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Light quality vs nurse perception in medication and patient rooms 

of  Dutch hospitals 

Eindhoven University of Technology, E. Slotboom (student number 0919394) 

 

The daily preparation and dispensation of medication by nurses are susceptible to errors. Most errors are 

related to human error, including the working behaviours and the working environment. In the literature, 

the relationship between medication errors and lighting quality is scarcely mentioned. Lighting is attributed 

to approximately 1% of reported errors. However, 64.3% of the nurses do not attribute inadequate lighting 

to errors (1). Therefore, the aim of this study was to create an inventory of the current lighting condition in 

medication and patient rooms in hospitals and to evaluate the perception of nurses about this lighting 

condition related to preparing and dispensing medicines. Lighting measurements were performed in 

medication and patient rooms at two hospitals, and a survey was distributed among nurses to obtain their 

perception on lighting. Based on the obtained data, only one hospital’s medication room met the 

recommended values of the standard NEN-EN 12464-1 (2). In addition, none of the patient rooms met the 

requirements. However, nurses reported sufficient amount and colour of artificial light in all the included 

medication and patient rooms. They also did not consider lighting as a cause for medication errors. 

 

1. Introduction 

In the Netherlands, one of the daily activities of nurses include preparing and dispensing medication. When 

considering the efficiency and effectiveness of hospital staff, these activities are susceptible to medication 

errors. According to the National Coordinating Council for Medication Error Reporting and Prevention 

(NCCMERP), a medication error is defined as  

“A medication error is any preventable event that may cause or lead to inappropriate medication 

use or patient harm while the medication is in the control of the health care professional, patient, 

or consumer. Such events may be related to professional practice, health care products, procedures, 

and systems, including prescribing, order communication, product labeling [sic], packaging, and 

nomenclature, compounding, dispensing, distribution, administration, education, monitoring, and 

use” (3).  

 

This definition does not mention the relationship between medication errors and the built environment, 

and more specifically, the lighting quality. Moreover, studies on the relationship between the lighting quality 

and medication errors are scarce, as confirmed from the performed literature study (Appendix A). The aim 

of this study was to summarize the common causes of medication errors and the correlation with lighting 

in hospitals. The overview in Table 6 of the literature study 

(Appendix A) shows that most of the errors are related to human 

errors, including working behaviours and the working 

environment (the hospital in general; e.g. daylight entry and 

comfort). Specific mentioned causes were stress (4), lack of sleep 

(5,6), poor communication among nurses and between nurses 

and doctors (6,7). Other conclusions were that lighting is 

attributed to approximately 1% of all errors that are reported (8) 

and considered as a cause by only one study (9). This study dates 

from 1991 and investigated the relationship between lighting, in 

particular illuminance, and the amount of medication errors. 

Considering the perception of nurses about the influence of 

lighting on documentation errors, 64.3% of nurses (N = 84) did 

not find inadequate lighting responsible for these errors but 
Figure 1. Aspects that forms the visual performance. 
Adopted from (11). 

s143302
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48.2% (N = 83) found adequate lighting (somewhat) helpful (1). Taken together, lighting can be a cause of 

medication errors, but good lighting can also be an asset for preventing medication errors. 

 

Therefore, a study was initiated in the past (10) to investigate the lighting condition in medication rooms at 

Dutch hospitals. Furthermore, 32 nurses were interviewed to evaluate the perception of nurses about the 

lighting condition. This study found that nurses considered the lighting sufficient for preparing and 

dispensing medicines, even though the lighting did not meet the standard (NEN-EN 12464-1 (2)) in all 

cases. In this follow-up, patient rooms which are part of the process of distributing medication, are included 

to broaden the aforementioned study and also the number of nurses that filled in a survey is increased. 

Finally, several questions that zoomed in to possible causes of medication errors were added to the survey 

which were based on the aforementioned literature study. 

 

Based on the aforementioned study (10), the aim of this study was to create an inventory of the current 

lighting condition in medication and patient rooms and to evaluate the perception of nurses about lighting 

for preparing and dispensing medicines. The lighting was measured in medication and patient rooms at two 

Dutch hospitals and a survey was distributed about lighting and medication errors to nurses. 

 

1.1 Definition of the lighting condition 

For this study, lighting condition was defined as follows. The lighting condition (in other words, the lighting 

quality) depended on visual performance, visual comfort and room ambience and relevant parameters as 

shown in Figure 1 of (11). These relevant parameters were: illumination, luminance distribution, light 

directions, colour rendering, colour appearance, glare and flicker. For each of these aspects 

recommendations are given in the European light standard, namely the NEN-EN 12464-1 (2). All 

recommendations from the NEN-EN 12464-1 considered for this study are summarised in Table 1.  

 

2. Method 

2.1 Hospitals, departments and rooms 

For this study three hospitals were contacted and asked to participate. Of these, two agreed to cooperate in 

this study; the third declined due to the high workload for nurses. Both participating hospitals were situated 

in the Netherlands. The first hospital (hospital A) was built in 2013 and the second hospital (hospital B) was 

built in 2012. Hospital A was built according to the concept of healing environment (see for a definition 

(12)) with 400-500 beds and approximately 135,000 hospitalisation days per year. Hospital B has 450-550 

beds and approximately 100,000 hospitalisation days per year. The number of beds and hospitalisation days 

are taken from the annual reports of 2017. 

 

In hospital A, nurses of multiple patient wards participated in this study, namely: cardiology, surgery, 

maternity, neurology, pulmonology, oncology, orthopaedics and internal medicine. In hospital B, only 

nurses of the surgery ward were involved. In hospital A the layout of the medication rooms and 1-person 

patient rooms were identical throughout the hospital. By contrast, hospital B had rooms that differed per 

Table 1. Recommendations from the NEN-EN 12464-1:2011 for medication and patient rooms. Adopted from (2). 

NEN-EN  

12464-1:2011 

Reflectance Em 

[lx] 

Uo 

[-] 

UGRL 

[-] 

Ra 

[-] 

Tcp 

[K] 

Ez  | Uo 

[lx] | [-] 

Medication room 

(pharmacies) 

Ceiling : 0.7 – 0.9 

Walls : 0.5 – 0.8 

Floor : 0.2 – 0.4 

General lighting : 500 

Colour inspection (task) : 1000 

≥ 0.60 

≥ 0.70 

19 

19 

80 

90 

 

6000 ≤ Tcp 

 ≤ 6500 

 

Average vertical plan 

150 | ≥ 0,10 (1.6 m) 

Patient room 

(ward) 

General light (floor) : 100 

Reading light (task) : 300 

Simple examination (task) : 300 

Examination (task) : 1000 

Night light/observation : 5 

≥ 0.40 

≥ 0.70 

≥ 0.60 

≥ 0.70 

- 

19 

19 

19 

19 

- 

80 

80 

80 

80 

80 
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ward. Its surgery ward contained one medication room and one type of 1-person and 4-person rooms. 

