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Background: Creating coherence between school subjects mathematics and science and making these school
subjects meaningful are still topical challenges. This study investigates how students make meaningful connections
between mathematics, statistics, science and applications when they engage in a specially developed unit that is
based on professional practices in which mathematical, statistical and scientific knowledge are used. The central
question is to what extent professional practices can serve as meaningful contexts for senior high school students
(aged 16 to 17) to help them make connections between mathematics, statistics, science and professional practices.
In order to answer this question, we focused on two sub-questions: (1) How meaningful do students find an
instructional unit that is based on professional practices in which statistics plays a role? and (2) To what extent

are students able to show awareness of the connections between mathematics, statistics, science within the

Results: Questionnaires on the opinions of 415 students (388 before and 27 after completing two chapters of the
unit) on the educational strategy and student work are used to answer the central question. The analysis of
responses to questionnaires shows that students consider an educational strategy based on authentic professional
practices meaningful. These results are also confirmed by the findings in the analysis of the second sub-question.

Conclusions: The results indicate that an educational strategy based on professional practices can help students
make connections between mathematics, statistics, science and professional practices.

Keywords: Coherence; statistical reasoning; inferential reasoning; authentic professional practice; upper secondary

Background

The purpose of this study is to determine whether senior
high school students learn to see the connections between
mathematics, statistics, science and some professional
practices through an instructional unit based on profes-
sional practices in which statistics is used. Statistics is seen
here as a possible bridge between mathematics and some
of the natural sciences, because many scientists frequently
apply statistical and mathematical techniques (Erickson
2002). Statistics is a mathematical science, but not part of
mathematics (Moore and Cobb 2000), although in most
countries statistics is part of the secondary education
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mathematics curriculum (Gattuso 2006). Statistics could
therefore function as a bridge connecting a part of
mathematics with the sciences. Ben-Zvi and Garfield
(2008), p. 355 wrote We conclude with an argument
that statistics should be viewed as a bridge between
mathematics and science and should be taught in both
disciplines. One of their arguments was (p. 359) that it
provides the mathematical foundations for analyzing
data gathered in the real world (science). But would
students also recognize this, and would it improve their
learning?

It is important that students experience coherence
between different disciplines. Mathematics and statistics
provide the tools by which quantitative relationships in
the natural sciences can be modelled, calculated, repre-
sented, and predicted, and the natural sciences provide
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relevant contexts in which mathematical and statistical
knowledge can be applied (Davison et al. 1995). Therefore,
international and Dutch national committees (AAAS
1989; ¢cTWO 2007; Boersma et al. 2007; NCTM 2000;
NiNa, Commissie Vernieuwing Natuurkundeonderwijs
havo/vwo 2010; Apotheker et al. 2010; NRC, National
Research Council 1996; Stuurgroep-NLT 2007) advocate
the integration of mathematics and the natural sciences
(science, in short) where possible.

However, making the relationship between science and
contexts clear to students appears to be difficult (Berlin
and White 2012). Often, students in secondary education
do not experience the meaningfulness of science because
they experience learning within school subjects as a train
with individual waggons, whose windows are blinded and
only the driver on the engine knows where the journey
goes to (Claxton 1991). A report on alignment between
mathematics and physics (Gellish et al. 2007) speaks in
this context of sectarianism. This compartmented
thinking also makes it difficult for students to recognize
what they have learned as meaningful, and apply it to
another subject or in other contexts (Bransford et al.
2000). More curricular coherence is needed. Berlin and
Lee (2005) provide an overview of the US efforts to
curricular cohesion in the period 1970 to 2001. In this
period, the number of publications on curricular coher-
ence increased significantly, but the authors conclude that
more insight into how more cohesion can be achieved is
needed.

The literature provides no univocal definition of curricu-
lar coherence (Hurley 2001), which is not surprising given
the various manifestations of a curriculum - intended,
implemented and attained curriculum (Van den Akker
2009). The intended curriculum includes the vision that
not only lies at the basis of the curriculum but also the
formal texts in which the curriculum is described.
Within an intended curriculum, coherence refers to
aligning the curriculum between or within different
school curricula. Intended cohesion must be reflected in
the implemented curriculum that includes the interpreta-
tions of teachers and the resulting practice of education.
An attained curriculum refers to the learning outcomes
achieved and the experiences of the students. As several
researchers (e.g, Newmann et al. 2001; Rudduck and
Wallace 1994) point out, there is very little research on
coherence in the attained curriculum, in other words:
how curricular coherence works for students (Frykholm
and Glasson 2005) and how students make and observe
connections.

Furner and Kumar (2007) underline the recommenda-
tions of Berlin and White (1992) and Sunal and Furner
(1995) for the integration of mathematics and science by
promoting overlapping subject matter and supporting
students to search for patterns in data to get a more
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meaningful view of scientific phenomena. Sunal and
Furner also stress the importance of bridging the gap
between school practice and extracurricular life. Bennett
et al. (2007) provide clear evidence that context-based
education contributes to the making of meaningful edu-
cation. The affective reactions and motivation of their
students gave them indications that this strategy leads
to better understanding of science education, a finding
that is supported by Scott et al. (2011). They investi-
gated how teachers and students make connections in
meaningful interactions between teaching and learning
of scientific concepts, but their study did not pay special
attention to mathematics.

Considering these challenges to achieve coherence and
meaningful science education, innovation commissions
for science and mathematics education in the Netherlands
advise using the so-called concept-context approach:
students are expected to learn concepts in meaningful
contexts. These contexts may be based on authentic
practices, such as scientific or professional practices in
which scientific knowledge is applied. The use of these
practices is a possible way to make science education
meaningful because when students experience a balance
between such professional practice and school practice,
they can become more receptive to the concepts (Anderson
and Sungur 1999).

