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Abstract. Railway traffic control faces the challenge of ensuring a high 
infrastructure capacity to maintain a constant train traffic flow. The current 
study assesses the situation awareness (SA), as a predictor of decision-making, 
of train traffic controllers to gain novel insights in their cognition. This study 
puts emphasis on levels of implicit and explicit situation awareness in a 
monitoring mode, through measures of SAGAT, MARS and performance. A 
human-in-the-loop simulator, called the PRL game is used to simulate the 
workspace of train traffic controllers. Initial findings indicate rather low levels 
of explicit SA, on the contrary to higher subjective SA scores through MARS 
and observer ratings, and a high performance on the punctuality and unplanned 
stops of trains. 
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1 Introduction 

The railways in the Netherlands is characterized as the most dense and heavy utilized 
railway infrastructures in Europe [1]. The growing demand on diversified and higher 
frequency train schedules puts challenges on railway infrastructure innovations as 
well as on the implications of the work environment for train traffic and (regional and 
national) network controllers. 

Railway infrastructure innovations are sought in processes as the increase of 
infrastructure capacity cannot be achieved by technical solutions alone [2]. Therefore, 
gaming simulations have been predominantly used so far as a research environment to 
test the viability of these process innovations. A gaming simulation can be seen as a 
simulation of a system, in which humans take part through game design methods and 
concepts such as immersion [3]. They comprise of different types, varying from 
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human-in-the-loop alike simulators to table top games. For the Dutch railways, 
human-in-the-loop simulators are currently used for individual operators, whereas 
board or table top gaming simulations are applied to study a larger part of the railway 
traffic operating systems (for examples see [2]).  

One of the key elements to determine the viability of the various innovation 
processes is the quality of decision-making of operators. Ultimately their decisions 
impact their performance and therefore might impact the performance of the railway 
traffic system. The cognitive concept of situation awareness is often addressed as a 
predictor of decision-making in complex socio-technical systems.  

Situation awareness (SA) has been most widely defined as 1. the perception of ele-
ments in the environment, 2. the comprehension of these elements and 3. the 
projection of these elements in the near future [4]. Situation awareness can be seen as 
a dynamic mental model of the situation, in which explicit and implicit levels of 
knowledge can be distinguished [5]. Explicit knowledge refers to active knowledge 
that resides in the working memory, while implicit knowledge is refers to less active 
knowledge that cannot be inferred from queries or knowledge probes, being non-
intentional, non-conscious and intuitive [6-8]. Following Croft, Banbury, Butler and 
Berry [6], implicit situation awareness can also be viewed as implicit processes in SA. 
Implicit processes are characterized as extremely durable, more robust in the light of 
competing attentional demands, and related to an increase in expertise. Measurements 
examples of implicit SA are described as comparisons of recalling probes (explicit 
SA) with performance-based measures or speed/accuracy measurements of elements 
(e.g. indicating hostile or friendly aircrafts) [6], [8-9].  

The implications of cognitive concepts, such as situation awareness for decision-
making, have been studied in a number of domains, e.g. aviation, nuclear power 
plants, military and firefighting [6]. However, previous studies identified different 
cognitive strategies across the domains. For example, air traffic controllers focus 90% 
of their time on processing information [10], while 95% of the tactical commanders in 
the military domain use a recognition decision strategy [11]. These different strategies 
can have implications on how the SA of operators is formed. Railway traffic 
controllers spend a significant amount of time in monitoring the train traffic flow. 
They operate in a fashion that requires only active involvement from the human 
operators when the delays of trains are affecting the train traffic flow, which might be 
caused by a failure in material, infrastructure or incidents. Findings from an 
ethnographical study on the decision-making of railway traffic controllers (i.e. train 
traffic and regional network controllers) reveal that operators do not always look in-
depth into different consequences and have difficulties in making their reasoning 
explicit [12]. However, as far as known, no studies exist that investigate the SA of 
railway traffic controllers that make use of a traffic management system. 

