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Abstract 

The present study aimed to examine how physical exertion influences cognitive performance. 

Orienteers (n = 23) competing at primarily a national to international level were recruited to 

participate. A randomised control trial using a cross-over research design required participants 

to complete two trials measuring performance over a duration of 35 minutes. Specifically, in 

one trial participants undertook a cognitive testing protocol divided into five blocks comprised 

of three separate cognitive tests that each lasted approximately one minute, between each test 

participants rested for one minute (i.e., one minute testing, followed by one minute resting for 

a duration of 35 minutes). The other trial required participants to complete the same cognitive 

testing protocol whilst simultaneous completing a cycling time trial (i.e., aiming to cycle a 

maximum distance within the time of 35 minutes). Analyses revealed participants performed 

significantly worse on the cognitive tests whilst simultaneously completing the cycling time 

trial. Upon closer scrutiny of the individual tests, designed to measure the cognitive functions 

of decision-making, working memory, and updating, a similar trend in performance was 

observed although it was not found to be statistically significant. The findings of the present 

study highlights implications for athletes, coaches, and sports psychologists in attempts to 

optimise sport performance and minimize cognitive impairments during physical exertion. The 

study supports the need for greater ecological validity in the investigation of cognitive 

performance in sport science research. The findings of the present study indicate that applied 

sport psychology research may be enhanced by the use of research designs comprised of 

cognitive tests that more closely replicate the cognitive demands of competition settings. 

 Keywords: Cognitive performance, physical exertion, orienteering, ecological validity 

Abstrakt 

Denna studie syftade till att undersöka hur fysisk ansträngning påverkar kognitiv 

prestation.  Urvalet bestod av orienterare tävlandes på huvudsakligen nationell till 

internationell nivå (n = 23). Studien var en randomiserad korsstudie där deltagarna genomförde 

kognitiva tester vid två försökstillfällen på 35 minuter vardera. Under det ena försökstillfället 

genomförde deltagarna ett kognitivt testprotokoll, indelat i fem block innehållande tre tester 

vardera, där varje test varade i ungefär en minut, följt av en minuts vila mellan testerna (dvs. 

en minuts testning, följt av en minuts vila med en varaktighet på 35 minuter). Det andra 

försökstillfället bestod av att deltagarna genomförde samma kognitiva testprotokoll samtidigt 

som de cyklade, med målet att komma så lågt som möjligt i distans under 35 minuter. 

Resultaten visade på signifikant lägre kognitiv prestation när deltagarna cyklade samtidigt. 

Genom närmare analys av varje enskilt test (som ämnade mäta de kognitiva funktionerna 

beslutsfattande, arbetsminne och uppdatering) hittades samma trend, men utan signifikans. 

Fynden kan vara av vikt för idrottare, tränare och idrottspsykologer i deras arbete för att 

optimera prestation och minimera kognitiv försämring under fysisk ansträngning. De stödjer 

även behovet av ekologisk validitet i studier ämnade att undersöka kognitiv prestation inom 

idrott. Vidare indikerar fynden att tillämpad idrottspsykologisk forskning kan förbättras genom 

att använda en forskningsdesign innehållande kognitiva test som är mer jämförbara med de 

kognitiva utmaningar idrottare ställs inför under tävlingssammanhang. 

Nyckelord: Kognitiv prestation, fysisk ansträngning, orientering, ekologisk validitet 
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Cognitive performance during exercise among orienteers 

 

Achieving sporting excellence requires athletes to successfully execute cognitive and 

physical tasks simultaneously. During competition, athletes must coordinate their own actions 

with the environment (e.g. events, objects, other athletes; Araújo, Hristovski, Seifert, Carvalho 

& Davids, 2017), they are required to self-regulate in balancing their perceptions of internal 

and external demands relating to their goal of optimal performance (Brick, MacIntyre, & 

Campbell, 2016). Inherent to self-regulation, the cognitive processes of cognitive control, 

attention, and metacognitive skills are of critical importance (Brick et al., 2016). Athletes are 

required to use their ability of cognitive control to direct their thoughts towards the desired 

action, as well as maintaining attention on their execution and inhibit irrelevant and distracting 

factors (Moran, 2012). One way of maintaining cognitive control and attention is by using 

metacognitive skills, for example during a running race planning (e.g., establishing a strategy 

for pacing to reach a performance goal) and monitoring (e.g., adapting a strategy due to 

perceived exertion or competitors’ performance) are required to be undertaken (Brick et al., 

