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Appendix A 

 

These appendices are related to Chapter 2 of the Master Thesis.  

Appendix A.1: Organizational chart of MAASTRO CLINIC  

 
Figure A.1: Organizational chart of MAASTRO CLINIC (Website MAASTRO, 2007) 

Appendix A.2: Siemens’ CT scanners 

Appendix A.2.1: Siemens’ CT scanner 

 

 
Figure A.2: Siemens SOMATON Sensation (CT scanner; Website Siemens Medical, 2007) 
 

One of the two regular CT scanners at MAASTRO CLINIC has an extra wide opening. 
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Figure A.3: Siemens SOMATON Sensation Open (CT scanner; Website Siemens Medical, 2007) 
 

 

 
Figure A.4: Image of Siemens SOMATON Sensation (Website Siemens Medical, 2007) 
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Appendix A.2.2: Siemens’ CT-PET scanner 

 

         
Figure A.5: Siemens Biograph Sensation              Figure A.6: Image of Siemens Biograph Sensation  

(CT-PET scanner; Website Siemens Medical, 2007)            (Website Siemens Medical, 2007) 

Appendix A.3: Flow chart of quality control at MAASTRO CLINIC  

 
Figure A.7: Flow chart of quality control at MAASTRO CLINIC (Website MAASTRO) 
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Appendix A.4: Dutch quality law for health care institutions 

Since MAASTRO CLINIC is working in the Dutch health care industry, it has to deal with 

Dutch laws. Unfortunately, this means this appendix is written in Dutch (Website Overheid, 

2007).   
 

Wet van 18 januari 1996, betreffende de kwaliteit van zorginstellingen  

 

Wij Beatrix, bij de gratie Gods, Koningin der Nederlanden, Prinses van Oranje-Nassau, enz. enz. enz. 

 

Allen, die deze zullen zien of horen lezen, saluut! doen te weten:  

 

Alzo Wij in overweging genomen hebben, dat het wenselijk is om de wijze waarop de kwaliteit van 

zorg, verleend door instellingen, van overheidswege wordt gewaarborgd, ingrijpend te wijzigen en dat 

derhalve nieuwe regels moeten worden gesteld;  

 

Zo is het, dat Wij, de Raad van State gehoord, en met gemeen overleg der Staten-Generaal, hebben 

goedgevonden en verstaan, gelijk Wij goedvinden en verstaan bij deze:  

 

Hoofdstuk I. Algemene bepaling  

Artikel 1 
1. In deze wet en de daarop berustende bepalingen wordt verstaan onder:  

a. zorg: zorg als omschreven bij of krachtens de Zorgverzekeringswet en de Algemene Wet 

Bijzondere Ziektekosten, met uitzondering van bij algemene maatregel van bestuur 

aangewezen zorg; 

  b. instelling: het organisatorisch verband dat strekt tot de verlening van zorg;  

  c. zorgaanbieder:  

1°. de natuurlijke persoon of de rechtspersoon, die een instelling in stand houdt;  

2°. de natuurlijke personen of rechtspersonen, die gezamenlijk een instelling vormen;  

  d. Onze Minister: Onze Minister van Volksgezondheid, Welzijn en Sport.  

   

2. Bij algemene maatregel van bestuur kan, indien het belang van de bevordering van de kwaliteit van 

zorg dit vereist, een vorm van hulp worden aangewezen als zorg in de zin van deze wet.  

  

3. Niet als instelling wordt beschouwd het organisatorisch verband waarbinnen in het kader van de 

binnen een ander organisatorisch verband verleende zorg, een deel van die zorg wordt verleend.  

  

4. Indien het betreft een zorgaanbieder als bedoeld in het eerste lid, onder c, 2°, richten de uit deze wet 

voortvloeiende verplichtingen zich tot ieder van de in dat onderdeel bedoelde personen.  

 

Hoofdstuk II. Eisen  

Artikel 2 
De zorgaanbieder biedt verantwoorde zorg aan. Onder verantwoorde zorg wordt verstaan zorg van 

goed niveau, die in ieder geval doeltreffend, doelmatig en patiëntgericht wordt verleend en die 

afgestemd is op de reële behoefte van de patiënt.  

Artikel 3 
De zorgaanbieder organiseert de zorgverlening op zodanige wijze, voorziet de instelling zowel 

kwalitatief als kwantitatief zodanig van personeel en materieel, en draagt zorg voor een zodanige 

verantwoordelijkheidstoedeling, dat een en ander leidt of redelijkerwijs moet leiden tot een 

verantwoorde zorg. Hierbij betrekt hij de resultaten van overleg tussen zorgaanbieders, 

zorgverzekeraars en patiënten/consumentenorganisaties. Voor zover het betreft zorgverlening die 

verblijf van de patiënt of cliënt in de instelling gedurende tenminste het etmaal met zich brengt, draagt 

de zorgaanbieder er tevens zorg voor dat in de instelling geestelijke verzorging beschikbaar is, die 

zoveel mogelijk aansluit bij de godsdienst of levensovertuiging van de patiënten of cliënten.  
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Artikel 4 
1. Het uitvoeren van artikel 3 omvat mede de systematische bewaking, beheersing en verbetering van 

de kwaliteit van de zorg.  

 

2. Ter uitvoering van het eerste lid draagt de zorgaanbieder, afgestemd op de aard en omvang van de 

instelling, zorg voor:  

a. Het op systematische wijze verzamelen en registreren van gegevens betreffende de 

kwaliteit van de zorg;  

 

b. Het aan de hand van de gegevens, bedoeld onder a, op systematische wijze toetsen in 

hoeverre de wijze van uitvoering van artikel 3 leidt tot een verantwoorde zorgverlening;  

 

c. Het op basis van de uitkomst van de toetsing, bedoeld onder b, zonodig veranderen van de 

wijze waarop artikel 3 wordt uitgevoerd.  

 

Artikel 4a 
1. De zorgaanbieder meldt aan de ingevolge artikel 8 met het toezicht belaste ambtenaar onverwijld:  

a. iedere calamiteit die in de instelling heeft plaatsgevonden;  

 

b. seksueel misbruik waarbij een patiënt of cliënt dan wel hulpverlener van de instelling is 

betrokken, uitgezonderd seksueel misbruik van hulpverleners onderling. 

 

2. Onder calamiteit wordt verstaan een niet-beoogde of onverwachte gebeurtenis, die betrekking heeft 

op de kwaliteit van de zorg en die tot de dood van of een ernstig schadelijk gevolg voor een patiënt of 

cliënt van de instelling heeft geleid. 

 

3. Onder seksueel misbruik wordt verstaan grensoverschrijdend seksueel gedrag waarbij sprake is van 

lichamelijk, geestelijk of relationeel overwicht. 

 

4. Onder hulpverlener wordt verstaan iedere medewerker van een instelling. 

 

Artikel 5 
1. De zorgaanbieder legt jaarlijks vóór 1 juni per instelling een verslag ter openbare inzage, waarin hij 

verantwoording aflegt van het beleid dat hij in het afgelopen kalenderjaar heeft gevoerd ter uitvoering 

van de artikelen 2, 3 en 4 en van de kwaliteit van de zorg die hij in dat jaar heeft verleend.  

 

2. In dat verslag geeft de zorgaanbieder daartoe onder meer aan:  

a. of en, zo ja, op welke wijze hij patiënten of consumenten bij zijn kwaliteitsbeleid heeft 

betrokken;  

 

b. de frequentie waarmee en de wijze waarop binnen de instelling kwaliteitsbeoordeling 

plaatsvond en het resultaat daarvan;  

 

c. welk gevolg hij heeft gegeven aan klachten en meldingen over de kwaliteit van de 

verleende zorg.  

 

3. Bij ministeriële regeling kunnen nadere regels worden vastgesteld met betrekking tot het verslag. 

 

4. De zorgaanbieder zendt een afschrift van het verslag aan Onze Minister en aan de regionale 

inspecteur van het staatstoezicht op de volksgezondheid, alsmede aan de organisatie die in de regio de 

belangen van de patiënten in algemene zin behartigt. 

 



Appendices: Identifying and communicating risks in user behaviour with new equipment in radiotherapy August 2007 

- 6 - 

Artikel 6 
1. Bij algemene maatregel van bestuur kunnen, indien het niveau van de zorg, verleend in een bij de 

maatregel aangewezen categorie van instellingen, dit vereist, regels worden gesteld met betrekking tot 

de uitvoering van de artikelen 3 en 4.  

 

2. Indien uitvoering van de artikelen 3 en 4 overeenkomstig de op grond van het eerste lid gestelde 

regels niet blijkt te leiden tot verantwoorde zorg, kunnen bij algemene maatregel van bestuur tevens 

nadere regels worden gesteld met betrekking tot artikel 2.  

 

Hoofdstuk III. Handhaving 

Artikel 7 
1. Indien Onze Minister van oordeel is dat de artikelen 2, 3, 4 of 5 niet of in onvoldoende mate of op 

onjuiste wijze worden nageleefd, kan hij de zorgaanbieder een schriftelijke aanwijzing geven.  

 

2. In de aanwijzing geeft Onze Minister met redenen omkleed aan op welke punten de artikelen 2, 3, 4 

of 5 niet of in onvoldoende mate of op onjuiste wijze worden nageleefd, alsmede de in verband 

daarmee te nemen maatregelen.  

 

3. Een aanwijzing bevat de termijn waarbinnen de zorgaanbieder er aan moet voldoen.  

 

4. Indien het nemen van maatregelen in verband met gevaar voor de veiligheid of de gezondheid 

redelijkerwijs geen uitstel kan lijden, kan de ingevolge artikel 8 met het toezicht belaste ambtenaar 

een schriftelijk bevel geven. Het bevel heeft een geldigheidsduur van zeven dagen, welke door Onze 

Minister kan worden verlengd.  

 

5. De zorgaanbieder is verplicht binnen de daarbij gestelde termijn aan de aanwijzing 

onderscheidenlijk onmiddellijk aan het bevel te voldoen.  

 

Artikel 7a 
1. Het niet naleven van artikel 4a, eerste lid, wordt gestraft met hechtenis van ten hoogste zes 

maanden of geldboete van de vierde categorie. 

 

2. Het in het eerste lid strafbaar gestelde feit is een overtreding. 

 

Hoofdstuk IV. Toezicht 

Artikel 8 
1. Met het toezicht op de naleving van de bij de artikelen 2, 3, 4, 4a en 5 gestelde eisen 

onderscheidenlijk de krachtens artikel 7 gegeven aanwijzingen of bevelen zijn belast de 

hoofdinspecteurs, de inspecteurs en de onder hun bevelen werkzame ambtenaren van het 

staatstoezicht op de volksgezondheid.  

