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This paper reports a case study research aiming to connect the teaching and learning 
of mathematics in upper secondary education with the workplace. Four 10th grade 
students engaged in authentic tasks from the merchant navy context concerning the 
navigation of a ship through the use of original tools (e.g., the nautical map). We use 
the notions of activity system and boundary crossing to study 
meanings for geometrical concepts. Results indicate that the students took a new look 
at the school taught geometry, by adopting the workplace perspective (perspective 
taking) and addressing authentic workplace problems through the lens of school 
mathematics (perspective making).  

INTRODUCTION 

 aims of mathe-
matics education (FitzSimons, 2014). However, the relationship between mathematics 
and workplace is complex and has been studied in many research studies over the last 
30 years. Almost all these studies converge to the conclusion that mathematics used by 
professionals has some unique characteristics emerging from the cultural nature of the 
workplace which puts an indelible mark on the mathematical ideas developed in it 
(Millroy, 1992). These unique elements make workplace mathematics different from 
those in typical education enabling them to be identified as a distinct genre within the 
workplace discourse practice (Williams & Wake, 2007). Besides, several studies in the 
workplace reveal that apprentices or novices face a lot of difficulties in understanding 
the mathematical practices involved in authentic work situations. These difficulties 
indicate the limitations of school and academic knowledge as well as the complexity of 
linking this knowledge and workplace (skill gap) (Fitzsimons, 2014). Even though, 
studies have revealed how professionals engaged in mathematics when handling 
breakdown situations (e.g., Pozzi, Noss and Hoyles, 1998) we do not know if these 
situations could provide a context for mathematics meaning making at 
schools. While the teaching exploitation of the workplace in vocational education has 
received considerable attention over the past years (Bakker et al., 2014), only recently 
has the connection between general education and workplace been an area of research 
focus (e.g., Psyharis & Potari, 2017). The reported study aims to contribute in this 
direction by connecting the merchant navy context (ship navigation) and the teaching 
and learning of mathematics in upper secondary education. It was carried out through 
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the close collaboration between a mathematics teacher (who acted also as a researcher) 
and a ship captain. 

THEORETICAL FRAMEWORK 

By perceiving the sociocultural nature of learning process, we have adopted the third 
generation of Activity Theory, as the theoretical framework for our study, considering 
two interacting activity systems (Fig. 1)  et al., 1995). In 

the present research, we study the interaction 
between teaching and learning mathematics in 
school (students, teacher) and merchant navy 
workplace (captain, ship navigation). We 
acknowledge Activity Theory an appropriate 
theoretical background as it treats the learning 
process ingrained in a system of object-oriented, 
tool-mediated and rule-defined actions without 

neglecting its individual and communal dimension. The latter elements are also high-
lighted by the subject; the community and the division of labor which include the 
structural elements of the activity systems (see Fig. 1). The categories of objects, goals, 
tools/artifacts and rules are shaping mathematics within workplace activity into a 
recognizable kind of mathematic practice, in direct connection with the workplace 
context. Among two distinct activity systems emerge sociocultural differences as 
subjects engage in new practices unfamiliar to them. From this perspective, difficulties 
in using the typical school knowledge in realistic workplace situations can be consid-
ered as an example of discontinuity (Bakker & Akkerman, 2014). 

The aforementioned discontinuities are defined by Bakker and Akkerman (2014) as 
boundaries. These authors use the term boundary crossing to refer to the interactions 
between the subjects in order to establish or restore communication among the activity 
systems. Within the bidirectional boundary crossing the tools/artifacts utilized by the 
subjects to bridge the two activity systems are defined by Star  Griesemer (1989) as 
boundary objects, i.e. objects that both inhabit several intersecting words and satisfy 
the informational requirements of each of them. Bakker and Akkerman (2014) con-
sider boundary crossing as a cognitive process that can be described through the pos-
sible activation of four learning mechanisms:  identification of the intersecting prac-
tices; coordination of practices by developing tools/objects to establish effective 
communication between them; reflection while subjects become aware of their own 
perspectives by redefining them in relation to the perspectives of others (perspective 
making) as well as by taking a new look to their own perspectives through the eyes of 
others (perspective taking); and transformation leading to changes in the existing 
practices, even the emerging of a new hybrid practice. We recognize boundary 
crossing perspective to be a fruitful alternative to understanding knowledge transfer 
between contexts, 
into workplace situations can highlight the discontinuities between typical mathe-
matical knowledge and its use in work (Wake & Williams, 2001).  

