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1. Introduction:
This assignment will focus on violations and errors made by safety critical staff on the Transport for Wales (TFW) infrastructure, the focus will be on Train conductors (TC) specifically. The role of a TC is vital in keeping passengers safe when boarding and alighting across the Wales and boarder’s platform train interface, it is imperative to identify why errors are made by safety critical staff. Investigating incidents are important in developing strategies and implementing mitigations to prevent these accidents from occurring again or reducing the likelihood as much as humanly possible with technology. (Kyriakidis, Pak & Majumdar, 2015).
Understanding why these errors occur allows TFW to investigate and helps prevent these mistakes from happening again in the future. There are millions of train passengers that use TFW stations to board and alight trains every year, so it is imperative to maintain safety standards on the platform train interface to prevent future injuries or even death. In the last 3 years on TFW platforms, there have been 115 operational incidents which has the potential to be extremely dangerous to the passengers. In the UK in the past 3 years, there have been 13 deaths on the Platform train interface, which could have been prevented if safety critical staff had followed the correct procedures (RSSB,2022). This demonstrates that investigating errors made by safety critical staff on the railway network is important to reduce injuries or death on the platform train interface. 
Many errors made on the operational railway platform are mainly contributed to a lack of concentration and distraction. Customers on the platform can cause major distraction to train staff, however there are many strategies which can be used to divert passengers away from safety critical staff, so errors do not occur. As mentioned, lack of concentration is one of the most common reasons safety critical staff make mistakes, the data which is being analysed in this study is using a holistic approach with qualitative and semi-structured interviews to determine why some of these errors occur. 
Transport for Wales can also use the data gathered to identify the locations which may provide clues to why such mistakes are occurring. The data can provide information which can be analysed in great depth, to determine if there is a correlation between the errors caused or indeed a significant trend that can be prevented in training. The research question ‘What impacts human performance when completing safety critical duties. The study will focus on the time of errors made, peak or off-peak times and which human factors influence poor performance. This information will form the data which is required to identify if there is a correlation with the variables and the errors made by TC.  These variables will be investigated and analysed with each error made by a TC over the past 3 years on the Transport for Wales network.

2. Literature review:
The knowledge and understanding concerning human factors are well documented within the aviation sector, this industry leads the way in training its staff and studies on the topic to better understand how human factors influence accidents. In comparison with the railway sector there is very little. Nevertheless, in the past ten years there has been more studies conducted within the railway sector than in previous years, which is promising in understanding human factors performance for safety critical staff. By increasing awareness of the impact human factors has on performance within the railway industry, will only improve safety standards across the network. 
Air travel is considered the safest mode of transport, (Mosey, 2014). With flying being the safest way to travel, this may be due to the extensive training pilots receive because of the literature that has already been made available to the aviation industry. In comparison to aviation, the railway sector is more Likely to incur fatalities, therefore there must be more focus placed on training and studies on how human factors performance impacts incidents on the railway platform train interface. 
[bookmark: _Hlk143512924]Human factors can play a major role in railway accidents compared to failure of technology on the railway infrastructure, (Walker, 2013) states “Often disasters arise because people act in apparently rational ways”. Furthermore, despite this claim there has been a lack of comprehensive data and analyses in literature concerning the impact of Human factors on the railway industry (Felmann, Hammerl & Schwartz, 2008). The current literature demonstrates that safety culture of safety critical staff, makes up more than 20% of accidents, with nearly 75% of incidents involving the train drivers. The railway industry is lagging behind other sectors such as the aviation sector which has an abundance of publications concerning human factors for pilots. (Gawlak, 2022). 
Moreover, many studies are based on former studies from other domains, which are not suited and can be difficult to employ reliably to railway-specific operations. Moreover, in Europe, the consideration of human factors does not have a long tradition. Even though a large proportion of accidents are due to human error. (Hammerl, & Vanderhaegen 2009). 
Human errors are regarded as one of the main causes for railway accidents these days. In spite of this fact, the consideration of human error probabilities in quantified risk analyses has been very rudimentary up to now.
One such study which attempted to focused on measuring human factors performance, titled ‘Development and Assessment of Taxonomy for Performance-Shaping Factors for Railway Operations’ (Kyriakidis et al, 2012). The paper proposed a new system referred to as human performance railway operational index (HuPeROI). The paper also attempted to identify the human error probability for operations but also provide mitigations to reduce degraded performance.
The study produced a performance shaping factors taxonomy for the railway industry, due to the lack of literature on this specific topic, which is the opposite to the aviation industry (Kyriakidis et al 2012) devised a new taxonomy which is explained below.
This new taxonomy is based on the duties of the railway operators in order to provide researchers, as well as operators and safety specialists in the field of HFs, with a simple and comprehensive tool. It defines the R-PSFs in detail and provides an example for each R-PSF to avoid potential misunderstandings. The R-PSFs taxonomy contributes to the existing taxonomies, as it: (i) is based on railway operators’ duties, (ii) clearly and precisely defines the R-PSFs – including providing examples for each R-PSF, (iii) identifies the dependencies amongst R-PSFs, (iv) “assesses” individual R-PSFs contribution on human performance and (v) aims to be transferable.  (Kyriakidis et al 2012, p. 2)
(Appendix A)

