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ABSTRACT

A survey of the aims, philosophy and assessment
techniques in practical work since 1805 was carried out.

Evaluation of the practical courses at Glasgow
University revealed two main weaknesses in the present
system. These were that the effectiveness of learning
in the laboratory was low and that the student was given
no opportunity to think for hrimself.

A two stage laboratory model was devised to over-
come these weaknesses.

Learning Stage
Reinforcement
Experience Jtage

The aim of the learning stage is to teach the
skills unigue to the laboratory such as manipulative
skills and other ancillary skills such as graph drawing
and to provide the student with practice in mastering
the techniques.

The aim of the experience stage is to reinforce
the previously learnt techniques and to provide the
student with an opportunity to think for himself in
the laboratory.

To evaluate practical work three types of assessment
were used. The first method was that of self-report
techniques where the student evaluates his own performance.
Both questionnaire and interview approaches were used
to collect this information and an interview schedule
based on the two-stage laboratory model was developed.

The use of paper and pencil tests to assess the students'
knowledge of practical procedures was investigated and
the results analysed. A third method of assessment
which involved analysing student performance in the
laboratory was developed to assess the effectiveness of
two films.,

In the /



In the lcarning sta_e of the lavoratory model
three asproacles were exanined which were intended to
increase the effectiveness of learning,. Thesc were,
the development of two films, one on the use of thke
burette and tke other on the use of thre pipette, thLe
introduction of pre-laboratory exercises and the
adoption of a group participation approack to present

selected expecriments.

In the experience staze two methoas were examined,
These were the use of open-ended experiments and,
secondly, the use of projects.

Suggestions for further work have been proposed
which may lead to furthsr improvement of practiical coursss
and of assessment methods.
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CHAPTER 1

A Review of tlre Aims , Philosonkv

and /ssessment Tecknicues 2f Practical JVork

1.1 Tre Origins of Laboratory Instruction

The origin of modern laboratory instructionl' 2y 3

is credited to TFriedrick Stromeyer wky 2t the University
of Gottingen in 1806 started the first teaching
laboratory. Eis guiding principle1 was trat chemistry
could only really be learned thrrougl laboratory practice
and that the students must be given an opportuznity to
carry »ut analyses on their own. From tlis sprang tre
nethod of using individuzl lzboratory practice for
learning clLemistry.

However, at the beginning of the nineteenth century
only a few teaching laboratories were started. Notably
tre one begun by Liebeg in 1824 to whom many falsely
credit the first teacliing laboratory and the first student
participation laboratory in America started by Amos
Eaton? at tre Rensselaer Folytechnic institute in 1825,
Eaton's philosophy was sinilar to Stromeyer's in that
he felt that the laboratory gave tke student a chance
to 'learn by dring'.

In Britain the first laboratory for students was
set up by Tlromas Grelam at the Royal Tecknical College
in 1830.5 Practical classes at Glasgnw University were
started by Lord Kelvin, thren Willianm Thonpson, in 1845
in an old wine cellar.6

However, in Britain the growti of practical work
is credited to Bdward Frankland5 who throughout Lis life
did mucl. to encrurage the introduction of laboratory
instruction. Largely due to his efforts by 1876 there
were one hundred end fifteen laboratories in operation
in Britain, most giving instruction at a very
elementary level,

At the beginning laboratory work was restricted

to /



7and apart from a

to the instructor and Lis assistants

few pioneering institutions it was not until later in

the nineteenth century that individual laboratory classes

in the sciences were generally available.B’ E
It was as late as the 1890's before there was a

period of rapid growth in thke establishment of

student laboratories.

During this period of expansion educators in
America advocated the incividual lzvoratory method as
a solution for the problems of the scientific age and as
a revolution in education. At this time universities
such as Harvard made laboratory instruction a college
entrance requirement6 and Presicdent Eliot at Karvard
detailed a list of forty experiments in physics whkich
skould have been completed by a pupil wisking to be
considered for admission. This list continued to be
used right up until the middle of the twentieth century
at many American institutions and became known as the
'Harvard 490°'.

Therefore, by the turn of the century individual
laboratory inifruction in science had been generally
adopted. It was during this period, however, that the
first criticism was voiced against individual laboratory
instruction, and from then on up till the Second World
War a debate raged in the literature about the
particular merits of individual instruction where the
student performed the experiments himself, usually from
a detailed list of instructions, versus the demonstration
method which Kiebler and Woody'® defined as a metkod
where 'the instructor with the aid of one or more
students, denonstrates the experiment and the students
get its import through observation and discussion
rather than through actual performance'.

As early as 1900, Barber9 had questioned the
effectiveness of the individual laboratory method in
physics /



physics and chemistry. Barber mai ntained that his students
mastered the work well, if not better, by the

dem- nstration method and he soon reduced the number of
experiments done by the student to a few wkich

required relatively simple apparatus.

In 1905 the National Education Association
Department nf Science Educatorsll reported that physics
was becoming less popular among hrighk school students
partly because the student was asked in the laboratory
to deduce laws, many of wliici he knew before, from data
that cannot be made to prove anything and to apply these
laws to a set of prooblems that have no apparent relation
to Lis immediate scientific environment or to the
questions that he is so anxious to have answered.

In 1910 lanrt2 a physicist, concluded that
'laboratories had not solved the problems of science
teaching cose we do not know how to use laboratories
most effectively'. Once the debate had bezun into
the aims and styles of labcocratory teacking, many
researchers wislked to compare the incdividual laboratory

versus the dermonstration nmetlod.

The first recorded attempt was by Wiley'13 in 1918,
His results on comparing the performance of students
following the two methods tended to favour the
individual metrod of laboratory instruction. However,
his results are only interesting for historical
reasons as both his methodology and sample sizes (eight
in each group) tended to make his results rather
meaningless,

In the next ten to fifteen years at least twenty
more investigations were published and listed in review
papers by Downingsand Payne.14

The conclusions reached tended to favour the
demonstration method. See for example, Kiebler and
Woody.lo The advantages often claimed were that the
retention /



retention of information in the stort and long terms was
superior, and it was more efficient in both time and

money.

However, for the acquisition of manipulative skills
the individual laboratory method was still thought

superior.

Knox6 after reviewing the literature stated that
previous investigations had pointed to the superiority
of the demonstration metkod so far as those outcomes
can be measured by a written test. However, hLe
emphasised that a metl.od must be devised for measuring
the educational product unobtainable without the
laboratory method.

The results obtained by all the investigators
15

besides Horton were by using paper and pencil tests.,
Horton suggested that there were some outcomes of the
individual metkod wkicl the written tests have difficulty
in detecting. liorton then went on to use performance
tests, These tests covered skills in handling apparatus
and the ability to do manipulations where he tkhought

the other possible outcomes might 1lie. The
construction of the +tests firstly involved him in
determining whet skills and manipulations were

required for a particular experiment. To measure

trkem objectively, he constructed a checklist and the
students were assessed by a teacher who ticked the sheet
as the student completed eacl step. The results of
tkis investigation indicated that students who

completed a laboratory course by the individual method
did consistently better in the performance tests. He
suggested that the paper and pencil test measured

only one possible outcome of laboratory work and that
was the acquisition of information. Lorton also
concluded that the individual metlod was superior for
the highly intelligent student while the demonstration
method may be somewhat better for students at the

lower / '



lower intelligence levels.

Adam316 also stressed the need for further
research into the possible outcomes of laboratory work.

Not all the literature, however, was involved in
comparing these two metl.ods. liany researchers put
forward hybrid schemes involving different degrees of
9.

student participation. For example, Barger describes
a method known as the 'class-participation' method where
the students were more actively involved by being

asked to take readings for trnemselves.

Cooke17 describes a system which involved two
students taking full responsibility for the performance
of an experiment watched by the rest of their group &nd
a demonstrator. The students rotated for each experiment
giving each student a clance to perform in front of the
others. The demonstrator only offered help if it was
needed. The advantages Cooke saw were that it gave
the student a chance to learn tecknigques and also that
it avoided sloppy work because of the scrutiny of fellow
students and the staff, '

Jameson18 allowed groups of students to work on
experiments witl the demonstrator moving between groups
offering help. He claimed that this group experiment
method was superior to conventional laboratory work in
acquisition of knowledze and the saving of time and
money. |

The success of these courses appeared to be very
bighly related to the motivation and personality of
the staff involved . Again, some teachers had a more
flexible approecl in that they close a method to suit a
particular experiment, Among the suggestions put
forward was that of Horton15 who suggested that
experiments involving complex apparatus, those in which
it is difficult to obtain the correct results and tliose

which may have an element of danger were best done by a
demonstration /



demonstration method.

Before the vWar mucl energy was spent on trying to
prove the superiority of particular metlods. Due to
the nature of the investigations most of the results
were inconclusive and indeed the results were
challenged for not testing for the correct outcomes.

1.2 Post-'ar Developments in Practical “ork

mhe effect of the War was to give an impetus for
the re-examination of the purpose of laboratory work.
There was a call for larger numbers of techknically
educated men and women19 and tris raised the questions
of:- 1) how to produce ihem efficiently, and 2) how
to assess their practical ability.

Adamsl'6 reported on a survey carried out by
Shearer, who sent a questionnaire to 299 colleges and
universities in America, asking lecturers what they
thought laboratory work should achkieve, Not all
institutions replied, but the pattern that developed
was that chemical laboratory instruction should:-

a) develop the ability to make observations, interpret
and draw conclusions from observed facts;

b) develop the ability to use simple scientific
instruments and manipulate apparatus;

c) develop the ability to keep a record and write
a satisfactory revort;

d) develop the attitude of drawing conclusions only
from observable or accepted data;

e) develop the habits of accuracy, honesty, self-
reliance, cleanliness and orderliness in
the laboratory;

f) satisfy the student's curiosity and provide
experience to develop latent interests;

g) provide opportunity for instruction.

This list which was the first attempt to detail possible
laboratory /



laboratory outcomes was designed to Lelp in the construction
of possible tests for assessment of practical ability

(see Section 1.4).

In the next few years many such lists were
devised.2% 21 krug1ak®® in 1951 produced a list of .
objectives in even greater detail for a course in
elementary electricity. This list was grouped under
six categories:-

a) Instrumental skills : e.g. manipulative etc.;

b) Skills in the use of the controlled experiment :
e.g. recognise adeguacy of controls;

¢) Problem-solving;

d) Miscellaneous skills : ability to follow
directions, ability to make a2 good graph etc.;

e) Functional understanding of principles : +to be
able to recognise the generalisation which is
being verified;

f) Habits : neatness, caution, safety.

This list of bekavioural objectives was also developed
as a guide for the construction of laboratory
performance tests (see Section 1.4).

In 1947 Nolfnproduced a detailed list of
objectives which he considered necessary for the
successful study of science. Noll defined two main
areas in practical work:- 1) instrumental skills,
and 2) problem s-~lving.

In the area of instrumental skills it was felt
that students should kave thre ability to:-

a) perform fundamental operations with reasonable
accuracy;

b) perform simple manipulatory activities with
science equipment;

¢) read graphs and tables etc. to interpret them;

d) make accurate measurements, readings, titrations
etc.

In the /



In the second area of problem solving skills the
student should have the ability to:-

a) sense and define the problem;

b) test & hypothesis proposed by an experiment or
other means and reject the hypothesis on the
basis of the conclusions drawn.

The discussion also covered how these objectives

were to be aclieved.

In a survey of teacking metrods in twenty-five
colleges and universities in Americe, Brown22 discussed
the problems of the vastly increased number of students
doing introductory pkysics laboratory c-urses and
stated that the teacring metknds had not kept pace.

He criticised the trend of using printed laboratory
manuals wrich specified in far too much detail what
procedures were to be followed. He also reported that
various institutions had tried to put the student on
his own but large numbers tended to make this system
fail. Ovsarbeckz3 echoed Brown but placed the emphasis
for improvement on the training of demonstrators.

Brown24

in anotker survey of elementary laboratory
instruction this time in English universities reported

a very great emphasis on laboratory instruction ard on
training in manipulative technigue. He noted a further
difference in that since the emphasis is on manipulative
technique, no attempt was made to keep the experimental
work in step with any course work, as opposed to the

trend in America25 that most institutions attempt to
correlate their laboratory with the lectures and recitations.
Another contrasting feature was in preparation where

in England the use was made of background readings and

the emphasis was on the student to "learn on his own"

as opposed to tke American tradition »f expecting the -
student to prepare in detail and be tested before entering
the laboratory.

2 . '
Brown®® carried out a series of investigations in
practical /
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practical work in pkysics and found that after one year
only 41% of students recognised that tkey had studied
experiments they kad performed previcusly.

His conclusion was that laboratory work must have
as its goal the teaching of the scientific point of view,
and the intellectual challenge of the experimental
method, rather than the training of students in
particular or specific teckniques or in carrying out
particular experiments since the details of these are
so obviously lost in a very srort space of time.

Many researchers had also questioned the purpose
of the laboratory. Among these was Owen27 who had
asked how well the ordinary laboratory experience
contributed to the develooment of skill in applying
the scientific metlkod and of developing desirable habits
and attitudes that should go with it. Ee complained
tkat the normal experiment provided:-

a) too nmuclt information for the student, and
b) was too abstract, i.e. beyond the normal
student's experience.

Not all experiments, he said, should be designed to
develop scientific metrod but those that were should
give the minimum of information and let the student
find out for himself. These experiments would allow
the student to

formulate questions
recognise assumptions
apply general principles
interpret data

make hypotheses

test hypotheses,

Mallinson and Buck28 stated that there was no

critical thinking done in the laboratory, usually just
'cookbook manipulations' where the student followed &

printed list of instructions. They said that laboratory
experiments /
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experiments have changed very little and that students
were naive about tie implications of the term
tscientific metkod'. They quote Schlesinger29 who
stated that students in the laboratory develop the
habit of gettinz the expected results,

To overcome this problem they wanted an inductive
approack, i.e. use observed data to arrive at a more
general principle as opposed to a deductive approach
where you start witlk a principle and make observatinns

or perform experiments to verify it.

Blick2 also realised the limitations of the 'cook-
book approacl' but advocated an inductive-deductive
approacl wrere students determine general principles
and then test them by a specific experiment. Blick
makes the point that the scientific method does not
follow a series of steps but consists of the use of
innumerable and almost unclassifiable techniques.
Young30 suggested discarding the laboratory manual after
the student learnt the basic skills. He surgested that
laboratory work had three aims in an elementary chemistry
course:-

1) to teack elementary facts and principles;

2) to train the student how to use laboratory
equipment; and

3) to help tre student to think.

He advocated letting students snlve problems and devise
experiments to test their hypotheses.

Nedelsky25 postulated that the elementary physics

laboratory ves wellsuited for acquainting the student with
the 'process of inquiry'. This he believed was the
central laboratory objective, For this to occur he
stated that hard thinking must take place in the
laboratory.

In this period the discussion had moved away from
the /
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the different metlods of practical work to the more

fundariental question of purpose.

The laboratory system
was criticised for its many shortcomings and there was
a growing feeling that there was too muck 'cookbook
ckemistry' which was not of such lasting value to the
student as teaclting Lim the 'process of inquiry'.

1.3 Developnents in Practical J/ork since 1969

In 1962 Michels31 agreed with Nedelsky25 that the
laboratory should acquaint the student with the 'process
of inquiry'. He stated that the laboratory was the
only place where a student could experience physics as
it developed. He therefore advocated that the laboratory
should be open-ended. By open-ended, he meant an
experiment where the student was posed a problem which
he was expected to solve, lMickels also saw several
disadvantages of an open-ended approach in that -

a) more time, energy and experience was required;

b) it allowed students some choice;

c) space and apparatus requirements would be
greater;

d) extension of single study may leave the student
unfamiliar with normal technigues.

However, at this time many courses were being developed
wkich incorporated degrees of open-endedness in
experiments.

Young32

proposed that laboratory work skould be
more than manipulating apparatus and that the failure

of practical work was that no one had tried to discover
if students were getting anything more. He thought

that the metrod of presenting the student with a detailed
experimental plan to work througl was valid for teaching
principles and techniques., But from the first year

onvards this metlod should be supplemented by an approach
whick /
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which allowed the student to make ris own investigations.
Young suggested six objectives which he claimed could

be understind by the student and at least qualitatively
evaluated by the staff. These were:-

1) to acquire directly some descriptive chemical
knowledge and organisation of this knowlcdge
with other descriptive information obtained
from books;

2) to manipulate reagents and apparatus so that a
reliable measurenent or observation can be
made;

3) to observe critically;

4) to interpret data;

5) +to present a clear exposition of the inter-
pretation of the date;

6) to plan and carry out further laboratory work
which will extend and amplify this data and its
interpretation.

It was his hypothesis that emphasis upon the sixth
objective would strengthen the achievement of all of the
others and trat by this emphasis thke student became

aware of and accepted the challenge to initiate and carry
out a piece of latoratory work of his own design.
Therefore, the nature of the process tended to be cyclic.
For a freshman this could te composa2d of two cycles;

1) a brief chokbook demonstration, and 2) an experiment
of his own design, This was & further exposition of

his paper in 1957. >C

This paper suggested a feasible design.by which
the student could be taught basic skills and still get
experience,

Venkatachelam and Rudolph33 used these ideas to
produce a learning/challenge cycle of laboratory work.
In the learning cycle the student was given a reading
assignment which was discuesed in the laboratory and
followed by a 'cookbook' experiment which was
intended /
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intended to familiarise them with techniques and equip-
ment. The challenge cycle was composed of an open-
ended experiment based on a variation of the cookbook

experiment,

In a further paper34 trhey stated that their prograrme
had been evaluated on a larger scale and had proved
effective with students from various disciplines and
witlh dif“erent background experience,

32 they felt a major benefit was the

Like Young
sense of direction which was communicated to the students.
Their systems also had the advantage that it could work

with large numbers of students,

D'Auria, Gilchrist and Johnstone ? devised a three-
stage program also very similar to Young's.32 This

involved - -

1) development of basic techniques and principles;

2) performance of some interesting and chemically
orientated studies designed to illustrate the
role of chemists; and

3) a self-chosen project on any topic not
necessarily related to any of the previous
experiments, Only a quarter of the time was
spent on the third stage,

This course was for non-scientists and had a low staff:
student ratio (4:1). The course was enthusiastically
received by the students alth-ugh tlis could possibly
have had something to do witn the small numbers.

