Evans

Essential Topics for Secondary Mathematics Success:
What Mathematics Teachers Think

Melinda Evans
Monash University
<melinda.evans@monash.edu>

In this preliminary study, to inform a larger study where Year 8 students create an online
module for peers, I surveyed mathematics teachers (n = 30) on essential mathematics
topics: (a) most critical for students’ success, (b) most conceptually challenging for
students, and (c¢) in which more fluency is needed, as well as (d) their likelihood of
considering an online course as an intervention. Fractions concepts, times tables, and
equation solving were most critical for success; students need more understanding of
fractions concepts, and more fluency in both fractions concepts and times tables. Online
course use addressed teachers’ concerns for students in essential mathematics topics.

In this paper, I outline a preliminary questionnaire-based study conducted on what
topics mathematics teachers rate as most important and needed for students to succeed in
their study of mathematics at secondary school. The results are needed to help inform the
focus topic for a larger design-based intervention study in which Year 8§ students create an
online or e-learning module for peers. In this novel approach, Year 8 students change roles
from content consumers to content creators. Learning outcomes and engagement levels
will be tracked during the creation process. Also, if mathematics teachers are concerned
about their students’ understanding or fluency in essential mathematics topics, the
questionnaire asked the likelihood of teachers considering an online course or module, as I
aim to produce in the major study, to address those concerns.

Background

Disengagement from mathematics by lower secondary students is widespread in
Western nations (e.g., Middleton, 2013). In Australia, Martin, Anderson, Bobis, Way, and
Vellar (2012) found that disengagement from mathematics in middle years students (Years
6 to 8; n = 1,601) was correlated with the following student and classroom factors: low
mathematics self-efficacy, low valuing of mathematics, reduced enjoyment and perceived
classroom enjoyment, mathematics anxiety, and perceived classroom disengagement.
Balfanz, Herzog, and Mac Iver (2007) noted that course failure in US lower secondary
schools “dramatically dampens a young adolescent’s perceived control and engagement”
(p. 224). Furthermore, systemic secondary school practices in mathematics education may
not be meeting the following young adolescents’ needs that were mostly better met in
primary school: a degree of autonomy, social interaction and relatedness, a close
relationship with their teachers, small group work, challenging activities that require higher
order thinking (Eccles et al., 1993), and the motivation of a hard, specific group goal
(Locke & Latham, 2006). Giving students fresh opportunities to succeed while attention is
drawn away from the individual performance and towards a challenging, relevant goal
could assist students with concentrating on learning mathematics and not on any previous
negative experiences with the subject. To this end, a novel approach has been devised such
that a class of Year 8 students works together to produce an e-learning module for peers.

However, the topic on which the inaugural study is created needs to be selected
carefully. Ideally, to enhance the project’s relevance, value, and wider appeal, the topic
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needs to be one in which other more complex topics depend and is demonstrably essential
and therefore valuable to school mathematics, further education, civic life, and the
workplace. Enough students need to have some degree of difficulty with the topic such that
the finished product, an e-learning module for local peer use, will be seen as a potentially
worthwhile and challenging project to work on and a meaningful resource for end-users. In
order to willingly commit to the research project, mathematics teachers also need to be
able to appraise the topic as worthy of expending effort, time, and resources.

Previous research supports that intervention on the topic of fractions is needed as it is
often poorly understood across a broad spectrum of learners: primary school students
(Daraganova & Ainley, 2012; Zhang, Clements, & Ellerton, 2015), middle years (Years 5
to 8) students (Clarke & Roche, 2009; Stafylidou & Vosniadou, 2004), more senior high
school students (Brown & Quinn, 2006; Kloosterman, 2010), and the general public (Basic
Skills Agency, 1997; Reyna & Brainerd, 2008). The Longitudinal Study of Australian
Children, Annual Statistical Report 2011 (Daraganova & Ainley, 2012) included primary
school teachers’ ratings (n = 3,533) of children’s numeracy skills (aged 8 to 9 years) and
found that a quarter of children had either not yet (7%) or were just beginning (16%) to
form an age-appropriate concept of fractions compared to, for example, half that amount
either not yet (3%) or just beginning (9%) to form an age-appropriate concept of place
value. In an open questionnaire asking Australian middle years students themselves (Years
5 to 8; n = 3562) about their single most important aspiration in mathematics, increased
understanding of fractions, decimals, and percentages was the highest response (Wilkie,
2016). However, missing from the literature and to better support the most needed topic in
mathematics for middle years students is the standpoint of the mathematics teachers, which
this preliminary study aims to help address.