The findings from the ethnographic study raise the question how relevant cognitive 
constructs are formed, i.e. situation awareness, thus leading to the research question: 
to what extent do train traffic controllers exhibit explicit or implicit levels of situation 
awareness? The formulated question provides novel insights in the awareness levels 
of train traffic controllers and how this affects their performance in a monitoring 
mode of operations.  
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2 Method 

2.1 Experimental Setting 

As part of a suite of railway games, the human-in-the-loop simulator – PRL game – is 
used in this study. The inclusion of ‘game’ in its name, originated from previous 
design versions, which had abstract interfaces compared to the current version.  

Aside from the current research focus, the general purpose of the study was 
formulated to investigate the impact of a gaming simulation session on the quality 
control processes of a new train timetable. Therefore, the session was also focused on 
the experience of the current human-in-the-loop simulator and to provide feedback 
regarding the new train timetable. Based on a set of gaming simulation components 
[2-3], Table 1 describes the characteristics of the gaming simulation NTTZ (new train 
timetable Zwolle). 

Table 1. Characteristics of the PRL game NTTZ 

Core aspect Description 
Purpose Studying the impact of a game session on the 

quality control processes of a new train timetable 
Scenarios Two for each participant: 1. 2013 train timetable, 

2. 2014 train timetable 
Simulated world Detailed infrastructure; detailed timetable; limited 

options in number of actions; larger area of train 
traffic operations (merged workspace of Zwolle 
station east-side and Zwolle station west-side) 

# of participants 1 per session 
Roles Train traffic controller 
Type of role Similar to their own roles 
Objectives Execution of tasks – similar as to in their daily 

work 
Constraints Exclusion of roles outside the defined 

infrastructure area, exclusion of train driver, no 
large disruption 

Load Average train delays 
Situation (external influencing 
factors) 

Presence of individual observers seated next or 
near the participant, facilitators 

Time model Continuous 
 
Both scenarios were designed together with subject matter experts to simulate a 

light disruption by mildly delayed trains, which was based on the realization data, i.e. 
average delays of trains in a month of that year with an average amount of 
disruptions. Further on, the first scenario focused on the 2013 timetable for 
participants to familiarize with the simulated environment and to obtain a base rating 
of SA and performance of train traffic controllers. Similarly, SA and performance 
were measured as well in the 2014 scenario.  
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As indicated in Table 1, the simulated workspace was represented by two merged 
workspaces surrounding the station of Zwolle with the borders of each workspace 
including smaller stations in their vicinity. In most of the cases, one train traffic 
controller is responsible for monitoring and controlling the train traffic flow at one 
workspace. Together, these workspaces form with two other workspaces (Hengelo 
and Deventer) the regional traffic control center in Zwolle. 

Participants. Eleven train traffic controllers from one regional traffic control center 
in Zwolle took part in both scenarios. Train traffic controllers were selected based on 
their competence to operate at the simulated workspace. 

2.2 Materials 

A number of background questions were presented before each session: work 
experience in the railway sector, work experience in the current job function, 
perceived experience of the workspace, perceived competences in comparison to 
peers, motivation in participation of the PRL game. The latter three items were 
measured on a five-point Likert scale, varying from ‘fully disagree/strongly 
unexperienced’ to ‘fully agree/strongly experienced’. 

Multiple situation awareness measurement methods were used to triangulate 
measures of SA. Firstly, at the end and two times during each scenario, the gaming 
simulation was frozen, in which participants receive 22 queries in total, in accordance 
with the Situation Awareness Global Assessment Technique (SAGAT). In total three 
pauses were introduced, where seven to eight SAGAT questions were presented with 
a multiple-choice answering format (e.g. [13]). The pauses were planned after 
possible conflicting choices in the train traffic flow. The SAGAT queries were based 
on a goal-directed task analysis (GDTA) (e.g. [9]) from a national network controller. 
A subject matter expert translated the relevant SA requirements to a number of 
queries for a train traffic controller. Examples of the SAGAT questions are displayed 
in Table 2.  

