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a b s t r a c t

Objective: The objective of this study was to compare orienteers’ modes of adaptation to different
environments. Emphasis is placed on characterizing their concerns in relation to the need to accurately
locate one’s spatial position during orienteering.
Design and methods: The activity of eight orienteers was studied on two navigation tasks: (a) a classic
orienteering task, and (b) a setting-orienteering task. The data were collected and processed using
a procedure defined for course-of-action analysis. The methodology used video recordings of the
orienteers in natural settings made by a glasses camera, and verbalizations during self-confrontation
interviews conducted with four participants. Processing the qualitative data consisted of reconstruct-
ing the orienteers’ course of experience. A further statistical analysis enabled us to identify events
pertaining to map reading and pace.
Results: The analysis uncovered similarities and differences in the sequential organization of the
orienteers’ activity classic and setting tasks that were related to particular phases of the two courses and
to time pressure. The results stress two fundamentally different modes of navigating and locating one’s
spatial position in one’s environment.
Conclusions: The navigation activity and its adaptive nature are discussed in relation to the significant
structural characteristics of the environment. The results are put in perspective in reference to the
fast-and-frugal-heuristics approach, and several perspectives for skill acquisition are examined. It is
suggested that this study could have broader implications for sport psychologists and sport instructors,
in various sports requiring navigational skills in complex and dynamic environments.

� 2012 Elsevier Ltd. All rights reserved.

Navigation refers to the combination of operations implemented
to plan, conduct, and regulate one’smovement on a coursemade up
of different locations (Farrell & Barth, 1999). In many navigation
tasks, the use of a map helps the individual (Schneider & Taylor,
1999). Any task involving navigation in an unfamiliar environ-
ment with the help of a map requires the individual to satisfy two
demands. The first is to accurately determine one’s location on the
map (Peruch, Pailhous, & Deutsch, 1986). The second is to update
one’s location in the environment to avoid getting lost and to get to
the targeted spot (Klatzky, Loomis, Beall, Chance, & Colledge, 1998).

Exploring navigation skills in sport domains is of great interest
for sport psychologists, for two main reasons. First, such skills are

required in certain sports such asmountaineering (e.g., Scarf, 2007),
sailing (e.g., Devlin, 2004), scuba diving (e.g., Rouphael & Inglis,
1997), piloting an aircraft (e.g., Wickens, 1998), and orienteering
(e.g., Eccles, Ward, & Woodman, 2009), where navigation plays an
important part in performance. Secondly, these skills highlight
unique cognitive processes and adaptations to sport situations,
which are characterized by complexity, dynamism, uncertainty, and
time-constraints. Indeed, navigation tasks require interpreting the
current situation and making decisions while jointly considering
information provided by the natural environment and by a map
representing that environment. Athletes must continuously share
their attention between these two sources of information, andmust
make sure they are consistent in order to make decisions.

The present research concerns orienteering, the “sport of
navigation with map and compass” (Boga, 1997). Orienteering is an
individual or sometimes team sport in which the orienteer uses
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amap and a compass to quicklyfind control sites, shownon themap
in the center of a pink circle andmarked on thefield bya coloredflag
set in the ground (control flag). In addition to the control circle,
orienteering maps are accompanied by a control description card
that specifies the exact description and location of each control site
(e.g., “Control 31 is on a boulder, east side”). Each control is equipped
with an identification code and a specific “punch”, which the
orienteer uses to leave a mark on his control card in order to record
his visit to the control point. The distance from one control point to
the next is called a leg. The map is a five-color map whose scale
ranges from 1/7500 to 1/15,000. It is designed specifically for
orienteering and contains information coded according to the offi-
cial nomenclature of the International Orienteering Federation (i.e.,
man-made features, water features, landforms, or penetrability of
vegetation). The performance criterion in orienteering is time. But
when the race is over, the orienteer is disqualified if he or shemissed
a control. Thus, it is necessary to be both fast and accurate in order to
find the right control for each leg.

The physical environment chosen for orienteering is usually off-
roads, and is always unknown to the orienteer at the time of the
competition (Whitaker & Cuqlock-Knopp, 1992). However, from
a cognitive point of view, the environment in which the orienteer
chooses routes involves more than the physical environment. In an
ecological approach to psychology, the environment is conceived
more largely as a set of constraints that limits the possible actions of
the athletes (Araújo, Davids, & Hristovski, 2006). In reference to
Eccles et al. (2009), Vicente and Wang (1998) consider the environ-
ment in orienteering as the interaction between four levels of
constraints: goal, route selection, functions, and physical environ-
ment. At the goal level, the aim for the orienteer is to find the control
flags asquicklyaspossible. At the route-selection level, the constraint
imposed on the orienteer is to construct the fastest route on each leg
of the course. At the functions level, the orienteermust bothmove by
running or walking while minimizing the risk of injury, and perform
the cognitive operations of navigation like navigational checking
(Wickens, 1998). Lastly, the physical-environment level involves
three sources of constraints: the terrain (wild area), the course
(composed of around 30 controls on several kilometers), and the
orienteer’s equipment (the map, the control descriptions, a compass
and a control card).

As a result of this system of constraints, orienteering is an
“inherently complex” decision-making task (Omodei & McLennan,
1994, p. 1411). During a competition, orienteers must continually
divide their attention between the map, the terrain, and their own
locomotion. This is problematic, especiallywhenmovingwith speed
(Eccles, Walsh, & Ingledew, 2002a), for the orienteer cannot handle
all of the informationpresent due to natural information-processing
limitations (Newell & Simon, 1972; Simon, 1955). Eccles et al.
(2002a), and Eccles, Walsh, and Ingledew (2002b) described the
way in which orienteers get around these limitations through the
use of heuristics. Heuristics are simple rules of thumb that enable
one to reduce a complex situation to exploitable characteristics, in
order to solve the problem in an acceptable way. “Acceptable” here
means cost-minimizing, not “optimal”, i.e., by rationally and
systematically working out the costs and benefits of all conceivable
solutions (Newell & Simon,1972).Whenplanning their route, expert
orienteers are thought to use the control-first, work-backward
heuristic, whereas inexperienced orienteers use intuitive and
domain-general heuristics like start-first,work-forward (Eccles et al.,
2002b, p. 334). These studies have brought out how experts adapt to
orienteering task constraints, precisely at the route-selection level.
Eccles’ (2006, p.1112) study completed thesefindings by focusing on
the adaptations of orienteers to their physical environment. The
findings showed that expert orienteers adapted their navigational
equipment in order to reduce the workload during orienteering by

“folding and thumbing the map, annotating the control description
card and attaching it to a sleeve, and setting and re-setting themap”.
Macquet, Eccles, and Barraux (2012) studied the activity of the best
recent elite orienteer. They showed that this orienteer’s cognitive
activity consisted of alternating between three typical concerns that
allowed him to increase navigational efficiency by simplifying the
information required to navigate. For example, he reduced the map
information by selecting easily recognizablemap features, so that he
could quickly recognize checkpoints on the terrain, and he gave up
his current strategy to adapt a safer but less efficient one only when
he began to detect the onset of a navigational error (Macquet et al.,
2012).