 

2. De met het toezicht belaste ambtenaren zijn bevoegd, met medeneming van de benodigde 

apparatuur, een woning binnen te treden zonder toestemming van de bewoner, voor zover de woning 

deel uitmaakt van een instelling.  

 

Artikel 9 [Vervallen per 01-01-1998] 
 

Artikel 10 [Vervallen per 01-01-1998] 
 

Artikel 11 [Vervallen per 01-01-1998] 
 

Artikel 12 [Vervallen per 01-01-1998] 
 

Artikel 13 [Vervallen per 01-01-1998] 
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Hoofdstuk V. Bestuurlijk ingrijpen  

Artikel 14 
Onze Minister is bevoegd tot toepassing van bestuursdwang ter handhaving van de uit een krachtens 

artikel 7, eerste of vierde lid, gegeven aanwijzing onderscheidenlijk bevel voortvloeiende 

verplichtingen.  

 

Artikel 15 [Vervallen per 01-01-1998] 
 

Hoofdstuk VI. Overige bepalingen  

Artikel 16 
De Wet op de tandheelkundige inrichtingen wordt ingetrokken.  
 

Artikel 17 
De Wet tandheelkundige inrichtingen 1986 wordt ingetrokken.  
 

Artikel 18 
[Wijzigt de Ziekenfondswet.]  
 

Artikel 19 
[Wijzigt de Algemene Wet Bijzondere Ziektekosten.]  
 

Artikel 20 
[Wijzigt de Tijdelijek Verstrekkingenwet maatschappelijke dienstverlening.]  
 

Artikel 21 
[Wijzigt de Wet ziekenhuisvoorzieningen.]  
 

Artikel 22 
[Wijzigt de Wet ambulancevervoer.]  
 

Artikel 23 
[Wijzigt de Wet inzake bloedtransfusies.]  
 

Artikel 24 
[Wijzigt de Wet op de bejaardenoorden.]  
 

Artikel 25 
[Wijzigt de Wet op de beroepen in de individuele gezondheidszorg.]  

 

Artikel 26 
Onze Minister zendt binnen vijf jaar na de inwerkingtreding van deze wet aan de Staten-Generaal een 

verslag over de doeltreffendheid en de effecten van deze wet in de praktijk.  

 

Artikel 27 
Deze wet treedt in werking op een bij koninklijk besluit te bepalen tijdstip, dat voor de 

onderscheidene artikelen of onderdelen daarvan verschillend kan worden vastgesteld.  

 

Artikel 28 
Deze wet wordt aangehaald als: Kwaliteitswet zorginstellingen.  

 

Lasten en bevelen dat deze in het Staatsblad zal worden geplaatst en dat alle ministeries, autoriteiten, 

colleges en ambtenaren wie zulks aangaat, aan de nauwkeurige uitvoering de hand zullen houden.  

 

Gegeven te 's-Gravenhage, 18 januari 1996 

Beatrix  

De Minister van Volksgezondheid, Welzijn en Sport, 

E. Borst-Eilers  
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Uitgegeven de dertiende februari 1996  

De Minister van Justitie, 

W. Sorgdrager  

Appendix A.5: Microsoft Access PRISMA database at MAASTRO CLINIC  

In this appendix the way to report an incident is briefly described. In addition the construction 

of the Microsoft Access database is explained and it is described how the reporting 

committee analyzes the incidents and makes reports at MAASTRO CLINIC.  

Appendix A.5.1: Reporting an incident 

When an employee wants to make a report of an incident, he or she browses to a location on 

the network-disk of MAASTRO CLINIC (‘g:\Tijdelijke presentaties\Meldingscie’). Here, a file 

called PRISMAOZRC.mdb can be found and opened. Microsoft Access will start and will 

show the start-up screen of the PRISMA database. 
 

 
Figure A.8: Start-up screen of digital reporting form 

When the button is pressed, the actual reporting form (see Figure A.9 below) is shown and a 

new record number is entered to the database. 
 

 
Figure A.9: Digital reporting form (Dutch) 
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The employee has to fill in his/her name (‘naam_melder’), the unit in which he or she is 

working (‘werkeenheid’), his/her function within MAASTRO CLINIC (‘functie’), the 

treatment protocol to which the incident is related (‘behandel_protocol’; if applicable), the 

date and time of the incident (‘datum_voorval’ and ‘tijdstip_voorval’), and the involved 

patient identification number (‘patisnummer’; if applicable). At the bottom of the reporting 

form the incident can be described in detail. When the application is closed the incident 

report is automatically saved to the database. 

 

 
Figure A.10: Hardcopy reporting form (Dutch) 
 

As can be seen, the hardcopy reporting form is more extensive than the digital version. In 

addition to the digital form, the hardcopy form asks for workspace (‘werkplek’), treatment 

urgency (‘behandelurgentie’), T-classification (‘T-classificatie’), and information about the 

number of (divergent) fractions (‘aantal –afwijkende- fracties’).  

 After submitting the hardcopy form it is entered into the database by a member of the 

reporting committee. 
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Appendix A.5.2: Construction of the database 

The database uses context variables to provide more insight into the kind of reports that are 

made. The used context variables are presented in Figure A.11 below. 
 

 
Figure A.11: Context variables of the PRISMA database 
 

An overview of all tables that are available in the Microsoft Access database is provided in 

Figure A.12. All figures regarding the database are taken from the database of 2006. 
 

 
Figure A.12: Overview of all tables in the PRISMA database (Dutch) 
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The two most important tables are ‘meldings_gegevens1’ and ‘basisoorzaken1’ and are 

shown in respectively Figure A.13 and A.14. This provides insight in the information 

available in the database. 
 

 
Figure A.13: Table ‘meldings_gegevens1’ (Dutch) 
 

 
Figure A.14: Table ‘basisoorzaken1’ (Dutch) 
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Appendix A.5.3: Analyzing the database and making reports 

The database can be analyzed by making queries to gather the necessary data for any analysis. 

For the analyses that MAASTRO CLINIC makes, the queries are already added in the database. 

An example of such a query is the following: 

Analyze the deviation of root causes of a period: 

 Open object query: aantal per classificatie 

 From date: 31-12-2005 

 To date: 01-02-2006 

 Unit: we2 

The SQL code for this query is: 
 

SELECT basisoorzaken1.classificatie, Count(basisoorzaken1.classificatie)  

AS CountOfclassificatie 

FROM meldings_gegevens1 INNER JOIN basisoorzaken1  

ON meldings_gegevens1.meldingsrecord = basisoorzaken1.meldingsrecord 

WHERE ((meldings_gegevens1.datum)>[from date:] AND (meldings_gegevens1.datum)<[to 

date:])  

GROUP BY basisoorzaken1.classificatie, meldings_gegevens1.werkeenheid 

HAVING ((meldings_gegevens1.werkeenheid) = [Unit?]) 

ORDER BY Count(basisoorzaken1.classificatie) DESC; 
 

This query shows the division of root causes for January 2006 in unit two. 

However, during the project some additional information is needed. Therefore, in this 

document there are additional queries presented that are used for analyses during this project. 

 Next to the use of queries to present a selection of data, it is also possible to make a 

report about information from the database. In order to do this, select the reports section in 

the database as shown in Figure A.15. 
 

 
Figure A.15: Database report section 
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Appendix A.6: Reporting committee procedures 

 

 
Figure A.16: Procedures of the reporting committee (Rutteman, 2006) 
 

Appendix A.7: The PRISMA-medical methodology details 

In this appendix, some (essential) details from the PRISMA-medical method are presented 

for better understanding of the method as presented in the Master Thesis. For a detailed 

explanation of the method and a full description of the application it is referred to Van der 

Schaaf and Habraken (2005). 
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Appendix A.7.1: Eindhoven Classification Model – medical 

 Figure A.17: Eindhoven Classification Model: medical version (Van der Schaaf & Habraken, 2005)  
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Appendix A.7.2: Classification / Action matrix – medical 

 

Classification 

code 

Technology 

/ 

Equipment 

Procedures Information 

& 

Communication 

Training Motivation Escalation Reflection 

T-EX      X  

TD X       

TC X       

TM X       

O-EX      X  

OK      X  

OP  X      

OM      X  

OC       X 

H-EX      X  

HKK   X  NO   

HRQ    X    

HRC    X    

HRV    X    

HRI    X    

HRM    X    

HSS X    NO   

HST X    NO   

PRF        

X        
Table A.1: Classification / Action matrix: medical version (Van der Schaaf & Habraken, 2005) 
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Appendix A.8: SAFER method details 

In this appendix a brief explanation of the SAFER method is presented, for an extensive 

explanation of the SAFER method is referred to Habraken, et al. (2007). 

The first three steps of the SAFER method are performed before the session is started. 

First, the subject of the SAFER session is determined and formulated. Second, the 

(multidisciplinary) team is composed and invited for the session. Third, the sub-processes are 

formulated in a flowchart and numbered for better clarification during the session.  

After these steps the SAFER session can be started in which the fourth and fifth steps of 

the method are performed. Therefore a standard (Microsoft Excel) sheet is created which can be 

filled in during the SAFER session. This sheet is presented in Table A.2 below.  
 

 
Table A.2: Empty Excel-sheet for SAFER results 
 

After identifying the potential failure modes (and, later, the root causes as well) the failure 

modes (or, later, the root causes) are scored on severity and probability. This is done using the 

following matrices (see Tables A.3 and A.4 below). 
Catastrophic Event Major Event 

 
Patient Outcome: Death or major permanent loss of 

function (sensory, motor, physiologic, or intellectual), 

suicide, rape, haemolytic transfusion reaction, 

surgery/procedure on the wrong patient or wrong 

body part, infant abduction or infant discharge to the 

wrong family. 

 

 
Patient Outcome: Permanent lessening of bodily 

functioning (sensory, motor, physiologic, or 

intellectual), disfigurement, surgical intervention 

required, increased length of stay for 3 or more 

patients, increased level of care for 3 or more 

patients. 

 

Moderate Event Minor Event 

 
Patient Outcome: Increased length of stay or 

increased level of care for 1 or 2 patients. 

 

 
Patient Outcome: Neither injury nor increased length 

of stay nor increased level of care. 

 
Table A.3: Severity Rating Scale (adjusted from Maastro, et al., 2006 and DeRosier, et al., 2002) 

 

Weekly Monthly 

Likely to occur immediately or within a 

short period  

(may happen (several times) in 1 week) 

Probably will occur  

 

(may happen 1 (or maybe 2) time(s) a month) 

Yearly Less than yearly 

Possible to occur  

(may happen (or maybe 2) time(s) a year) 

Unlikely to occur  

(may happen less than once a year) 

Table A.4: Probability Rating Scale (adjusted from Maastro, et al., 2006) 
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The combination of the two values (i.e., severity and probability) determines the hazard score of 

a failure mode or root cause. The score of each combination of a severity and probability 

receives is shown in Table A.5 below. 

