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Abstract 

The main objective of the air traffic control (ATC) services is to ensure safe, efficient, and expeditious air traffic flow within an 
airspace or aerodrome according to international rules and regulations. Despite, the development of various automation systems to 
keep up with these objectives, air traffic control services still rely on radio-telephony (RT) communication which requires exchange 
of instructions and readbacks between air traffic controllers (ATCOs) and pilots. Although various studies indicate that the less 
number of instructions are correlated with less a workload and better quality of air traffic services, this is no always so, especially 
for the high traffic levels at which more instructions are required to maintain safe separation and efficient air traffic flow. Number 
of instructions can also differentiate depending on the characteristics of airspace and the type of air traffic control (area, approach 
or aerodrome). In order to obtain a broader insight regarding the quality of service including the air traffic and airspace 
characteristics, we need to include the effects of flight efficiency in the analysis. This study aims to explore correlation between 
the quality of service and flight efficiency based on real-time air traffic simulation experiments done on ATCO trainees in 
ATCOSIMA project. The experiments were carried out on two groups of trainees. The first group had only formal ATC training 
background while the second group went under an additional training focused on the flight efficiency and the service quality in 
addition to their formal training background.  During the experiments, number of instructions per flight was collected as the 
indicator of quality of service while the total completion time of flights were collected as the indicator of the flight efficiency. The 
results of the analysis indicated that the number of instructions was decreased with the additional training but no significant change 
was observed in the flight completion time. A moderately significant correlation was also observed between the average number 
of instructions per aircraft and the completion time. In conclusion, a new training method focused on flight efficiency in addition 
to the formal training improve the quality of service and efficiency level of trainees. The findings of the study can provide important 
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studies have indicated that complexity increases as the number of traffic increases. Lee (2005) showed that there is a 
non-linear relationship between the controller workload and the number of traffic. Even if the number of traffic 
increases linearly, after a certain threshold, there is a high increase in the workload as the controller has to give more 
instructions to the aircraft in order to maintain safety of air traffic. Djokic et al. (2010), Gianazza and Guittet (2006) 
investigated the relationship between ATC complexity and subjective workload. As a result, as the number of traffic 
increases, the number of instructions per aircraft also increases and service quality decreases. 

The throughput, on the other hands corresponds to make-span, completion time as defined in Ahlstrom and 
Friedman (2006). It is the time ATCO needs to complete the task and it indicates the efficiency of the ATCOs. The 
lower the completion time of a set of flights is, it corresponds to the higher efficiency of the ATCOs. In the 
experiments, as it will be described in next section, after reaching the ASIMA point, the pilot switched the frequency 
to the tower controller for the landing procedure. Up to ASIMA, the aircraft was under the responsibility of the 
approach controller. Hence, in the experiments, the completion time of the set of flights served as a direct measure of 
traffic throughput. A similar approach can be reached from Ahlstrom and Friedman (2006).  

With the training designed in this study, it is aimed to increase the air traffic service quality and flight efficiency. 
For this reason, it was examined whether the service quality and efficiency of the trained group increased in the second 
stage experiments. The results of two different experiments (including pre-training, training and post-training) are 
compared for two different groups. 

3. Experimental design 

3.1. Airspace and exercises description 

ATCOSIMA experiments included real time simulations on BEST Radar ATC simulator. The experiments were 
carried out on two groups of trainees. The first group had only formal ATC training background while the second 
group went under an additional training focused on the flight efficiency and the service quality in addition to their 
formal training background.  In both phases of the experiments in years 2018 and 2020, the same exercises were used. 
They were performed by air traffic control students (trainees), pseudo-pilots and observed by instructor. Ten exercises 
were made on generic Frankfurt TMA airspace. For the consistency and easier adjustment of trainees on unknown 
airspace, runway 07 with ILS approach was the only active runway through all exercises. Figure 1 shows the generic 
airspace used in the experiments with horizontal limits and points and neighboring air traffic control frequencies. 
 

