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ABSTRACT: Data-handling, processing, and analysis skills are an
integral part of a chemist’s skill set and, more generally, are highly
sought by employers. We report a self-directed workshop to develop and
advance these key skills using the popular spreadsheet program Microsoft
Excel. Making use of its accessible user interface, various contextualized
problems relevant to chemistry are introduced, linking theory to practical
applications and providing insight and understanding of processes that
operate behind-the-scenes in many specialized data processing packages.
The workshop has been delivered as a remote exercise for both our first
and second year undergraduate cohorts (216 students completed).
Students reported a positive impact from the workshop, including the
development of a wide range of important skills, the utility for future
practical work, and the effectiveness of communication remotely to
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Bl COVID-19 PANDEMIC CONSIDERATIONS

The worldwide COVID-19 pandemic is significantly changing
the landscape for university teaching, including the delivery of
practical teaching laboratories. This led us to initiate various
projects, including developing the #DryLabs20 international
network for practical laboratory considerations,’ coding tasks,”
and the use of simulations,” also reported in this special issue of
the Journal of Chemical Education: “Insights Gained While
Teaching Chemistry in the Time of COVID-19”.

Recognizing the potential of resources that could be delivered
online, we describe herein a self-directed workshop primarily
focused on developing data-handling, processing, and analysis
skills. The choice of Microsoft Excel software, available to all
students undertaking the workshop and previously introduced
through introductory workshops on-site, was paramount to
ensure the practical remained accessible despite being delivered
and assessed entirely online. Given the challenges of delivering
material internationally, assistance was provided primarily
through email. Chat and video calls were also scheduled for
more extensive assistance using Microsoft Teams, including the
use of screen-sharing for guidance through particular tasks.

Bl INTRODUCTION

An integral part of studying any science is the handling,
processing, and analysis of experimental data. The importance of
data processing and statistical analyses is recognized as these are
essential parts of approved and accredited degree programs,

© XXXX American Chemical Society and
Division of Chemical Education, Inc.

WACS Publications

including both the American Chemical Society (ACS) and
Royal Society of Chemistry (RSC).* Data processing skills are
widely introduced as part of a broader practical program,
alongside “hands-on” work in both synthetic and analytical skills.

It is widely recognized that the practical teaching laboratory is
“a complex learning environment”,” where a myriad of skills are
introduced, including safe working practices, manual dexterity
and practical technique, and the operation of various analytical
instrumentation. Even at this stage, a significant cognitive
demand is placed on the student, from assessment of raw data
quality, to data processing and analysis, and finally to
interpretation of results. The workshop targeted strengthening
the skills that accompany practical experimental work and are
essential as part of students’ scientific development, namely,
problem-solving, data handling, and analysis.

B WHY MICROSOFT EXCEL?

There is a variety of commercial programs available to handle
and process data. Microsoft Excel is generally one of the most
familiar data-handling programs available to most university-

Special Issue: Insights Gained While Teaching Chem-
istry in the Time of COVID-19

Received: June 17, 2020

Revised:  August 2, 2020

https://dx.doi.org/10.1021/acs.jchemed.0c00732
J. Chem. Educ. XXXX, XXX, XXX=XXX

46
47
48
49
50
51
52
53
54
N
56
57
58
59
60

61

62
63
64


https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Craig+D.+Campbell"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Zoe+M.+Smallwood"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Malcolm+I.+Stewart"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/showCitFormats?doi=10.1021/acs.jchemed.0c00732&ref=pdf
https://pubs.acs.org/page/pdf_proof?ref=pdf
https://pubs.acs.org/page/pdf_proof?ref=pdf
https://pubs.acs.org/page/pdf_proof?ref=pdf
https://pubs.acs.org/page/pdf_proof?ref=pdf
https://pubs.acs.org/page/pdf_proof?ref=pdf
https://pubs.acs.org/page/pdf_proof?ref=pdf
https://pubs.acs.org/page/pdf_proof?ref=pdf
https://pubs.acs.org/page/pdf_proof?ref=pdf
pubs.acs.org/jchemeduc?ref=pdf
https://pubs.acs.org?ref=pdf
https://pubs.acs.org?ref=pdf
https://dx.doi.org/10.1021/acs.jchemed.0c00732?ref=pdf
https://pubs.acs.org/jchemeduc?ref=pdf
https://pubs.acs.org/jchemeduc?ref=pdf