Meaningful scientific concepts and contexts involve
various aspects. To define meaningfulness, we consider,
according to the literature, the following aspects:

Usefulness
Motivation
Application
Authenticity
Connections.

It is important that students experience the usefulness
of education by seeing the purpose (need to know) of
what they need to learn (Westbroek 2005) and become
motivated by the context to engage in the instructional
unit (Prins 2010). Engagement in the sense of motivated
behaviour, according to the learning motivation model
of Eccles et al. (1993), is determined by the value that
students assign to their task (cf. Volman 2011). Further-
more, students recognize their education as more mean-
ingful if they are able to apply the concepts learned
(Boersma et al. 2007) and if it is authentic (Volman 2011).
Clarke (1988) argued that students experience lessons as
more meaningful when dealing with authentic contexts
such as sporting contexts. Although for biology and chem-
istry several mono-disciplinary units based on authentic
professional practices exist (Prins 2010; Westra 2008),
there is little research on how the relationship between
school subjects can be promoted by materials that are
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based on professional practices where knowledge from
different sciences is integrated.

In the current study, we focus on coherence between
mathematics, statistics, science and professional practices
for the attained curriculum as the ability of students to
make sense of the contexts so that they can apply scien-
tific and mathematical knowledge when solving authentic
problems. This fits the definition of the intended curricu-
lum in which mathematics and science are seen as an
interdisciplinary mix in which connections between these
disciplines are placed while the subject specific concepts
remain recognizable (Lederman and Niess 1997).

In this article, we test our assumption that education
is meaningful for students and that students can apply
their learning in other disciplines or in other contexts
when it is based on problems in authentic professional
practices. We assume a reciprocal relation between coher-
ence and meaning. When students observe coherence
between different subjects, these subjects will have more
meaning for them, and vice versa: meaning helps them to
see coherence. We first give an overview of the efforts
in the Netherlands to facilitate coherence between the
subjects and then discuss the rationale for the choice of
an instructional unit based on professional practices.

Coherent teaching in the Netherlands

One of the objectives of the Dutch government during the
past decade was to promote greater coherence between
school subjects, but curricular coherence is still fragile
and needs continued attention (Boersma et al. 2010;
Nieveen et al. 2011). The introduction of a new curricu-
lum for upper secondary school (1998) intended, among
many other aims, to establish such coherence. In 1999,
the Sonate project (coherent education in science and
technology) started to monitor good practice in the field
of coherent teaching in lower secondary and in the sci-
ence stream of upper secondary (Geraedts et al. 2001).
At the end of this project in 2004, the team concluded
that intrinsic coherence in educational practice was still
a blank spot. The Sonate project was continued in the
Salvo project (coherent learning in secondary education),
which among other things sought to develop exemplary
material for an on-going learning strand about the rela-
tionships between quantities - a theme that lends itself to
a coherent approach (Mooldijk and Sonneveld 2010). A
recent initiative to foster interdisciplinary cohesion is the
introduction of Nature, Life and Technology (NLT), a new
three year course in addition to physics, chemistry, biology
and mathematics (NLT Steering Committee 2007).

Some innovation commissions for science and mathem-
atics education have published documents in which they
tried to make visible the link between the new syllabuses
(Boersma et al. 2010). In these documents, there is little
attention to the possible role of statistics in creating
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coherence, although statistics seems appropriate to let stu-
dents experience such coherence. Commissie Toekomst
Wiskunde Onderwijs (cI'WO), the commission for math-
ematics, only states (2007) that it is important for students
to learn that mathematics is indispensable in engineering
and science and that it is closely intertwined with everyday
life. Here, statistics is mentioned as one of the integrating
factors. Furthermore, in the commission reports of math-
ematics and physics, cT'WO and NiNa (Gellish et al. 2007;
NiNa, Commissie Vernieuwing Natuurkundeonderwijs
havo/vwo 2010), not much is written about statistics.
Rather, modelling is the preferred tool for students to
experience the coherence between the various disciplines.

Professional practices as a basis for an instructional unit
Authentic practices are en vogue as an inspiration for
teaching and learning strategies. Educational research
about science and mathematics shows how one can de-
velop teaching materials based on authentic scientific
or professional practices (e.g., Lee and Songer 2003;
Westbroek 2005). Lee and Songer (2003) used the practice
of weather forecasting, and Westbroek (2005) used the
practice of testing water quality to involve students in
learning chemistry. In this way, Westbroek made the
featured chemical concepts more meaningful for stu-
dents. A disadvantage of this teaching strategy is that
there will be so much emphasis on the professional
aspects that little school knowledge is learned. Con-
versely, mathematics education contexts, if they even
exist, are usually subordinated to the concepts to be
learned (Boaler 1993).

For a good balance, the steering committee New
Chemistry advises to use the concept-context (often
referred to as context based) approach. The committee
states that major developments in scientific research as
well as in industry (e.g., nanotechnology) are important
since they can offer students a meaningful curriculum
based on interdisciplinary contexts (Apotheker et al.
2010). The Commission Renewal Biology Education
(CVBO) opted explicitly for social practices, such as
scientific or professional practices, as an inspiration for
teaching learning strategies (Boersma et al. 2007), in its
concept-context approach. This approach is founded on
the cultural-historical activity theory (Van Oers 1987). In
relation to coherence, we suggest that the concept-context
approach overcomes the problem that coherence is not
enough for students to promote their ability to make
connections. For example, Mooldijk and Sonneveld (2010)
examined students in a strongly coherent programme of
mathematics and physics. They found that students still
had problems to use their gained knowledge to deal with
connections between variables. Students tended to
look for correlations between variables, but they did
not consider the reliability of the data. We suggest that
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applying the concept-context approach encourages stu-
dents to consider the reliability of the data because results
are meaningless for a context if there is no reliability
check and if no connection is made to the context.