2016). Also central to sport performance is the cognitive function of decision making arising 

from athletes’ actions in interaction with the environment (Araújo et al., 2017). In particular, 

decision making often refers to athletes prioritising perceived affordances (e.g., evaluating 

internal perceived exertion and the body’s signals to slow down versus external information 

about competitors and thoughts related to performance goals). The cognitive processes 

underlying decision making are critical to performance outcomes and therefore require 

ecologically valid study within the domain of sport (Araújo et al., 2017).  

The influence of physical exercise on cognitive functions has been examined 

extensively in psychophysiological research; across five meta-analyses, acute exercise (i.e., a 

single bout of physical activity) has been noted to demonstrate a small positive effect on 

cognitive functioning (see Basso & Suzuki, 2017; Chang, Labban, Gapin & Etnier, 2012; 

Etnier, Salazar, Landers, Petruzzello, Han, Nowellet, 1997; Lambourne & Tomporowski, 

2010; Sibley & Etnier, 2003). However, upon closer inspection of the individual studies 

comprising the meta-analyses, it is evident that wide ranging results are reported across varying 

research designs. 

One of the factors that can explain the wide range in results, is the timing of the 

administration of the cognitive tasks (i.e. before-, during-, or directly after exercise). Most 

research measures cognitive performance before and after exercise, while more limited 

research have studied what happens with cognitive performance during physical exercise which 

is more relevant to sport. In review of the five meta-analyses, only two of them (Chang et al., 

2012; Lambourne & Tomporowski, 2010) outline how cognitive functions were affected 

during physical exercise. Across both of the meta-analyses cognitive performance was found 

to be impaired during exercise with a small effect size. The results of the included studies in 

Lambourne and Tomporowski (2010) showed that the cognitive impairment was evident only 

during the first 20 minutes of exercise. Similarly, the results from the studies included in Chang 

et al. (2012) showed no effects during the first 10 minutes of exercise, a negative effect between 

minute 11-20, and positive effects after 20 minutes. 

A second factor that may explain the diversity of results is the nature of the cognitive 

tasks being used across the studies. Most commonly used, are cognitive tasks that test activity 

in the prefrontal cortex, such as attention and perception. Examples of cognitive tasks often 

used are Stroop Color and Word Task, Eriksen Flanker Task and the N-back Task (Basso & 

Suzuki, 2017). Chang et al. (2012) found that effect sizes for cognitive impairment during 

exercise were significantly larger for tasks measuring executive functions. However, the tests 

mentioned are standardized tests aimed to measure specific types of cognitive functions in and 
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experimental setting. Walton, Keegan, Martin and Hallock (2018) recognise the need for more 

ecologically valid tasks when studying cognitive performance within sport. 

Earlier research have been studying how exercise affect cognitive functions in a general 

population of all ages and with different physical shapes (Basso & Suzuki, 2017; Chang et al., 

2012; Etnier et al., 1997; Lambourne & Tomporowski, 2010; Sibley & Etnier, 2003). It is 

however reason to believe that the result would differ if only elite athletes were included. A 

meta-analyze by Scharfen and Memmert (2019) found that elite athletes were superior to non 

elite athletes in cognitive functioning on tests that measuring executive functions. This was in 

line with earlier reviews; Mann, Williams, Ward and Janelle (2007) found that elite athletes 

were superior to non-elite athletes on cognitive tasks measuring visual search and picking up 

visual cues.  

A sport where athletes are required to combine physical strength with the simultaneous 

execution of cognitively demanding tasks is orienteering. Orienteering compels athletes to 

navigate across terrain as fast as possible while passing checkpoints in a specific order, known 

as a course (International Orienteering Federation, n.d.). Orienteering can be performed in 

different disciplines and in combination with other sports; the most common discipline is the 

traditional foot orienteering (Svenska Orienteringsförbundet, 2016) where athletes run at a high 

velocity and simultaneously undertake perceptual and decision-making tasks (Eccles, Walsh & 

Ingledew, 2006; Smekal et al., 2003). Another type of orienteering is ski orienteering where 

athletes combine navigation and cross-country skiing in a dense network of prepared cross-

country ski tracks; similar to foot orienteering the athletes navigate through checkpoints in a 

specific order and the one with the fastest time wins (International Orienteering Federation, 

n.d.).  