In validating the taxonomy, the study used real data from 179 accidents and incidents and railway reports were analysed. The methodology of this paper used Pearson chi-square test of independence to determine any relationships with the data. 

Typically, accidents which occur on the railway are linked to a train moving along a track, where the train may derail or collide with an oncoming train/vehicle. This type of accident is due to human performance factors or a technical fault. There are studies which focus on this specific area within the railway sector, these types of incidents have been reduced drastically due to implementation of safety working practices and largely due to technology.
However, when incidents occur on the platform train interface, it is difficult to engineer these incidents out. Dispatching trains on the platform is still completed by human interaction with little input from technology. The train conductor and dispatcher will still use their decision making to determine if the train is safe to proceed, this allows the possibility of human error taking place within a safety critical stage.
Another article (Bhuiyan, Ibtihal & Nokshi 2023) presented a framework to identify the most significant human performance factors, known as Performance Shaping Factors (PSFs), which influence the performance of railway operators. The paper analysed a vast amount of incidents on the railway infrastructure which included 479 railway operational incidents and accidents over the past 15 years worldwide. Based upon the Pareto principle, 12 R-PSFs account for more than 90% of the accidents and incidents, regardless of the severity of the event. The purpose of the investigation was to identify what human performance indicators impact performance the most frequent from incidents on the railway infrastructure, the study identified several key indicators that impact performance. The findings can be used to emphasis the key indicators in training to help prevent further mistakes in the future. 
Another journal titled ‘Involvement of Human and Organizational Factors in Railway Accidents’ (Bhuiyan, Ibtihal & Nokshi 2023) completed research study on errors/violation by categorizing the accidents into four sections (Collision, derailment, locomotive failure and signal passed at danger). These four categories were then applied to the Human Factors Analysis and Clarification System (HFCAS) framework. The framework used, identifies direct and hidden factors that lead to an accident. 
The study found that from 2010-2019, the total derailment was 1422 and trains running into an obstruction was 203. The study found that 38.46% of cases were attributed to human failure. Furthermore, the study states that a considerable fraction of accidents are caused by human errors. However, the study also looks at the operator’s rules and procedure makers. This could be the reason the errors occurred, due to the poor standard of procedures that are in place. The methods used include a framework to determine the rationale of accidents which enabled the study to identify why the accidents occurred using the categories used. 
Accidents caused by human error identified that technology has improved in preventing train accidents however, there has been little development in R-SPF (Railway performance shaping factors). (Felmann, Hammerl & Schwartz, 2008).  Many operational incidents which occur on the platform are due to human performance factors, typically caused by poor decision making, concentration levels or poor communication. One study focused on age vs experience. 
The current trends which have been identified from the current literature concerning human factors performance on the railway industry clearly demonstrates there is more work to be carried out to fully understand how to prevent human factors in causing errors on the railway system. The studies and articles discussed in this literature review, have identified a framework to use to identify what caused errors in various incidents. These frameworks can be of used in determining what factors contributed to the incidents and how to mitigate against these errors occurring in the future. It is clear from the that human factors have a substantial impact on the errors made by safety critical staff. Furthermore, the studies and articles used in this literature review have a lack of interviews, feedback and experience which can impact the results. 
 