 

Fig. 1. Generic Frankfurt TMA used for experiment (Rogosic, 2019) 
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1. Introduction 

The main objective of air traffic control service is to ensure safe, efficient, and expeditious air traffic according to 
EU REG 923/2012, Standardized European Rules of Air (2012). Air traffic controllers (ATCOs) give instructions, 
clearances and information to aircraft (i.e. pilots) using standard radio-telephony (RT) communication on a radio 
frequency which influences both ATCO’s and pilot’s workload – the more instructions they give, the higher is their 
workload. If we observe from the pilot’s point of view, the more instructions they receive, the more tasks they need 
to handle. We could assume that the efficient air traffic control service would be a service which ensures safe, efficient 
and expeditious air traffic with the less number of instructions. Although it is considered that the less number of 
instructions are correlated with a better quality of service, it is not always so. In cases of high traffic load, the more 
instructions are required to maintain safe separation and efficient air traffic because of the high number of interactions 
between aircraft. Number of instructions can also differentiate depending on the characteristics of airspace and the 
type of air traffic control (area, approach or aerodrome). In the experiment done during ATCOSIMA project and 
described further in the text, terminal airspace and approach air traffic control are observed. According to International 
Civil Aviation Organization (2016) terminal control area (TMA) is control area normally established at the confluence 
of Air Traffic Service routes in the vicinity of one or more major aerodromes. It is used for arriving and departing 
traffic and, usually, arriving traffic receives more instructions for spacing, separation, vectoring, ILS clearance etc. In 
such cases, although the number of instructions is high, safety and efficiency of air traffic is maintained so the quality 
of service is also high. This paper explores correlation between the quality of service and flight efficiency using data 
obtained from the traffic situations simulated during experiments in ATCOSIMA project. 

In the second part of the paper, quality of the service, workload and completion time are described. More detailed 
explanation of the ATCOSIMA project, exercises and participants can be seen in section three. Results are provided 
in section four and overall conclusion can be seen at the end of the paper.  

2. Problem description 

Two-way frequency communication in air traffic services increases the workload of air traffic controllers as well 
as pilots. Reducing frequency occupancy affects the efficiency of ATCOs. The number of instructions aircraft 
received, directly affects the workload of both pilots and ATCOs. The number of instructions per aircraft given by 
ATCOs indicates the service quality of the ATCOs. The service quality defines the quality of service the aircraft 
(crew) receives from the ATCOs as defined in Boursier et al. (2007). As mentioned in Cavcar and Cinar (2011), it is 
very important to improve the service quality in order to increase the pilots’ satisfaction, which represents the customer 
satisfaction in air traffic control services. For this reason, the lower the average number of instructions per aircraft 
corresponds, the higher the service quality is according to Boursier et al. (2007). Decreasing the number of instructions 
given by the ATCOs, the number of routine controller-pilot communications reduces improves service quality, Smith 
(2005). Manning et al. (2002) examined the statistical relationships between the ATCO-pilot communication events 
and subjective workload measures and proposed some hypothesis, one of which stated that the number of 
communication event should be significantly related to subjective workload, and they showed this in the statistical 
analysis results. Likewise, Rodríguez and Cordero (2014) showed the statistically strong relationship between the 
ATC voice communications and the workload in the en-route sectors by focusing on two parameters, number of 
communication interactions and duration of the communication interactions, in the analysis. In addition, previous 
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previous experience in using BEST simulator. Voice communication between student air traffic controllers and 
pseudo-pilots was done via simulator system using pedals, microphone and earphones. Students were prepared and 
trained for exercise provision by certified air traffic control instructors. During the exercise, they monitored and 
evaluated students’ performance, Rogosic (2019) and Rogosic et al. (2021). 

Students provided air traffic control service by using the following instructions: heading change/direct, flight 
level/altitude, speed, rate of climb/descend and ILS clearance/intercepting localizer. Each type of traffic situation had 
standard type of instructions based on its planned trajectory. For arriving traffic, instructions of heading change, 
change of flight level/altitude, speed and lastly ILS clearance were used. Departing traffic received much less 
instructions due to sensitivity of departure phase. Clearances for departures were mostly connected with altitude/flight 
level change and heading/direct instructions.  

Students had to define approach sequence for every traffic situation. Aircraft with higher number in approach 
sequence usually receive more instructions for speed reduction, change of heading and flight level/altitude. Also, in 
case of conflict situation, all considered aircraft and those with higher number in approach sequence receive more 
instructions of student air traffic controllers to resolve the air traffic situation and enable safe flow of traffic.  

