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Chapter 1 — Introduction
large disparity existed between the author and supervisor, a discussion took place to justify
each scoring until a compromised score was accepted. Upon completion of the grading for
each of the 40 publications, Figure 2 below was constructed to convey the distribution of

publications into five levels, with the maximum score possible at 50.

14 13
12
wv
c
8 10 9
S
s 8 7 7
o
S 6
o
a
E 4
=
2
2 I . F
0 -
50-41 40-31 30-21 20-11
Score awarded by adapted instrument

Figure 2. The distribution of the 40 papers included within the systematic review of the past 15
years of Chemistry Laboratory Education research

To first consider some of those papers that scored within the lowest bracket, 0 - 10 (Long,
2012; Mohrig, Hammond, & Colby, 2007; Wilczek-Vera & Salin, 2011; Yang, 2007), a common
theme in the limitations of these published studies was observed. Each of these succeeded in
describing an experiment or experience that could be installed within a laboratory course and
sufficient information is provided to allow reproducibility of these conditions. In addition to
this, the research aims were outlined to improve the quality of the learning experience within
the chemistry teaching laboratory. When considering the methodologies employed to

investigate the pedagogical value of these experiences, little to no discussion was provided.
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Chapter 5 — Results: Foundation Chemistry
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Figure 6. The proportion of positive versus negative comments for the overarching themes in
the Expository (N = 108) version of The Analysis of a Solution by Measurement of its Density
experiment.

The sub-themes presented in Table 12 for the Expository version of the Analysis of a Solution
by Measurement of its Density experiment indicated several areas students deemed as both
positive and negative. Aligning with the teaching approach used, students found the clarity of
the objectives to be one of the preferred aspects of this iteration. Conversely, students
indicated there was a lack of background information that led to a reduced level of
understanding upon completion of the experiment. The remaining sub-themes focussed upon
aspects of the laboratory not directly related to the teaching approach used. For example,
both being a hands-on laboratory and working as a group was a positive experience, while the

use of pipettes and a lack of time were negative.
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Chapter 5 — Results: Foundation Chemistry

o 100%
2
o 80%
o
4
x 60%
&
& 40% —
5
2 20%
& K% Posii ve

0%

& o % Negai ve
‘\e’@ &4’ boo ?}% &
& © @ o &
> Q & N
& & & S
X A ‘1\\
L @ Y
& o &
< P &
& g
A &
o
s®

Figure 7. The proportion of positive versus negative comments for the overarching themes in
the Guided Inquiry (N = 35) version of The Analysis of a Solution by Measurement of its Density
experiment.

The sub-themes in Table 13 for the Guided-Inquiry instance of this experiment did not
elucidate many specific elements of the experiment. Aspects such as working individually and
difficulty hearing demonstrators or peers are often personal preference for students and can
be addressed easily. The difficulty hearing was an issue that has been raised previously by
demonstrators attributed to the layout of the laboratory. One theme of note however, lies in
the number of students listing an uncertainty about the difference between the teaching
method used in this experiment, Guided-Inquiry, and other teaching methods they may be
used to. Unfortunately, the comments were general and did not highlight any specific
differences or similarities. Upon reflection, one potential explanation could lie in the nature of
this experiment. Given that this experiment is the first experiment for a Foundation Chemistry
unit, the concepts and processes contained could be at a standard that, regardless of teaching

approach, may provide a similar experience.
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Chapter 5 — Results: Foundation Chemistry
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Figure 8. The proportion of positive versus negative comments for the overarching themes in
the Problem Solving (N = 19) version of The Analysis of a Solution by Measurement of its
Density experiment.

The sub-themes for this teaching approach have been displayed within Table 14. The positive
themes identified were based upon two aspects of the laboratory. One being the self paced
approach to a Problem Solving experience allowing students to develop their own methods
and implement them on their terms. The second being the group discussions held prior to the
laboratory start. For the Problem Solving version of this experiment, particular care was given
to allow students a chance to engage within these group discussions and voice concerns or
ideas based on their plan. The negative sub-themes identified were aligned with concerns on
the information within the laboratory. Both for the information and instructions in the
laboratory manual, and the lack of chemistry knowledge of students prior to beginning the
experiment. Interestingly, some student felt that the openness of the experimental
information in the laboratory manual had caused them to over-prepare for the experiment,
which was considered a negative effect. This finding is a direct contrast to one of the results

obtained for Guided-Inquiry where a lack of preparation was observed.
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Figure 12. The proportion of positive versus negative comments for the overarching themes in
the Expository (N = 56) version of the Distillation as a Separation Technique experiment.