Friedmann,36 Wehry,37 and Silbermann and iMcConnell
all reported on courses they had devised wlrich
progressively gave the student more freedom after
initial instructions in basic techkniques had been given.
All these reporters indicated that student interest
was generated, though Silbermann and McConnell found
that in treir open-ended experiments the students were
initially /

38
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initially apprehensive but eventually calmed down and

began working well.

The courses were run with fairly low numbers (50-
60) and involved standard experiments - all procedures
supplied -~ as an introduction to the course,

However, not all courses were so structured.
'ﬂilson39 after an introductory talk wkick involved a
course on how to use the library, started students off
with a set inorganic synthesis but then allowed trem to
devise their own experiments whick were loosely based
on an aspect of the original synthesis.

40

Newman and Gassman
chemistry majors allowed students to devise threir own

in a course devised for

experiments based on objectives wlkiclk were discussed in
laboratory lectures. Tris course tried to develop a
researcn atmosphere and techniques were taught as they
were required,

King41 reporting on the Pinal Report of the
Committee on Curriculum Content Planning (Massachkussetts
Institute of Techknology, 1964) suggested a similar
approach to Newman and Cassman. The report suggested
that the student early in lis physics undergraduate
career was exposed to two twelve-hour project laboratories
where the idea was not to learn specifics or demonstrate
principles but to give the students a chkance to work on
an extensive experiment thus receiving experience of the
exnerimental approach and zetting in and out of
difficulties b hinself,. Doyle and Mungall42 in
estolling the virtues of individualised projects which
they reported as resulting in greater student
enthusiasm, developing self-confidence and providing a
greater variety of experience allowed their students to
bec-me involved in an original research project on the
syntkesis of an elusive human sex attractant.

In Australia Murray and ‘,'Jestward43 and Brennan
and Fletcher44 reported on a course developed at Flinders
University /
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University for first and second year physics undergrad-
uates. The students were encouraced to treat ekperiments
as small researcl experiments and apart from one or two
specialised demonstrations were taught teclnigues when
required. However, the courses were expensive in
setting up and the intake was very restricted.

Beard45 reported on similar trends to make
laboratory courses 'open-ended' or researcl orientated
in this country and gquoted examples from engineering,
pkysics, medical and chemistry courses, Ske claims
that student interest was aroused and trat thre staff
also got more satisfaction in running these courses.
However, in thkis country trends towards project work at
tertiary level had not been so pronounced. One
notable exception to this has been the Degree by
Thesis introduced at tre University of Sussex. Here
students after two terms at the University took up a
research project wkich from then on is their primary
cormmitment. Their final assessment is based on their

performance in thke lab ., Eaborn46

suzgested that
this type of course could develop the student's
originality, individuality and creativity. In a further

report47

after one year of the course Eaborn found that
some of the difficulties forseen by critics had not
materialised, Students Lad noi proved to be

incompetent or even dangerous in a research laboratory
but had accepted their limitations and approached matters
with care and caution., Furthermore the students had
developed confidence and a feeling of belonging to a

researclt group.

Mathias48 in an evaluation of the course found
that the students involved positively enjoyed their
corurse and thought that it was a truer reflection of
their ability and potential. The students were able to
undertake original research successfully and had
developed qualities of independence and motivation.

Few students abandoned the course. However, of those
who did there were two reasons quoted:-

1)
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1) chemistry was not their main subject and they
regretted taking it; and
2) some .students wished a more structured course,

One side-effect of the trend towards open-ended
and researc! orientated experiments has been a blurring
of traditional distinctions within subjects.

49 pointed out that this resulted because an

Coyne
examination of a substance or principle with respect to
a specific technique could not succeed in presenting
experimentation as an unfolding, open-ended, creative
and thus highly personal process. Classical experiments
had robbed the students of the excitement of research

and an arpreciation of its complexity.

This lead to an integrated course being developed
where the work was covered in modules which consisted
of technigues grouped on a natural or essentially non-
classical basis, e.g. tke synthesis of an inorganic
compound would be followed witl characterisation by
appropriate prysical techniques and by measurement of
its reactivity.

Many examples of integrated laboratory courses
can be found in the literature. For example, the
papers presented at the Renesselaer Polytechnic
conference on laboratory instruction in chemistry report
on a variety of these.BO
In her article, Coyne elso suggested group
experiments whicl could be interdisciplinary. Portions
of the problem could be al located to students with
particular interests. She also thought that the intro-
duction of modules would mean that a core laboratory
cruld be developed wrich consisted of structured exercises
where essential teckniques and concepts could be
introduced. For students intending to study chemistry
furtrer optional assignments, possibly designed in part
by the student, could be added where desirable.

Valeriote /
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Valeriote51 descrihed an extension of Coyne's
approachk whricl would allow for self-pacing. The major
aim of tris course was to allow for differences in
student background and to minimise these.

Eacl: term students hLad to do a certain number of
set experiments and if they wished optional extra
experiments designed to reinforce the tecrniques covered
in the set experiments. Xacr. set experiment also
invhlved a pre-laboratory assignment which kad to be
completed satisfactorily before commencing.

The conclusion to tkis experiment suggested that
students decided to use their time more efficiently
and liked the flexibility. The results were no less
satisfactory for the self-paced as opposed to the normal
groups. |

The continued trend towards project work, open
laboratories and independent studies designed to satisfy
the need of the individual student made it more
difficult to instruct large numbers in techniques at
one time, In overcoming tris problem some laboratory
institutions developed teacling packages.

Long52 developed 'laboratory learning modules'
which allowed a student to teach Limself techniques
which were presented on audio- or video-tape.

Price and Brandt53 evolved a completely self-
instructional laboratory which also made wide use of
audio- and video-tapes. Trkis freed the student from
the demonstrator and allowed him to 'walk-in' to the
laboratory at any time. This approach was another
method of allowing for self-pacing.

An audio-tutorial approach to laboratory work
has been introduced in a Biochkemistry course for medical
students at Dundee University by Garland.54 Students
were guided through the practical course at their own
pace /
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pace by means of audio-tapes and other illustrative or
explanatory material. The course was split into units
and the students were expected to achieve mastery.

In Canada at Mcllaster University similar _
52

arrangements have been in operation for many years.

Br'\oks56 while approving of the audio-tutorial
method noted the necessity of high initial investment
in equipment and renovations for sizeable freshman
classes. He instead developed a station system where
eaclk student was assigned a benck space. Fach station
area was used every week by ten or more students.

Tkis method, however, appeared to restrict students
to set experiments and did not a“low scope for open-

ended experiments.

57

Brubaker Jnr., Schwendeman and licQuarrie suggested
a way to cope with large numbers of students not

majoring in orysical sciences. In this program laboratory
sections alternatedbetween laboratory practice and

filmed experiments.

In tke filmed session the students were first
briefed and then snown the film. A discussion was
then held and a repeat showing of the film given.

They saw this as a way of forestalling the abandonment
of classes in laboratory work in general chemistry.

58, 59 discussed

Ben-Zvi, lofstein, Samuel and Kempa
the results of a project on the effectiveness of filmed

experiments in Ligr School Chemical Education.

Two groups were formed one of which carried out
the experimental work as 'normal' and the other who
were subjected to filmed experiments.

Both groups were extensively tested and the resultis
indicated that both groups achieved similar results
with /
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with students who rececived the normal course acrieving

slightly better on tle manipulative components.

In a further paper Ben-Zvi et 3159 looked at
the attitudes of the two groups and found that students
rated the educational value of the medium-based approach
to laboratory work as being distinctly less than that of

personalized experimental work.

57 58

These anproaches were developed in

response to logistic and economic problems. Coyle anrd
Servant%x)reported on a different use of films in
laboratory practice. Their idea was to attempt to
develop some of the higher level skills which are often

unreached in normal practical courses,

Hardingfn'has pointed out that not all the features
of the scientific method could be reached even in project
work. An approacl to acrieving these features had
been suggested by Nedelsky62 wko postulated that more
abilities c-~uld be tested througk criticism of the

perforrarce of another perscn.

Coyle and Servant stowed a film on Noble gases
whick showed the syntlesis of krypton fluoride.
Students were expected to produce a write-up. Results
showed that students had aclkieved a greater critical
understanding of the experiment than the control group.
Trey suggested that an occasional exercise of this nature
wruld be useful in developing Ligher abilities.

It is interesting to note that Epstein®> had
exposed students to research papers and conditioned
students to »ose questions avout the content and future
approackes to the work. Eis idea was to show how a
scientist works but it also helped to develop critical
abilities, and was trying to achieve similar ends.

Modern technology has produced the means of developing
another possible aid to teaching in the laboratory and
that is the computer,

Asycough /
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Asycough64 listed tliree areas where he believed
that the computer, used in a teacling role, rad advantages
over our more traditional forms of instruction.

These were in -

1) the provision of a method of self-testing and
remedial instruction on the background to the
experiment to be performed;

2) +the involvement of the student in planning the
experiment or sequence of experinments; end

3) +the simulation of certain tvpes of experiment
where the collection of sufficient data is
unnecessarily time-consuming or where the
data is experimentally inaccessible in the
laboratory situation.

Thus a computer can give a measure of individualised
instruction taking into account student background.
The use of a computer may also free the instructor
from many chores.

Asycoughk and co-workers used a 'strand' system
for helping the student to acquire knowledge of the
essential backgrcund theory of an experiment and in
planninz an experiment. The 'strand' method
essentially means that the computer alweys leads, by
means of a seguence of questions, to whick the student
must respond. The alternative to the 'strand' method
is the 'file' metlod where information of various kinds
is stored in files whticl are structured and from wrtich
the student can draw the information which he requires.
This latter method has proved more difficult for
students.

Kenzie65 discussed a metkrod by whick computer-

assisted instruction (CAI) might be used to make actual
laboratory experience more meaningful for the student.
He thought that cliemical problems could be formulated
and pursued in the abstract but the student could not
acquire the full meaning until ke can think about it in
terms of laboratory instruction.

Tris /



22

This led him to listing several phases of inquiry

practice:-

a) establisking an intuitive grasp of the theoretical
hypothesis -~ student could guery computer for
more information on terms requiring explanation;

b) translating theoretical hypotheses into laboratory-
tested propositions;

c) deciding on general features of laboratory

procedure;

In phases b) and c) student could request standard
categories of information, e.g. directly
measurable qualities and materisls, apparatus from
the computer.

d) gaining prerequisite laboratory experience;
e) designing a2 detailed experimental procedure,

The student then proceeds to carry out the experiment and

interpret results.

The third use of computers was to simulate data.
Computer simulated experiments can provide a student
with practice in manipulating individualised
experimental data after he has received practice in
. . 66
experimental techknique.

X 67

Schwendeman has used computer technology to
generate individual experimental data for students and
to introduce random errors in the data,

The present philosophy of laboratory work at tertiary
level can be categorised under two main headings:-

1) Specific objectives - Dbasic skills, techkniques
applying skills to novel situations, design of
experiments, recognizing data needed for a
specific problem, communication about the purpose,
approacl results and dependability of the
experiment;

2) General objectives - acquisition of a feel for
how chemical knowledge is obtained and how a
chemist /
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chemist thinks and works. A firm understanding
of the methods of science.

Nearly all innovations directed towards achieving these
aims were designed to -

a) aid the learning process; and

b) +to let students discover that the method of
science is exciting, challenging and
intellectually rewarding.

Many methods of achieving these aims have been
developed over the last decade and a half. Some of
these have been due to tecknological advances and othefs
througk an attempt to get the student to think for himself.

1.4 Assessment of Practical Work

Many different methods have been devised to assess
practical work, At the tertiary level there are six
common methkods used, usually not exclusively. These
are:-

1) grading of laboratory reports;

2) assessment of 'in vitro' performance in
laboratory;

3) 1laboratory performance tests;

4) paper and pencil tests;

5) quiz - written or oral;

6) dissertations or theses.

Commonly a student's performance on a practical is based
partly on the student standard at the bench and his final
written report. This has been criticised as being too
subjective, |

Pickering and Kolk369 report on a wide variation

in teaching assistants' (demonstrators') abilities to
grade students' performance, Teaching assistants

were asked to grade students during a practical exam-
ination. Results showed very little correlation between
their /
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their grades and the grade as determined by the exam-
ination. In fact, in one case in six, the teacling
assistants' grades were negatively correlated witr the
marks on the practical examinztions., Thiey point out
that a grading system is nnly as good as its poorest

markers.

Millington and Russell7o collected and photocopied
ten student reports and presented tkem to five
demonstrators to greade. Tre demonstrators used marking
guides. They found that on a scale of ten marks there
was an absolute variation of four. The mear. range was
2.4. There was also a poor correlation between ranking
of reports, on one experiment it was only O0.71. They
found that students were unclear as to the purpose of

the assessment of reports.

11
Eglen and Kempa compared three metloads of
assessing manipulative skills in the laboratory:-

1) a detailed checklist which required a simple
yes/no decision;

2) oren-ended - teacher assessed student on a
grade from 1 - 5 witlout reference to
achievement criteria;

3) intermediate - teacher assessed student on
four sub-categories of manipulative skills
whick were -

i. methodical working;

ii. experimental technique;
iii. manual dexterity;

iv. orderliness,.

Eighty-eight teachers evaluated students' perfor-
mances whict had been recorded on film. Mean grades
were highest for the checklist and lowest for the
intermediate modes. Divergence of grades was highest
for the open-ended mode, Results for tbhe other two
methnds were similar, Variances even by the checklist
metrod were found to be far from zero.

Another /
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Anotrer form of assessment is that of laboratory
performance tests. Tris type of test involves a
student carrying out a prescribed piece of work,
normally a still or manin»ulative technique but sometines
more involved, such as using chemical facts in a lab-
oratory situation. Tkis differs from assessment of a
student in a practiceal session as it is carried out

under examination conditions.

Horton15 first devised these tests, to evaluate
possible outcomes of laboratory work not detected by
paper and pencil tests. He first determined what skills
and manipulations were required in the experimentation
and then devised methods of measuring them objectively.
Ee selected two experimental topics and with the help
of 'competent' teachers produced a sequence of twenty
items for each experiment which represented the actual
stenps in the performance. Students were evazluated by
ticking off the items on the checklist as they were com-
pleted. The reliability of the test was high.

Hendricks72 listed reasons why performance tests
had not cauglkt on. This was due mainly to the length
of time required to administer the tests and the time
required for setting up and marking the tests. The
practice in these tests had been for a student to be
marked by a single member of staff. Hendricks suggested
that tests could be constructed which would allow groups
of students to be assessed by a single member of staff.
The wuse of standard instead of special equipment
would also, Hendricks felt, overcome some of the
criticisms.

vall, Kruglakx and Trainor73 in physics quoted three
advantages of performance tests:-

1) gave a spread of results;

2) presented a challenze to students;

3) could be used as a too1 to measure effectiveness
of different teacking methods, viz. individual
versus demonstration methrod.

The tests /



The tests that tley devised consisted of slhort items
suck as focussing cross-hairs nn a telescope and longer
items such as calibrating instruments and using trem to

measure variables.

, Assessment, as in the case of Vorton, was by a
detailed clecklist.

Kruglak74 published the results of an intensive
study of lahoratory performance (achievement) tests.
He suggested that a detailed 1list of objectives was a
necessary pre-requisite as they made it easier to |
evaluate outcomes, Kruglak constructed and tested items
on samples of over two hundred students. His results

indicated -

a) a high reliability when a2 detailed key was
provided; and
b) high discrimination for performance items.

Because of numbers these tests had to take place over a
period of a week but he found that leakage of
information was only a problem on items whkich had a
high theoretical content and was minimal on items witkh
2 highk performence coimponent. Thus, he suggested,
performance tests were measuring more than acquisition
of knowledge.

A method whick has been in use for a long while
is that of paper and pencil tests. These tests measure
the students' knowledze of practical procedures.

They are frequently objective in style, i.e. posing a
question such as asking for tre reading on a burette
and posing four alternatives from which the student
has to choose,

Hendricks 'S found that these tests were less time-
consuming than performance tests which disrupted the
time schedules of teachers and students.

Kruglak76

tests:-

1) /

noted two limitations of paper and pencil
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1) they cannot measure creative aspects; and
2) they cannot measure psyclomotor skills, only
the knowledge of them.

Bowever, Kruglak also noted certain advantages in that:-

a) they could cover a large number of topics;

b) they could evaluate many aspects of a single
topic;

c) they were a research instrument for comparing
different teaching methods;

d) they gave supplementary evidence of achie vement.

He also noted certain disadvantages:-

a) they were artificial;
b) students' thoughkt processes, although they may be
valid and original, are not apparent as they are not

covered in distractors.

In a furtrer paper Kruglak76 said that paper and
pencil tests desizsned to measure specific laboratory
outcomes had few elements in common with laboratory
performance tests measuring more general and difficult
tasks,

Kruglak77

investigated further the relationship
between paper and pencil tests and performance tests.
He f-rund low correlations between the two and concluded
that paper and pencil tests were poor substitutes for

performance tests.

The fifth method of assessing practical work is
that advocated by Secrist78 which was to evaluate
students by means of a short written quiz. This he
suggested would motivate the student and do away with
trhe problems of grading written reports. For large
numbers written quizzes were thought more practical
than orals, An orel is useful, however, when a student
is expected to define a point of view or to think creatively
ab~ut points raised by his work.'? This type of
objective can more easily be covered in a free ranging
discussion,

The last /
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The last metlod of assessment is to ask the student
to submit a thesis or dissertation. This approach is
normally used where a student has completed a project
or research problem and in conjunction with an oral.

