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A.1 Approach for data collection and 
analysis across different studies
A.1.1 Data collection and analysis of observations


During the observations and conversations held with 

participants, the researcher has made notes. These 

notes were used for data analysis. In the SURFdrive, 

the collected data is stored in the folder named initial 

observations. The data consists of notes taken during 

and right after the shadow shifts and unstructured 

conversations with the different participants.


The data was analyzed using the analysis on the wall 

method, which is especially useful for collecting 

insights from research results with different forms and 

that are not structured [53]. By formulating the insights 

onto post-its and clustering these insights into themes. 

This was done in the online FigJam tool.



A.1.2 Data collection and analysis of interview 

transcripts


The interview transcripts can be found in the 

SURFdrive, in the folder called Research Transcripts - 

In-depth Interviews. The interviews were held in Dutch; 

therefore, the transcripts are also in Dutch.


For the semi-structured interviews, two different 

interview guides were used, and the interviews were


conducted by one researcher. The interviews are 

audio-recorded and transcribed. Furthermore, the 

researcher collects some personal information, 

including the expertise level and job title.


All the data collected during the context research was 

analyzed using reflexive thematic analysis [10]. 

Analysis was conducted by the main researcher 

according to the following workflow based on the work 

of Braun and Clarke [11]:



•  Eliminate errors in the auto-transcription


•  Read the full transcription (familiarization)


•  Start coding across entire dataset by grouping 

quotes in codes and code groups


•  Search for themes and sub-themes


•  Review themes and sub-themes


•  Define and name themes


•  Write and finalize analysis


Credibility was optimized by applying triangulation. The 

data and coding process will be supervised by two 

additional researchers.



A.2 Participant selection
For the selection of participants , we have used 

purposeful sampling, more specifically key informants 

sampling [48]. The key informants are employees of 

RSG with responsibilities regarding the management of 

the arrival passenger flow at Schiphol Airport.Besides 

the data mentioned above, we have collected data 

regarding the seniority (i.e.,experience years) of the 

interviewees, but this was not a criterion for 

recruitment. Note that the main researcher has direct 

access to the company as well as its intranet and 

documentation. The researcher came by the workplace 

of the key informants at a moment approved by the 

manager and asked potential participants in person 

after explaining the purpose and practicalities of the 

study (i.e., purposeful sampling). 

This study was approved by the TU Delft Human 

Research Ethics Committee (reference number 4838). 

None of the authors had any hierarchical relation with 

the participants before the study. All participants were 

given an informed consent form, which was presented 

by the first author and signed before the interview. 

Participants were informed that participation was 

voluntary and withdrawal could be made at any point. 

Opinions expressed during the interview were 

confidential and anonymised, allowing participants to 

speak freely.

The voluntary and anonymous nature of participation 

was highlighted to the participants. And to protect 

anonymity, the possibility to backtrace quotes to 

specific participants was minimized by only showing 

the function title and experience level of participants in 

the final report.



For the recruitment of the FLM, a similar approach was 

followed. For the Marechaussee, recruitment was more 

challenging. And the desired participants, the OKP 

employees, were not interviewed as there was no 

permission given for this. To account for this 

perspective, another employee of the Marechaussee 

was interviewed, who currently is not working in this 

function anymore, but previously has performed this 

role.

A.3 Ethics and anonymity of participants



A.4.1 Interview guide PC PAX


(1)  Introduction of the research and researchers


(2)  Inform the participant about anonymity, and make 

sure to sign consent form.


(3)  Icebreaker question: how areyou doing?


(4)  Can you explain about your function and your role 

in PAX flow management in the arrival process?


(5)  Please think about a recent situation where you 

had to apply flow balancing? Can you elaborate on this 

situation, starting from the moment you noticed a 

problem might occur towards the problem was 

completely resolved. The participant is asked to write 

this information down on post-its and stick those on 

the printed template, which can be seen in the Figure 

below. During the description of the process, the 

researcher will ask questions to guide the participant 

through the process. And once the participant is 

finished, some of the following questions will be asked 

to probe for richer information. Follow-up questions:


(a)   What triggered you to start collecting more 

information?


(b)   What information did you receive and include? 

Where did you retrieve the information from?


(c)   How did you notice that an action might be 

needed?


(a)   Which stakeholders are involvedin this process? 

Which information do you exchange with these 

stakeholders and through whichchannels?


(b)  How is your relationship with these stakeholders?


(c)  What were your specific goals in this situation?


(d)   How did you determine the groups to flow balance 

and the destination?


(e)   What problems did you encounter during the 

process?