3. Research methods:
This paper has investigated what variables impact human performance, when completing safety critical tasks on the platform train interface. In attempting to identify what impacts human performance, numerical data would need to be analysed from the secondary data gathered. It was important to identify, if there was a correlation with the time, locations and when the incidents occurred, this was important as this could provide some insights into why the incidents occurred initially. The methodology used was a qualitative approach.
The data gathered was secondary data, which was produced by the TFW safety operations team. Any errors or mistakes made by safety critical staff are registered and investigated by the lead investigation team, to determine the root course of the incident. The system used to generate results to determine was SSPS & Excel. In using the approach of quantitative research allowed the tests to measure the data gathered. Furthermore, there are limitations in using just qualitative data. Further investigation such as interviews with the subjects, would be beneficial to gather more evidence concerning the errors made. A mixed method would be suitable to gain further understanding. The secondary data does not go into great depth when investigating the rationale of the incident. 
This papers stance is positivist, to identify the hypothesis, a form of science is required by using the numerical data. Using the data can determine if there is a common trend with the time of errors. It is clear from the literature, that human factors play a significant role in the incidents on the railway infrastructure. The epistemology, ontology, methods, and methodologies within each journal reviewed also follow a scientific approach in identifying how and what human factors influence accidents compared to a subjectivism/interpretivism approach. A positivist approach was primarily used throughout the studies examined in the literature review, due to Ontological approaches; a positivist approach treats reality as objective. Many of the studies followed a scientific approach, which enables the researcher to measure what has been tested, this is how a positivist researcher investigates their findings using statistical methods. There is a claim that a mixed methods approach can be favourable. Using methods such as statistical data, questionnaires, and semi-structured interviews to obtain results, can create a research outcome stronger than either method on their own merits. Using both domains combined, allows the study to explore more complex elements and relations of the human and social World. (Malina, Nørreklit, & Selto, 2011). However, there are some authors who believe both qualitative and quantitative approaches are incompatible (Lincoln & Guba, 1985). However (Patton, 1990) believes that an experienced and skilled researcher can successfully combine both approaches to fill the gap in limitations of research. 
It must be said, a post-positivism approach would be useful, incorporating qualitative approach would further enhance the data, by using interviews to gain some objectiveness from the subjects. This would form a more holistic design to understand why the subjects made the error. A structured interview or a self-completion questionnaire, would allow the investigation to fully understand the rationale of the error and implement mitigation if required. (Bryman, 2016). This design is formed of non-probability sampling, the subjects are readily available at their specific locations, the subjects must also provide an extensive report of the incident. This form of information can also be used to understand the incident further.
4. Data Analysis:
The data was generated from a secondary source from Transport for Wales, all errors and violations are recorded on an excel spreadsheet to determine several variables concerning the incident (Appendix B). It is also a requirement from Rail Safety Standards Board (RSSB) to obtain all information concerning the incident. The information, which is recorded include the following, Location, Time/date, Weather conditions, Staff involved, Dispatch method, Summary cause, human factor and detailed cause.
To determine the hypothesis, two inferential statistical tests were carried out, Pearsons and an independent T-test. Correlation in the broadest meaning is an association between variables. Pearsons’s correlation tests if there is an association between the variables tested. The data which was tested by using Pearsons’s correlation was between two variables, one being the time of day and how often an incident occurred. Another test which was used was the independent T-Test, this test generated how often an incident occurred at peak times and off-peak times. The independent T test is appropriate for two different groups which was required for this test. There were also descriptive tests used to read the data, bar charts, pie charts and clustered column chart were used to show the results clearly. Each chart was able to provide percentages including mean, mode and median.
Pearson’s correlation coefficient is a inferential statistic, this allows the secondary data to test statistical hypotheses. This allows the test to determine if there is a significant relationship between two variables. However, Spearman’s correlation could have also been used as part of this data testing, but Pearson’s correlation coefficient test linear relationship compare to Spearman’s strength monotonic. (Myers & Sirois, 2004)