Figures 2-4 show the floor plans of the rooms. 

 

2.2 Participants 
The desired population was nurses working at the patient wards. Approximately 32 nurses worked in the 

oncology ward of hospital A while 35 worked in the surgery ward of hospital B, divided over different shifts. 

All nurses of the wards were able to fill in the survey (singular random sample). In total, 41 nurses in hospital 

A and 20 nurses in hospital B filled in the survey (mostly during daytime); of these, 36 and 19 nurses, 

respectively, completed the survey. All the data, including that of uncompleted the surveys, were analysed. 

Table 2 summarizes the participant demographics. 

 

2.3 Lighting measurements 

To determine the lighting condition in the rooms, horizontal and vertical illuminance measurements (E) 

including the colouring rendering index (CRI/Ra), colour temperature (Tcp) and luminance measurements 

(L), were performed. Furthermore, the luminous reflectance of the surfaces was determined. Finally, 

luminance pictures were made with the software Photosphere (13) to calculate the unified glare rating 

(UGR). In Figure 2-4, the measurement points are indicated. Finally, the measurement data of the 

medication room in hospital A was taken from the aforementioned study (10). Although, the procedure, 

layout of the room and measurement data are described in the following paragraphs.  

 

2.3.1 Description of the measurement devices 

For the lighting measurements the following devices were used: a digital light meter (Konica Minolta CL-

500A) to measure the E, CRI/RA and Tcp on all the measurement points and a luminance meter (LS100 

Minolta) to measure the L on the surfaces. To extract the data from the digital light meter, corresponding 

excel templates were used. Furthermore, a reflectance standard was used in all rooms, except for the patient 

room in hospital A, to determine the luminous reflectance. To gain luminance pictures, a Canon camera 

with a fish-eye lens was used including a computer with the needed software. The software also calculated 

the UGR and DPI. 

 

Table 2. Overview of demographics of the participants. 

 Hospital A (n=41) Hospital B (n=20) 

Gender   

   Male 10% - 

   Female 90% 100% 

Education attainment   

   Secondary vocational education (MBO) 39% 40% 

   Higher professional education (HBO) 61% 60% 

Work experience   

     Years of work experience: mean (SD) 11 (11) 9 (10) 

Eyes   

   Wearing glasses or lenses 41% 50% 

   Eye check – n/a 41% 45% 

   Eye check – >1 year ago 15% 20% 

     

Wards Cardio Surgery Maternity Neuro Pulmo Onco Ortho Intern Surgery 

n 5 16 2 1 8 5 3 1 20 

Age          

   Mage [year] 33.8 32.4 38.5 24.0 36.6 36.8 27.3 35.0 31.0 

   SD [year] 15.0 8.7 14.9 - 15.8 13.6 6.5 - 10.4 
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2.3.2 Procedure 

For each hospital, one day was reserved to conduct the measurements. For hospital A, the lighting 

measurements were performed in the windowless medication room on December 23, 2013 (10) and a 

patient room on August 15, 2018 (14:30–16:00 and after sunset without daylight). During the measurements 

in the patient room, no patient was present and the room was clean. The sky could be described as an 

overcast sky with a horizontal illuminance of 26,990 lx (measured at approximately 16:05). The measurement 

was carried out, outside the building in a free field. 

 

In hospital B the lighting measurements in the medication and patient rooms were performed on December 

8, 2018 (1-person room: 12:30–13:00 and after sunset; 4-person room: 11:15–12:30 and after sunset). During 

the measurements in the 1-person room, a patient was present in quarantine so touching the possessions of 

the patient was not allowed. As a consequence, not all the measurements could be carried out because the 

patient’s belongings were everywhere. During the measurement in the 4-person rooms, one patient was 

present. In addition, the room was cluttered and needed a regular scheduled cleaning. During the 

measurement in the evening the room was empty and cleaned. Consequently, the measurement taken on 

the measurement point can differ between the measurement times. The sky could be described as cloudy 

and rainy and had a horizontal illuminance of 5968 lx (measured at approximately 13:15). 

 

2.3.3 Data validation 

Lighting simulations were made of all the medication and patient rooms with the software program Dialux 

4.1.3 (14). All measurement points were assessed. Several luminaires were not available in the databases of 

the manufacturers, and thus a similar luminaire from another manufacturer was chosen based on the 

photometric polar diagram and luminous flux. To validate these simulations a comparison is made between 

the results of the simulations and the measurements. 

 

2.4 Surveys 

2.4.1 Procedure 

The survey was distributed using the online platform SurveyMonkey (15). To invite the nurses, a letter with 

a hyperlink to the survey (Appendix B) was send to the contact person of the hospital (Appendix C includes 

the Dutch survey). The contact person forwarded the letter to all nurses. In addition, a reminder was sent  

 

 

Figure 2. Hospital A. Left: medication room (adopted from (10)) and right: 1-person patient room. 

Legend 
horizontal (h = 0.75 m) vertical (h=1.6 / bed/worktop +0.3m) 
horizontal (h = 0m / bed / worktop) luminance pictures 

N 
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after 6 weeks in hospital A and after 3 weeks in hospital B. The survey was accessible from November 14, 

2018 to December 29, 2018 in hospital A and from November 24, 2018 to December 29, 2018 in hospital 

B. In hospital A the included wards were not known beforehand; in hospital B, it was known (surgery). 

 

Figure 3. Hospital B. Medication room. 

  

 
 
 
Figure 4. Hospital B. Left: 4-person patient room and right: 1-person patient room. 