We feel supported by Geraedts et al. (2006), p. 311
who wrote:

recontextualizing a concept, skill, or competency to
other disciplinary or daily-life contexts requires an
understanding of the nature of the (disciplinary)
context in which it is acquired.

In order to establish coherence or maintain meaning-
fulness of concepts to students, the concept-context
approach could be used to balance between scientific
practices and school practices. Related to this, Whitelegg
and Parry (1999) wrote:

Many different approaches, from applications of
physics principles introduced in a traditional way
after the concepts have been taught, to a more
ambitious programme where real-life scenarios,
which structure the content of the programme,
are investigated and understood in terms of their
physics content.

In this study, we used professional practices as real-life
scenarios to inspire our educational materials. For edu-
cational purposes, professional practices are first edu-
cationalized, because the authentic practices are often
too complicated for students. Also, professional prac-
tice and educational practice have different purposes.
In a professional practice, one may want to test or
optimize a process, while in a teaching practice, students
have to learn something.

We have, just as Westra (2008), chosen to offer students
the concepts within different educationalized practices, so
that they learn to apply the concepts in several different
contexts. The underlying idea is to reveal to students the
relationship between mathematics, statistics, and science
within the contexts in which these disciplines function. In
the present study, correlation and regression are chosen
as statistical concepts because they are applicable in
science and the students are at a level to master them.
Moreover, these concepts receive little attention in
upper secondary level curricula. During the especially
designed instructional unit, students themselves reach
the idea that they need statistical techniques such as
correlation and regression models to solve the real prob-
lems that they are facing in the authentic professional
practices (Dierdorp et al. 2011). They need both mathem-
atical and scientific concepts. The instructional unit is
called statistics as a bridge between mathematics and the
natural sciences (see Additional file 1). In the unit, there is
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a focus on the understanding of the new concepts,
which at the same time highlight the connections
between mathematics, statistics and the respective
professional practices.

Connections between mathematics, statistics, science and
professional practice

In accordance with the concept-context approach, we
have chosen not only to investigate disciplinary coherence
but also coherence between disciplines and their areas of
application (contexts). Disciplinary coherence is visible in
some disciplines such as mechanics, a section of physics
with a strong mathematical foundation. Modelling is often
an interdisciplinary activity, which is also recommended
to students to clarify the coherence between science
subjects (Van de Giessen et al. 2007). As a premise that
underlies our investigation, we suspect that an educational
strategy in which statistics functions in a professional
practice will work as a bridge between mathematics and
some science (Figure 1); we see it as a promising approach
that has received little attention in the literature. Although
there are direct connections between mathematics and
the natural sciences (e.g., through differential equations),
we focus here on a more indirect relationship, generated
by the application of statistics within professional prac-
tices. In this section, we discuss the relationships that are
central to this article.

Mathematics and statistics (MS)

Mathematicians generally strive to abstract the math-
ematics from the contexts, so that underlying struc-
tures become clear, while statisticians need to precisely
analyse the data (Rossman et al. 2006). Mathematics
looks for statements or theoretical underpinnings of a
phenomenon and seeks, through statistical analysis, for
significance (Moore and Cobb 2000). Statistics, for
example, in the form of correlation and regression, can
be used to derive a mathematical model. Mathematical
procedures such as calculation methods or solving equa-
tions should in turn involve statistics to substantiate or

justify.

Statistics and natural science (SN)

As mentioned, correlation and regression are often used
for the analysis of data collected in a scientific experi-
ment, with the purpose of eventually finding a model.
In such situations, statistics provides a bridge between
mathematics and natural science. One example in our
study is the determination of the moment in the train-
ing of an athlete when the metabolism turns from the
aerobic to the anaerobic phase. Data on the athletes
pulse rate are collected while the training effort increases,
and subsequently statistical techniques such as correlation
and regression are used to create a mathematical model
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Mathematics
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Figure 1 Bridge metaphor. Statistics used in a professional practice as a bridge between mathematics and natural science.

Natural Science

with the purpose of giving optimal training advice (Gellish
et al. 2007).

Professional practice and statistics (PS)

Statistics is used in many professional practices. One
example in our study is the analysis of dike heights. All
dikes sag continuously. In order to predict when a dike
should be raised, data about the height of a dike are regu-
larly collected with helicopters and satellites. Regression is
then used to create a mathematical model which helps to
minimize the risk of flooding. Another example is the
Dutch Metrology Institute, the former institute of weights
and measures, which works with regression models for
calibrating measuring instruments. Comparison of the
characteristics (correlation coefficient and regression line)
of a measuring instrument of unknown quality with the
characteristics of a calibrated instrument provides the
institute with a proof of the quality level of the instrument
being tested.

Mathematics and professional practice (MP)

In the previous examples of professional practices,
there was a clear link with mathematics. Galbraith and
Stillmann (2006), p. 150 write In some cases, an
adequate response requires arguments that integrate
mathematical knowledge with the impact of this know-
ledge in the real situations to justify interpretation. It
is important that students understand how a model
works and how mathematical concepts, such as solving
equations, play a role in creating or interpreting the
models.

Professional practice and natural science (PN)

If a professional scientist has collected experimental data
and has found a mathematical model that represents
these data, it must be interpreted in order to draw conclu-
sions. In the example of dike subsidence, it is important to
understand that landslides or erosion can be responsible
for this subsidence. Also, a natural phenomenon such as
heavy rain provides much variability around a model.

These aspects will have to be estimated and discussed as
part of a professional advice. It is important that stu-
dents understand that nature does not exactly behave as
the model does, and that there is always variability
(Wild and Pfannkuch 1999).

We note that the boundaries between the five links are
not always sharp. Mathematical statistics, for example,
will be located somewhere between mathematics and
statistics, and scientific researchers are at the same time
professional practitioners.