See, for instance, Mathias.48



CHAPTER 2

A Review of Practical Work at Glasgow University
and Development of & Model to aid in the Design of
Laboratory Courses
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CHAPTZER 2

A Review of Practical ‘Jork =zt Glasgow University

and Develonment of a !odel to aid in the Design of

2.1

work.

a)

b)

d)

Laboratory Courses

Different Approaches to Practical Work

There are many different approaches to practical
The following list is a summary of these:-

Traditional : A traditional experiment is one
in whkich the student is expected to carry out
the experiments in a pre-determined way. The
experiments contain detailed instructions on
how to proceed. Trkis type of approachk is often
described as 'cookbnok clkemistry' because a

student can follow tke instructinns like a recipe,

often witkout thinking. Experiments like
this are often used to -

i) 1illustrate or reinforce theory;

ii) verify principles;
iii) illustrate technigues.

Open-ended experiments : There are many ways of
introducing open-endedness into a course and the
degree of open-endedness can vary considerably.
The open-endedness can be introduced as a
problem to be solved at the end of a set
experiment or as a project where a student or
group of students, given very little help, are
told to investigate a problem.

Unit laboratory : This is a laboratory course
based on a particular topic. This usually
involves teachking the student skills and giving

him practice in them and then setting the student

a problemn, A group discussion or tutorial
may also be included.

Demonstrations : ‘Where the student observes a
lecturer carrying out an experiment and is
expected to learn ab~ut the techniques and
methods used.

/
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Audio-tutorial : The student is guided through
the practical course at ris own pace by means
of audio-tapes and other illustrative or
explanatory material.

Keller plan : The student proceeds through a
sequenced course at his owvn rate and is only
allowed to progress to a new experiment when he
has mastered the previous one,

Research project : An original investigation of
a chosen topnic usually stretcking over many
weeks.

Group participation experiments : ‘Vhere a member
of staff or demonstrator leads students through
an experiment explaining practical procedures
and theoretical background. However, students
are expected to participate, i.e. take readings,
make up solutions and where possible get practice
in the technigques described. This could also
be descrited as 2z guided experiment.

A variation of this -

Integrated latoratory : ‘here lectures and prac-
ticals are tied together over several hours.

If a lecturer arrives at a vpoint whiclk needs
practical illustration, he can do a demonstration
whiclk can include student participation.

The results are then used in the rest of the
lecture.

A Description of the Laboratory Courses in Chemistry
at Glasgow University

The type of course varies from laboratory to

laboratory and therefore it is best to describe each
course briefly in turn.

First year : Class size :- normally over 500

a)

Time commitment —~ 3 hours a week

This course runs for three terms and is designed:-

/
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a) to enable students to acquire and become
competent in the basic skills of practical
chemistry;

b) to illustrate, by set experiments, some of the
theoretical concepts which have been introduced

in the lecture course.

The first term is devoted to a skills course and
a chance is given to the student to undertazke remedial

work to improve lis skills,

The experinents in the second and third term are
designed to allow students to use the skills acauired
in the first term to make experimental observations
pertaining to the lecture material. Objectives are

quoted for each experiment.

411 the experiments are traditional in nature
and a report is reguired before the student leaves the
laboratory. The assessment scheme is a simple X , B ,
Y. ¥ 4is seldom given and indicates that the student's
work is well below standard. ’3 denotes an average
performance and & an excellent performance, Because
the report is required on the same day only experimental
data and a brief summary of results are expected.

Demonstrators preface each experiment with a short
talk which should cover important vractical and
theoretical points. The students are expected to have
revised the material orior to entering the laboratory.During tre
laboratory period demonstrators, each responsible for a
particular experiment, circulate around the students,
correcting tecinique, replacing broken apparatus, and
helping students whko are having difficulties.

The class is split into five sections which meet
in two laboratories with fifty students per laboratory.
Normally experiments are set up in each laboratory and
the students move round these in a cycle. When the
students have completed the experiments in one laboratory
they move over to the other laboratory. Students
work /
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work in pairs.

Second year : Class size :~ approx. 200 students
Time commitment - 6 hours in 2 three-
hour periods

The second year laboratory is split into three

main courses:-

1) physical;
2) organic;
3) inorganic.

In addition to this, in the first and second
terms there are two 'one-week' courses on spectroscopy
and theoretical chemistry respectively, whichk are time-
tabled to follow on from the completion of the lecture
courses on the same topics.,

1) The phkysical course is split into three three-week
cycles involving electrochemistry, kinetics and thermo-

dynamics. The students are required to complete a
certain number of experiments in eacik cycle. These
experiments vary in length. The aims are similar to

the first year course.

A formal laboratory report is required and this is
examined for, among other things, grammar and style.
A five point marking system is used ranging from I - very
good, to V - unclassified., |

Demonstrators and staff allocate new experiments
to students when they hand in laboratory reports. The
students work in pairs.

The experiments are given in some detail although
simple procedures, sucl as making a solution of a known
concentration, are assumed to be known.

Demonstrators are available for consultation and
will point out errors in technique, etec.

2) /
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2) The organic course is run concurrently with the
lectures altlougl the experiments are not exactly in

step.

The students work individually through a series of
experiments where the emphasis is on superior work and

not quantity.

Assessment is by submitting a written report
whiclh is then discussed with the member of staff or
demonstrator. Samples of products are also obtained
from the students. liarks are awarcded out of ten for
both results and understanding of the theory.

Again, demonstrators circulate round the laboratory
to help the students.

The course consists of nine experiments. These
are:-

1. Nitration of an aromatic compound - this is designed
to give the student experience in dealing with
aromatic compounds.

2. Mixture separation and aromatic bromination -
designed to give the student practice in
separating a mixture of two compounds, one of
which is then brominated in the second hLalf of
the experiment.

3. The Sandmeyer Reaction - designed to give experience
in an important type of reaction, which has to
‘be carried out within a specified temperature
range.

4, Identification of an unknown organic compound -
determine the structure of the compound and prepare
a derivative, This experiment is fitted in
when time is available - during gquiet spells in other
experiments, ‘

5. The Grignard Reaction - designed to give experience
in another important class of reactions, which
involves working in a water-free environment.

6. /
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6. Condensation Reactions - dimedone synthesis -
many students do not reaclt this experiment
wrich again illustrates a class of reactions.
7. Unknown identification - involving two
functional groups ~ this experiment is fitted
in wrile the other experiments are being carried
out.
8. The Beckmann rearrangenent.
9, Extraction of piperine from black pepper.

The last two experiments are not normally reached.

At all times the students have to produce pure
samples wkick have been checked by T.L.C. and melting

point determination.

3) fThe Inorganic course - students again work in
pairs. Three of the experiments involve the use of
physical methods like diffraction and determination of
magnetic moments.

Other experiments involve a study of a transition
metal or a selected main group element. These experi-
ments are usually divided into three parts:-

1. a study of some properties or reactions of the
element;

2. an analysis involving the element; and

3. a synthesis of a compound containing the element,

Demonstrators are deployed as before and experiments

lagst varying lengths of time, AjtlLough the experiments
are intended to be comrleted witlin a three-hour period,
they usually last longer.

Assessment is given out of twenty.

Third year : Class size :- 25-40 students
Time cormitment - substantial, averaging
16~-20 hours a week

Again the courses are along classical lines -
organic, inorganic, plysical, ‘

1) /
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1) Organic - The overall aim is to produce a student
at the end with tre competence of a technician. To achieve
tris trhe course has several sections:-

a) techniques course;

b) multi-step synthesis;

¢) unknown compounds to identify;

d) short project in groups of two or three students.

Assessnent is similar to tlhe second year organic

course.

2) Inorganic - The students carry out experiments
where possible of their own clocosing. They are expected
to complete about ten to twelve experiments out of a
possible trirty-two. The experiments are placed into
two categories; 'A' experiments whkiclk cover technigues
and handling of data suclt as interpretation of mass
spectra. Some of the 'A' experiments are compulsory.
'B' experiments are subjectively reckoned to be harder
and more time consuning. A student usually completes

fewer '3' experiments.

Assessment is out of twenty, the marks allocated
being split evenly between results and write-up.

Demonstrators are used as before.

3) Physical - week long sessions involving different
branches of physical chemistry such as spectroscopy and
theoretical chemistry. The sessions vary from
perf-rming a single experiment t> an intensive
techniques course,

Fourt! year : Class size:- 25-40 students
Time comnitment - varies

First term : The student chooses three technique
courses, one in eacl of physical, organic and inorganic.

Second term : Student undertakes a short research
project under the guidance of a member of staff.
N-rmally /
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Normally an attempt is made to give the student some
choice. The student eventually submits a thesis wlkich
is counted towards lIis final grade in the honours

examinations.

2.3 A Discussion about Problems with Practical iVork in
the first two years.

All the practical courses in the first and second
vears, with the possible exception of the second year
inorganic laboratory, have two main aims. These are:-

1) to teack the students teclkniques and skills; and
2) to illustrate the theory covered in the lectures.

The purpose of tlis section is to ask to what
extent do the courses ackieve these aims, and if they
don't, to examiné where they go wrong.

To determine whether tre courses are being
successful, it is possible to construct a list of six
criteria, whiclk w-uld need to be satisfied before a
chrurse would have a reasonable chance of achieving
these aims. Each criterion will be examined in turn and
questions will be raised about points which warrant
further investigation. To satisfy the above gims the course
will:-

1) have to use a standardised approach for teaching
techniques which the student can clearly see;

2) have to provide adequate tuition and opportunity
80 that the student can learn tre skills to the
standard required;

3) need to ensure that the student is familiar with
the background tleory to an experiment;

4) need to ensure that the student can-relate what
he is doing in the laboratory to the theoretical

background, i.e. link together the theory and
practicalj; ’

5) /
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5) use assessment procedures sensitive enougl to
detect where students are going wrong and be

consistent;
6) have to develop the correct attitudes in the
student to encourage him to learn.

Let us examine eacl: of these criteria in turn,

Criterion 1)

To avoid confusing the student eacl demonstrator
has to teach the skills and teclkniques in the same way.
To tris end, the demonstrators need to be instructed to
teach the same metrod and where this is not feasible it
should be made clear to the student what alternatives

are pernissable,

In the first and second year courses no such
instruction is given to the demonstrators on how to
teachk the skills, For example, skills involved in the
handling of the burette and pipette can be taught in
many ways and demonstrators may have developed their,
own idiosyncracies, For instance, some demonstrators
point out to stucents that they should not take two
hands to manipulate the stopcock of a burette, others
use this method all tke time. This can be a problem
wren a student has two different demonstrators, emphasising
different methods on consecutive weeks.

The confusion, caused by this approack, in the
student's mind may lead to the development of bad kabits.
Once bad habits start tkey can be difficult to eradicate
especially with psychomotor skills which tend to become
automatic and instinctive once taught. There is a need
to develop a common approacl to teaching skills in the
laboratory.

Criterion 2)

In the whole of first and second year courses
there is only one 'teaching package' in use and that is

a first year tape/slide programme on how to use a
chemical /



39

chemical balance. All other instruction is either by
members of staff or demonstrators. This instruction

is given by:-

a) a talk usually before the student begins an
experiment ;

b) practice experiments - see section 4);

c) reinforcement in future experiments.

a) PFirst year and some second year experiments; the
talk is given to a group of students wlick can be any-
tking up to eighteen students.

In first year this talk is given at the beginning
of the experiment. This can lead to problems:-

i) as students may not have settled down or indeed
arrived and many have not prepared beforehand
for the experiment;

ii) due to the size of the group, not all students
may be able to see the equipment being
demonstrated.

In second year, in many experiments where the
demonstrator is only teacking at most four students,
the problems from first year are lessened.

b) Practice experiments - returned to later.

c) If the reinforcement in future experiments is
effective then it would be reasonable to assume that
students would feel that thLey are mastering the
techniques. To examine t!is the students were asked
aborut their performance on three skills taught in first
and second year organic laboratory courses. These were
thin-layer chkromatograpty (T.L.C.), recrystallisation,
and use of melting-point apparatus.

In a survey of the second year organic laboratory
(see Chapter 3) students were asked if they had -

A) mastered this techknique;
B) needed further practice;

c) /
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C) did not aclieve the standard required - needed
further practice before they could approach
the standard required.

This was conducted by interviewing a sample of students
for the first three experiments of the course.

A) Mastery

Experiment 1 2 3

7.L.C. (56) 19 (45) 10 (43) 10
Recrystallisation (38) 13 (50) 11 (43) 10
Melting Point (=) - (77) 17 (87) 20

B) Needed further practice

Experiment _ 1 2 3

7.L.C. (38) 13 (41) 9 (41) 9
Recrystallisation (50) 17 (45) 10 (52) 12
Melting Point (-) (23) 5  (13) 3

C) PFailed to ackieve objective

Experiment 1 2 : 3
T.L.C. (6) 2 (14) 3 (17) 4
Recrystallisation (12) 4 (5) 1 (5) 1
Melting Point (=) (5) 1 (=)

Figures in brackets are percentages.
Sample sizes:- Expt. 1 - 34 students
Expt. 2 - 22 students

Expt. 3 - 23 students
Expt. 4 - 22 students
These results indicate that a simple technique

sucl. as using melting-point apparatus is soon
mastered. Eowever, the results for the other two skills
suggest that even withk frequent practice, they are not
being mastered quickly. These three experiments are
chosen because trey are straightforward and should,
thercfore, give the student confidence.

The two skills of handling a T.L.C. and recrystall-
- isation are essential to an organic course, The problem
exists /
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exists of how the student is to acquire these skills more

effectively.

Criterion 3)

It is administratively impossible to ensure that
students always receive lectures on the background
theory before they begin an experiment. This occurs
due to skortare of equinment which forces students in
all c-hurses apart from the second year organic course 1o
perform experiments in a cycle. (See Section 2.2)

In extreme cases this means that the student
carries out the exreriment well before the appropriate
lectures or a long time afterwards. Thus the theory
cnontained in tke lectures and the experiments in the
practicals are normally out of phase,

Therefore, it is essential for a student to prepare
for eacl experiment, s» that Le can understand what he
is doing. The responsibility lies witl the student as
no check is mace on htis level of preparation.

In the second year organic laboratory the students
dn» not perform experiments in a cycle but work through
a series of experiments indevendently. A lecture course
is running at the same time although no attempt is made
to correlate exactly the laboratory and lectures.
Indeed this would be impossible since students work at
their own pace.

In the survey of this laboratory students were
asked two questions to discover thLe level of preparation.

1) Before you began this experiment did you under-
stand the background theory suchk as the reaction

mechanisms? Yes / No / Not sure

Experiment 1 2 3
Students wro claimed to 11 6 13
understand theory (335) | (274) | (56%)

Many /
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Many students were not clear about the theory
before they started. This may be due to the time lapse

between lectures and experiments,

Students were then asked:-

2) Did you revise the material before you started

the experiment? Yes / No
Experiment 1 2 3
Revised before starting 4 (12%) 2 (9%) 4 (17:0)

Even with a poor understanding of the tkeory
students do not appear to revise the theory and pro-

cedures before starting. In experiment one this may be
because tre students were keen to start the course but
this does not apply to experiments two and thkree.

Criterion 4)
A further question arises because of section 3).

Do the students try to relate the background theory to
the practicals contained in the laboratory manual or do

they follow the experiments like a recipe in a 'cookbook'?
In the second year organic laboratory we asked the
students ab~ut tlris.

Question:- Did you understand wky you followed
the sequence outlined in the laboratory manual for this
experiment? Did you manage to link together the
theory and the practical? Yes / No / Not sure

If the students answered 'No' tlrey were then

asked:- ere you just following what was outlined in
the leboratory manual like a recipe? Yes / No
Experiment 1 2 3 4
Yes 15 (445) | 13 (595%) | 10 (435) | 7 (32%)

This means that almost half the students interviewed
for experiments 1 and 3 and over Lalf in experiment 2
admitted to following the experiment 'cookbook' fashion.
They learnt the background theory at the end of the
experiment and did not attempt to understand it as they
went along. This approach is encouraged by giving
detailed /
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detailed instructions for the student to follow.,

On the other hand experiment 4 made students think
more about what they were doing. Tris is not
surprising as the students had to solve a problem.
However, 27% of the sample clzimed that they attempted
to understand the procedures but felt that some of the
tests and possible derivatives used theory with which
they were nnt familiar. Thus they were forced to follow
instructions without understanding why.

These results suggest that to get the student to
tkink abnut what re is doing while in tke laboratory,
we may have to free him from too detailed instructions.

In the laboratory we need to ensure that:-

a) the student is prepared for an experiment; and
b) 1look for approachkes whicl encourage him to think
about what he is doing while in the laboratory.

Criterion 5)

Assessment is necessary for two reasons:-

1) to provide feedback for the staff as to the
efficiency of the course and to put students in
order of merit; B

2) to provide feedback for the student so that he

knows whkere he has gone wrong.

A closer examination of assessment procedures in the
first and second years can show to what extent these
aims are met, If we examine the assessment methods for
each year in turn we can gzet a clearer idea of the
success of the metliods used.

Millington and Hussell'70 examined the marking
system for the first year laboratories at the time when
a markx was given out of ten, They found wide
discrepancies in demonstrators' marking with as much as
a four mark variation between demonstrators on the same
student's /
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student's report. Trey also found pnonr agreement
between demonstrators on the rarnking of reports. This
system has since been replaced by a three-point scale
-Kk, B, y - Tlis allows for less precision and thus
more scope for disagreement about rankings.

The laboratory report is now handed in on the same day
and therefore is required to be only a summar; of results
as the student does not have time to elaborate.

A demonstrator also heas to give an assessment of
a student's practical abilities as snown in the laboratory.
N> clear directions are given on what points to look for.
And, if demonstrators stress different points of a
{ectnicue as being important, a student could be marked
d~wn by one demonstrator for practical teclnigue and
marked up by another demonstrator. This is sikown by
Pickering and Kolks®?

Trkus the grading is very subjective and cannot
adeguately meet either of the two aims of assessment.

