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Abstract 

The aim of this study was to determine the levels of attention in the rest state and post-performance status of the 

national orienteering team athletes who are in education age with the d2 attention test. For this purpose, this study was 

designed with relational screening model from quantitative research approaches. 40 volunteer athletes, 14 of which 

were female and 26 of them were male, were included in this study group. It was analyzed by Paired Samples t test 

whether the pre-test and post-test scores which the athletes participating in the study got from the d2 attention test were 

different. There was a significant difference among the applications in all scores of the d2 test (p <0.05). When the 

averages of the scores were examined, it was found by performing test repetitions that selective attention ability, 

sustainability of attention, high motivation and psychomotor speed (TN) most marked material) didn’t decrease the 

stability of psychomotor speed and quality of work performed CP (number of correctly marked d2)] d2 numbers [TN- 

(E1) + (E2)] that were marked incorrectly or weren’t marked. As a result; it was observed with d2 test which is one of 

the tests used in the field of applied sports psychology to evaluate the visual focusing attention performance of the 

athletes that the reason of positive differentiation in the attention performances which was obtained after the intensive 

exercise was intense concentration and the attention levels were high due to the concentration.  

Keywords: orienteering, D2 attention test, selective attention, continuous attention, performance 

1. Introduction 

1.1 Introduce the Problem 

It is stated that performance in sports is related to cognitive and perceptual skills as well as with motor and physical 

ability (Barlow, Woodman, Gorgulu, & Voyzey, 2016; Schwab & Memmert, 2012). Sport has been the focus of interest 

in selective attention. Singer et al., (1993), has stated that the ability to control thought processes and to concentrate on 

a task for effective performance in sports is a key element. According to Abernethy et al., (2007), continuous attention 

relates to processing information which coming over a long period of time effectively and efficiently. Caution is 

measured by wakeful tasks that are highly affected by factors such as fatigue, anxiety, and motivation. Intensified 

attention can be defined as directing attention to more than one stimulus. In this case, the organism should consciously 

direct attention to at least two stimuli (Pashler, 1998; Anderson, 1995; Jennings & Coles 1991). One of the roles that 

play a key role in more than one task is automation. Automation is the result of that processing some activities causes to 

decrease zero level of demands of the central capacity as a result of increasing repetition numbers. It has three 

properties. It does not reduce the performance of the other task, its processes are fast and inevitable (Jonides et al., 

1985). Automation is a situation where sportive skills are perfected and transform in mature form over time. In this case, 

the cognitive focus on the stages of the movement is limited. In sportive branches, it is important to get this feature. One 

of the sports branches where this feature is important is orienteering.  

Orienteering is an adventure sport that involves finding directions in an unconventional region using map and compass, 

requires a mental and physical capacity (Kjellstrom, 1994), requires the ability to independently think and solve challenges 

while under pressure and stress, are performed against time and requires continuity between different control points (Larsson, 

2002). Orienteering is an extremely healthy sport that activates physics as well as mind. Orienteering is a branch that requires 

strategy and quick decision making as well as physical power and thinking has an important role in orienteering (Breckle et al., 

1989; Douglas, 1990). With the highest performance in the limited area, it can meet the multidimensional expectations from 

other sports branches, and can even fulfill the physical decision-making and implementation tasks with the results of 

analytical understanding (Hartmann, 1988). In addition, this sport has a positive effect on development of intelligence and 
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attention, coordination and skills development, especially the development of physical, social, psychological and emotional 

development (Blades & Spencer, 1989; Renfnew et al., 1993; Andersson, 2001).  

Orienteering sport; in increased heart rate with intensive tempo and respiratory environment, to be able to decide with 

intensive attention in focusing on selective attention in very tired and exhausted situation and achieving the goals, to try 

finding the target points incorrectly by applying this suitable decision have a positive effect on the psychological 

development of the athletes. At the end of this study, it was planned to inform about that attention performance could be 

better after intense exercise. In this respect, it is aimed to show the effect of attention after both resting position and 

post-performance of the national orienteering team athletes who are in education age with d2 test which measures 

attention in this study.  