Legend 
        horizontal measurements 
        h = 0.75 m 
 
        horizontal measurements 
        h = 0 m / bed / worktop 
 
        vertical measurements 
        h = 1.6 m / bed/worktop  
        + 0.3 m 
 
        luminance pictures 

Legend 
horizontal (h = 0.75 m) vertical (h=1.6 / bed/worktop +0.3m) 
horizontal (h = 0m / bed / worktop) luminance pictures 

N 

N 
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2.4.2 Content of survey 

The survey was based on the survey of the previous study (10) and  contained single and multiple answer 

questions, multiple choice questions, Likert scaled items (5 or 10 points), matrix questions, dropdown 

questions and open-ended questions. The survey was developed to assess the perception of nurses about 

several topics: possible causes of medication errors, possible actions in order to reduce those errors, the 

relation between those errors and lighting and the lighting quality in the hospital in general and more specific 

in medication and patient rooms. These topics were divided into three sections. The first section asked 

about demographic information. The second section asked about possible medication errors that can occur 

when preparing and dispensing medicines. The third section focussed on the readability of medication 

packages, computer screens, drip medication preparations, patient rooms and the corridor. At last, several 

questions were asked about the (artificial) lighting in the ward in general and more specifically in the 

medication room, patient rooms, corridor and the information desk. 

 

In section two no relationship was made with a certain room. Nurses were asked to provide a top three of 

specified errors that are also mentioned in literature (4–7,16–19). To research the relationship between the 

perception of nurses about the lighting and the lighting quality, nurses were asked to provide possible 

organisation, technical and environmental measures. Furthermore, questions were asked about the state of 

drowsiness and alertness during the day and night.  

 

2.4.3 Statistical analyses 

The software program IBM SPSS statistics 23 was used to document the results of the survey and to conduct 

the statistical analyses. To import the data out of Surveymonkey to SPSS, excel was used to organise the 

data. 

 

The analysed questions (Appendix C) were question 21, 22, 28 – 31, 36 and 37. To research the normal 

distribution of the samples, a Shapiro-Wilk test was performed. Based on the results of this test all the 

variables, excluding the sleepiness/alertness (late turn) in hospital B, could not be considered as normal 

distributed. As a result the Mann-Whitney U Test (2-sided) was performed. The results of both tests are 

included in appendix C. The hypotheses were as follows (between the brackets [ ], the subject of the 

aforementioned questions need to be filled in): 

 

H0 : the distribution of the variable [e.g. alertness] is the same between both hospitals. 
H1 : the distribution of the variable [e.g. alertness] is not the same between both hospitals. 
 

3. Results 

Appendices D and E show all the results of the surveys and lighting measurements. The simulations that 

were made for validation are included in Appendix F. For the lighting measurements in the medication 

room of hospital A, the results of an earlier study were used (10). 

 

3.1 Medication errors: perception of causes and actions 

3.1.1 Causes of medication errors 

The results of the question “what could be the cause of a medication error during preparing and dispensing 

medicines in your opinion? Give a top 3” are shown in Figure 5. The most common responses (total of 

both hospitals) were fatigue (A: 44%; B: 50%), too little staff (A: 39%; B: 50%) and stress (A: 50%; B: 40%). 

Nurses in both hospitals reported that disturbances by calls or questions from colleagues or patients, in 

particular during the dispensing of medicines, caused medication errors. 
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3.1.2 Actions to prevent medication errors 

All nurses were asked to provide actions in order to reduce the number of or prevent medication errors. 

The focus was on measures in the organisation, technical actions and environmental actions. In every 

question a few pre-defined options and the option ‘other, namely’ were given. For organization actions, the 

highest responses were performing double checks (A: 63%; B: 40%) and decreasing disruptions from the 

patients (A: 47%; B: 75%). These results were supported by the given comments. Out of the three technical 

actions provided, the most responses were on the possibility of scanning medication (A: 77%; B: 40%) and 

having (more) computers (on wheels) available (A: 44%; B: 75%). One of the comments mentioned: 

improving the Wi-Fi in hospital B. Finally, several actions with a focus on the environment were given, 

including decreasing the noise (disturbance) of visitors (A: 47%; B: 65%) and patients (A: 33%; B: 60%). 

Specifically for hospital A, nurses named the size of the medication room (A: 44%; B: 15%). Neither the 

amount of light (A: 8%; B: 5%) nor the colour of light (A: 6%; B: 0%) were considered as a main action to 

reduce medication errors. One of the comments from hospital A was stated that “around 20:00 the main 

light is switched off, resulting in less visible drawers of the [computer on wheels] COW’s and Baxter 

sachets”. 

 

3.2 Reading of medication labels and alertness 

The results about the perception of alertness during different shifts and while preparing and dispensing 

medicines are shown in Figure 6. In Dutch hospitals, the day is split-up in three different shifts: nightshift 

(22:45–7:30), dayshift (7:00–15:30) and late turn (15:00–23:00). During the dayshift and late turn, most 

nurses reported an alertness of 8 or more (out of 10). However, during the nightshift, alertness was reported  

as lower even while handling medicines. In hospital A, 50% of the nurses indicated that their alertness was 

6 out of 10 (10 is always alert) or lower. In hospital B, 50% of the nurses indicated that their alertness was 

4 out of 10 (10 is always alert) or lower. Based on the statistical test, the difference in alertness between both 

hospitals was significant (p < 0.05) for the alertness during the nightshift. Taken together with the results 

of the survey (Figure 6) the alertness of the nurses at hospital B is less than of hospital A. 

 

Nurses were also asked if they had any difficulties reading text on medication labels or from a computer 

screen. In both hospitals, more than 90% of the nurses did not have issues reading labels (3 out of 10 and 

lower; 10 is always difficulties), except for checking infusion bags in the patient rooms. Several nurses of 

hospital A (8% gave a score > 6 out of 10) and of hospital B (11% gave a score of 6 out of 10) had difficulties 

with that specific task. 

 

 

 

Figure 5. Top three of causes of medication errors according to the perception 
of nurses. 

Figure 6. The self-rated perception of nurses about their alertness during 
the day and while preparing and dispensing medicines. 
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3.3 Perception and quality of the lighting 

3.3.1 Medication rooms 

In Table 3, the results of the lighting measurements and the given recommendations for a medication room, 

as described in section 1.1, are shown. These results show that the medication room in hospital B meet the 

described recommendation as given in section 1.1, although one of the four lamps was broken. However, 

the recommendations for colour inspection (tasks) were not met in both hospitals. The mean illuminance 

before the cabinets (on a height of 1.6 m) was for hospital A 438 lx and for hospital B 242 lx. Furthermore, 

the reflectance of the walls was for hospital A 87% and for B 80%; reflectance of the floor was for hospital 

A 59% and for B 31%. The reflectance of the ceiling in both rooms was not measured. In both rooms there 

was no entry of daylight. 

 
Table 3. Lighting measurements in the medication rooms. 