In the second year more time is taken in evaluating
the student's performance as the student is guestioned
on his report. The report is expected to contain an
introduction, experimental, results and discussion
sections. The student is also given an idea about what
the mark he has been given means.

Thus tkere is a greater probability of the assess-
ment being fair and providing useful information for
both staff and students.

However, one effect which tends to reduce the
accuracy of results is what can be termed a 'grapevine
effect' where students for many reasons swop results
and laboratory reports. In some laboratories this is
more widespread tran others. Thus the student's results
may not be original.

Marking of laboratory renorts and grading of students
tends to be subjective, If a practical 'objective!
alternative /
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alternative could ve found this would at least provide
extra information on whricl to base an assessment,

Criterion 6)

'There is one final ingredient for a successful
lz boratory course and that is the attitude or motivation
of the student. His attitude may be determined by

many factors:-

a) his feelings towards the practical course;

b) " " n " chemistry in general;
c) " " " " gtaff and demonstrators;
d) " n " " relevance of what he

is doing;

e) how he feels on the day;
f) his assessment of his performance;
g) his view of the worthwhileness of the work.

Many of these may be outwith the control of the
leboratory but some courses can be designed to ensure
the greatest probability of his developing the right
attitudes. By satisfying the other five criteria

tre laboratory course can go a long way towards getting
tre correct attitude.

However, the student needs to develop correct
attitudes towards learning, safety, cleanliness and
honesty. All four may be developed as a by-product of
trhe course, However, let us examine the student's
attitude towards learning more closely.

In the second year orgenic laboratory interview
survey students were asked on completion of an experi-
ment if they found any particular features of interest,
suchk as the theory, practical teciniques, etc. The
results were:-

Experiment 1 2 3 4
'Interest! 8 (244) 4 (18%) 9 (39%) | 13 (59%)

Experiment 4 'identification of an unknown organic
comporund' /
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compound' appeared to tke students as thre most
interesting. On further questioning students stated
that tris was because it presented them with a challenge;
or a problem that they had to solve, This experiment
also stimulated curiosity in the clkemistry as some found
interest in looking for suitable tests or derivatives.

Students who were interviewed for experiment 4
were asked if they had enjoyed working on their own.

15 students (68%) replied Yes

students (9%) replied No

stuients (9%) replied 'No difference’
students (14%) did not answer

W NN

(sample size 22)

The two students who did not like the approach
complained that it introduced a 'competitive spirit!
int~» tke laboratory.

A survey of thre first year labeoratory course was
conducted earlier by lcCallum and Johnstonesl who found
that:-~

a) 39-40% of the students found discovering facts
for tlemselves rewarding; and
b) 42% would have chosen to be taught by pro jects.

If this open-ended or project approachk to practical
work interests the student this is reason enough for
trying to introduce some work of this nature in all
years of an undergraduate course. The problem arises
of bow this can be done in first year when there are
over five hundred students, limited equipment and a
restricted supply of demonstrators and staff.

2.4 A Model for Laboratory Teaching

The criticisms of the laboratories outlined in
the preceding section can be grouped under two main
headings. ./
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headings. These are:-

1) there is little emphasis on learning skills and
ensuring & minimun standard of competence,
This occurs trrouglh the teacting methods and the
assessment proceduvres used.

2) threre is t-o muc: 'ccokbook' chemistry whichk does
very little to stimulate anyone but the most
motivated student into thinking.

It is necessary to redefine the aims of the
laboratory courses to overcome these criticisms and to
produce a c-urse whicl: can teach the required skills
efficiently and stimulate the student to think for
himself.

There are then two aspects inﬁolved in laboratory
teaching in these years:-

1) a learning component, and

2) an experience component - where the student gets
experience of thinking for himself and
reinforces his previous learning.

This poses two questions:~-

1) What skould the student learn? What are the
objectives?

2) How do we get the student to think for himself?
Jhat are the objectives?

The answer to what the students should learn will
t» some extent depend on the course.

In the learning cycle the student will need to
learn:-

a) skills involved in using equipment e“ficiently -
1) to identify various picces of laboratory
equipment by name;
2) to state the function of each piece of
laboratory apparatus;
3) to manipulate scientific apparatus to a stated
accuracy;

4) /
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4) to select the correct apparatus for the
required accuracy;
5) to assemble scientific epparatus to aclkieve a
required function;
6) to realise if thre apparatus is not functioning
properly;
7) to keep equipment clean and chemicals pure.
b) skills involved in observing and recording -
1) to follow written or oral instructions;
2) to observe materials under investigation;
3) to observe changes in materials under
investigation;
4) to observe readings to the required accuracy;
5) to record measurements and to present this
information in tabular and/or graphical form;
6) to collect and clessify date;
7) to assess validity of data.
c) the requisite background tkreory whkich will
allow him to understend what he is doing.

All the objectives involve three components -

A knowledge of hLow to
An ability to achieve the objective.
A willingness to

What skills does the student require to work
efficiently for himself?

The student will need to gain practice in
applying what he has learnt previously. This involves
in addition to previous objectives, allowing students to:-

a) plan tLeir own work;

b) carry out treir plans;

c) evaluate the results;

d) which may lead to further work and modification of
the original plan.

Involved in a), planning an experiment, are such
nbjectives as:-

1) /
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1) identification of tke problem;

2) obtaining relevant information - maybe using a
library;

3) recognising problems capable of practical
solution;

4) devising an appropriate experiment;

5) devising/selecting an appropriate technique;

6) making and defending decisions.

b) performance of an experiment, is the efficient
use of eguipment and observational skills.

c) evaluation of an experiment, has such objectives

1) analysis and interpretation of data;
2) drawing of justified conclusions;
3) acceptance/rejection of hypothesis.

d) has as objectives:-

1) suggested improvements in experimental approach;
2) presentation of report.

Other skills whicl a chemist needs to develop are:-

1) ability to make compromises;

2) to see interconnections across subject barriers;
3) to critically evaluate previous work; ‘

4) to discriminate between fact and opinion;

5) to work as part of a team;

6) to be able to communicate with other students;
7) to see interconnections within a subject.

These skills may be needed at any time and would
normally erise as by-products of the laboratory courses.
However, it may be possible to teach for these through
games and simulations,

The above lists of objectives suggest a model for
laboratory work to achieve the twin aims of learning
and experience, See figure 1.
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Figure 1 : Proposed laboratory model to achieve the twin
aims of learring and experience. (First and
second years)
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Tre laboratory model shows the different stages

required to acl.ieve the twin aims.

The first requirement is that the student is
motivated. Without motivation no course can succeed.,
It is hoped that this model will develop motivation
through -

a) increased emphasis on learning - so that students
know thre standards reguired and see how they
are expected to attain them

b) +the use of open-ended experiments or projects to

develop independence.,

To begin an experiment the student will be expected
to be familiar with thke theory and may be tested on
his understanding. Instruction will be given on skills
by standardising techrniques and use where necessary of
teaching packages. Tre two components of theory and
skill will bve linked together by a practice experiment
where the student may work as part of a group or on
tis own. In either case tre student will be allowed
to handle equipment to get experience. Practice in
observation will similarly be given.

At this point, tre student should hkave reached
the stage where he can understand botl theoretical and
practical aspects of the experiment and can manage to
link the two together.

To reinforce the learning and to preseht the
student withk a challenge a further stage can be added.

Here the student on his own or as part of a group
is required to solve a problen, This can be intro-
duced in two ways:-

1) as an extension of the practice experiment - open-
ended; or
2) as a small project based on an application of the

skills covered in tke learning stage.

Due /
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Due to the constraints already mentioned (see
sectinn 2.3) the clLoice of method and duration of the
nproblem are limited especially in first year but it is
felt that students will still receive aufficient
stimulation to allow them to reinforce the skills already
learnt and to make them think for tlemselves,

This model can »e used in a similar fashion to
that proposed by Rudolph and Venkau;au':helam3‘3
was a learning/challenge cycle. Tkis approach
has the advantage of letting the students apply their
newly learnt skills immediately. However, a possible

disadvantage is that students will become bored by the

which

repetition.

A more flexible model is thus to be preferred
where ‘the first stage and the second stage. may not
follow in consecutive laboratory periods but be separated,
‘with the second stage being covered several weeks later.

In the third and fourth years and maybe second
year further stages can be added which could invoke
group discussions of results and of research papers
covering a similar field.

However, at any time in the course, special
exercises like the Alkali Industry case study could be
introduced to helv the students develop further skills.
These skills could involve:-

a) development of a theory - to show scientific
method;

b) communication exercises - presenting a paper to a
group of students;

c) observation exerciées; ‘

d) 1library exercises - one such exercise for third
Year students has already been developed.82

2.5 The Research Plan /
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2.5 The Researcl Plan

The aim of the research embodied in this thesis
has been to investigate methods of solving the problems

posed in preceding sections.

In Chapter 3 we will exanmine self-report techniques

frr evaluating a laboratory course.
Chapter 4 - paper and pencil tests.

Chapter 5 - development of teacling packages for
use in the laboratory, including assessment,

Chapter 6 - a method of checking that students
are prevared for the practical classes -pre-lab

exercises.,
Chapter 7 - group participation experiments,

Tke above are all methods used to aid the process
of learning in the laboratory.

In the final section of the researck work we will
look at ways of giving the student experience.

Chapter 8 - open-ended experiments and project
work.

-

In the last chapter, Chapter 9 , we will summarise
the previous chapters and pose some ideas for future
W')rko
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CHAPTER 3

Self-Report Technigues

3.1 Introduction

In this chapter different methods of collecting
and assessing student responses to questionnaires and
interviews are recorded. Information of this nature
is sought since it can give an insight into the students'
verceptions of tke laboratnry. For instance, thkis

information can reveal:-

a) the student's attitudes towards particular
experiments;

b) what the student perceives as tke objectives of
experiments; and

¢) how the student thinks ke has fared in aclieving

these objectives,

There are two different methods for coliecting
tris data - the guestionnaire and the interview
approact:, Witl the questionnaire approacl the
advantages are that it is easy to administer, it is not
difficult to obtain good sampling and it can be a quick
method taking as little as a couple of minutes to
complete. However, the reliability of questionnaires
issued 'en masse' to students may be suspect since not
all students may give the questions careful consideration.

On the other hand interviewing students is more
reliable as students tend to take more time to
consider answers when faced withk an interviewer,.
However, interviews will normally last longer and it may
be more difficult t» obtain a good sample.

Two surveys of the second year organic laboratory
course were conducted, one using questionnaires and the
otker using interviews. The results of both are analysed

3.2 /
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3.2 Review of questionnaire techniques used in

tris thesis

In constructing a questionnaire many technigues
can be used to collect information from students.
Where possible a battery of approackes or techniques
are used as this allows cross-checking of a student's
replies and assessment of their reliability.

In tris thesis three teclhniques are used. Trey

are::-

1) Likert method;
2) Semantic Differential method; and
3) Objective Rating method.

1) The Likert method®’ was first developed in 1932,
This metlrod cnnsists of a list of statements beside
which is a scale ranging from strong agreement to strong
disagreement on wlkick a student can indicate Lis judgement.
Usually'the scale has an odd number of points so that
the student need not commit himself if ke is undecided.

Originally each point on the scale was given a
value, e.g. strongly agree +3 ; undecided/neutral 0 ;
strongly disagree -3 , and these scores were added up
to give an overall attitude score. However, tiis may
not be valid as it assumes that:-

a) the statements are measuring the same dimension;

b) the frequency of responses fronm egree to
disagree form a normal distribution;

c) the intervels are equal.

However, it is possible by this technigue to recognise
variations in attitudes and opinions.

2) The second technique is that developed by Osgood,
Suci and Tannebaum84 in 1957. Here students are asked
to judge a concept, e.g. how you feel about practical
work, by judging where their opinion lies. Usually
this is entered on a seven point scale between a pair
of bipolar adjectives such as good/bad, interesting/boring.

This /
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This metkod is very rapia and easy to construct,

however, it assumes that:-

a) word pairs are opnosites when, in fact, the
interpretation of the meaning of a word may vary
from student to student;

b) adverbs sucl as extremely, very, fairly, slighktly
etec., do not mean the same to all people, i.e.
the interval between extremely enjoyable and
very enjoyable need not necessarily be the same
as tre interval between very enjoyable and
fairly enjoyable;

c) scores are on interval scales when they are in
fact on ordinal scales, i.e. a student wko
strongly agrees witl a given statement and is
given a score of 3 does not necessarily agree
three times more strongly than a person who
slightly agrees and is given a score of 1.

Such scores provide only an indication of the
relative strengtlks of attitudes between
different people.

3) A further teclknique for assessing student opinion
is that of objective rating. Here a student is asked
to judze how he thoughkt ke performed on an objective.84

Tkis can be d-ne in various ways:-

a) The simplest method of student self-assessment
of objectives is to limit the choice to a
straighktforward alternhtive, e.g. Yes/No;
Achieve/Did not achieve, etc, There is a danger
with this method that the student's assessment
of his performance may not fit into either of the
categories althoug! objectives whkich are not
being aclieved can be quickly spotted by the
staff,

To make a student think more about his answers,
it is possible to rephrase objectives. For
instance, an objective in the second year organic
course where no objectives are specified to the
students /
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students for any experiment is:-

"A methed of separating out different isomers
by shaking with ice-cold methanol"

This can be rephrased to:-

"A metkod of separating isomers"

This makes it more difficult for a student

faced with a list of objectives for several

experiments to guess at the objectives of a

particular experiment, Trus he kas to realise

what he has done in the expneriment before he
can decide whetler he .has aclieved it.
Comparison between the prescribed list of
objectives and wrat the students have ticked as
achieved can yield information abosut which
objectives are being transmitted to the student.
Tkis technique was used by McGuir886 to
investigate the success of experiments at secondary
level, Eowever tlis techknique can have two
drawbacks: -
i) objectives may not be ticked as they
appear too trivial; and
ii) the original objective specifies a standard.
A rephrased objective may not give so
much information about standards thus
allowing students to set their own. .
b) Give the student three choices as to how he fared
on an objective:-

A : You felt that YOU IMASTERED this
objective - feel confident that you would
be able to repeat it to the same standard
in future experiments.

B : You felt that you DID NOT QUITE ACEIEVE
MASTERY but witl a little more practice
you c»Huld,

C : You felt that you DID NOT ACEIEVE THE
OBJLCTIVE and that you would need IORE
PRACTICE before you could APPROACH TIE
STANDARD REQUIRED,

This metlrod allows the student three distinct

choices., /
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cknices. The pattern of results achieved by

this metlod will be discussed in the second of

the two surveys.

¢) Give the student four choices - the maximum

number of distinct categories which can be

specified with accuracy. The categories are:-

A : If you felt that you completely mastered
the objective thren place a tick in column A.

B : If you felt tkhat you did not quite master
the objective and were not completely clear
about either the theory or the technigue
place a tick in column B.

C : If you felt that you learnt very little
about the theory or technique place a tick
in column C.

D : If you felt that you learnt nothing about
the theory or technique place a tick in
column D.

With methods b) and c¢) the objective can be used
in its original form, whicl specifies the required
standard.

3.3 A Questionnaire approaclk to Evaluating Experiments
For list of experiments see section 2.2.

The aim of this survey was to try to find a
general method of evaluating experiments. The course
wrich was evaluated was the second year organic
laboratory course, A questionnaire was devised which
asked trhe students about -

a) their attitudes to each experiment; and
b) treir assessment of their achievement of the
practical objectives for each experiment.

No attempt was made to evaluate cognitive outcomes.

This was because to assess these objectives accurately
would be a lengthy process and could result in losing the
goodwill /
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ghodwill of the students towards filling in their

questionnaires.

The questionnaire which was developed was in two
parts (see Appendix 3.1).

Section A : Likert-type questions. Nine statements
- the student was given a choice of three
alternatives to choose from:- True, Fairly True,
Untrue. Trkis was similar to the method used by
Gunning87 for evaluating opinion at the secondary
schkool level.

Section B : A list of objectives for the course. Thre
objectives were rephrased using McGuire'386 technique
(see'page 58 ) and put in a random order. (See
Appendix 3.1 and 3.2.)

In 1975 there were one hundred and sixty-three
students in the second year organic course. A
questionnaire was issued to eaclk student for each
experiment, All ouestionnaires were collected but only
the replies from bencltes witl an even number were
analysed. Sample sizes decreased as fewer gquestionnaires
were completed as the course progressed (see Table 3.1).

Expt. Sample size % of total
population
1 80 49
2 79 48.5
3 72 44
4 69 42
5 50 . 31
Table 3.1

Sample Sizes

Not all students had time to complete experiment
five, The sampling of the total population was
unbiased. ‘

The results of this survey were not considered
very /
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very reliable as it became apparent that many students
did not take much care in filling the questionnaires.
Therefore the results are not included in this thesis.

However, the survey was c¢f use in indicating the
limitations of this approack and was also valuable in
learning guestionnaire research techniques.

Trere were two main criticisms of tlris methrod

of evaluating experiments:-

1) The choice was too limited for university
students. Tkis applied especially in section
B where the methnd of nbjective rating was too
restrictive and left the student to set tris own
standards of acrievement,

2) A survey is dependent on the goodwill of students.
It is stretcking this to ask students to
complete a questionnaire for eaclk experiment
when there are so many other demands and
pressures on them in the laboratory.

3.4 An Interview-based Approachk to evaluating
Experiments

Tre course which was evaluated was the second year
organic laboratory course. For list of experiments
see Section 2.2. For list of objectives see Appendix
3.2. The course had not been altered since the previous
survey. Because of the drawbacks of the questionnaire

approach it was decided to devise an interview technique
with the same aims.

Trke interview schedule was in two sections:-

A objectives
B attitudes and opinions

Section A : The objectives were detailed for each
exveriment. The student was given a card with three

chnices, A, B, C, (see p. 58 method b ) and asked to
make / ‘
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make a choyice for eachk objective, (The objectives for
each experiment are detailed in Table 3.4, p. 69 .)

