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Abstract

Despite the many advantages associated with academic writing, there are, traditionally,
limited opportunities to develop academic writing at undergraduate level within STEM
subjects such as mathematics. Thus, it has become necessary to deliver academic writing
sessions in such a way that STEM students constantly see the relevance of academic
writing sessions to their learning and career prospects. This paper, through a case study
explores a compulsory academic writing module within the first-year of an
undergraduate degree programme for mathematics students, which was delivered
collaboratively by a learning developer and an academic lecturer. The case provides
insights on how first-year mathematics students respond to academic writing sessions,
and the association between their attendances to the writing sessions delivered using
different teaching methods and their achievement.
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1. Introduction

Academic writing is an essential component of higher level study, especially as many
disciplines still place great emphasis on writing as a primary medium for assessment. Learning to write
well requires appropriate guidance and providing students with the time, space, and opportunity to
develop their confidence and abilities. However, within STEM? subjects, for example mathematics,
there are limited opportunities to develop academic writing at undergraduate level (Vivaldi, 2011),
despite the many advantages that good writing offers for learning, such as developing critical thinking,
improving problem solving, and deepening learning to move beyond memorisation (Johnson, 1983;
Southwell, 1993, cited in Taylor & McDonald, 2007; Author, 2011).

Furthermore, developing the academic writing ability of mathematics students has not attracted
as much interest as enhancing their mathematical ability in institutions of higher learning (see Marr &
Grove, 2010; Author, 2010). This is probably because some mathematicians do not see the relevance of
excellence in writing (Vivaldi, 2003) and mathematics students are not usually encouraged to engage in
meaningful writing tasks (Johnson, 1983; Author, 2010).

However, there has been a growing focus on student preparedness for Higher Education study,
with particular emphasis on supporting student transition and the importance of integrated and
embedded academic writing development (Hartley, Hilsdon, Keenan, Sinfield, & Verity, 2011; Author
2013). In the last five years there has been increasing interest on writing for STEM students shown by
recent events focussed on this subject area (example HEA STEM, 2012).

! earning Development, Centre for Learning Innovation and Professional Practice, Aston University, Aston
Triangle, Birmingham, B4 7ET, United Kingdom
2 Science Technology Engineering Mathematics

©American Research Institute for Policy Development www.aripd.org/arms



20 American Review of Mathematics and Statistics
Vol. 2, No. 1; March 2014

2. Study Context and Structure

This case study is based on an academic writing module in Aston University, UK. The module,
titled Communications Skills and Academic Writing (CSAW) is focused on enabling collaboration
between academic lecturers and learning development advisors in its design and delivery. The module
also entails enabling undergraduate mathematics students to express ideas in writing rather than
memorisation. Thus, the module was designed to improve the students’ self-awareness and confidence
in writing, their critical thinking ability as well as enable progression in their learning process.

The teaching structure of the module involved a combination of two teaching methods (lectures
and tutorials). Each lecture and tutorial lasted 60mins. In addition, the format of the module involved
two written assignments and an exam.

3. Implementation and Delivery

The module delivery was carried out over an eleven-week teaching period. A total of 75
students were originally enrolled onto the module; however for the purpose of this study, 71 students
were used because three students withdrew from the university while 1 student had the CSAW module
removed from their list of modules. The 71 students were expected to attend a total of 15 lectures and 9
tutorials. The lectures, which covered topics around features of academic writing (table 2), were
delivered over the eleven-week period and were delivered by an academic lecturer; the tutorials were
managed & facilitated by the academic lecturer and a learning developer. The tutorials were designed to
buttress the lectures, to provide a more interactive atmaosphere for the students, and to promote student
engagement. The tutorials required the 71 students to be split into two groups: 36 in Group 1 and 35 in
Group 2. Thus, while the academic lecturer taught Group 1 at a given time, the learning developer
taught Group 2 at the same time. Consequently, in the following week, while the lecturer taught Group
2, the learning developer taught Group 1. Table 1 shows details of topics covered for the tutorials and
how they were delivered over ten weeks, which fell within the eleven-week lecture teaching period.