65
66
67
68
69
70
7
72
73
74
75
76
77
78
79
80
8
82
83
84
85
86
87
88
89
90
9
92
93
94
9s
96
97
98
99
100
10

—

—_

—_

=

102

103
104
105
106
107
108
109
110
11
112
113
114
115
11
117
118
119
120
12
122
123
124
125
126

—_

(=)

—

Journal of Chemical Education

pubs.acs.org/jchemeduc

level students.® Its graphical user interface for data input and
management, easily implementable calculations, and readily
customizable graphics and reporting capabilities’ make it
accessible to students. By contrast, other specialist programs
possess their own unique interfaces, can be less accessible
(requiring institutional subscriptions or licenses), and may
require a higher level of coding skills. Other programs may
perform operations or analyses whose workings are invisible to
the user (so-called “click-and-run” software), the opacity of
which has been the subject of concern.*The versatility of
Microsoft Excel offers an additional advantage for students’
career prospects. Nationwide surveys of the recent job markets
in the US and the UK identified “productivity software”,
including Microsoft Excel, as one of the most important skills
sought by employers; in the UK, Microsoft Excel was ranked as
the most requested “productivity software” skill.”

First year students undertaking the chemistry degree at the
University of Oxford are introduced to Microsoft Excel and data
analysis in a practical undertaken near the start of the first term
(“Skills Practical $102: Data and Error Analysis”). This practical
introduces students to data processing using various common
operations within Microsoft Excel (including simple calculations
using formulas and graphical presentation of data). The tasks
culminate in the construction of a spreadsheet to perform linear
regression for data acquired experimentally (calorimetric data
from the dissolution of ammonium chloride in water),
considering residuals, standard error, statistical confidence,
and uncertainty in the gradient and intercept. These and related
data processin% tasks using Microsoft Excel have been reported
in this Journal."® The workshop reported here was designed to
follow from the practical S102, with students encouraged to refer
to both manuals as appropriate.

By implementing the already familiar user interface of
Microsoft Excel, we were able to introduce a variety of
challenging chemistry-relevant scenarios covering data process-
ing, introducing new concepts and operations, and also
developing students’ ideas and problem-solving skills.

B MOTIVATION FOR FURTHER DEVELOPMENT

The practical component of our chemistry degree program
features a two-part strategy using a “spiral” curriculum design,
where key scientific skills are introduced in the first part of each
year and revisited throughout the remainder of the year.
Although data and error analysis is a recurrent theme in
practicals throughout the course, performing these analyses was
a particular weakness, both in terms of student confidence and
from an assessment perspective. After completing one year of
the course, only 61% of previous first year students (n = 50)
indicated they were confident with performing data and error
analysis, registering as one of the lowest-rated confidences for
any skill in the first year practical course. This lack of
competence/confidence in data manipulation can result in an
extensive time being needed to complete postlaboratory tasks.
As noted by DeKorver and Towns,'' students often see
undergraduate practicals as an exercise to be completed as
quickly as possible. Thus, significant analysis time may adversely
impact the perceived value of these tasks, the quality of the
analysis, and the students’ overall enjoyment of laboratory
practice. Investment in strengthening these skills could therefore
have a positive effect on both on students’ engagement and
overall scientific development.

In creating a workshop to develop further students’ skills in
processing and analyzing data, we chose to introduce new and

interesting facets of analysis capabilities within Microsoft Excel,
with a particular emphasis on answering problems relevant to
chemistry. This workshop sought to tie in with a number of key
objectives in our practical program:

(i) experience in processing imperfect data;

(ii) contextualization of data processing to real-life applica-
tions;

(iii) appreciation of how and why particular data are collected;

(iv) improvement of understanding of “back-end” operations
that relate to processing data in specialist computer
programs;

(v) development of students’ organizational skills dealing
with large data sets, and coding skills.