Section B : Thre questions in tle interview were based
on the laboratory model devised in section 2.4, p.50 .
Thus students were asked about (see Appendix 3,3):-

a) the theory and their preparation for the
experiment: understanding of background theory;
prior revision; how understanding of theory
was altered by experiment;

b) the practical: new practical techniques, confidence.
Two questions, one about opinion of laboratery
work and their results to determine if anyone
hed a soured oninion of the experiment because
of a poor performance or a bad assessment.

¢) how trey managed to link together the theory and
the practical: did theyvy think about wlrat they
were doing; did the experiment make sense of
earlier lectures or experiments; any features
interesting: and finally a subjective impression
of the experiment,

Thus the schedule was structured as below (see
Figure 3.1).

Section A
+ Objectives
T:.EORY PRACTICAL

LINK TOGETEER
THEORY AND PRACTICAL

Section B PART 1 Section B PART 2

Section B PART 3
Figure 3.1

The interview took about five minutes per student
and students were interviewed only after they had the
experiment marked. Fach student was interviewed only

mce. The target sample for each experiment was a
fifth /
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fiftl of the total population of one hundred and sixty-
eight students. Tris was achieved only for experiment

nne (see Mable 3.2).

Expt. Sample size % of total
population
1 34 20
2 22 13
3 23 13
4 22 13
Table 3.2

The decrease in sample size occured for various
reasons:- students were ill, some had withdrawn from
the course, some revports not handed in till the end of

term, etc,

To ensure a fair sample every fifth student was
interviewed for an experiment, i.e. for experiment one
students 1, 6, 11, etc. on the class list were chosen.
For experinent two, students 2, 7, 12, etc. on the list
were chosen,

Lxverinent five had to be excluded from the survey
as not en-Hugl time was available to interview a sufficient
nunber of students,

It was necessary only to meke one change in the
schedule after experiment one, Tkis was due to mis-
interpretation by the students of objective five which
was concerned witlr using melting-point apparatus.

The students' attitude towards the survey was
very g1od and every student appeared to give fair and
considered answers. No students interviewed had a
soured attitude towards the experiment due to a poor
performance or 'unfair' assessment and therefore the
results give a fair reflection of student opinion about
the cHurse,

The /
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The results are summarised in Tables 3.3 and 3.4, p.67.
Tre results are quoted in percentages to aid comparison

of results.

In Section A the method used to monitor student
feedback on »bjective assessment appeared to give students
a fair choice, ke students had more cloice than
previnusly and this resulted in a more meaningful analysis.

An example can be seen in comparing the replies
to tre ~bjective in experiment two on 'how to separate
a mixture »f two s5lid compounads'. In the questioin-
naire survey 86% of tre students felt that they had
acrieved this (or at least recognised it as an
objective). In the interviews it came to light that
only 52% of the students felt that they had mastered
tris techninue with the other 50% feeling that they
needed aore practice.

Results showed trat students could quickly master
objectives sucl as filtration under vacuum, weighing of
sanples etc, however, mastery of more complex tasks
suclt as recrystallisation and T.L.C. was slower and
students were still having difficulty at the end of the
course, '

In Section 3 of the schedule students were asked
abrut wrether they had learnt any new techniques.
Apart from experiments one and two where about half
said yes, the students claimed to have learnt no new
tecknicues. Students who answered yes to this question
were asked whic! ~bjectives were new to threm. In
experiment one 27% (9 students) said the method used
t2 separate isomers was new,. This is low for a new
objective. however, the othrer 'new' objective to be
quoted frequently, recrystallisation 21% (7 students),
should have been learnt in first year - students
anpeared to have forgotten this!

In the theory part of section B several trends
showed /
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showed up. lost of thesze have been discussed previously
(see section 2.3, pe 37). Lowever, they will be
mentioned here for the sake of completeness:-

a) Few students understood the theory prior to
starting experiments one and two. For experiment
three 59% of the students understood the theory.
Trhis figure probably arose due to the fact that
tre reaction was straight from the lectures.

b) Very few students prepared for an experiment by
revising tkhe material before starting.

c) Conpleting an experiment does have a positive
effect on tke understanding of thre theory but
this effect decreases with time, This may
be due to a decrease in enthusiasm the longer
a course continues,

In tre trhird part of sectinon B students were asked
questions about kow tlkey managed to relate the theory

e2nd the practical. Two experiments managed to succeed
in avoiding 'cookbook chemistry'. These were
experiments three and four. It skould be noted that

students thought that experiment three (15; 65%) and
experiment four (163 73%) were 'good' and the level of
interest shkown b’ the students also increased to (9; 31%)
and (13; 59%) respectively for these experiments.

This increase occured for different reasons.

In experiment three the students could relate the theory
and the practical because the theory was straight from
the lecture where this type of reaction is well-
covered. In experiment four students found it
interesting tecause they were left to work on their own
and to operate efficiently they had to understand what

they were doing. This forced students to think for
themselves,

In summary:-

Experiment one : a good experiment for revision of
practical /
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practical techknigues but the students were poorly
prepared for the theory.
Experiment two : poorest of the four experiments.
13 (59¢%) students followed it like a recipe and
prior understanding of the theory was poor.
Exveriment three : students seemed to understand the
theory. The practical was lightweigkt and many
students missed the point of controlling the
reaction temperature.

Experiment four : presented challenge to students who

seemed to enjoy the experiment.

Tre consequence of the results of these surveys:
has previously been discussed (see section 2.3, p. 37
and 2.4, p. 46 ). Althougl the questionnaire approach
was more unreliable there was some agreement with the
results from the interviews. ‘

The method evolved for the second of the surveys
yielded more useful and usuable information although
small samples meant care had to be taken in assessing
results.

A variation of the questionnaire technique may be
useful in first year where sample sizes would render an
interview approach impractical.
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Figures in brackets are percentages (A - answer)

1 TrIEORY Expt., 1 Expt., 2 Expt. 3 Expt. 4
1, Understanding of
background theory
A - Yes 11 (33) 6 (27) 13 (56) -
A - Not sure 1 (3) - - -
2. Prior revision
for experiment
A - Yes 4 (12) 3 (9) 4 (17) 4 (18)
3, Understanding of
theory altered
Improved 27 (81) 14 (64) 13 (57) 12 (55)
l‘ore confused - 1 (4) - -
2 PRACTICAL
1, Learnt new pract-
ical techniques
A - Yes 16 (48) 9 (41) 1 (4) 3 (14)
3. Lab, mark
Betver than - 3(14) 6(26) 4 (19)
nornmal
Average - 14 (64) 14 (61) 16 (73)
Worse than -
normal - 5 (23) 3 (13) 2 (9)
4, Results - yields,
N.Pt. etc,
Good - 3 (14) 11 (48) 6 (27)
Average - 8 (36) 12 (52) 10 (46)
Bad - 11 (50) - 5 (23)
5. Became more confi- ‘
dent in your apprgach
t~ practical work :
A - Yes ‘ 20 (60) 10 (45) 10 (43) 11 (50)
A - Not sure 6 (18) 5 (23) 4 (17) 6 (18)
3/
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1.

Linking together
of theory and
practical
A - Yes
Followed like
a recipe
In-between

. mxperiment clarify

earlier experiment
or lectures

A - Yes

Clarified

lectures

Clarified

experiments

Clarified

expts. and

lectures

Not sure
Did any particular
features interest
you?

A - Yes
Experiment

Good

Bad

Average
Working on your
own - like it?

A - Yes

A - No

A - No differenc
No answer

e

mxpt. 1 Expt. 2
18 (53) 9 (41)
15 (44) 13 (59)
1 (3) -
s
20 (60) 11 (50)
16 (48) 9 (41)
- 1 (4)
)
4 (12) -
8 (24) 4 (18)
18 (54) 8 (36)
2 (4) 2 (9)
14 (52) 12 (55)

Expt. 3 Expt. 4

10 (43) 9 (41)
10 (43) 7 (32)
3 (14) 6 (27)
12 (52) 11 (50)
12 (52) 11 (50)
9 (39) 13 (59)
15 (65) 16 (73)
1 (4) -
7 (30) 6 (27)
- 15 (68)
- 2 (9)
- 2 (9)

- 3 (14)
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Nbjectives for ZXP-RIMENT 1 A B C

1. Y~u know kow to remove crude product (91) (9) -
by filtration under vacuum using 31 4 _
a Buchner funnel.

2. Ynou can separate out different
isomers by shaking witk ice-cold | (41) (44) (15}
metranol until the TLC shows no 14 15 6
impurities remaining.

3. You can run a TLC to show the (56) (38) (6)
efficiency of purification using 19 13 5
the most suitable solvent system.

4. Yu can recrystallise the crude
sample of a product until you (38) (50) (12)
obtain crystals of the pure pro- 13 17 4
duct as shown by the Kelting Point
or TIC,.

5. Y>u can record thke li.Pt. - of the
pure sarnple accurately %o * 1°¢ (iz) (iz) (z)
of literature value.

6. You can calculate the percentage (88) (9) (3)
yield correctly. 30 3 1

7. You can record the Rf value from a (59) (35) (6)
TLC plate correctly to two 20 12 2
decimal places.,

8. Y>u can weigh the final p»roduct to (91) (9) -
the required number of decimal 3] 3 -
places,

EXPERIIENT 2

l. You can separate a mixture of two
solid compounds by acid/base (50) (50) -
extraction until the TLC shows 11 11 -
none of the other solid present.

2. You can purify the crude sample of
a product until you obtain (50) (45) (5]
crystals of the pure product as 11 10 1

shown by the IlM.Pt. of TIC.

3./
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3, You can run a TLC to stow the (45) (41) (14)
efficiency of purification using 10 9 3
the most suitable solvent systen.
4, You can record tke Rf value from a
TLC plate correctly to two (64) (36) (-
decimal places. 14 8 -
5. Y~u can calculate the percentage (77) (14) (9)
recovery of eachk compound. 17 3 2
6. Y~u can record tre 1i,Pt. of a pure (77) (23) (=)
sample. 17 5 1
7. You can weighk the final »roduct to (100) (=) (=)
the required number of decimal 20 _ _
places,
EXPERIITENT 3
1. You can filter off a precipitate (87) (13) (=)
under vacuum using a Buckner 20 3 _
funnel.
2. You can purify the crude sample of
a product until you obtain crystals (43) (52) (5)
of the pure product as shown by 10 12 1
tke 1.Pt. or TIC.
3. You can weighk tkhe product to the (95) (5) (=)
required number of decimal places| 22 1 -
4. You can calculate tke percentage (100) (-) (=)
yield correctly. 23 - -
5. Y u can record the }.Pt, of a pure | (87) (13) (-)
sanrle, 20 3 -
6. You can check tre purity of the
product by TLC using the most (43) (41) (17)
suitable solvent systems. 10 ? . 4
7. Y~u can record the Rf value from a | (83) (17) (=)
TLC plate to two decimal places. 19 4 -
8. Yau can cerry out a reaction witkin
a specified temperature range and| (64) (30)  (9)
ensure that the temperature is 14 7 2

maintained within thkis range.

EXPERIMENT 4 /
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BAPORIENIT A4 A B C
1. You can crystallise the derivative (64) (27) (9)
until tke 1I,Pt. is constanv, 14 6 2
2. You can use distillation equipment (18) (18) (64)
to obtain a boiling-point 4 4 14
accurately.
(Not everyone attempted this - C
3, Y>u can check the purity of a pro- (32)  (55) (5)
duct by TLC using the most 7 12 1
suitable solvent systen.
(2 did not answer)
4. You can identify tke nature of the |[(73) (23) (5)
functional group(s) present. 16 5 1
5. You can select suitable test(s) (45) (55) (=)
to check your hypothesis, 10 12 -
6. You can record the results of the (77) (18) (5)
test(s) accurately and immediately.| 17 4 1
7. You can record one Rf value from a (68) (27) (=)
TLC plate to two decimal places. 15 6 -
(1 did not answer)
8. You can identify the nature of the |(64) (36) (-)
carbon skeleton. 14 8 -
9. You can determine the molecular
formula given the approximate (91) (9) (=)
Molecular Weight and % elemental 20 2 -

composition.
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Appendix 3.1

Original Form nf Questionnaire

University of Glasgow - Science Education Research
Group

Throughout thris term the Chemistry Department wisk to
monitor your reactions to the experimental work,
Therefore we would like you to complete the following
questionnaire KACH time you FINISE an experiment.
Your returns will be treated in confidence, and there-
fore, you may be as frank in answering as you wish.

We thank you for your co-operation.

Please complete the following:-
Experiment No. Lab. Bench No. Lab Days
SECTION A -~ DPlease tick one of the alternatives to

each question.,

-

As a result of completing this A B C
experiment, I have - TRUE |"poon |UNTRUE

1. bec me more interested in
ckemistry.

2. becme aware of new practical
techniques.

3, increased ny knowledge of the
theory covered by the
experiment,

4. become aware of the importance
of safety procedures.

5. become aware of the need for
careful recording of results.

6. gained confidence in my approach
to practical problems.

7. become aware of the limitations
of practical work,

8. reinforced my existing practical
skills,
9. increased nmy knowledge of the

applications of chemistry to
other subjects.

swcrioN B/
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SKCTION B - Will you please place a tick beside any of
the statements which YOU believe you have
achieved by completing TEIS experiment.

By completing this experiment, I have learned - ‘

1. A method of separating a mixture of two solid compounds.

2, Metrod(s) of testing for functional groups.

3, How to check tre purity of a product,

4, A method of separating isomers.

5. How to measure a boiling-point.

6. A methnd of obtaining a constant melting-point.

7. To control tke acidic properties of the reaction,

8. Methods »f identifying the carbon framework of a
molecule,

©, To use melting-point apparatus to obtain the melting-
point of a compound.

10.A tecknique for drying the final product.

11.A method of separating the impurities from the final
product.

12.How to calculate tke percentage yield.

13.liow to conduct a searci for relevant chemical
information.

14.Tn check the efficiency of product separation.

15.How to filter o“f a precipitate,

16.A tecknique for maintaining an experiment within a
specified temperature range.

17.H>w to use distillation equipment.

18,/etlrods of avoiding contamination by water.

19.Hnw to record & Rf value.

2°,A mettod of determining molecular f>rmula.

21.T» confirm a proposed structure by spectroscopic
methods. : .
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Appendix 3.2

List of Practical = Objectives for each ¥Wxperiment

Numbers to the left correspond to the position of the
objective in Section B for the original version of
questionnaire,

(1) or (2) after an objective indicates that it was
taught in first or second year.

Second Year Organic Laboratory - Objectives of

Exvneriments

Txveriment ONx - Nitration of an Aromatic Compound

11 To remove crude product by filtration under
vacuum. (1)

4 ~To separate out the different isomers by shaking
with ice-cold metkanol. (2)

3  To check the purity by TILC. (2)

19 To record the Rf value from a TLC plate. (1)

6 To recrystallise the crude sample until the pure
product is obtained and good crystals are
obtained. (1)

g To record the melting—poiht of the pure sample to
within * 1°C of literature value. (1)

12 To calculate the percentage yield in grams. (1)

Experiment TW) - llixture Separation and Aromatic
Bromination

1 To separate a mixture of two solid compounds by
acid/base extraction. (2)
7 To purify the separated components by recrystall-
isation. (1)
14  To check the efficiency of separation by TILC. (2)
19 To record the ®f value from a TLC plate. (1)
9 To record thre IM.Pt. of tte pure sample to within

t 1°C of literature value. (1)

-y
A

sxperiment THREE - The Sandmeyer Reaction

15 To filter off a precipitate on a Buchner funnel., (1)
10 To dry the final preduct by using filter paper. (1)
6 /
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6 To recrystallise the crude sample of a paper
product until the pure product is obtained. (1)
12 To calculate the percentezge yield in grams. (1)
9 7o record the IL..Pt. of the pure sample to witlhin
+19C of the literature value. (1)
3 To check the purity of the product by TLC. (2)
19 To record the Rf value from a TLG plate,. (1)
16 To carry out a reaction within a specified

temperature range. (2)

Exneriment PFAUR - Identification of an Unknown Organic

Compoundc.

2 To identify the nature of the functional group(s)
present. (2)
8 To identify the nature of the carbon skeleton both
alipratic and aromatic, (2)
13 To use reference books to find relevant information. (2)
6 To crystallise tlre derivative until the I.Pt. is
constant. (1)
5 To use distillation eguipment to obtain 2 boiling-
17 point recording. (2)
To check the purity of tke product by TIC. (2)
3 To record tke Rf value from a TIC plate, (1)
21 To use the IR spectra to collaborate structure. (2)
10 To deternine molecular forrnula given approximate |
i“olecular Jeight. (2)

Experiment FIVE - Tre Grignard Reaction

18 T0 carry out a reaction in a water-free
environment. (2)
9 7o record the II,Pt. of the pure sample to within
t 1°C of the literature value. (1) |
12 To calculate tre percentage yield in grams. (1)
6 T check thke purity of the product by TLC. (2)
19 To record the Rf value from a TIC plate. (1)

Experiment SIX - Condensation Reactions -~ Dimedone
Svntresis

15 ™ collect a pure product by filtration. (1)
10 /
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10

12

19
21

To dry the final product by using filter paper. (1)
T recrystallise the sample, until tre pure
product is obtained. (1)
To record the i.Pt, of the pure sample to witkin
+ 19 of the literature value. (1)
To calculate the percentage yield in grams. (1)
To maintain a constant pH environment. (2)
To ckeck the purity of thke product by TIC. (2)
7o record tre Rf value from a TLC plate. (1)
Confirm structure by using IR and UV. (2)

As stated above, the number on the left corresponds

to the number on the questionnaire. These objectives

were then rephrased to make them less obvious.
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Appendix 3.3

Secnrnd Year Organic laboratory ‘uestionnaire - 1976

Date: Bench No. Lab Days:.'
1. THZORY
1. Before you began tkis experiment, did you
understand the background theory suck as

the reaction meclanisms? Y/N
N Yas tlre theory belkind this experiment
new to you? Y/N

2. Did you revise the material before you
started the experiment? Y/N

3. Was your understanding of the theory
altered by doing this experiment? Y/N

Y Did the experiment improve your
understanding? Y/N

N Did it make you more confused? Y/N

2. PRACTICAL
1. Did you learn any practical techniques
that were completely new to you? Y/N

Y What were these?
N None of the objectives were new

to you? Y/N

2. 'Yhat was your léboratory mark?