The present study was aimed, firstly, at studying the way in
which orienteers adapt in a natural context, while taking into
account some limitations underlined by Eccles et al. (2002b) con-
cerning the ecological validity of the experimental conditions set
up inmost previous studies. On this point, Seiler (1996) had already
observed differences in decision-making processes according to
whether the experiment was carried out in a laboratory or in the
field. Our second aim was to compare orienteers’ methods of
adapting to different environments, based on the assumption that
an orienteer’s activity is dependent upon the current environ-
mental constraints (Bennis & Pachur, 2006). Two orienteering tasks,
representing two different environments, were considered: (a)
a classic orienteering task in which orienteers had to find controls
as quickly as possible; (b) a setting-orienteering task in which
orienteers had to set control flags as accurately as possible, but
under low time pressure. The difference in environment between
these two tasks in terms of (a) the goal (first constraint level), and
(b) the physical environment (fourth constraint level), was the
presence or absence of control flags (Eccles et al., 2009). The
rationale for choosing the orienteering-setting task was that this
task puts orienteers in a situation inwhich the control flag is shown
on the map but is absent from the environment, unlike the classic
orienteering task where the control flag is shown on the maps and
is also present in the environment (two sources of information).
The main hypothesis underlying this study is that the change in
task constraints between the two tasks, although relatively small
with respect to the orienteering task as a whole, might be associ-
ated with a change in the cognitive processes used to attempt to
accomplish the task, thereby illustrating the subtle “situatedness”
of cognitive activity in this sport. Analyzing the orienteering
activity in these two tasks also falls in linewith Bennis and Pachur’s
(2006, p. 625) suggestion to model “the various environments in
which a heuristic might be used”.

The present studywas carried out from a phenomenological and
enactive perspective (Varela, Thomspon, & Rosch, 1991). According
to this perspective, the environment to which an actor gives
meaning and to which he/she adapts is not predefined according to
its “objective” characteristics as seen by an outside observer.
Instead, it is the actor’s specific world (or umwelt) that is perceiv-
able and experienced from the first-person point of view, i.e., “from
the inside” (Petitot, Varela, Pachoud, & Roy, 1999; Varela & Shear,
1999). In this way, the objective constraints of the task do not
necessarily constitute relevant constraints from the standpoint of
the actor’s activity.

Course-of-action framework

The “course-of-action” framework, which is both theoretical
and methodological in nature, gives concrete expression to the
enaction paradigm for use in the study of daily activities (Theureau,
2003). Initially developed for research in ergonomics (Theureau,
2003, 2006), the course-of-action framework has been used for
about ten years now in the field of sport psychology (e.g., d’Arripe-
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Longueville, Saury, Fournier, & Durand, 2001; Poizat, Bourbousson,
Saury, & Sève, 2012; Sève, Nordez, Poizat, & Saury, in press; Sève,
Ria, Poizat, Saury, & Durand, 2007). In this framework, the theo-
retical object of the course of experience allows one to analyze the
actor-environment coupling by granting a key role to the actor’s
point of view. This theoretical object is defined as “the activity of
a given actor engaged in a given physical and social environment,
where the activity is meaningful for that actor; that is, he [sic] can
show it, tell it and comment upon it to an observer-listener at any
instant during its unfolding” (Theureau & Jeffroy, 1994, p. 19). The
course of experience represents the construction of meaning for the
actor’s activity as it progresses, or the history of the activity’s
underlying phenomena that can be “shown”, “told”, or “com-
mented upon” by the actor at any point as its unfolds (Theureau,
2006). The activity experienced by the actor is studied via self-
confrontation interviews. During this type of interview, partici-
pants are confronted with physical traces (essentially video and
audio) of their activity, andmust show, talk about, and comment on
the episode they are reviewing. One way to study the process of
meaning construction is to focus on the dynamic and circumstan-
tial building of the actors’ “concerns”. A concern refers to an actor’s
practical interest and/or intention. If we assume that an actor’s
concerns define the scope of his/her situated activity, an investi-
gation of concerns at a given instant helps in describing the navi-
gation activity as it was experienced from the orienteer’s point of
view. Our study here was aimed at describing, analyzing, and
comparing the concerns of orienteers faced with two different
navigation tasks, in order to give an account of their navigation
activity and their ability to accurately locate their spatial position in
their environment.

Method

Participants

Four male orienteers volunteered to participate in the entire
study. Four additional orienteers agreed to perform both orien-
teering tasks so that we would have enough data to complete the
quantitative analysis. In what follows, the participants will be
identified anonymously (such as Participant 1, Participant 2, etc.).
They were between 18 and 23 years of age at the time of the study
(M ¼ 20.37, SD ¼ 1.81), were working toward an undergraduate
degree in sport science, and had chosen orienteering in their
curriculum. All had had two orienteering units (from six to eight
sessions averaging 2 h each) at their school or university, but they
had never done orienteering as a competitive sport.

Procedure

The activity of the orienteers was studied for two consecutive
days on an orienteering training course. Each day, the participants
had to perform one of two tasks: classic orienteering or setting
orienteering. The first day, four participants performed a classic
task and four others, a setting task. The next day, they performed
the other task. The two tasks were organized in two different areas
of a forest unknown to the participants. The aim of the classic
orienteering task was to complete the course as fast as possible in
the order given by themap. The aim of the setting-orienteering task
was to set control flags in an order predetermined by the map,
within the allowed time. The maximum time was 30 min, which
constitutes a low time pressure (defined according to a pre-
experiment). The instructions given to the orienteers stated that
their performance would be measured in terms of setting accuracy
(distance of the control flag set by the participant, from the exact
location of the control site) and not the time taken to complete the

course. The orienteers did the course in pairs. This was meant to
encourage spontaneous verbal communication (Suchman, 1987)
between the orienteers during the task, even if they were not
explicitly asked to do so. This method is a form of think aloud
procedure used previously by Omodei and McLennan (1994).

Four orienteering courses were set up (two for the classic task
and two for the setting task). The set-up was done by an expert
course setter so as to have similar technical and energy-related
characteristics (a distance of 1160 m and a 10 m difference in
elevation). The courses were generated using cartography Ocad
9.4� software (Zupan & Franges, 2003). They included four controls
of increasing difficulty, as assessed by the gradation system of the
French Orienteering Federation. Each participant was given a map
2 min before the start, a control description card, a timer, and
a compass. In the classic task, orienteers had a control card,
whereas in the setting task, they had to set the control flags.

Data collection

Two types of data were gathered: (a) continuous audiovisual
recordings of the orienteers’ experience during the orienteering
tasks, and (b) verbalizations during self-confrontation interviews.

Recording data in situ
During both orienteering tasks, recordings were made with

camera-equipped glasses that had an integrated microphone. The
centering shot was comparatively similar to the one obtained by
a head-mounted camera (e.g., Eccles, Walsh, & Ingledew, 2006;
Macquetet al., 2012). The total lengthof the recordingwas6h27min.