2. Method 

2.1 Participant (Subject) Characteristics 

In order to determine the study group, convenience sampling method from purposive sampling was used. The method 

provides an in-depth study of the situations that are thought to have rich knowledge and the opportunity for the 

researcher to reach the sample quickly and easily, saving time, energy and resources (Patton, 2014). In line with the 

principle of volunteering, 40 volunteer athletes who both are in the national team and from Turkey, 14 of which were 

female and 26 of them were male, were included in this study group. The distribution of statistics on some 

characteristics of the participants by gender is given in Table 2. 

2.2 Data Collection Tools 

Include in the Method section information that provides definitions of all primary and secondary outcome measures and 

covariates, including measures collected but not included in this report. Describe the methods used to collect data (e.g., 

written questionnaires, interviews, observations) as well as methods used to enhance the quality of the measurements 

(e.g., the training and reliability of assessors or the use of multiple observations). Provide information on instruments 

used, including their psychometric and biometric properties and evidence of cultural validity. 

Personal Information Form: It was prepared by the researcher to determine the personal characteristics of the study 

group (gender, age, etc.) 

D2 Attention Test: The d2 attention test used in the study was developed by Brickenkamp in 1962. In the following 

years, the test has undergone several revisions. The aim of the test is to evaluate the ability of continuous attention and 

visual screening (Spreen & Strauss, 1998). In the handbook of the test, “the attention and concentration structure” was 

used as a performance-oriented continuous and focused on selecting a stimulus (Brickenkamp & Zillmer, 1998). On the 

front page of the test, there is a section and a research line where the subject's personal information and performance 

results will be recorded. There is a standard test form on the back page. The test page consists of 14 lines, each with 47 

marked letters. Each line has 16 different letters consisting of the letters “p“ and ”d” with one, two, three and four signs. 

During the test, the subject must scan the lines to find the two-dotted “d“ letters and draw on them by ignoring the other 

non-relevant letters. For each line, the subject is given 20 seconds. It can be applied individually or as a group 

(Brickenkamp & Zilmer, 1998; Spreen & Strauss, 1998). The points obtained from the d2 test and their meanings are 

given below (Brickenkamp & Zilmer, 1988; Spreen & Strauss, 1998).  

Total Number of Items Processed (TN): It is a quantitative measurement of performance for both related and non-related 

all processed elements.  

Total Error (E): It includes unmarked (E1) and incorrectly marked letters (E2). 

Error% (% E): A variable that measures the qualitative aspect of performance. It represents the error rate within all 

items treated. As the error rate decreases, the accuracy of the subject, the nature and caution degree of the work 

increases.  

Total Norm-Error (TN-E): It is the total number of items scanned and minus error points. TN-E is a total performance 

score. TN-E shows normal distribution, is highly reliable and gives a measure of the relationship between the accuracy 

and speed of performance. However, TN-E gives more attention to the quantitative side of the performance and less 

attention to the qualitative side. In exceptional cases, when quantitative and qualitative scores (total score and 

percentage of error) are excessively high, TN-E tends to overestimate overall performance. Excessive estimates can be 

avoided by taking into account error points or, alternatively, by examining the concentration performance score recently.  

Concentration Performance (CP): It is obtained by taking away E2 from the number of relevant item marked as true. In 

contrast to TN-E, CP does not affected from tendencies such as marking all letters or skipping random test sections. It is 

an excellent index for the accuracy of performance and coordination of speed. 

Fluctuation Rate (FR): It is the difference between the line including maximum number of items and the line including 
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minimum number of items. This is one of the less reliable measurements of the test. Excessive FR scores may give 

inconsistency in working speed and may be related to low motivation (Çağlar & Koruç, 2006).  

2.3 Data Collection 

National orienteering team nominated- athletes are the sample of the study. The test protocol was applied after it was 

told when the candidate national orienteering team is in resting time in the camp as teams of four. One-to-one intensive 

performance was applied to the athletes and after performance, individual test protocol was applied to each athlete. The 

duration between the tests was determined as 4 days.  

2.4 Data Analysis 

Whether the data showed normal distribution was tested by Kolmogorov Smirnov analysis. In this analysis, if the 

calculated p value is higher than 0.05, it can be interpreted that the scores do not show a significant deviation from the 

normal distribution at this distribution level and it is suitable for this (Büyüköztürk, 2014). In this respect, it was 

observed that the pre-test and post-test scores of the data collection tool were found to be normal distribution. Thus, the 

Paired Sample t test was used to determine the difference between the pre-test and post-test scores of the study group. 