3. Was tlis better or worse than normal?
(laboratory mark)

4. What did yo>u think of your results - yields,
M.Pts., etc.?
Did you think they were good, bad or average
for you?

5. Did you think that you became more confident
in your approach to practical work? Y/N
Not sure
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3. 1. Did you understand why you followed
the sequence outlined in the laboratory
manual for this experiment? Did you
manage to link together the theory and
the practical? Y/N
Not sure
Y Everything made sense - you
understood whky you had to carry
out all the procedures outlined? Y/N

N Viere you just following what was
outlined in one laboratory manual
- just like 2 recipe? Y/N

2. Did tkis experiment help you to make
sense of any earlier experiments or
lectures? Y/N
Not sure

'Y Which?

3. Did any particular features of tlLis
experiment interest you? Y/N

Y Wrich?

4. What did you think of this experiment?
Was it good, bad or average? .

(g) In what sense?
(b) In what sense?
(av) In what sense?

5. (Unique to experiment 4)
Do you enjoy working on your own? Y/N
No difference
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CHAPTER 4

'Paper and P'encil Teclnioues'! -~ Assessment

of Practical /ark by JUritten Examinations

4.1

A second method of assessing practical work is
that »f paper and pencil technicues, Here we try to
assess a student's practical ability indirectly by his

verfrrmance on 2 written test.

This method is only valid if you assume a high
correlation between the student's verformance on the
test and ris practical ebility in the laboratory.

In gquestions covering skills like graph drawing,
treatment of errors, tris is a reasonable assumption.
However, in skills involving manipulations, handling of
apparatus etc., this assumption may not always be valid.
For example, knowledge of how to drive a car does not
infer that you can drive the car. However, the
advantage of this methrod is that it allows testing of

2 large number of students.

It was decided to introduce this metkhod at the
first year level for two reasons:-

1) because of the inadequate assessment scheme
(X,B,¥), students needed more accurate
feedback on their performance. Paper and pencil
tests provided thre only feasible means of
producing trkis information.

2) it was felt that tre introduction of these tests
would produce a positive effect on the amount
of learning achieved in tke laboratory.

Students would be encouraged t> thLink about
possible questions that c-uld be posed.

A question paper was designed for first year. Because
of the large number of students involved (over five
hundred) the examination was composed of fixed-response
questions with the student answering on a computer card.
(See Appendix 4.1)
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Pirst Year Practical Examination, December, 1975

nhe examination consisted of thirteen questions

covering various aspects of the techkniques course.

The questions and discussion of the results are included

in

the item analysis.

Content of the Examination

Content Guestion Level
Reading of balance 1 Comprehension
Reading of balance 2 Comprehension
Safety 3 Comprehension
Burette reading 4 Comprehension
Errors 5 Comprehension
Crhromatography 6 Comprehension
Titrations 7 Knowledge
Indicator 8 Application
Graph drawing 9 Application
Equipment usuage 10 Knowledge
Equipment usuage 11 Knowledge
Interpretation of

data 12 Comprehension
Partition coefficients 13 Application

questions for inclusion was reached.

the whole course adeguately.

Questions were shredded by other members of staff
and some were discarded before the final choice of

In thirteen questions it is difficult to cover

Eowever,

the examination

was felt to be the optimum length, as it contained about

the same number of questinns as a standard objective
(diagnostic) test on the lecture material wkich was
given in a similar time period.

students!

The questions were set to elicit information about tke
knowledge of facts throughk to application

of procedures and principles learnt in the course,
Questions set at the knowledge level include:-

a) /
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Table 4.1
Results of Pirst Year Chemistry Practical Examination
0. % Frequency of Answers
No. Correct Tl-T3
Answer A B C D E NA BII
1 85.17 0.21 28 293% 18 4 0 1 0
2 11.05 0.17 68 206 31 38 0O 0 1
3 65.70 0.25 32 7 226% 75 0 3 1
4 68.90 0.26 237* 85 13 9 0 0 0
5 51.16 0.36 0 113 176* 55 0 0 0
6 63.37 0.49 9 42 T1 218* 1 3 0
7 15.70 . 0.03 31 256 54* 1 0 2 0
8 49,42 0.23 41 40 90 170* O 3 0
9 43,02 0.41 66 148* 121 8 0 1 0
10 T74.42 0.42 85 2 256* 0 0 1 0
11 67.44 0.37 76 30 232% 5 0 1 0
12 85.47 .18 14 294 * 35 0 0 0 1
13 26.45 0.33 62 117 64 91* 1 9 0]

Ty

Number of candidates - 344

* Denctes correct answer
E - Error

NA - No answer

BIl - Blunder markings

Tl - Students in top third of class ranked by performance
on test as a whole
T3 - Students in bottom third of class ranked by

performance on test as a whole
—T3- Discrimination index

Facility value F.V. = percentage correct
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students distracted by answer D. The other distractors
contained errors in technique but none whkich constituted

a real safety hazard.

Q.4 What is the reading on J
the burette?
(A) 10.59 cm
(B) 10.60 cm
(C) 11.41 cm
(D) 11.40 cm

LI Lt

-y

l LT

n

F.V. 0.69 Tl-T3 0.26 Key A  Level : Comprehension

Facility value may have been low due to the quality of
the diegran. The meniscus was slightly askew but weas
clearly above tke 10.60 cm3 mark at one end. Twenty-two
students were still going for distractors C and D which
indicated that they were still reading the burette from
bottom to top. Tris was after a techniques course which
used burettes frequently. These answers should be
treated as serious misavpprehensions as students were

told that this examination would form part of their
practical assessment, |

Q.5 A student has carried out four titrations. The
results of these were:- 16,32, 16.81, 16.87,
20.42 cm’.
What is the average value that you would use for
the end-point in subsequent calculations?
(A) 16.58 cm
(B) 16.66 cm
(C) 16.84 cm
(D) 17.60 cm

W W

W

F.V. 0.51 Tl-T3 0.36 Key C Level : Comprehension

The method of calculating the average end-point for a
titration was emphasised thkroughout the course.

Despite this only half the class got the correct answer.
The commonest distractor was B (the average of the
three /
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3

three valucs arcund 16 cm” mark). Trey missed the
point that only readings witlin 0.1 cm3 could be
used, Fifty-five studentis took the average of all

four readings thus missing the point of the gquestion

completely.
A
Q.6 What is the Rf value of the spot X
where a = 1.0 cm
b =5.0 cm \
c = 6.5 cm
d =8.5¢cm ? ,\~X
The Rf is:-
(A) 0.53 d b
(B) 0.58
(c) 0.61
(D) 2.72
c
ia
Vv Y

F.V. 0.63 Tl-T3 0.49 KXey D Level : Comprehension

This calculation should have been straightforward with
the information given. Eowever, the discrimination
index was extremely high indicating that poor students
were not dning well on this question. The reason could
be that the top - students were either better at
recalling the formula and/or had worked harder at the
course, therefore having a greater working knowledge.

Q.7 In whick of the following techniques would a
mistake near the end-point least affect the
accuracy with which you could determine the end-
point?

(A) Carrying out the reaction using an indicator.

(B) Carrying out the reaction using a pl meter.

(C) Carrying out the reaction using a conductivity
bridge.

F.V. /
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F.V. 0.15 Tl'T3 0,03 Key C Level : Recall

Tris question was recall of an assignment from an
experinent on acid/base titrations by electrical methods.
Thus the guestion slould nave been straightforward.

Most students chose distractor B with few students going
for distractor A. From the assignment most students
srould have realised that an error near the end-point

using a conductivity bridge was less serious.

0.8 Which indicator would you use to follow the
reaction between ethanoic acid, CHBCOOH and NaOH ?
(A) 1lethyl red pH range 4 - 6.
(B) Bromothymol blue pE range 6 - 7.6
(C) Phenol red pH range 6.8 - 8.4.

(D) Prenolphthalein pH range 8.3 - 10.0.
F.V. 0.49 Tl-—T3 0.23 Key D Level : Application

Testing students about the use of indicators. This
question may not have been easy for the students as
many will not have covered the theory since third year
at school and many students will have forgotten about
it.

Q.9 Whick of the options listed below would give the

'best-fitting' line to the points on the graph?

N
X

X

>

N
A t 7

(A) sStraight line cutting X-axis at point A.
(B) Straight line through origin.

(C) Curve ocutting Y-axis at point B.

(D) Curve passing through origin.

'(At = concentration of reactant A at time t.)

F.V. /
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F.V. 0.45 Tl-’l‘3 0.41 Key B Level : Application

Students should Lave krown the answer from the theory
whick had just been covered in lectures. Option C
distracted most students whkichk could have been due in
part to the quality of the drawing on the test paper.
Higk discrimination could indicate that top students
realised from the theory what the shape should be.

3 of

hydrochkloric acid to a reaction vessel. Whkickh of

Q.17 You are required to add accurately 50 cm

the following pnieces of equipment would give the
most accurate measurement of the volume?

(A) 50 cm’ burette

(B) 50 cmB'measdring cylinder

(C) 50 cm’ pipette

(D) 590 cm3 beaker

F.V. 0.74 Tl-T3 0.42 Key C Level : Recall

Simple question about choice of apparatus. Almost
all of the students in T got the answer correct.
However, only slightly over half of the students in
the bottom third (T3) got the correct answer,

Q.11 From the four diagrams below select the one that
is correctly set up for carrying out a titration.

VA

A 8 —— c ] D n

A 1A A |

F.V. 0.67 Tl-T3 0.37 Key C Level : Recall

Crmmonest distractor was A, This occured because it
was found later that a demonstrator had taught this as
the correct technique, The burette in this diagranm is
above tke neck of the conical flask to prevent chipping
of the jet (see discussion section).

0. 12 /
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.12
12
114
10
. g
'7.
P 61
5
4
3
2.
1..
L] T T LS 1 1 § | ) —Z
2 4 6 8 1012 14 16 18 cm” added
wkat is the pHE value at the end-point?
(A) 3.15
(B) 5.20
(c) 7.75
F.V. 0.85 Tl-T3 0.18 Key B Level : Comprelkension

Thé - theory behind thkis question had been covered either
in the laboratories or at school. lostv students got
the correct answer, The discrimination index agailn
showed that tlre top students were doing much better,

Q.13 0.1 gm of substance X is dissolved in 100 cm3
of solvent B, Solvent B is then shkaken with
50 cm” of solvent A. Given that the partition
coefficient of X in the system A:B is 4, how many
granms of X will be in solvent A at equilibrium?
(A) 0,013 gnm
(B) 0.025 gm 7| A Den®
(C) 0.050 gm 4

(D) 0.067 gm \ R 16D em?

F.V. 0.26 Tl—'l‘3 0.33 Key D V/Level : Application

Trhis question involved using an equation covered in
the experinent on partition coefficient. The
discrimination was tigh indicating that the brighter
students had a greater grasp of the course or could
remember how to use the formula. lMany students chose
distractor / \
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distractor B skowing that they did not really understand
all the computations involved in the question.

Discussion

Several points arose from the analysis of the first
year examination.

Only skills, procedures, that are taught by a
standard approachk can te examined by this method.
Ttis point is highkligkted by Question 11, where .
demonstrators taught a technique in different ways.
Thus if triis metl.ocd of testing students is introaduced
genera®ly then teaclhing methods must be standardised to
ensure that the examinations are fair to all students.
Trkis mighkt have the side-effect of raising teaching
standards.

The results indicate that very simple procedures
like reading a burette (Q. 4) and knowing wkhich piece
of volumetric apparatus to use (Q. 11) are not
mastered by all students even after a 'term-long' technigues
course., Trere is no way that students can operate
meaningfully in the laboratory witkout mastering such
topics.

Question 6 also illustrates this point. Simple
calculations like this, presented in a lecture course
wruld be quickly mastered as possible examination
questions, liowever, in practical courses students do
not seen to pick up a working knowledge of 'practical
facts' as quickly. Tris appears to te a feature of
practical work and results from the assessment procedures
whichk allows students to write-up using a laboratory
manual, Trus the students do not have to commit the
facts to memory. The student realises that these facts
are not going to be tested in an abstract or in an
exanmination situation and thus does not place too much
emphasis on learning” then,

A practical examination of the type described in
this /
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this chapter will increase the possibility of students
learning in the laboratory as they realise that they
could be tested on the material covered.

Another important point arising from these
examinations is that staff can receive information on
the course and points that are causing difficulties.
Tris information can lead to an improvement in the course
or at least re-examination of tke methods employed in
teactlting.

However, the introduction of 'paper and pencil'
tests on a regular basis may have a detrimental effect
on the student's attitude towards the laboratory. This
may cause rim to forsake long-ternm goals suchk as sbility
to plan and organise an experiment and to concentrate
on cognitive abilities.

Trus the introduction of these examinations should
be approached with caution.
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CHAPTER 5

The Development and Assessment of Two Teaching

Packages for Use in the TLaboratory

5.1 Introduction

There are several drawbacks to be overcome in
using demonstrators to teack skills in the laboratory.
These occur because there is no standardisation of the
approach adopted to teach teckniogues. Thus
dem nstrators may teach their own variation of a technique
wren demonstrating to students, In addition to tkis,
a demonstrator's introductory talk may not be the same
every day, i.e. he may not place the same emphasis on
the important stepsand he may forget to mention some
steps altogether,

One way to overcome these problems is to introduce

teacking packages. Teacking packages can come in
many different forms, for example, audio programmes,
audio-visual programmes, films, loop cassettes, computer
programmes (computer assisted learning) etc. The type
of programme developed depends on the nature of the
meterial. For instance a teaching package to show
manipulative teclnique is best demonstrated by a film
whiclk can slow the motion, A teacling package showing
the preparation of a Nujol ilull for use in a spectro-
photometer would be better covered by an audio-visual
programme wlicir wnuld skow the segquence of operations
and illustrate important steps.

Teaching packages can be used in two ways:-

1) as initial instruction where the teaching of a
theory, procedure or tecknique is done in the
first instance by a teaching package; or

2) as remedial instruction where, if a student has
failed to master a technique, he can be
directed to the remedial programme,

5.2 /
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5.2 The necd for Teaching Packages on the Use of a
Pipette and Burctte
Two of the most frequently used pieces of laboratory

apparatus are the burette and the pipette, It is
extremely important that a student achieves proficiency

in their use as soon as possible.

However, it can no longer be assumed that these
teckniques are taught at school to the standard
required in university. Results of aquestionnaire given
to all students in October 1975 (see Table 5.,1) show
that an appreciable number of students have had extremely
little practice witl: the burette and the pipette.

A B C D X Sample size - 419

Burette [4).8 [4D.5 Key:- TUsed apparatus

| \©O
. .
N\
W N
. .
W -
N W
.
(00 RGN

Pipette |44.6 |37.4 A) very often.

L]

B) several times.

C) once. ‘

D) never and never

Table 5.1 seen this demon-
strated.

E) never and have
seen this demon-
strated.

Because of the importance of these techniques it
is essential that these skills are correctly taught from
the beginning so that the student does not develop his |
own idiosyncracies or bad habits as these can be
difficult to eradicate. Therefore it was ‘decided to

develop twon teacking packages to instruct the students
how to use a burette and a pipette.
As previously mentioned, the best method for

demonstrating manipulative techniques is that of film.

It was decided to produce two films to demonstrate the
techniques involved in using a pipette and a burette.

A soundtrack was added to the films to emphasise important
stevps. In addition, loop cassettes were mdde of the

two filums, which were available in the laboratory for a
student /
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student to replay the cassettes until he had satisfied
himself and his teacher. The loop cassette projectors
have a 'freeze' button whick allows a student to stop
the film at any step if he wanted to.

5.3 Design of Programmes

Scripts were produced for both films and circulated 4
around several members of staff for criticism, It was
sometimes difficult to get complete agreement as technique
varied among the staff. However, a final script was
prepared which was used to construct a 'story board'.

The spoken commentary is in Appendix 5.1 and the films
as produced on loop cassette are contained in the flap
at the back of this thesis,

The films were made in 16 mm film, in colour, and
with a spoken c-mmentary. Eacl film lasted for just
over four minutes.

To produce the loop cassettes the films had to
be shortened as the maximum length of a cassette is
four minutes, An additional techknical point occured
as the speed of the film was twenty-four frames a second
and this had to be reduced for the loop cassette to sixteen
frames a second. Thus- the action on the loop cassettes
is slower. The editing was done by shortening the
introductory sequence whrich in the films was used to
identify the different parts on a pipette and burette.

Loop-projectors withh the cassettes were placed
in the first and second year laborafories and were
available to studients to revise their techniques. A
brief printed summary of the points made were available
beside the projectors (see Appendix 5.2).

5.4 Assessment

In designing the assessment for the films on the
burette /
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burette and the pipette it seemed inanpropriate to issue
questionnaires or 'paper and vencil' tests as these

methods focus the students' attention on to what he can
recall, As Schwart289
narrow an assessment, A more approoricate assessment

points out tris may be too

would be an examination of the effect of the film on
the student, that is, his performance in the laboratory
- while ke is using the equipment, In other words if
after sceing the film a student can put into practice
what he saw, then the film can be judged to have been
effective, Thus an analysis of a student's performance
will yield evidence as to the effectiveness of the film
as an instructional package. However, evidence that a
point made in the film is not getting across can be
interpreted in two ways., Firstly that tke film is not
effective, or secondly that when that point was being
made there was a break in the student's attention span.go
The guestion then arises of how to assess the
performance of students., A suitable approach is that
of direct observation. This type of assessment can
come'in many forms covering assessment using a detailed
checklist sucl as that used by Horton15 to a subjective
impression of a student's performance with all other
metlods bteing placed on a continuum between these extrenes.
However, there are two main problems with this type of
assessment:-

1) +the need to use comnmon criteria to judge a
performance. To be fair to the student all
judges must place a similar stress on all
points.