Verbalization data
The verbalization data were obtained from the individual self-

confrontation interviews with the four participants who vol-
unteered to take part in the interviews (Theureau, 2003). The
average length of the interviews was 34 min (SD ¼ 7 min) for the
classic task and 48 min (SD ¼ 8 min) for the setting task. They were
conducted on the same day as each course, following a waiting
period of 3e6 h after the course. During the interviews, the
participants were shown the audiovisual recordings of the situation
and the objects they had for the course (map, compass, timer, and
control descriptions). The participant and the researcher viewed
the recording together, and the participant was asked to describe
and comment upon his activity step by step (what he was doing,
feeling, thinking, and perceiving during the course). Prompts from
the interviewer dealt essentially with actions that were meaningful
to the orienteers and were designed to obtain additional informa-
tion about the actions (e.g., “there, you’re saying that you don’t
really know where you are”). The interviews were recorded, using
a camera that filmed in close-up the screen on which the film
recorded in situ was playing. A total of 5 h 26 min of verbalization
was collected.

Data processing

Qualitative analysis
The qualitative analysis of the data consisted of reconstructing

the participants’ course of experience on each task, in six steps: (a)
transcription of communications and behaviors, (b) constitution of
the two-levels protocol, (c) documentation of concerns, (d) iden-
tification and categorization of typical concerns, (e) identification
of sequences, and (f) graphic modeling and comparison of the
navigation activity in the two tasks.

Transcription of communications and behaviors. The audiovisual
recordings captured by the glasses camera of the four orienteers
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who took part in the interviews were retranscribed word by word
using Transana� 2.42 software (Woods & Dempster, 2011). Their
behaviors were described in terms of the categories generally used
in the technical language of orienteering courses (e.g., orient the
map, run along the ditch, etc.).

Constitution of the two-level protocol. This step consisted of
synchronizing the in situ recording data (Level 1) and the verbal-
ization data collected during the self-confrontation interviews
(Level 2). The time codes inserted during the transcription were
used to synchronize these two levels.

Documentation of orienteers’ concerns. From the two-level protocol,
the concerns of each orienteer were identified and labeled in
relation to the answers to the following questions about data ob-
tained at a given instant of the situation: What are the orienteer’s
meaningful interests in the situation? What is his intention? What
is he trying to do? As an example, when Participant 2 said during
the interview “Now, I’m spotting the dep [he shows the map] to
visualize it [.] because normally it should slope”. His concern was
labeled as “Imagine the upcoming depression with the help of the
map”. A total of 866 concerns were identified for the four orienteers
and the two tasks.

Categorization of typical concerns. All of the concerns related to
spatial navigation (e.g., locating one’s position, looking for the
control flag, etc.) were identified in each course of experience of the
four orienteers, during the two tasks. These concerns were system-
atically compared and categorized using an iterative procedure in
accordance with the inductive-categorization principles suggested
by Strauss and Corbin (1990). The concerns were grouped in the
same category whenever they pertained to the same more general
type of concern, and each category was labeled as a typical concern.
For example, the following two concerns at instant t “Imagine the
footpathon the landscapehewill encounteron this leg,with thehelp
of the map” and “Imagine the stream on the landscape he will come
across on this leg, with the help of the map”, were classified in the
same category “Imagine the feature(s) of the landscape he will
encounter on this leg, with the help of the map”. A total of 17 cate-
gories of typical concerns were identified and labeled (Table 2).

Identification of sequences. A global analysis was conducted to
identify sequences that manifested the temporal construction of the
activity (d’Arripe-Longueville et al., 2001). Sequences were units in
the course of experience in which certain typical concerns consis-
tently followed each other in a particular order, as a part of a more
global purpose (Theureau, 2006). For example, the succession of
three typical concerns “Moving toward the control”, “Looking
around for the control flag”, and “Checking the control code and
punching the control card” constituted the sequence “Quickly
finding the control flag”. Five such sequences were identified and
labeled (Fig. 1).

Graphic modeling and comparison of the navigation activity in the
two tasks. The sequences of the participants’ courses of experience
were compared in the two tasks in relation to the different phases
of each leg. This comparison enabled us to build a graphic model of
the sequential organization typical of the orienteers’ activity in the
classic task and in the setting task, and to identify similar and
different forms in the organization of each task (Fig. 1).

Ensuring the credibility of the qualitative analysis. Several measures
were taken to enhance the credibility of the data (Lincoln & Guba,
1985). First, self-confrontation interviews were conducted in an
atmosphere of trust between orienteers and researchers. Trust was

built during the familiarization phase, and via the establishment of
an explicit contract between the researcher and the participant that
took into account the respective interests of each one. Secondly,
two investigators independently carried out the three main steps of
the data analysis (i.e., documentation of concerns, categorization of
typical concerns, and identification of sequences), and discussed
any initial disagreement until a consensus was reached. This
method is justified by the particular characteristics of data analysis
in the course-of-action framework. Indeed, reconstructing a course
of experience is not strictly a coding procedure: it requires a plau-
sible interpretation of the ongoing construction of meaning during
the actor’s activity. This is ensured by the parallel data analysis by
different researchers, who mutually discuss their interpretations.
Thirdly, a saturation criterion was adopted for the categorization of
typical concerns. This criterion was considered to be met when no
new categories of typical concerns emerged from the processing of
further data.

Quantitative analysis
A quantitative analysis supplemented the qualitative analysis.

The 16 in situ recorded videos (one audiovisual recording per
orienteer per task) were examined in great detail in order to (a)
reconstruct the traces of each orienteer during the courses, and (b)
code and tally all occurrences of behavioral descriptors of the
orienteers’ activity. This allowed us to perform statistical analyses
of the quantitative data.

Reconstruction of orienteers’ traces on each leg of the courses.
The orienteers’ times were measured on each leg of the courses.
The trace of their moves on each leg was reconstructed by one of
the researchers (an expert in orienteering) from the video record-
ings and from a fine-grained analysis of the map and terrain.

Coding of behaviors. The ways the orienteers read the map were
coded and tallied in accordance with the coding method used by
Eccles et al. (2006). Note the coding was done only from pre-
departure to control 4, because during the time between the last
control and the finish point, most of the orienteers had stopped
their orienteering activity and map reading, and were moving by
deduced reckoning. The number and frequency of looks at the map,
and the total time spent looking at the map was calculated as
a percentage of the total time taken to complete the course. Looks
at the map were classified into three categories: “furtive” looks
(under 1 s), “short” looks (between 1 and 5 s) and “prolonged”
looks (more than 5 s). The pace when looking at the map (stopped,
walking, running) was also noted. The length of each leg attack
phase, that is, the phase between the attack point to the control site,
was timed (Eccles et al., 2002a). The orienteer was considered to
enter the attack phasewhen hewas less than 75m from the control
site. The time spent looking at the map during these phases was
measured as a percentage of the length of the attack phase.

Statistical analysis. From the coding of map-reading behaviors, 13
dependent variables were obtained (Table 1). These variables were
recorded during both tasks (i.e., classic task and setting task). The
normality of the data was checked using the KolmogoroveSmirnov
test. Then, paired t-tests were performed to compare conditions on
each variable. Multivariate analyses with an alpha level of .05
indicated the rate of type I errors. Bonferroni adjustment to the
alpha level was applied at a level of .004 (.05/13).