Students used paper flight strips to mark all provided instructions and changes in the flight plan. Flight strips had 
different fields for marking o arriving and departing traffic. The major advantage of paper strips is that students mark 
them without difficulties and insert the note of the instruction given to each flight within its responsibility. 
Furthermore, putting strips in the stack for landing sequence assists students to maintain situational awareness. 

3.3. Experiment phases 

There were two experimental phases: the one from 2018 and the second one from the 2020. In the first phase, 
criteria used for evaluating students were based on performance objectives defined by European regulations for basic 
training, EU REG 2015/340, (2015). In order to achieve better objectiveness of instructors, criteria were defined with 
different types of mistakes that student could make in approach control regarding safety standards (Table 2). Each 
student would start an exercise with 100% and with every mistake, depending on its nature, would get lower 
percentage. For example, if a student would make an unsafe clearance and took action to correct it, it would decrease 
the percentage of the exercise by 5%. 

Table 2. Assessment criteria for the simulation exercises (Rogosic, 2021) 

Criteria of percentage deduction on exercise - start with 100% 

No. Types of mistakes Percentage 

1 

Collision 

Separation loss (rings) and no action taken 

Descending ACFT under ATCOSIMA MRVA 

-30% 

2 Separation loss (rings) with traffic info. and action taken -20% 

3 

Unsafe clearance with no action taken 

Descending/climbing of ACFT in airspace not controlled by trainee 

Aircraft going through LLZ in final approach 

-10% 

4 
Unsafe clearance with action taken 

Greater mistake in vectoring (3600 turn) 
-5% 

5 

Greater mistake in radiotelephony communication 

Minor mistake in vectoring (wrong vector without measuring) 

Going through FIR/sector boundary; out of range 

-3% 

6 
Minor mistakes in radiotelephony communication 

Flight strip data not updated 
-1% 
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Minimum radar separation applied in airspace was 5 NM and 1000 feet. Only IFR arrivals and departures were 
simulated in all exercises. Detailed explanation of traffic within each exercise is given in the Table 1 from Rogosic 
(2019). Exercises marked with higher number usually have higher air traffic complexity. Complexity depends on entry 
points and entry times of arriving traffic. Number of aircraft had risen through the exercises disproportionately.  

The emphasis in simulation exercises was to enable trainees to acquire skills for handling and solving arriving 
traffic. That is the reason why the number of arriving traffic was increasing, while the number of departing traffic 
remained the same (3 or 4 aircraft). The arriving traffic is much more complexed to handle since all arriving aircraft 
are merging to the same point, final approach fix with single runway operations. After the first 3 exercises with the 
increased number of aircraft, students had to consolidate their knowledge and skills in exercises 4, 5 and 6,7 which 
had the same number of aircraft but with different complexities. In this study, exercises complexity concentrate of the 
arrival traffics for serving vectoring technique by the controllers. Departure traffics added to the exercises for 
designing more realistic scenario and getting higher exercises difficulties according to conflict with arrivals. Departure 
traffics inter arrival time design as creating conflict case with arrivals. The most demanding exercise was the exercise 
8. According to the usual practices in ATCO practical training, the last two exercises (including the final exam 
exercise) had similar complexities which were lower than the hardest exercise (exercise 8). 

Table 1. Details of Radar Approach Control exercises performed in ATC Simulations 

3.2. Experiments participants  

Students from Eskisehir Technical University and Faculty of Transport and Traffic Sciences, University of Zagreb 
participated in the experiments. Students were selected according to the following criteria: completion of radar control 
theory and radar approach simulation class. All students were going through or have finished certified ATCO training 
programme in the universities. They had medical certifications in accordance with Class 3 International Civil Aviation 
Organization requirements. In the first phase of the experiment, 19 students were tested, and in the second phase, new 
13 students were used. Pseudo piloting tasks were performed by different students also from both faculties who had 

Exercise 
number 

Aircraft number Points Exercise 
duration 

Arrival Departure Together Entry Exit [min] 