Table 1: Topics Vovered for the Academic Writing Tutorials

Tutorial Title of Tutorial Session Tutorial Groups/ Week

Session No session was delivered
Group 1 Group 2

1 Orientation to Learning in Higher Education Week 1 Week 2

2 Learning Process at University Week 2 Week 1

3 Approaches to Learning: Place of Memorisation and Week 3 Week 4

becoming a Critical Learner

4 Referencing and Plagiarism Week 4 Week 3

5 Critical Reading & Note-making Strategies Week 5 Week 6

6 Dos and Don’ts of Presentation Week 6 Week 5

7 Working effectively in a group Week 7 Week 8

8 Review & Preparation for assessed individual presentations Week 8 Week 7

9 Revision & Exams Strategies Week 9 Week 10

3.1 Method of Assessment

The assessment for the module involved an essay assessment (20%), a report assessment (30%),
and an oral individual presentation exam (50%). The students were given the essay and report
assessments in the first teaching week.
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3.1.1 Assessment 1

The first assignment required the students to submit an essay on the nature of plagiarism and
collusion and to evaluate ways in which both can be avoided and detected. The students were given the
essay assignment at the start of the module and were expected to submit it in the sixth teaching week.
3.1.2 Assessment 2

Assessment2 was a report writing assignment to analyse different career possibilities, and to
subsequently provide recommendations on the most attractive career option. The students were expected
to submit the report after the module teaching sessions.

3.1.3 Assessment 3

Assessment3 was an oral presentation exam, which took place at the end of the teaching

sessions.
4. Evaluations and Discussions
The evaluation process used in this case was carried out from three perspectives:

o students’ response or attendance to the lectures and tutorials
e students’ achievement (percentage grade achieved) in the three assessment modes
e students’ achievement with respect to attendance to the lectures and tutorials

4.1 Students’ Attendance to Lectures

Table 2 provides details on the number of students who attended the 15 lectures delivered by the
academic lecturer.

Table 2: Frequency of Student Attendance to Lecture Teaching Sessions

Session Focus of session Frequency of Percentage
number Attendance Attendance(%)
1 Introduction to Module and assessment at university 63 89
2 Stages in the writing process and interpreting 58 82
assignments
3 Planning paragraphs 54 76
4 Referencing and selecting suitable sources of 60 85
information
5 Plagiarism and its consequences 42 59
6 Use of quotations (direct and indirect) 51 72
7 How to cite sources 48 68
8 Formality and caution of academic style 36 51
9 Drop-in sessions for essay assignment 50 70
10 Structure of paragraph and Topic sentences 41 58
11 Introductory and concluding paragraphs 40 56
12 Use of graphics in academic writing 39 55
13 Difference between essays and reports 42 59
14 Key features and sections of report 46 65
15 Revision and report writing assignment support 30 42
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An exploration of students’ attendance to the lectures (table 2) shows that the ‘introduction to
module and assessment at university’ lecture recorded the highest number in student attendance
(63students), probably because it was the first lecture and it discussed assessment. The students had an
average attendance rate of 77% for the first 6 lectures. However, the students recorded low attendances
for the last 6 lectures (average attendance rate of 56%). This may have been as a result of commitments
from other modules and assignments. The ninth lecture designed as a drop-in session for the essay
assignment recorded a reasonable and high attendance rate (=70%). It is not clear as to whether the
students were selective in attending the 15 different lectures.

4.2 Students’ Response to Tutorials

The students’ response and attendance to the tutorials was sporadic as shown in figure 1. This
suggests that the attendance rate did not show a steady increase or decrease over the ten-week period.

Number of Students

O Tutorial Sessions

Figure 1: Frequency of Attendance to Tutorials

Figure 1 indicates ‘learning process at university’ as the most attended tutorial indicated by the
highest attendance (47 students) while ‘referencing & plagiarism’ was the least attended tutorial (14
students). It is not surprising that the highest percentage of students (66%) attended the tutorial on
‘learning process at university’ considering that this category of students (first-year students) may still
be managing the transition to learning in a University environment. It is also not surprising that a
reasonable number of students attended the tutorials on ‘approaches to learning: place of a critical
learner’ and ‘review & preparation of assessed...’(38 and 32 students respectively). Students tend to
show interest on sessions that discuss learning approaches and assessment (Kuh, 2003; Race &
Pickford, 2007). This can also be seen in the student high attendance to the first lecture on
‘....assessment’ (table2).

On the contrary and unexpectedly, only 14students attended the ‘referencing and plagiarism’
tutorial. However, there was a high attendance rate for the lectures on referencing shown by the
percentage attendance rate of 85% for ‘referencing and selecting...” lecture; 59% for the ‘plagiarism’
lecture; 72% for the ‘use of quotation’ lecture; and 68% for the “how to cite sources’ lecture. Thus the
low attendance rate for the ‘referencing and plagiarism’ tutorial could possibly be because at the time of
the tutorial, the students had already attended up-to four lectures focussed on referencing and
plagiarism.
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Very few students (20students) attended the tutorials on ‘critical reading & note-making
strategies” and ‘dos and don’ts of presentation’. The reasons for this are unclear, but could be because
these two tutorials were conducted in the week when the students had tests for other modules.