Results

The results are presented in three sections. The first describes
the eight orienteers’ performance on both tasks. The second
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characterizes the similar and different forms of sequential organi-
zation of the orienteers’ activity on both tasks. The third presents
the behavior differences in the orienteers’ activity on both tasks, on
the basis of the quantitative data analysis.

Performance on the two tasks

On the classic orienteering task, the eight orienteers reached the
fourcontrolsof thecoursewithanaverage timeof13.16min(SD¼1.23)

Classic orienteering Setting orienteering

Phases of the courseTypical concerns Sequences Typical concernsSequences

Handing out the map

Pre-departure phase

Checking the first control 
descriptions

Imagining the feature(s) to 
encounter, with the help of the map

Setting up a 
navigation 
scenario to 
go to the 

control sites

Setting up a 
navigation 
scenario to 

find the 
control flags

Imagining the feature(s) to 
encounter, with the help of the map

Navigating
heading for 

the next
control

Imagining the feature(s) to 
encounter, with the help of the map

Looking for the feature(s) on the 
landscape

Understanding
the meaning of 
the expected 

feature(s) 

Understanding 
the meaning of     
the unexpected 

feature(s)

Unfolding,adapting or setting up 
another navigation scenario

The approach
phase of the leg

Giving the start signal

Attack point

The attack phase 
of the leg

Quickly 
finding the 
control flag

Moving toward the control

Control 
flag is

perceived

Looking around for the control flag

Checking the control code and 
punching the control card

Reaching the 
control site 
and setting 
the control 
flag in the 
right place

Checking the control description

Moving along on the handrail to get
as close as possible to the control

Imagining all/some features of the 
landscape to encounter near the 
control with the help of the map

Looking for these features on the 
landscape

Understanding the meaning of the 
expected features

Accurately locating his position 
from all features encountered

Following a handrail

Accurately or roughly locating his 
position from the feature(s)

Navigating 
heading for 

the next
control

Imagining the feature(s) to 
encounter, with the help of the map

Looking for the feature(s) on the 
landscape

Understanding
the meaning of 
the expected 

feature(s) 

Understanding 
the meaning of     
the unexpected 

feature(s)

Unfolding,adapting or setting up 
another navigation scenario

Following a handrail

Accurately or roughly locating his 
position from the feature(s)

Choosing a route for the first few legsChoosing a route for the first few legs

Hanging the control flag and 
controlling the validity of  the setting

Accurately locating his positionAccurately locating his position

Fig. 1. Graphic modeling of the orienteers’ activity in classic and setting orienteering.
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(Table 1). Four orienteers had trouble finding the fourth control. The
analysis of their trace shows that they erred for several minutes in
a zone of over 100 m around the fourth control. On the setting-
orienteering task, all eight orienteers set the first two control flags at
the exact places shownon themap.With the increase indifficulty, only
four orienteers managed to accurately set the last two control flags
with an average error of 15.50 m (SD ¼ 1.81) on the third control site,
andof 40.00m(SD¼ 21.21) on the fourth control. These fourorienteers
exceeded the allotted time by 10.25min on average (SD¼ 9.54). Lastly,
the average time taken by the eight orienteers to set the four controls
was 24.46 min (SD ¼ 6.28) (Table 1).

Forms of sequential organization of orienteers’ activity on both tasks

Similarities and differences appeared in the typical sequential
organization of the orienteers’ activity on classic task and setting
task, in connection with different phases of the two courses. Fig. 1
presents the graphic modeling of the orienteers’ activity on the two
tasks. Table 2 gives a detailed presentation of the typical concerns
identified in each task.

Similar forms of activity on the two tasks
The activity of the orienteers on both tasks was organized into

sequences of identical structure on the approach phases of the leg.
This sequencewas labeled: Navigating heading for the next control. It
began as soon as the start signal was given and ended when the
orienteer got to the attack point of the control (Fig. 1). This
sequence was then reopened at the beginning of each new leg. The
orienteers exhibited an iterative activity for interpreting the land-
scape features encountered in the environment, based on features
that were expected or unexpected from reading the map. Making
this connection allowed them to locate their position accurately or
roughly, depending on the number of map features and landscape
features they connected to each other.

Different forms of activity on the two tasks
The orienteers’ activity was organized into sequences that

differed on the two tasks, both for the pre-departure phase and for
the leg-attack phase. The differences between the sequences per-
taining to the pre-departure phase, however, were less marked.

Pre-departure phase. In the pre-departure phase, two sequences
were identified and labeled: (a) Setting up a navigation scenario to
find the control flags (classic orienteering task), and (b) Setting up
a navigation scenario to go to the control sites (setting-orienteering
task). They began when the maps were handed out and ended as
soon as the start signal was given (Fig. 1).

Setting up a navigation scenario to find the control flags.
On the classic task, orienteers chose the route they were going to
take on each leg, observing the order of the future course, that is,
going from the starting point to Control 1, from Control 1 to Control
2, etc (Table 2).

Setting up a navigation scenario to go to the control sites.
On the setting task, orienteers always started by checking the
control description before choosing the route to take to get there
(Fig. 1). They repeated this operation for the other legs, either for all
of them if they had enough time, or only for the first few.

Leg-attack phase. The sequences pertaining to the leg-attack phase
differed substantially between the classic and setting tasks. They
were called (a) Quickly finding the control flag (classic task), and (b)
Reaching the control site and setting the control flag in the right place
(setting task). Both were observed on the attack phase of every
control (Fig. 1).

Quickly finding the control flag. On the classic task, when the
orienteers thought that the control flag was near (beginning of the
attack phase), theymoveddirectly forward in its direction in a rough
waysince theydidnot necessarily followa line feature (Table 2). This
concern ended instantly when the control flag was seen (Fig. 1).
When the difficulty level was low (Controls 1 and 2), the control was
sometimes spotted by chance, as explained for example by Partici-
pant 3: “I don’t expect tofind it necessarily there, there’s a little bit of
a chance factor”. When the control flag was not directly visible
(Controls 3 and 4), orienteers reached the control by exploring the
landscape and trying to guess its position until they found it
(Table 2). For example, Participant 4 explained his strategy of gain-
ing height in order to have a better viewpoint for seeing the control
flag: “I’m going to gain height in order to try to spot it [the control
flag]”. Once the control flag was reached, orienteers checked the
control code to see if the control was the right one before punching
the control card.

Reaching the control site and setting the control flag in the right
place. On the setting task, the structure of the sequences in the
orienteers’ course of experience on attack phases was very different
from that observed on the classic task (Fig. 1). When the orienteers
got near a control, they were again concerned by the control
description. The series of typical concerns at that point exhibited
a structure relatively close to the one identified for the approach
phases. However, it differed on some essential points. The orien-
teers moved systematically along on the handrail (line feature) to
get as close as possible to the control site, evenwhen they estimated
the distance to cover to be longer than the direct route. After that,
the orienteers took into account all available features on the map
that were near the control, so that when they came across these

Table 1
t-tests on differences in classic orienteering and in setting orienteering (N ¼ 8).

