’s small fleet of 

42 buses. Decide which biofuel is more productive and suitable to 

the company. Price the cost of reactants, plant and benefits of waste 

management. 

The constraints for this scenario included; 

 This is a fleet of 240 buses which travel 28,000 miles a day, 

 assess the feasibility of constructing their own biodiesel 

processing plant and the best reactants to use in its production, 

 assess the feasibility of constructing their own bioethanol 

fermentation plant and the best reactants to use in its production, 

 evaluate the best fuel mix, 

 cost the production, implementation and running costs. 

 

Scenario 4 Greening Midsummer University 

The aim of this activity is to develop a strategy for Midsummer 

University which has ambitions to be the world’s greenest 

university.  

The chemistry department has been identified as having the highest 

water use. The accommodation department was identified as having 

the largest  electricity consumption. 

The constraints for this scenario included; 

 Midsummer is a large community based university currently 

hosting around 12000 students on various courses, with 3000 of 

them in university residency. Students are drawn from over 30 

countries, 

 water and electrical usage are relatively high and wastage is 

increasing due the increase demand by the population for higher 

education,  

 the chemistry department accounts for 30% of the university’s 

annual water bill,  

 the student accommodation has the largest bill for electricity 

consumption, 

 the budget for implementation of new sustainable practices 

across the whole institution is £0.5million.  

 

The four scenarios varied in popularity. The total number of 

students engaging with each scenario over the two cohorts was ; 

scenario 1 N = 110, scenario 2 N =  50, scenario 3 N = 145 and 

scenario 4 N = 15. Once each group had chosen a scenario they were 

then invited to add six ‘experts’ to their team by selecting from a 

number of expert biographies (Figure 1). Once selected, each 

‘expert’ provided the students with a URL to an online paper of 

relevance to the activity and reflecting the chosen expertise. Thus 

each group began the activity with a different baseline set of 

supporting background information.  

The activity then proceeded in the same way as a regular PBL 

activity. The students brainstormed in order to identify what they 

were being asked to achieve, the information requirements of the 

problem and their own knowledge gaps. They engaged in 

independent study and information retrieval outside the classroom 

and met together, both inside and outside classroom sessions, to 

share and critically evaluate the information found. When they came 

back together as a group in the classroom the tutor checked their 

progress and provided support and feedback.  

After the first cycle of independent study, reflection and 

reporting back, the tutor provided each group with a set of cards 

which contained information that had an impact on how the activity 

progressed (Figure 2). The imposed changes covered a range of 

issues, for example, there were changes to economic conditions, new 

logistical issues introduced, changes to national or international 

legislation or issues related to personnel. The groups had to carefully 

consider how this additional information impacted on their scenario 

and adjust their thinking and their plans accordingly.  

The activity ran over a period of five one-hour classroom 

sessions. The classroom sessions were supplemented by a resource 

bank which was made available on the virtual learning environment. 

The resource bank was used to provide information that is difficult 

to find, such as site-specific ecological and geological information, 

energy consumption and carbon footprint data, employment densities 

and a budget spreadsheet. This enabled the students to focus on 

finding the readily available information, using and critically 

evaluating that information and their plans. Students were given 

access to group online forums and some groups used these quite 
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heavily, although most set up groups on social media. The schedule 

for the activity is shown in Table 1.  

The outcomes of the activity were assessed via a five minute 

summary group presentation (25%) and a group final report (75%). 

For the oral presentation students were limited to using a maximum 

of five slides and were assessed for the quality of the presentation 

and a summary of their outcomes (Table 2). For the final group 

report students were required to discuss site design, environmental 

impact of their design, full financial costings, methods of energy 

generation and energy use, employment, materials used, waste 

management and transport (Table 3). Students were encouraged to 

be creative and some groups produced maps and models to 

accompany their report. Marks for individual students were scaled 

by the use of peer assessment of each group member’s contribution 

to the group activity (Conway et. al.). At the end of the activity each 

students scored the other members of their group on a scale of 0-

100% for the individual students’ contribution to the group activity. 

The group mark derived from the oral presentation and the report 

was then multiplied by the percentage obtained from the peer 

assessment to give an individual score for each student.

 

 

Table 1 The schedule for delivery of the dPBL activity 

 

Classroom 

Session 

Activity 

1 Introduce activity. Students choose a scenario and select a ‘team’ of six experts. 

2 Students report on progress. Tutor provides feedback and support. 

3 Students report on progress. Tutor hands each group six external event cards. 

4 Students report on progress. Tutor provides feedback and support. 

5 Each group gives five minute presentation. Each groups submits a report and supporting material. 

Individuals complete peer assessment. 

 

Table 2 Assessment criteria for oral presentation 

 

90-100 Outstanding presentation, outstanding and focussed summary of main points.  

80-89 Excellent presentation, excellent and focussed summary of main points.. 