There are other essential mathematics topics that are apposite contenders on which to
base a novel intervention study in Year 8 mathematics. Referring to Martin et al. (2012),
students need to see the value or relevance of mathematics in order to best engage in the
subject. The following essential number and algebra topics are in the Australian
Curriculum (AC; Australian Curriculum, Assessment and Reporting Authority, 2016),
thereby are relevant to school-based education, and are mentioned in or inferred from the
Programme for the International Assessment of Adult Competencies, Australia (Australian
Bureau of Statistics, 2013), thereby are relevant to civic and workplace needs: mental
computation; multiplication facts (or times tables); estimating; negative numbers; place
value of decimals; computing with decimals; percentage of a quantity; percentage change;
converting between decimals, fractions, and percentages; repeating patterns; growing
patterns; order of operations; and solving equations. Also, the topic of fractions is quite
broad and could be split into fractions concepts and computing with fractions.

While it is generally agreed that fluency in multiplication facts is an essential aim of
primary education (e.g., Wong & Evans, 2007), it is not clear what importance secondary
mathematics teachers hold the automaticity and flexible use of multiplication or times
tables facts, and which particular group of facts is important for students to learn or needs
extra attention. A recent search in the U.S. database, Educational Resources Information
Center (ERIC), of peer-reviewed publications using the Boolean term “and” with the ERIC
subjects “multiplication”, “computation”, and “mathematics instruction” revealed 77
articles, but none of these were research studies or discussion on which multiplication facts
students need to be fluent in to recognize factors, support derived strategies, appreciate
patterns (like the repeated digit pattern: 11, 22, 33..., of the 11 times table), or calculate
commonly encountered multiple quantities quickly, like the number of months in multiple



years. Researched support for the benefits of fluently learning multiplication facts only up
to 10 x 10, as currently required in the AC, versus learning up to the 12 times tables of
yesteryear was not found. An aim of this study is to survey what multiplication facts
mathematics teachers deem as necessary for students to fluently learn.

A further aim of this preliminary study is to gauge the likelihood of mathematics
teachers using an online or e-learning course — in the form of set of lessons/modules
inclusive of competency-based assessment — to address students’ deficits in understanding
that prevent progress and success. In previous decades, this question would be invalid
because the most consistent reason for mathematics teachers not using technology in their
classrooms was lack of adequate access to computers (Forgasz, 2006; Zammit, 1992).
Now, however, the computer to student ratio in Victorian government schools is nearly
one-to-one (1:1.46) in primary schools and better than one-to-one (1:0.94) in secondary
schools (Department of Education and Training, 2016). It appears likely that students
would engage with a digital resource. Young Australians are avid users of technology, with
99% of 15- to 17-year-olds in 2014-2015 having access to the internet and an average of 18
hours per week use (Australian Bureau of Statistics, 2016). In Adelaide, Paris (2004) found
that secondary students usually preferred online supplements to their classroom learning
compared to pen and paper-based tasks.

Online courses have multiple advantages for users. They allow for immediate feedback
(Butler, Pyzdrowski, Goodykoontz, & Walker, 2008) and easy, global, and rapid
connection to other resources (e.g., the digital learning objects repository, Scootle, by
Education Services Australia, 2017). Online resources offer asynchronous (anytime) use,
mobility, anonymity, and they can be text-based, use multimedia, or be multimodal
(Haythornthwaite & Andrews, 2011) and be potentially accessed by unlimited numbers of
students. Pertinent to the main study here, digitally composed courses are highly editable
and can be quickly and relatively cheaply published either locally or globally.

Use of online courses in U.S. public high schools is widespread, especially for the
purposes of regaining credit for failed courses and completing core requirements in the
main academic subjects (Clements, Stafford, Pazzaglia, & Jacobs, 2015). In Sydney region
secondary schools, Neyland (2011) found a range of attitudes to online courses by
computer coordinators, from aversion to sheer dedication. While there is some research on
Australian mathematics teachers’ beliefs affecting their choices to use technology in
general (e.g., Hennessy, Ruthven, & Brindley, 2005; Pierce & Ball, 2009), there is little on
their willingness to use online or e-learning courses or modules as interventions where
students need extra help in essential topics to progress and succeed in their studies.