Dependent variables (number and name) Classic orienteering Setting orienteering t p d

M SD M SD

1. Course time from control 1 to control 4 (min) 13.16 1.23 24.46 6.28 5.57 <.001* 2.50
2. Total time spent looking at map (min) 2.84 .98 8.30 2.68 5.5 <.001* 2.71
3. Time spent looking at map as a percentage of course time 21.22 5.64 33.52 3.18 5.59 <.001* 2.69
4. Number of times per minute at which map was looked at 3.80 1.15 4.95 .61 2.48 .02 1.25
5. Furtive looks at map as a percentage of total looks at map 36.86 8.73 27.17 9.57 3.12 .009 1.06
6. Short looks at map as a percentage of total looks at map 40.8 6.63 43.53 3.77 1.58 .07 .51
7. Prolonged looks at map as a percentage of total looks at map 22.34 7.00 29.30 7.15 1.88 .05 .98
8. Looks at map when stopped as a percentage of total looks at map 49.33 6.49 61.39 9.13 3.61 .004 1.52
9. Looks at map when walking as a percentage of total looks at map 36.99 5.82 33.61 8.04 .89 .20 .48
10. Looks at map when running as a percentage of total looks at map 13.68 7.09 4.99 3.44 6.02 <.001* 1.56
11. Average time of attack phases on each leg (min) 1.17 .44 3.47 1.25 4.04 .002* 2.45
12. Average time spent looking at map in attack phases (min) .13 .09 1.04 .24 9.02 <.001* 5.02
13. Time spent looking at map as a percentage of mean attack phase time 9.96 3.85 32.06 7.32 13.60 <.001* 3.79

*p < .004.
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features on the landscape, they had been anticipated. The orienteers
were interested in locating their exact positions near the control site
until they got there. In order to do so, they would check all infor-
mation available on the map and the terrain. For example, Partici-
pant 2 stated in the interview, “There, my intention is really to be
precise, so I’m trying to stick to themap asmuch as possible [.] I’m
analyzing more [.] I want to be sure that I’m exactly at this inter-
section [points out a spot on the map]”. The higher the level of
difficulty, the more the orienteers used the different types of
features available on the map (man-made features, landform
features, vegetation features, etc.) to precisely locate their position
and put the control flag in the right place.

When the time pressure perceived by the orienteers became
greater (notably when navigation errors had been made), their
mode of functioning changed. They looked for essential informa-
tion they viewed as sufficient to get to a location point, without
taking into account all information on the map and the terrain. For
example, Participant 1 said “There, what I want is to find the two
streams [points to the spot on the map] because there, it makes
a sort of ‘H’. So I try to find the two streams that are nearly parallel
to make sure I’m in the right place [control site], (.) I don’t really
look at the other map features”.

Some orienteers made flag-setting mistakes when the difficulty
level increased. In the self-confrontation interview they talked
about how they sensed that they had made mistakes on Controls 3
and 4. The orienteers associated these judgments to an increased
feeling of doubt. Doubts from the orienteers concerning their
positions were associated with both the perceived time constraint
and the fact that unexpected features of the terrain had disturbed
the typical unfolding of the sequence. For example, Participant 3
said “It was totally unexpected. I had not expected to be there (.)
so I began to doubt”. At this point, they began to question their
previous reasoning: “We started to wonder about which way we
had taken. Did we go this way? Did we go higher on that one
[points to themap], that’s the question? [.] And therewe have lost
quite a bit of time [.] I’ve got to move on to the fourth control”.

Behavior differences between the orienteers’ activity on the two
tasks

The quantitative analysis pointed out significant differences
between the two tasks in terms of the attention paid to the map on
all courses and attack phases (Table 1). The absolute time spent
looking at the map for the course as a whole (variable 2) and as
a percentage of the total course time (variable 3) was significantly
longer in settingorienteering than in classic orienteering. Only looks
at the map taken while running were significantly less common in
the setting task than in the classic task (variable 10). Measurements
on the attack phases revealed that the average length of the attack
phases of each leg (variable 11) was 1.17 min in classic orienteering
and3.47min in settingorienteering, the difference being significant.
The most contrasted variables of the two tasks were the amount of
absolute time spent reading the map in attack phases (variable 12),
and this same time expressed as a percentage of the length of the
attack phases (variable 13). On the classic task, orienteers looked at
the map for an average of .13 min on attack phases, which corre-
sponds to 9.96% of the average length of the attack phases. On the
other hand, on the setting task, the values of these same variables
were 1.04 min and 32.06%, respectively.

Discussion

This study described the similar and different forms of sequen-
tial organization of the orienteers’ activity in the classic and setting
tasks, and how they related to the different phases of the course.Ta
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The findings are in keepingwith the results of Eccles et al. (2002a, p.
80), who pointed out a change in orienteers’ mode of navigation
according to their “position within the leg”.

The phases in which the orienteers’ activity exhibited similar
forms in the two tasks were the approach phases. The orienteers
were interested in getting quickly from one zone to another
without considering the presence or absence of a control flag or
time pressure. Their navigating activity consisted of moving from
one handrail to another, carrying out a map-reading activity aimed
at finding their spatial position more or less precisely. This result
validates the hypothesis that on this phase, when the orienteers
were far from the controls, the environment differences between
the two tasks were not very significant from their point of view,
since in both cases, what was most important for them was to
approach (more or less accurately) the attack zone of the control
site. Conversely, when they were close to the controls (in attack
phases), the orienteers exhibited very different ways of organizing
their activity, contrasting their modes of adapting to the constraints
of each task. The discussion of these results mainly concerns the
interpretation of these differences in the attack phases, which are
particularly interesting as far as the analysis of the orienteers’
navigating modes is concerned. The differences described in the
pre-departure phase are more concisely discussed.

The differences in the organization of the orienteers’ activity in
the attack phases of the two tasks revealed two contrasted modes
used by the orienteers to navigate and locate their position in their
spatial environment. In the classic orienteering task, the orienteers
adopted a specific method suited to satisfying the demands of
navigating in an unknown environment, using amap to reach a goal
that was “hidden”, but already present before they started, and was
represented by a practical device visible from a nearby zone
(control flag). This study pointed out two successive periods for the
activity of finding control flags. The first is an intuitive approach
phase in which the orienteers moved quickly toward the control in
an approximate way: they did not always follow a handrail and the
map was not used much to navigate (variables 2 and 12, Table 1).
The second period began when the orienteers thought they were
close to the control. Their concern was to keep the control in view,
so they looked for the orange and white colors of the flag, no longer
using the map.

This two-phase adaptive mode can be related to the fast-and-
frugal-heuristics (FFH) approach (Gigerenzer, 2004; Gigerenzer &
Goldstein, 1996), and more particularly to the use of navigating
and orienteering heuristics (Bennis & Pachur, 2006; Conlin, 2009).
The orienteers reduced the orienteering task to those features
regarded as essential for saving time and energy in a given envi-
ronment. Instead of taking into account all of the map features and
comparing them to the ones seen on the spot until they could find
their exact location and reach the right control site, these orienteers
preferred to use a clever set of simple processing rules that enabled
them to reach their goal. We can infer that this adaptive mode on
the orienteers’ part is based on practical knowledge developed
from the identification of regular patterns encountered in various
environments during their previous experiences in orienteering or
during everyday navigation. This adaptive behavior exhibits the
main characteristics of FFH, and can be compared to the use of
a particular FFH (Bennis & Pachur, 2006; Conlin, 2009; Gigerenzer,
2004): quickly finding the control flag. The success of this mode was
made possible by the structure of the environment faced by the
orienteers. The control flag and its identification code acted as
objective references that allowed the orienteers to be sure that they
had reached their goal. The fact that they knew that a control flag
was present before they started their course offered them the
possibility of orienteering roughly to save time, without necessarily
looking for the control site in a precise way. They could accurately

locate their position later by relating the pink circle on the map, to
the control flag on the ground.