Room Emean;floor 

[lx] 

Emean;desk 

[lx] 

Uo;floor 

[-] 

UGRL 

[-] 

Ra 

[-] 

Tcp;mean 

[K] 
Definition (Table 1) - 500 (1000*) ≥ 0.60 19 80 (90*) - (6000-6500*) 

A – medication room  (10) 320 397 0.93 3.5 / 8.0 83.7 2823 

B – medication room 428 648 0.36** -0.16 / -2.72 84 2795 

* According to the described definition for ‘colour inspection (tasks)’. 

** One of the four lamps was broken during the measurements. The Uo determined with the second lowest value is 0.94. 

 

In both hospitals, 58% of the nurses found the daylight entry (light from that comes through windows in 

the façade) in the medication room far too little as shown in Figure 9-12; 14% of the nurses in hospital A 

and 32% in hospital B found it normal or good. Most nurses were satisfied (normal/good) with the amount 

of artificial light (A: 78%; B: 84%), colour of light (A: 64%; B: 84%) and the absence of flickering (A: 89%; 

B: 74%). However, they perceived the colour of the artificial light as too cold (A: 31%; B: 11%) rather than 

too warm (A: 3%; B: 0%). The statistical tests for the daylight entry, amount of artificial light, colour of the 

artificial light and absence of artificial light were not significant (Appendix D). This means that there is no 

difference between the distribution in answers between both hospitals. 

 

In both medication rooms no dimming function was available. If the function was available, 19% of the 

nurses in hospital A and 30% in hospital B would use it to reduce the amount of artificial light. Only a few 

nurses would use it to increase the amount of light (A: 8%; B: 10%). Finally, the nurses were asked to declare 

if they want more light in the total room, at the computer, on the worktop or at the cabinets. As shown in 

Figure 7, 10-20% of the nurses in hospital A wanted more light in the total room including all the specific 

  

Figure 8 - Where do nurses want to change the amount of artificial light in 
the patient rooms. 

Figure 7. Where nurses want to change the amount of artificial light in the 
medication room. 
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places. However, in hospital B, nurses only wanted more light at the cabinets. This was confirmed by two 

comments suggesting task lights are needed to be able to see in the back of the drawers. Nevertheless, the 

difference between both hospitals was not significant (p > 0.05). 

 

3.3.2 Patient rooms 

In hospital A, there were only 1-person rooms while the surgery ward of hospital B had 1- and 4-person 

rooms. All these rooms contain windows in the façade through which daylight enters. Figure 2-4 shows the 

layouts of the patient rooms. 

 

The results of the lighting measurements in hospital A showed that on the measurement day, taking into 

account the given definition in section 1.1, there was enough light on the floor (≥ 100 lx). However, for 

reading or simple examination tasks (like checking medicine labels), the recommended value of 300 lx (see 

section 1.1) was not reached in the room. In addition, at night and when the lamps above the bed were off, 

the illuminance level on the desk was 23 lx or even lower when the lamp at the desk was dimmed: 12 lx 

(half-light) and 2 lx (soft-light). The illuminance levels on the bed were Em;day 452 lx at daytime and Em;night 

104 lx after sunset, compared with Em;night2 2.4 lx when the lamps above the bed were off. The daylight glare 

(DGI) level in the patient room of hospital A was 21.78 when looking to the windows. In both patient 

rooms of hospital B, the results showed that the lighting conditions do not meet all the recommendations 

 

 

 

 

Figure 9. Perception of the nurses about the amount of daylight in 
medication and patient rooms. 

Figure 10. Perception of the nurses about the amount of artificial light in 
medication and patient rooms. 

Figure 11. Perception of nurses about the colour of artificial light in 
medication and patient rooms. 

Figure 12. Perception of nurses about the disturbance by flickering of 
artificial light in medication and patient rooms. 
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(see section 1.1). The illuminance on the floor was especially too low. However, during the measurements, 

the lamps above the beds were dimmed to a certain level. Without dimming, the illuminance levels would 

be higher. The glare level met the recommended value. Additionally, the DGI was 11.98 in the 1-person 

room and 10.36 in the 4-person room when looking to the windows. 

A dimming function was available for the lamp at the worktop of the patient room in hospital A and for 

the lamps above the beds in hospital B. When asked about the availability of dimming function, 56% of the 

nurses in hospital A and 26% of the nurses in hospital B reported the room had no dimming function. From 

the group of nurses that said that a dimming function is available, 39% in hospital A and 68% in hospital B 

use this function. Nurses use or want to use a dimming function to adjust for less light (A: 33%; B: 26%) or 

more light (A: 42%; B: 37%). Furthermore, the nurses were asked if they want more or less light at specific 

places in the room. In the patient rooms in hospital B, nurses want to have more light at the worktop as 

shown in Figure 8 (A: 20%; B: 37%). The comments of nurses in hospital A showed that especially more 

light is needed by wound care (it was not mentioned if this was needed during the day or night). 
 

The results of the questions in the survey about the lighting are shown in Figure 9-12. First, the nurses 

found the amount of daylight in the patient rooms normal/good in mainly hospital A (A: 72%; B: 42%). In 

hospital B, most of the nurses found the amount of daylight too little (A: 25%; B: 47%). To provide an 

impression of the windows in the patient rooms, pictures of the 1-person rooms are shown in Figure 13. 

The windows in hospital A were higher and broader than those in hospital B. One nurse of hospital B 

mentioned that the windows in the patient rooms are small so that artificial light is always needed. In 

advance, the statistical test of the amount of daylight in the patient rooms between was significant (p < 0.05) 

what means that there is a difference in the perception of nurses between both hospitals. 

 

Regarding the amount of artificial light in the patient rooms, most nurses in both hospitals found it 

normal/good (A: 69%; B: 68%). However, some of the nurses found it too dark (A: 22%; B: 21%) and or 

too light (A: 6%; B: 11%). Considering the colour of the artificial light and the disturbance by flickering, 

most of the nurses were satisfied. Several nurses mentioned that they are sometimes disturbed by flickering 

(A: 6%; B: 26%); based on the statistical test, this difference was significant (p < 0.05). 

Table 4. Result of the lighting measurements in the patient rooms. 