Table 2. Examples of the SAGAT queries 

SA level Query example  
1 At which track does train 13828 

arrive in Zwolle? 
Track 14, track 15, track 16 

2 Which train leaves first according to 
planning from station Zwolle? 

[Train number] 12522, 3629, 
9119 

3 How is the track capacity at 7:46 in 
station Zwolle? 

6 tracks free, 5 tracks free, 4 
tracks free, other, namely: .. 

 
Four SA probes were removed during the analysis, which reduced the number of 

SAGAT queries to 19 for each scenario. For the analysis of the results, the items were 
firstly scored as correct/incorrect, and then the percentage of correct answers was 
calculated. 
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Subjective SA ratings were collected through the Mission Awareness Rating Scale 
(MARS) [3], [14] and presented at the end of each scenario. The selected MARS 
questions can be seen as the perceived own situation awareness and are related to the 
three SA levels as identified by Endsley [4], and respectively scored on a four-point 
scale, varying from ‘fully disagree’ to ‘fully agree’. The average of the three levels of 
SA was calculated for the results. 

Additionally, MARS-based questions were used to measure the observed situation 
awareness. One subject matter expert was present during all sessions, and rated the 
observed situation awareness with similar questions and a similar scale as the 
perceived own situation awareness. An observation sheet, which is also used by 
instructors during training session was provided as a guideline to rate the observed 
situation awareness of the participants. Similarly, the average of the three levels of SA 
was computed for the results.  

In the railway sector, performance is measured on system level. That is, no official 
objective measurements for the individual performance of train traffic controllers 
exist. The performance indicators ‘punctuality’ and ‘unplanned stops’ were identified 
in consultation with the railway performance & analytics department. These results 
were retrieved from log files of the PRL game. Punctuality can be defined by the 
entry and exit times of trains within a specific region for a specific workspace. The 
punctuality of trains is often measured in percentages over a certain amount of time 
and for a certain level of delay. As the performance indicator for the Dutch railway 
infrastructure organization is set at three minutes, this is also used in the current setup. 
Secondly, unplanned stops are defined as the number of times that train drivers 
encounter an unplanned red signal. Unplanned stops can be seen as hazardous for 
safety, therefore the reduction of unexpected red signals is wished to be achieved. 

The human-in-the-loop experience of train traffic controllers was captured by 
measurements of gaming simulation validity [15] at the end of each session. In line 
with Raser [15], three out of four components of gaming simulation validity were 
included, namely structural validity (similarity in structure between the simulated and 
reference systems), processes validity (similarity in processes between the simulated 
and reference system), and psychological reality (the degree to which the 
participants/players perceive the simulated system as realistic). Three items measured 
structural validity (α = .60). An example of an item was: ‘I can apply the information 
from the information sources in the simulator in a similar way as in the real world’. 
Process validity was measured as well by three items (α = .90), e.g. ‘the train traffic 
flow in the simulator is similar in their processes to the real world train traffic flow’. 
Thirdly, psychological reality was measured by seven items (α = .84), e.g. ‘the train 
model is sufficiently realistic for the current task’. All items were measured on a five-
point Likert scale, varying from ‘fully disagree’ to ‘fully agree’. 

Five workload items from the NASA-TLX [16] were presented after each scenario 
(α = .64). One item related to the physical demand was removed as this was 
unnecessary to measure given the task at hand. In line with the scales used at other 
items, a five-point Likert scale was applied. 
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Lastly, the difficulty between the two scenarios was measured on a similar five-
point Likert scale in the post-session questionnaire, in which the statement was 
provided: ‘I was able to quickly get accustomed to the new timetable’. 

2.3 Procedure 

The sessions took place over three days. All train traffic controllers conducted two 
scenarios: one scenario with the current 2013 train timetable and one scenario with 
the new 2014 train timetable, in which the length of each scenario was 35 minutes. At 
the start of the session, participants firstly received instructions on the possibilities 
and limitations of the PRL game. Additionally, they were also asked for permission to 
record the session by video. Subsequently, participants received the pre-questionnaire. 
15 minutes after the start of the scenario, the PRL game was paused, in which 
participants were asked to turn to the desk behind them and answer the SA probes. 
Two more freezes of the PRL game followed every 10 minutes, in which the third 
pause marked the end of the scenario. Similar halts in the scenarios were introduced 
in the second scenario, which ended with a post-questionnaire. In both scenarios, 
observers asked questions and feedback about the usability of the PRL game, their 
decision-making and their preferences related to details in the timetables, during 
segments of the scenarios where train traffic controller was monitoring the train 
traffic flow. Conversations during the operator’s task in a non-severe disruption were 
planned in the procedure as they are seen as consistent with the displayed behavior of 
train traffic controllers in their work environment. 