 

Fig. 1: Interacting activity systems. 
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In the present study, we consider two activity systems: teaching and learning of 
mathematics in upper secondary schools (geometry) and merchant navy (ship naviga-
tion). We focus on the interaction of the two systems and the  as they 
engage in authentic workplace activities. Boundary crossing offers us the tools to de-

struct 
meanings for mathematical concepts when working on authentic ship navigation 
tasks role of the workplace context - including authentic tools, rules and 
practices -  

METHODOLOGY  

The research constitutes the pilot study o
potential of authentic workplace situations as a context for mathematics learning in 
upper secondary schools [1]. It took the form of a case study with four 10th grade 
students and took place in a secondary school in Athens where the first author (who is 
also a teacher) works. A professional captain was invited to participate in all phases of 
the study. he practitioner contributed to the familiarization of teacher and students 
with the workplace, being bearer of nautical knowledge. He judged the correctness and 
compatibility of the activities with the workplace (designing phase) and also the solu-
tions proposed by students in terms of the professional practice (implementation 
phase). The teacher acted as an agent of mathematical knowledge bringing back to the 
forefront the typical mathematics, inquiry of mathematical con-
cepts, encouraging them to express their ideas and strategies, and asking for refinement 
and revision when appropriate.  

The implementation part of the research was divided into three phases. The students 
have been engaged in authentic activities from the workplace of the Merchant Navy 
(ship captain). In the first introductory phase, after the captain presented the main 
features of the workplace (e.g., ); the students were 
asked to design the  so as to get familiar with the workplace 
context. In the second phase, the professional familiarized the students with the 
measures and tools he uses to find the position of the ship on the map. In particular, he 
showed them how to take bearing (a straight line of sight connecting the ship and 
visual prominent landmark on the shore), range (distance from the ship to an object 
represented as a point through radar) and horizontal angle (angle which has vertex the 
ship and sides two straight lines linking the ship with two landmarks) with the use of 
ruler, divider, protractor and parallel rulers (i.e. two rulers moving in parallel lines). 
Thus, the aforementioned measures correspond to the geometrical notions of straight 
line, circle, knowing radius, and inscribed angle, respectively. Then, the students were 
engaged in solving a series of realistic problems (e.g., Avoid Obstacle, Safe Passage). 
In the third phase, the captain gave to the students, six measures (two bearings, two 
ranges and two horizontal angles) and asked them to find the 
nautical map using as many as possible ways. In the results section, we present how the 
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students propose a solution to the task Safe Passage concerning the navigation of a 
boat through a hazardous area.   

Safe Passage, that constitutes a typical duty/process in 
the navy context, was given to the students as an open 
geometrical problem. Starting from a point X the ship 
must pass through a dangerous (hatched) area with 
underwater obstacles (that are not visible).  On the map 
the captain had marked landmarks A and B as refer-
ence points (Fig. 2). The students were asked, to use 
landmarks A and B and the aforementioned measures 
(bearing, range and horizontal angle) and tools in order 
to find a way to keep track of the en-
sure its safe passage. This is a kind of problem not 

typical of those that students encounter in school. However, the students could make 
sense of it in the context of school mathematics.  