Orienteers competing at a high level tend to possess a high aerobic capacity (Creagh & 

Reilly, 1997; Larsson, Burlin, Jakobsson, & Henriksson-Larsen, 2002) and are expert 

navigators. To navigate, orienteers use only a map and a compass. The checkpoints, known as 

controls, are printed on the map and indicated using violet coloured circles. The map also 

contains information about features presented as symbols (e.g. boulders, creeks, fences, power 

lines, etc.), contour lines indicating the shape and height of the terrain, and levels of vegetation 

which indicates how passable the area is to travel through. Based on this information orienteers 

have to choose the best route to reach each checkpoint in the specified order (Svenska 

Orienteringsförbundet, 2016).  

According to Eccles, Walsh, and Ingledew (2002) experienced orienteers aim to 

minimize attention to the map to be able to focus maximum attention on travel. To do so, they 

anticipate the environment from the map in a mental representation and continually plan ahead 

to know what routes to subsequently choose; to facilitate this strategy they need to select and 

remember the most important information from the map. According to Chun, Golomb, and 

Turk-Browne (2011) mechanisms of selection are central in almost every step from sensory 

input to decision-making. Selecting features or object representations from surroundings is part 

of what Chun and colleagues refer to as external attention, whilst selecting and maintaining 

internal information is part of internal attention. At the intersection between external and 

internal attention is working memory, which helps to store information over time when there 

is no sensory input present, and assists in directing attention to similar information in the 

surroundings (Chun et al., 2011). According to Cowan (2001) there is a limited capacity 

regarding the amount of information that can be stored. Chun et al. (2011) contend that due to 

this limitation in capacity, the mechanisms underpinning the selection of information as well 

the internal attention which prioritizes the information to be selected, both play important roles. 

The complexity of the features selected influence storage capacity, such that greater complexity 

consumes available capacity; Eccles et al. (2002) observed this pattern amongst the 
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experienced orienteers. Specifically, orienteers appeared to experience a limitation in their 

anticipation as a result of limitations of working memory. As a consequence of these limitations 

they appeared to initiate a simplification strategy, selecting the most outstanding features from 

the map and ignoring less prominent details to reduce complexity.  

Overall, experienced orienteers plan and implement the best routes by prioritise, select, 

and recall the most important information from the map in order to limit the amount of time 

required to refer to the map and maintain higher speed through the terrain (Eccles et al., 2002). 

Thus, orienteers are constantly being challenged with tasks that require prefrontal functions 

such as decision making, planning, updating with new information, selective attention to focus 

on the most important information and working-memory to maintain and recall information.  

Despite the ideal testing grounds of orienteering to study the interaction between 

physical and cognitive task execution in sport performance, limited research has been 

undertaken with orienteering athletes. One study conducted by Hancock and McNaughton 

(1986) tested six experienced orienteers’ cognitive performance during physical activity at or 

near the anaerobic threshold. The participants undertook two trials, one trial where they 

exercised and undertook the cognitive task and one trial where they rested and undertook the 

cognitive task. The cognitive task consisted of studying an orienteering map in 15 seconds 

before answering questions about the what they saw directly afterwards. The different 

questions were directed to measure the different types of cognitive functions; short-term 

memory, focus of attention, map interpretation, and estimation abilities. The results showed a 

significantly lower overall cognitive performance when the orienteers were fatigued in 

comparison to when were at rest. Further, no significant difference was found between the trials 

when examining each of the specific cognitive functions individually; however a trend was 

seen towards lower scores on focus of attention and map interpretation, and higher scores on 

estimation abilities and short-term memory when fatigued. 

Cognition is an acknowledged important aspect of sport performance, and the relation 

between physical exertion and cognitive performance has been examined with various methods 

providing correspondingly diverse results (Basso & Suzuki, 2017; Chang et al., 2012; Etnier et 

al., 1997; Lambourne & Tomporowski, 2010; Sibley & Etnier, 2003). To increase the 

generalisability of the research across sports, the choice of method (e.g. timing of the 

administration of cognitive tasks, type of cognitive tasks, as well as the sample) requires 

ecological validity. Thus, the aim of the present study was to investigate how simultaneous 

physical and cognitive exercise affect cognitive performance on sport specific cognitive tasks. 