Aligning with our overall practical course strategy, a key
pedagogical objective of the workshop was for students to gain
an appreciation of the background analytical processes
performed by software, often considered so-called “black-
boxes”. As noted by Taber,"* “science is based on a dialectic
between theory and empirical observation, [..] whereas the
application of science just to achieve practical ends is something
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underlying principles, we provide means for the student to
develop strategies to assess and interpret data, ultimately
understanding how to solve potential problems that may arise.

B STRUCTURE AND CONTENT

As mentioned above, this workshop builds upon concepts from
our introductory course in Microsoft Excel. The focus of this
further workshop relates to processing of information related to
chemistry, generally performed by more tailored software
programs, including the following:

e numerical integration under a curve,

e use of algorithms for optimization of parameters,

e nonlinear curve-fitting,

e deconvolution of overlapping signals using different
model functions.

Students also gain experience in many other aspects of data
manipulation, including mathematical/trigonometric, and log-
ical and statistical functions. This workshop complements
various reported works by Cooper on the use of Riemann
summation in Microsoft Excel related to black-body radiation,”
and Magalhdes on applications of the Newton—Raphson
algorithm.'* The approach taken here joins together concepts
of numerical integration, algorithms, and curve-fitting, culmi-
nating in determination of the relative proportions of species
from overlapping signals in an NMR spectrum.

A major addition to the workshop is the use of the Solver add-
in, a subprogram algorithm that significantly extends the
capabilities of Microsoft Excel to solving problems. The Solver
add-in enables determination of optimal parameters for
multivariable problems (up to 200 parameters), including to
find optimal parameters to fit functions. Nonlinear relationships
are encountered across many scientific disciplines, including
environmental science,'> engineering and physics,'® and
Michaelis—Menten enzyme kinetics in biochemistry.'” Exam-
ples of applications of nonlinear functions in chemistry relate to
spectral simulation/deconvolution and chromatography.'® The
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individual components in these spectra poses a challenge,
particularly to the uninitiated, particularly owing to the mixture
of functions required to model accurately each signal type. UV—
vis and NMR spectra can be modeled solely as Gaussian and
Lorentzian functions, respectively, making them an ideal choice
for the introduction to the technique aimed in this practical."”
The method of curve deconvolution using Solver has been
reported by Muelleman and Glaser in this Journal,"** with an
emphasis on using Microsoft Excel’s built-in normal distribution
function and Solver for simulating complex IR and UV—vis
spectra from academic research. This task was considered too
complex for an introduction to the concepts of signal
deconvolution, which we wanted to illustrate using simpler
systems; additionally, we wished to reinforce students in the
construction of formulas (including syntax) applicable to any
model function. There are various algorithms within the Solver
package to perform such parameter optimizations, with the
generalized reduced gradient (GRG) algorithm being applied in
this instance.”” Using either minimization of the sum of the
squared error (SSE) or maximization of the R* correlation index
statistical parameter, the Solver algorithm optimizes the
parameters of the model function to achieve best fit with the
experimental data.

The process is contextualized by the use of data to answer
scientific questions, including practical operational and synthetic
considerations (see below). These questions were introduced to
provide opportunities for students to construct links between
data collection and analysis/interpretation, which is a key
problem-solving skill applicable throughout their future
scientific development.

Given the online delivery of this practical, the workshop was
designed to be self-guided, using a Vygotsky scaffolding-style
approach (Table 1).”!