This finding reveals a fundamentally situated activity on the part
of the orienteers, who adapted to the environment as they made
the most of the environmental resources in context to reach the
task goal (Suchman, 1987). Instead of trying to know their exact
location in order to find the control site in an optimal and logical
way, they divided the problem into two parts (head toward the
control flag and then look for it), and each of these could be ach-
ieved easily. The rationality of this heuristic is “not logical, but
ecological” (Gigerenzer, 2004, p. 64). The present results confirm
the idea that environmental resources enable subjects to be freed
from some cognitive tasks while at the same time helping to solve
the problem the most successfully (Norman, 1993; de la Rocha,
1985). Thus, the classic orienteering task made a set of usual
resources available by allowing for that kind of adaptation mode
and enabling success when the necessary accurate-orienteering
requirements were limited.

However, when the difficulty level of finding the control was
higher, the control flag was not visible from a long distance (for
example, in a rugged area). The objective constraints of this situa-
tion were close to a setting situation. Nevertheless, what was
meaningful for the orienteers was not whether the control flag was
invisible at that instant, but the certainty that it was actually located
in area closely. This certainty prompted the orienteers to continue
searching for their positionwithout using the map, even if it meant
losing a lot of time. At these moments, they could not use an
accurate navigation mode because they were no longer following
their own moves on the map.

Carrying out the setting-orienteering task with a low time
constraint was done in an adaptive mode that was different from
the one just discussed. The orienteers were interested in locating
their position accurately so as to find the control site, not just the
control flag as in the classic task. Contrary to an intuitive but quite
efficient activity, the orienteers performing the setting task were
engaged in a rational thinking process aimed at seeking optimality
(Gigerenzer & Selten, 2001; Newell & Simon, 1972; Simon, 1990).
Our results point out a recurrent structure of the setting activity,
closely linked to a series of inferential operations. To get nearer to
the control, the setting task orienteers chose to move along
handrails, which enabled them to go ahead with assurance and get
closer to the control. They precisely located themselves in the
vicinity of the control until they reached it, chronologically using all
the features available on the map and in the landscape as locating
points. Let’s keep in mind that the constraints involved in per-
forming this task reinforced the accuracy demands while reducing
the time demands. In this way, the orienteers had plenty of time to
look for as many pieces of evidence as possible to justify their exact
location. This was confirmed by our quantitative analysis showing
that the average time spent looking at the map in the attack phases
was greater in the setting than in the classic one (Table 1). This
activity can be likened to amobilized inferential strategy for solving
problems under low time pressure (Beilock & DeCaro, 2007).

However, control setting for some orienteers was done under
greater time pressure. In this case, the environmental constraints
with which they interacted were different. The setting task orien-
teers adapted via another mode. Instead of taking into account all
features available near the control, they picked up and examined
only that information they considered sufficient for the time being
in order to reach a locating point. This quick discrimination of
features, seen as useful for locating one’s exact position, can be
compared to another FFH: locating one’s position quickly and accu-
rately. Since these orienteers had only limited experience in the
flag-setting activity in orienteering, this FFH was not the modality
they spontaneously used (especially when the time was limited).
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The use of this FFH to set the control flag at themost likely placewas
dependent on achieving a sense of being “persuaded” (Theureau,
2006). As no objective element made it possible for the orienteers
to confirm the correctness of their thinking, the validity of the flag-
setting was based on the conviction they developed from more or
less plausible hypotheses. This conviction was linked to the orien-
teers’ trust in their own interpretations, hence a greater or lesser
feeling of doubt when attempting to set a tricky control. The feeling
of doubt was linked to the fact that they could not immediately
know the result since therewas no positioned control flag (Salmoni,
Schmidt, & Walter, 1984).

Moreover, beyond the task and environmental constraints,
a feeling of doubt could also be linked to the organismic constraints
inherent in the human perceptual system (Newell, 1986). For the
orienteers, the orange and white flag may have been an easily
perceived “real-world” featural singleton (Treisman, 1991). Now in
the setting task, no element of the environment was as distin-
guishable as the control flag for the orienteers (Eccles et al., 2002a).
Consequently, the setting task orienteers had to use and distinguish
terrain features that, comparatively, were less intrinsically distin-
guishable from one another (e.g., changes in foliage), in order to
identify the control site.

The activity observed in the pre-departure phase indicated that
the constraints of the two tasks were also seen as different in this
phase. In the setting task in particular, the orienteers were clearly
trying to get to know the control descriptions before planning their
itinerary, which they did not do in the classic task. Referring to the
study by Eccles et al. (2002b), we can advance the hypothesis that
the environmental structure of the setting task made the orien-
teers’ adaptation more usual to their route-planning activity. It may
have facilitated the transition from the use of the “start-first, work-
forward” heuristic typical of beginners, to the “control-first, work-
backward” heuristic that characterizes more expert orienteers
(Eccles et al., 2002b).

The differences and similarities in the navigation modes
described by the orienteers who took part in this study, for the two
tasks investigated here, reinforce the idea of task-specific adapta-
tion to the structure of the environment (Bennis & Pachur, 2006;
Gigerenzer & Selten, 2001; Kirsh, 1996). These results provide food
for thought about the learning of orienteering and navigation by
non-experts. The effects of the setting task, in comparison with
those of the classic task, were seen at two levels in this study: the
optimization of route planning and theuse of precise orienteering to
accurately locate one’s position by using different types of infor-
mation. The need to adopt more accurate navigation when the
orienteer is close to the control is in fact a characteristic of orien-
teering expertise (Eccles et al., 2002a; Macquet et al., 2012). But
more-accurate navigationmust not take toomuch of the orienteer’s
time. Thus, it seems necessary for orienteers to develop navigation
modes (or FFHs) that enable them to precisely locate their position
solely from useful features, so that a sense of being “persuaded”,
without being optimal, can be satisficing as regards to the
complexity of the task (Simon, 1955; Simon, 1957). A training
program could, for example, be based on the differentiated use of
two heuristics: quickly finding the control flag on the one hand, and
locating one’s position quickly and accurately on the other, depending
on the characteristics of the environment. In fact, each of these two
FFHs enabled the orienteers in the present study to succeed in
a limited amount of time, but under different environmental
conditions. Experts in orienteering are characterized by this
capacity to “consider the difficulties [one] could face finding an
upcoming control” (Macquet et al., 2012, p. 96) in order to adjust the
degree of precision in their navigation. It would therefore be
interesting to train orienteers to identify the environmental
constraints (is the targeted control likely to be visible from afar?)

associated with the use of such and such an FFH from “an adaptive
toolbox” (Gigerenzer & Selten, 2001).