There are five research questions for this study:

*  Which topics do mathematics teachers rate as critical for success in secondary
mathematics?

* In which topics do students need more conceptual understanding?

* In which topics do students need more fluency?

*  What multiplication facts do students need to learn?

* What is the likelihood of mathematics teachers offering an online course to
their students to increase their understanding of mathematics topics required for
success in secondary mathematics?



Method and Data Analysis

A questionnaire was conducted at the 2015 annual Mathematics Association of
Victoria conference in Melbourne. Teachers of mathematics were approached and asked to
complete a brief questionnaire about the most important topics required for secondary
students’ success in mathematics. The survey was anonymous, but respondents were asked
to indicate the year levels in mathematics they had taught in the last five years. Space was
provided for participants to record any further thoughts. Respondents were approached at
morning tea break. Teachers were asked to tick the top three mathematics topics in three
columns:

1. Topics critical for mathematics success in secondary mathematics

2. Topics in which students need more conceptual understanding

3. Topics in which students need more fluency

The following topics, each with sub-topics in italics, were included as choices: mental
computation (including using known facts flexibly, time tables - with a grid to select any or
all from 2 to 12, and estimating), negative numbers (computing with negative numbers),
fractions (including two subtopics of understanding all fractions concepts and computing
with fractions), decimals (including place value of decimals; and computing with
decimals), percentage (including percentage of a quantity, percentage change, and
converting between decimals, fractions, and percentages), algebra (including repeating
patterns, growing patterns, BODMAS [i.e., order of operations — brackets, orders, division,
multiplication, addition, and subtraction], and solving equations), and other.

Despite asking participants to tick the top three topics in each column, some ticked
more and some less. Three respondents selected more than three topics per column. In
these cases, so that no one participant’s scores dominated the results, the total score of
three was divided evenly across each of that respondent’s responses for that column. For
example, one participant ticked six subtopics (Only the top three were requested per
column), and as such each selected subtopic was assigned 3/6 = 0.5 points. One respondent
selected fewer than three subtopics for one column and his or her score was not altered.

A further section asked respondents the following question to rate with yes, no, or
maybe: If an online course or module was available to help address the above concerns you
have for your students, would you be most likely to consider: using it in your classroom,
setting it as homework, or mentioning it as a resource that students can follow up in their
own time?

Indicating a concern with the questionnaire, the two subtopics, mental computation and
times tables, were quite often ticked ambiguously for the first column, which prompted for
the topics critical for secondary mathematics success (6 out of 22 respondents who selected
these two topics did not respond clearly, for example, ticking mental computation, but not
times tables, then selecting “all” for times tables) and in those cases, each of these two sub-
topics was assigned a score of 0.5. This was not an issue for the conceptual understanding
and fluency prompting columns that were marked unambiguously for both times tables and
mental computation. Reported tallied scores which included averaged data were rounded to
the nearest whole number to better reflect the precision of that data.

Results

Thirty completed surveys were collected. All teachers surveyed had taught either upper
primary mathematics (Years 5 and 6) or secondary mathematics (Years 7 to 12), with the
greatest majority teaching from Year 9 through to senior secondary (Years 11 and 12)



mathematics. One secondary teacher had retired more than five years prior to the survey
whereas all others had been teaching in the last five years. No respondents had taught
mathematics at preschool or at a technical and further education (TAFE) college. One
respondent had written “VCE equivalent” for year level of mathematics taught and his or
her data were included under “General mathematics”.

The mathematics levels taught by number of respondents in the last five years were as
follows: Early years to Year 4 (2), Years 5 and 6 (3), Year 7 (9), Year 8 (11), Year 9 (15),
Year 10 (18), Foundation or Essential mathematics (4), Further mathematics (16), General
mathematics (16), Mathematics methods (17), Specialist mathematics (7), university-level
mathematics (7), Technical and Further Education (TAFE) mathematics (0), and online (1).