 
Table A.5: SAFER Hazard Scoring Matrix (adjusted from Maastro, et al., 2006) 
 

The decision to continue the analysis on a specific failure mode or root cause is depending on the 

results of going through the SAFER decision tree (see Figure A.18). 
 

  
Figure A.18: SAFER Decision Tree (adjusted from Maastro, et al., 2006) 
 

When the decision is to proceed with one of the identified root causes to step 5, the remaining 

part of the SAFER session will be performed. Resulting in a filled sheet (parts 9-13) including a 

decision about the approach (i.e., accept, control, or eliminate) and, if applicable, a proposed 

action with the corresponding responsible party. After all necessary information is gathered the 

session is ended. 
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Appendix B 

 

These appendices are related to Chapter 4 of the Master Thesis.  

Appendix B.1: Flowcharts of the selected process 

In this appendix the selected processes (and sub-processes) that will be investigated in this 

project are presented. The processes are shown in flowcharts that are derived from Rutteman, 

2006 and MAASTRO CLINIC, and adjusted for this project. 

Appendix B.1.3: Process descriptions  

 

Sub process 1: Call in the patient and load the data 
 

 
Figure B.1: Flowchart of sub process 1 
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Sub process 2: Positioning the patient on the table of the linear accelerator 

 

 
Figure B.2: Flowchart of sub process 2 
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Sub process 3A: Provide radiation treatment to patient 

 

 
Figure B.3: Flowchart of sub process 3A 
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Sub process 3B: Execute dosimetry recording 

 

 
Figure B.4: Flowchart of sub process 3B 
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Sub process 3C: Executing EPI recordings 

 

 
Figure B.5: Flowchart of sub process 3C 
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Appendix B.2: Conceptual examples of workarounds 

In this appendix four (conceptual) examples of process modifications that can be considered as 

workarounds are shown. First, it is possible that radiation technologists insert a (sub-)process(es) 

in the existing process design, as can be seen in Figure B.6.  

A fictive example of such a process is an additional check process developed by the 

radiation technologists themselves. This additional check gives the radiation technologists a 

feeling that the process is safer.  
 

 
Figure B.6: Adding a (sub-)process to the original process 
 

Second, it is possible that radiation technologists skip (sub-)processes in order to make the 

process more efficient (see Figure B.7). 

  A fictive example of such a deletion of a (sub-)process can be the skipping of one (or 

more) checks that seem to have no additional value in providing safety. This can be done 

because the equipment itself is supposed to perform this check as well or the check redundant 

and not valued as important by the radiation technologists. 
 

 
Figure B.7: Deleting a (sub-)process from the original process 
 

Third, it can occur that a (sub-)process is not designed optimally (e.g., not efficient) according to 

the radiation technologists and, therefore, is changed. This is shown in Figure B.8. 

 A fictive example of such a design change is that a (sub-)process is performed by the 

radiation technologists themselves, but it was designed to be performed by a system. It can 

happen that the system takes more time than when the radiation technologist is performing the 

step, making the (sub-)process more efficient. 
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Figure B.8: Changing a (sub-)process of the original process 
 

Finally, the sequence of (sub-)processes in the original design can be changed (see Figure B.9).  

 A fictive example of such a sequence change is the temporal skipping of a process step, 

because the radiation technologists have to wait for a system or colleague, and already 

continuing with a succeeding (sub-) process. 
 

 
Figure B.9: Changing the sequence of the (sub-)processes in the original process 
 

Of course, it is also possible that a combination of more than one of these conceptual changes is 

utilized in a workaround as developed by the employees of an organization.  

Appendix B.3: Workaround descriptions 

In this appendix, four descriptions of workarounds as identified in the orientation interviews are 

provide. These examples are the base for further investigation of such process deviations. 

 

Workaround 1: Matching delays 
Process description: 

When a patient is placed on the treatment table, several EPIDs need to be made for checking the 

patient’s position, so the treatment is done on the correct spot. Therefore, the pictures made 

before the treatment need to be compared with the earlier pictures of that patient by a system 

called TNT. 
 

Problem: 

Sometimes the pictures are not imported in TNT system due to technical problems or human 

failures in the process before treatment. A delay is occurring in the matching procedure. The 

limited time for treating a patient is restricting the time it could take to match the pictures or the 

patient moves due to pain etc. 
 

Workaround: 

When the system has a problem importing the pictures for matching, the matching will be done 

by naked eye. 
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Workaround 2: Double treatment on the same day 

Process description: 

When a patient is treated with radiation, the bundles have to be provided by the linear accelerator. 

When using auto-sequence is not possible, the radiation technologist will select the bundles one 

at a time on the computer. When a bundle is given to the patient, it is crossed off on the screen.  

 Many times at MAASTRO CLINIC patients are treated more than once a day. After six 

hours it is already possible that the patient receives the second treatment.  
 

Problem: 

When the second treatment is loaded onto the screen, the cross offs are still on the bundles. The 

bundles can be given again, but it is not possible to see which one is already given to the patient 

in the second treatment in Coherence. 
 

Workaround: 

(Siemens Medical) It is advised to enter the patients’ file twice into the planning system, so that 

for the second treatment on the same day a new patient file can be opened. However, this 

proposition is practically impossible to execute for MAASTRO CLINIC because of the layout of 

the patient file management system. 

 Therefore, at MAASTRO CLINIC this problem is taken care of by good attendance of the 

radiation technologists when giving a patient the bundles of radiation.  

 

Workaround 3: Shifting the treatment table 
Process description: 

The SHIFT process is part of the positioning of the patient on the treatment table. In this process 

the treatment table position needs to be changed in order to lay the patient in the position in 

which the radiation plan is made. The radiation technologist has to read the figures of his SHIFT-

form and has to change the table position to the right parameters. The table parameters are 

presented on the table display. 
 

Problem: 

On the shift-form on which the figures are presented to the radiation technologist, these figures 

are presented in centimeters. However, the table display presents the same figures in millimeters.  
 

Workaround: 

The radiation technologist has to look carefully to these figures and has to convert the numbers 

by her/him self.  

 

Workaround 4: Treatment room processes 
Process: 

All tasks for each radiation technologist are fixed in procedures and rules. This makes sure that 

each radiation technologist is responsible for his/her own tasks.  
 

Problem: 

Sometimes one of the radiation technologists encounters a problem or is delayed. Then the 

patient needs to wait longer before the treatment can be started. 
 

Workaround: 

The radiation technologist takes over tasks from the other to speed up the process. 
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Appendix C 

 

These appendices are related to Chapter 5 of the Master Thesis.  

Appendix C.1: Microsoft Access database queries 

Note that the database is (mostly) in Dutch, therefore some terms of the queries will be in Dutch 

as well
1
. 

Appendix C.1.1: ‘Root cause processes + date’-query 

SELECT basisoorzaken1.[proces organisatie], Count(basisoorzaken1.[proces organisatie])  

AS [CountOfproces organisatie], basisoorzaken1.[O4: werkeenheid], 

basisoorzaken1.classificatie 

 

FROM meldings_gegevens1 INNER JOIN basisoorzaken1 ON 

meldings_gegevens1.meldingsrecord = basisoorzaken1.meldingsrecord 

 

WHERE (((meldings_gegevens1.datum)>[vanaf datum] And (meldings_gegevens1.datum)<[tot 

datum])) 

 

GROUP BY basisoorzaken1.[proces organisatie], basisoorzaken1.[O4: werkeenheid], 

basisoorzaken1.classificatie 

 

HAVING (((basisoorzaken1.classificatie)="t-ex" Or (basisoorzaken1.classificatie)="td" Or 

(basisoorzaken1.classificatie)="tc" Or (basisoorzaken1.classificatie)="tm" Or 

(basisoorzaken1.classificatie)="o-ex" Or (basisoorzaken1.classificatie)="ok" Or 

(basisoorzaken1.classificatie)="op" Or (basisoorzaken1.classificatie)="om" Or 

(basisoorzaken1.classificatie)="oc" Or (basisoorzaken1.classificatie)="h-ex" Or 

(basisoorzaken1.classificatie)="hkk" Or (basisoorzaken1.classificatie)="hrq" Or 

(basisoorzaken1.classificatie)="hrc" Or (basisoorzaken1.classificatie)="hrv" Or 

(basisoorzaken1.classificatie)="hri" Or (basisoorzaken1.classificatie)="hrm" Or 

(basisoorzaken1.classificatie)="hss" Or (basisoorzaken1.classificatie)="hst")); 

Appendix C.1.2:’Number of reports’-query 

SELECT meldings_gegevens1.werkeenheid, meldings_gegevens1.meldingsrecord, 

meldings_gegevens1.datum 

 

FROM meldings_gegevens1 

 

GROUP BY meldings_gegevens1.werkeenheid, meldings_gegevens1.meldingsrecord, 

meldings_gegevens1.datum 

                                                 
1

 Note that for the database of 2004 the table ‘basisoorzaken1’ is called ‘basisoorzaken’ and the table 

‘meldings_gegevens1’ is called ‘meldings_gegevens’. After 2004 these database tables received the extension ‘1’ to 

their denomination. 
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HAVING (((meldings_gegevens1.datum)>[vanaf datum] And (meldings_gegevens1.datum)<[tot 

datum]));
2
 

Appendix C.2: Detailed database analysis 

In this section, detailed graphs are shown for each unit’s investigation. These graphs will provide 

a better view on the biases of the database at the point of the introduction of new equipment.  
 

 
Figure C.1: Proportion of root causes per incident report for unit 3 over time, plus moving average and 70 percent boundaries 

of MA(4) 
 

In Figure C.1 the results for unit 3 are shown in a graph. On the horizontal axis the timeline is 

presented in months. On the vertical axis the average number of root causes related to the 

process of the linear accelerator per incident report is shown. As can be seen the graph includes 

four lines. The normal graph line (with triangles) is showing the results as found in the database, 

the continuous line (with squares) is indicating the moving average (4) calculated by using SPSS. 

In short, this technique uses the averages of (in this case) four points to calculate one point in 

time. By doing this for all original points a line can be constructed. The advantage of such a line 

is that it better reveals the trends of the original graph. An explanation of the moving average 

technique can be found in Mansfield (1991) and Lütkepohl (2005). 

In addition, the 70 percent boundaries of the moving average line are shown (dotted lines 

with squares). These position of the graph to these boundary lines shows where the data is 

deviant the most from its normal behaviour. Thereby, indicating a bias. 