Research questions

To investigate whether a teaching strategy based on profes-
sional practices enables students to make meaningful
connections between mathematics, statistics, science and
professional practice, we have designed an instruc-
tional unit, based on three professional practices: that
of a sports physiologist, of an official of Public Works
and Water Management, and of an analyst at the
Dutch Metrology Institute. In these three environments,
the professionals work with statistical techniques to ana-
lyse their data. To investigate as to what extent the unit
contributes to achieving our goals, we address the follow-
ing main question:

To what extent can professional practices serve as
meaningful contexts to show students connections
between mathematics, statistics, science and
professional practices?

More specifically, we answer the following two research
questions:

RQ1: How meaningful do students find an
instructional unit that is based on professional
practices in which statistics plays a role?

RQ2: To what extent are students able to show
awareness of the connections between mathematics,
statistics, science within the instructional unit, and
professional practices?
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Methods

Educational unit

The study presented here is part of a larger project,
which works along the lines of design-based research
(Barab and Squire 2004; Van den Akker et al. 2006). It
consists of six design cycles with professional practices
as a basis for teaching learning strategies. For the selection
of the three professional practices, we started with a
preliminary study, which included a literature review
and interviews with experts, practitioners, teachers and
students. Criteria for the selection of practices were (cf.
Prins et al. 2008) as follows:

e The practitioner uses correlation and regression in
data modelling.

e The actions of at least one professional practice are
educationalized into teaching activities, in which
students can perform a short, relevant experiment of
their own.

e For students, the professional practice is easy to
recognize.

e Students can see the relevance of the knowledge
that the practitioner uses.

Based on each of the three professional practices, we
designed a section for the instructional unit. Section Back-
ground (CH1) is about the professional practice of a sports
physiologist, Section Method (CH2) is about the monitor-
ing of dike heights and Section Results and discussion
(CH3) concerns the calibration of measuring instruments.

Participating students

To answer research question 1, we examined 415
(198 + 190 + 12 + 15) students (see Table 1). In 2008,
they were all five Voorbereidend wetenschappelijk onder-
wijs (VWO) students from two schools (A and B) and, in
2011, two groups which attended classes for the course
NLT (schools A and C). The group (n = 15) of school A
went through the instructional unit in the beginning of
six VWO. One group (school C, N =16) was examined
to answer RQ2. VWO stands for the Dutch secondary
school type, grades 7 to 12 (five VWO = grade 11, six
VWO = grade 12), that gives entrance to selected university
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studies, the selection depending on the courses taken in the
final three years of VWO. To measure the knowledge of
the students, we have asked both groups, prior to ad-
ministering the unit, whether they could write a formula
in which a regression line and the related correlation
were calculated. They unanimously answered no to both
questions. This was expected as the topic correlation and
regression was not a mandatory part of the VWO curricu-
lum. On the other hand, the students had already learned
about statistical measures such as mean and median in
their mathematics programme, and they could calculate
the standard deviation of a data set.

Measurement instruments

To answer research question 1, we used questionnaires.
Prior to the completion of the instructional unit, in a
questionnaire (S_1), we asked students (n =198) their
opinion about a possible teaching-learning strategy which
would be based on professional practices. We asked ques-
tions about the aspects that we thought to be meaningful
for students (see Table 2). We asked for examples of
whether such a teaching-learning strategy would help the
students to understand the usefulness of the course ma-
terial (item 1); also whether it gave them motivation to
learn (item 2), whether they expected that the techniques
they learned would be applicable in other subjects (items
3 and 4) and whether they found it useful if the course
material would go across multiple school disciplines (item
5). The students could express their views on a five-point
scale from strongly disagree to strongly agree. In the
next cycle, the questionnaire was improved (S_2) and
shortly after administered to a new group of students in
five VWO (N =190). One improvement was that the first
question was split into two questions: With a professional
practice as a basis for the curriculum I see the usefulness
of the curriculum, and it motivates me to learn these
techniques was split into With a professional practice
as a basis for the curriculum I see the usefulness of the
curriculum. and If the techniques of the curriculum
can be used by professionals, it motivates me to learn
these techniques. Another example is that some words
were changed. For example, real process was changed
to is done the same way as in the lessons .

Table 1 Number of students surveyed in the analyses of 2008 and 2011

RQ1 RQ2
School Year
S_1 S 2 S 3 S 4 Student work/posttest Posttest
A 2008 (June) 198
Aand B 2008 (November) 190
A 2011 12 (15 3) 12 (15 3)
C 2011 15 (16 1) 15 (16 1) 14 (16 2) 16
Total 198 190 27 27 14 16

In brackets, the number of students in the group and the number of students whose information was not complete.
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Table 2 Percentage score of eight items from S_2 (N =190), S_3 (N =27) and S_4 (N =27)

Item Aspect meaningfulness Questionnaire -- - 0 + ++

With a professional practice as a basis for the curriculum Usefulness S 2 2 5 30 53 11

| see the usefulness of the curriculum. 53 0 0 % 67 7
S 4 0 15 Il 63 11

If the techniques of the curriculum can be used by Motivation S 2 2 8 24 51 15

professionals, it motivates me to learn these techniques. 53 4 4 37 48 7
S_4 4 7 33 52 4

I think | might be able to use the technique to determine Apply S 2 4 4 19 56 16

a regression line in more school subjects. 53 7 7 15 5 19
S_4 4 7 4 70 15

I think that the technique of correlation and regression is Apply S 2 2 7 46 37 8

needed within each of the natural sciences. 53 0 15 15 59 1
S 4 4 " 19 56 1

I find it interesting when | learn something about another subject, Connection S 2 14 24 29 27 6

such as biology or physics, when | follow a statistics unit. 53 4 » % 37 1
S 4 7 " 37 37 7

I have gained more insight into how statistics can be used by Connection S 3 0 11 11 67 11

a sports physiologist/official of the Ministry of Water management 5 4 0 4 15 74 7

I think determining a threshold point in the practice of a Authenticity S 3 0 37 33 26 4

physiologist is done the same way as in the lessons.