The collected data consisted of: transcriptions of videos recording the main phase of 
ources and materials 

(lesson plan, worksheets, ppts, digital files); outcomes of the  activities on the 
nautical map. The analysis was carried out in two levels. After carefully watching the 
videos and examining the corresponding transcripts, critical episodes were selected 
and coded under a grounded theory approach (Charmaz, 2006). The episodes were 
related to the construction of meanings t  work-
place practice s tools, or respond to the activities 
modelling the realistic problems faced by the professional during the course of the 
ship. In the second level, the analysis focused on the boundary crossing of students 
between the two activity systems (teaching and learning of school mathematics and 
merchant navy) in relation to the meaning generation identified at the first level. In this 
paper, the levels of analysis described above concern the notion of inscribed angles 

e implementation of Safe 
Passage. The analysed episode falls into the learning mechanism of reflection.   

RESULTS 

Initial solution 

The task was given to the students by the professional. He marked points X, A and B 
on the map and asked the students to find a method to keep track of the rse 
through the hazardous area. Students started solving the problem by drawing the 
segment AB. After that, they drew a line from point X parallel to segment AB as a safe 
route of the ship (Fig. 3). One student proposed to measure the distance between the 
lines drawn from This was 
a correct solution from a mathematical point of view. 

 

Fig. 2: The problem. 
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However, since AB in reality is an imaginary 
straight line (without visible landmarks), the stu-
dents realized that it was not possible in the work-
place context to measure the distance between the 
ship and AB with the use of the available 
measures/tools (i.e. from the ship). Student S2 
communicated plainly his concern on this issue by 
wondering in which way he could be sure that the 
ship follows a safe course. Student S1 recognised 
that it was not possible to use straight lines (bear-
ings) and distances (ranges) to keep track of the 

there were no visible landmarks in 
the hazardous area. He proposed, for first time, to use inscribed (horizontal) angles. 

1  S3: draws a straight line from X parallel to the seg-
ment ] 

2 S2:  How shall I know if I am far or near the hazardous area?  

3 S3:  You are right. I have no landmarks to take measures. [Dangerous area is not 
visible] 

 

The s
knowledge to address the problem indicates a discontinuity between school mathe-
matics and workplace. The constraints posed b s/tools and 
the workplace r  led the students to abandon their initial (mathe-
matically accepted) solution discovering that it was ineffective in the new context. The 

during their explo-
ration (lines 3 and 4) indicates that they had become familiar with the workplace tools. 

Find a safe point 

How can I determine 
) was crucial for the students to 

overcome their difficulties in finding a strategy to exploit 
the concept of inscribed angle they had recognised as 
relevant. He gave them the hint to mark a safe point on the 
chart and the students marked the point E (Fig. 4). That 
was not only a safe point between the two dangerous ar-
eas, but also a point on the line they drew in their initial 
solution. They still used as reference points A and B, 
though this time student S3 suggested to draw a circle 
passing through the points A, E and B and to measure the 

corresponding inscribed/horizontal angle (Fig. 4). The part of the dangerous area near 
the shore (area 1, see Fig. 4) was somehow contained in the designed circle. In that way 

 through the use of 

 

Fig. 3: Initial solution. 

 

Fig. 4: Inscribed angle. 
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an inscribed/horizontal angle. However, at this phase the students were experimenting 
with distinct safe points (e.g., E) without having formed a comprehensive strategy. 

5  T: Ok mark on the chart a safe point for the ship?   

6 S1:  [He marks point E] Wait, the circle should pass through all three points. 
[He refers to points A, E, B] 

7 T:  So, how can I determine the dangerous waters? [Students had designed the 
circle and the inscribed angle AEB] 

8       S4:        As the area surrounded by the arc of a circle. [He refers to arc AEB] 

Through the design of the circle passing through points A, B and E the students 
achieved to orient accurately the dangerous area. Taking the role of a professional 
helped students to cross the boundaries between the two activity systems, using au-
thentic tools (horizontal angle) as boundary objects, satisfying workplace rules (safety) 
and trying to fulfil a workplace demand (safe passage). Their choices were influenced 
jointly by the perspectives of both the school (accuracy in defining the dangerous area 
through a circle) and the workplace (tools, constraints, norms). 
helped them to connect the value of an inscribed/horizontal angle with the cyclical 
sector that defines the dangerous area.  