2) the lack of reproducibility of results.

To overcome these problems it was decided to
record the performances of the students on video tape.
Thris provided a permanent record and allowed for
repeated checking of results until a consistent analysis
was produced which could be vetted by independent judges.

The analysis /
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The analysis applied used a checklist which broke
down the performance into criteria to wkich one could
obtain a Yes/No answer (see Appendix 5.3).

One criticism of such a detailed list is that a
student's performance is more than just the sum of the
individual actions whichk go to make it up. This ‘'gestalt!
approach is not applicable to tlis analysis as we are
looking to see if points made in the film are being
transmitted to the students. Thus the checklist approach-
is valid.

All the filming of students had to be completed
within a week as this was the period for which the
camera was &ailable. We were supplied with a remote
control camera, complete with a zoom lens, video-tape
- equipment and a monitor set.

The camera was set up, to point down the centre
of a bench. This allowed students on both sides of the
bench to be viewed simultaneously (see Figure 5.1).
The zoom lens facility made it difficult for students
to realise wken they were being filmed. Students were
filmed in three groups of four as indicated in the diagram
for periods of twenty minutes each.

The picture obtained was of sufficient clarity to
allow examination of each of the four students in turn.

It is difficult to make the appearance of a camera
unobtrusive and thus studenits were told beforehand that
tkey w-uld be filmed sometime during the experiment.
However, students quickly forgot the camera and their
actions appeared to be natural.

~7[x x X X X X
Camera -::f:
positioned \\x X X X X X
higlk up on
the wall Group 1 Group 2 Group 3

X - student

Figure 5,1




99

In general, studenis in the first group did not
complete all the actions described in the films within
the first twenty minutes. The most productive group as
far as the recording went, was the second group as by
the time the third group were reached, some students hzad
finisked the practical.

All the students' performances with the burette
and pipette were analysed and the results were checked
by bnth the author and another observer independently,

The observations were found to be consistent.

Sample Sizes

The students were filmed for five laboratory days.
Each day the target population was twelve students,
Three cdays were designated experimental days giving a
total of thirty-six students who along with their coll-
eagues on that day, were shown the two instructional
films before beginning the experiment. The other two
days on which the students were filmed formed the control
group and the target pppulation was twenty-four students.
Students in tke control group were given an introductory
talk by a demonstrator covering the points made in the
film,

Sample sizes varied from item to item on the check-
list but always were lower than the target populations.

Summary of Experimental Strategy

'Experimental Group' 'Control Group'
Films Demonstrator Talk
Experiment Experiment

N

Performance analysed and compared

Figure 5.2
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Analysis of performance

Certain procedures'were followed in the analysis

of the students' performances,

a) WVhere the action was not detectable, i.,e, hidden
by hands or not distinguishable, e.g. removal of
the final drop from a pipette, then no score
was given., This accounts for many low sample
sizes,

b) No action was assumed to have been completed,

Thus a procedure like cleaning the pipette was
frequently not caught on film as most students
had cleaned the pipette or burette only at the
beginning of the laboratory period, ihere the
actions were not recorded on film no score

wvas given,

¢) In a twenty minute period only the students' first
recorded attempt was analysed. If the equip-
ment broke down analysis was continued from the
point where the student first had trouble.

d) Not all students completed a titration within the
twenty minutes. Some students in the final
group of four had departed by the time the camera
was fixed on then.,

e) If a demonstrator intervened to correct a student
then the student was marked wrong for that step.

Two graplks were constructed showing a point by
point analysis for each procedure. Comparisons were
made between the control and experimental groups. Raw
scores were converted to percentages to aid comparison.
Althougl this conversion is not valid for low sample
sizes it did allow a 'quick' comparison of results to
be made.

The comparison is between the frequency of two groups
of students completing an action correctly.

For results see Tables 5.2 to 5.5, and Graphs 5.1
to 5.2. : ‘
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Experimental Group
Pipette - Checklist

Item No. Yes No . Item No. Yes No
1 13 22 1
2 T 14 23 -
3 1 15 23 -
4 2 2 16 9 5
5 5 1 17 21 -
6 7 - 18 19 -
7 9 - 19 15 3
8 9 - 20 - -
9 6 - 21 15 5

10 8 1 22 18 -
11 - - 23 12 -
12 18 1 24 - -
25 3 13

Table 5,2

Control Group
Pipette - Checklist

Item No. Yes ~ No Item No. Yes No
1 - - 13 21 -
2 1 - 14 21 -
3 1l - 15 21 -
4 1 - 16 9 3
5 2 - 17 21 -
6 1 1 18 16 -
7 1 1 19 14 -
8 1 1l 20 - -
9 2 - 21 16 2

10 2 - 22 17 -
11 - 1 23 5 -
12 17 - 24 - -

25 6 9

Table 5,3
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Control Group
Burette - Checklist

Item No. Yes Ho Item No. Yes No
1 4 - 16 15 2
2 - - 17 - -
3 11 1 18 17 -
4 - - - 19 12 5
5 - 7 20 7 9
6 2 - 21 11 5
7 - - 22 16 -
8 13 - 23 - -
9 14 - 24 12 -

10 8 4 25 - -
11 - - 26 8 4
12 - - 27 8 1
13 16 - 28 8 -
14 11 4 29 10 1
15 13 2 30 - -
Table 5.4

Experimental Group

Burette - Checklist

Item lin, Yes No Iten No. Yes No
1 5 - 16 17 2
2 1 - 17 - -
3 14 - 18 22 -
4 4 - 19 18 4
5 4 3 20 11 9
6 5 - 21 19 1
7 - - 22 21 -
8 21 - 23 - -
9 17 2 24 15 -

10 19 3 25 - =
11 - - 26 9 2
12 - - 27 8 2
13 21 - 28 9 1
14 18 2 29 12 1
15 20 - 20 - -

Table 5,5
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Graph 5.1 Pipette
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12 1 .23
Raw scores converted to percentage for comparisoll.
N.B. Numobers usually so small that there is no
statistical significance.
¢ - Control ; E - Experimental ; 12, 16 etc. - Item No.

* An alternative approach to discharging the contents of

e pipette was frequently adopted by students. This was
simply to remove the pumpette. This method was more
obvinus even to students who had seen the film. However,
more of experimental group have used this method.
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In both analyses the experimental group did at
least as well as the control group. However, due to
the sample sizes no statistical significance can be

claimed.

However, the films had certain advantages over
the demonstrator anproachk, in that the film consistently
srowed trhe same techknigue witliout forgetting to mention
any points wkich can happen with a demonstrator talk.
In addition to this, the film always laid the same stress
on each point whereas a demonstrator may unconsciously
vary the stress he places on points from talk to talk,

The adoption of a standard approach, not without
some debate, lead to an increase in teaching standards
as demonstrators all had to use the same approach. The
students benefitted from this in not being told different

methods by different demonstrators.

Thus the advantages in producing the two films
on the burette and the pipette were considerable and
justified the effort.

The analysis of the students took a considerable
time (one week) as the students' technique was examined
and re-examined.

Despite the time involved in the analysis, it was
felt that a fairer assessment of the impact of the
films resulted as their potency as teaching packages was
scrutinized at the most crucial level; their effect on
the stucdents' performance, This metrod of assessment
is the only metlod capable of determining this effect
as botlh the other approaches (questionnaire and paper
and pencil) are indirect methods of assessment and the
- assumption has to be made that there is a strong corre-
lation between their attitude or cognitive attainment
and their manipulative skill in tre laboratory. This
assumolion may not always bve valid.

:Assessment of the nature described in this chapter
can provide for a more meaningful assessment of

instructional packages involving practical skills.



Appendix 5.1

BURETTE

Speech

["eter

Script
No. Reading

1 10 A burette is used to deliver any
specified volume of liquid up to its
stated capacity. In the burette the
volume of liquid delivered is the
difference between the initial and final
readings.
Trke burette slould be clamped vertically

21 and at a convenient height.

22 A burette has a delivery tip at one end
and a stopcock for controlling the flow
of liquid.

32 The stopcock is lubricated and therefore
if the seal is broken and starts to leak
the stopcock will require to be cleaned,

34 dried and relubricated.

35 The stopcock should be operated with one
hand, in this position, the natural tend-

40 ancy to pull out the stopcock is reduced.

2 60 If any bubbles appear remove them by

64 gently tapping the tip.

3 73 Your eye should be level with the bottom
of the lower boundary of the meniscus.
All readings should be recorded to two

80 decimal places - the second decimal place
is estimated.

4 83 When carrying out a titration a white tile
is sometimes placed under the conical flask

89 to allow you to detect small colour changes.

92 Sit down in a relaxed position, then grip
the conical flask by the neck - this
enables you to swirl the contents with

98 the minimum of effort.

104 /
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Speech | leter script (cont'd)
No. Reading
104 ‘then the colour change takes two seconds
107 to disappear slow down the rate of
addition.
5 113 Before taking the final reading remember
116 to allow time for drainage.
119 Take the reading to two decimal places
122 as before.
PIPETTH
Speech | lieter Script
No. Reading
1 12 A pipette is a precision instrument
whick delivers fixed volumes of liquid.
After delivery there is always a drop
left in the pipette wkick is taken into
17 account and should not be removed.
2 28 The end of the pipette whiclh is tapered
is called the jet,
Unlike the burette the pipette only has
a single graduation.
As the warmth of your hand can expand
glass you should only hold the pipette
39 above the graduation mark.
3 40 You must use a pumpette because of
43 the dangers of pipetting by mouth.
46 Press in the fingerplate - this opens
the jaws for the pipette to be
50 slipped in.
50 Leave the fine adjustment screw about
a 3" out to allow for later
54 ad justment.
54 Depress the bulb to expel air - cover
the hole on the coarse control valve
58.5 and dip the pipette into the liquid.

59 /
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Speech| leter Script (cont'd)
No. Reading
59 Tre pipette must be cleaned and
62 rinsed before using,
4 71 Always pipette from a beaker - never
from a stockbottle as you could contam-
75 inate the contents.
5 g2 Wwhen the liquid level is slighktly above
the graduation mark stop pipetting.
96 To get the exact level rotate the fine
99 ad justment screw. '
100 Your eyes must be level with the
101 graduation mark.
105 Dry the outside carefully with a
tissue.
110 Press the coarse control valve taking
113 care not to obstruct the air vent.
117 Allow the pipette to drain before
removing the final drop by touching it
121 against the surface of the liquid.
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Appendix 5.2

Burette Checklist

The following is a brief summary of the points

covered in the loop cassette:-~

Volume - a burette can deliver any specified volume up
to its s tated capacity to an accuracy of
+ 0.05 cm°.

Stopcock - used to control flow of liquid and should
be operated with one hand as shown - using
the metrkod shown you are less likely to pull
out the stopcock and ruin your experiment.

Cleaning - rinse out with tap water and pyroneg - and
then rinse with distilled water and some of
the liquid whichk is to be used.

Titration - use a white tile - grasp conical flask by
the neck - as you approach end point (colour
takes a couple of seconds to fade) slow down
rate of addition - titrations should agree
to within % 0.1 cm-. |

Reading - take all readings to twc decimal places and
remember to allow time for drainage before
taking the final readings (for a 50 cm’ burette

allow one minute). Your eyes must be level

with the meniscus.

Stockbottle - do not return excess contents of the burette
to the stockbottle but dispose of as
directed.

(Please note that the person in the film
is left-handed,)

Pipette Checklist

The following is a brief summary of the points
covered in the loop cassette:-

Handling - hold above graduation mark to avoid the warmth
of your hands expanding the glass.

Pumpette /
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Pumpctte - insert - press in fingerplate - and push
pipette firmly in.

Clean - press in rubber bulb - tip under water - draw
liquid up - rotate - avoid splashing into rubber
bulb - discharge by removing pumpette or press
in coarse control valve (not covering air vent)
- dry outside of pipette.

Stockbottle - pour sufficient contents into a beaker -
pipette from beaker (do not return content
of beaker to stockbottle) - press in bulb
etc. - adjust finre adjustment screw
til1l = %" out. When liquid level slightly
above graduation, stop - rotate fine
ad justment screw till to bottom of meniscus
on graduation mark,

Reading - eyes must be level with the graduation mark
to avoid parallax.

Dry outside carefully with a tissue.
Discharge - as before.

Allow time for drainage - depends on size - for
50 cm3 allow one minute. Remove final drop by
touclking tip of pipette against the surface of the
liquid.

(Please note that the person in the film
is left-handed.) '



111

Appendix 5.3

Checklists for pinette and burette

The order of points on the two lists is flexible
as it is possible to perform procedures in different

sequences.

Problems arise in checking several points. With

the pipette threse are:-

a)

b)

c)

d)

b)

c)

Witk the fine adjustment screw, the point was not
ticked unless student was seen to adjust it
before pipetting; (16)

Detecting if the final liquid level is at the
graduation mark; (18)

Checking if the student's eyes are level with the
graduation mark when chkecking the final level; (21)

- Pinal drop removed correctly. (25) Assumed that

if student made motion, i.e., dipped pipette before
renoving it from the besker, then he was aware

of significance of final drop without necessarily
having removed it correctly.

With the burette these are:-

Not always possible to check if students had examined
for leaks; (2)
Not always possible to tell if the burette reading
aid is correctly adjusted or right way up; (14,15)
Impossible to tell if rate of addition was
slowed down when the colour chkange took two
seconds, as video-equipment was black and white. (23)
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DATE _ _ _ _ _ _ _ _ _ LAB DAY _ _ _ _ _ _ _ _

BENCH No. _ _ _ _ _ _ CONTROL/EXPERIMENTAL

BRIEFP DESCRIPTION OF ACTIONS _ _ _ _ _ _ _ _ _

METER READINGS _ _ _ _ _ _ _ 0 _
PIPETTE - CHECKLIST - 1st Year YES

O 0 9 oW

11

12
13
14
15
16

17
18

19

20
21

22

pipette held above graduation mark

Pumpette - press in fingerplate
insert pipette - firmly
(check fine adjustment screw
- 2" out)
cleaning - water
depress bulb
press in coarse control valve
release bulb
repeat until liquid level - middle of bulge
rotate pipette - avoid getting liquid into
pumpette
discharge - remove pumpette or press
coarse central valve
- do not cover air vent

pipetting - pour liquid from stockbottles

into beaker

pipette from beaker

press in fingerplate

insert pipette - firmly

(check fine adjustment screw
- 3" out)

depress buldb

repeat until liquid level - about
graduation mark

use fine adjustment screw to get
correct level

dry outside with a tissue

" eye - should be level with
graduation mark

pipetting ~ insert into conical flask

23/
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N
AGN

discharge - remove pumpette or
p

regs in coarse cntrol valve -~

not obscuring air vent

24 allow time for drainage
25 remove final drop
AR LAB DAY _ _ _ _ _ _ _
BEWCE Wo. _ _ _ _ _ _ _ CONTROL/CAPERINENTAL
BRTZF DESCRIPTION OF ACMB DAY _ _____
FRPE™ READING f‘f)\I“QOL/Iu_‘P‘_,QI MENTAL
BURE?TE - ChECXLIST - 1lst YEAR YES NO
1 Clanp burette - vertically
2 Check greazse - seal tip
3 Insert fuznnel at top
4 Pour in liquid to clean
5 t'andle stovocock with one rand - palm of hand

not touciing s topcock

1lpw 1ig:ig

into delivery jet
Drain burette of cleansing liocuid - allow
+~

ime for drainage

8 2dd titrant - to required level
9 Allow titrant into delivery jet

10 Tenove funnel

11 Remove tuhbles by gently tapping ,

12 ®emove drop by touc!ing tip against'beaker

13 Take initial reading

14 3Burette reading aid

15 Burette reading aid - adjusted properly

16 =zyes level wit:r liquid

17 take reading to two decimal places (check lab

reports)

18 ™Place conrnical flasl beneati burette

19 :djust heigh® of bureite until inside conical
flask

20 /




20
21
22
2%

24
25
26
27
28
29
30

Grip stopcock

N+ther Y.and on neck of flask

rdd titrant

Cnolour change takes two seconds slow down

rate of 24dition

Add dropwise near end point

Allow time for drainage

Final reading -

Take reading to

burette reading made
correct way up

ad justed properly

eyes level witilq reading
two decimal places.
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CHAPTER 6

Pre-Laboratory Exercises
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CHAPTER 6

Pre-Laboratory FExercises

6.1 Introduction

Before starting an experiment students are requested
both in the manual and by staff members to read the |
laboratory manual and familiarise themselves with the
theoretical background involved. At present it is
assumed that students will be adequately prepared to
start an experiment. Any evidence that we have (see
for instance Section 2.3, p. 37) suggests that the
opposite is, in fact, true. Poor preparation reduces
the chances of a student understanding what he is doing
and tends to reduce the experiment to the level oan
cookbonk exercise, ' .

This problem is not new and has been recoghised
for years. Many instructors have developed techniques
to ensure that the student reaches a minimum level of
familiarity with the experiment before beginhing. In
America the methlod most commonly used is that of a
'recitation' period vefore an experiment begins. Here
students are quizzed about the background theory and
procedures to be fol owed. Barger,9 Horton15 and
Brown22 all descrive this technique. However, this
24 where the
responsibility has been placed on the student to

method has not caught on in Britain

prepare himself for ean experiment.

In Holland at the Technical University of Arnhen
the approach adopted to solve the problem of lack of
preparation ras been to issue 'preparation tasks' to
students one week before they are due to start the
experiment.91 These tasks include topics that the student
is expected to revise and a small test has to be
completed and handed in for marking a day before beginning
the experiment, The questions cover both theoretical
and practical aspects of the experiment. However, there

is /
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is nothing to prevent a student copying from a friend.

Another ayproach to preparing students, which
involves the use of computers, has been devised by
AsyCGugh.64 This has the advantage of being flexible
in that the computer can ask supplementary questions to
check that students have grasped points, However,
initial costs are high and prograrmming the computer to
allow for possible answers can be time-consuming.