I think that the determination of the date on which action Authenticity S 4 15 19 37 26 4

should be taken to raise a dike is in reality the same as in
the lessons.

In this table, the abbreviations --

We give the results of this second questionnaire as far
as the items are relevant to the research questions in this
article and indicate whether the students think an
instructional unit based on professional practices to be
meaningful.

To investigate whether students perception of mea-
ningful is the same as the researchers, we also inter-
viewed some students.

Furthermore, we have asked the final two groups of
students (n =15, six VWO, resp. n = 16, five VWO) after
the completion of CH1 (S_3) and CH2 (S_4) whether
they thought they had acquired more insight in the use
of statistics into the presented professional practices
(item 6) and whether they expected the exercises in the
instructional unit to be authentic (items 7 and 8). For
organizational reasons, we could not ask the same ques-
tions about chapter 3. Of the four students, some data are
missing. These are reported in Table 1, with a negative
number. In the analysis, we therefore studied 12 + 15 =27
students.

Thus, it follows from the above that in order to answer
research question 1, we have examined four different
sources: answers by students on (1) multiple choice ques-
tions, (2) open questions, (3) interviews with students and
(4) excerpt examples of students work.

, -, 0, + and ++ refer to strongly disagree to strongly agree, respectively.

To answer research question 2 (about the connections
between mathematics, statistics, science and professional
practices), during the instructional unit, we asked students
to fully elaborate on paper their answers for the assign-
ments. We have collected and analysed all this written
work, which we will refer to as the students work from
now on. Next, in a posttest after the completion of the in-
structional unit, we analysed on the basis of the students
work whether they had mastered the material and could
explain the connections. The posttest involved all stu-
dents. Within the framework of the bridge metaphor, we
examine five possible connections between mathematics,
statistics, science and professional practice (Figure 1).
Table 3 shows which links relate to which tasks in the
posttest.

In the analysis of the students work and the posttest,
we investigated whether the instructional unit contributes
to the links that students perceive between mathematics
(M), statistics (S), professional practice (P) and natural sci-
ence (N). We developed an analytical model (see Figure 1
and Tables 3 and 4) for analysing the written response.
With this, we have distinguished the students work of the
last group (N = 16) about elements M, S, P and N (Table 4)
and the students answers coded with MS, MP, PS, PN
and/or SN (Table 5).
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Table 3 Possible connections MS, MP, PS, PN, and SN to
be made in the posttest
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Table 5 Codes used to code students work and task 1
from the posttest

Task MS MP PS PN SN Code Explanation
Task 1 X X X X X MS The student involves mathematical techniques in the
Task 2 « interpretation of the graphical representation of the data
Task 3 MP The student involves mathematical techniques in
as % % formulating a sport physiological advice

Task 4 X x x X PS The student uses statistical techniques to formulate a
See Figure 1 for the meaning of the codes. sport physiological advice

PN The student works with a physical/biological variable
Data analysis in the sports physiological advice
Research question 1 SN The student explains statistical results from the

In the analysis of the questionnaires, we compared the
same relative frequency of relevant items at S_2, S_3,
and S_4. S_2 also contained an open question, where the
students were invited to explain why they do or do not
appreciate professional practices as the basis of the cur-
riculum. The answers were coded as positive, negative
or inconclusive. The inter-rater reliability with regard to
these three categories was measured using Cohens
kappa (Cohen 1960) and proved to be very high (.91).

Research question 2

The first task of the unit was similar to the first task of
the posttest for a comparison between relationships that
students make at the beginning and end of the instruc-
tional unit. The work of two students was not complete
and is not included in the analysis. Multiple codes per
response on the task were possible, which was necessary

Table 4 Definitions of the considered elements

Element Examples

M The student indicates that calculations must be carried
or used
The student performs a calculation
The student gives a mathematical relationship between
two quantities
The student uses formulas

S The student interprets or refers to a graph or table using
the data
The student uses a statistical term (e.g,, mean, variation,
SD, residual, etc.)
The student mentions a methodological aspect (e.g,,
representativeness, keeping certain conditions
constant, etc.)

P The student mentions a sport physiological advice
The student refers to an authentic practice such as
measuring fitness or the determination of the threshold
point

N The student mentions a quantity from natural science

(e.g., weight, age)

The student performs a connection between two
scientific properties (e.g., heart rate and intensity of
training)

underlying physical/biological aspects

given the research question, but which did affect the
inter-rater reliability (Cohens kappa), which was measured
on the basis of 150 student responses. The measured value
of kappa (.61) is still considered substantial by Cohen
(1960). We also give some examples of connections found
in class discussions.

Results and discussion

RQ1: to what extent is education based on a professional
practice meaningful for students?

The first item of the questionnaire was with a professional
practice as a basis for the curriculum I see the usefulness
of the curricllum of S_2 (N = 190). The response shows
that prior to the unit most students (+ and ++: 53 + 11 =
64%) expected to see the usefulness (Table 2). One hun-
dred twenty-three respondents out of 190 gave an optional
explanation. Of the explanations, 103 were positive, 12
negative and 8 unclear. Examples of positive explanations
are the following:

e Because I often cant see the usefulness of certain
subjects . [usefulness]

e You see at least its usefulness in it.
[usefulness/motivation]

e It [the professional practice] gives better
understanding of your ultimate goal. [motivation]

e You can use it [concepts learned via the unit] daily,
and also in other subjects. [application/connection]

e Its good to show you where to apply your
knowledge. Later when you have finished school.
And you become more motivated to study .
[apply/motivation]

e I think its good to use professional practices in the
curriculum, because then you know how it is used/
applied in reality . [application/authenticity]

e Handy [to base the unit on APPs] for example for
other subjects . [connection].