 

 

Fig. 1. Two PRL game sets: in the foreground the PRL game set with the new timetable, on the 
background the set with the current timetable 
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3 Results 

Ten male train traffic controllers and one female operator took part in the sessions. 
Their work experience within the current job function was 16.5 years (SD = 8.9), 
however the average of their overall work experience in the railway sector was 
higher, M = 20.8, SD = 9.8. Participants indicated that they perceived their 
competence on the current workspace as high (M = 4.3, SD = .65), as well in 
comparison to colleagues within the regional traffic control center (M = 3.8, SD = 
.75). A high interest was indicated to participate in the PRL game (M = 4.4, SD = 
.92). 

3.1 Perceived Difficulty of the Scenarios and Workload 

As expected, the second scenario was not perceived as challenging to the train traffic 
operators, as they were able to quickly get accustomed to the new timetable (M = 4.2, 
SD = 2.1). Additionally, participants indicated that they perceived a low workload (M 
= 1.7, SD =.47). Qualitative data obtained during the session supported both results. 

It should be remarked that the scenario was initially designed to simulate a light 
disruption. However, train traffic controllers perceived the delays of the trains as not 
sufficiently problematic to interfere with the train traffic flow, possibly due to the fact 
that the automation function of the train traffic system (‘ARI’) was not triggered by 
the current train delays to indicate red highlights on the timetable screen (i.e. ARI is 
not able to manage to execute the train path assignment of a train). Therefore, there 
was less interaction between the operators and the PRL game than expected, making 
it a monitoring mode instead.  

3.2 Gaming Simulation Validity 

The PRL game is validated for the use of the current task through the gaming 
simulation validity dimensions, structural validity, process validity and psychological 
reality. The results indicate a rather positive perception of the PRL game by the train 
traffic controllers (see Table 3). Qualitative data support this notion as well. The 
rather positive scores on the three validity types also assert the assumption that levels 
of situation awareness and performance in the simulated environment should be 
comparable to a similar task in their real work environment. 

Table 3. Gaming simulation validity dimensions of the PRL game for the current task 

 N M SD 
Structural validity 11 3.6 .53 
Process validity 11 3.7 .71 
Psychological reality 11 3.8 .53 
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3.3 Situation Awareness and Performance 

Results from measurements on situation awareness and performance are depicted in 
Table 4. The lower number of participants in the scenarios can be subscribed to mis-
sing, unclear or discarded data (e.g. by deviation from the probes instructions).  

Table 4. Measurements of situation awareness and performance 

 Scenario 1 Scenario 2 
 N M SD N M SD 
SAGAT (%) 9 44.4 17.68 9 37.11 11.07 
Perceived SA (1-4) 8 3.1 .59 11 3.3 .49 
Observed SA (1-4) 11 3.5 .43 10 3.7 .41 
Punctuality (%) 11 99.3 1.20 11 98.6 1.64 
Unplanned stops 11 2.2 .87 11 2.4 1.29 

 
As the variables punctuality, perceived situation awareness, observed situation 

awareness (second scenario) and unplanned stops (first scenario) were significant on 
the Kolmogorov-Smirnov statistic for normality, a Wilcoxon test was conducted to 
analyze differences between scenarios in scores. A significant difference was found 
for the observed SA scores (Z = -2.33, p = .02). 

The values in the table indicate rather low explicit SA levels measured through 
SAGAT. However, subjective ratings by participants themselves and observers show 
high to very high levels of situation awareness. Also for punctuality, the results 
indicate near optimal achievements by the train traffic controllers. 