Unit 3 started using the new equipment in July 2005. In the figure, it can be seen that 

from this month the downward trend was breached for both the graph and moving average. An 

increase of root causes related to processes of the linear accelerator per report was found. Also, 

the decrease after two months is clearly visible in this figure (both graph and MA(4)), indicating 

                                                 
2
 Note that this query results in a list of record-numbers of each unit. The number of records for each unit is 

subsequently counted by the researcher. Resulting the number of reports per unit per period in the database. 
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the start-up period. After this period, a downward trend is deployed again. This can be explained 

by the learning of the employees as discussed in Chapter 6.  

It should be noted that the problems with the epi-server from mid 2006 are also clearly 

visible in this figure. As mentioned in the Master Thesis, the epi-server in Maastricht failed to 

process epi recordings when the amount of recordings was increasing due to the introduction of 

unit 2 in Maastricht. This failure has been solved by installing a better server for epi recordings 

and relocating other activities (e.g., mail, internet) to other servers.  

 However, the failure of the server also shows that equipment failure can cause biases the 

database information. It was found that the server failure led to large amounts of frustration 

reports and complaints. Many of these reports are found not to be related to an incident like a 

near-miss or accident. 

 Since also unit 2 has started using the new equipment, the analysis is also performed for 

this unit. The results are shown in Figure C.2. 
 

 
Figure C.2: Proportion of root causes per incident report for unit 2 over time, plus moving average and 70 percent boundaries 

of MA(4) 
 

Unit 2 started working with the new linear accelerators at Maastricht in May 2006. As can be 

seen in the figure, the downward trend is breached for this unit as well during the introduction 

period. After two months the graph is downwards again. Unfortunately, the failure of the epi-

server results in a continuous upward graph in this figure for the later periods. Examination of 

the report’s descriptions revealed that indeed the server failure could cause the increase. 

 In order to complete the analysis, it is investigated whether the behaviour of the graph for 

unit 1 is not deviating. Since unit 1 is not introduced to the new equipment by the end of this 

analysis no deviation from the normal trend is expected. As can be seen in Figure C.3 below, the 

graph indeed holds the downward trend. 
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Figure C.3: Proportion of root causes per incident report for unit 1 over time, plus moving average and 70 percent boundaries 

of MA(4) 
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Appendix D 

 

These appendices are related to Chapter 7 of the Master Thesis. 

Appendix D.1: The interviews 

In this appendix, first, the choice for conducting interviews over using other methods is 

explained. Second, the introductory letter is presented. Finally, the interview guide with the 

introduction, the questions, and the ending is presented.  

Appendix D.1.1: Method selection 

Van Aken et al. (2004) provide a list of several usable techniques for qualitative research. This 

list includes the interview, the focus group, documentation, (participative) observation, verbal 

protocols, and diaries. The interview technique is chosen for this project because of: 

• the open structure of this technique that makes asking follow-up questions possible; 

• the individuality of the technique which is required to gather data about individual 

workarounds. 

 

In addition, it is possible in MAASTRO CLINIC to unscheduled one person from his/her tasks in 

order to participate in the project. Therefore, the interview technique is selected.  

In this section the other methods will be discussed briefly and it will be explained why a 

method is not selected for this project. 

First, the focus group is a technique in which the interview is not held with an individual, 

but with a group. This technique has the advantage that the differences and similarities of 

multiple opinions are directly discussed. However, the disadvantage of such a group session is 

that not all individuals will open up and discuss all details (Van Aken, et al., 2004; Cooper & 

Shindler, 2006).  

Since workarounds sometimes involves obeying the procedures it is likely that the 

interviewees will not discuss such information in a group session. In addition, the individual 

workarounds cannot be identified using this technique.  

Concluding, the advantage of this technique is immanent. The workaround descriptions 

will need to be in consensus to the entire organization in order to get support and to be useful in 

the communication towards Siemens Medical. Therefore, the reach of consensus will be included 

into the project in the next stage. The focus group technique, however, is not useful in this 

project due to its disadvantages. 

Second, the documentation technique is not selected. This technique is using existing 

documents as a source of information. This result in very reliable data and can include even data 

that is forgotten by members of the organization. However, a disadvantage is that with this 

technique no additional questions can be asked and the data has to be written down (Van Aken, 

et al., 2004). 

Since no concrete data of workarounds is documented – it was even unknown that they 

existed – this technique is not usable during this project.  

 Third, the (participative) observation technique is not selected. Using this technique 

requires to infiltrate into the organization and to participate in all processes. In this way the real 

situation can be experienced by the researcher. Unfortunately, this technique requires a lot of 

time (Van Aken, et al., 2004).  
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 At MAASTRO CLINIC this technique is not usable, because the process in which the 

researcher should infiltrate is very complex and radiation technologists need to fulfil an 

extensive training during their four year educational program before they may work with patients. 

So, infiltrating in this environment is impossible for a researcher who is not trained as a radiation 

technologist. In addition, this project focuses on deviations of described procedures. In order to 

know all procedures it is necessary to have experience. For a researcher it will take a lot of time 

to get familiar with the process and to be able to participate without disturbing the processes. 

 Fourth, another technique proposed by Van Aken et al. (2004) is the verbal protocol 

technique. Verbal protocols are recordings of thinking aloud sessions during execution of the 

process. This technique has the advantage that the researcher can record exactly what a person 

thinks or does (Van Aken, et al., 2004). However, this project is about deviations from a process 

that also can be carried out in front of a patient. It is, of course, impossible to ask a radiation 

technologist to describe what he should (not) have done in front of the patient. Since such 

procedures are an important part in the investigation, this technique is not selected. 

 Finally, it can be asked of respondents to keep a diary on a particular topic. This 

technique is called the diaries technique. The advantages of this technique are that (1) it is less 

likely that data is forgotten since it is written down directly and (2) the data gathered by the diary 

lends itself for quantitative analysis. However, this technique will take a lot of time for the 

participants and it is likely to be backlogged, thereby, annul the advantage of this technique (Van 

Aken, et al., 2004). Therefore, this technique is not selected. However, the option to report any 

findings later during work will be left open. All respondents will be asked to contact afterwards 

when discovering new data.   

Appendix D.1.2: Introductory letter 

Dear interviewee, 

 

You are approached by your supervisor to participate in my research about increasing patient 

safety within MAASTRO CLINIC. Thank you in advance for your participation. By means of this 

letter I would like to provide you some information about the research. 

 This research project is executed in the framework of my graduation for my Master’s 

degree from the Eindhoven University of Technology on risk management in the health care 

industry. By means of this topic I was asked by MAASTRO CLINIC to investigate the patient 

safety issues related to the usage of the new equipment of Siemens Medical.  

 On the basis of this research it will be attempted to map dangerous situations regarding 

the ‘design’ of the equipment and to communicate these issues back to the manufacturer. With 

this information the manufacturer can redesign their equipment to prevent such situations in the 

future. 

 Because of the limits of the research time the process regarding the linear accelerators is 

chosen as a scope for this research. Eventually the processes around the other equipment could 

be investigated as well, but this will be done by continuation research. The process regarding the 

linear accelerator has been chosen because of its sensibility towards patients and employees.  

 During the interview the processes regarding the usage of the linear accelerators will be 

discussed with a focus on the risks and failure opportunities. These risks will eventually be 

connected to design factors of the equipment, or processes of MAASTRO CLINIC, and will be 

changed down to the organizations. In this way the manufacturer of the equipment will be 
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enabled to integrate the information into their new product development process and, thereby, be 

able to use it in future product designs.  

 The data gathered during the interview will be made anonymous for usage in the final 

report. In addition, names and surnames will not be provided to any supervisors. At the end of 

this project a final report including all generalized data will be presented to the management 

team. 

 In order to be as accurate as possible I would like to make a recording of the interview. 

Since the data of this research will be very specific and detailed I hope to prevent losing 

important details. If you have any problems to this request, you can indicate this preliminary to 

the interview. The recordings will not be distributed to other persons and will be erased after the 

interview is drawn up.  

 I hope to have you informed sufficiently in preparation of the interview. If you have any 

questions do not hesitate to contact me by email (jasper.weterings@maastro.nl) or by phone 

(55694). Of course, there is also the possibility to ask your questions in advance of the interview. 

 Again, thank you in advance. 

 

Kind regard, 

 

Jasper Weterings 

 

Appendix D.1.3: Interview guide 

Welcome,  

 

Thank you for participating in my research. Did you already receive the covering letter about this 

research? Ok, as you red, this research is mainly focused on the identification of structural 

problems regarding the new Siemens linear accelerators. MAASTRO CLINIC and Siemens 

Medical want to set up a communication between their departments in order to increase the input 

of users in the new product development process of new linear accelerators. In the end this will 

increase the safety of the designed products and, thus, your and your patients’ safety in the future. 

The information you provide during this interview will not be corresponded towards your 

supervisors in a personal form. Only the overall results will be reported back to the top 

management. Strict confidentiality of this information will be guaranteed and no sanctions can be 

imposed. Are there any questions? Ok, let’s start. (Ask for employment time at MAASTRO 

CLINIC) 

 

1. Do you think the switch to the new equipment did bring improvements in general? 

 

In order to get a grasp on the problems and risks you face during your work, we will briefly walk 

through the process description of the work regarding the linear accelerator.  

 

2. Can you please identify any risk or problem that you encounter during the process 

steps? 

 

3. Would you describe what you exactly do in each step? 
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4. Did a risk led to a dangerous situation at some time? 

 

5. Did you report this dangerous situation, risk, problem to the reporting committee? 

 

6. Why (not)? 

 

7. About your reporting, did you report other incidents now than in the time you just 

started using the equipment? (Not regarding system failures) 

 

8. Why did or didn’t you? Do you think this is because you became used to the new 

equipment? Or are there new procedures recorded? Or do you made up a personal 

solution? Or something else? 

 

9. Did you report other incidents during the first two months of using the Siemens 

linear accelerators? 

 

10. Why (not)? 

 

11. Do you think that reporting the failures have led to positive changes within this 

organization?  

Ok, let’s take a look at the workarounds I’ve already identified during my first interviews. A 

workaround is defined as: 

A self-developed change of a work process that is deviant from the process as described by the 

organization, the manufacturer, or other parties and widely accepted among employees. 

 

12. Do you agree that the workarounds presented in this list are indeed used in practice 

and are really workarounds? 

 

13. Can you think of any other workaround than stated in this list? Or provide an 

indication of what could be a workaround? 

 

If you discover any during work, please do not hesitate to contact me by e-mail or by phone. 

 

14. Which one do you think is most annoying? Detectable (as in recognizable)? 

 

15. Which one do you think is the most dangerous? 

 

16. Which is used the most? 

 

17. Is it possible that harmful incidents happen with the current equipment in use? To 

what extend do you think? 

 

18. Do you think that the currently used procedures and systems are enough for 

preventing incidents as much as possible? 
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19. Are there any other problems you think Siemens Medical has to know about using 

their linear accelerator?  