70-79 Very good presentation, very good summary of main points. 

60-69 Good presentation and summary of main points.  

50-59 Adequate presentation and summary of main point s. Maybe unfocused or present too much detail.. 

40-49 Barely adequate presentation, poor focus on main points or includes too much or too little information.  

35-39 Poor presentation, lacking organisation and information or presents too much detail.  

20-34 Very poor attempt at presentation, very poor quality of information presented. 

1-19 Unacceptable attempt.  

0 No submission 

 

 

Table 3 Assessment criteria for report 

 

90-100 Creative, comprehensive, outstanding presentation, polished and fluent writing, extremely well argued and 

critical, demonstrating outstanding understanding of principles of sustainable development. Difficult to improve 

at this level 

80-89 Comprehensive, critical and coherently argued assignment with polished and fluent writing, excellent 

presentation, demonstrating excellent understanding of principles of sustainable development. 

70-79 Sound, critical and coherently argued assignment, lacking the fluency or polish of a higher grade. Demonstrating 

very good understanding of principles of sustainable development. 

60-69 Good all-round assignment, but may lack innovation or originality, average quality of writing and presentation. 

Demonstrating good understanding of principles of sustainable development. 

50-59 Adequate assignment, but descriptive rather than analytical, adequate quality of writing and presentation, 

demonstrating average understanding of principles of sustainable development. 

40-49 Descriptive assignment, may be factually correct but have substantial errors in interpretation, demonstrating weak 

understanding of sustainable development. Some problems with fluency of writing and presentation.  

35-39 Incomplete assignment, very brief, poor writing and presentation, demonstrates poor understanding of sustainable 

development.  

20-34 Incomplete assignment, very poor writing and presentation, with fundamental misunderstandings of sustainable 

development. 

1-19 Unacceptable and/or incomplete, with little attempt made.  

0 No submission 
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Waste Disposal: Envirotreat 

 

Designs Reed beds for the processing of biological and 

industrial waste, either from a central sewage system or 

within the confines of a property. They have developed 

effective water purification technologies enabling delivery 

of potable water. They are currently investigating the 

feasibility of using human waste as a fuel source. 

Agricultural Solutions: Kapow Inc 

  

One of the world’s leading agrochemical and GM 

companies. Based in Switzerland, it has developed a high 

yielding oil product for use in biofuels through selective 

breeding and GM. 

Founded the Kapow Foundation aimed at developing rural 

sustainable communities. 

 

Energy Consultant: Energy Dynamic Solutions 

 

EDS is a world leader in energy generation since 1942 and 

has developed a sustainable energy program. They are 

currently the only company that can provide power plant to 

grid solutions catering for all potential network development 

requirements, from large counties to individual projects.  

 

Commodities Broker: Chris Botanic 

 

Provides market analysis and project management and 

financial predictions based on the portfolio of information. 

Has written extensively on the energy security of the modern 

world. His main area of expertise is the diverse markets 

relating to raw materials such as precious metals and food 

sources. 

 

 

Figure 1 Examples of the expert biographies 

 

 

EVENT 

 

Corny prices are beyond a joke 

 

The Corn crop across the US bread basket region has failed 

due to locust infestation, resulting in the price of corn to 

increase by 20%.  

If you chose Kapow then your crops are resistant to the 

infestation and result in only a 8% increase.  

 

EVENT 

 

Pirates in the Indian Ocean are causing problems with 

supply routes. 

 

To simulate the delay in resources and equipment everything 

from this point further costs 2% more. 

If you have Sergeant Jones Ignore this event.  

 

EVENT 

 

Energy usage soars as the northern hemisphere is plunged 

into a chilling winter. 

 

Energy consumption is increased by 8%, therefore increase 

your prices by 8%.  

No exceptions.  

 

 

EVENT 

 

Air quality leaves a lot to be desired. 

 

You must suggest a sampling method and analysis methods 

for the levels of sulphuric acid and radioactive particles in 

the atmosphere.  

 

 

Figure 2 Examples of the event cards 

 

 

 

Results 

 
The activity has been run for two successive years and the combined 

results for those two cohorts are described here.  

The four scenarios all supported learning around the principles 

of sustainable development. They each had a slightly different focus 

and some were more interdisciplinary than others. Students had free 

choice of scenario and could therefore follow their own interests.  

Scenario 1, the Physt River development, required students to 

think carefully about renewable energy production, balancing the 

needs of the community with possible energy generated. There were 

constraints imposed by the are being designation of outstanding 

natural beauty and its particular ecological and geological features. 

Students also had to plan a living habitable environment for 450 

residents and had to consider their requirements, balancing their 

quality of life against cost to build. This scenario proved very 

popular with students with 35% of the students over both years 

choosing to tackle it.  