Room Emean;floor 

[lx] 

Emean;desk 

[lx] 

Uo;floor 

[-] 

UGRL 

[-] 

Ra 

[-] 

Tcp;mean 

[K] 
Definition (Table 1) 100 300 (1000*) ≥ 0.40 (≥ 0.70) 19 80 - 

A – 1-person room (day/night) 502 / 60 266 / 99 0.48 / 0.90 25.74/5.22 93 / 79 4808 / 2922 

B – 1-person room (day/night) 105 / 61 100 / 84 0.62 / 0.72 13.26/-9.64 88 / 67 3712 / 2594 

B – 4-person room (day/night) 86 / 47 17 / 1032* 0.21 / 0.23 10.87 / 11.55 87 / 85 3729 / 3718 

* During the measurement, the lamp above the desk was off and during the night it was on. 

. 

Figure 13. Pictures of the 1-person room in hospital A (left) and in hospital B (right). 
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Finally, almost 30% of the nurses in hospital A and 58% in hospital B indicated that they used a torch 

sometimes or more often (5–10 out of 10). A torch is used for reading text on medication packaging (A: 

16.7%; B: 42.1%), dispensing medication to a patient (A: 11.1%; B: 47.4%), preparing infusion bags (A: 

36.1%; B: 47.4%), controlling infusion bags (A: 36.1%; B: 68.4%) and checking the patient (A: 41.7%; B: 

63.2%). 

 

3.4 Validation of the lighting measurements 

In Table 5 the results of the measurements (me) and simulations (si) are shown. The results shows that the 

deviation between the measurements and simulations is -13% to +535% depending on the place and room. 

Nevertheless, the differences between the measurements and simulations for the medication room in 

hospital B and the values for the desk in the 1-person room in hospital B are rather small. 

 
Table 5. Measurement results (me) and simulation results (si) of all the rooms*. Between the ‘(..)’ the deviation in percentage is given. 

 Hospital A Hospital B 

 Medication 1-person Medication 1-person 4-person 

Efloor;day [lx] me|si 320 | 453 (42%) 502 | 587 (17%) 428 |371 (-13%) 105 | 175 (67%) 86 | 107 (24%) 

Efloor;night [lx] me|si - 60 | 262 (337%) - 61 | 110 (80%) 47 | 80 (70%) 

Edesk;day [lx] me|si 397 | 490 (23%) 266 | 791 (197%) 648 | 567 (-12%) 100 | 112 (12%) 17 | 40 (135%) 

Edesk;night [lx] me|si - 99 | 629 (535%) - 84 | 81 (-4%) 2 | 30** (14%) 

* Between the ‘(…)’ the deviation in percentage is given. 

** In the simulation the lamp above the worktop was assumed to be off 

 

4 Discussion 

This study investigated the lighting condition in medication and patient rooms at two hospitals in the 

Netherlands (hospital A and hospital B) and evaluated the experiences of nurses about lighting and 

medication errors. The lighting condition was defined using the recommendations of the NEN-EN 12464-

1 (2). Considering the results, the lighting did not meet the recommended values in most situations but in 

the perception of the nurses the lighting was considered as sufficient. 

 

First, the medication room in hospital B only, met the recommended values although the lamp in the corner 

(where the cabinets are situated) was broken. Additionally, the (mean) illuminance before the cabinets in the 

medication room in hospital B will be higher in normal conditions than measured. Furthermore, the 

measurements that were conducted on ground level were not taken into account because the handlings with 

medicines take place on mainly the worktops and before the cabinets. There are also no requirements given 

in the standard NEN 12464-1 (2). Nevertheless, the recommendations for colour inspections in a pharmacy 

(1000 lx and Ra 90) were not reached in both hospitals. Although, the question is whether or not, colour 

inspections take place in medication rooms. A definition of Colour inspection is not given in the NEN 

12464-1 (2). 

 

Second, based on the results, the lighting in the patient rooms did not fulfil the recommended values. 

Moreover, the UGRL was in accordance with the requirements in the 1-person room of hospital A (UGRL, 

5.22). However, the measure DGI in the 1-peron room at hospital A can be considered as high compared 

to the measured DGI’s in the patient rooms of hospital B. However, accounting for the sky illuminance 

during the measurements of 26.990 lx in hospital A and in hospital B 5968 lx, the values were assumed to 

be higher in hospital B on a lighter day. Moreover, the lamps above the bed could only be dimmed in the 

patient rooms of hospital B. These lamps were dimmed during the measurement which resulted in lower 

illuminances on the floor and desk. Finally, a patient was present and the patient rooms were cluttered 

during the daytime measurements in hospital B. As a consequence, not all the measurements could be carried 

out in both patient rooms and the accuracy was lower. In addition to the recommended values of the NEN-
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EN 12464-1 (2), The Centre for Health Design (CHD) has designed elements for patient rooms. The CHD 

is a community of architects, interior designers, healthcare executives, healthcare professionals, researchers, 

product manufacturers, educators and students that want to create a healthier environments for patients 

and staff (20). Based on the measurements that were carried out, not all of these design elements could be 

checked. Two of the design elements assessed were lighting enabling caregivers to check on the patient and 

equipment during the night without disturbing the patient and the availability of task lighting to prepare and 

administer medication. A small task light was not present in both hospitals at the position of the patient, 

resulting in the disturbance of patients because the lights above the bed need to be used. Instead, a lamp 

above the bed would need to be used during the night (which cannot be dimmed in hospital A). Task lighting 

for preparing and administer of medication was available in the patient rooms in both hospitals in the form 

of a luminaire at the desk. 

 

Comparing the measurement data and the data of the simulation, the Dialux models can be validated. 

However, the differences between the results of the simulation and the measurement results varied from 

−13% to +535%. Only the results for the medication of hospital B are comparable with a difference of 

approximately −12%. The reason for the found differences is assumed to be the assumptions that were 

made for the simulations. For several luminaires in the patient rooms (LEDs and lamps above the beds), a 

similar luminaire from another manufacture was chosen based on the photometric polar diagram and 

luminous flux. The found deviation of +535% is also considered to be due to selecting a wrong type of 

luminaire and needs to be reconsidered. Taken together, the simulations need to be adjusted to match the 

measured situations before the Dialux models can be used for studies to possible interventions. 

 

Third, the experiences of nurses about the lighting was assessed using a survey. The found differences for 

the artificial lighting in the medication rooms (amount, colour and absence of flickering) between both 

hospitals was statistically not significant. This result implies that (with a certainty of 95%) the nurses in both 

hospitals are equally satisfied with the artificial light due to the fact that most of them found it normal/good. 