Students would work sequentially through the exercises,
guided by the instruction manual. Upon completion of each task,
the student’s knowledge and understanding would be expanded,
enabling them to complete subsequent tasks. The initial tasks
would introduce new applications of Microsoft Excel in
performing repetitive tasks, and to utilize the skills introduced
from the earlier introduction to Microsoft Excel; students were
expected to design the formulas to be applied, rather than being
provided with specific instructive guidance. For the remainder of
the tasks, students would then utilize the skills developed and
used in previous tasks to complete the later questions. This
removal of scaffolding was devised to develop students’ study
and problem-solving skills. Provision of support, primarily via
email, also provided an unintentional opportunity for develop-
ment of students’ written communication skills, through the
articulation of queries or issues encountered.

The first task (task 1) is a basic introduction to constructing
formulas, recapping simple operations that are structured
around determining roots of quadratic equations using the
familiar quadratic formula. It also introduces the use of
spreadsheets for variation of parameters, namely, the coeflicients
of x%, x', and x°. The next task (task 2) extends the concept of
solving equations to the use of iterative numerical analysis,
namely, determination of real roots of a (differentiable)
polynomial function using the Newton—Raphson algorithm.
This reinforces the use of general parameters, introduces
students to the use of algorithms, and, crucially, demonstrates
the need for good initial root approximations to enable rapid
convergence. Task 3 introduces the concept of numerical
integration using Riemann summation, namely, application of

Table 1. Skills, Aims, and Scaffolding of Tasks Covered

Scaffolding

Aim

Skills Covered

Syntax, simple operations (indices,

Description

Task

High

Recap basic use of Microsoft Excel

multiplication, multiple cells)

Solution of quadratic equations

1

High

Introduce algorithms, encourage students to investigate effects of variation of initial guesses

Algorithms, initial guesses, convergence of

Determination of roots to polynomial function

2

outcomes

using the Newton—Raphson algorithm

High

Introduce integration of peaks

Data layout, setting up a cumulative counter,
graphing function and integral

«

Determination of area under a curve by Riemann
summation (the “trapezoidal (trapezium) rule”)

3

High

Recap linear regression, identify that functions can be linearized

Recap of linear regression, linearization,

Linearizable kinetics analysis

4

statistical tests

Medium
Low
Low

to using data to make predictions, evaluation of the model, introduction to Solver algorithm

Nonlinear curve-fitting, statistical analysis of nonlinear functions (confidence intervals), introduction
Lambert law

Application of the above techniques, analysis of the determined functions and relation to Beer—

Application of above techniques, evaluation of model fit, relation to chemical theory

Nonlinear curve-fitting, confidence intervals

Modeling and deconvolution of UV—vis spectra,
judicious choice of initial parameter values

Modeling and deconvolution of NMR spectra,
judicious choice of initial parameter values

Reaction conversion
Spectral deconvolution
Spectral deconvolution

N
6
7
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,s1 the trapezoidal (trapezium) rule (Figure 1). This concept is
252 revisited in the final task (task 7).

y f(x) and its
25 Numerical Integration
20 1
15 1
flx)

10 1 Integral
5 -

O L} L] 1 X

0.00 1.00 2.00 3.00

Figure 1. Illustrative example of the graphical output for the Riemann
summation task.

253 The final two tasks (tasks 6 and 7) required students to draw
254 upon multiple concepts introduced earlier, with the ultimate
255 objective of analyzing spectral data via deconvolution of
256 overlapping signals. In order to reach this end goal, tasks 4
257 and § set out to contextualize how curve-fitting models operate.
258 Task 4 refreshes students’ understanding and application of
259 linear regression, where the linearization of a nonlinear function
260 (in this case, the analysis of exponential radionuclide decay) is
261 highlighted and used to establish the half-life of fluorine-18.