3. Results 

The differences between the mean scores belonging pre-exercise and post-exercise of the study group were obtained 

from d2 Attention Test were presented in Table 1. 

Table 1. Comparison of d2 test caution parameters before and after exercise 

d2 Test points 
Pre Test Post Test t test 

  X Ss x Ss t p 

Total Number of Items Processed (TN) 511,95 79,94 590,00 60,06 -11,028 ,00
* 

Number of d2 was not marked (E1) 22,65 25,67 20,70 32,31 0,521 ,60 

Number of d2 was marked incorrectly (E2) 4,10 3,47 6,70 14,58 1,113 ,27 

Total error (E) 26,77 25,54 27,40 42,64 -,106 ,91 

Total Norm-Error (TN-E) 485,17 80,25 562,60 68,14 -7,491 ,00
* 

Concentration performance (CP) 195,77 44,47 232,45 54,65 -4,123 ,00
* 

Fluctuation Rate (FR) 18,15 9,94 10,17 5,90 5,119 ,00
* 

As seen in Table 1, when pre-test results and posttest attention test results were compared with respect to total number 

of processed items (TN) scores, significant difference was found (t=-11.02, p<.05). The difference between the two 

measurements is statistically significant in favor of the last test measurement group. It was determined that the number 

of total markings in the posttest measurement was significantly higher than the pre-test. Any significant differences 

couldn’t found when pre-test and post-test attention test results were compared with respect to the scores “total error (E)” 

(t = -0.106, p> .05), “the number of d2 that the person hasn’t marked” (E1) (t = 0.521, p> .05) and the number of d2 that 

the person has incorrectly marked (E2) (t = 1.113, p> .05).  

When the results of pre-test and post-test attention test was analyzed in table 1 and compared with respect to “Total 

Norm-Error (TN-E) scores”, a significant difference was found (t=-7.491, p < .05). The difference between the two 

measurements is statistically significant in favor of the last test group. In other words, it was determined that the 

post-exercise defined measurement (post-test) TN-E (total exclusion of errors) scores were significantly higher than 

pre-exercise defined measurement (pre-test) scores. 

When the pre-test and post-test attention test results were examined with respect to “Concentration performance (CP) 

scores”, a significant differences was found (t=-4.123, p<.05). The difference between the two measurements is 

statistically significant in favor of the last test group. In other words, it was determined that the post-exercise defined 

measurement (post-test) CP (concentration performance) scores were significantly higher than the pre-exercise (pre-test) 

defined measurement scores.  

Finally, when the pre-test and post-test attention test results were analyzed and compared with respect to “Fluctuation 

Rate (FR) scores”, a significant difference was determined (t=5.119, p<.05). The difference between the two 

measurements is statistically significant in favor of the pre-test group. In other words, it is determined the pre-exercise 

defined measurement (pre-test) FR (fluctuation rate) scores were significantly higher than post-exercise (post-test) 

defined measurement scores. 
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Table 2. Comparison of d2 test attention parameters belonging pre-exercise according to gender   

 Gender N X Ss t p 

Total Number of Items Processed (TN) 
Male 26 492,92 81,18 

-2,144 ,039
* 

Female 14 547,28 66,57 

Number of d2 was not marked (E1)  
Male 26 18,30 13,84 

-1,480 ,147 
Female 14 30,71 38,74 

Number of d2 was marked incorrectly (E2) 
Male 26 4,69 3,77 

1,491 ,144 
Female 14 3,00 2,63 

Total error (E) 
Male 26 23,00 12,89 

1,284 ,207 
Female 14 33,78 39,45 

Total Norm-Error (TN-E) 
Male 26 469,92 78,17 

-1,675 ,102 
Female 14 513,50 79,00 

Concentration performance (CP) 
Male 26 189,19 38,49 

-1,286 ,206 
Female 14 208,00 53,25 

Fluctuation Rate (FR) 
Male 26 16,53 6,74 

-1,414 ,165 
Female 14 21,14 13,94 

As shown in Table 2, the pre-test attention test results were found significant difference when the “scores of total 

number of items processed (TN)” were compared by gender (t=-2,144, p < .05). The difference between the two 

measurements is statistically significant in favor of the women. 