 

Thank you for your participation, the results will be published in my Master Thesis by the end of 

august and will be presented in the same period. For this presentation you will receive an 

invitation later. If interested in the report or for questions about this project, please ask Petra 

Reijnders. 

Appendix D.2: Data from the interviews 

The resulting data of the interviews is presented in this section. In Appendix D.2.1 the details of 

the failure types and risks found during the interviews are presented. In Appendix D.2.2 the other 

problems that were found are shown in a table. The findings of this research presented can be 

used in future projects and research. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendices: Identifying and communicating risks in user behaviour with new equipment in radiotherapy August 2007 

 

- 35 - 

Appendix D.2.1: Detailed results 

 

 
Table D.1: Detailed data found during the interviews 
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Appendix D.2.2: Other findings 

 

Equipment (part) Issue Count 

Table cannot low enough 7 

  cannot change values on both sides at a time 4 

  stops while adjusting with patient on table 3 

  black color makes objects invisible 2 

  thickness causes severe skinreactions 1 

  freeing is not practical procedure 2 

  is slow when moving vertically 1 

Controlroom key is not practical 1 

Gantrycontroller cannot press two buttons with one hand 4 

  contains many buttons that are not used 5 

  can get stuck between flatpanel and pulled away 1 

Accelerator Collimator and Gantry cannot turn at the same time 2 

  can hit the patient and/or table without stopping 6 

  gantry is turning slowly 2 

  flatpanel is noisy when unfolding 1 

Tablecontroller falls from table easily 7 

  plus and minus are small and hard to read 6 

  numbers are hard to read 5 

Screen GUI not logical 4 

* Max. count is 12   
Table D.2: Detailed data found of other issues about using the new linear accelerators 

Appendix D.3: Workaround descriptions 

The descriptions of the organizational workarounds are shown in Appendix D.3.1 and the 

descriptions of the individual workarounds are shown in Appendix D.3.2 below. 

Appendix D.3.1: Descriptions of organizational workarounds 

In this section the organizational workaround descriptions are shown. Each workaround 

description is numbered. In addition, between brackets the number of the unit(s) to which the 

workaround is applicable for is shown. Since all units have separate treatment areas it is 

possible that a workaround is applicable to one (or more) units, but not to all. 

 

Workaround 1 (unit 2) 
Process description: 

Matching is one step of the EPI sub process of the treatment and executed on the first 

treatment of the patient. This matching is the comparing of the EPI recordings made of the 

patient on the treatment table and the digital reconstructed radiograph (DRR) made on the CT 

scanner earlier.  

This process needs to be done carefully, cause the patient should be positioned the 

same in both occasions. If not, the patient is treated with the wrong dose on the wrong spot 

and, thus, direct harm is done to the patient.  

In order to make sure that the matching is done properly it is safer to perform this step 

by two or more radiation technologists.   
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Problem: 

It is found, however, that this process step is time consuming and that often there is no time 

to match the pictures before the actual treatment of the patient according to the protocol (i.e., 

matching with more than one person). This would cause a delay for the patient, which is 

likely to move from the initial position, so the EPI recordings are useless to compare in that 

case.  

 

Workaround: 

To avoid this moving of the patient, the delay, and, thus, to increase the efficiency it often 

happens that the matching is checked by just one radiation technologist or that is done very 

quickly (just a snap look at the EPI recordings). 

 

Workaround 2 (units 2 & 3) 
Process description: 

When a patient is placed on the treatment table, several EPIDs need to be made for checking 

the patient’s position, so the treatment is done on the correct spot. Therefore, the pictures 

made before the treatment need to be compared with the earlier DRR of that patient by a 

system called Teraview NT. 

 

Problem: 

Sometimes the pictures are not imported in TNT system due to technical problems (or human 

failures) in the process before treatment. A delay is occurring in the matching procedure. The 

limited time for treating a patient is restricting the time it could take to match the pictures or 

the patient moves due to pain etc. 

 

Workaround: 

When the system has a problem importing the pictures for matching, the matching will be 

done by naked eye. 

 

Workaround 3 (units 1, 2 & 3) 
Process description: 

When a patient is treated with radiation, the bundles have to be provided by the linear 

accelerator. When using auto-sequence is not possible, the radiation technologist will select 

the bundles one at a time on the computer. When a bundle is given to the patient, it is crossed 

off on the screen.  

 Many times at MAASTRO CLINIC patients are treated more than once a day. After six 

hours it is already possible that the patient receives the second treatment.  

 

Problem: 

When the second treatment is loaded onto the screen, the cross offs are still on the bundles. 

The bundles can be given again, but it is not possible to see which one is already given to the 

patient in the second treatment in Coherence. 

 

Workaround: 

(Siemens Medical) It is advised to enter the patients’ file twice into the planning system, so 

that for the second treatment on the same day a new patient file can be opened. However, this 

proposition is practically impossible to execute for MAASTRO CLINIC because of the layout 

of the patient file management system. 

 Therefore, at MAASTRO CLINIC this problem is taken care of by good attendance of 

the radiation technologists when giving a patient the bundles of radiation.  
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Workaround 4 (units 1, 2 & 3) 
Process description: 

When a patient starts with the second part of the treatment, the first part will be hidden on the 

control screen, because it is not necessary for the next treatment run. 

 

Problem: 

The second part of the treatment plan shows the dose the patient receives starting again at 

zero. However, the radiation technologist needs to have information about the amount of dose 

the patient already had received during the first treatment. 

 

Workaround: 

A history of the provided bundles in Lantis (separate program) has to be consulted for 

checking the total dose the patient has received during the treatment. In addition the radiation 

technologist needs to add up the number by him/her self.  

 

Workaround 5 (units 1, 2 & 3) 
Process description: 

When the treatment started for a patient, the next patient will be called with an intercom 

system for to prepare in the dressing room. The name check for the next patient needs to be 

done by a radiation technologist, who is not operating the console. This check is done on 

another computer in the RAS tool. 

 

Problem: 

The second radiation technologist is called away, has other things to do, or just does not 

check the next patient. Also, often the radiation technologist who is operating the console has 

time left, while the others are in the treatment room with the patient. 

 

Workaround: 

The radiation technologist who is operating the console checks the RAS tool while the 

treatment is provided (when others are doing something else). Or the radiation technologist 

who is operating the console finishes the system checks quickly to be able to check the RAS 

tool before the treatment starts. 

 

Workaround 6 (units 1, 2 & 3) 
Process description: 

When the treatment started for a patient, the next patient will be called for to prepare in the 

dressing room. The name check for the next patient needs to be done by a radiation 

technologist, who is not operating the console. This check is done on another computer in the 

RAS tool. 

 

Problem: 

The second radiation technologist is called away, has other things to do, or just does not 

check the next patient. Also, often the radiation technologist who is operating the console has 

time left, while the others are in the treatment room with the patient. The radiation 

technologist who is operating the console checks the RAS tool while the treatment is 

provided (when others are doing something else). Or the radiation technologist who is 

operating the console finishes the system checks quickly to be able to check the RAS tool 

before the treatment starts. 
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Workaround: 

In order to prevent checking by the operating radiation technologist the RAS tool is placed 

away from the console. 

 

Workaround 7 (units 1, 2 & 3) 
Process description: 

At MAASTRO CLINIC maintenance of the equipment is scheduled according to the planning 

of the capacity usage across all six linear accelerators. There are several types of maintenance 

planned as this is suggested by the manufacturer of the linear accelerators. The complex 

equipment needs to be calibrated or revised, and sometimes even new components need to be 

installed. 

 

Problem: 

The maintenance of the linear accelerators is a precise and complex task. Therefore, it 

happens that the maintenance workers are not finished on a specific linear accelerator while 

patients are already planned to be treated on that linear accelerator.  

 

Workaround: 

In that case the treatments are fled to another linear accelerator to prevent a delay in the 

treatment schedule.  

 

Workaround 8 (units 1, 2 & 3) 
Process description: 

The individual treatment plans that are prepared before the treatment have to be loaded into 

the system of the linear accelerator. 

 

Problem: 

The information is entered by hand into the control panel of the machine. 

 

Workaround: 

Digitrans is developed to transfer the treatment plans into the linear accelerators’ system. In 

addition Digitrans checks some parameters for incorrect or deviant figures. 

 

Workaround 9 (units 1, 2 & 3) 
Process description: 

The SHIFT process is part of the positioning of the patient on the treatment table. In this 

process the treatment table position needs to be changed in order to lay the patient in the 

position in which the radiation plan is made. The radiation technologist has to read the figures 

of his SHIFT-form and has to change the table position to the right parameters. The table 

parameters are presented on the table display. 

 

Problem: 

On the shift-form on which the figures are presented to the radiation technologist, these 

figures are presented in centimeters. However, the table display presents the same figures in 

millimeters.  

 

Workaround: 

The radiation technologist has to look carefully to these figures and has to convert the 

numbers by her/him self.  
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Workaround 10 (units 1, 2 & 3) 
Process description: 

The SHIFT process is part of the positioning of the patient on the treatment table. In this 

process the treatment table position needs to be changed in order to lay the patient in the 

position in which the radiation plan is made. The radiation technologist has to read the figures 

of his form and has to change the table position to the right parameters. The table parameters 

are presented on the table display. 

 

Problem: 

The display of the treatment table presents the parameters in which the table is positioned not 

clearly. The figures are small to read from a reasonable distance and it is hard to distinguish 

between the + and the -.  

 

Workaround: 

The radiation technologist has to look carefully to what figures are presented on the treatment 

table display. 

 

Workaround 11 (units 1, 2 & 3) 
Process description: 

Some patients need to receive a shift (correction based on epid results) after they are 

positioned on the treatment table. This is necessary because the patient needs to be in the 

same position as when the treatment plan was made, in order to prevent wrong radiation 

location. The shift has to be performed using the treatment table.  

 The necessity of shifting the patient and to which parameters is presented on a shift 

form. 

  

Problem: 

Because not all patients need to receive a shift before treatment, it happens that the radiation 

technologists accidentally forget to perform the shift of the patient that needed one. 

 

Workaround: 

There is installed a new procedure for shifting the patient before treatment. This new 

procedure is called the reference point procedure. This means that in the future every patient 

has a shift (a SHIFT of zero is possible), because a fixed point is marked on the patients’ 

body. From this fixed reference point, every patient is shifted towards the treatment position.  

 

Workaround 12 (units 1, 2 & 3) 
Process description: 

Some patients need a bolus to be added before they are treated. The need for this bolus is 

presented at the bottom of the console screen. When a bolus is needed it should be installed 

by a radiation technologist. 

 

Problem: 

There is no check or confirmation for applying the bolus in the system, which results in 

forgetting the bolus and treating the patient without it. This can harm the patient. In addition, 

the presentation of the use of bolus on the console screen is not emphasized. 