Nevertheless, 10-20% of the nurses in hospital A wanted more light in the medication room in particular at 

the desk (Em;desk 397 lx) and at the cabinets (Em;cabinets 438 lx), and 32% of the nurses in hospital B wanted 

to have more light at the cabinets (Em;cabinets 242 lx). In support of this result, two nurses of hospital B 

mentioned that they wanted to have more light in the back of the drawers of the cabinets. Taken into 

account that the lighting condition in the medication room of hospital B was better than in hospital A, 

someone could suggest that the nurses in hospital A want to have more light. This conclusion was also 

drawn in the aforementioned study (10). This led to the following questions: are nurses aware of the lighting 

condition? are nurses unaware of the consequences of poor lighting conditions? are the standard 

requirements too high since the nurses do not seem to have any problem? 

The artificial light in the patient rooms (amount and colour) was not statistically different between both 

hospitals. The perception of the nurses about flickering of the artificial light was significant and differs 

between both hospitals. Based on the statistical outcomes, the nurses in both hospitals were equally satisfied 

with the artificial lighting, even though 22% of the nurses in hospital A and 21% nurses in hospital B found 

it too dark while 9% of those in hospital A and 11% in hospital B that found it too light. Two interesting 

comments were that for wound care extra (task) light is needed and that in one of the wards in hospital A, 

a movable lamp was bought. Moreover, in hospital A at approximately 20:00, the main light is switched off, 

resulting in less visible drawers of the computer on wheels and Baxter sachets. The amount of daylight 

entering was statistically different between both hospitals. This implied that there is a difference between 

the experience of the daylight entering in the patient rooms. The results showed that the daylight entry was 

normal/good for 72% of the nurses in hospital A and 42% of hospital B. In hospital B, the amount of 

daylight was found too little for a significant portion of the nurses (A: 25%; B: 47%). Based on the fact that 

the windows in hospital B were smaller, this seemed to correlate. Finally, 30% of the nurses in hospital A 
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and 58% of the nurses in hospital B sometimes used a torch to read text on medication packages but mostly 

for checking the patient. 

 

In addition to the lighting condition and the experiences of nurses about the lighting condition, some 

questions were asked about causes and measures of medication errors. Based on the literature, there seems 

to be a link between the lighting conditions and medication errors (9,21). However, most nurses found that 

the causes of medication errors were fatigue, too little staff and stress (as mentioned in the given comments 

by nurses, stress means time pressure). Inadequate lighting was reported as a cause by only one nurse of 

hospital A. To prevent medication errors, most nurses mentioned decreasing disruptions by patients and 

others and having more computer on wheels (primarily hospital B). Other given measures were the size of 

the medication room (hospital A) and the improvement of the Wi-Fi (hospital B). Finally, the perception of 

the alertness and the possible difficulties in reading text on medication labels or from a computer screen 

was questioned. Nurses reported less alertness only at the night. Regarding the reading of text, several nurses 

indicated that they sometimes have difficulties with checking infusion bags in the patient rooms. 

Considering that there is no task lighting at the patients bed available and a non-conformity of the lighting 

condition is found, these difficulties are as expected. Thereby, lighting seems not to get the attention it need. 

Finally, in the comments given by nurses is mentioned that there is sometimes a conflict between the 

required lighting condition and the condition that is needed. The given reason is that nurses do not want to 

disturb the patients. 

 

This study has some limitations. First, the lighting measurement was performed once but in the patient 

rooms that have daylight entry, the amount of light fluctuates by day. Moreover, as previously mentioned, 

one of the lamps in the medication room of hospital B was broken. Therefore, the results would be different 

if all the lamps had been working. Second, the surveys were filled in by some nurses but not all nurses of 

each ward (particularly wards of hospital A). Furthermore, the survey was filled in on a certain day and time. 

The given answer could be a reflection of the perception of that day and not as a mean of a certain 

timeframe, such as over a month. 

 

5 Conclusion 

Based on the discussion, the following conclusions can be drawn. First, the medication room of hospital A 

did not met the requirements (based on the recommendations of the NEN-EN 12464-1 (2)) while the 

medication room in hospital B did. In addition, none of the patient rooms met the requirements. Second, 

nurses perceive the amount and colour of the artificial light in both the medication and patient rooms to be 

sufficient. However, for reading labels on medicines and in particular checking the infusion bags in patient 

rooms, torches are sometimes used because no task lighting is present near the patient, only on the desk. 

The daylight entry in the patient rooms was different on the moment they were performed but were also, 

in the perception of nurses, considered too low in hospital B by the nurses. Third, the primary causes of 

medication errors, as mentioned by nurses, are fatigue (A: 44%; B: 50%), too little staff (A: 39%; B: 50%) 

and stress (time pressure) (A: 50%; B: 40%). To prevent medication errors, nurses suggested decreasing 

disruptions by patients (A: 47%; B: 75%) and others and increasing the number of computers on wheels (A: 

44%; B: 75%). 

 

In conclusion, the lighting condition in medication and patient room differed by hospital but primarily did 

not meet the recommendations of the standard NEN-EN 12464-1 (2). Nevertheless, the artificial lighting 

was considered sufficient by the nurses except for the daylight entry. Finally, the lighting condition was not 

seen as a cause for medication errors.  

 

Considering the conclusions, it is recommended to broaden the study and perform measurements and 

spread surveys in more, and when possible, different hospitals in order to generalize the conclusion to all 
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Dutch hospitals; different in the terms of older building because now relative new buildings were involved. 

Finally, the corridor needs to be included in such study because during this study it became clear that a lot 

of activities with medicines took place in the corridor. 
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Appendix A – Literature study  



Causes of  medication errors and lighting in hospitals: a possible 

relation 

Eindhoven University of Technology, E. Slotboom (student number 0919394) 

 

A medication error is a preventable event that can harm patients. Medication errors can have many different 

causes. The aim of this study is to produce an overview of common causes of medication errors and to 

study the correlation between lighting and medication errors. Main causes are mostly related to humans and 

more explicitly, to working conditions, mental health and the way of working. Lighting in hospitals as a 

cause is found responsible for a small amount of medication errors although, it can be helpful to reduce 

the amount of errors. A higher illumination can for example prevent misreading from labels or handwritten 

names. Nevertheless, only one study verified that there is a relation.  

 

1. Introduction 
 
One of the concerns in hospitals are the medication errors occurring during the process of preparing and 

dispensing (1–4). In this area, many studies are indicating a variety of possible causes. The National 

Coordinating Council for Medication Error Reporting and Prevention (NCCMERP) defines a medication 

error as: “ A medication error is any preventable event that may cause or lead to inappropriate medication 

use or patient harm while the medication is in the control of the health care professional, patient, or 

consumer. Such events may be related to professional practice, health care products, procedures, and 

systems, including prescribing, order communication, product labeling, packaging, and nomenclature, 

compounding, dispensing, distribution, administration, education, monitoring, and use” (5). 