1. 5 0 5 KERAX SIRPO COLAS RASVO 
XINLA / 26 

2. 6 2 8 XINLA OLALI SIRPO KERAX 
RASVO COLAS XINLA RASVO 25 

3. 6 3 9 RASVO OLALI XINLA COLAS 
SIRPO 

OLALI RASVO 
XINLA 32 

4. 6 4 10 OLALI SIRPO KERAX COLAS 
XINLA 

RASVO OLALI 
XINLA 32 

5. 7 3 10 KERAX XINLA SIRPO COLAS RASVO XINLA 32 

6. 7 4 11 COLA RASVO XINLA KERAX 
SIRPO 

RASVO XINLA 
SIRPO 27 

7. 8 3 11 KERAX OLALI SIRPO XINLA 
COLAS RASVO 

OLALI RASVO 
XINLA 27 

8. 8 4 12 XINLA OLALI SIRPO COLAS XINLA RSVO 
SIRPO 27 

9. 9 4 13 RASVO COLAS OLALI SIRPO 
XINLA RASVO XINLA 26 

10. 
(Exam) 9 3 12 RASVO COLAS KERAX OLALI 

SIRPO XINLA RASVO XINLA 27 
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previous experience in using BEST simulator. Voice communication between student air traffic controllers and 
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Minor mistake in vectoring (wrong vector without measuring) 

Going through FIR/sector boundary; out of range 

-3% 
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Minimum radar separation applied in airspace was 5 NM and 1000 feet. Only IFR arrivals and departures were 
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Table 3. Form for marking types of mistakes and number of instructions for each aircraft 

DETAILED ANALYSIS OF EXERCISE – AIRCRAFT BY AIRCRAFT 

No. AIRCRAFT 
Categories of types of mistakes according to the table 
from the first page 

Number of 
HDG instr. 

Number of 
LEVEL 
instr. 

Number of 
SPEED 
instr. 

TYPE of 
SPEED 
instructions 

1. 
(30%) 

2. 
(20%) 

3. 
(10%) 

4. 
(5%) 

5. 
(3%) 

6. 
(1%) 

  

1.             

4. Results 

4.1. First stage experiment results (2018) 

We first examined whether there is a significant difference between groups in the first experiments in 2018 in terms 
of service quality and efficiency. Mann-Whitney U test, which is a non-parametric test, was used because one or more 
of the variables did not fit the normal distribution. This test is the non-parametric version of the independent samples 
t-test. As a result, In the first experiments, significant differences were observed between the two groups in terms of 
service quality (p<0.001) and efficiency (p<0.001). Table 4 and 5 present the results of descriptive statistics and the 
Mann-Whitney U test, respectively. 

Table 4. Descriptive statistics of the first stage experiments 

Group Statistics 

 group N Mean Std. Deviation Std. Error Mean 

Number of instructions 
per flight 

ESTU 50 8,975 1,3132 ,1857 

ZFOT 136 9,915 1,0357 ,0888 

Exercises Completion 
time 

ESTU 50 1902,580 174,1803 24,6328 

ZFOT 139 2092,727 179,5595 15,2300 

 

Table 5. Mann-Whitney test results of the first stage experiments 

Test Statisticsa 

 Service quality Efficiency 

Mann-Whitney U 1935,500 1573,500 

Wilcoxon W 3210,500 2848,500 

Z -4,500 -5,732 

Asymp. Sig. (2-tailed) ,000 ,000 

a. Grouping Variable: group 

 
As presented in Table 4, the average number of instructions per aircraft was 8.9 and 9.9 for ESTU and ZFOT, 

respectively. The completion times for these groups were 1902 and 2092 seconds, respectively. 

4.2. Second stage experiment results (2020) 

In the second experiments, significant differences were also observed between the two groups in terms of both 
service quality (p<0.001) and efficiency (p<0.001). Therefore, the educational effect on the two groups will be 
examined separately. Table 6 and 7 present the results of descriptive statistics and the Mann-Whitney U test, 
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In the first phase students were prepared with current training techniques and basic information required for 
successful air traffic control. Before starting exercises in the simulator, students were introduced with airspace, points, 
relevant instructions, new radiotelephony phrases and vectoring techniques by an instructor using verbal 
communication and pictures of airspace. In the second phase instructors used different training methods and learning 
technique during the simulator preparation. They prepared recorded video materials with full demonstration and oral 
explanation of the provision of basic air traffic control operations, monitoring traffic situation, searching for conflicts, 
planning the priorities of actions, using different conflict resolution techniques, communication efficiently, using 
simulator tools and noting the changes in the flight strip. Video materials were prepared for three different exercises 
with three different difficulty levels. Students were obliged to watch the instructional recorded videos during the 
simulation preparation part as a part of learning process. This new approach enabled students to see the demonstration, 
visualize and understand how traffic situations should be managed, which tasks should be used and when, and which 
instructions should be given in appropriate manner and time to provide air traffic control procedures, maintain 
separation between aircraft and expedite traffic flow. 