To investigate the students responses at a finer level, Table 16 details the sub-themes that
were identified across all five overarching themes. The sub-themes identified continue to
develop the idea that students are enjoying the hands-on physical aspect of this laboratory,
whilst at the same time struggling with the concepts that are required for completion of the
laboratory. Interestingly, there was a split of responses for both positive and negative
experiences with the set up of the distillation itself. lonic equations in particular were
highlighted multiple times by students as a point of frustration and lack of understanding. A
miscellaneous comment that was also prevalent was the indication from students that the
addition of content to be completed during the distillation process would be welcomed. One
resolution to this gap in the experiment would be the inclusion of information and activities to

better improve the understanding of ionic equations.
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Table 16. Sub-themes observed for the Expository version of the Distillation as a Separation

Technique experiment

Positive

The setup of the distillation
equipment as a laboratory process
The comparison of before and after
distillation spot-tests

General comments for the enjoyment

of the laboratory

Negative
* The setup of the distillation as a
laboratory process
Understanding the process of
distillation as a concept

The construction and use of ionic

equations

In comparison to the student comment propo

rtions observed for the Expository approach, the

proportion in Figure 13 for the Guided Inquiry style displays a much more balanced range of

comments. Solely positive responses were observed for the overall experience theme once

again but a smaller skew of positive responses for the interaction with others can be seen.
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Figure 13. The proportion of positive versus negative comments for the overarching themes in
the Guided Inquiry (N = 49) version of the Distillation as a Separation Technigue experiment.
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Figure 14. The proportion of positive versus negative comments for the overarching themes in
the Problem Solving (N = 58) version of the Distillation as a Separation Technique experiment.

A variety of sub-themes were identified for the Problem Solving version of this experiment as
displayed in Table 18. Based on the comments received, the students responded well to the
Problem Solving nature of the teaching approach and highlighted the ability to have some
control of the experimental direction in their laboratory. There was a mix of comments
relating to clarity within the laboratory manual with a reasonable split for those who found the
manual clear and those who did not. One of the negative sub-themes observed indicated
students felt there was not enough work, and that an expansion of this experiment would be
feasible. While not specifically noted within this experiment, students from a number of
Problem Solving versions of other experiments indicated an increased workload for Problem
Solving as a negative sub-theme. The responses from demonstrators indicated a preference for
the Problem Solving approach; the reasoning given conceded that whilst the Expository
approach was rapid in its completion, the Problem Solving approach was both more enjoyable

and allowed students to gain a better understanding of the concepts.
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Chapter 5 — Results: Foundation Chemistry
The proportion of comments for each broad theme when broken down to the positive versus
negative, shown in Figure 20, gives a strong indication of the Expository teaching approach’s
strengths and weaknesses. Interaction with others, the overall laboratory experience, and the
comments within the miscellaneous themes all mostly consisted of positive responses from
students. Conversely, both the laboratory processes and the engagement with information

themes mostly consisted of negative comments.
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Figure 20. The proportion of positive versus negative comments for the overarching themes in
the Expository (N = 39) version of the Properties of Solutions of Acids and Bases experiment

The sub-themes identified for the Expository version of the Properties of Solutions of Acids and
Bases experiment have been summarised within Table 21. The majority of comments made
throughout the themes were quite varied with no distinct positive sub-themes being identified
and only one negative sub-theme. Interestingly, the negative sub-theme centred upon
students requesting more content for the experiment. The reasoning varying between an

inclination for more to do and further content to deepen their understanding beyond the
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Figure 21. The proportion of positive versus negative comments for the overarching themes in
the Guided Inquiry (N = 28) version of the Properties of Solutions of Acids and Bases
experiment.

The comments for the Guided Inquiry approach were similar to the Expository iteration in
being quite varied and only negative sub-themes were identified, as seen in Table 22. Of these,
the first relating to the laboratory manual is interesting, as the tables in question had not been
altered from the Expository version of this experiment. This would suggest that because of the
straightforward nature of the instructions provided within the Expository procedure, student
understanding of the tables was greater than the student cohort completing the Guided
Inquiry version. The other two sub-themes were related in that many students who quoted a
lack of engagement similarly asked for further background information to help not only with

their understanding but also clarify the content of the experiment.
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Chapter 5 — Results: Foundation Chemistry
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Figure 22. The proportion of positive versus negative comments for the overarching themes in
the Problem Solving (N = 23) version of the Properties of Solutions of Acids and Bases
experiment