One negatively coded response was No, I think it is not
effective. Another student explicitly made it clear that
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coherence was important to her: I would like to see
professional practices as the basis for the curriculum,
because now I can easily make connections between
different subjects .

We concluded that the results of S_2 indicate that
most students, prior to the unit, see the point of using
professional practices. Because this also was an outcome
of S_1, we had sufficient reasons to develop the instruc-
tional unit.

From S_3, it appeared that students who went through
the instructional unit also considered the teaching learn-
ing strategy as useful after the completion of CH1 of the
instructional unit. These students (67% +7% = 74%) were
even more positive (+ and ++ added). Even after CH2,
which included the mathematical foundation of correl-
ation and regression, the majority (74%) of the students
still gave positive response (S_4). A binomial sign test to
assess responses per student to S_3 and S_4 yielded
p = 0.60. This indicates that the opinions of students
did not change statistically significantly, not even after the
mathematical-theoretical approach of CH2.

The answers to items 1 to 8 show a positive inclin-
ation. Only the item about the authenticity of the lesson
activities related to professional practice (items 7 and 8)
is scored in a wider range. This finding is consistent with
our observation that the students were aware of the fact
that the professional practices are educationalized. For
example, one student mentioned that in reality more
factors are important. He mentioned, for example, that
nowadays for skaters the material of their sportswear
is very important. Sports physiologists do not limit
themselves to heart rate, the focus in the instructional
unit, but also involve other variables in preparing an
advice.

The researcher (R) also interviewed some students and
asked their opinions of the educational strategy:

Student 1: You learn [in this unit] a lot of things.
Often I say, you cannot use the learned concepts
much. Now [in this unit] you do! [usefulness].
Student 2: I liked that you deal with people who are
getting involved in statistical work to see what they do
statistically. [motivation] Especially, at the moment when
you learn a technique you can apply later. [application].
R: Do you have any idea where you could apply it?
Student 2: I have not checked all professions, but in a
lot of professions you have to find a dependency.
[authenticity].

Student 3: You find this [concepts of the unit] in
reality. [authenticity].

Student 4: Yes, more than you think. You will not
realize it, but in all pilots, physicists, chemists,
mathematicians things, you have to deal with
dependency. [connection].
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Student remarks such as these helped us to interpret the
answers in the questionnaires and helped us to conclude
that students had the same interpretation of meaningful-
ness as we did.

Research question 2: relations between the natural
sciences and professional practices

Comparison of the connections made by students

In this section, we discuss the extent to which students
have learned to make connections. The first task of the
instructional unit and of the posttest was:

Sports physiologists often determine the threshold
point of the heartbeat of their clients.

a. What do we mean by threshold in this case?
b. Why is it important to measure this threshold
point?

Comparison of the responses to this task shows that
after the completion of the instructional unit, the students
often more clearly saw a link between science disciplines
and professional practice than at the start of the unit
(Table 6). Only the relationship between mathematics and
the professional practice shows just a negligible increase.
At the beginning, the relationship between mathematics
and statistics is not detected, and after working through
the unit, it clearly was. In this task, we assumed that the
students would develop a mathematical model for the
measurements (MS). Seven students did so. Three of them
made a drawing similar to Jans in Figure 2.

Another student, Sherin, wrote The point where the
line between heart rate and power deviates from the line
from the first point is where you get acidification and
helps to find the heartbeats zones with different intensity .
We interpreted this as Sherin explaining the statistical re-
sult from the underlying biological aspect of the threshold
between aerobic and anaerobic metabolism (SN). After
this remark, he made a drawing like the one in Figure 2
but with heart rate zones. We coded this with MS because

Table 6 Number of students who acknowledged the links
MS, MP, PS, PN and SN

Link Introductory task  Posttest
Mathematics and statistics (MS) 0 7
Mathematics and professional 2 3
practice (MP)

Professional practice and statistics (PS) 5 13
Professional practice and natural 4 13
science (PN)

Statistics and natural science (SN) 1 12

Number of students who acknowledged the links MS, MP, PS, PN and SN for
the preliminary task of the instructional unit and during the posttest (N = 16).
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Figure 2 Students model for the determination of the threshold point. Jan s illustration of the model for the determination of the threshold

we thought Sherin needed mathematical techniques such
as graphing to interpret the data. He continued Then you
can draw the different heart rate zones and then you can
see in which areas you need to train and then you know
where you find your threshold between aerobic and anaer-
obic metabolism. With this phrase, he uses statistical tech-
niques to formulate a sport physiological advice (PS).

Three students explicitly linked the model shown in
Figure 2 with the advice that a sports physiologist can
give to clients (MP). For example, You can calculate the
threshold point and advise the client to train just under
this point. This student meant to train in such a way
that your heartbeat is a little lower than the threshold
point and connected the calculation to advice for a client
(MP). Most students (13) associated statistical techniques
(e.g., regression line for the linear portion) with the
physiological advice (PS). These thirteen included the
scientific terms aerobic and anaerobic metabolism with
their advice (PN). They wrote that if training takes place
in the anaerobic section too often (above the threshold,
omslagpunt in Figure 2), the threshold point goes down,
in which case acidification starts earlier. So an athlete
should train slightly below the threshold point. Twelve
students linked their physiological advice with the data
obtained during the testing of clients (SN).

The extent to which students made connections in the posttest
In Table 7 the posttest results are the average student
scores per order. The students were sufficiently able to
apply concepts from the instructional unit: the average
score was 64%.

