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ABSTRACT

This study explores the notion of deep learning as constructed in the discourses of practicing
mathematics teachers. Analyses of data from written texts show that the teachers tend to
conceptualise deep learning in terms of two broad categories: students’ deep learning and the
work of teaching for deep learning. In both categories, students’ previous knowledge or
background knowledge, students’ thinking and their understanding, interdisciplinarity and
relations to daily life are emphasised. Related to the work of mathematics teaching for deep
learning, variation in mediating tools, variation in approaches to teaching, the learning objective
for a lesson and the importance of applying knowledge are emphasised. Possible implications
from these findings are discussed.
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INTRODUCTION

The question of what constitutes deep learning in teaching has recently been paid considerable attention
to in educational research (e.g. Rillero, 2016). This has also been the case in Norway, in which national steering
documents have emphasised the close connection between competence and deep learning. In a recent steering
document, the concept of deep learning is explained in the following way:

Deep learning means that students gradually develop their understanding of concepts, systems of
concepts, methods and connections within a subject area. It also deals with understanding
topics/themes and approaching problems across subject areas or areas of knowledge. Deep learning
implies that students use their ability to analyse, to solve problems and reflect about own learning in
order to construct an understanding to their own lives (NOU 2015:8, p. 14, our translation).

Rillero (2016) has found that research confirms that deep learning and surface learning represent two
completely different styles of learning. Deep learners are more likely to think and discuss by seeking to
understand concepts and to apply the concepts “to real life situations, or question conclusions”, while surface
learning is “marked by memorization, rote learning, and unquestioning acceptance of information” (Rillero,
2016, p. 16). This researcher claims that most of the research on deep learning versus surface learning has
been conducted in higher education. The aim of this study is thus, to investigate elementary school
mathematics teachers’ views about deep learning. There are many ways to denote the way teachers talk or
write about deep learning. The approach chosen for this article is to study mathematics teachers’ views about
deep learning through analysis of their written texts. These texts are seen as parts of their discourses on deep
learning. In the present study, we analyse the texts with a focus on how teachers construct the notion of deep
learning in their written discourses. Our approach to analyse data draws upon the study by Hemmi and Ryve
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(2015). Where these researchers focused on teacher educators, we focus on practicing teachers and where they
study how Finnish and Swedish teacher educators conceptualise effective mathematics teaching, we study
how Norwegian mathematics teachers conceptualise deep learning. We address the following research
questions: What aspects of deep learning constitute a group of Norwegian mathematics teachers’ written
discourses? What challenges and what “success stories” related to teaching promoting deep learning do the
teachers’ written discourses reveal? To answer these questions, we analyse texts written by teachers before a
collaborative research and development project started (see methodology section for details about the project).
To our knowledge, few studies have examined (Norwegian) teachers’ construction of deep learning from
studying their written discourses.

DEEP LEARNING IN THE EXISTING LITERATURE

Research into deep learning can be traced back to the mid 1970s in Sweden when Ference Marton and
colleagues investigated Swedish university students who were asked to read academic articles within
suggested time limit followed by being asked specific questions about substantial passages from the articles
(Marton, 1975; Marton & Siljo, 1976). Findings from recorded conversations with the university students
revealed two qualitative differences in the learning outcome. Some students tried to understand the
substantial passages of prose from the articles by grasping and comprehending what they were reading, and
they tried to relate the content to previous knowledge. Another completely different style of learning could be
identified when university students tried to memorise particular aspects in the articles. Marton and Saljo
(1976, p. 14, italics in original) have described these qualitative differences in the levels of learning “in terms
of whether the learner is engaged in surface-level or deep-level processing.” A surface approach to learning
thus involves minimum engagement with e.g. a task, typically with a focus on memorisation or applying
procedures that do not involve reflection or understanding. In contrast, a deep approach to learning involves
e.g. a focus on relationships between various aspects of the content, with an intention to understand and
impose meaning.

From these beginning texts about deep learning, the development of the new science of learning has been
introduced to a broad audience by e.g. handbooks, providing an in depth overview over deep learning versus
surface learning and how to use deep learning to design effective learning environments in classrooms across
subject areas. In the handbook, “How People Learn” (Bransford, Brown, & Cocking, 2000/2004, p. 8), the
authors state that one of the hallmarks of what they call “the new science of learning” is the emphasis on
learning with understanding used parallel to deep learning. Still, students must have a deep foundation in
factual knowledge since knowing facts are important to memorise for thinking and problem solving, but new
knowledge must be constructed from pre-existing knowledge and learners must be encouraged to be active
and take control of their own learning (Bransford et al., 2000/2004). These authors challenge the view that
memorisation equals surface learning, and they suggest that deep learning of subject matter helps learners to
draw on factual information and transform it to usable knowledge in a problem-solving context by generating
arguments and explanations and drawing analogies to other problems.