The sub-themes for the Problem Solving version of this experiment are displayed in Table 23.
Despite the increase of negative sub-themes observed in comparison to both the Expository
and Guided Inquiry versions of this experiment, the sub-themes for the Problem Solving
version largely relate to superficial problems within the laboratory that are easily addressed.
One common response indicated an insufficient amount of space provided within the
laboratory manual for writing, particularly considering this experiment required a large
number of observations and calculations. Additionally, students requested more information
within the laboratory manual. Two possible explanations for this are an increased level of
engagement leading to students wanting to deepen their understanding, or with greater
freedom in the development and undertaking of this experiment students felt a greater pool
of information would assist in completion of this experiment. The number of comments

received concerning the amount of equipment and reagents available was noteworthy
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Chapter 6 — Results: First Year Chemistry

Figures 26 through 28 continue this exploration into the sub-themes of each broad
overarching theme by detailing the proportion of positive to negative responses for each
broad theme. In addition, sub-themes specific to each teaching approach have been identified

and will be discussed.

Figure 26 is the breakdown of each of the broad overarching themes into the positive versus
negative response proportions. One theme seems distinctly skewed in favour one way; the
engagement with information theme appears to a higher proportion (approximately 80%) of

negative comments in comparison to positive comments within this theme.
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Figure 26. The proportion of positive versus negative comments for the overarching themes in
the Expository (N = 215) version of the Oxidation of Benzyl Alcohol: Synthesis of Benzoic Acid
experiment.

Table 28 gives insight into the sub-themes that were identified specific to this teaching

approach iteration. A number of positive sub-themes were identified for the Expository
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Figure 27. The proportion of positive versus negative comments for the overarching themes in
the Guided Inquiry (N = 211) version of the Oxidation of Benzyl Alcohol: Synthesis of Benzoic
Acid experiment.

One of the key features for a Guided Inquiry approach as a teaching tool is the development of
understanding throughout the experiment. As such, the questions interspersed throughout the
procedure were a key element to guide students towards glimpses of the underlying concepts
and principles. Table 29 shows are the sub-themes identified for the Guided Inquiry version of
this experiment. Perhaps unsurprisingly, given the possibility of not having experienced this
teaching approach before, both a positive and negative sub-theme was identified concerning
the questions introduced into the procedure. The positive responses were directed towards
the interest generated by the presence of these questions and upon completion, an increase in
the development of each students understanding. Whether this is perceived or actual
understanding cannot be determined as will be discussed further later. The remaining positive
sub-themes were quite varied, indicating a number of positive elements within the laboratory
experience. These included: the lecture materials being connected to the concepts within the

laboratory experiment, the demonstrators, and the development of practical skills. The
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Figure 28. The proportion of positive versus negative comments for the overarching themes in
the Problem Solving (N = 131) version of the Oxidation of Benzyl Alcohol: Synthesis of Benzoic
Acid experiment.

The sub-themes for the Problem Solving approach iteration of the Synthesis of Benzoic Acid
experiment are within Table 30. The total responses for this approach were varied, leading to a
smaller number of sub-themes being identified. Both positive sub-themes identified outcomes
often associated with Problem Solving activities; the benefits of writing their own procedures
and an increased focus upon self-directed learning. As may be expected, despite the number
of responses concerning the writing of their own method, a similar number of negative
responses were given with regards to this process being confusing. Whether this is derived
from a lack of experience with the construction of a method for experiments or from a
genuine dislike is indeterminable at this stage. In addition, the student cohort indicated that
further background information is required for this teaching approach. Many reasons were
given for this; the underlying theme however, suggested that with further information and
better prior understanding, the preparation of their methods would come with ease. Finally,

students found that their interactions with demonstrators was considerably different to
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Figure 32. The proportion of positive versus negative comments for the overarching themes in
the Expository (N = 144) version of the Organic Functional Groups experiment.

The sub-themes identified within Table 33, highlight a number of key aspects to the laboratory
that students noted. Of these, the majority of the sub-themes identified focused upon
laboratory specific aspects of the experiment. For example, a large proportion of students
found the use of a large number of small-scale tests to be a useful practice in developing
interest and maintaining engagement. An equal number of students indicated that the
presence of so many small-scale tests resulted in an increased workload that contributed
negatively to the laboratory experience. Furthermore, the reliability was questioned due to a
lack of understanding of the nature of these tests. Given the nature of the Expository teaching
approach, this belief may be attributed to a lack of development of understanding through
completion of the provided instructions. Two responses from students were of particular
interest. The first:

“System only works when in conjunction with demonstrator interaction. The extra info

from them helps with understanding the chemistry rather than just following steps.”
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Figure 33. The proportion of positive versus negative comments for the overarching themes in
the Guided Inquiry (N = 141) version of the Organic Functional Groups experiment.