Task 2 involved the relationship between mathematics
and statistics. The task assessed what students had
learned in CH2 about the mathematical background of
correlation and regression. In this task, we asked the
students to describe the sequence of steps by which the

least squares method determines the coefficients of the
regression line. Eight students did this perfectly, four
made a small mistake, and no one had a completely
wrong answer. Also, we asked them to explain the least
squares method. This was the most difficult part of task
2 (mean score 53%). Furthermore, in task 2, we gave the
students steps from the method of finding a normal
equation in a random order. The students had learned
to draw a scatter plot of points (d;, H;) with d for day
and H for deviation and represent a regression line by:
H=a - d+b, with a and b as regression coefficients.
Also, they had learned to calculate the distance from a
point to the regression line (residual) with a - d;+b H,.
Using the least squares method, the students were able
to find the best fit for the regression line by minimizing
the sum of residual squares. They had to connect math-
ematics and statistics:

s N'la-d b

Derivations to a and b gave them a system of two normal
equations:

ay di by di Y diH
aZdi n-b ZHi

The students had learned to calculate all the sigmas
and were able to solve the system.

In task 2, we asked them to write the steps for finding
a normal equation in the correct order and to explain
each step. Most students were able to write the steps in
the proper order, but their explanations sometimes were
rather weak (see Figure 3).

In task 3, the students were given 44 measurements of
dike deformations. To test whether students could explain
the MS-relation, they had to calculate the time where
raising the dike could no longer be avoided. Apart

H; >
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Table 7 Connections MS, MP, PS, PN and SN made in the tasks of the posttest and scores of the final group (N = 16)

Task MS MP PS PN SN Max. score Mean score (SD) Score (%)
Task 1 X X X X X 2 1.1 (0.6) 55
Task 2 X 9 6.3 (1.8) 69
Task 3 X X 16 11.0 (3.3) 69
Task 4 X X X X 1 6.1 (2.3) 55

from some sloppiness, all students could calculate the
correlation. Except for one student, all students could
determine the formula for the regression line.

In task 3, the relation with the professional practice
was very important (PS), because when only the regression
line is used to calculate when the embankment is to be
incremented, it will be too late: there are also points below
the regression line. The assignment specified that students
should take a safety margin. Five did not. One student
used Excel for this margin (see Figure 4).

The other students adapted a well-known formula. By
applying statistical know-how to a mathematical model
(regression line), the students showed that they also saw
the connection between mathematics and statistics
(MS). The fourth task coincided with the chapter on the
calibration of measuring instruments. The students were
given a new context in which, for nine samples of blood
serum, the concentration of iron and the corresponding
absorption were given. Except for one student, all could
determine the calibration line (regression line). To
emphasize the relation with the natural sciences as
taught at school, points were deducted if incorrect letters
for the variables were used. Also, the students were asked
to determine the iron concentration of a patient for
whom the measured absorbance of a blood sample was
given. Thirteen students did this correctly. The other
three had problems in connecting the scientific terms to
the statistical concept of regression line (SN and PN).

In task 4, students also faced a context that was new
for them: atomic absorption spectrometry. The students
were given the data (the amount of added silver and the
absorption) of nine blood samples. Most students (15)
were able to determine the regression line, but only two

students were able to perform the steps necessary to
calculate the concentration of the original sample. In
this task, the students were required to combine at
the same time mathematical, statistical and natural
sciences with professional techniques (MS, PS, PN and
SN).

We give some examples from class discussions on how
students made the connections:

Mathematics and statistics (MS)

With the following fragment (CH1), we show an example
in which a student, Paul (all names are pseudonyms),
indicates a link between mathematics and statistics.
Paul explains how he drew the regression line intui-
tively: by the centre of the point cloud. When asked by
the teacher (T) what he means by centre, Paul indicates
that he looks vertically where the points are.

Paul: Take the mean of all the points above each other
[with the same value on the horizontal axis].

T: Say, the means of the y values.

Paul: Yes.

T: Than you get a line with above and beneath ..?
Paul: The same.

T: What do you mean with the same?

Paul: Approximately the same amount. How shall I
explain that?

T: The same amount is good for me, but finish your
sentence.

Paul: Not the same amount of points, but, say, the
distance. If you add up all the distances between all
the points and the line together, you get the same
above and below.

S Z(ad tho- I )=
- E. {Cld; .\) ‘H[ }" D
& bdithb=ill- 6

Xad; t S oS4 =0

ad =d, _« o= H =D
: -
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Figure 3 Part of a student s response on task 2 of the posttest.
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Figure 4 Excel output from one of the students. The upper line is the regression line. The lower line is constructed by subtracting three times
the SD of the residuals from the regression values (according to a discussion about the rules of thumb for a normal distribution).

At this stage, the students have not yet learned the for-
mal background, for instance, the least squares method.
They had intuitively searched for a method to draw the
regression line. In fact, Paul describes here that he looks
at the sum of residues. He connects mathematical
techniques, such as the sum of all distances (residues)
calculated, with statistical techniques, such as determining
a regression line.

Mathematics and professional practice (MP)

In the discussions on dike heights (CH2), students
regularly make connections. On a question from the
teacher on how you can determine when to raise a
dike, student Jan makes a clear link between mathem-
atics and the professional practice. On the basis of
the regression line, he shows that you can extrapolate
to come to an advice about when a dike should be
raised.

Jan: Once we learned in mathematics that you can
continue to calculate.

T: Extrapolate?

Jan: Yes, extrapolate.

T: Can you explain what you mean by that?

Jan: I did not do it for a long time. But, when you
have a certain amount of points and continue to
calculate with the found slope, than you can predict
when to take action to heighten the dike.

In this fragment, Jan explicitly linked what he had learned
in mathematics to the professional practice.

Professional practice and statistics (PS)

In the last fragment, Jan involves the professional context
in his remarks. He also makes a connection between the
professional practice and statistics:

Jan: If you only look at the regression line of the dike
heights to make your prediction of the day to raise the
dike, you may have a problem with outliers. Suppose that
the [regression] line at day 45 gives a value and another
point is suddenly very deep, then you have a problem.