(2)  Do you have any final remarks or other comments 

that you think could be relevant?
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A.4.2 Interview Guide for kMar and FLM


(1)  Introduction of the research and researcher


(2)  Icebreaker question: How are you doing?


(3)  Inform the participant about anonymity, and make 

sure to sign consent form.


(4)  Can you explain about your function and your role 

in PAX flow management in the arrival process?


(5)  Wat is voor jullie belangrijk in de communicatie met 

de andere actoren (PC PAX and kMar or FLM)? Possible 

follow-up questions:


(a)   Op welke manier wordt er gecommuniceerd?


(b)   Welke informatie willen jullie ontvangen?


(c)   Welke informatie willen jullie geven?


(d)   Hoe zou de communicatie verbeterd kunnen 

worden?


(6)  Zou je een concreet voorbeeld kunnen geven van 

een situatie waarin jullie de samenwerking slecht 

vonden? En wat, in jouw beleving, zorgdeer toen voor 

dat de samenwerking slechtwas?


(7)  Zou je een concreet voorbeeld kunnen geven van 

een situatie waarin jullie de samenwerking juist heel 

goed vonden? En wat, in jouw belevingzorgde er toen 

voor dat de samenwerking goed was?


(8)  Wat is het belangrijkste voor jullie bij het 

aankomstproces van passagiers? Waar moet een dag 

aan voldoen om het succesvol te laten zijn?


(9)  Do you have any final remarks or other comments 

that you think could be relevant?



A.4.3 Workshop with designers


The purpose of this study is to formulate guidelines to 

improve the likelihood of adoption of a DSS in the 

multi-stakeholder system. To formulate these 

guidelines, we first aim to design interactions that 

could address the adoption barriers and subsequently 

formulate the guidelines. 



From two different sources, input was gathered for the 

ideation of scenarios, first from literature. Several 

papers where similar adoption barriers are discussed 

have already proposed solutions for overcoming these 

barriers, from which inspiration was taken. This is 

explained later in this section. 

And the second source was a workshop that was 

organized with system developers. This workshop was 

organized with two aims:

 Validation and iteration on the potential adoption 

barriers in the contex

 Receiving input from the DSS developers for 

potential solution directions for the adoption 

barriers



The feedback received and discussion that took place 

during the workshop has resulted in an iteration on the 

adoption barriers. The barriers, as presented in the 

previous section, are the final version. An additional 

goal of this feedback and iteration moment was to 

make sure the design and development team of Wilbur 

and ADM are taken along in the process, which should 

result in more adherence to the project and its 

outcomes. This adherence is important to the 

researchers, as this should increase the chances of the 

organizations actually gaining benefits from this 

research. 



Second aim of the workshop was to gain inspiration 

and ideas for addressing the identified potential 

adoption barriers. The system developers were chosen 

to participate in this workshop as they are fully 

embedded in the context, which was found to be 

valuable next to the solutions from the literature. 



The research questions we aimed to answer in this 

workshop are the following:

 Do the participants recognize the phrased adoption 

barriers in the context?

 What improvements can be made to the adoption 

barriers based on the experience of the 

participants?

 What would be ideas for user-DSS interactions and 

the stakeholder interactions to account for the 

potential adoption barriers?





A.4.4 Interview guide for validation sessions with key 

users of the DSS


The study will employ semi-structured interviews with 

DSS designers. First the goal and purpose of the 

guidelines is explain, before participants will be 

presented with the guidelines and asked:



How would you use these guidelines in your current 

work or project? Do you maybe think of changes that 

you would make?


How do you envision these guidelines assisting you?


When do you envision yourself using or referring to 

these guidelines? 


And what format would be appropriate for these 

guidelines? 


What improvements do you think could be made to 

these guidelines to enhance their usability?



The design of this study is based on the validation 

method used by Cila et al. [16] ; also, inspiration was 

taken from Uga [70] to make participants think about 

how they would apply the guidelines in practice. All 

participants have experience in designing or being 

involved in the design process of DSS. Therefore they 

are familiar with the context and to some extend the 

content of the guidelines and extensive sensitizing was 

found to be unnecessary. Merely the purpose and aim 

of the guidelines was explained to participants. 

Four system developers are recruited for this 

workshop. This is a difficult-to-access group, as the 

group is small and has little time available. Therefore, 

only one workshop session was organized. The 

participants are listed in Table 3. 



This group has been chosen because of their 

knowledge about ADM and the different stakeholders. 