Correlations were drawn between the variables to investigate the relation between 
situation awareness and performance. Relevant trends were found for a relation 
between explicit situation awareness and punctuality in the first scenario (ρ = .64, p 
=.06); a higher explicit situation awareness leads to a higher punctuality of trains. 
Additionally, trends were found for the perceived situation awareness and both 
performance indicators punctuality and unplanned stops in the second scenario 
(respectively (ρ = .53, p =.09; ρ = -.52, p =.10). A higher perceived SA leads to a 
higher punctuality, and a higher perceived SA leads to less unplanned stops of trains. 

The findings reveal that train traffic controllers perceived their SA as high and 
show a high performance in the current monitoring mode. However, the train traffic 
controllers score reasonably low on objective (explicit) measures of SA, which is in 
line with the implication for the presence of implicit situation awareness. This finding 
might be supported by the results on the SA probes that are categorized by SA level 
(see Table 5).  

The results show that SA level 1 items were fairly low and beneath level 2 scores, 
although absolute values of the level 2 items remained rather low. Theoretically, SA 
would drop with each SA level, i.e. operators set a baseline for their SA by the 
elements they perceive in the situation. Following this, their comprehension (SA level 
2) is equal to lower than their perception, and similarly their projection (SA level 3) is 
equal or lower than their comprehension. 
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Table 5. SA probes per SA level 

 Scenario 1 Scenario 2 
 # total items (N=9) % correct # total items (N=9) % correct 
SA level 1 99 37 108 39 
SA level 2 54 65 45 42 
SA level 3 18 39 18 17 

 
Additionally, implicit SA could also be measured by using explicit SA measures 

and relating this to certain conflicting choices in the scenario. However, since the 
operators did not show much interference with the expected conflicts in the scenario 
and the train traffic flow in general, no implications could be drawn with regards to 
their SA queries and behavior in the scenarios. 

Explorative analyses were conducted to investigate the potential role of individual 
differences between train traffic controllers. A trend was found for a negative 
correlation between the work experience in the railway domain and percentage of 
correct SAGAT answers; r = -.65, p = .06; a higher experience in the railway domain 
lead to a lower explicit situation awareness.  

4 Discussion and Conclusion 

The current study attempts to investigate the level of explicit and implicit situation 
awareness at train traffic controllers. The findings show rather low levels of explicit 
SA, on the contrary to (very) high subjective SA scores through MARS and observer 
ratings, and high performance on the punctuality and unplanned stops of trains. It is 
possible that the low explicit SA scores are influenced by the fact that the light 
disruption was not seen as that problematic and operators therefore portrayed 
monitoring modes of operation. This changed mode of operation might also have been 
affected by the role of automation as train traffic controllers rather would rely on and 
are triggered by the automation function of the train traffic system, causing a low 
explicit SA. Similar findings with low SAGAT scores have been found in earlier 
studies where no active decision-making was taking place [17]. Another possible 
explanation for the low explicit SA might be related to relevance of the presented SA 
queries in the unexpected changed mode of operation. It is possible that certain 
information is less relevant as different goals are achieved in certain circumstances, 
e.g. operators search for deviations and irregularities in the train traffic flow. 

Further on, a trend is found for the negative relation between work experience and 
explicit SA. This result might be in line with the notion from previous studies that an 
increased implicit SA is more common for expert operators, e.g. [6]. Additionally, 
trends were found for the relation between objective (explicit) ratings of situation 
awareness and performance, but not found for both scenarios however, limiting the 
generalizability of these results.  

Another limitation of the study is that no official performance indicators could be 
used, as these do not exist within the railway infrastructure organization. As critical 
remarks can be drawn for both performance indicators, more investigation is needed 
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to determine the theoretical and computational implications of individual performance 
indicators in the railway domain.  

Nonetheless, these findings reveal novel descriptions on the situation awareness of 
train traffic operators in a monitoring mode. Further research is needed to identify the 
levels of explicit situation awareness in high disrupted conditions and to explore its 
relationship with levels of expertise.  
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