In answer to the prompt, “I think the following three maths topics... are critical for
success in secondary maths: (Tick your top 3)”, the highest-scoring topics understanding
all fractions concepts (14/30), times tables (13/30), and solving equations (13/30). The
clear choice in which the 30 surveyed teachers thought students need more conceptual
understanding was fractions concepts. It was selected 16 times as one of the top three.
Other choices selected with about half the frequency of the top choice were computing
with negative numbers, place value of decimals, growing patterns, and solving equations.
The mathematics topic choices for which the 29 surveyed teachers (One respondent did not
complete this section) thought students need more fluency were fractions concepts (chosen
13 times) and times tables (chosen 11 times). Computing with fractions and solving
equations were the next most frequent choices, as depicted in Figure 1.
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Figure 1. Mathematics teachers’ appraisals (n = 30) of essential mathematics topics
most critical for success, and in which there are student deficits in conceptual understanding or fluency.



Where times tables were selected across all three categories — more fluency needed,
more conceptual understanding needed, or critical for student success — the majority of
selections for times tables was “all” (24 out of 33 total selections), meaning here the
multiplication factors from 2 to 12. However, in about one-fifth of instances, the selection
of which particular times tables required was simply omitted, and one respondent selected
factors from 2 to 10 and another indicated that only the seven and eight times tables
required further improvements in fluency for students.

Most respondents selected that they would consider using an online course in their
classroom to support students with difficulties that they had identified in essential
mathematics (18 selected yes, 4 selected no, and 5 selected maybe). Most respondents
would also consider setting an online course for homework (yes: 16, no: 4, and maybe: 4)
and as a resource for students to pursue in their own time (yes: 16, no: 2, and maybe: 3).

Discussion and Conclusion

The questionnaire results successfully confirmed that fractions concepts are the best
choice for the focus intervention topic for the larger study involving the co-creation of an
online module by Year 8 students for peers. Fractions concepts were selected as the most
frequent choice by secondary and middle years mathematics teachers across all three
categories — critical for success in secondary mathematics, more conceptual understanding
is required, and more fluency is required. The findings support earlier research (Basic
Skills Agency, 1997; Brown & Quinn, 2006; Clarke & Roche, 2009; Kloosterman, 2010;
Reyna & Brainerd, 2008; Stafylidou & Vosniadou, 2004; Zhang et al., 2015) that showed
that fractions concepts are poorly understood by many students and the general public.
Furthermore, the middle years and secondary mathematics teachers’ perspectives found
here align with that of primary teachers’ appraisals (Daraganova & Ainley, 2012) and that
of middle years students themselves (Wilkie, 2016) that fractions concepts are often the
most problematic for students.

Despite the small number of participants (» = 30), the non-random participant
selection, and the questionnaire layout initially prompting ambiguity in the responses
between times tables and using known facts flexibly (mental computation), there is, albeit
qualified, support for students increasing their fluency in times tables in general and
learning multiplication facts with factors up to 12. Most (73%) selections for times tables
were “all”, meaning here the multiplication factors from 2 to 12. However, the
questionnaire did not include the multiplication facts for zero and one, and did not allow
for easy, explicit choice between students knowing just up to the single-digit factors (zero
through nine), from 0 to 10, the products up to 100 (e.g.,0x99=0,3x3=9,5x 15=75,
48 x 2 = 96), a concentration on prime number factors and deriving the rest, or any other
possibility or combination. Nonetheless, especially in the dearth of information and
research on this topic in the literature, it warrants further exploration as to what secondary
mathematics teachers regard as the most important multiplication facts for students to be
taught, learn, understand, practice, recall, and be able to fluently use, and why.

There was strong support for considering the use of an online course to address
concerns that respondents had for their students in essential mathematics topics. This
augurs well for finding support from mathematics teachers for the creation or use of an
online course in their classrooms and ties in with Paris’ (2004) finding that the students
themselves prefer web-based rather than pen and paper-based supplements. However, there
is only scant research on the use of online or e-learning courses as interventions in
Australian high schools. This raises the following questions: What online intervention



courses are being used? What criteria do teachers use when selecting an online course for
students? For what topics do teachers seek online courses for their students?

If further research with a wider participant base replicates the findings here, that both
fractions concepts and multiplication fact fluency are not only vital for secondary
mathematics success but also merit remedial intervention, then perhaps a broader-level
intervention for improving fraction fluency and conceptual knowledge and multiplication
fact fluency in lower secondary school, or earlier, is warranted. Online interventions have
the advantage of inexpensively and quickly being made available to unlimited numbers of
recipients as long as a central repository or other means for dissemination for such
resources is available. Alternatively, the students themselves could, with assistance, create
local resources that they need to succeed in their mathematics education to share with
peers, and in the process, improve in their engagement with the subject.
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