During the first experiment phase, instructors were focused on students’ performance defined with criteria in Table 
2. Usually, instructors would mark the mistakes and count them at the end of an exercise. In such conditions, 
instructors were more focused on general performance rather than flight efficiency. In the second phase of the 
experiment, the new assessment criteria were defined and tested. Besides the same safety standards, the additional 
goal of the new assessment criteria was to evaluate students’ performance according to flight efficiency indicators 
based on future Pan-European Single European Sky targets. Criteria were made based on the linear regression model 
for fuel consumption calculation using following indicators: number of heading, speed and level instructions from 
first phase of the project. During every exercise in the second phase of simulations, the instructors counted and marked 
the number of instructions given by the student for every aircraft in the simulation. The form that was used by 
instructors for marking types of mistakes and counting instructions for each aircraft can be seen in Table 3. Picture of 
airspace with appropriate points and frequencies that was used for drawing/description of any special occurrence can 
be seen in Figure 2. 

 

 

Fig. 2. Picture for drawing/description of any special occurrence during the exercise 
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As presented in Table 4, the average number of instructions per aircraft was 8.9 and 9.9 for ESTU and ZFOT, 

respectively. The completion times for these groups were 1902 and 2092 seconds, respectively. 

4.2. Second stage experiment results (2020) 
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examined separately. Table 6 and 7 present the results of descriptive statistics and the Mann-Whitney U test, 
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In the first phase students were prepared with current training techniques and basic information required for 
successful air traffic control. Before starting exercises in the simulator, students were introduced with airspace, points, 
relevant instructions, new radiotelephony phrases and vectoring techniques by an instructor using verbal 
communication and pictures of airspace. In the second phase instructors used different training methods and learning 
technique during the simulator preparation. They prepared recorded video materials with full demonstration and oral 
explanation of the provision of basic air traffic control operations, monitoring traffic situation, searching for conflicts, 
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visualize and understand how traffic situations should be managed, which tasks should be used and when, and which 
instructions should be given in appropriate manner and time to provide air traffic control procedures, maintain 
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Table 9. Comparison of the first stage and second stage experiments for ESTÜ groups (Mann-U Whitney) 

Test Statisticsa 

 Service quality Efficiency 

Mann-Whitney U 110,000 1250,000 

Wilcoxon W 1385,000 2525,000 

Z -7,860 ,000 

Asymp. Sig. (2-tailed) ,000 1,000 

a. Grouping Variable: Experiment 

4.4. Comparison of the experiments (ZFOT groups in 2018 and 2020) 

For ZFOT, only the quality of service differed significantly (P<0.001) between the groups in 2018 and 2020. 
Although the completion time decreased, this difference was not statistically significant. Tables 10 and 11 presents 
the descriptive statistics and Mann-Whitney U test results, respectively. The result of the above analysis is summarized 
in Figure 3 for service quality and efficiency. 

Table 10. Comparison of the first stage and second stage experiments for ZFOT groups (descriptive statistics) 

Group Statistics
 

Experiment N Mean Std. Deviation Std. Error Mean 

Number of 

instructions per flight 

2018 136 9,915 1,0357 ,0888

2020 80 8,928 1,0982 ,1228

Exercises Completion 

time 

2018 139 2092,727 179,5595 15,2300

2020 80 2057,588 185,4613 20,7352
 

Table 11. Comparison of the first stage and second stage experiments for ZFOT groups (Mann-U Whitney) 

Test Statisticsa 

 Number of instructions per flight Exercises Completion time 

Mann-Whitney U 2775,000 4867,000 

Wilcoxon W 6015,000 8107,000 

Z -6,009 -1,535 

Asymp. Sig. (2-tailed) ,000 ,125 

a. Grouping Variable: Experiment 

 

4.5. The relationship between service quality and efficiency 

We also examined the relationship between service quality and efficiency. According to Table 12, a moderately 
significant relationship was observed between service quality and efficiency (p<0.01, r=.335). This indicates that as 
the number of instructions received by the aircraft increases, the completion times also increase. Table 12 shows the 
correlation analysis results.  
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respectively. As presented in Table 3, the number of average instructions per aircraft is 5.9 and 8.9 for ESTU and 
ZFOT, respectively. Completion times were 1913 and 2057 seconds, respectively. 