Then, this was followed a discussion about an appropri-
ate safety margin around the regression line and how to
use such a safety margin in the advice to indicate when a
dike should be raised arises.

Professional practice and natural science (PN)

Students making a connection between the professional
practice and science were obvious in CH1, because deter-
mining the threshold point between aerobic and anaerobic
metabolism was an outcome there. Three students with
biology as part of their school subjects, voluntarily gave a
presentation of 10 min on the difference between aerobic
and anaerobic metabolism. In the chapter on the dike
heights, the scientific aspect was somewhat less of an
issue, but students did involve scientific aspects such as
landslides and erosion in their opinion on the moment of
heightening dikes.

Jan: I live on reclaimed land, thus when the water
rises we have to raise everything [dikes and ground]
and continue to pump.
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T: Why does that ground sink?

Rolf: Its something with baseplates.

T: Yes, shifts of baseplates.

Jan: The one plate slides under the other or
something.

T: But imagine simple things you can see with your
naked eye.

Jan: Groundwater.

T: Yes, and erosion.

Rolf: Oh yes!

D: Why erosion?

Rolf: Then there is the top slightly.

Rolf: The surface wears.

Then, this was followed a discussion about erosion and
landslides. When another student asked John whether land-
slides occur in the Netherlands, and the teacher referred
to the internet, these students found to their surprise that
earthquakes do occur in the Netherlands.

Statistics and natural sciences (SN)

To show that students connect statistics and natural sci-
ences, we give an example from the final chapter on the
calibration of measuring instruments. The students have
received data from two thermometers and the teacher
asks which is more precise.

Gijs: The standard deviation is smaller, and the
correlation is higher.

T: Why did it not indicate the same value every time?
Diede: Measurement error.

Sherin: If the [verification] pool is not 20 degrees.

T: The pool is exactly 20 degrees.

Sherin: If a little mercury above in thermometer .....
T: But a sensor thermometer might not contain
mercury.

Sherin: Thats true. If the resistance is just a little different.
T: But how could that resistance be different?

Sherin: If it is warmer.

T: But its not warmer.

Patrick: Because of the pressure.

Marije: Yes, by air pressure.

The discussion about the differences continued to
search for explanations and eventually ended with a
discussion of the effect of molecules. With statistics as a
starting point, the teacher brought the students to
scientific speculations about molecules.

Conclusions

In answer to the first research question, we conclude that
many students experience an instructional unit based on
professional practices as meaningful.
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In this study, we focussed on usefulness, motivation,
apply, connection, and authenticity as aspects of mean-
ingfulness. Both questionnaires, one prior to the experi-
ments and the other after the completion of the unit,
indicate that students widely appreciated such an educa-
tional strategy. They indicated that they see the need for
a curriculum that is based on professional practices, that
such an instructional strategy motivates them, and that
they think they will be able to apply what they have
learned in other disciplines as well. The opinions of the
students were more divided about the authenticity of the
teaching material, which is understandable since the pro-
fessional practices had been educationalized before being
introduced, especially by taking away some of the com-
plexity. Despite the fact that in the questionnaires the five
aspects of meaningfulness were balanced present (authen-
ticity less than the others), we observed that especially
motivation and apply dominated over the others in the
students spoken interactions. We did not quantify this,
but we have many recordings with students remarks
about the fact that the approach based on authentic prac-
tices is motivational and that they were able to apply the
learned concepts.

Our conclusion that students find it meaningful that
an instructional unit is based on professional practices
(RQ1) is supported by data from multiple choice questions,
open questions, interviews with students and excerpt exam-
ples of students work.

In the study presented here, we argued that coherence
is not enough to understand relationships. When making
connections, it is also important that students master
the concepts and are able to apply them. In answer to
our second research question, we conclude that the
students clearly made more connections between math-
ematics, statistics, natural science and professional prac-
tice after the completion of the unit than at the start of
the module. The relationship between mathematics and
the professional practice is not recognized in the students
answers as strongly as the other connections. This is
understandable because in this instructional unit the
connection between mathematics and the professional
practice (MP) was in accordance with the design, which
presents the connection primarily via statistics. So, in this
design, statistics acted like a bridge between mathematics
and a natural science, and no direct connection between
mathematics and the professional practice was designed.
We assume that our analysis model can be adapted for
connections between other school subjects and professional
practices. For example, we suggest that a professional
practice could be used to inspire educational materials to
bridge a foreign and a natural language. Also, we conclude
that our instructional unit helped the students to apply
the new concepts in other disciplines. The analysis of
the posttest with tasks in which various connections
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were involved shows that students were able to apply
the learned concepts. They were also able to make the
required connections.

With regard to our answer to the second research
question, we note that the measured inter-rater reliability
is acceptable, although still quite low (0.61). We attribute
this to the fact that for each item multiple codes were
possible. Furthermore, the boundaries between the five
areas are not always clear (2.3). In addition, the second
coder/researcher had only the transcripts and had not
been involved in acquiring the data.

In answer to the main question, we conclude that we
designed an example of an instructional unit based on
professional practices which was meaningful for most of
the students, also after the completion of the unit. We
observed a relevant increase in the number of times that
students made connections between mathematics, sta-
tistics, natural science and some professional practices.
Although the literature, e.g., Berlin and White 2012,
indicates that it is difficult to make the relationship
between science and contexts clear to the students, the
design on the basis of professional practices, with a
focus on meaning from a students perspective, seems a
promising direction to take. After all, the use of profes-
sional practices helped the students to make connections
in a natural way. Further research is needed to investigate
whether and when professional practices can help to
improve curricular coherence in other situations. This also
asks for comparative research. Further research is also
needed in order to implement education based on authen-
tic professional practices and to better understand the role
of the teacher.

Additional file

Additional file 1: Table of contents of the instructional unit statistics
as bridge between mathematics and science.
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