At Glasgow University in first and second year
laboratories it was decided to experiment with pre-
laboratory exercises. These exercises were to be
designed to be completed before a student started any
practical work and to ensure that the students had
reacked a minimum level of competence in both the back-
ground theory and the practical aspects of the experiment.
To be feasible these exercises had to -

a) Dbe easily marked so that demonstrators would not
waste time assessing long written answers which
might be only regurgitations of a textbook;

b) ©be designed so that a demonstrator could quickly
identify where a student was going wrong and be
able to help him by issuing remedial materialj

c) 1last for not more than twenty minutes at the
beginning of a laboratory period otherwise the
students might panic and rush through the exper-
imental thus ruining the.effectiveness of the
exercise,

One techknique whick seemed well-suited to our
requirements was that of multiple-completion questions
where students were asked to indicate whether they
thought statements were true or false. The'stafements
were presented in the form of an Answer Grid. For
example see Figure 6,1.
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Please complete the grid on the Answer Sheet by writing

in eaclk box whether you think the statement is

or FALSE.

TRUE

1, The units used
for a 1lst order
rate constant are

2. The decom-
position of
ozone 1s an example

3. A bimolecular
reaction step will
always be second

1 mol-l sec of a unimolecular }order. -
process.
4. The order of 5. In the ex- 6. A reaction

the following
reaction is

pression for the
rate of a reaction

involving two
. species e.g.
A+B =¥ products

H,0, + 2HI k[(+]"[8]" the sum o1 > oroducte
-*12 + 2E2 of the exponents must be second
of the concentra- -
is three. tion terms is order,
called the Order
f The Reaction.
7. The integrated 8. For a reaction 9., The order of
rate law shows how (aA + PB cC + dD) | an elementary

the concentration
of the reagents
depends on time,

the rate is:

=1 d(a) _ 1 a(B)
a dt b dt

= k(4)*(B)Y
x and y need not

process or reaction
step is pre-
dictable.

equal a and b,

Figure 6,1
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The grid is designed to examine several topics,
each topic being covered by several statements which are randonily
distributed m the grid,This means that it is difficult for a
student to guess all the answers to a topic correctly.
If a student makes a mistake, he is issued with a
discussion section wkichk points out where he went wrong
and may pose further questions to test his understanding.

Thus the procedure adopted was that a student
entering the laboratory was issued with a pre-laboratory
exercise which he was allowed twenty minutes to
complete and hand to the demonstrator for marking.

The demonstrator will then mark his responses and
issue him if necessary with the appropriate discussion

sections.,

If, after completing the discussion section(s),
a student still fails to satisfy the demonstrator, he
can get extra help from the demonstrator. The procedure
can be summarised (see Figure 6.2).

THEORY If students make
t0o0 many mistakes
then they can be

PRE-LABORATORY EXERCISE t0ld to revise theory
) and re-sit exercise.

One Mistake Completely Correct
REMEDIAL MATERIAL Allowed to PROCEED
issued : discussion with the experiment
sections

Figure 6,2

The demonstrator's role is changed when this
type of exercise is being used as his introductory talk
is virtually eliminated, being only included if there
are changes in the procedures or if points about safety
have to be stressed. His role is to issue and mark the
exercise./
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exercise, However, this metkod has the advantage of
letting him identify 'poor' students quickly and
therefore he can organise his work more effectively for
the rest of the period to give his help where it is
most needed.

The design, implementation and assessment of two
exercises is described in the rest of this chapter.

6.2 Pre-Laboratory Exercise : First Year Inorganic

Experiment

This experiment involved the determination of the
formula of the cuprammonium ion by a-pé;%ition v
coefficient technique. This is done by éhaking a solution
of copper ions with excess ammonia solutioﬁwwith the
result that some ammonia molecules become attached to
the copper ions. If chloroform is added two immiscible
layers are formed with excess ammonia partitioning itself
between the water and chlorofornm layers. By titration
the total concentration of ammonia can be found and the
frrmula deduced. For the full text of the expériment
see Appendix 6.1.

A pre-laboratory exercise was devised for this
experiment to test the students' comprehension of the
thensry bekind the experiment.

€

UNIVERSITY OF GLASGOW ~ RESEARCE IN SCIENCE EDUCATION

Pre-lab Exercise for Experiment 8
Determination of the formula of the cuprammonium ion

Read the following information and then
attempt the questions. On a separate
piece of paper, write down your answers
and hand these to a demonstrator for
checking.

For the follofing exercise it is assumed that you
know /
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know that a ligand is an electron donor. For instance,
in the complex molecule Ti(H20)6 3+ the water
molecules are called ligands because they donate
electrons from the lone pair on the oxygen to the titanium
ion forming six titanium-oxygen bonds, A ligand like
water is called neutral as it carries no charge.
Therefore, to calculate the charge on the titanium ion

in Ti(H20)6 3+ , you do not consider the water
molecules, ' Therefore, the
charge on the titanium ion is 3+. For the case of a
ligand which carries a charge, e.g. Cl1~ then to calculate
"the charge on the metal ion in Co(Cl")6 4= you must
consider the charge on the chloride ion. The charge

on the Co ion is 2+ as there are 6 Cl  ligands and the
overall charge is 4-.

If there is only one bond between the ligand
and the central ion, the ligand is called UNIDENTATE ,
e.g. water in Ti(H20)6 3+, If there are two bonds
between the ligand and the metal ion, then the ligand
is called bidentate, e.g. 1,2 diaminoethane.

- B ~
CH, - N7 .
2 : .
' N H‘\‘M (M = metal)
ci, - 8O . .
N H

An equilibrium between the ligand and the metal "
ion also exists -

2+ i 2 |
Cu©“(aq) + xNh3 ;='---"‘:Cu(l\m3)x +.

Thus an ammonia molecule, once it becomes attached to
the metal ion, is not bound irreversibly but can be
exchanged witlr ammonia molecules from the surrounding
solution. The rate at which this happens differs
according to the transition metal and the ligand and
varies considerably from system to system.

Having /
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Having studied the information in the laboratory

manual and having read the above information, please

write down,

on a separate sheet of paper, the number of

any statement whick you believe to be TRUE ,

1. Cu2+

in an aqueous

ions exist

solution as free
ions.

2. NH3 is a neutral
bidentate ligand.

conc., of
NH3 in HZO

3.

= 23

conc., of NH3

in CHCl3

The meaning of
the above equ-~
ation is that for
every free NH3
molecule in the
CH013 layer there
are 23 free NH3
molecules in the

aqueous layer.

4. The copper ion
in the cuprammonium
ion has been
oxidised by the

5. The value for a
partition coeff-

icient is dependent
on the temperature.

6. Cu2+(aq) + NH3
cu(mig) °* T

Once an ammonia

molecule becomes

ammonia, attached to a
cu?t ion it
cannot be dis-
placed by another
NH3 molecule.

7. There is ex- 8. In Cu(NH3) e+ 9,

change of free where x is the number|Vol.

ammonia between of ligands attached butanol

the aqueous layer to each Cu2+ ion layer

and the organic then x can be found ml,

layer.

by the following
equation:

combined NH3 in
moles litre- 1 =X
conc, of Cu‘a+ ions

in moles ].itre'1 |

Vol. aqueous
layer ml,
The value ¢f the
partition coefficien
is given by the
gradient of the
graph.
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The following instructions were issued to the
demonstrators.

Pre-Lab Exercise for Experiment 8

INSTRUCTIONS

If the student makes more than one mistake, then,
without giving him any indication of which of his answers
are wrong, ask him to re-read the theory and attempt
the questions again. '

‘The answers to the quéstion are:-

TRUE : 3, 5, 7, 8 9
PAISE : 1, 2, 4, 6

If the student is completely correct, then give
him permission to start the experiment. If the student
makes only one mistake, or after further attempts is
still making mistakes, then use the following guide
and issue him with the appropriate remedial material.

ANSWER GUIDE

If the student has included any or all of the following:-
1, 2, 4, 6 (a)

If the student has omitted any or all of the following:-
3, 9 (b)

If the student has omitted any or all of the following:-
5, 7 (c)

If the student has omitted the following:- 8 (a)

Answers to questions given in discussion sections:-

(a) 1. E3 2. E; 3, C

(b) A
(e) D

(d) A

Pre-lab Exefcise for Experiment 8
DISCUSSION SECTION (a)

Read /
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Read the following material and then
answer the questions.

In water, the copper ion is hydrated. Therefore,
it is surrounded by water molecules which are bonded
to. the metal atom by a lone pair of electrons on the

oxygen.
- —
HY \\\\‘Cu — H ’ the formula can
H-O’///’ \\‘\>O’H be written
i : H . 2+
E: | [cuts,0,]

Ammonia, like water, is a neutral ligand, i.e., it
has no charge. Therefore, replacement of a water
ligand by an ammonia ligand will result in no change in
the overall charge of the complex cation. ‘

Ligands are electron donors and they donate elecirons
to» the metal centre. Ammonia reacts with the metal
centre by donating its lone pair of electrons. Ammonia
is a unidentate ligand because it forms only one bond
between itself and the metal ion. A bidentate ligand
has two bonds between the ligand and the metal centre,
i.,e. 1, 2, diaminoethane NH,CH CH2NH2 ’

272
’//: NH2 - CH2
M - metal M \
: NH2 - CH2

The bonding of the ammonia to the copper is reversible,
i,e, bound ammonia can be exchanged with free ammonia
from the surroundings. Thus the ammonia is being
continuously exchanged around the metal centre. Like-
wise, in Cu(H20)4 2+  the water molecules attached to
the metal are being exchanged all thke time, The rate
of the exchange will, however, vary depending on the
central metal atom, and for some transition metal com-

plexes, i.e. Cr (111) complexes the rate of exchange

is /
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is extremely slow.

QUESTIONS : Please tick the alternative which you believe
to be correct.

1. The charge on the cobalt ion in  Co(H,0), 2+ is -

Ao "'2 ; Bo "'1 . ‘C. O ; Do +1 ; Ea +2

2. The charge on the iron ion in Fe(CN)6 4= is -

3. Labelled ammonia, '’NH, , is added L
' \ )\
only in the complexed form 031829 orm \\\
Cu(lSNH ) 2+ %o the aqueous layer \TLRE Nﬁ\\\\\ \
: 15 . , vé N
. then the NH 5 will be found only - /éfgg }Il/équébas?
A. in the aqueous layer. <éd%p ?9‘? /4>4

B. distributed equally among the two layers.
C., distributed according to the partition coefficient.
'D. still complexed to the copper. '

Pre-lab Exercise for Experiment 8
DISCUSSION SECTION (b)

Read the following material and then
' answer the question.

Only the free ammonia, (that is, ammonia which is
not b-und to the copper), will distribute itself between
the aqueous and the organic layers. Therefore, the
value of the partition coefficient is the value for the
ratio of the concentration of free NH3 in the chloro-
form layer. )

The value for the partition coefficient can be
calculated by finding the gradient of the line. In
most cases this will be a straight line which should
always pass through the origin.

QUESTION : Given that conc. of NH3 in aqueous layer 035

conc., of NH3 in chloroform

(at /
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26

(at room temperature) and that the concentration of NH3

in the aqueous layer is 0.5 moles litre™,

~1 then the

concentration of NH3 in the chloroform layer is -

A. 0.022 moles litre t
c. 12.50 " "
D. 46,00 " "

Pre-lab Exercise for Experiment 8
DISCUSSION SECTION (c)

Read the following material and then

answer the question.

There will be an exchange of
ammonia between the aqueous and the
organic layers. Eventually an equi-
librium is produced where the rate of
NH3 molecules leaving the organic layer
is equal to the number of NH3 molecules
entering the organic layer. Tkis is an

example of dynamic equilibrium.

ffreet

P
)

The value of any equilibrium is affected by temp-

erature and therefore,
coefficient is temperature dependent.

the value of the partition
When quoting a

value for the partition coefficient, you should always

state the temperature.

QUESTION : Tabelled ammonia 15NH3 is
added only to the aqueous layer of the
'Free' ammonia is

After a suit-

system shown.
present in botli layers.

able
will

A,

B..

C.
D.

time span the labelled ammonia

be - _ ,

only in the aqueous layer.
only in the organic layer.
equally distributed between the two layers.

distributed according to the partition coefficient.
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Pre-lab Exercise for‘Experiment 8
DISCUSSION SECTION (4)

Read the following material and then
answer the question.

To find the value of x in {?u(NHB)X]2+ you have to
find the ratio of the number »f bound ammonia molecules

to the number of copper ions.

Conc. of combined ammonia moles 1itre—1

I
»

2+ 1

conc. of Cu“" moles litre -

QUESTION : 1In a beaker you have a snlution of hexachloro-
cobalt (II). Given that the ratio of cobalt to chloride
ions is 6:1 and that the concentrétion of cobalt ions

is 0.035 moles 1itre-1
cobalt ions is -

, then the concentration of free

A. 03 B. 0.058 3 C. 0.210 3 D. .0.420

|8

Experiment Design

We decided to examine the effects of the pre-
laboratory exercise on a group of students. As this
'cuprammonium' experiment was running in two different
- laboratories it was decided to use one of these for the
'experimental group' and the other for the ‘control
group'., Since no particular laboratory day had a
representative mix of students, days Were chesen at
random to ensure a fair sample, On eack day, an average
of approximately nine students attempted the e xperiment
in each laboratory. This number varied from six to
twelve, The pre-laboratory exercise was issued oﬁ fivé
occasions with the groups of students taking on average
approximately thirty-five minutes to complete the
exercise, The control group conducted the experiment
as normal,

When the students had finished the cuprammonium
experiment /
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experiment both groups were given a questionnaire to

complete.

Assessment

The assessment was in two  sections (Appendix 6.2):-

- 1) Attitude survey consisting of Likert statements
on a three-point scale; .
2) Objective rating on a four-point scale.

in general a factor which has to bevCOnsideréd

‘when analysing these results is that it has been

- observed that the experimental group took greater care
in completing the questionnaire. '

The test of statisfical significance used in the

results analysis is described in Appendix 6.3.

1) Results (see Table 6.1)

Section A - Experiment 8 - Attitudes - Comparison of
responses between control and experimental group

As a result of completing this
experiment, I have -

l, become more interested in
chemistry.

2. become aware of new
practical techniques.

3. increased my knowledge of
the theory covered by
the experiment.

4. become aware of the import-
ance of safety procedures.

5. become aware of the need for
careful recording of
results.

=]

PT

% %

Control Expt. Sig.
(7) 3. (2) 1

(37) 16 (39) 17 =*
(56) 24 (59) 26

(26) 11 (25) 11
(49) 21 (45) 20 sig.
(26) 11 (30) 13

(51) 22 (59) 26

(28) 12 (34 15 *
(16) 7 (7) 3

(14) 6 (5) 2

(33) 14 (27) 12  ~*
(53) 23 (68) 30

(35) 15 (43) 19  gj,,
(51) 22 (20) 9 >0.00
(14) 6 (36) 16
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% %
Control  EBxpt. Sig.
6. gained confidence in my T (40) 17 (19) »5 Sig '
approach to practical FT (42) 18 (64) 28 $0.005
problems. U (19) 8 (25) 11
7. become aware that theoret- T (40) 17 (59) 26 Sig
ically expected results FT (40) 17 (27) 12 $0.10
are seldom obtainable in U (16) 7 (14) 6
practice.
8. reinforced my existing T (30) 13 (23) 10 No
- practical skills. FT (57) 22 (61) 27 sig
U (19) 8 (16) 7
9. increased my knowledge of T (5) 2 (9) 4
the application of chem- PFT (28) 12 (23) 10 *
istry to other subjects. U (67) 29 (68) 30
10. appreciated the need for T  (37) 16 (34) 15 No
cleanliness in handling PT (42) 18 (50) 22 sig
equipment. ' U (16) 7 (16) 7
Table 6.1
Results in brackets are percentages
Size of samples:~ Control - 43 students
Expt. - 44 students
Test of signi‘ficance)[2 test, see Appendix 6.3
* Statements 1, 3, 4, 9 - test not applied as expected

frequency in some classes is too small (< 5).

Three significant differences appeared:-

a) More of the control group (sig. > 0.005) had become
aware of the need for careful recording of

results. This may be due to the time taken

on the pre-~laboratory exercise precluding a

discussion on the reliability of answers obtained

by this method as a range of. answers was

usually obtained. (statement 5)
b) The control group felt they had gained confidence

(statement 6 ; sig. > 0.005) in their ability.

The /
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The experimental group seemed more cautious in
their replies to this statement. This was due
in part to their care which they took to fill in
the questionnaire,. '
Another factor may be that because of the pre-
laboratory exercise the experimental group could
not spehd so long on the experimental and thus
did not feel so confident about their practical

_ performance, '

c) More of the experimental group (sig.> 0.10) felt
that theoretically expected results were seldom
obtainable in practice (statement 7). This is
probably due to the same reasons as in (b).‘

- The higl significances (> 0.01) may indicate that
the sampling was not completely random92 and thus the
results have to be treated wit: caution.

2) Practical Objectives. These were assessed from
Section B of the questionnaire. For convenience this
questinnnaire was designed to be used with two experiments.
In particular, objectives 5 and 6 were not relevant to

this experiment. Coincidentally, thkis provided
information about the validity of the method.

% %

Objective
Control Bxpt.

(54) 21 (38) 15
(33) 13 (48) 19
(13) 5 (10) 4

- 3, Carry out titrations con-
fidently and carefully so
that the end points in

1, Use a pipette to measure A (85) 33 (78) 31
variable volumes of liquid B (10) 4 (18) 7
to an accuracy of f 0.5 crr, c  (5) 2 (3) 1
D - - - -
2, Use a burette to measure A (85) 33 (88) 35
variable volumes of liquid B (8) 3 (8) 3
to an accuracy of % 0.5 ¢ (5) 2 (3) 1
em. D - = = -
A
B
C
D

successive titrations
agree to within * 0.1 cm-.
























































































































































































