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The use of a novel integrated Technology Supported Learning (TSL)
approach to the delivery, support and assessment in problem
solving areas of the Chemistry for Biologists syllabus

Dr R Sutton (supported by Drs C.J. Perry, E.J. Mole and R.D. Ward)
School of Applied Sciences

Background and rationale

The University of Wolverhampton is committed to broadening access to the widest range of students capable of
succeeding in Higher Education. Such a mission statement carries with it a burden of responsibility. Students entering
undergraduate programmes will have very varied educational experiences. This may mean that traditional skills, such as
the expected level of numeracy, may well be absent from such students when they enter degree or sub-degree courses. It
is essential that such skills deficits are dealt with early on in a student’s academic progress. Delivery of such skills is
probably unnecessary for the majority of students and the efficient use of staff time in remedying the deficiencies of a
few is always questionable. The development of technology supported learning addresses these issues and goes some
way to meeting the responsibilities imposed by widening access.

The innovatory package is intended to provide a complete support and testing package for students studying CH1015,
Chemistry for Biosciences. The module serves to provide a background in chemistry for life sciences students who have
not studied chemistry and to those who have not studied chemistry beyond GCSE. The module is a core requirement for
a diverse spectrum of science students, ranging from degree and sub-degree students in environmental sciences, through
equine studies, biological sciences, food science, biochemistry, to biomedical and related sciences. Thus the module
community covers a wide spectrum in terms of prior knowledge base. The student constituency includes several cohorts
who study part-time, as well as some (equine studies) that spend a limited amount of time on the University campuses.
The latter student cohorts do not have access to additional support and also do not have the ease of access of full-time
science students to staff.

Traditionally these students have been taught by means of a series of lectures supported by tutorials in groups of twelve
to fourteen. The lectures contain worked examples of the type of problems that students would be expected to solve in a
test environment. The tutorials then reinforce the learning by providing a further opportunity for students to reassure
themselves as to their ability to problem solve. However there are groups of students who are poor attendees at both
lecture and tutorial. The reasons for non-attendance are various and without extensive research into this could include
illness, family commitment to dependent relatives, bereavement, poor motivation and employment amongst others. The
package would allow such students an additional interface with the module. In addition, the size of tutorial groups
means that some students can ‘hide’ within the tutorial session. Such students, who lack the self-confidence to approach
teaching staff during formally taught classes, will have a less challenging engagement with the curriculum. A carefully
thought out package would have the additional benefit of promoting the student self-confidence.

The tutorial package will provide much needed student support to these cohorts. Traditionally such students have a
weak grasp of numerical concepts and so the package will include support materials intended to help such students. The
mathematical concepts covered will be module specific and the creators will assume very little prior knowledge.

The innovation

The innovatory aspect of the programme is the embedding of basic numeracy skills into the tutorial package. There are
several commercially available software packages that either teach basic mathematical techniques or quantitative
aspects of chemistry such as dealing with mass and yields in chemical reactions. The mathematical packages do not
address the specific mathematical techniques that are required to solve the numerical problems but provide a general
mathematical introduction. The unnecessary methods that are taught as part of such programmes will necessarily be
visualised as non-productive by the student engaged in a module of chemistry. This will have a demotivating effect on
the students. Commercially available chemistry software has been written to teach quantitative aspects. Such
programmes generally expect a deeper understanding of chemistry than would be expected by this cohort of students.
Most of such programmes are written for chemistry undergraduates. Additionally, general chemistry software does not
draw on biological examples. Such examples are necessary to demonstrate the validity of the syllabus taught to life
science students. The integration of the necessary numeracy into this package addresses the needs of the students in the
most concise way. The final assessment on this aspect of the syllabus is intended to be delivered online during the first



semester. Students will be able to practice a full range of these questions prior to the test and to seek help if their results
are unsatisfactory. Such diagnostic testing becomes part of the norm for such a module.



The outcomes

The team essentially worked backwards from the test. Questions were set to be delivered using the latest version of the
testing package ‘qmark’. Problems were encountered in the design of such questions. This is because the questions set
previously and marked manually often tested more than one aspect of student understanding.