As the context is complex and specific, we have 

chosen to involve the system experts in this workshop 

as they have the knowledge about the limitations and 

boundaries of the system. 



In the figure below the different steps taken during the 

workshop are visualized as well as the composition of 

participants during the different steps as some steps 

were executed individually and some in groups. 



During the workshop, participants were presented with 

the three potential adoption barriers with explanations; 

this was shown on slides presented by the researcher. 

These slides are added in on the next page. 



For the brainwriting activity, post-its and pens were 

handed out. And for the activity of formulating design 

directions, a template was printed out that the 

participants could fill in. This template is also added in 

on the next page. 



For the data collection, the researcher made notes 

during the session of the group discussion. 

Furthermore, the post-its and how they were clustered 

were photographed, and the filled-in templates were 

collected as data. In the SURFdrive, the collected data 

is stored in the folder named initial observations. 


The data was analyzed using the analysis on the wall 

method. By formulating the insights onto post-its and 

clustering these insights into themes. 



Characteristics Distribution

Gender


Occupation



Experience 

level


2 Male, 2 Female


2 Designers, 2 other roles within 

design team


1 junior (0 - 5 years), 1 medior (5 - 10 

years, 2 seniors (10+ years)



A.4.5 Slides with adoption barriers as presented during workshop



A.4.6 Template used during workshop 



A.4.7 Materials used during validation sessions



A.5 Approved project brief
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B.1 Scoping review paper



















B.2 Affinity mapping of interview 
results





B.2.1 Insights from workshop used in ideatio

 Including all subjective data that is currently being 

used by PC PAX in the reasoning of ADM, by 

objectifying it.

 Enable Floor managers to give feedback on the 

recommendations of ADM based on their expertise, 

to improve their adherence to ADM.

 Enabling PC PAX to explain decisions made to FLM 

with help of ADM.

 Also enable OKP to contest and voice their 

restrictions.

 Convincing kMar of the benefit of ADM and the 

benefits their involvement would have for their 

operation as well. Also by showing how Schiphol will 

account for their data safety concerns.

 Improving trust in relationship between PC PAX and 

OKP, to finally make sure kMar will share more 

information with PC PAX.

 Enable PC PAX to evaluate on the decisions they 

have made themselves, but also together with the 

stakeholders (FLM and OKP).

 Entering and updating the amount of open kMar 

desks can not be done everytime.  




B.3 Business 
process map 
for flow 
balancing



Have transparency in decision making

Border control authority and decision executors should be able to 

know which decisions are made and what the reason for these 
decisions is, to enable them to pursue their operational goals.

Engage in the decision making process

Border control authority and decision executors should have the 

opportunity to give input supporting their goals during the 
decision making process, at an early stage where the initial pla

Have formalized interactions with the flow controller

Border control authority and decision executors should have 
standard interaction moments, that fit within their and the 

decision makers current workflows and are formally agreed on. 

Negotiate with the flow controller

Decision makers should discuss different decision options with 

border control authority and decision executors to reach a 
consensus about a decision that has integral benefits. 

Barrier 3: The introduction of a DSS might cause a 
reduction in interactions between decision-makers and 
flow processors and decision executors, limiting the 
exchangeof important information that is exchanged 
during these interactions.

Factor 7: Introducing a DSS in a multi-stakeholder system 
might cause increased need and pressure on 
communication between stakeholders.

Barrier 1: The introduction of a DSS may lead to 
deterioration of the relationship between decision- 
maker, flow processor and decision executors, if their 
operational goals are not incorporated in the decisions 
made.

Opportunity 1: Flow balancing could be more flexible 
regarding meeting needs of stakeholders.

Tension 1: In some situations flow guiders have a direct 
need for flow balancing in their own filters, which is not 
awarded by the flow controllers as this has an overall 
negative effect for all the others filters.

Tension 2: Flow controller and flow moderator have 
different goals for the passenger flow, flow controller 
wants to minimize waiting and walking times of 
passengers and flow moderator wants to protect the 
border security by performing thorough passport checks. 
These goals can be conflicting.

Factor 6: Conflicting goals for the functionalities of a DSS 
between stakeholders can obstruct its adoption.

Tension 3: Due to the lack of formal agreements between 
flow controller and flow moderator, there is a 
large dependency on informal relationships, causing a 
lack of uniformity and uncertainties how decision are 
taken and whether decisions can be contested.

Insight 3: Interactions that PC PAX have with 
stakeholders are not only for the benefit of exchanging 
information, but also adds to f.e. alignment and other 
social aspect adhering to the decision-making process.