Scenario 2, the postgraduate centre in Hong Kong, proved less 

popular with 15% of students choosing to tackle this activity. The 

main focus was on the use of renewable energy generation, waste 

processing and the use of innovative building materials. What made 

this development challenging was the mountain environment and 

lack of available cleared building land.  

Scenario 3 was the biofuels challenge. This scenario was clearly 

the most chemistry-related and proved the most popular with the 

chemistry undergraduates with 45% choosing this one. The focus of 

this activity was supply chain management; choosing synthetic 

routes based on energy use and atom efficiency and waste 

management, very much fulfilling the criteria mentioned by Andraos 

and Dicks (2012).  
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Scenario 4, the greener university activity, required students to 

consider a range of issues including waste management, recycling, 

energy use, renewable energy production, transport and living 

accommodation. This scenario proved very unpopular with only 5% 

of students choosing it. This scenario was obviously not very 

engaging for undergraduate chemistry students, even though the 

context was very relevant to them. Incidentally, this scenario has 

since been used with student teachers in a course on sustainable 

schools and was engaged with very enthusiastically. For those 

students the context is directly relevant to that module.  

The quality of the outputs produced by the students was very 

high on each occasion, with very creative designs and in depth 

discussion of the issues involved. The marks awarded averaged 

around 65% each year and ranged from 50% to 80%. For example, a 

typical report receiving 80% for the Physt River project was 

presented in a very professional was and provided a detail plan of the 

proposed village development, made detailed calculations of the 

costs and energy efficiencies of different types of housing, opting for 

a mixed housing stock. This group calculated the energy needs of the 

community and proposed biomass energy generation with the energy 

shortfall being provided by solar energy. Local amenities and 

services were planned that provided enough employment for all local 

residents, thus reducing the need for commuting. There were 

impressive plans in place for water treatment and substantial 

recycling in order to keep landfill to a minimum. Consideration was 

given to the environment and wildlife. The financial costings were 

detailed and the project was delivered under budget. By contrast, a 

report that received 50% was not very well presented and used a 

very superficial treatment. The proposals were descriptive rather 

than quantitative with energy generation and use calculations not 

being carried out.  

Of the four possible choices, it is perhaps not surprising that 

scenario 3 was the most popular choice with chemistry 

undergraduates as it was clearly the most chemistry-based and they 

are already interested in and committed to chemistry. However, 

scenario 1 was not far behind in terms of popularity and qualitatively 

produced some of the most creative outcomes. It is pleasing that 

students tackling scenarios 1, 2 and 4 were happy to move outside of 

their tightly defined discipline area and tackle something more 

interdisciplinary, as they will have to in the workplace.   

A questionnaire was delivered to students at the end of the 

activity. The students were all first year undergraduates. The 

students’ ethnicity or gender was not included in the questionnaire so 

the data could not be analysed for this variables. Also, the 

questionnaire treated the activity as one learning experience so did 

not differentiate between the four different scenarios and did not take 

account of other differing dynamic elements, such as external events. 

The questionnaire contained closed likert-type questions with some 

open response questions (Table 4). Analysis of the questionnaire 

indicated that the majority of the students (94%) understood the 

relevance of sustainable development and appreciated the role that 

chemistry plays in it. They recognised that they had developed 

problem solving and communication skills with over 80% agreeing 

that these skills had been enhanced.  

In terms of the dPBL pedagogy, they thought that the problem 

scenarios were realistic and that they had undertaken deep learning 

compared to deep methods. The dynamic elements were well 

received. Over 90% of the students liked having a choice of project. 

The introduction of the changes to the problem context was dealt 

with very well by the students. The tutors anticipated that 

introducing these changes might not be well received but the 

students understood the value of them making comments such as ‘we 

were apprehensive, but it was good to see how adaptive  our ideas 

were’, ‘they made the project more interesting’, ‘it was good, we 

had to adapt’ and ‘I liked it and had to think about what to do’.  

The students were asked ‘Has this activity developed critical and 

analytical skills?’. Their responses were very positive with typical 

comments such as ‘definitely more than regular lectures’, ‘It’s been 

fantastic’. Some students, whilst being positive about the approach 

and seeing its value in this topic, did not advocate large scale 

implementation: ‘Yes its great but wouldn’t want to do everything 

this way’.  

 

 

Table 4 Summary of questionnaire results 

Question SA/

N 

(%) 

A/

N 

(%

) 

N/

N 

(

%

) 

D/N 

(%) 

S

D/

N 

(

%

) 

Creating a sustainable 

community was interesting. 

198 

(62) 

10

2 

(3

2) 

0 

(0

) 

16 

(5) 

4 

(1

) 

Sustainability is an important 

subject. 

198 

(62) 

10

2 

(3

2) 

0 

(0

) 

20 

(6) 

0 

Chemistry plays an important 

role in sustainability. 