In mathematics education, the discussion on procedural understanding and conceptual understanding has
deep roots (e.g. Hiebert & Lefevre, 1986; Star, 2005), and for many decades terms such as ‘rote learning’ and
‘real understanding’ have coloured the debate on learning (Schoenfeld, 2007). In this context, ‘rote learning’ is
often used parallel to the memorising of facts or procedures thus to surface learning. ‘Rote learning’ is also
used parallel to terms such as procedural knowledge or procedural understanding (Hiebert & Carpenter, 1992;
Hiebert & Lefevre, 1986), and to instrumental understanding (cf. Skemp, 1976). ‘Real understanding’ is often
used parallel to deep learning and terms such as relational understanding (Skemp, 1976) and conceptual
understanding (Hiebert & Carpenter, 1992; Hiebert & Lefevre, 1986). However, more elaborated distinctions
exist (e.g. de Jong & Ferguson-Hessler, 1996). These researchers claim that a person’s knowledge base is made
out of different types of knowledge such as conceptual and procedural knowledge and that this knowledge base
can be characterised by qualities such as deep or surface levels of knowledge. A focus on deep learning will
according to de Jong and Ferguson-Hessler (1996), be on qualities of teachers’ knowledge.

Equal to Bransford et al. (2000/2004) and de Jong and Ferguson-Hessler (1996) in the general education
context, the dichotomy between ‘rote learning’ and ‘real understanding’ (Schoenfeld, 2007) is also challenged
in the context of mathematics education. One example is Leung (2001) who distinguishes the dichotomy rote
learning versus deep learning by saying that classifying memorisation “as rote learning without
understanding is too simplistic a view” (Leung, 2001, p. 41). Memorisation and understanding are seen as
working together to produce higher quality outcomes (cf. Marton, Dall’Alba, & Tse, 1996). The connection
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between memorisation and understanding relates to meaningful repetition (Dahlin & Watkins, 2000), which
can lead to memorisation as well as understanding (Li, 1999). Procedural understanding is thus, not parallel
to surface learning because procedural learning can be with understanding (i.e. relational, cf. Skemp, 1976).
This is also visible when Star (2005) reconceptualises procedural understanding. With reference to de Jong
and Ferguson-Hessler (1996), Star (2005) relates the concepts deep and superficial knowledge to procedural
as well as to conceptual understanding.

Byrne, Flood and Willis (2004) also challenge the dichotomy deep learning and surface learning, but from
a somewhat different perspective than as an example Star (2005). In their factor analysis on data gathered
from a sample of students in the USA and Ireland, they found that the resulting factor patterns clearly
identified deep and surface approaches to learning as well as a third factor: strategic learning which will
however, not be the focus of attention in this article.

Even if the dichotomy deep learning and surface learning is challenged and developing conceptual
understanding and procedural fluency is seen as an iterative process (Rittle-Johnson, Siegler, & Alibali, 2001),
the discussion in the field of mathematics education is ongoing (see e.g. Fan & Bokhove, 2014; Rittle-Johnson
& Stiegler, 1998). Deep learning and surface learning as extremes are however, often used in the literature to
point at specific issues (see Table 1). Building on the handbook, “How People Learn” (Bransford et al.,
2000/2004), a second handbook (“The Cambridge Handbook of the Learning Sciences”, Sawyer, 2014) has
summarised important characterisations of deep learning versus surface learning presented as the extremes
visible in Table 1.

Table 1. Learning knowledge deeply versus surface learning (adapted from Sawyer, 2014, p. 4)
Deep learning Surface learning
Deep learning requires that students* relate new ideas  Students treat course material as unrelated to

and concepts to previous knowledge and experience.

what they already know.

Deep learning requires that students integrate their
knowledge into interrelated conceptual systems.

Students treat course material as disconnected
bits of knowledge.

Students memorize facts and carry out procedures
without understanding how or why.

Students have difficulty making sense of new
ideas that are different from what they
encountered in the textbook.

Deep learning requires that students understand the Students treat facts and procedures as static
process of dialogue through which knowledge is created, knowledge, handed down from an all-knowing
and they examine the logic of an argument critically. authority.

Deep learning requires that students reflect on their own Students memorize without reflecting on the
understanding and their own process of learning. purpose or on their own learning strategies.
*’learners” is used by Sawyer (2014)

Deep learning requires that students look for patterns
and underlying principles.

Deep learning requires that students evaluate new
ideas, and relate them to conclusions.