Table 6. Descriptive statistics of the second stage experiments 

Group Statistics 

 group N Mean Std. Deviation Std. Error Mean 

Number of instructions 
per flight 

ESTU 50 5,989 1,1004 ,1556 

ZFOT 80 8,928 1,0982 ,1228 

Exercises Completion 
time 

ESTU 50 1913,980 122,2045 17,2823 

ZFOT 80 2057,588 185,4613 20,7352 

Table 7. Mann-Whitney test results of the second stage experiments 

Test Statisticsa 

 Service quality Efficiency 

Mann-Whitney U 183,500 1093,000 

Wilcoxon W 1458,500 2368,000 

Z -8,694 -4,341 

Asymp. Sig. (2-tailed) ,000 ,000 

a. Grouping Variable: group 

 
Since there were significant differences between the ESTU and ZFOT groups, statistical analyses between 

experiments were performed separately for these two groups. 

4.3. Comparison of the experiments (ESTU groups in 2018 and 2020) 

As can be seen in Tables 8 and 9, significant differences were observed between the experiments in 2018 and the 
experiments in 2020 for ESTU groups in terms of service quality. The average instruction received by aircraft 
decreased from 8.9 in 2018 to 5.9 in 2020 (quality of service improved). However, there were no significant 
differences in terms of completion time (efficiency). Table 8 and 9 present the results of descriptive statistics and the 
Mann-Whitney U test, respectively.  

Table 8. Comparison of the first stage and second stage experiments for ESTÜ groups (descriptive statistics) 

Group Statistics 

 Experiment N Mean Std. Deviation Std. Error Mean 

Number of instructions per 
flight 

2018 50 8,975 1,3132 ,1857 

2020 50 5,989 1,1004 ,1556 

Exercises Completion time 2018 50 1902,580 174,1803 24,6328 

2020 50 1913,980 122,2045 17,2823 
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4.5. The relationship between service quality and efficiency 

We also examined the relationship between service quality and efficiency. According to Table 12, a moderately 
significant relationship was observed between service quality and efficiency (p<0.01, r=.335). This indicates that as 
the number of instructions received by the aircraft increases, the completion times also increase. Table 12 shows the 
correlation analysis results.  
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respectively. As presented in Table 3, the number of average instructions per aircraft is 5.9 and 8.9 for ESTU and 
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experiments were performed separately for these two groups. 

4.3. Comparison of the experiments (ESTU groups in 2018 and 2020) 

As can be seen in Tables 8 and 9, significant differences were observed between the experiments in 2018 and the 
experiments in 2020 for ESTU groups in terms of service quality. The average instruction received by aircraft 
decreased from 8.9 in 2018 to 5.9 in 2020 (quality of service improved). However, there were no significant 
differences in terms of completion time (efficiency). Table 8 and 9 present the results of descriptive statistics and the 
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Table 12. Correlations between the number of instructions and the completion times 

Correlations 

 Number of instructions 
per flight 

Exercises 
Completion 

time 

Service quality Pearson Correlation 1 ,335** 

Sig. (2-tailed)  ,000 

N 316 315 

Efficiency Pearson Correlation ,335** 1 

Sig. (2-tailed) ,000  

N 315 319 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

 

Fig. 3. (a) number of instructions per aircraft; (b) completion times 

5. Conclusion and future work 

In the paper, results from the project ATCOSIMA were taken into observation for air traffic control quality of the 
service and efficiency of the exercise completion. Students from two universities were taken as participants in 
controlling terminal airspace. Descriptive statistics and Mann-Whitney U test were used for results observation. 

When comparing results from ESTU and ZFOT students for the first experimental phase, it can be seen that the 
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Table 12. Correlations between the number of instructions and the completion times 

Correlations 

 Number of instructions 
per flight 

Exercises 
Completion 

time 

Service quality Pearson Correlation 1 ,335** 

Sig. (2-tailed)  ,000 

N 316 315 

Efficiency Pearson Correlation ,335** 1 

Sig. (2-tailed) ,000  

N 315 319 

**. Correlation is significant at the 0.01 level (2-tailed). 
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