 

Considering this definition, the relation between medication errors and the built environment is not 

mentioned. One of the aspects of the built environment is the quality of the lighting. In addition, research 

on the relation between lighting and medication errors is scarce and lighting is mostly only mentioned as a 

possible cause (6,7). The aim of this study is to produce an overview of common causes of medication 

errors and to study the correlation with lighting in hospitals. 

 

2. Method 
 
For this literature review, a search among four databases is done in March and April of 2018: ScienceDirect, 

Web of Science of which the last are more specific databases related to the subject Pubmed and PsycINFO 

named. To structure the research process, search terms were determined using the method Problem 

Intervention Context (PIV) (8) as included in table 1. Considering the PIV, ten search combinations were 

used to structure the searching process. The search process included articles and excluded books. To keep 

an overview of all documents the software program Mendeley was used (9). 

 

The first step was to scan the title and abstract of every hit in order to get articles that possibly fit with the 

aim of the study. After that, the articles that were left were studied in more detail and, when in accordance 

with the aim of the study, marked as eligible hit. Furthermore, all the information about the properties of 

the articles, the objective, study design and result/conclusion that fits this literature review were organised 

in one table. Results of the study characteristics, room characteristics, used methods, causes of medication 

errors and lighting and medication errors are included in this article. 

 

 



Table 1: Problem Intervention Context description (1) 

Problem 
“errors by preparing and 
dispensing medicines” 

 Intervention 
“lighting” 

 Context 
“nurses in hospitals and 
medication rooms” 

medication errors & light & nurse 
 task light medication room 
    physical environment 

dispensing medicine & light & medication room 
error     

  light & medication room 

medication errors & light   

 

3. Results 
 
In total four different databases and ten search combinations were used. Hits and eligible hits per database 

are included in table 2. In total, 29 eligible hits are included in the literature study.  

 
Table 2: Hits and eligible unique hits related to the used databases 

 

3.1 Study characteristics 
About medication errors a lot of papers are written, however, the subject of these studies varies resulting 

in relatively few eligible hits. 86% of the eligible hits are dated from 2003 or later, centred on the year 2009 

and ranging from 1995 to 2017. Furthermore, studies are found all over the world in the countries: United 

States (4,10–21), Spain (1–3), Australia (22,23), United Kingdom (24–26), Canada (7,27), Germany (28,29), 

Colombia (30), India (31), Malaysia (32) and South Africa (33). 

 
3.2 Room characteristics 
The medication process of dispensing medicines can take place in almost every room of a hospital. 

However, most studies did not have the focus on a specific room or did not mention it in the article (1–

4,10,12,17,18,20,24–33). Type of rooms that are taken into account are the department of medical units 

(15,22,23), (general) surgery (11,14,23), acute care (pediatric) units (13,15), specialty units (11,16), 

intermediate/intensive care (29), medication room (7), meeting room (11), nursing unit (7), operation room 

(19), palliative care facility (23), patients care units (15), patient room (13), postanastesia care unit (21) and 

recovery room (19). 

 

In accordance with the room characteristics, one study has results about the location and size of the 

medication room. The location was for approximately 55% of the nurses (somewhat) helpful and the size 

for approximately 38%. Related to lighting, approximately 48% found it (somewhat) helpful in the nursing 

unit. Meaning that, taking into account that the study was about nurse’s perception, the result indicate that 

there could be a relation between medication errors and lighting (7). 

 

3.3 Methods 
Table 3 shows the used methods related to the eligible studies. In addition, literature studies are done by 11 

out of 29 studies.  

Database Hits Eligible hits 

ScienceDirect 2005 22 

Web of Science 70 5 

Puhmed 138 1 

PsycINFO 11 1 

Total: 2213 29 



Table 3: Used method(s) related to study 

measurements observations interviews questionnaires 
(13,22) (1–3,11,13,16,19,21,22,28,29,31,32) (24,32) (7,14,15,23,24,29,32) 

 
Measurements used by studies, include patient recordings (22), patient movements summaries (22), 

unanticipated delays (22), measurements of physiological responses (13), caffeine intake (13) and light 

measurements (13). In more detail, light measurements include the horizontal illumination level on work 

surface (eye level) depending on whether the participant was sitting or standing and measured every five 

minutes (13). 

 

Observations are used by a lot of studies. A significant part of these studies investigate the number of 

medication errors made (1–3,16,19,21,28,29,31). In addition, the relation between the amount of 

medication errors and the different stages of the medication process is investigated by different studies. 

The results are shown in table 4. The medication process can be separated into the stages prescription 

errors, transcription/validation, dispensing/preparation and administration (2–4,21). Furthermore, one 

study used a computer to observe if a pharmacist could identify the presented name of the typewritten drug 

names (11). Another study applied a site visit as a familiarization exercise to observe the overall environment 

of the hospital (32). 

 
Table 4: Percentage of medication errors related to the different stages 

 prescription transcription/validation dispensing/preparation administration 

(2) 16% 27% 48% 9% 
(3) 45% 34% 16% 4% 
(21) 28% 12% 7% 50% 

 

One study held interviews to gain detailed information about working tasks over a period of 24-hours, 

including information about the type of task, place where it was conducted and the type of lighting which 

was used (32). 

 

Questionnaires are used by a lot of studies and applied with different goals. Table 5 includes for every study 

that used questionnaires the relation between the used type of question and its goal. In more detail, the 

study of Deans (2005) applied a self-assessment based on the NCCMERP taxonomy of medication errors 

(23). Considering the structure of the questionnaires, most of them were separated into sections that 

enhance the purpose of the study and a section for demographic information (7,14,15,24).  

 
Table 5: Relation between type of question and the goal 

study type of question goal of question 

(7) Scaled 

Scale 1 to 5 from “problematic” to “helpful”. 

 

 

Items ranked from “not at all important” to “very 

important” on a scale of 1 to 4. 

 

Bivariate categorical items & Open-ended responses 

 

Gain the characteristics of the physical environment 

that were helpful or not to the work performance. 

 

Gain the organizational and physical environmental 

causes leading to errors. 

 

Gain the relation between the characteristics of the 

medication room and the nurses role in medication 

dispensation and suchlike. 