Therefore, the central research question explored, how does physical exertion influence 

cognitive performance among orienteers? 

Method 

Participants 

Orienteers (N = 23, 14 men, 9 women, Mage = 25.57 years, SD = 6.67, age range: 19-

46 years) were recruited from the Umeå University Orienteering Development Centre in 

addition to orienteers living local to the Umeå area. The participants consisted of 11 foot-

orienteers and 12 ski-orienteers; they reported their current level of competition (9 

international, 12 national, 2 regional), and their highest level of competition (14 international, 

8 national, 1 regional). The participants currently trained between 4 to 15 (M = 8.5, SD = 3.01) 

hours a week. 

Instruments and Materials 
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Physical Exertion.  

Perceived Exertion. The Borg Rating of Perceived Exertion Scale (RPE; Borg, 1998) 

was used to measure individuals’ overall perceived exertion. The participants were asked to 

point on a scale ranging from 6 to 20 (6 = no exertion at all, 20 = maximal exertion). In previous 

reliability studies, the Borg RPE Scale obtained very high coefficients regarding the correlation 

between RPE and heart rate (.92; Borg, 1998). 

Heart Rate. Heart rate was measured with Polar H7, and used as an objective measure 

of physical exertion. 

Cognitive Performance. Three tests measuring a range of cognitive functions (i.e., 

planning, working memory, updating, and decision making) were used to replicate the 

cognitive demands of orienteering competition. To enhance the ecological validity of the test 

protocol, and in consideration of the performance demands presented to athletes during 

competition, overall performance scores on the cognitive tests were devised by combining the 

individual test scores and calculating a composite score representing overall cognitive 

performance. Each of the cognitive tests were equally weighted in the composite measure of 

overall cognitive performance. 

Route Choice. The Route Choice test aimed to measure the ability to plan and make 

quick and correct judgements regarding the shortest of three route choices on an orienteering 

map. This is a central component of the orienteering technique as the orienteers want to choose 

the shortest and least demanding route to travel while striving to minimize attention to the map. 

The test was specifically developed for this study to increase the ecological validity for the 

sport of orienteering. A map with three route choices in three different colors were presented 

to the participants. They were asked to select the shortest route as quickly as possible by 

clicking the corresponding button on the keyboard with the same color as the shortest route. 

Twentyfive route choice tasks (five blocks, each including five route choice tasks) were 

included in each of the trials. 

In the development of the Route Choice test two highly experienced course planners 

were consulted and subsequently devised the route choices. In order to challenge participants, 

the mean difference across the route options was set at M = 1.7% (SD = 1.9) between the 

shortest and second shortest routes. To validate the test, four experts (3 elite level orienteers 

and 1 elite level coach) were consulted and completed pilot testing. In the first version of the 

test, experts scored M = 41% (SD = 13.2) correct answers; due to the low percentage of correct 

answers by experts completing the tests under undemanding/non-test conditions, a decision 

was made to increase the distance between the shortest and the second shortest route. The 

distance was adjusted to a difference of M = 5.7% (SD = 2.0) between the shortest and the 

second shortest route. Following the adjustment of the lengths of the routes in the test, three of 

the previous experts and two new experts (3 elite level orienteers and 2 elite level coaches) 

undertook the test and scored a mean of M = 70 % (SD = 2.3) correct answers.  

Matrix Monitoring. The Matrix Monitoring test was used to measure the ability to 

update information (Salthouse, Atkinson, & Berish, 2003) and is relevant in the implementation 

of a planned route in orienteering. Two grids comprising sixteen squares (four rows each with 

four squares across) were presented on the screen, one grid at the top half of the screen and one 

at the bottom half of the screen. In each of the grids a black dot was positioned in one of the 

squares and the participants were asked to memorize its position. Then both grids disappeared 

followed by a sequence of four arrows, presented either on the top half or the bottom half of 

the screen. Each of the arrows indicated that the black dot in one of the grids, moved one step 

in the direction of the arrow. After the four arrows, one of the two grids was presented again 

with a black dot; the participant was then asked to indicate if the dot was in the correct location 

relative to the series of arrows presented. Five trials of the test were included in each test block.  
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Symbol-2-back.  The Symbol-2-back test aimed to measure the process of updating 

within working memory, which is relevant in an orienteering context where the athletes 

constantly have to update their memory regarding which objects they plan to encounter 

between controls. The test was a modified visual n-back test (Kirchner, 1958), where symbols 

from orienteering maps were used as targets to improve the ecological validity of the test. The 

participants were presented with 20 map symbols, one map symbol at a time, and were required 

to answer if the symbol that was displayed was the same symbol as the symbol presented two 

symbols previously. Participants were informed their reaction time and accuracy were recorded 

as performance measures. 