In the study presented in this article, the teachers were asked to describe their understanding of deep
learning versus surface learning in relation to a chosen theme (see methodology section). Based on this,
extremes such as those presented in the first and second column in Table 1, might be expected to be visible
in the mathematics teachers’ written discourses.

Teaching Promoting Students’ Deep Learning

From research on learning sciences, Sawyer (2014, p. 4) emphasises that one of the central underlying
themes is that “students learn deeper knowledge when they engage in activities that are similar to the
everyday activities of professionals who work in a discipline.” This relates to teaching that promotes deep
learning. The focus on teaching is also visible in the quote from the steering document presented in the
introduction: “Deep learning implies that students use their ability to analyse, to solve problem and reflect
about own learning in order to construct an understanding to their own lives” (NOU 2015:8, p. 14, our
translation). When studying how “new pedagogies find deep learning”, Fullan and Langworthy (2014)
highlight that forces converging to produce deep learning outcomes are as an example (new) learning based in
the real world of action and problem solving. They have from their research found that in the best teaching
examples, teachers and students are working together in order to engage students in the learning by relating
the learning to real-life problem solving. When engaging in deep learning, teachers and students partner with
each other in learning processes where “high expectations are mutually negotiated and achieved through
challenging deep learning tasks” (Fullan & Langworthy, 2014, p. i1). Higher levels of student achievement and
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the capacity to apply what one knows relate to what Fullan (2013) characterises as important Cs such as
communication, collaboration and critical thinking and problem solving. These are defined as follows:

Communication — communicate effectively orally, in writing and with a variety of digital tools;
listening skills,

Collaboration — work in teams, learn from and contribute to the learning of others, social networking
skills, empathy in working with diverse others,

Critical thinking and problem solving — think critically to design and manage projects, solve problems,
make effective decisions using a variety of digital tools and resources (Fullan, 2013, p. 9).

Teaching promoting deeper learning is also visible in early texts from mathematics education. One example
is Skemp (1976). When discussing the terms relational understanding and instrumental understanding in a
teaching context, he highlights advantages for teaching both approaches. Teaching for understanding
mathematics instrumentally is often easier because some topics can be difficult to explain relationally (e.g.
multiplying two negative numbers). It is also easier for students to get correct answers, suggesting that the
rewards are more immediate, and “one can often get the right answer more quickly and reliably by
instrumental thinking than relational” (Skemp, 1976, p. 158). In order for the students to understand
mathematics relationally, Skemp emphasises that teaching for relational understanding is more adaptable to
new situations for instance by relating a problem to another one. A second advantage is that formulas and
rules are easier to remember when they are considered as interrelated and parts of a connected whole. Skemp
(1976) also states that relational understanding can be a reward in itself without a need for external rewards.

As in the quote from the steering document presented in the introduction (NOU 2015:8, p. 14), problem
solving is often seen as the mean for reaching the goal deep learning (cf. the “challenging deep learning tasks”
put forward by Fullan and Langworthy (2014, p. i1)). In mathematics education, there is a long history of using
inquiry approaches and problem solving in classrooms, giving students opportunities to explore mathematical
problems (Bjuland & Jaworski, 2009). Based on extensive literature in the field, these authors claim that
inquiry-based problem solving is important in order to seek “for knowledge and understanding, both in
mathematics and in processes of learning and teaching mathematics” (Bjuland & Jaworski, 2009, p. 22).

In line with Bjuland and Jaworski (2009) and building on research on students’ deep learning, recent
research concludes that cognitive types of teacher knowledge matter in order for students to learn deeply:
Teachers’ knowledge of facts and procedures has a relatively smaller positive effect on students’ achievement
than teachers’ knowledge of concepts and connections (Tchoshanov, 2011). In addition to teacher knowledge,
teaching practices enhancing students’ deep learning of complex ideas and performances are crucial for the
work of teaching for deep learning. These practices are often referred to as ambitious (e.g. Lampert, Beasley,
Ghousseini, Kazemi, & Franke, 2010). How these practices are used in instructional dialogue is the centerpiece
of ambitious teaching practices and as a reason, ambitious teaching practices relate to Bransford et al.’s
(2000/2004) statement that lessons need to be learner centered, knowledge centered, assessment centered,
and community centered.

A recent study based on survey results from questionnaire items concerning mathematics and science
education shows that many of the respondents believe that deep learning is very important for preparing
students for future careers (Rillero, 2016). For the open-ended question about benefits of deep learning
reported by teachers (n=294), the most common response cluster was that students are “more effective
thinkers in a variety of contexts” (Rillero, 2016, p. 20). One specific teacher response illustrates this by the
following written discourse: “They develop thinking skills that go beyond looking answers up out of the book.
Those thinking skills can be transferred to all aspects of their lives” (p. 20). In the questionnaire, the teachers
were also asked to describe challenges of enacting deep learning. The most frequent category reported was
related to the issue of time, including student learning and teacher planning (n=96, 33%). The second most
frequent category reported was student attitude or behavior towards learning (n=67, 23%).