262 In tasks 5—7, students are tasked to determine parameter
263 values for model functions that provide reasonable approx-
264 imations of the data. These approximations serve as the basis for
265 the Solver algorithm to optimize fitting of the curve. The less
266 scaffolded instructions for how to approach these problems
267 formed a major part in the constructivist pedagogy, with the aim
268 of developing a more systematic, methodical approach, rather
269 than trial and error.”> This hypothesis—evaluation—optimiza-
270 tion process shares similarities to the problem-solving processes
271 involved in experimental design, for example, determination of
272 suitable solution concentration ranges for spectrophotometric
273 analysis, where the judicious choice of parameters (e.g,
274 concentration, wavelength range, and solvent) is important. In
275 order to build up to signal deconvolution, nonlinear curve-fitting
276 was introduced first, through modeling of a hypothetical
277 reaction rate profile that cannot be linearized, namely, the
278 Fischer esterification of benzoic acid with methanol (task 5,
279 Figure 2). Questions were posed to the students to illustrate the
280 important practical considerations when carrying out such a
281 reaction, e.g.,, forecasting the conversion at particular time
282 points, predicting the theoretical maximum conversion, and
283 deciding upon a sufficient “end point” to the reaction.

284 The concepts of fitting such functions with model parameters,
285 akin to linear regression, were introduced using both the sum of
286 the squared error (SSE) and R? correlation index as indicators of
287 the goodness-of-fit. The concept of confidence interval in the
288 model was presented according to the method of Brown, with
289 parameters optimized using the Solver add-in.””**

200 The final two tasks (tasks 6 and 7) progressed the use of
291 nonlinear curve-fitting to scenarios where multiple functions
202 must be simulated. Introducing Gaussian and Lorentzian
203 functions, for the signals in UV—vis and NMR spectroscopy,
294 respectively, the deconvolution of overlapping signals is required

Fischer Esterification
Reaction Profile

70 17
60
50
40
30
20
10

0

% Conversion

0 200
time /min

Figure 2. Illustrative submission for the reaction kinetics data analysis
task (a Fischer esterification), with nonlinear fit, confidence interval,
and forecasting of future reaction progression.

for determination of the proportions of the species in a mixture. 295
For the UV—vis spectral deconvolution in task 6, determination 296
of the relative concentrations is required, using the Beer— 297
Lambert law relationship of absorbance intensity to concen- 298
tration. Task 7 involves determining the proportions of a three- 299
component system, namely, from the '"H NMR spectrum of a 300
mixture of regioisomers obtained from Friedel—Crafts acetyla- 301
tion of chlorobenzene (Figure 3). This final task requires the 302 3
student to use multiple skills from the previous tasks, including 303
determination of the parameters for each function and 304
integration of the model functions using both Riemann 30s
summation (introduced in task 3) and calculus to obtain the 306
relative proportions for each isomer. Students are invited to 307
evaluate and compare the results and validity of the two 308
integration methodologies, and consider experimental changes 309
to improve peak separation. 310

B DELIVERY AND EVALUATION 311

This workshop was introduced recently (April—June 2020) as a 312
self-directed practical for first and second year students, and 313
students were encouraged to contact the teaching laboratory 314
staff by email with any queries or problems. To date, this 315
optional practical has been completed by over 68% (n = 216) of 316
the total cohort. Given our focus on skills development, we 317
surveyed students following completion of the workshop (n =48 318

for first year, n = 40 for second year) to examine 319
o which skills they identified as being developed, 320

o their assessment of the impact that the workshop had on 321
developing of their identified skills. 322

Skills Identification 323

A close-text analysis of the responses (n = 222 identified skills) 324
to the question “What skills do you think this workshop aims to 325
develop? (List all that you feel are relevant)” indicated students 326
were aware that the workshop served to develop a variety of skills 327
(see Figure 4). Of all the students, 75% (n = 66) identified two or 328 4
more skills being developed. Both year groups identified general 329
proficiency with Microsoft Excel as the primary skill of the 330
workshop (27% of all responses), with data analysis (14%), 331
function modeling/curve-fitting (9%), and the use of algorithms 332
(in many instances, specifically identifying the Solver add-in) 333
(9%) being listed most often. Additional identified data- 334
handling skills related to the layout of information/handling 335
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1H NMR Spectrum

264 262 260 256 254 252

2,58
8u /ppm

1H NMR Spectral Deconvolution

ortho (22%)

meta (7%)

para (71%)

264 262 260 256 254 252

258
8y /ppm

Figure 3. Illustrative spectral deconvolution of Lorentzian line-shapes for "H NMR spectroscopic analysis. Both Riemann summation and calculus
were used to determine the proportions of the species in the "H NMR spectrum of a hypothetical Friedel—Crafts acylation of chlorobenzene affording

0-, m-, and p-chloroacetophenones.