4.3 Students’ Attendance and Achievement

Exploring the students’ achievement (percentage grade achieved) show some measure of
increase in the students’ achievement on the first assessment (essay) making reference to the total
number of lectures or tutorials attended (tables 3 and 4) by the students irrespective of the specific
lecture or tutorial. All the lectures/ tutorials were focussed on different approaches to learning and
academic writing conventions within Higher Education. At the time of submission of the essay, the
students had attended a total of 10 lectures and 5 tutorials.

The statistics on tables 3a and 3b show the number of students who attended certain numbers of
lectures and tutorials respectively.

Table 3: Students’ Achievement and Number of Lectures and Tutorials Attended

Table 3a: Students’ Achievement and Number of Lectures Attended

Number of lecture ~ Number/ frequency of 1™ Assessment Scores (Essay Median
sessions attended students Assignment) of students (%)
0 lecture 3 0;0;0 0
1 lecture 2 0; 20 14
2 lectures 1 48 48
3 lectures 2 0; 65 32.5
4 lectures 3 50; 60; 0 50
5 lectures 4 50; 60; 50; 0 50
6 lectures 13 40; 50; 55; 60; 60; 60; 50; 60; 40; 50
40; 50; 45; 60
7 lectures 5 45; 55; 35; 60; 45 45
8 lectures 9 70; 60; 60; 50; 45; 40; 60; 60; 55 60
9 lectures 13 50; 60; 40; 70; 48; 70; 65; 65; 65; 60
45; 38; 38; 65
10 lectures 16 60; 70; 50; 55; 55; 45; 55; 70; 55; 55

55; 50; 60; 65; 50; 70; 0

Mean achievement are not computed for number of lectures attended because 7 students did not submit
the essay so were given an essay score of 0%
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Table 3b: Students’ Achievement and Number of Tutorials Attended

Number of Number/ frequency of 1™ Assessment Scores (Essay Median
tutorials attended students Assignment) of students (%)

0 tutorial 12 0; 0; 48; 0; 0; 38; 65; 0; 0; 40; 45; 10
20

1 tutorial 23 50; 40; 40; 45; 50; 50; 55; 45; 60; 45
60; 35; 60; 60; 55; 45; 45; 50; 40;
40; 60; 45;0; 0

2 tutorials 10 60; 60; 65; 65; 38; 50; 60; 50; 60; 60
65

3 tutorials 13 70; 48; 70; 55; 60; 60; 55; 55; 55; 55
50; 55; 60; 70

4 tutorials 7 60; 50; 55; 70; 50; 70; 50 55

5 tutorials 6 50; 60; 70; 65; 65; 65 55

Mean achievement are not computed for number of tutorials attended because 7 students did not submit
the essay so were given an essay score of 0%

On average and in general the students’ achievement with respect to their attendances to
lectures (table 3a) and tutorials (table 3b) show a better performance or achievement for more
attendances to lectures/ tutorials in comparison to lesser attendances to lectures/ tutorials. For example
there were better performances for students who attended a total of 3-5tutorials in comparison to the
students who attended a total of 2tutorials or less. Specifically all the students who attended a total of 3-
Stutorials achieved a pass (40% and above).

The findings show that several students (8) achieved 0% in the essay assessment. However, 7
out of the 8 students who achieved 0% failed to submit the essay assessment so were given a 0% score.
Therefore, as can be seen on tables 3a and 3b, the Mean achievements are not computed for lecture and
tutorial-attendance categories as doing so may not provide genuine mean values. Consequently, the
median values are computed for each lecture and tutorial attendance category. On average, higher-
attendance categories show higher median values in comparison to lower-attendance categories with
respect to the lectures and tutorials. Example, the results show higher median values for total lecture-
attendances of 8, 9, 10 in comparison to total lecture-attendances of 1, 2, 3. It is not surprising that the
eight students who achieved 0% (either rightfully or as a result of non-submission) had corresponding
low tutorial attendances (six had zero attendance while two attended only 1 tutorial). The one student
who rightfully achieved 0% in the essay attended 1 lecture and no (zero) tutorial. In addition, all three
students who did not attend any lecture (zero lecture-attendance) failed to submit the essay (and were
given a zero score).