 

Workaround: 

The applying of the bolus has to be checked thoroughly by the radiation technologists 

themselves.  
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Workaround 13 (unit 3) 
Process description: 

For the treatment of some patients an electron inlay needs to be placed into the linear 

accelerator. This has to be done before the patient is treated.  

 

Problem: 

The machine does not have any check mechanisms for checking whether the electron inlay is 

placed into the linear accelerator.   

In addition, the slot in which the inlay needs to be installed provides the opportunity for not 

installing the inlay completely correct. It is possible that radiation can go around the inlay. 

 

Workaround: 

The radiation technologists need to watch carefully that the inlay needs to be installed or not. 

And when installed, whether it fits correctly. 

 

Workaround 14 (units 2 & 3) 
Process:  

When a new patient arrives, the new data of this patient need to be loaded. This information 

will be shown on the screens. On the screen information about which aids need to be 

prepared is shown. The radiation technologist in the room will prepare these aids.  

After the patient has changed in the dressing room, the second radiation technologist walks in 

with the map (with information about patient) and the patient to prepare him/her for the 

treatment and applying the aids needed. 

 

Problem: 

It happens that the information is not loaded onto the screen before the patient enters the 

room. This means that the aids cannot be prepared. When the colleague arrives with the map 

and the patient, the aids have to be prepared in front of the patient.  

 

Workaround: 

Some radiation technologists take the map into the treatment room before the patient arrives. 

In this map all necessary aids are also described.  

 

Workaround 15 (units 1, 2 & 3) 
Process: 

All treatments receive a code in the computer. This code exists of the following figures: 

1P1B1D1a 

This code stands for: (1) first plan, (P1) primary tumor, (B1) first treatment, (D1) first part of 

the plan, (a) plan version.   

 

Problem: 

Some patients need to receive more than ten treatments. However, entering another character 

to the code (for example: 1P1B10D1a) is impossible and will cause several problems in the 

software. So, treatment ten or higher cannot be entered into the system. 

 

Workaround: 

The code for treatment ten (would be: 1P1B10D1a) will be changed into 1P2B1D1a. 

However, in the EMD the code (1P1B10D1a) will remain.   

 



Appendices: Identifying and communicating risks in user behaviour with new equipment in radiotherapy August 2007 

 

- 42 - 

Workaround 16 (unit 2)  
Process: 

Before the treatment of the patient the position of the patient is adjusted to laser lines. These 

laser lines make sure the patient is placed on the right spot for the treatment.  

 

Problem: 

When a tube (inlay) is used for the treatment of a patient it is impossible to adjust the patient 

based on the ‘high’ lasers (Siemens lasers). The tube is blocking the laser lines. 

 

Workaround: 

Adjust the patients’ position to the additional laser lines (‘low’ lasers) and calculate the 

adaptation needed to eventually place the patient in the right position.  

 

Workaround 17 (units 1, 2 & 3) 
Process: 

Before the treatment of the patient the position of the patient is adjusted to laser lines. These 

laser lines make sure the patient is placed on the right spot for the treatment.  

 

Problem: 

Radiation technologists that are a bit small cannot adjust the patient easily in the right 

position. The treatment table is too high for them to adjust the patient. 

 

Workarounds: 

Adjust the patients’ position to the additional laser lines (‘low’ lasers) and calculate the 

adaptation needed to eventually place the patient in the right position. 

 

Workaround 18 (units 1, 2 & 3) 
Process: 

An inlay of the tube needs to be placed on the machine for some treatments. There are a few 

different types of inlays that can be installed for treatments, but there are even more types 

that can be used in the planning, but are actually not available for treatment.  

 

Problem: 

The label on the inlay is small and looks pretty similar. It can be that the planned tube with 

inlay is actually not available, but that a combination is used that looks the same. In addition 

there is no system check whether the right inlay is used for the treatment. 

 

Workaround: 

The radiation technologist who is applying the tube and inlay needs to be careful to use the 

right ones. 

 

Workaround 19 (units 2 & 3) 
Process: 

Before some treatments an EPI recording has to be made of the patients’ isocentric position. 

These EPI recordings are used to compare to the initial planned position and the actual 

position of the patient on the treatment table. In some cases an adjustment is needed and will 

be done before treatment. After the patient is repositioned a new EPI recording need to be 

made and need to be examined again. 
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Problem: 

The implementing of corrections can be needed again. In addition, the system in that is used 

to compare the EPI recordings cannot match the EPI recordings again.  

 

Workaround: 

After correction is done the first time, the treatment is started and the new check of the 

position is omitted. 

 

Workaround 20 (units 2 & 3) 
Process: 

Before some treatments an EPI recording has to be made of the patients’ isocentric position. 

These EPI recordings are used to compare to the initial planned position and the actual 

position of the patient on the treatment table. 

 

Problem: 

The EPI recordings need to be loaded into a program which compares the EPI recordings and 

calculates an adjustment, but this process is sometimes taking very long. Some patients 

cannot wait that long, because they suffer severe pain and will reposition themselves to ease 

the pain. This leads to unusable EPI recordings and the EPI recording is useless.  

 

Workaround: 

The matching procedure is omitted and a note is made for the next treatment.  

 

Workaround 21 (unit 2)  
Process: 

During the treatment of patients it is needed to make EPI recordings. To be able to do this the 

flat panel of the linear accelerator will be unfold and snap shut during the treatment and 

rotations of the linear accelerator. 

 

Problem: 

When treating the patient first lateral fields and second the AP fields the flat panel is unfold 

and snap shut without a problem. The linear accelerator first unfolds the flat panel and then 

turns to the AP field. When going back, the linear accelerator first turns and then snaps shut 

the flat panel. However, when first treating the AP field and second the lateral field, the flat 

panel unfolds without a problem, but when it returns, the flat panel is snapped shut first and 

the linear accelerator turns next. Resulting that the flatpanel hits the treatment table. 

 

Workaround: 

In order to make avoid this situation the operator (control unit) may not turn there key after 

the combination of AP – Lat fields, but a radiation technologist has to enter the treatment 

room to reset the table’s position and switch the key at the back of the machine. After that is 

done, the treatment can be continued by selecting the next bundle.  

 

Workaround 22 (unit 2 & 3)  

Process: 

This workaround is only applicable to the linear accelerator (7) which is used for stereotactics. 

When a patient needs this a part of the table needs to be taken away. For the normal treatment 

this piece needs to be placed on the table again. To be able to change this piece a construction 

of beams and screws is add to the table’s design. It is possible that when the piece is added to 
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the table for a normal treatment of a patient that the screw has to be placed such that it enters 

the treatment area. This has to be checked by the radiation technologists. 

 

Problem: 

It is very hard to see whether the screw is located in the treatment area. 

 

Workaround: 

The check of the place of the screw is done by checking the EPI recording. When the screw is 

located in the treatment area, the screw will be visible on the EPI recording and the patient 

can be repositioned.  

Appendix D.3.2: Descriptions of individual workarounds 

In this section the individual workaround descriptions are shown. Each workaround 

description is numbered. In addition, at the end of each workaround description it is noted (in 

italics) how this workaround can be seen as an individual workaround.  

 

Workaround 1 
Process: 

Of all patients a CT scan will be made for diagnosis and planning of the treatment. The 

pictures made at the CT scanner need to be saved on a server so they can be accessible for the 

planning department.  

 

Problem: 

The procedure to save the data is rather awkward and not practical. In addition, the exact way 

of how to save the data is not familiar to many radiation technologists. By saving the pictures 

the wrong way, they will not be accessible for the planning department or even been lost.  

 

Workaround: 

Everybody has his/her own way of saving the data. 

This workaround can occur in many forms; (almost) all members perform this step differently. 

 

Workaround 2  
Process: 

The radiation technologist in the control room has to check whether all data is entered 

correctly and all adjustments made by his/her colleagues are correctly performed. After all 

data is checked the radiation technologist can start the treatment. 

 

Problem: 

The screens on which the data is shown is found unclear and not all data that need to be 

checked can be found easily.  

 

Workaround: 

Some radiation technologist waits till the colleagues are ready and gave the room free for the 

treatment. Then the treatment is started. The system will check the parameter values and will 

report when something is incorrect. The radiation technologist watches the reports instead of 

checking him/her self. Others check some of the information and start the treatment after that. 

This workaround can take many forms; members use different strategies to check the 

parameters on the screen. 
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Workaround 3  
Process: 

After conducting several checks to the forms and data acquired during the treatment a 

radiation technologist has to put his signature on a check form for each process checked 

and/or executed. 

 

Problem: 

The checks are done consecutively by the same radiation technologist and several times the 

radiation technologist has to put his signature on the same form multiple times.  

 

Workaround: 

The radiation technologist puts first (some or all) signatures on the form and then performs 

all (or remaining) checks. 

This workaround can take many forms; many interviewees reported that they perform this 

task differently. 

 

Workaround 4  
Process: 

All tasks for each radiation technologist are fixed in procedures and rules. This makes sure 

that each radiation technologist is responsible for his/her own tasks.  

 

Problem: 

Sometimes one of the radiation technologists encounters a problem or is delayed. Then the 

patient needs to wait longer before the treatment can be started. 

 

Workaround: 

The radiation technologist takes over tasks from the other to speed up the process. 

This workaround can take many forms and the division of tasks is dependent on which 

members are working together. 
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Appendix E 

 

These appendices are related to Chapter 8 of the Master Thesis.  

Appendix E.1: Flowcharts of selected workarounds 

In this appendix the four selected workaround descriptions are presented in flowcharts
3
. To 

clarify the situation in which these workarounds are used some assumptions are added to the 

flowcharts. The number of the workaround flowchart correspond to the number of the 

workaround description in Appendix D.3.1.  

Appendix E.1.1: Workaround 3 (with EPI recordings) 

Assumptions: 

- impossible to use auto-sequence; 

- patient is treated for the second time on the same day; 

- EPI recordings have to be made. 

 

Flowchart: 

 
Figure E.1: Flowchart of workaround 3 (with EPI recordings) 

                                                 
3
 Note: The process step in the dotted square is not in the scope of analysis. This process step is presented for 

clarification of the position of this (sub-)process in the entire process. 
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Appendix E.1.2: Workaround 4 

Assumptions: 

- patient is in second part of treatment; 

- patient is treated at the moment the radiation technologists want to know the total 

dose which the patient already received. 

 

Flowchart: 

 

 
 
Figure E.2: Flowchart of workaround 4 
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Appendix E.1.3: Workaround 10 

Assumption: 

- correction is not zero (0,0,0) in case of the workaround. 

 

Flowchart: 

 
 
Figure E.3: Flowchart of workaround 10 
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Appendix E.1.4: Workaround 12 

Assumption: 

- patient needs bolus during treatment. 