Based on this, it is important to investigate elementary school teachers’ views about deep learning, in
particular as a point of departure for a research and development project focusing on teaching providing
students with the opportunity to learn deeper (see methodology section). As can be seen, several concepts are
used in the literature in order to capture ‘deep learning’ as a process as well as a product. In this article, we
investigate how Norwegian elementary school teachers approach or define this concept from their written
discourses.
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METHODOLOGY

The study presented here is part of a larger research and development project entitled ‘Didactic knowledge
for teaching and learning in English, mathematics, and physical education.’” In this project, teacher
educators/researchers (n=13) and all teachers (n=40) and leaders (n=3) at an elementary school (grades 1 to
7, 6-12 years) work together in order to develop teaching inviting students to develop “deeper knowledge”
(Sawyer, 2014, p. 4). The project leaders had their first meeting in June 2017, and the first workshop including
all participants was held in September 2017. Before this first workshop, i.e. before any concepts were
discussed, all teachers were invited to provide written responses to the following:

e Choose one of the subjects mathematics, Norwegian, English, social sciences, natural sciences or
religion. Think of the theme your class is working on right now (e.g. multiplication of fractions in
mathematics or pronouns in English), and describe your understanding of deep learning versus surface
learning in relation to this theme.

e Describe what you succeed in when (planning/carrying out) teaching which promotes students’ deep
learning.

e Describe what you find challenging, if your teaching (planning/carrying out) should promote students’
deep learning.

The questions were given to the teachers electronically without further information. They were informed
that their texts were going to be analysed from a research perspective, and they could use as much time as
they wanted without any word limit.

In the part of the project presented here, 33 teachers participate (i.e. the teachers who provided written
responses). They teach first to seventh grade at the same school. The teachers’ teaching experience varies from
1 to 29 years. In this study however, the focus is not on differences in teaching experience and is therefore not
reported on here. The overall design and selected population makes it possible to draw conclusions in relation
to these teachers only and we cannot make any claims about the Norwegian teacher population in general.

For the purpose of this article, the written texts of the mathematics teachers (11 of 33 responses) were
analysed by using content analysis (Fauskanger & Mosvold, 2014; Hsieh & Shannon, 2005). Two researchers
(authors of this article) coded all the data material from these eleven teachers, named teacher A, B, C, D, E,
F, G+H, I, J, K (teacher G and H provided a common written response) independently and both researchers
developed individual codes and grouped them into categories, in an iterative process including several cycles
of analysis. The two researchers then reconciled and agreed upon categories and corresponding codes. Some
minor adjustments to the codes were made during this process, but the categories listed remained the same
(see Table 2, first row). In this process, our analysis made visible that in the mathematics teachers’ texts,
there were two main discourses. The first focusing on students’ deep learning for “deeper knowledge” (Sawyer,
2014, p. 4), and the second focusing on the work of teaching for deep learning. As a result, we dug deeper into
the data in order to identify aspects related to students’ deep learning and to the teachers’ work of teaching
for deep learning in the teachers’ written discourses. This process of analysis led to an identification of the
codes and categories as presented in Table 2.

Analyses of the teachers’ written descriptions of what they succeed in when planning and carrying out
teaching promoting students’ deep learning and on what they find challenging if their teaching should promote
students’ deep learning, also resulted in codes and categories (e.g. as presented in Table 2). Results from the
analyses are presented and discussed, but tables presenting categories and examples are not presented due to
limited space.
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Table 2. Categories, codes and example extracts from the mathematics teachers’ texts

Categories:
Codes: The work of teaching for deep The students’ deep learning
(number of teachers) learning
Previous We ground our work in [students’] In [our] work on negative numbers, it is
knowledge/background previous knowledge and [we] pick up important that the students understand

knowledge (10) previous knowledge at the start of the

work with a theme. (teacher A)

positive numbers well. (teacher A)

Students’ thinking (their
strategies, dialogues and
misconceptions) (7)

Practical work, student-student talk,
student-teacher talk. (teacher J)

It is important that the students can
explore their own strategies in order to
discard those who do not work and
conclude [to use] those who work.
(teacher A)

Students’ relational
understanding
(understanding connections,
concept understanding) (3)

With a good understanding of the
signs [related to an equation] and
hopefully a collective understanding
that an equation can be rearranged in
several ways - if only one messes up