A significant difference couldn’t be found in the pre-test attention test results which were examined in the table when 

the scores of “Number of d2 was not marked (E1)” )” (t=-1,480, p > .05), “Number of d2 was marked incorrectly (E2)” 

(t=1,491, p > .05), “Total error (E)” (t=1,284, p > .05), “Total Norm-Error (TN-E)” (t=-1,675, p > .05), “Concentration 

performance (CP)” (t=-1,286, p > .05) and “Fluctuation Rate (FR)” (t=-1,414, p > .05) were compared according to 

gender. 

Table 3. Comparison of d2 test attention parameters belonging post-exercise according to gender 

 Gender N X Ss t p 

Total Number of Items Processed (TN) 
Male 26 570,38 65,05 

-3,112 ,00
* 

Female 14 626,42 22,03 

Number of d2 was not marked (E1)  
Male 26 14,73 16,76 

-1,625 ,11 
Female 14 31,78 48,88 

Number of d2 was marked incorrectly (E2) 
Male 26 4,57 3,91 

-1,265 ,21 
Female 14 10,64 24,13 

Total error (E) 
Male 26 19,30 16,83 

-1,673 ,10 
Female 14 42,42 67,35 

Total Norm-Error (TN-E) 
Male 26 551,07 66,40 

-1,479 ,14 
Female 14 584,00 68,49 

Concentration performance (CP) 
Male 26 231,30 37,78 

-,178 ,86 
Female 14 234,57 78,78 

Fluctuation Rate (FR) 
Male 26 11,80 5,87 

 2,547 ,01
* 

Female 14 7,14 4,76 

As seen in Table 3, a significant difference was be found in the post-test attention test results when the scores of “Total 

Number of Items Processed (TN)” (t=-3,112, p < .05) and “Fluctuation Rate (FR)” (t=2,547, p < .05) were compared 

according to gender. The total number of items processed is statistically significant in favor of women, while the 

fluctuation rate is statistically significant in favor of men. 

A significant difference couldn’t be found in the post-test attention test results examined in Table 3, when the scores of 

“Number of d2 was not marked (E1)” (t=-1,625, p > .05), “Number of d2 was marked incorrectly (E2)” (t=-1,265, 

p > .05), “Total error (E)” (t=-1,673, p > .05), “Total Norm-Error (TN-E)” (t=-1,479, p > .05) and “Concentration 

performance (CP)” (t=-,178, p>.05) were compared by gender. 

4. Discussion 

The aim of this study, which is thought to contribute to the field due to limited studies on orienteering sport in the 

literature (Atakurt, Şahan & Erman, 2017; Pouya, Demir & Demirel, 2017; Pulur & Akcan, 2017), is to determine the 

level of attention of the athletes of orienteering candidates nationally and after the performance by the D2 test which 

measures the attention. 

At the end of the study, it was determined that the total number of markings was significantly higher than the pre-test 

measurements in the final test of the orienteering national team athletes. The high number of total marking points shows 
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that selective attention ability and sustainability of attention are high. The elevation in TN scores also shows motivation, 

sustainability of the task, and high psychomotor speed (Brickenkamp & Zilmer, 1998). 

According to the results of covariance, total error before and after the exercise, the number of d2 which is ineffective and the 

number of d2 that the person has marked wrongly have no effect. The excess E1 (type of d2 that the person has left blank) 

shows the low level of errors and the insufficient quality of the performance (Brickenkamp & Zilmer, 1998). One of the 

elements of attention is autocontrol and self-programming. These elements include controlling an ongoing action, making the 

necessary adjustments to this action, and then evaluating an action. Autocontrol is the observation of the individual himself 

when performing an action. Autocontrol is also important in exercise and competitions. E2 (the number of d2 that a person has 

flagged wrongly) suggests that the number of such errors is specific learning disability and mental retardation. In addition, 

carelessness, difficulty in compliance with the directive, visual discrimination also shows the problems (Brickenkamp & 

Zilmer, 1998). The absence of any difference before and after this exercise may indicate the continuity of readiness in the 

national team athletes in orienteering, and show that they are highly skilled in focus and attention. 