1. State the formula of Iron , sulphate

Formula: [1 mark]

Answer: Fe,;(SOy);

Figure 1. Typical basic question (with answer shown) using basic valency theory to deduce and correctly write a
chemical formula

This was not seen as a problem because trained markers could easily differentiate between the different aspects that the
question tested and apportion marks accordingly. An example of such a question is shown in Figure 1. An examination
of the question shows that the student would have to do two tasks. The first task is to calculate how many iron atoms
combine with sulphate groups whilst the second task is to format this into the correct chemical formula for the
compound. The marking scheme had recognised these two tasks by awarding half of the marks for the ratio calculation
and the other half for correct formatting. In the example shown above the question was simply split into two parts, one
testing the students ability to calculate the correct ratio of iron to sulphate whilst the other tested the students’ ability to
write the compound’s correct chemical formula.

These problems when setting up a question bank were resolved by completely reworking the questions. The separation
of questions into single identifiable skills topics also allowed the team to identify key numerical skills and scientific
concepts that could be addressed by means of a tutorial package. The team then designed a concept map in order to
identify underpinning chemical knowledge and mathematical techniques. The concept map is shown in Table 1. The
map also cross-referenced the taught concepts to the electronic version of the lecture notes and to the set questions.

Skill needed [For which question/s [Reference to lecture page/s |
Mathematical skills

Use a calculator 3,5,6,7,8,9, 10

Basic algebra 6,7,89,10 24,45, 23, 38, 40,
Use of powers 6,7

Notation for powers 6,7

Manipulate percentages 8

Knowledge required

Finding valencies 1 10

Use valency to predict formula 1 11-13
Write a chemical formula 2 11-13
RMM 3,9,10 21,23
Calculate RMM 3,9,10 20,21,23
Use RMM to calculate moles 5,9,10 22,21,23
Balance equations 4, 6(1) 26-27
Calculate theoretical yield 6(1) 29
Understand the term ‘excess’ 6(i1) 29

Mass, Atomic Weight 3,5,9,10 4,21
Atomic number 9,10 3
Periodic Table 1,9, 10 6

Moles, mmoles 9,10 22
Volume (cm’,dm”) 9,10 46
Concentration (mols dm'3, g dm'3, M etc.) 9,10 45, 46, 47
Calculate temperatures in K 6,7 38

Recall appropriate units 6,7,8 3740

Table 1. Concepts and knowledge required to undertake the quantitative calculations test in CH1015



The knowledge and skills map enabled the exact definition of the skills and knowledge required by the student in order
to successfully complete the set task. The writing team then had confidence that tutorial material that was written would
address all of the skills required to answer the questions.

The design of the tutorials had to take into account the fact that students using the package may already possess some or
all of the knowledge and skills required. The tutorial was designed to take this into consideration. Each tutorial is
preceded by a series of questions, to test the student’s ability in the tutorial topic. The questions identify to the student
particular areas of weakness, which can then be addressed specifically. Each tutorial was divided into small individual
topics explaining just one aspect of the material. At the end of each of these topics, there were a number of
opportunities for students to self-test the topic.

Benefits

The benefits to the student follow on from the rationale for the project. Students will have easier access to the syllabus.
The way in which the individual can make use of the topics will offer a complete system whereby students can diagnose
and remedy their problems and attempt the questions that are set in the test. There should be an improvement in the
overall pass rates for the module as a result of this package and this will help strengthen retention. The test will be
computer generated and marked and this will lead to a saving of staff time. This will allow staff to make further
improvements to the module delivery.

Evaluation

The test has been evaluated by asking students to use the package. Comments received were favorable and it will be
interesting to review the wider use of the package by the entire student cohort.

Future developments

The package is a considerable start towards the development of a complete TSL version of the module. The feelings of
the module team are that for TSL to be an effective method of delivery then the generation of such packages are an
important prerequisite. The tutorials have been written in Word and it is intended that the Word version will be
rewritten in HTML format ready for use in a web package. This will have the advantage of making use of the links that
are a normal part of web-based delivery. The module team intends to make all of the lecture material available using
web-based interfacing. The final aim is to mount the finished version onto the Wolverhampton Online Learning
Framework (WOLF) so that the module can be studied by this means.
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