A number of positive sub-themes were identified for the Guided Inquiry version of the Organic
Functional Groups experiment (Table 34). Two of these focused towards the specifics of this
experiment rather than the teaching approach. The large variety of interesting tests are
inherently linked providing an experience with work to do throughout. A further advantage is
the avoidance of waiting times seen within other experiments. Perhaps the most interesting
positive sub-theme related directly to the teaching approach where students first identified,
before responding in a positive fashion to the semi self-directed nature of Guided Inquiry.
These comments included reference to the provision of a structured procedure with a focus on
understanding aspects of the experiment throughout the experience rather than piecing it all
together at the end en masse. The one negative sub-theme identified conflicted with one of
the common sub-themes found throughout all three teaching approaches. The comments with
concerns for the space allotted for taking notes and observations are logistical issues that can

be solved in the next iteration of this unit. The clarity of information however, was vague on
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Figure 34. The proportion of positive versus negative comments for the overarching themes in
the Problem Solving (N = 96) version of the Organic Functional Groups experiment.

Only a small number of sub-themes were identified for the Problem Solving version of the
Organic Functional Groups experiment (Table 35). The two positive sub-themes were strongly
related to the nature of Problem Solving as a learning experience. As students were required
to construct the finer details of the experiment many students responded to this positively as
having greater independency. This independency thereby allowed greater engagement with
the chemistry being undertaken. Furthermore, one focus for the demonstrators in teaching
the Problem Solving laboratory was to develop an environment where students would seek
out discussion with both peers and demonstrators to help inform their experiment design. As
with any student cohort however, for a group of students who may enjoy one learning
environment, there will be a student group of an opposing opinion who may not have engaged
as well or may have simply had a different experience. As seen in the Expository version of this
experiment, students indicated that the large number of tests increased the workload too

much, causing the experiment to be stressful and a struggle to complete.
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Chapter 6 — Results: First Year Chemistry
students concerning "simple" equipment has been presented by Crisp, Kable, Read, and

Buntine (2011).

Figure 38 increases the depth of analysis by inspecting the proportions of positive and negative
responses for each of the overarching themes. It is apparent that certain aspects within the
Expository teaching approach were favoured by students over others. The interaction with
others, engagement with information and overall laboratory experience themes were all
skewed in favour of positive responses. The exception was the laboratory process theme, with

an almost entirely negative response from students.
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Figure 38. The proportion of positive versus negative comments for the overarching themes in
the Expository (N = 71) version of the Thermochemistry: Enthalpy of Neutralisation experiment.

As discussed previously, a number of sub-themes were identified that were not common
across all three teaching approaches. The sub-themes, both positive and negative, that were

identified for the Expository version of this experiment are shown in Table 38. One sub-theme
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Chapter 6 — Results: First Year Chemistry
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Figure 39. The proportion of positive versus negative comments for the overarching themes in
the Guided Inquiry (N = 65) version of the Thermochemistry: Enthalpy of Neutralisation
experiment.

For the most part, the sub-themes, within Table 39, identified for the Guided Inquiry version
related to those themes found within the Expository version discussed for Table 38. A divide of
opinions was observed with respect to the quality of instructions and structure in the
laboratory manual, though the overall proportions for Guided Inquiry (Figure 39) were far
more balanced than seen in Expository (Figure 38). One point of interest was the notable lack
of responses concerned with the application of Hess's Law to a practical situation. Where
Expository saw a large number of students misunderstanding Hess's Law and the nature of an

experimental environment, the Guided Inquiry cohort did not seem to have this problem.

171



i e

RRRRARIRRRRIRIEIR [FrRRRIE

R
LI 3 o 3 3 e s el e o PRIER FRRIER RRRERIRR R PR R
o [RIPRRRREARIRIR FRIFRFRIRIRE RREERRERERR 3 a3 i3 i e e )
ERERIERERER

i a3 s e e i e e s il s e 3 e s el

i 3 e e i a3 ] e el e v e v el e e 3

i s i s e e el e e i i e e

) 2 1 0 e 3 2 e e s e el e el s e 3 el el e

i 23 2 3 )2 e e e e e ) v e e el e i |




i e

RRRRARIRRRRIRIEIR [FrRRRIE

a3 v e 3 a2 e e e e e e e e ) 2 i a l a
i [ s s a2 s 2 i e  d  a A

i 3 T I 3 22 3 2 3 0 2 13 i O v s s e e e e  d a d  a

i a2 3 el el e el e i e e el e e s e s i R R

a3 2 2 2 3 3 s i e e ) s e i 2 e e e

FRRRRERERE RPRER FRERERRR FRRRERER EEE
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Figure 40. The proportion of positive versus negative comments for the overarching themes in
the Problem Solving (N = 69) version of the Thermochemistry: Enthalpy of Neutralisation
experiment.