In the classroom conversations, the
students get to know new concepts
which they relate to their previous
knowledge. They will then internalize
the new concepts for further work.

the relation between the left and right (teacher A)

side of the equality sign. It is not like
‘plus becomes minus’, but we can use
all arithmetical operations - if only we
do the same things on both sides of
the equality sign. (teachers G+H)

Interdisciplinarity/relations
to daily life (6)

By deep learning I think that one [the
teacher] can bring in several subjects
and [that one can] connect the theme
to [students’] daily life in order to
make it [the theme] more known [for

It [deep learning] is also about
understanding themes and problems
across fields of knowledge. Related to
this mathematical theme [More than
1000 and less than 0] deep learning is

the students]. (teacher C) about relating this knowledge to daily

life situations. (teacher B)

Variation in mediation tools
(textbook, number line,
hands on materials, etc.) (7)
Variation in approaches to
teaching (8)

[In our teaching we d]raw, visualise
and use hands on materials. (teacher
E)

[W]e use different strategies in our
approach [to teaching]. Station work,
learning/elbow partner, the teacher is
teaching from the blackboard, the
students participate actively in
doings, visually to see a movie,
auditive [to listen to] songs and music
etc. (teacher K)

[We as teachers p]ractice to describe
orally the learning goal, what we are
supposed to learn about. (teacher K)
[We as teachers u]se multiplication in
practical situations, in other subjects
where it is natural to use it
[multiplication]. (teacher E)

Learning goal for the lesson

@

‘Apply knowledge’ (2)

RESULTS AND DISCUSSION

Conceptualising Deep Learning

Our analysis of the teachers’ written texts reveals that the group of Norwegian mathematics teachers tend
to conceptualise deep learning in terms of two broad categories: students’ deep learning (e.g. Sawyer, 2014,
Table 1) and the work of teaching for deep learning (e.g. Fullan & Langworthy, 2014). In both categories
students’ background knowledge, students’ thinking and their (relational, cf. Skemp, 1976) understanding,
interdisciplinarity and relations to daily life are highlighted. Related to the work of teaching for deep learning,
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variation in mediating tools, variation in approaches to teaching, the learning objective for a lesson and the
importance of applying knowledge are emphasised (see Table 2).

When describing their understanding of deep learning in relation to a chosen mathematical theme, ten out
of the eleven teachers highlight students’ previous knowledge or background knowledge as important for
making deep learning possible. The focus on background knowledge is exemplified by the following extract
from teacher A’s text: “We ground our work in [students’] previous knowledge and [we] pick up previous
knowledge at the start of the work with a theme.” In line with this response, the ten teachers emphasise the
importance of grounding their work of teaching on students’ previous knowledge by picking “up previous
knowledge at the start of the work with a theme.” (teacher A). The teachers also focused on background
knowledge as important for the students’ development of deep understanding: “In [our] work on negative
numbers, it is important that the students understand positive numbers well” (teacher A). In line with e.g.
Sawyer (2014) and Bransford et al. (2000/2004), the ten teachers highlight that deep learning requires that
students relate new ideas and concepts to previous knowledge and that students gradually develop their
understanding of concepts (cf. NOU 2015:8).

A second theme visible in seven out of the eleven teachers’ written discourses on deep learning is the
importance of placing emphasis on students’ thinking. As an example, teacher A writes that it is important
“that the students can explore their own strategies in order to discard those who do not work and conclude [to
use] those who work.” This focus on students’ thinking is important in a problem-solving context, giving
students the opportunities to seek for knowledge and understanding of their own strategies (Bjuland &
Jaworski, 2009; Schoenfeld, 2007). This theme also relates to Sawyer (2014, p. 4) who emphasises that deep
learning “requires that students reflect on their own understanding and their own process of learning.” Also
in NOU 2015:8 students’ reflections about their own thinking and learning is highlighted related to deep
learning. However, in our data material we do not see signs of discourses on “critical thinking”, in which Fullan
(2013, p. 9) states as important for high levels of student achievement. In order to place emphasis on students’
thinking in their teaching, the seven teachers highlight dialogues and practical work as important in order to
make it possible for students to reflect on their own thinking: “Practical work, student-student talk, student-
teacher talk” (teacher J). These aspects, and in particular communication and collaboration, are highlighted
by e.g. Fullan (2013) and Fullan and Langworthy (2014). However, to “communicate effectively” (Fullan, 2013,
p. 9) is not elaborated on in the teachers’ written discourses and talking to someone does not necessarily lead
to deep learning; it depends on what they are talking about.