Some limitations of this study must be noted. First, while the
setting-orienteering task seems to be interesting for orienteering
learning, this study shows that a single trial of a setting task is not
enough to change skills. Indeed, the classic orienteers’ performance
was not better among those who had previously carried out the
setting-orienteering task on the second day. Further studies are
needed to assess the effects of the setting-orienteering task over
a longer training period. Secondly, the low expertise level of the
participants in this study is an important consideration. Their con-
trasted performance on the setting-orienteering task could be
partly due to their lack of experience, which may account for the
variability of their performance. In this respect, a comparison with
expert orienteers on analogous tasks might be useful. Thirdly, the
fact that the orienteers accomplished the task in pairs poses a limi-
tation on the ecological validity of the study, given that working in
twos deviates from the official practices in this sport (although
commonly used in sport education, e.g., McNeill, Cory-Wright, &
Renfrew, 1998). It would be interesting to take new measures with
orienteers performing such tasks alone. Lastly, there are certain
limitations that are inherent in the method of self-confrontation
interviews which allow access to cognitive phenomena that can
be “shown”, “told”, or “commented upon” (Theureau, 2006), while
at the same time masking cognitive phenomena that are uncon-
scious and cannot be verbalized (Eccles, 2012).

Despite these limitations, the findings extend our knowledge
about cognitive activity beyond the specific domain of orienteering,
in various sports or everyday practices requiring navigational skills.
Indeed, a better understanding of cognitive processes such as
perceptual decision-making in that kind of situations that are
characterized by complexity, dynamism, uncertainty and time
pressure is critical for sport psychologists (e.g., Araújo et al., 2006;
Bennis & Pachur, 2006; Williams & Grant, 1999). This under-
standing is also very important to help sport instructors to design
relevant learning tasks, with respect to the characteristics of
athletes’ cognitive adaptations to their environments (Handford,
Davids, Bennett, & Button, 1997). More generally, this study could
also be of interest to other disciplines such as cognitive psychology
(Moran, 2009), ergonomics (Wickens,1998) or artificial intelligence
(Kirsh, 1995).

References

Araújo, D., Davids, K., & Hristovski, R. (2006). The ecological dynamics of decision
making in sport. Psychology of Sport and Exercise, 7, 653e676. http://dx.doi.org/
10.1016/j.psychsport.2006.07.002.

d’Arripe-Longueville, F., Saury, J., Fournier, J., & Durand, M. (2001). Coach-athlete
interaction during elite archery competitions: an application of methodological
frameworks used in ergonomics research to sport psychology. Journal of Applied
Sport Psychology, 13, 275e299. http://dx.doi.org/10.1080/104132001753144419.

Beilock, S. L., & DeCaro, M. S. (2007). From poor performance to success under
stress: working memory, strategy selection, and mathematical problem solving
under pressure. Journal of Experimental Psychology: Learning, Memory, and
Cognition, 33, 983e998. http://dx.doi.org/10.1037/0278-7393.33.6.983.

Bennis, W. M., & Pachur, T. (2006). Fast and frugal heuristics in sports. Psychology of
Sport and Exercise, 7, 611e629. http://dx.doi.org/10.1016/j.psychsport.2006.06.002.

Boga, S. (1997). Orienteering: The sport of navigating with map and compass.
Mechanicsburg, PA: Stackpole Books.

Conlin, J. A. (2009). Getting around: making fast and frugal navigation decisions.
Progress in Brain Research, 174, 109e117. http://dx.doi.org/10.1016/S0079-
6123(09)01310-7.

Devlin, A. S. (2004). Sailing experience and sex as correlates of spatial abilities.
Perceptual and Motor Skills, 98, 1409e1421. http://dx.doi.org/10.2466/
pms.98.3c.1409-1421.

Eccles, D. W. (2006). Thinking outside of the box: the role of environmental
adaptation in the acquisition of skilled and expert performance. Journal of
Sports Sciences, 24, 1103e1114. http://dx.doi.org/10.1080/02640410500432854.

Eccles, D. W. (2012). Verbal reports on cognitive processes. In G. Tenenbaum,
R. C. Eklund, & A. Kamata (Eds.), Measurement in sport and exercise psychology
(pp. 103e117). Champaign, IL: Human Kinetics.

M. Mottet, J. Saury / Psychology of Sport and Exercise 14 (2013) 189e199198



Author's personal copy

Eccles, D. W., Walsh, S. E., & Ingledew, D. K. (2002a). A grounded theory of expert
cognition in orienteering. Journal of Sport and Exercise Psychology, 24, 68e88.

Eccles, D. W., Walsh, S. E., & Ingledew, D. K. (2002b). The use of heuristics during
route planning by expert and novice orienteers. Journal of Sports Sciences, 20,
327e337. http://dx.doi.org/10.1080/026404102753576107.

Eccles, D. W., Walsh, S. E., & Ingledew, D. K. (2006). Visual attention in orienteers at
different levels of experience. Journal of Sports Sciences, 24, 77e87. http://
dx.doi.org/10.1080/02640410400022110.

Eccles, D. W., Ward, P., & Woodman, T. (2009). Competition-specific preparation and
expert performance. Psychology of Sport and Exercise, 10, 96e107. http://
dx.doi.org/10.1016/j.psychsport.2008.01.006.

Farrell, J., & Barth, M. (1999). The global positioning system. New York, NY: McGraw-
Hill. http://dx.doi.org/10.1109/INMIC.2003.1416733.

Gigerenzer, G. (2004). Fast and frugal heuristics: the tools of bounded rationality. In
D. J. Koehler, & N. Harvey (Eds.), Handbook of judgment and decision making.
Oxford, UK: Blackwell. http://dx.doi.org/10.1002/9780470752937.ch4.

Gigerenzer, G., & Goldstein, D. G. (1996). Reasoning the fast and frugal way: models
of bounded rationality. Psychological Review, 103, 650e669. http://dx.doi.org/
10.1037/0033-295X.103.4.650.

Gigerenzer, G., & Selten, R. (Eds.), (2001). Bounded rationality: The adaptive toolbox.
Cambridge, MA: MIT Press.

Handford, C., Davids, K., Bennett, S., & Button, C. (1997). Skill acquisition in sport:
some applications of an evolving practice ecology. Journal of Sports Sciences, 15,
621e640. http://dx.doi.org/10.1080/026404197367056.

Kirsh, D. (1995). The intelligent use of space. Artificial Intelligence, 73, 31e68.
Kirsh, D. (1996). Adapting the environment instead of oneself. Adaptive Behavior, 4,

415e452. http://dx.doi.org/10.1177/105971239600400307.
Klatzky, R. L., Loomis, J. M., Beall, A. C., Chance, S. S., & Golledge, R. G. (1998). Spatial

updating of self-position and orientation during real, imagined, and virtual
locomotion. Psychological Science, 9, 293e298. http://dx.doi.org/10.1111/1467-
9280.00058.