Table 40 shows the sub-themes identified for the Problem Solving version of this experiment.
A number of both positive and negative sub-themes were observed. Inspection of these shows
commonality for a number of sub-themes with the Problem Solving experiences previously
discussed through this Chapter. For example, student responses suggested that the
encouragement for time management and the development of their own method were
aspects of this laboratory that strengthened the experience. Conversely, a large proportion of
comments found the instructions within the laboratory manual were not clear, and that
additional background information and pre-reading materials were needed. These are not
necessarily insurmountable challenges to address but would require a considerable
redevelopment of the expectations students have for the laboratory experience. One of the
issues in a number of responses relating to clarity within the laboratory manual was the
misinterpretation of what was required of students both prior and during the experiment

session. One negative sub-theme of particular interest however, stated that students felt that
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Chapter 6 — Results: First Year Chemistry
overarching theme is far more balanced, with a slight favouring of negative responses. The

engagement with information theme is further weighted towards negative responses.
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Figure 44, The proportion of positive versus negative comments for the overarching themes in
the Expository (N = 114) version of the Determination of the Freezing-Point Depression
Constant for Cyclohexane experiment.

Upon further inspection, a number of sub-themes can be identified including both positive and
negative themes. Both positive and negative sub-themes for the Expository teaching approach
have been summarised within Table 43. As can be expected for this teaching approach, a large
number of students indicated a preference for the straightforward nature of this experience,
and furthermore the mathematics and graphs utilised as a part of the laboratory. As has been
observed in a number of the experiments considered within this study, a high number of
positive responses related to working in pairs were observed. Turning to the negative sub-
themes observed; one sub-theme contrasts with students indicating a dislike for the graphs
required as part of this experiment. The negative sub-theme relating to a lack of discussion or

qguestions throughout the experiment was of particular interest. As discussed in Chapters 1 and
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Chapter 6 — Results: First Year Chemistry
exception of the laboratory process theme, the themes of interaction with others, engagement
with information, and the overall laboratory experience are almost even. The laboratory

process theme itself is heavily weighted towards negative responses.
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Figure 45. The proportion of positive versus negative comments for the overarching themes in
the Guided Inquiry (N = 76) version of the Determination of the Freezing-Point Depression of
Cyclohexane experiment.

The positive and negative sub-themes identified for the Guided Inquiry instance of this
experiment are summarised within Table 44. Of these, only a small number of positive sub-
themes were identified. The content of these sub-themes were broadly distributed indicating
that features such as the workload required, linkage with the lecture materials, group work,
and the overall laboratory experience were positive. The negative sub-themes were far more
numerous and specified a number of disliked aspects within the laboratory. These sub-themes
encompassed requested changes to the laboratory manual for more space for recording
information and the provided information contained within the manual, the removal of all

graphing sections entirely, a lack of engagement with the chemistry concepts, and perhaps
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Chapter 6 — Results: First Year Chemistry
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Figure 46. The proportion of positive versus negative comments for the overarching themes in
the Problem Solving (N = 78) version of the Determination of the Freezing-Point Depression
Constant for Cyclohexane experiment.

Table 45 summarises the positive and negative sub-themes identified for the Problem Solving
instance of this experiment. Characteristic of this teaching approach a number of these sub-
themes correspond with commonly observed themes, including positive responses to writing
their own method and interactions with both peers and demonstrators, and negative
responses such as the method being unclear. Contrary to previous experiments considered in
this study as Problem Solving versions, positive sub-themes relating to a straightforward
experience and calculations were observed. The remaining negative sub-themes are a mixture
of easy to fix and perhaps more difficult to address. Problems such as more room for recording
data and graphs and more information require only an adjustment to the laboratory manual.
Minimisation of waiting periods during the laboratory would be more difficult. As these
waiting periods couple with measurement taking and continual agitation of the mixture, it

would be difficult to introduce extra content to engage students.
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