"Excel"

Data analysis
Modelling / curve-fitting
Use of algorithms

Data handling / organisation
Data processing / manipulation
Visualizing data

Formulae / syntax / coding
Problem-solving

Statistical analysis

Spectral deconvolution
Linking theory to practice
Independent working
Understanding underlying...

. 1styear
Il 2 year

0% 20% 40% 60%
Percentage of overall responses

Figure 4. Skills identified by students as being developed in the
workshop.

336 large sets of data (8%), data processing (7%), and visualization
337 of data (7%). More general transferable skills identified included
338 rudimentary programming/construction of formulas (5%) and
339 problem-solving (4%). Some students identified links and
340 applicability of the skills to coding/programming, indicating
341 these students recognized the transferability of the skills (see
342 Supporting Information for full details of the responses).

343 Impact on Skills
344 We sought to evaluate the impact of the workshop, using
345 reflective questions of both pre- and postperformance on a four-

346 or five-point Likert scale, respectively (Figures S and 6, see
347 Supporting Information for more details):

348 1. “How would you have described your Microsoft Excel

349 skills prior to this workshop?”
350 2. “How do you consider your Microsoft Excel skills have
351 changed after completing this workshop?”

352 Confirming our earlier survey findings, first year students
353 registered a relatively low general proficiency using Microsoft
354 Excel (Figure S): 62% of the first year students indicated being
355 “not very skilled” or “not skilled at all” with using Microsoft
356 Excel; by contrast, only 23% of second year students indicated
357 being “not very skilled,” with no students responding as “not
3s8 skilled at all”. This suggests that the spiral curriculum approach

Students'
identified prior
skill level:

Ml skilled

M Somewhat
skilled

B Not very skilled

B Not at all
skilled

Overall

2nd Year

1st Year

Figure S. Self-identification of preworkshop skill level using Microsoft
Excel (four-point scale).

appears to be an effective mechanism for improving students’ 359
proficiency with Microsoft Excel. Nonetheless, a significant 360
proportion of the second year cohort still identified as “not very 361
skilled”, indicating the need to develop these skills further. 362

The results for the second question (Figure 6) indicated that 363
the workshop had a positive impact on the majority of students’ 364
skills using Microsoft Excel. No student in either year group 365
registered the workshop as having a negative impact on their skill 366
level. Pleasingly, more than 40% of each year group registered 367
their skill level as “significantly improved”, alongside more than 368
57% registering as “slightly improved”. Those who registered 369
“no change” in skill level (3% of only second year students) had 370
identified as being either “skilled” or “somewhat skilled” prior to 371
completing the workshop. Of those who identified as “not at all 372
skilled” or “not very skilled” prior to completing the workshop, 373
the majority of each year group (>55%) identified as 374
“significantly improved” postcompletion. 375

Value of the Workshop 376

We also surveyed students on their perceived value of the 377
workshop, mapped against the skills that they identified as being 378
developed. A four-point Likert scale was used to qualify 379
responses (first year n = 48, second year n = 40). All students 380
within both year groups registered the workshop as being 381
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Figure 6. Change to perceived skills level postcompletion of the workshop. Left: By year group. Right: By prior skill level (as identified by the student).

382 “useful” or “very useful” (Figure 7), with second year students in
383 particular perceiving the workshop as the latter (60%). Open
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Figure 7. Student responses to the usefulness of the workshop in
developing their identified skills.