Lincoln, Y. S., & Guba, E. G. (1985). Naturalistic inquiry. Beverly Hills, CA: Sage.
McNeill, C., Cory-Wright, J., & Renfrew, T. (1998). Teaching orienteering. Doune,

United Kingdom: Harveys.
Macquet, A.-C., Eccles, D. W., & Barraux, E. (2012). What makes an orienteer an

expert? A case study of a highly elite orienteer’s concerns in the course of
competition. Journal of Sports Sciences, 30, 91e99. http://dx.doi.org/10.1080/
02640414.2011.617774.

Moran, A. (2009). Cognitive psychology in sport: progress and prospects. Psychology
of Sport and Exercise, 10, 420e426.

Newell, K. M. (1986). Constraints on the development of coordination. In
M. G. Wade, & H. T. A. Whiting (Eds.), Motor skill acquisition in children: Aspects
of coordination and control (pp. 341e360). Dordrecht, Netherlands: Martinus
Nijhoff.

Newell, A., & Simon, H. A. (1972). Human problem solving. Oxford, England:
Prentice-Hall.

Norman, D. A. (1993). Things that use make us smart. Reading, MA: Addison-Wesley.
Omodei, M. M., & McLennan, J. (1994). Studying complex decision making in natural

settings: using a head-mounted video camera to study competitive orien-
teering. Perceptual and Motor Skills, 79, 1411e1425. http://dx.doi.org/10.2466/
pms.1994.79.3f.1411.

Peruch, P., Pailhous, J., & Deutsch, C. (1986). How do we locate ourselves on a map:
a method for analyzing self-location processes. Acta Psychologica, 61, 71e88.
http://dx.doi.org/10.1016/0001-6918(86)90022-3.

Petitot, J., Varela, F. J., Pachoud, B., & Roy, J. M. (Eds.), (1999). Naturalizing
phenomenology: Issues in contemporary phenomenology and cognitive science.
Stanford, CA: Stanford University Press.

Poizat, G., Bourbousson, J., Saury, J., & Sève, C. (2012). Understanding team coor-
dination in doubles table tennis: joint analysis of first- and third-person data.
Psychology of Sport and Exercise, 13, 630e639. http://dx.doi.org/10.1016/
j.psychsport.2012.03.008.

de la Rocha, O. (1985). The reorganization of arithmetic practice in the kitchen.
Anthropology Education Quarterly, 16, 193e198. http://dx.doi.org/10.1525/
aeq.1985.16.3.05x1485c.

Rouphael, A. B., & Inglis, G. J. (1997). Impacts of recreational scuba diving at sites
with different reef topographies. Biological Conservation, 82, 329e336. http://
dx.doi.org/10.1016/S0006-3207(97)00047-5.

Salmoni, A. W., Schmidt, R. A., & Walter, C. B. (1984). Knowledge of results and
motor learning: a review and critical reappraisal. Psychological Bulletin, 95,
355e386. http://dx.doi.org/10.1037/0033-2909.95.3.355.

Scarf, P. (2007). Route choice in mountain navigation, Naismith’s rule, and the
equivalence of distance and climb. Journal of Sports Sciences, 25, 719e726.
http://dx.doi.org/10.1080/02640410600874906.

Schneider, L. F., & Taylor, H. A. (1999). How do you get there from here? Mental
representations of route descriptions. Applied Cognitive Psychology, 13, 415e441.
http://dx.doi.org/10.1002/(SICI)1099-0720(199910)13:5<415::AID-
ACP602>3.0.CO;2-N.

Seiler, R. (1996). Cognitive processes in orienteering. Scientific Journal of
Orienteering, 12, 50e65.

Sève, C., Nordez, A., Poizat, G., & Saury, J. Analysis performance in sport:
contributions from a joint analysis of athletes courses of experience and of
mechanical indicators. Scandinavian Journal of Medicine and Science in Sports, in
press.

Sève, C., Ria, L., Poizat, G., Saury, J., & Durand, M. (2007). Performance-induced
emotions experienced during high-stakes table tennis matches. Psychology of
Sport and Exercise, 8, 25e46. http://dx.doi.org/10.1016/j.psychsport.2006.01.004.

Simon, H. A. (1955). A behavioral model of rational choice. Quarterly Journal of
Economics, 69, 99e118. http://dx.doi.org/10.2307/1884852.

Simon, H. A. (1957). Models of man: Social and rational. New York, NY: Wiley.
Simon, H. A. (1990). Alternative visions of rationality. In P. K. Moser (Ed.), Rationality

in action: Contemporary approaches (pp. 189e204). New York, NY: Cambridge
University Press.

Strauss, A., & Corbin, J. (1990). Basics of qualitative research: Grounded theory
procedures and techniques. Beverly Hills, CA: Sage. http://dx.doi.org/10.1007/
BF00988593.

Suchman, L. (1987). Plans and situated action. Cambridge, NJ: Cambridge University
Press. http://dx.doi.org/10.1525/aa.1988.90.4.02a00320.

Theureau, J. (2003). Course-of-action analysis and course-of-action centered design.
In E. Hollnagel (Ed.), Handbook of cognitive task design (pp. 55e81). Mahwah, NJ:
Lawrence Erlbaum Associates.

Theureau, J. (2006). Cours d’action: Méthode développée [Course of action:
Developments in methods]. Toulouse, France: Octarès.

Theureau, J., & Jeffroy, F. (1994). Ergonomie des situations informatisées [Ergonomy in
situations of computer use]. Toulouse, France: Octarès.

Treisman, A. M. (1991). Search, similarity, and integration of features between and
within dimensions. Journal of Experimental Psychology: Human Perception and
Performance, 17, 652e676. http://dx.doi.org/10.1037/0096-1523.17.3.652.

Varela, F. J., & Shear, J. (1999). The view from within. Thoverton, United Kingdom:
Inprint Academic.

Varela, F., Thompson, E., & Rosch, E. (1991). The embodied mind: Cognitive science
and human experience. Cambridge, MA: MIT Press.

Vicente, K. J., & Wang, J. H. (1998). An ecological theory of expertise effects in
memory recall. Psychological Review, 105, 33e57. http://dx.doi.org/10.1037/
0033-295X.105.1.33.

Whitaker, L. A., & Cuqlock-Knopp, G. (1992). Navigation in off-road environments:
orienteering interviews. Scientific Journal of Orienteering, 8, 55e71.

Wickens, C. D. (1998). Frames of reference for navigation. In D. Gopher, & A. Koriat
(Eds.), Attention and performance XVII (pp. 113e144). Cambridge, MA: MIT Press.

Williams, A. M., & Grant, A. (1999). Training perceptual skill in sport. International
Journal of Sport Psychology, 30, 194e220.

Woods, D. K., & Dempster, P. G. (2011). Tales from the bleeding edge: the qualitative
analysis of complex video data using Transana. Forum: Qualitative Social
Research, 12, Art. 17. Retrieved from. http://www.qualitative-research.net/index.
php/fqs/article/view/1516.

Zupan, R., & Franges, S. (2003). Application of OCAD in cartographic subjects at the
faculty of geodesy. In Proceedings of the 25th international conference on
information technology interfaces (pp. 87e91). http://dx.doi.org/10.1109/
ITI.2003.1225327.

M. Mottet, J. Saury / Psychology of Sport and Exercise 14 (2013) 189e199 199