Barrier 2: Due to a lack of transparency and 
understanding, flow processors might create resistance 
towards the usage of the DSS.

Tension 4: The lack of transparency provided by flow 
moderator about the predicted productivity of the flow 
creates uncertainty for the flow controller, limiting them 
to make informed decisions.

Factor 5: Opaqueness for stakeholders regarding the 
decision-making process might exacerbate existing 
tensions.

Opportunity 9: A DSS could facilitate mutual 
understanding and more involvement of stakeholders in 
the decision making process through stakeholder access 
and involvement. 

B.4 Reasoning for guidelines

Factor 5: Involvement of stakeholders in the design of 
DSS. 

Insight 7: For security reasons, Marechaussee does not 
want Schiphol to collect and analyze any data about the 
division and scheduling of personnel from the 
Marechaussee, as this could contain sensitive 
information.



Receive explanation of recommendations

DSS should provide explanations to decision makers that explain why 

decisions are taken, based on the effect these decisions on the situation. 

Gather subjective insights alongside predictions

The DSS should stimulate decision makers to gather subjective insights, 
either from their own experience or from stakeholders, helping them to 

maintain their contextual awareness and validate recommendations. 

Give feedback on recommendations

The DSS should enable decision makers to give feedback on the 

recommendations generated by ADM after peak moment has passed, 
which are used to improve the algorithm. 

Barrier 5: Because certain subjective information, valued 
by the decision-makers, is missing in the algorithm of the 
DSS, as well as the opportunity for verification, decision-
makers may perceive its recommendations as inadequate 
or not trustworthy.

Barrier 4: Junior decision-makers may over-rely on the 
DSS and its recommendations without contextual 
understanding. In case of high uncertainty in the data 
input, it might be difficult for them to judge whether or 
not to trust the recommendations.

Insight 1: During the decision-making process PC PAX is 
using other information sources in addition to 
information from Wilbur such as their own expertise, 
information from stakeholders and camera footage.

Opportunity 2: DSS should provide explanations with 
recommendations, to gain understanding and trust from 
users. 

Opportunity 3: PC PAX could gain the ability to argue 
their decisions in a better and more uniform way towards 
stakeholders.

Opportunity 8: DSS should be appropriate for the user 
and their needs, this can be done through enabling users 
to adjust the output and continuous support such as a 
warning system. 

Factor 3: DSS should be appropriate and adaptive to the 
context specific situation. 

Factor 2: Adjustment of DSS to knowledge, workflow and 
practices of workers. 



Decide based on consequences of actions

The DSS should provide decision makers with the option to 

simulate the consequences of flow balancing decisions 
through simulation of the effects and therefore select the 

most effective option.

Receive alert in case of change 

DSS should filter changes in information according to 

relevance on previously made plan and only alert decision 
maker in case it might require reconsideration of the plan. 

Plan decisions ahead

The DSS should enable decision makers to make an initial decision 
plan and record this in the DSS before the critical moments, that 

can be adjusted in case of large changes in predictions. 

Know the confidence of predictions

The DSS should show the quality of the predictions made 
based on the quality and certainty of the data input used 

that should enable decision makers to determine whether 
they can trust the recommendations made. 

Opportunity 7: The bandwidth allows PC PAX to calibrate 
their trust in the predictions generated by ADM.

Opportunity 4: ADM might make it easier for PC PAX to 
monitor changes and also to filter whether changes 
would have a significant impact.

Opportunity 8: DSS should be appropriate for the user 
and their needs, this can be done through enabling users 
to adjust the output and continuous support such as a 
warning system. 

Insight 2: PC PAX do make a plan upfront but  wait until 
the last moment with finalizing their decision-making, as 
important information can change up until the last 
moment.

Barrier 6: If important data input is not accurate,it may 
cause large uncertainties shown in the DSS predictions. 
This mightcause decision-makers to not see the 
addedvalue of the DSS for their job.

Insight 5: The effectiveness of flow balance actions is 
negatively impacted by the variability of the quality of the 
work executed by PA's.

Opportunity 6: ADM might give PC PAX the opportunity 
to evaluate and learn about the effects of flow balancing 
decisions on the passenger flow.

Factor 2: Adjustment of DSS to knowledge, workflow and 
practices of workers. 

Factor 4: Role of DSS is supportive, decision-making 
happens in collaboration between DSS and worker. 

Factor 1: Consideration of needs, expectations and 
concerns of workers and other stakeholders in the 
design of a DSS. 

Factor 1: Consideration of needs, expectations and 
concerns of workers and other stakeholders in the 
design of a DSS. 