Closely related to the second theme, students’ relational understanding - defined by the teachers as
understanding concepts and connections (e.g. between concepts, cf. Skemp, 1976) - is put forward in the texts
written by three teachers. As an example, teacher A emphasises the potential of discussing mathematical
concepts in classroom conversations since “the students get to know new concepts which they relate to their
previous knowledge. They will then internalise the new concepts for further work.” The work of teaching for
deep learning is highlighted by the two collaborative teachers (G+H) which are concerned with a “good
understanding of the equality sign” in an equation, emphasising the importance of:

not to mess up the relation between the left and right side of the equality sign. It is not like plus becomes
minus’, but we can use all arithmetical operations - if only we do the same things on both sides of the
equality sign.

These teachers confirm the importance of approaching new mathematical concepts with relational
understanding (cf. Skemp, 1976) in a classroom learning environment that promotes learning outcomes which
are learner centered and knowledge centered (cf. Bransford et al., 2000/2004).

The fourth theme, and the last focusing on the work of teaching for deep learning as well as students’ deep
learning is interdisciplinarity and/or relations to daily life. This theme is visible in six teachers’ written
discourses. When teacher C writes that “[b]y deep learning I think that one [the teacher] can bring in several
subjects and [that one can] connect the theme to [students’] daily life in order to make it [the theme] more
known [for the students]”, it is visible that the teacher relates the work of teaching for deep learning to
students’ daily life. When teaching for deep learning, the teacher is responsible for interdisciplinarity and/or
relations to daily life. In the following extract from the text written by teacher B, interdisciplinarity and/or
relations to daily life are also highlighted as important for students’ deep learning: “It [deep learning] is also
about understanding themes and problems across fields of knowledge. Related to this mathematical theme
[“More than 1000 and less than 0”] deep learning is about relating this knowledge to daily life situations.” In
NOU (2015:8, p. 14), it is also emphasised that deep learning deals with understanding themes “across subject
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areas or areas of knowledge.” The same is true for Rillero (2016), who found that deep learners are more likely
to seek to understand concepts and to relate the concepts to daily life situations. Finally, Fullan and
Langworthy (2014) highlight the capacity to apply knowledge. However, these researchers focus on real-life
problem solving which does not emerge obviously from the analyses of our data material.

The focus of attention in the four last themes identified in our analyses of the teachers’ written discourses
is the work of teaching for deep learning only. The emphasis on the work of teaching is obvious since the
discourses analysed are teachers’ own written texts. The themes are however, interesting. Seven teachers put
forward the importance of variation in mediating tools (e.g. textbook, number line, hands on materials, etc.).
As an example, teacher E writes that teaching promoting students’ deep learning needs to invite the students
to “[d]Jraw, visualise and use hands on materials.” Eight teachers emphasise variation in approaches to
teaching as a premise for students’ deep learning. As an example, teacher K writes: “[W]e use different
strategies in our approach [to teaching]. Station work, learning/elbow partner, the teacher is teaching from
the blackboard, the students participate actively in doings, visually to see a movie, auditive [to listen to] songs
and music etc.” In these eight teachers’ texts, variation in approaches to teaching seem to relate to Bransford
et al.’s (2000/2004) attributes of a classroom learning environment that promotes (deep) learning outcomes,
e.g. that the lessons must be learner centered. However, if e.g. using an “elbow partner” (teacher K) should
lead to deep learning, it will be dependent of what the partners are talking about. This is not elaborated on in
the teachers’ texts.

Two teachers highlight the importance for the teacher as well as for the students to know the learning goal
for a given mathematics lesson. One of the two teachers (teacher K) writes that it is important for teachers to:
“Practice to describe orally the learning goal, what we are supposed to learn about.” The goal for a given lesson
relates lessons being knowledge centered (cf. Bransford et al., 2000/2004). The last aspect visible in two out of
the 11 teachers’ written discourses, is the importance of valuing application of knowledge in the work of
teaching for deep learning (cf. Fullan & Langworthy, 2014). One out of the two teachers is highlighting
application of knowledge, exemplified by teacher E who writes that in the lessons it is important for teachers
to: “[u]se multiplication in practical situations, in other subjects where it is natural to use it [multiplication].”
From the last part of this extract, it is clear that application of mathematics (multiplication) in other subject
areas is seen as important for students’ learning more deeply from mathematics lessons. The ability to apply
knowledge is also seen as a sign of students’ deeper knowledge, as in the text written by teacher D: “In deep
learning, the student manages to use the knowledge he/she has in new contexts. [...] The student has basic
knowledge that makes it possible for him/her to apply the knowledge in new ways.” Application of mathematics
as important for students’ deeper learning is visible in the teachers’ discourses also in the following example
extract from the text written by teacher D:

In relation to deep learning, the student manages to apply his/her knowledge in new contexts. [...] The
student does have basic knowledge making it possible for him/her to apply the knowledge in new ways.
As an example, you have 600 NOK. How much do you need in order to get 1000 NOK? In this context
some [students] will use the ‘ten-friends’ [i.e. 9 + 1, 8 + 2, etc.] in order to come to their answer. 6 has
4 as the ten-friend, and you are missing 400 NOK. Other [students] know +/- are inverse functions.
They will use 1000 - 600 = 400, 600 + 400 = 1000 or 1000 - 400 = 600.