Procedure 

The research design required participants to undertake two trials; one cognitive trial and 

one combined physical and cognitive trial, with a crossover design. The order of the trials was 

randomized across the participants; each participant was informed one week in advance of the 

order of the trials they would complete. They were also told to be as rested as possible when 

arriving to both of the trials. Participants were informed of the nature of the study and offered 

the opportunity to ask questions prior to providing signed informed consent. They then 

answered questionnaires regarding demographic information and health condition. To ensure 

that participants understood how to perform the tasks comprising the trials, they were presented 

with short practice tests for each of the cognitive tests and how to respond to the Borg RPE 

Scale. All cognitive tests were presented on a screen connected to a computer using the 

software package E-prime (Psychology Software Tools, Pittsburgh, PA). To provide their 

responses participants used a standard keyboard placed immediately within easy reaching 

distance. To assist participants to focus exclusively on the correct keys of the keyboard, 

corresponding colors were indicated on the keyboard with stickers and item responses only 

used these keys. For the Route Choice test three keys were marked with the same colours as 

the routes, and for Matrix Monitoring and the Symbol 2-back tests two keys were marked with 

“Yes” and “No”. During both trials the participants sat on an SRM ergometer bike for 35 

minutes and during that time they did not get any feedback on their physical or cognitive 

performance. The participants were informed that the study was a competition, and the athlete 

recording the best performance on both the physical and cognitive tests would win a prize 

valued 1000 SEK. 

 On the combined trial participants were told to cycle the greatest distance possible in 

a time of 35 minutes, they were required to pace themselves by self-selecting the appropriate 

gear and cadence (see Figure 1). Prior to commencing the testing, participants were provided 

five minutes to warm up at self-selected cycling pace and to familiarize themselves with the 

bike. Immediately before the trial started RPE and heart rate were recorded. The participants 

were told to start cycling when ready and the trial begun with two minutes of cycling. The trial 

then progressed with five blocks of cognitive tests, while cycling, each block contained three 

tests presented every two minutes (i.e., one minute of cognitive test, followed by one minute 

cycling). The order of the cognitive tests was the same in all of the blocks: Route Choice, 

Matrix Monitoring, and Symbol-2-back. When the last cognitive test in each block was 

completed RPE and heart rate were recorded. The last block of cognitive tests ended at minute 

32 followed by cycling until minute 35 when RPE and heart rate were recorded. This testing 

procedure was the same for the cognitive trial except no cycling was undertaken (see Figure 

2). 
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Figure 1. Flow chart of the combined trial. 

 

 
Figure 2. Flow chart of the cognitive trial.  

 

Ethical considerations 

This thesis is part of a larger research project that received ethical approval from the 

Regional Ethics board at Umeå University, and was conducted in accordance with the 

Declaration of Helsinki. The participants provided informed consent and the results are treated 

confidential and anonymous with the data being saved securely. 

 

Statistical Analyses 

 

The data were analyzed through IBM SPSS Statistics 25. The research question was 

examined by completing a multiple analysis of variance (MANOVA), to examine if there were 

any differences in the dependent variables (i.e. cognitive performance in each block) between 

the conditions (i.e. cognitive and combined trial; independent variables). Further, a MANOVA 

examined each of the three cognitive tests individually. To control for physical exertion, a 

MANOVA was also conducted to look at differences in heart rate and perceived exertion 

between the cognitive and combined trial.  

Results 

To examine if there was a difference in physical exertion between the trials (i.e., 

cognitive and combined) and across the repeated measures within the trials, MANOVAs were 
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undertaken on the HR and BORG measures. Analyses revealed there was a significant 

difference between the combined and the cognitive trial on both Borg, Wilks’s Lambda1,22 = 

0.05, p < .001, Partial Eta2 = .95 and HR, Wilks’s Lambda6,16 = 0.02, p < .001, Partial Eta2 = 

.98, where the participants scored significantly higher on the combined trial, see Table 1. 