5. Results:

[image: A graph with blue dots

Description automatically generated]Figure 1:

This table which was generated by Pearson’s coefficient revealed a significant negative correlation (p=0.016) between incidence score and time of day, albeit a low relationship of (r=-0.224). 
This equates to 5% of the variance in the data which can be explained by the relationship between the two variables (r2). As seen in figure 1, there is a higher distribution of lower incidence scores during the later hours of the day, meaning the incidence score is reduced over the during of the day.   
Figure 2; Independent T-test
[image: A graph of a graph showing different sizes of blue squares

Description automatically generated with medium confidence]

An Independent T-Test revealed a significantly higher incidence score during peak times compared to off-peak times (t113=2.841, p=0.005). Data expressed as mean ± standard deviation. This was interesting, as peak times are less hours compared to off-peak hours. Peak hours accumulate to 7 hours and Off-peak hours accumulate to 17 hours. This result suggest, that errors are more frequent during the peak times, this could be largely due to more passengers on the platform train interface and fatigue setting in from safety critical staff. More data is required here, to determine how many trains are dispatched on the platform in peak and off-peak times. This will allow percentages against both peaks, as more interaction with the platform train interface could be a factor in the results shown above. 
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Description automatically generated]Figure 3; Distribution of incidence percentage over time.  

This pie chart shows the mode times an error will occur from the data provided, the most common time for an incident to occur is between 09:00-11:59. The second most common frequency is between 12:00-14:59, this is an interesting finding. This could relate to fatigue however, further data is required on what time the subjects started their shift to determine how many hours they have been working. There could be a link concerning train conductors who book on before a certain time are more likely to have an incident, which has been a consequence of their human performance. 











Figure 4; Shows the incident distribution across months. 
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This bar chart shows the incident distribution across the 12 months of the year from 2018-2023, the mode was June, with 18 incidents compared to the lowest being April. The mean average was 9.5 incidents per month and the median was 10. A possible rationale for the mode could be the increase in passengers in June.











Figure 5. Shows which human factor contributes to incidents on the platform train interface. 

The bar chart shows a significant difference between the 5 human factors that have contributed to an incident on the platform train interface from moderate to serious error. The mode is concentration with 70.4 incidents which was contributed due to a lack of concentration from safety critical staff. The lowest is checking, the range between the concentration and checking is 68.7. It is clear from these results that concentration plays a significant role in errors made by safety critical staff. 













Figure 6: The table shows the number of errors made across the Wales and Boarders network. 

Cardiff Central, has the mode with 23 incidents occurring. The Second most frequent station is Cardiff Queen Street with 12. These results are not surprising due to the volume of platforms which are located in Cardiff Central (9 platforms). However, in comparison to Crewe station only 1 incident was required even though Crewe station has 12 platforms. More data is required to determine why this might be the case. There are many reasons why this could be the case, one being in experienced staff. 