384 comments from the survey indicated that students generally
385 enjoyed completing the workshop, and they could appreciate the
386 application of the skills to data analysis in the laboratory.
387 Example students responses were the following: “I find this really
388 helpful! It allows me to link back to the previous lab based
389 practicals and understand why sometimes we see convoluted
390 peaks, and how we can interpret and process them”; “Helpful lab
391 both in terms of new content and refreshing already known
392 skills”. Some students commented on the repetitive nature of the
393 latter tasks, but appreciated the impact the workshop had on skill
394 development: “The workshop became very monotonous.
395 However, it did improve my Excel skills significantly.”

396 Student Enquiries

397 As this practical was self-led with enquiries sent primarily via
398 email, we envisioned this could potentially present a barrier to
399 some students contacting staft for assistance. The feedback to
400 this different style of assistance to the conventional in-person
401 approach was varied; a number of students commented that the
402 email correspondence was very effective and responses were
403 generally fast, while others felt it was less effective because of
404 potentially long response times and not being able to convey
405 their problem clearly. From those that submitted enquiries (26%
406 of all students, n = S57), email correspondence generally
407 demonstrated good written communication skills; problems
408 were clearly and concisely articulated and specific issues

identified. There were some distinctions in articulation here 409
when compared with communications about our Mathematica 410
practicals, where a significant number of students indicated 411
struggling to explain their issues in written form.” Mapping the 412
enquiries to the skills from the workshop (Figure 8) shows that 413 s

Problem-solving
Modelling / Curve-fitting

Data handling / organisation

Data processing / manipulation
Data analysis

Formulae / syntax / coding
Statistical analysis

Use of algorithms

B 15t year
Linking theory to practice B 2 year
Visualizing data
0 4 8 12 16

Number of enquiries

Figure 8. Categorization of student enquiries according to skill topic.

the predominant issues related to problem-solving and curve- 414
fitting (issues that often went hand-in-hand). A number of 415
students found using Solver challenging, with the algorithm 416
failing to minimize the SSE or terminating prematurely if a 417
parameter for the model function equaled zero. Students were 418
aware that they should impose constraints for parameters but, 419
interestingly, were less considerate of the nuanced difference 420
between “greater than or equal to” and “greater than” when 421
setting constraints. Solver only allows “greater than or equal to” 422
(not “strictly greater than”), so students would input parameter 423
constraints of >0. This often resulted in the algorithm 424
terminating if the model involved a multiplication or division 425
by that parameter equaling zero. When this was pointed out to 426
students, they all recognized a workaround of imposing a 427
constraint of a small value greater than zero, e.g.,, > 172, 428

The majority of enquiries were related to problem-solving in 429
the latter two tasks: in particular, identifying good initial 430
estimates of parameters before applying the Solver algorithm. 431
Students with only one year’s experience of the chemistry course 432
found these latter tasks particularly challenging, whereas the 433
second year students appeared more comfortable. Enquiries and 434
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comments suggested that finding suitable initial values was
troublesome, and a source of frustration. With little guidance to
suggest values for each parameter, students that had issues here
appeared to evaluate a somewhat random approach when
trialing values, rather than assessing the impact of systematic
variation of a single parameter. It is worth noting that,
particularly for the final two tasks, students would evaluate a
wide range of values >1 for the parameters, but often neglected
values in the range 0—1 unless prompted. This was surprising,
given that, for the first curve-fitting task (task $), students were
able to identify a parameter value for k within this range 0 < k< 1
with relative ease.

Bl CONCLUSION

We report an extensive workshop on developing higher-level
data-handling, processing, and analysis skills that can be
successfully implemented as a self-led exercise, deliverable
remotely. The workshop provides an accessible introduction to
various problems encountered surrounding practical chemistry,
including fitting functions and spectral deconvolution. The
contextualized nature of the problems relevant to practical
chemistry, coupled with the problem-solving aspects in the later
tasks, appeared to resonate with students from their feedback.
Students recognized that various skills were being developed, as
well as recognizing the value of the workshop in developing
these skills. Crucially, an appreciable increase in perceived skills
was shared across both year groups.
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