Consequently, we can surmise that participants experienced greater physical exertion on the 

combined trial in comparison with the cognitive trial. 

Table 1 

Descriptive statistics of Borg and HR measures, M (SD) 

 

Minutes 0 7 13 19 25 31 35 N 

Borg cog 6.35 

(0.65) 

6.43 

(0.73) 

6.48 

(0.73) 

6.57 

(0.79) 

6.61  

(0.78) 

6.70 

(0.93) 

6.61 

(0.78) 

23 

Borg comb 6.57  

(0.87) 

12.17 

(2.10) 

13.91 

(1.95) 

14.87 

(1.69) 

15.65 

(1.75) 

16.13 

(1.79) 

17.52 

(1.62) 

23 

HR cog 76.14 

(12.03) 

79.59 

(10.76) 

78.41 

(11.37) 

78.55 

(11.73) 

80.00 

(12.07) 

78.41 

(12.10) 

73.32 

(12.26) 

22* 

HR comb 87.41 

(15.30) 

156.14 

(16.70) 

159.23 

(17.74) 

161.68   

(16.70) 

164.45 

(16.60) 

166.73 

(15.28) 

180.18 

(13.43) 

22* 

Note: cog = cognitive trial, comb = combined trial  

*One participant lost contact with HR measure during the combined trial 

To test if there were differences in cognitive performance between the combined and 

cognitive trial, a MANOVA was undertaken. On the overall cognitive performance measures, 

participants scored significantly lower on the combined trial than on the cognitive trial, see 

Figure 3, Wilks’s Lambda1,22 = 0.90, p = .032, Partial Eta2 = .19 The MANOVA did not reveal 

a main effect for significant differences across the five blocks. The results indicate an overall 

lower cognitive performance when cycling compared to sitting still. 
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Figure 3. The overall cognitive performance across five blocks during the cognitive trial (cog) 

and during the combined trial (comb). 

Closer scrutiny of cognitive performance focused upon each of the cognitive tests 

individually, undertaking a MANOVA to test if there were differences between the trials or 

across the blocks. The results revealed no significant difference between the trials or across the 

blocks on the Route Choice test. However, the results indicated a trend towards higher levels 

of performance during the cognitive trial than during the combined trial with mean values 

ranging from M = 10.78 (SD = 3.50) to M = 11.65 (SD = 4.66) for the cognitive trial and from 

M = 9.04 (SD = 4.86) to M = 11.48 (SD = 4.72) for the combined trial. This also indicates a 

worse cognitive performance while cycling. 

On the Matrix Monitoring, performance was significantly different across the blocks, 

Wilks’s Lambda4,19 = 0.59, p = .034, Partial Eta2 = .41. Follow-up post hoc analyses 

investigated the differences and found a significantly higher score in block 1 than in block 2 

and 5, as well as a higher score in block 4 compared with block 2. The results indicate a trend 

in level of cognitive performance depending on time in the trial, independent of whether the 

participants were cycling or not. However, when investigating the trials independently, there 

was difference approaching statistical significance across the blocks for the combined trial 

(Wilks’s Lambda4,19 = 0.62, p = .05, Partial Eta2 = .38), see Table 2 for descriptives. There was 

also a difference approaching statistical significance on the performance of the Matrix 

Monitoring test between the cognitive trial and the combined trial Wilks’s Lambda1,22 = 0.84, 

p = .05, Partial Eta2 = .16, where participants scored better on the cognitive trial which also 

indicates worse cognitive performance while cycling.  
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Table 2 

Descriptive statistics for cognitive performance on Matrix Monitoring during the combined 

trial.  
M SD N 

Block 1 17.74 2.91 23 

Block 2 15.00 3.86 23 

Block 3 15.30 4.92 23 

Block 4 16.52 4.05 23 

Block 5 16.00 3.19 23 

 

 Finally, there was a significant difference across the blocks on the Symbol-2-back test, 

Wilks’s Lambda4,19 = 0.61, p = .04, Partial Eta2 = .40, where further post hoc analysis showed 

that participants scored significantly higher on block 3, 4 and 5 compared to block 1. Similarly 

to the Matrix Monitoring test, the result indicates a trend in level of cognitive performance 

depending on time in trial, independent of whether the participants were cycling or not. No 

significant difference was found across the blocks when looking at each trial individually. 