Further analyses carried out on students’ achievement in an attempt to compare students’
achievement with their attendances to lectures and tutorials show that in general, students with higher
essay scores had corresponding high tutorial-attendances (table 4). Similarly, students with significantly
low achievement (40% or less) had records of very low tutorial-attendances (0,1 or 2) notwithstanding
that some of these students had significantly high lecture-attendances. Example, the two students with
an essay score of 38% attended 0 and 2 tutorial but attended a total of 9 lectures each; 22 out of the 23
students with achievement of 45% and below attended a total of 0 or 1 tutorial, while the remaining one
student attended only 2 tutorials. Conversely, with respect to students’ attendance to lectures, one
student with high achievement (65%) attended only 3 lectures. Similarly, three students with very low
achievement (below 40%) attended a total of 7-9 lectures. However, it is important to note that the
students’ performance or achievement in the essay assessment cannot be solely attributed to the number
of tutorials or lectures attended.
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Table 4: Comparison between Students’ Attendances to Lectures and Tutorials

Essay Scores

Number of students

Number of lectures attended

Number of tutorials attended

0% 8 0 0
0 0

4 0

3 0

1 0

0 0

10 1

5 1

20% 1 1 0
35% 1 7 1
38% 2 9 0
9 2

40% 5 9 1
6 1

6 1

6 0

8 1

45% 6 7 1
10 1

9 1

8 1

6 0

7 1

48% 2 9 3
2 0

50% 11 9 5
4 1

10 4

5 1

6 1

8 4

5 1

6 2

10 4

6 2

10 3

55% 8 10 4
10 3

6 1

7 3

10 3

10 1

10 3

8 3

60% 15 10 4
9 5
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Data in Table 4 is based on Essay Assessment when students should have attended a total of 10 lectures
and 5 tutorials

4.4 Measure of Significance

In view of the above analyses and findings on the students’ achievement and number of lectures
& tutorials attended, a measurement of significance was carried out to identify whether there is an
association between lecture attendance, tutorial attendance and student achievement using chi-square
statistic. Chi-square is a statistical procedure used to measure whether a relationship or association
exists between two or more categorical variables. Therefore, chi-square is employed to evaluate the
hypothesis of an association between students’ achievement and their attendance to lectures and
tutorials. The chi-square analysis is carried out on the students’ achievement in the report assessment
and final grade in the module (exam). The total number of lectures and tutorials delivered at the time of
submission of report assignment and exam assessment were 15 and 9 respectively.

5 students failed to submit their report assignment and also had a ‘no-show’ for the exams (and
thus were given a zero score on both the report and exams). In view of this, the 5 students are not
considered in the measure of significance analysis, resulting in a total of 66 students considered usable
for the analysis. Prior to the chi-square analysis, a 4 x 4 matrix (table 5) was produced to determine the
student achievement on the report & exam assessments based on two categories (‘below 50%’ and ‘50%
&above’) in association with the lecture and tutorial attendances based on two categories (*high’ and
‘low’ attendances). Thus, for the purpose of this study, ‘low’ attendance includes attendances of
0,1,2,3,45,6 & 7 lectures, and 0,1,2,3, & 4 tutorials, while *high’ attendance includes attendances of
8,9,10,11,12,13,14 & 15 lectures, and 5,6,7,8 & 9 tutorials.
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Table 5: Cross Tabulation between Student Achievement and Lecture & Tutorial Attendances

Lecture and Tutorial Attendance

Low High Low High Total
attendance attendance attendance attendance
(lecture) (lecture) (tutorial) (tutorial)
Below 50% 9 16 20 5 50
£  achievement (Report
g Assessment)
% 50% & Above 9 32 22 19 82
kS achievement (Report
< Assessment)
= Below 50% 11 14 21 4 50
B achievement (Exam)
n 50% & Above 8 33 21 20 82
achievement (Exam)
Total 37 95 84 48 264

The data in table 5 indicate that on average students with “high’ attendance for both lecture and
tutorial had more of an achievement of ‘50% & above’ in both report assessment and exams. Similarly,
students with ‘low’ attendance for lecture had more of an achievement of ‘below 50%’ in the exams.
For instance, with respect to the report assessment, out of the 48 students with “‘high’ lecture attendance,
32 had ‘50% & above’ achievement. Similarly, out of the 24 students with *high’ tutorial attendance, 19
achieved ‘50% & above’ in the report assessment. With respect to exams, out of the 47 students who
attended 8 or more lectures, 33 had an achievement of ‘50% & above’. Similarly, out of the 24 students
who attended 5 or more tutorials, 20 had an achievement of ‘50% & above’ in exams.

On the other hand and still with respect to exams, out of the 19 students who attended less than
8 lectures, 11 had ‘below 50%’ achievement.