6. Discussion:

The outcome of the descriptive and inferential statistics is similar compared to the other studies identified in the literature review. Human factors play a significant role in a high percentage of incidents, the human factors which are most frequent to cause accidents include concentration, distraction, and preparation. In many studies, concentration had the highest rationale for errors made by safety critical staff. However, other studies also looked at other roles on the railway industry such as train drivers, signallers, and shunters. 
In comparison to a Train Conductor, the results were similar compared to other roles on the railway. The data was consistent with a loss of concentration being the most common theme when investigating why errors had taken place. The other studies investigated in the literature review, focused primarily on the human factors. 
The data suggests that the most common time a mistake may take place on the platform train interface is between 09:00hrs to 11:59am. There could be many reasons why this is the case. During that particular time of the day, it represents peak and off-peak times. This suggest there are more passengers on the platform, which could impact the safety critical staff when making decisions. Furthermore, many subjects may have started their shift I the early hours, which could explain the loss of concentration due to fatigue. Further studies need to be completed to identify when the subjects began their shift, this would classify how many hours had been completed by the subject, prior to the incident. 
There was a significant finding from the tests, which identified that errors made at peak times were serious compared to errors made at off peak times. This information demonstrates that when the platform is busier, there can be a reduction in human performance which includes a loss of concentration and distraction. This new information is supported by studies, that demonstrated that concentration is the most frequent human factor when it influences an error on the railway infrastructure. It would be beneficial to provide mitigations against the loss of concentration during these vulnerable times in the day, to reduce the risk of accidents on the platform train interface. Further studies and discussions would need to be completed, to identify what mitigations can be implemented. One mitigation to reduce the risk would be to increase safety critical staff on the platform, this could reduce the risk of distraction and a loss of concentration by Train conductors when dispatching the train at the most important stage of the process. 
The reliability of the data is clear and consistent, a lot of data was provided with each error. However, there are some limitations to the investigation cause. There is some evidence of an investigation in terms of factual data, for example the time, date, operational incident and subject. However, the root cause of the incident is very limited, to provide the data with more information concerning the incident would give the data more depth and understanding. An extensive interview with the subject may bring more information to the investigation, this may provide further insight into the human factors. Furthermore, the investigator is subjective with their decision making, the investigator will determine if the incident is serious, moderate or low. A standardisation approach would make the data more reliable and valid. More research is required to identify other possible reasons errors are being made, for example, a test could be completed on whether age vs experience has any relationship. This type of test could provide interesting discussions, are trainee conductors are passed out too early? 
Covid must be taken into considerations, as the footfall between March 2020 to March 2021 was significantly reduced, this would have a significant reduction in errors across the network, further data on the 12 months between March 2020-March 2021 would need investigating to identify the errors made in these 12 months. 

7. Conclusion:
It is clear to see from the results and literature review, further investigation is required to fully understand the impact of human performance when completing safety critical staff. Compared to other sectors such as the aviation industry, there are many models and frameworks the railway industry can adopt to suit our needs. One model which has been embedded by the aviation industry, is the Swiss cheese model (Reason, J 1990). The Swiss Cheese Model has various barriers to errors being made. There are weaknesses in the barriers which can be penetrated, however even if the barriers have been compromised, all the holes need to line up for the defence to be broken. Due to the railway having many safety system layers, it is very rare for trains to collide. However, on the platform train interface this is not the case. There are no technology systems in place. The only system in place during the dispatch procedure, is human behaviour.  
Further recommendations include the implementation of training on human factors. Train crew need to embed strategies to maintain concentration whilst operating high risk tasks on the platform. 
This paper demonstrates from the research design using statistical analysis, that errors made by safety critical staff on the platform train interface are most frequent between the hours of 09:00 and 11:59. This information can be used to make safety critical staff aware of the critical times when error are more likely to occur. 
Train conductors can implement risk triggered commentary during these times, to help prevent errors occurring. The results also showed that concentration is the most common reason why incidents have occurred. 
From the findings identified from the descriptive and inferential statistical tests, it demonstrates that concentration is the most significant human factor that impacts human performance when errors occur on the platform train interface. Furthermore, the data also demonstrate that between the hours of 09:00am and 11:59 are the most vulnerable for safety critical staff in making errors on the platform. Over the past 5 years, the data shows that June is the most frequent month for errors to occur. It is evident from the results that the busy stations are the most vulnerable for train conductors in making errors on the platform which could cause serious injuries or death. 
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