Further, no significant difference was found between the trials, however the results were 

trending towards a higher score on the cognitive trial than on the combined trial; mean ranging 

from M = 18.35 (SD = 1.18) to M =19.09 (SD = 1.20) in the cognitive trial and from M = 18.22, 

SD = 1.41 to M = 19.00 (SD = 1.04) in the combined trial. This result also indicates a lower 

score while cycling compared to not cycling. 

Discussion 

The present study investigated how physical exertion influences orienteers’ cognitive 

performance by comparing the execution of cognitive tasks during a cycling time trial with 

task execution whilst sedentary. Analyses revealed significantly worse overall cognitive 

performance during the cycling trial, although the effect size was small, which indicates that 

only a small percentage of the variance can be explained by physical exertion. A similar trend 

was evident upon closer scrutiny of the individual tests measuring decision-making, working 

memory, and updating; however no statistically significant differences between the cognitive 

and combined trials were found. 

In line with previous research examining how cognitive performance is affected during 

exercise (Chang et al., 2012; Lambourne & Tomporowski, 2010) the results of the present 

study showed impairment in cognitive performance during physical exercise compared to when 

not physically exerted. Chang et al. (2012) also found a significantly greater effect for tasks 

measuring executive functioning which lends support to the results of the present study where 

performance on the Matrix Monitoring test (measuring the ability to update information) was 

approaching a significant difference between the cognitive and combined trials. Further, similar 

differences across the blocks were observed on the Matrix Monitoring test for the combined 

trial, with lower mean scores in blocks 2 and 3 (i.e., minute 10 and 16) which is similar to the 

observations of Chang et al. (2012) where cognitive performance was found to be impaired 

between minutes 11 and 20 of exercise. However, participants’ performance improved towards 

the end of the trial, although it was still worse than performance at the start of the trial. One 

potential explanation of the observation could relate to motivational aspects underlying 

performance. Motivation during endurance exercise has been shown to increase as a result of 

proximity and progress relative to goal pursuit (Schiphof-Godart, & Hettinga, 2017). 
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Previous research examining cognitive performance in orienteers conducted by 

Hancock and McNaughton (1986) also found impairment in overall cognitive performance 

during exercise; however they also observed a trend towards higher scores on short-term 

memory when fatigued compared to when rested. The results in the present study show no 

significant differences between trials on the test measuring working memory (i.e., the Symbol-

2-back test); a trend towards higher scores was observed when rested, which is not in line with 

the Hancock and McNaughton (1986) study. One potential explanation for the differing 

observations may be due to the test in the present study measured the process of continuous 

updating within working memory and not short-term memory per se, which could have an 

impact on the varying results.  

Another potential explanation for the lack of significance on the Symbol-2-back test as 

well as the Route Choice test could be due to the tests being more applicable to tasks undertaken 

in orienteering competition settings. Orienteers in the present study may possess greater 

experience and training on these types of tasks in comparison to the Matrix Monitoring test 

which measures more general cognitive abilities. Orienteering competition requires athletes to 

maintain focus on the most important features of a map and make decisions about which routes 

to select; therefore, experienced orienteers will be trained to undertake tasks more closely 

related to the demands of the Route Choice and Symbol-2-back tests compared with non-sport 

specific general cognitive tests. Specifically, the Matrix Monitoring test is a standardized test 

for use in lab based experimental protocols; therefore, orienteers are likely to possess less 

training on the specific demands of the task as it is less related to cognitive requirements of 

competition settings. 

Previous research has largely examined how physical exercise influences cognitive 

functions in samples representative of the general population (not athletes from specific sports), 

with standardized cognitive tests and by mainly testing participants before and after physical 

exercise (Basso & Suzuki, 2017; Chang et al., 2012; Etnier et al., 1997; Lambourne & 

Tomporowski, 2010; Sibley & Etnier, 2003). The present study has applied a research design 

and method with greater ecological validity for a sport context by using a sample consisting of 

athletes from a single sport, cognitive tests that are relevant for the athlete’s sport (e.g. the 

newly developed Route Choice test and the modified Symbol-2-back test), as well as 

simulating a competition situation with the cognitive tests administered at several time points 

during physical exercise. This approach is in line with earlier researchers’ recommendations 

for future studies (see Araújo et al., 2017; Walton et al., 2018).  