The chi-square results (table 6) show that there is a significant association between student
achievement and attendance to academic writing sessions (lectures and tutorials), indicated by chi-
square, y°, value of 18.042 (N=264, df =9, p=0.035)

Table 6: Chi-square Analysis of Students’ Achievement and Attendances to Lectures & Tutorials

Value df Asymp. Sig. (2-sided)
Pearson Chi-Square 18.042° 9 .035
Linear-by-Linear Association .687 1 407
N of Valid Cases 264

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 7.01.

5. Future Directions

In general, the outcomes of the case show significant association between students’ attendance
to the writing sessions and their performance (percentage-grades achieved). In addition, the outcomes
from the study show better student performance for more tutorial attendance. Nevertheless, the findings
show a progressive significant decrease in students’ attendance to the tutorials. Thus, in order to
improve tutorial attendance, more attempts can be made from lecturers encouraging mathematics
students to discuss mathematical expressions and equations in writing. Adu-Gyamfi, Bosse, and
Faulconer (2010) argue that students need to be very competent in connecting mathematical
representations (numeric, symbolic, graphical, and verbal) to ensure effective mathematical writers.
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This suggests the need for the activities used in the academic writing sessions for STEM
students to be designed to encourage students into incorporating the features of academic writing in
their mathematical expressions (Appendix 1). In doing this, it is necessary to ensure that activities used
during the tutorials are subject-specific so as to enable student engagement. An evaluation of some of
the activities that were used during the tutorials (for the above case) show the activities as being very
generic, thus making the students (particularly STEM students) wonder about the purpose of attending
the tutorials. For instance, if running a tutorial session on ‘revision and exams’ for mathematics students
it is recommended that the activities incorporate the pattern of questions that this category of students
are assessed on and not generic activities designed for a wide range of students.

Furthermore, the intention of the above case is to re-highlight the need for mathematics tutors to
measure STEM students’ response and attendance to writing sessions. This can be done by encouraging
the students to embrace writing as being an integral entity of the mathematics curriculum. Therefore, it
becomes essential that embedding the writing module into core modules for STEM students be also
focussed on assessing the students’ writing ability all through their study at university. For instance,
mathematics students need to be shown and encouraged on how excellent writing skills contribute to
their other modules in subsequent years (example link between the CSAW module in the first-year and
their dissertation project in the final-year) and to employability.
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Appendix 1: Activities in writing sessions for STEM students

Question: How can a student ensure adequate expression (academic writing and mathematical formulae)
in exams?

‘In a Statistics Exams, the student was asked to “discuss the relationship between sample mean
and standard deviation using relevant examples or illustrations”; which of the following two answers is
the better one and why?’

[15 marks]

Student A

The mean, is a measure of central tendency while standard deviation is a measure of variability. This
is to say that the mean is the measure of the average value of a sample. Statistically, it is represented
as:

While standard deviation is represented as:

oy (%)
XS

N-1

For example, assuming, five students scored 20%, 50%, 60%, 40% and 80% in a maths test, using the
above equations:

The mean is:
- 20+50+60+40+80
X -
5
=50

The standard deviation is computed as:

S _ \/(202 +50%+60°+40%°+80%) — (20 + 50+ 60+ 40 + 80)*/5
5-1
=22.36
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Student B
In statistics, a sample population refers to a defined collection of objects, which is being observed or measured. For instance, in a given study,
sample may refer to all the Maths students that are enrolled in the Statistics module. In order to measure a given sample, a number of

parameters such as mean and standard deviation are required. The mean, known as a measure of central tendency, is the measure of the average
value of the sample. Statistically, it is represented as:

X Xy X

Where 7y isthe mean, x; represent the data sets, and n is the number of data sets.

Though the mean gives a measure of the centre of a data set or distribution, it does not give information about the extent of spread of the centre
or information about the shape of the distribution. In view of this, standard deviation, known as a measure of variability, is the measure of
dispersion in terms of how far values lie from the mean. Statistically, standard deviation is represented as:

2y (X’
-5

N-1

@

Where S is the standard deviation, x represents the data sets and N represent the number of data sets.
For example, assuming five students scored 20%, 50%, 60%, 40% and 80% in a maths test, using eqns 1 and 2 above:

The mean score for the above data set (20%, 50%, 60%, 40% and 80% ) where n =5, is:
n

X% =

n
20+50+60+40+80 250

5 5
=50
Therefore the mean score for the maths test is 50%

In order to verify how the students’ scores varied for the test, the standard deviation is computed:

ORI
D (x ) -

N-1

\/(202 +50%+602+40%+80%) — (20 + 50 + 60 + 40 + 80)?/5
5-1
\/(400 12500+ 3600 + 1600 + 6400) — (250)2/5 _ [@4500) - (62500) /5
4 4

\/ (14500) — (12500) i [2000
4 4

= /500
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