In the study, TN-E (total number of marking counts-errors) type error pre-test-posttest scores were differentiated in 

favor of the last test. The high TN-E scores indicate the quality of performance, the balance between psychomotor speed 

and selective attention (Brickenkamp & Zilmer, 1998). E1 states the errors about marking skipped errors of items that 

must be marked during the test. This may also be an indication that the athletes are in a hurry, too excited or too 

motivated. However, whatever the cause, this situation causes the selective attention of the individual to be low. 

In the study, differentiation was determined in favor of the posttest between the CP (concentration performance) type 

error pretest-posttest scores. CP scores indicate the stability of the psychomotor speed and the quality of the work 

performed (Brickenkamp & Zilmer, 1998). Physical activity is reported to increase cerebral blood flow (Gapin, Labban 

& Etnier, 2011). When we look at the chronic effect of cardio sportive activity; Again, it is emphasized that there are 

positive effects on executive functions, attention and behaviors (Tomporowski et al., 2008; Den Heijer et al., 2017). 

When these studies are examined, it is seen that it shows parallelism with the current study. In other words, it can be 

said that the study findings are in parallel with the similar findings in the literature. 

In this study, the number of d2 test (E1), which the person has left blank in the pre-test d2 test of the national age athletes in 

the education age, total number of d2 (E2), the total error (E), total item-error (TN-E), No significant difference was found 

between the genders in concentration performance (CP) and fluctuation rate (FR) scores. In the final test attention test results, 

the number of d2 (E1) left blank by the person, the number of d2 (E2), the total error (E), the total item-error (TN-E) and 

concentration performance (CP) scores were compared in terms of gender and no difference was found. Kaymak (2003) 

concluded that there is no significant difference between female and male students in terms of attention collection level. 

Attention study was conducted in 18-32 year old students and it was found that there was no significant relationship between 

attention and gender variable (Zillmer & Kennedy, 1999). Gordon et al. (1997) found no significant difference between the 

genders in all of the d2 test scores. Similar to this finding, Zillmer & Kennedy (1999) 's d2 test in the United States sample to 

determine the norm values of the pre-study, age 18 to 32 students did not have a significant gender effect. Maxeiner (1987) 

also found that there was no significant difference between the gender of the d2 Test in the sports school students. In the 

German sample, there was no statistically significant difference between the d2 test scores of male and female subjects 

(Brickenkamp & Zillmer 1998). In American children, in a preliminary study to determine the norms of the d2 Test, 

Culbertson & Sarı (1997) reported that there was no significant difference between the boys and girls in the d2 Test scores. 

These findings show similarity to the present study findings. 

A significant difference was found in favor of women when compared with the gender of the total number of items (TN) 

of the pre-test and post-test d2 Test of the national age athletes. In a study on attention is indicated that, parallel to the 

findings of this study, girls' attention collection skills are better than males (Borchert, 1998). Toker (1988, 1990) stated 

that there was a significant difference between the genders in Turkish children sample, female students had higher TN 

scores in the d2 Test, but they made more mistakes. 

The results of the last attention test of the orienteering national team athletes who are in education age were significant 

in favor of the men in comparison of the fluctuation rate (FR) scores by gender. Some of the researches in the literature 

about the attention Helmke & Renkl (1993), Borchert (1998), say girls are better than men in terms of the ability to 

collect attention, while Neuhaus (2000) says men are better than girls, although in the literature on attention, in terms of 

maintaining attention among girls and boys is not different. 

In conclusion, according to d2 pre-test, the high number of total markings (TN) in the final test is that the ability to 

selective attention after performance, sustainability of attention, high motivation and height in psychomotor speed are a 

sought after competency in orienteering candidate national team athletes. According to d2 pre-test, the final test equals 

E1, it was determined that there was no difference in E2-carelessness and problems in visual differentiation with the 

adequacy of selective attention and performance quality. The fact that TN-E scores differed in favor of the final test is 
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important in terms of the quality of performance of the national team athletes and the existence of the balance between 

psychomotor speed and selective attention. Determination of differentiation between pre-test and post-test scores in 

terms of CP type is important in terms of showing the stability of the team and the quality of the work done. According 

to these results, the physical performances of the athletes who are invited to the orienteering candidate national team 

according to the results of the D2 attention test, are in line with the evidence that the selected athletes are correct. 
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