However, the inclusion of the new Route Choice test did pose risks regarding  its 

psychometric properties as it did not undergo a full validation process prior to use in the present 

study, and this may partially explain the lack of significance in the results. Although the results 

indicate a trend towards higher levels of cognitive performance during the cognitive trial in 

comparison with the combined trial, they were not statistically significant. Potentially, 

participants may have found the task to be too difficult and the scores could have been 

influenced by random error or participants guessing when selecting their responses. 

Preliminary steps to validate the tests were undertaken during the development of the tests by 

recruiting experts in the field of orienteering with years of experience in route making for 

competitions. Further, following the pilot-testing of the initial routes with expert orienteering 

athletes, adjustments to the tests were undertaken in consideration of the feedback from the 

athletes. In consideration of these points from an applied research perspective, it is possible the 

potential limitations in psychometric validity may be offset by gains made in the ecological 

validity of the inclusion of tests in the present study.  

Further, a possible limitation is the choice of cycling as a form of physical exercise, as 

orienteers typically run or ski during competition. However, athletes in the present study 
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specialised in either skiing or running orienteering race, and to limit potential advantages or 

confounding variables between orienteering disciplines it was planned that cycling would be 

used. Additionally, to limit confounding variables on the execution of the cognitive tests that 

may have emerged during testing conducted when running on a treadmill (e.g. impaired motor 

control or balance) it was considered more effective to administer the tests to participants on a 

bike. 

The results of the present study could support the call for studies of cognition in sports 

to be more ecologically valid, to reflect the reality of a sport setting, and improve research and 

practice in the field of sport science. Previous studies using general tests of cognitive ability 

may not accurately reflect the training and abilities of athletes’ cognitive functioning as they 

relate to sport specific performance demands. The development of cognitive tests in the present 

study was an attempt to create more ecologically valid measurements, however the authors 

recommend further development of the cognitive tests. Also, the mode of physical exercise 

undertaken during testing could be altered in future research to more accurately reflect the 

physical demands of the sport in a more realistic manner.  

A further recommendation for future studies could be to include a control group in the 

testing. The present study used a within-subject design, which allowed participants to act as 

their own control, and therefore increasing the ecological validity for the chosen sample. The 

inclusion of a control group comprised of athletes from different sports may permit wider 

comparisons of cognitive performance across sports and greater generalizability of the 

findings. Moreover, analysing the performance of a control group from another sport could 

also have facilitated closer scrutiny of the proposal that orienteers scored higher on tasks more 

closely resembling the demands of their sport as a result of previous training and experience. 

Another consideration for future research relates to the observed pattern of variations 

in cognitive performance within the trial; specifically, performance was noted to improve 

towards the end of the trial, as the goal of completing the trial increased in proximity. The 

present study did not take motivational aspects of sport performance into account, and the 

authors recognise the need for future research to address this aspect as extensive research 

highlights the role of motivation in performance (Schiphof-Godart, & Hettinga, 2017). 

The results of the present study could have implications for athletes, coaches, as well 

as applied sport psychologists. To optimize sport performance and minimize cognitive 

impairments during physical exertion, it may be helpful to specifically train on cognitive tasks 

when physically exerted, and particularly target the performance between minutes 10 and 20. 

However, while the results reported account for the group as a whole, individual differences 

are likely to exist. Therefore, investigating the cognitive performance pattern for each athlete 

individually may facilitate optimal training and sport performance. Awareness of these 

individual patterns could help athletes to prevent performance impairment through positive 

adaptation and development of strategies.  

In summary, the results observed in the present study indicate that sport specific 

training may act as a buffer for the effects of physical exertion on cognitive performance, this 

finding highlights the importance of developing and using ecologically valid cognitive tasks 

during training to optimise performance. In order to advance research and practice in applied 

sport psychology, continued collaboration between sport researchers and participants is 

warranted to enhance health and high performance. The present study offers a foundation for 

future sport psychology research to continue to enhance its relevance to the domain of sport, 

ecologically valid research is a crucial factor in advancing knowledge to optimize athletes’ 

performance. 
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