In this example extract from teacher D, application of knowledge in new contexts is highlighted. This is an
important aspect of problem solving in classrooms, giving students opportunities to explore problems and come
up with their own strategies (Bjuland & Jaworski, 2009; Schoenfeld, 2007). From this teacher’s written
discourse, it is also visible that the students’ previous knowledge is seen as a prerequisite for being able to
apply knowledge in new contexts (e.g. NOU 2015:8; Sawyer, 2014).

Challenges and ““Success Stories™ in Teaching for Deep Learning

When describing what they as teachers find challenging when planning and carrying out teaching which
promotes students’ deep learning, the analyses of teachers’ written discourses reveal that ten out of the eleven
teachers characterise the challenges by being alone as a teacher with a (too big) group of students. As an
example, teacher A writes the following: “Resources — much [time] alone with 28 students — 28 small members
of society who should be taken care of and given teaching/learning adapted to their own needs.” These teachers’
discourses reveal that the relation between one teacher and from 25 to 30 students makes it difficult to “work
closely with each individual student” (teacher E) and to include all students (in e.g. classroom discussions and
in individual work on tasks). Teacher E, highlighting to work closely with individual students, might be seen
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as different from Fullan’s (2013) suggestion that deep learing depends on team work and on the students’
learning from and contributing to the learning of others. Five out of the eleven teachers write that it is
challenging to plan and to carry out teaching promoting deep learning for the students due to lack of resources
such as concrete materials. Three teachers stress the number of mathematical themes to cover as a challenge,
exemplified with an extract from teacher B’s text:

What is challenging is that many of the school subjects are comprehensive. And then, it becomes a
challenge to arrange/adjust deep learning and good progression for students’ learning. Some [of the
syllabus] must be taught as surface learning, while what is more important [of the syllabus] must be
taught for deep learning.

Two teachers’ discourses characterise the challenges in relation to the difficulties of using students’
mathematical thinking as a resource in their teaching:

To exploit that the students can learn from each other, and establish a good learning community — that
it isn’t embarrassing to “provide a wrong answer”, but on the contrary, it promotes learning. That’s
also challenging, but it is a goal to unveil and ‘exploit’ that the students are thinking in [many]
incredibly different ways - if one gets to know how other [students] think, this is a way to promote
understanding. (teacher G)

Two other teachers place the responsibility on the students being unfocused or restless:

All teaching depends on that the students are focused and kept up when I teach. I often hear from
students when I have finished my teaching “what should I do?” Deep learning is then for the motivated
students. Further explanations to students who are not focused will then be ‘just do like this’. (teacher

)

The second last challenge which is put forward by two of the teachers is related to the parents. As an
example, teacher F finds it challenging to “make parents realise the importance of their own engagement [...]”
Lastly, the same teacher (teacher F) characterises challenges in relation to the teachers’ own commitment to
mathematics and to the opportunity to discuss with and learn from colleagues (cf. Fullan, 2013; Fullan &
Langworthy, 2014). This last aspect, highlighted by teacher F only, relates to Tchoshanov’s (2011) findings
that teacher knowledge matters for students’ deep learning. In addition to teacher knowledge, teaching
practices enhancing student deep learning of complex ideas and performances are crucial for the work of
teaching for deep learning (cf. Grossman et al., 2009; Lampert et al., 2010; Zeichner, 2012). Learning from
colleagues (teacher F) might relate to learning such teaching practices.

Analyses of teachers’ written discourses about what they as teachers succeed in when planning and
carrying out teaching which promotes students’ deep learning, reveal that “success stories” relate to the same
issues as those characterising deep learning (i.e. the codes presented in Table 2). In addition to the
characterisations of deep learning (Table 2), two new aspects were visible in one teacher’s (teacher F) text:
Collaboration with colleagues and the teachers’ involvement in mathematics teaching.

CONCLUSION

In this study, we have investigated a group of Norwegian mathematics teachers’ characterisations of deep
learning from studying their written discourses. A key finding from our study is that these teachers’
conceptualisations of deep learning deal with more than students’ development of understanding of concepts
and their ability to reflect about their own learning (e.g. NOU 2015:8). Rather than conceptualising deep
learning from a student perspective (Sawyer, 2014) or a teacher perspective in isolation, we have found that
deep learning in these teachers’ views is characterised by the dynamics between two categories: the students’
deep learning and the work of teaching for deep learning (e.g. Fullan, 2013).