 

Flowchart: 

 Figure E.4: Flowchart of workaround 12 
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Appendix E.2: SAFER detailed results 

 
Table E.1: Filled out SAFER sheet for workaround 3: Treatment not in sequence 
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Table E.2: Filled out SAFER sheet for workaround 4: Total dose calculation 
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Table E.3: Filled out SAFER sheet for workaround 10: Shift table into position 
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Table E.4: Filled out SAFER sheet for workaround 12: Application of bolus 
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Appendix E.2.1: Overview of all proposed actions 

# Description Cause Count Specific solution 

1 

Integrate trigger for selecting EPI 

in Coherence no trigger for forgetting to enable EPI 1 

In some cases an EPI recording needs to be made. In order to make them, a field needs to be 

selected. If the necessity for the EPI recording is entered in the plan, there should be an pop-up to 

remind the radiation technologist to select the EPI recording field 

2 

Build in check system in the new 

EPID module  no system check 1 

If not working in sequence, it is necessary that the bundles provided to the patient are checked by 

the system and cannot be given again during the same procedure. 

    no safety system 2 A safety system should be build in to prevent bundles to be given twice or to be forgotten 

3 Redesign layout of Coherence no difference in layout screen 1 The layout of Coherence should be adjusted according to the available  

    presentation unclear 3 literature about professional information presentation 

4 

Separate warning for forgotten 

EPI and treatment bundles ignore warningsigns 3 

After the treatment is completed, in most cases, there is stated a warning about bundles not 

provided. When no EPI bundles are given, this warning has no value, because the EPI bundles 

aren't given on purpose. So a difference between bundles not given from the treatment series and 

EPI series should be split. So it is clear what kind of bundles aren't provided. 

5 

Remove crosses of first treatment 

after 8 hours  need to open Lantis 2 

At this moment the crosses will not disappear when a patient is treated twice on one day. Now 

radiation technologists need to open Lantis to check which bundle is already given. In addition, no 

safety check is available to prevent radiation technologists to provide a bundle  

    no automatic check 2 twice or to forget one. The differences of provided and not provided bundles are not visible 

    no safety system 2 in this situation. Since Maastro clinic treats many patients on the same day twice, it is 

    not visible in Coherence 2 necessary that the crosses disappear earlier (after 8 hours). 

6 Redesign layout of Lantis not unambiguous on screen 2 

The cumulative dose values need to be calculated from the Lantis tool. In this tool it is hard to 

find all doses that were given. Many actions are necessary to see all of the doses given to  

    unclear presentation 5  a patient which makes calculating the total dose often a hard task. 

7 Insert overview of dose field not on overview 1 

The different tables need to be viewed by the radiation technologist in order to calculate the total 

dose provided. It is suggested that a overview of the total dose provided to the patient is shown on 

one of the overview screens of the Lantis tool. 

8 Start Coherence with total dose not added up 1 

Sometimes radiation technologists need to know the total dose provided to a patient. Now they 

have to open Lantis and calculate the dose themselves. It is suggested to enter a field in Coherence 

in which the total dose provided to a patient so far is visible. 
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9 Install automatic calculations no automatic calculation 2 The different tables need to be viewed by the radiation technologist in order to  

    miss part of treatment in calculation 1 calculate the total dose provided. It is suggested that a overview of the total dose 

    wrong parts added up 1 provided to the patient is shown on one of the overview screens of the Lantis tool. 

10 preselect on table for cm/mm differences in measures 3 

At Maastro clinic the shift form values are provided in centimeter due to system limitations of 

other software programs. The treatment table values are shown in millimeters now. It is suggested 

that each customer can specify themselves whether they want to see the values in centi- or 

millimeters on the treatment table. 

11 install auto-shift on table no automatic action 2 

The most ideal solution to the shift problems is that the table shifts automatically based on the 

parameters entered in the system. 

12 

only use minus on display or 

bigger plus/min unclear on table display 1 

On the table display the values of the table are presented with a plus or minus. At Maastro clinic 

often an error is made because the difference between the plus and minus is not visible well. It is 

proposed to only show the minus in negative values on the table display. Another solution is to 

increase the size of the plus and minus on the table display. 

13 

values bigger on display or other 

font values unclear on table display 1 

On the table display the values of the table are unclear (e.g., 8-9). The values can easily be seen 

wrongly. It is proposed to change the font of the table display or to increase the size of the values. 

14 check on relative shift values no automatic check 3 

Another solution to the shift problem is to install a check on the relative shift values with a 

warning to the radiation technologists that the values of the table do not correspond with the 

planned values. 

15 

install pop-up when bolus is 

needed no trigger 9 

When a bolus needs to be installed (filled out in the bolus field), a pop-up screen should appear in 

Coherence before the treatment is started. This pop-up should trigger the radiation technologists to 

check the placement of the bolus.  

16 

show in all fields with comment 

to which field it is applicable only presented on loaded field 2 

The entry of the need for a bolus is only presented in the field display in the fields in which a 

bolus is necessary. If a field is loaded in which no bolus is needed, the bolus will be forgotten 

during the treatment. Therefore, it is necessary to show the need for a bolus on all fields. 

17 

make automatic transfer in 

Coherence from Xio possible manual entered 2 

The need for a bolus has to be entered in Coherence by the radiation technologist, while the 

information is available in the planning software. However, in the current design of Coherence it 

is impossible to borrow this information from the planning software 

18 install barcode check system* no automatic check 2 

The type of bolus applied is not checked; the opportunity to scan the bolus applied with a barcode 

is suggested. This system can check whether the scanned bolus is the bolus selected in the 

planning. 
Table E.5: Proposed actions from the SAFER analyses for Siemens Medical 
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# Description Cause Count Specific solution 

A 

Integrate opening Lantis in 

procedure in this context no procedure 4 

In order to make sure the bundle is provided the check in Lantis of provided bundles should be 

added to the out-of-sequence procedure 

B only use minus, no plus on form plus/min unclear on form 2 

On the form the values for the table are presented with a plus or minus. At Maastro clinic often an 

error is made because the difference between the plus and minus is not visible well. It is proposed 

to only show the minus in negative values on the form. 

C investigate fonts values unclear on form 2 

On the form the values for the table are unclear (e.g., 8-9). The values can easily be read wrongly. 

It is proposed to change the font of the form or to increase the size of the values. 

D cross check procedure multiple target areas presented 2 A cross check procedure should be added to the selection of the shift form, so the chance of  

    wrong file taken 2  getting the wrong form is minimized. 

    form not up-to-date 2   

    wrong form 1   

E introduction of fixed roles +  trusts colleague 3 In checking values that colleagues have entered the responsibilities should be made explicit and  

   signature no trigger 1  rules have to be defined more clearly. (see 3-2-1 project) 

F notify employees repeatedly accept position 1 

A notification of the importance of the table position needs to be provided to the radiation 

technologists often. This will increase there awareness. 

    no markings 1   

G procedure adjustment for  too many comments 2 

Information about the application is entered in the comments field differently by many radiation 

technologists, a procedure for entering the bolus information should be installed so all bolus  

   entering bolus data not added in comments 2  comments are in the same place and evenly clear. 

H adjust marking procedure wrong marked 1 

The markings on a patient for a bolus need to be more clear. Especially when a patient has 

multiple markings. The procedure for marking patients for bolus application should be revised. 

I 

investigate the option to use 

other materials bolus not prepared well 1 

The material of which the bolus is made is limiting its functionality in some cases. There are other 

materials available that will better fit and are coloured differently. It should be investigated  

    colour of bolus 1  whether such materials can be used as well for difficult areas. 

J 

introduce procedure for checking 

with one responsible person* no automatic check 1 

Adjustment of the procedure is necessary to make one person responsible for the application of 

the bolus. (see 3-2-1 project) 

K install extra cameras to cover all  outside scope of camera 1 Install additional camera's to view all angles when a bolus is applied or reposition the existing  

   Angles gantry blocks view 1  cameras such that the view cannot be blocked by the equipment, radiation technologists, or 

    patient blocks view 1  patient. 

L 

re-examen procedures for 

observing no trigger 1 

The observation procedure is not executed equally. More stringent prescriptions of this procedure 

should be introduced 
Table E.6: Proposed actions from the SAFER analyses for MAASTRO CLINIC  
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Appendix E.3: Individual workarounds 

To analyze the individual workarounds further investigation of the content is necessary. 

Because of the construction of these workarounds it has been found by the researcher, in 

consultation with the supervisors, that the individual workarounds cannot be analyzed using 

the SAFER method. In addition, for each individual workaround it can be explained why it is 

decided to do not analyze them during this project. The first workaround is about the savings 

of a CT image that causes problems later on in the process. Because CT images are saved 

wrongly, they cannot be accessed later for comparison reasons. Saving a CT image can be 

done in many different ways and, as one could expect, this step is performed in many 

different ways. However, this topic is not part of the initial scope of this project and, 

therefore, this workaround will not be analyzed in detail in this project. 

 The second individual workaround (2) relates to the activities of the controller just 

before starting the treatment. In this process the controller needs to check parameters on his 

screen. It is found that (almost) all employees use different strategies to accomplish the same 

goal, namely check whether the parameters are correct and no error messages are left. 

However, it was often mentioned that the screen is rather unclear and that many information 

was not used during the performance of the required steps. In addition, incident reports and 

the interviews revealed that sometimes information was overlooked. Employees found that 

the screen presentation was unclear.  

 This topic of information presentation, however, is already discussed by many authors 

(e.g., Coe, 1996; Jarvenpaa, 1989) in the past. Since the mid 80s, researchers have provided 

guidelines for professional data presentation (e.g., Jarvenpaa, 1989; Van der Straten, 1991). It 

is therefore chosen by the researcher, in consultation with the supervisors, to not further 

investigate this topic for this project, but recommend to Siemens Medical to conduct future 

research on this workaround using the available literature in order to improve future designs 

of the screen layout. 

 The third individual workaround is related to the process of the weekly inspection of 

the data of the treated patients. Although the radiation technologist who executes this process 

is using the Lantis tool, this process involves no usage of the linear accelerator itself. 

Therefore, the workaround will not be analyzed during this project. 

 The final individual workaround found during the interviews involves many process 

steps regarding the processes in the treatment room (e.g., positioning the patient, adjusting 

the table). Because no actual responsibilities are assigned to tasks during these processes, 

many different forms in the execution are found.  

 MAASTRO CLINIC wants to eliminate these variations in the processes and has 

started a project called 3-2-1 to eliminate many of the uncertainties. This 3-2-1 project will 

structure the process and assigning responsibilities to individuals. At this moment, the 

processes are highly changeable and the project is already running some conceptual redesigns. 