198 

(62) 

10

2 

(3

2) 

0 20 

(6) 

0 

I liked having a having 

choice of project. 

198 

(62) 

10

2 

(3

2) 

0 16 

(5) 

4 

(1

) 

I have learnt about 

sustainability in more depth 

than studying in a convention 

way. 

198 

(62) 

10

2 

(3

2) 

0 16 

(5) 

(1

) 

The problems were more like 

real-life than in a 

conventional course. 

198 

(62) 

10

2 

(3

2) 

0 20 

(6) 

0 

We came up with more than 

one solution? 

221 

(69) 

29 

(9) 

0 70 

(22) 

0 

This project developed my 

problem solving skills? 

170 

(53) 

10

5 

(3

3) 

0 45 

(14) 

0 

This project developed my 

communication skills? 

170 

(53) 

10

5 

(3

3) 

0 45 

(14) 

0 

This project developed my 

group work skills 

170 

(53) 

10

5 

(3

3) 

0 45 

(14) 

0 

 

Discussion 

 
This paper discusses the development of a resource used to teach 

undergraduates the relevance and importance of sustainable 

development and chemistry’s role within it. It also discusses the first 

implementation of dynamic problem-based learning pedagogy.  
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In terms of sustainable development education the activity has 

successfully engaged students with the issues with students’ 

understanding its relevance and having experienced a simulated 

sustainable development project. Students have gained an 

appreciation of issues such as renewable energy, energy cost and 

usage, waste management, recycling, atom economy, employment 

densities, planning and budgeting. The activities required students to 

take a quantitative rather than descriptive approach, emphasising for 

students the fact that sustainability makes quantitative differences to 

industry, the environment and quality of life. The requirements for 

an education in sustainable chemistry as discussed by Andreas and 

Dicks (2012) have been largely met and even filled some of the 

knowledge gaps that they identified in their review.   

There were three elements to the dynamic problem-based 

learning pedagogy: students’ choice of scenario, different initial 

background data and the shift in problem context. The choice in 

scenario was appreciated by the students with an overwhelming 

majority of them reporting positively on this aspect. It has been 

previously reported that allowing students to have choice allows 

them to feel in control of their own learning and develops self-

motivation, persistence and responsibility (McCroms, 2007). The 

fact that each group of students, even when tackling the same 

scenario, had a slightly different set of initial background data 

increased the individualized learning experiences of the students and 

modelled ‘real’ problem solving for them in the classroom (Smith et 

al, 1995). Further realism was introduced by the events cards which 

were administered during the activity. The events cards exposed 

students to issues that may impact on chemists in the workplace, 

such as economics, legislation, logistics and supply chain. Students 

dealt with this sudden introduction of uncertainty very well and 

provided very positive feedback on the experience. This aspect of 

the dynamic problem-based learning is the one that gives students 

the best insight into how chemists solve real-life problems, as 

complex problems often evolve over time, due to internal or external 

factors.  

Problem-based learning is well understood to develop enhanced 

transferable skills in students (Savin-Baden, 2003) and this variant 

was no exception to that. Students self-reported enhanced 

communication, group work and problem solving skills.  

This paper reports an initial implementation of a new pedagogy. 

The aim of the study was to investigate whether dynamic PBL was 

readily implementable, and how it impacted in students in terms of 

learning and attitudes to the activity. The dynamic elements of the 

activity were implemented without adverse effects on students’ 

attitudes or motivation. The usual outcomes of PBL in terms of skills 

development were also observed. So as a ‘proof of concept’ study it 

has been successful. However, this is a small scale study with 

limited data. It would be desirable to investigate new 

implementations of dPBL in other areas of chemistry and to more 

fully explore learning gains for students’’ in terms of knowledge and 

skills.  

 

Conclusions 

 
This paper describes the successful implementation of a variant of 

problem-based learning, referred to here as dynamic problem-based 

learning. In this variant the students experienced ownership of their 

learning through a choice of problem scenario and individualised 

data. Their experience of solving a ‘real-life’ problem was enhanced 

by introducing external change factors within the problem-based 

learning cycle. Students dealt effectively with these dynamic 

elements and reported enhanced problem solving, communication 

and group working skills.  

The scenarios focused on sustainable development. The 

scenarios required students to consider energy generation and use, 

energy costs, synthetic routes, supply chain, waste management and 

recycling. Of the four scenarios the most chemistry-focussed one 

was the most popular, but was closely followed by one which had a 

very multidisciplinary context.  

The use of problem-based learning in chemistry is steadily 

increasing. One of the common features of it is that students often 

feel that they are all working on the same problem and can produce 

different but similar products for assessment. The dynamic variant of 

problem-based learning means students have more ownership of 

their learning and experience more life-like problems solving. Such 

dynamic elements would be relatively simple to introduce into 

existing problem-based learning scenarios.  
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