From our analysis of mathematics teachers’ written discourses, we find that the teachers conceptualise
deep learning in terms of the following two broad categories: students’ deep learning (e.g. Sawyer, 2014, Table
1) and the work of teaching for deep learning (e.g. Fullan & Langworthy, 2014). In both categories, the
following aspects are highlighted: students’ previous knowledge or background knowledge, students’ thinking
and their (relational) understanding, interdisciplinarity and relations to daily life. Related to the work of
teaching for deep learning, variation in mediating tools, variation in approaches to teaching, the learning
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objective for a lesson and the importance of applying knowledge are the conceptualisations put forward in the
teachers’ written texts (see Table 2).

Analyses of the teachers’ written discourses on what they think they succeed in when planning and
carrying out teaching which promotes students’ deep learning, reveal that their discourses on ‘success stories’
relate to the same issues as those characterising deep learning (i.e. the codes presented in Table 2, first
column). In addition to the characterisations of deep learning, collaboration with colleagues and the teachers’
involvement in mathematics teaching is highlighted, but by one teacher only.

When the teachers write about what they as teachers find challenging when planning and carrying out
teaching which promotes students’ deep learning, our analyses reveal that most of the teachers characterise
the main challenge as being alone with a group of students which is too big. Some teachers’ discourses reveal
that challenges relate to lack of resources, too many mathematical themes, and to the difficulties of using
students’ mathematical thinking as a resource in teaching. Two teachers place the responsibility for teaching
for deep learning on the students. Another reason put forward by these two teachers are parents not being
engaged. Only one teacher characterises challenges in relation to the teacher’s own commitment to
mathematics and to the opportunity to discuss with and learn from colleagues (cf. Fullan, 2013; Fullan &
Langworthy, 2014). This is interesting, since teachers’ knowledge (cf. Tchoshanov, 2011) as well as teaching
practices (e.g. Lampert et al., 2010) are found to be important in order for students to learn deeply. This is
also interesting seen in relation to the point of departure for the written texts analysed for the purpose of this
study: A collaborative research and development project where teacher educators/researchers, teachers and
school leaders work together in order to develop the students’ opportunities for developing “deeper knowledge”
(Sawyer, 2014, p. 14).

As a pedagogical implication from this study, we suggest that it is of importance for in-service teachers (in
the project this study is a part of as well as similar projects worldwide) to be conscious about their own
characterisations of deep learning as well as their characterisations of ambitious teaching practices (Lambert
et al., 2010) essential for the work of teaching enhancing students’ deep learning. Ambitious teaching practices
are used in instructional dialogues in which teachers and their students can engage with each other and share
ideas and elaborate on different points of view (Alexander, 2008), drawing on important attributes of a
classroom learning environment that promotes learning outcomes i.e. that lessons need to be learner centered,
knowledge centered, and community centered (Bransford et al., 2000/2004). A second pedagogical implication
relates to the concept of deep learning. We suggest that this is given attention by being discussed with teachers
(cf. the different concepts used to capture deep learning as a product as well as a process). Fullan’s (2013) C’s
characterising deep learning (e.g. communication, collaboration and critical thinking and problem solving)
might be a point of departure for such a discussion.

An implication for future research would be to study aspects of deep learning as constructed in written
discourses from other groups than the group of (Norwegian) mathematics teachers, including challenges and
‘success stories’ related to teaching promoting deep learning visible in these teachers’ written discourses. A
second implication would be to study mathematics teachers’ discourses about deep learning as constructed in
oral and written discourses as well as oral and written discourses from teachers from other subjects than
mathematics. Adding oral data from e.g. interviews would make it possible to ask follow-up questions in order
to let the teachers justify or deepen their answers to the questions asked (see Table 2). Since some of the
methods used by the teachers (e.g. “use multiplication in practical situations” (teacher E) and using “elbow
partner” (teacher K)) could just as well lead to surface learning if it is just a routine (talking to someone else
does not necessarily lead to deep learning; it depends on what they are talking about), an interview would be
a context where teachers’ responses could be elaborated upon.

Based on the fact that the present study only provides a glimpse into a few mathematics teachers’
discourses, we call for longitudinal studies researching the development of teachers’ characterisations of deep
learning over time. Longitudinal studies across subjects will make it possible for the research community to
develop a more comprehensive understanding of teachers’ characterisations of deep learning as well as if and
how their characterisations develop over time.
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