Final solution 

In the final phase of their 
exploration, the students 
were engaged in finding a 
measure indicating that the 
ship sails in a safe area. For 
this they had the idea to de-
sign the point C (the ending 
point of the dangerous area 
near the shore, area 1, Fig. 
5), the circle passing through 
A, C, and B and the in-
scribed/horizontal angle 
ACB. Their strategy was to 

use the value of the inscribed/horizontal angle (45o) to define the dangerous area ori-
ented by the designed circle. Wit
reasoning, the teacher asked if the value of the inscribed/horizontal angle had to be 

suggested using the point D (the beginning point of the dangerous area away from the 
shore, area 2, Fig. 5) as they used the point C before. Thus, the students designed a new 
circle passing through the points A, D and B and the inscribed/horizontal angle ADB 
so as to have a visual representat Measuring 
the inscribed/ horizontal angles (from the points C and D) and observing the difference 
in their values (45o and 35o respectively), the students accepted that as the radius of the 
circles (passing through A and B) increases the corresponding inscribed angle de-

 

Fig. 5: Final solution. 
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creases (Fig. 5). In this way, they developed a strategy to check whether the ship is 
following a safe course or not based on the value of the inscribed/horizontal angle 
having as vertex the position of the ship and sides defined by the lines connecting the 
vertex with the points A and B respectively.  

 9   T: Fine, the horizontal angle is 45o.  To be safe, you need a wider or a narrower 
angle? 

10  S3:  Wider. [Wrong answer] 

11  S4:  No, for bigger radius, the angle becomes narrower. [After students make 
the second circle and measure the angle at D]       

12      S1:       The second angle is 35o. It is narrower. 

13      S2:       We must keep track of the horizontal angle.  

14      S2:       The limits are from 35o to 45o for a safe passage. 

Taking a global view of the above incidents, the students achieved to find a solution to 

angles. In the end, the captain r
to the one used in the workplace. To achieve this, the students reinvented the notion of 
the inscribed angle and constructed meaning for the alteration of it, a geometrical re-
lationship that it was not taught at school. Thus, not only they used their existing 
knowledge in the new context but also they developed meanings for new geometrical 
concepts. Acting like professional
the students took a new look at the school taught geometry, by adopting the workplace 
perspective (perspective taking) and addressing authentic workplace problems through 
the lens of school mathematics (perspective making).  

CONCLUSIONS 

In the current study we adopted the perspective that the integration of authentic 
workplace situations into mathematical teaching can enrich  mathematical 
knowledge. Our analysis focused on how the merchant navy context motivated stu-
dents to cross the boundaries between school mathematics and professional space. The 
realistic context (original workplace problem), the pr ) and 
the workplace constraints (rules) acting as boundary objects revealed the insufficiency 
of school taught knowledge, highlighting a discontinuity between formal mathematics 
and the genre of mathematics developed in the workplace. Throughout their explora-
tion for solving an authentic task the students were influenced by the school perspec-
tive (parallel lines), they moved to an intermediate model which jointed the school and 
the workplace perspective (horizontal/inscribed angle) and they gave the final solution 

Through a reflec-
tion process they reinvented geometrical notions (inscribed angle), while they gave 
meaning to new geometrical relationships (alteration of inscribed angles). The pro-
fessional acted as an agent of the workplace knowledge by bringing to the forefront the 
workplace context. The analysis indicates also the teache in provoking 
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inquiry-based questions and crucial interventions. 

Notes 

[1]. The study is inspired by the European project Mascil (http://www.Mascil-project.eu) that 
aims to promote the integration of inquiry-based learning and workplace in the teaching and 
learning of mathematics and science. 
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