In the future, all these processes will be standardized at MAASTRO CLINIC. Therefore, and in 

order to not hinder the 3-2-1 project, it is chosen to not analyze this workaround at this 

moment. 
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Appendix F 

 

These Appendices are related to Chapter 10 of the Master Thesis. 

Appendix F.1: Screenshots of VOiCe  

In this appendix several screenshots of the VOiCe tool are shown to clarify the description 

provided in Chapter 9 of the Master Thesis. In addition, these screenshots will make the 

description more tangible and easier to visualize. Note that these screenshots are taken from 

the (first) conceptual version of the VOiCe tool. 

Appendix F.1.1: Log-in 

 

 
Figure F.1: Screenshot of the log-in screen of the VOiCe tool 
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Appendix F.1.2: New request 

 

 
Figure F.2: Screenshot of the new request screen (1) of the VOiCe tool 
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Figure F.3: Screenshot of the new request screen (2) of the VOiCe tool 
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Appendix F.1.3: Users’ administration 

 

 
Figure F.4: Screenshot of the users’ administration screen of the VOiCe tool 

Appendix F.2: Detailed description of the method 

In this appendix the six process steps of the developed method as discussed.  

 

Step 1 - Topic selection 

Select a topic that needs investigation. In this step the specific process in the organization 

needs to be selected. This process should contain the usage of one (or a few) piece(s) of 

equipment. For example, the radiation treatment process or the processes of making a CT 

scan. The choice for an equipment based topic will ensure that in the VOiCe database the 

fields ‘product’, ‘product version’, and ‘type’ can be filled in
4
.  

 

Step 2: Process descriptions 

Gather the process descriptions regarding the topic and make flowcharts of all activities (i.e., 

(sub-)processes). This can be done by one (or more) process expert(s) or by interviewing 

employees performing the activities. 

 

                                                 
4
 This is important cause these fields determine (partly) to which person the request will be send for decision. 
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Step 3: Interviews 

Conduct interviews with the employees who participate in the activities. For large 

organizations, first select a sample of interviewees. The sample should be representative for 

the group that participates in the activities of the selected topic.  

In the interviews the sub-processes need to be discussed on what failures can occur 

and deviations may exist. Also, it might be helpful to use already found workarounds to 

trigger employees to think of more process deviations during the interview. An example of a 

workable interview template can be found in Appendix D.1.3. 

Continue interviewing employees until no new information is presented during the 

interviews. When using a sample, please continue interviewing employees when still 

gathering new information at the last interviews of the sample. In that case, the sample size 

can be increased after all. 

 

Step 4: Descriptions and verification 

Work out the (indications of) workarounds that were gathered during the interviews into full 

descriptions of the workaround processes. After the descriptions of the workarounds are 

made they need to be verified. This can be done in two ways, namely (1) verify the 

descriptions of the workarounds with the interviewees and (2) observe the activities as 

performed on the operating floor. 

 The first method has the advantage that takes only a short amount of time and few 

resources. The disadvantage of this method is that the descriptions are still subjective and it 

could be that in practice the workaround is performed somewhat differently. 

 The observation method has the advantage that the descriptions can be investigated in 

detail and compared to the real practice. The disadvantage is that this method will take a lot 

of time and requires many resources (e.g., cameras, researcher’s time). 

 The choice of one of the two methods is up to the researcher and depends on the 

amount of detail required and resources available.  

Next, the workaround descriptions that were found to be incorrect or incomplete need 

to be adjusted or removed. When all workaround descriptions
5
 are found to be correct, the 

researcher can proceed with the following step. 

 

Step 5: Analysis of the workarounds 

The organizational workarounds need to be analyzed in order to find solutions to the 

problems created by them. Therefore, causes and solutions need to be drawn in this step. In 

some cases it might be that the resources are scarce and the number of workaround great, in 

such cases it would be wise to make a selection of workarounds to be analyzed. 

It is found that organizational workarounds can be described in a flowchart that will 

show the process as performed by units of the organization. This provides the opportunity to 

analyze this type of workarounds using a prospective analysis tool (e.g., HFMEA, SAFER), 

which will result in the necessary information.  

 

Step 6: Transformation and submitting 

The analyses of the workarounds are performed by the user’s organization; therefore, the 

information of the analysis is well understood with the user’s organization, but not with the 

manufacturer. In addition, at the manufacturer’s site a database is developed which, when 

filled out, can be understood by the engineers of the manufacturer. So, in order to make the 

                                                 
5
 Individual workaround descriptions will not be used after this step. It is found that individual workarounds 

cannot be described by a flowchart, so analysis by using prospective analysis tools is not possible. Next to this, 

it makes no sense to analyze processes that are (almost) completely different for (almost) all employees. How to 

handle these workaround descriptions needs further investigation by future research. 
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outcome of the analysis at the user’s organization understandable for the engineers of the 

manufacturer, these outcomes need to be described in detail and filled in the database fields.  

 Fortunately, a view to the submission form of the database and the outcome of the 

analysis shows that this transformation and submitting step is (relatively) easy. The outcome 

of the analysis can be described in the fields of the VOiCe database (on the internet) as 

follows (see Appendix F.1 for graphic presentations of the fields). First of all, the topic 

choice results in the possibility to fill in the fields ‘product’, ‘product version’, and ‘type’. 

Since the topic selection is based on the processes around a selected piece of equipment, all 

involved products, product versions, and types are described in the topic selection step. 

Second, the extended action description, as shown in Appendix E.3.1, can be copied into the 

‘description’ field. The extended action description is generated from the action description 

of the SAFER method as described in Chapter 8 of the Master Thesis. With the description 

field of the VOiCe tool the manufacturer provides the opportunity to describe requests for 

improving existing equipment (or for new product designs). These requests correspond  to the 

actions as found by the analysis. The extended descriptions of the action provide more detail, 

thereby, increasing the comprehensibility for the engineers of the manufacturer. Third, the 

failure modes and causes that are related to this action can be described in the ‘reason/use 

case’ field. The failure modes, their related causes, and the severity and frequency of the 

failure mode or cause are the reason for the action to be developed. Therefore, this 

information needs to be described here. Fourth, the ‘priority’ field can be coupled to the 

hazard score of the analysis. Since the hazard score is determining the severity and frequency 

of the failure mode or cause, the score orders the causes (with related actions) on importance. 

This can be used to prioritize actions over one another. Finally, the other fields are rather 

trivial and general questions about the user’s site, which can be filled out by the organization 

that is submitting the request. 

Appendix F.3: Additional analysis of the application period 

An investigation of the time span in which the method should be applied is conducted in this 

section. To determine the periods in which the method should be applied it is important two 

answer the two following questions: 

1. What is the earliest period in which can be started with the application of the method? 

2. What is the latest period in which the method application should be completed? 

 

The first question is already answered in Chapter 6 by the conclusion of the database analysis. 

Recuperating from Chapter 6, the first two months after introduction of the new equipment 

are instable and it is not advisable to start analyzing during that period since learning to work 

with the equipment and workaround development will take place here.  

 The second question needs answering through further analysis which will be 

discussed in the following section. 

Appendix F.3.1: Analysis of latest period for application 

In this appendix the analysis for the latest period in which the application of the method is 

conducted. Since workarounds are processes with which members of the organization are 

getting familiar with, it is important to ask the question till what time it is likely to be able to 

identify workarounds using the method as developed in the Master Thesis.  

 It was found in Chapter 6 that radiation technologists are not recognizing 

workarounds as potential recovery behaviour when using the equipment for a longer period 

of time. Because in the method the radiation technologists are the main source of information, 

it is important to investigate till what period it is likely that the radiation technologists can 

come up with indications or descriptions of workarounds.  
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 In order to find out what time can pass by before the method application should be 

completed the following analysis is conducted. 

 

Method 

The PRISMA database was found to provide indications for workarounds by the reports that 

were entered. However, it was also found that the workarounds could not be described 

directly from these reports, so further investigation was found to be required. 

 Now that (almost) all workarounds are found, by using the developed method, it is 

investigated whether they can be connected to the reports. So, the reports entered in the 

database from unit 2 and 3 of all previously investigated periods are re-examined and, if 

possible, connected to one of the identified workarounds.  

 This scoring process was performed by the researcher and discussed with a radiation 

technologist. Consensus was reached about all relations between the reports and the 

workarounds. This resulted in a percentage of reports that were related to one of the identified 

workarounds per period (of two months). 

 Next, these results were entered in a Microsoft Excel spreadsheet and a graph was 

constructed. In addition to the results of the analysis for unit 2 and 3 a moving average was 

determined for both units. This moving average was calculated by using four points with 

forecasting as was used before in the project. These moving average lines were extrapolated 

by using a (linear) trend-line.  

 

Results and discussion 

The method described above resulted in the following figure as shown in Figure F.5. This 

figure represents the course of the percentage of reports in the database that are related to 

workarounds.  
 

 
Figure F.5: Percentage of reports related to workarounds over time extrapolated till zero 

 

As can be seen in the figure, the results of the analysis for unit 2 and 3 have a negative trend. 

In the introduction period, for both unit 2 and 3, 50 percent of the reports are related to an 

identified workaround. In later periods this percentage is found to be lower for both units. 

This results in downward trend-lines that reach zero percent in about 34 months after the 

introduction of the equipment for the first unit. For the unit that started later, the drop is 

steeper. This indicates that the second unit will take the workarounds from the other unit and 

apply them and do not recognize them as self designed recovery behaviour (i.e., learning 

effect).  

Assuming that the number of reports is a good indication for the awareness for 

workarounds this indicates that it is likely that after 34 months radiation technologists are not 
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able to indicate workarounds anymore. Therefore, it is advised that the application of the 

method is completed within these 34 months.  

A supplement to the findings of the negative trends and, thus, supporting this 

conclusion has been found during the interviews of the case-study itself. In Chapter 7, the 

average indications of workarounds per unit were shown in a table (see Table F.3). 

 
 Count N Average 

Unit 1 18 3 6.0 

Unit 2 22 5 4.4 

Unit 3 10 4 2.5 
Table F.3: Workaround indications provided by different units 

 

When comparing the averages with the introduction period of each unit to the new equipment 

it can be seen that the unit which started first (unit 3), has identified the least workaround 

indications. On the other hand, unit 1 which started with the new equipment two months 

before the investigation was started indicated on average six workarounds. This supports the 

findings of the previous analysis and is pleading for the conclusion which was drawn here. 

 Of course, there are some limitations to this study due to the method of scoring used 

in the analysis. In addition, the trend-lines are forecasts of the trend that is followed, but the 

reliability of these forecasts is limited by the small amount of available data. Therefore, it is 

advised to conduct future research on the conclusion of this analysis. However, for this 

project, the indication of the period is sufficient for providing an indication of the period in 

which the method should be applied at user’s sites. 
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