(14) Scaled 

Scale 0 to 10 from “not a contributor” to “complete 

contribution/definite cause”. 

 

The near-miss experience of medication errors to 

nurses related to their perception of these misses. 

Different categories beneath a causal factor must be 

ranked. 

 

 



(15) Scaled 

A category response scale ranging from 0-9% to 90-

99%.  

 

Answer on 1 to 5 scale with 5 as highest agreement. 

 

 

 

Remaining 

Items assessing reasons of medication errors. 

 

To estimate the percent of medication errors that 

occur on the unit of the participant. 

 

Check the level of agreement from nurses with 

management-related and potential reasons of 

medication errors that were not reported on their 

unit. 

 

Gain the reason of medication errors. 

(23) Scaled 

Likert-type scale from “strongly agree” to “strongly 

disagree”. 

 

Self-report 

Type of question is not mentioned. 

 

Identify the impact of drug administration upon their 

level of satisfaction, autonomy and confidence. 

 

To gain a report of the medication errors in the past. 

(24) Scaled 

Scale 1 to 5 from “least important” to “very 

important”  

 

 

Open-ended 

 

Participants need to rate their perception about 

different items like for example the architectural 

design of the space. 

 

Added to give the participants the possibility to 

communicate their ideas how the physical 

environment could be improved. 

(29) True-false 

 

To test the theoretical knowledge of nurses with the 

causes of predefined types of medication handling 

errors. 

(32) Scaled 

Scale 1 to 3 or 1 to 50 from “dark” to “clear/agree”. 

Several questions about nurses’ performance.  

For example: “bed making for patients in their rooms with 

natural lighting is done with ease”. 

 

At last, almost half of the eligible studies include a literature study. The literature reviews are done using 

the databases CINAHL, DTIC.mil, EHBSCO, Google, Google Scholar, Jstor, LANCET, MEDLINE, 

ProQuest Dissertations & Theses, PsycINFO, Science Direct, Scopus and Transportation Research Board. 

In total 50 keyword were used in these reviews, including terms as daylight, evidence-based design, health 

care error, hospital design, illumination, lighting, medical error, medication, single room, stress and visibility 

(18,27,33). 

 

3.4 Causes of medication errors 
One study that observed 154 nurses using a medication error questionnaire which was specially developed 

and based upon the NCCMERP. The NCCMERP split the medication errors into written, human, 

contributing and environmental causes (23). This grouping is used, except for the written causes which 

are placed under human factors, to list the found causes of medication errors in all the eligible studies. As 

shown in table 6 the factors that can possible cause medication errors are comprehensive (note: the list is 

not all-encompassing). Furthermore, the perceptions of nurses about possible causes and possible factors 

that can influence the working process are also included in table 6. The results show that most errors are 

related to humans (23) and moreover, to the working conditions, mental health and the way of working.  

 

Zooming into the environment, lighting is in some studies considered as possible cause for medication 

errors due to for example misreading (20). Paragraph 3.5 zooms in on this cause and the found relation 

between these two. 

 

 



Table 6: Problems or perceptions that (can possible) causes medication and dispensing errors. Causes/perceptions mentioned in literatures studies are 
underlined.  

human factors environment 

age (32) availability of daylight (13,16,19,24,25,32) | (20) 
communication between 
teams/nurses 

(14,23) comfort (overall) (7,18,24,25,32)| (12,20,27,30) 

distractions and interruptions (14,15,23) | 
(10,26,30) 

(poor) lighting (2,7,13,14,17,18,23,24,32) | 
(18,20,25,27,30) 

handwriting (11,23,31) task lighting (18)| (25,30) 
infrequent work breaks (2)   
insufficient sleep (2) | (23)   
lack of attention (2)   
mental health (33)   

misreading (3,17,23) | 
(30) 

hospital / management / organisation 

not double-checking doses (15) inadequate equipment (2) 
relationship with supervision (2) irregular hours and shift work 

poses / shift rotating 
(19) | (12,33) 

staff dissatisfaction (2) | (25) long shifts (33) 
stress (12) night shifts (33) 
uses of abbreviations (23) poorly designed nursing station (7) 
volume of medications administered (15) workload (22,23) | (12,26,30,33) 

 

3.5 Lighting and medication errors 
It is suggested that a lack of understanding about the relation between lighting and medication errors can 

contribute to medication errors (18) which is also suggested by several other studies (see table 6). Poor 

lighting is also identified in reviewed databases from the United States Pharmacopeial Convention 

MEDMARX as a contributing factor in approximately 1% of all errors reported (18). 

 

Sufficient illumination is required to perform visual tasks. One study that investigated the relation between 

illumination levels and medication-dispensing error rates, is mentioned in several eligible studies (20,24,30), 

and dates from 1991 (6). The conclusion of this study is that a high illumination level of 1500 lx results in 

less medication errors (2,6% dispensing errors with 1500 lx and 3,8% at 450 lx). Another study found that 

appropriate lighting results in a lower error rate because it prevents misreading from labels or handwritten 

names (11,23). In addition, adjustable task lighting can also reduce dispensing errors (25). Taken into 

account the perception of nurses about lighting, study showed that adequate illumination (both artificial 

and daylight) is considered important by 55,6% of healthcare providers (24). In more detail, the lighting in 

a nursing unit is considered as somewhat helpful to helpful for 48,2% of the nurses. However, 64,3% did 

not hold the lighting responsible for documentation errors. Even 44% indicates that inadequate lighting is 

not very important (7). An example of lighting that does not meet the recommendations and standards for 

lighting quality in hospitals, is the use of pen lights (18). 

Considering daylight, the availability of daylight influences the visual performance of nurses during a year. 

One study shows that most errors, in total 58% of the medication errors, occur during the first quarter of 

the year (16). The availability of daylight is also considered as important by 57,2% of the healthcare 

providers (24).  

 

Beside the direct effect, poor lighting can also cause eyestrain and irritation which can result in a breakdown 

of vision (18). It is indicated that nurses need to be aware of the relation between lighting and vision. The 

eye for example, needs time to adapt when a nurse goes from a very light to a very dark area (18).  

 

4. Discussion and conclusion 
 

This literature review produced an overview of common causes of medication errors and studied the 

relation with lighting in hospitals. In total, 29 studies were in accordance with the aim of the study.  

 



Considering the results, there are several discussion points. First, the used search combination gave a huge 

amount of hits in ScienceDirect due to the overlay between the first (“medication errors”, “light” and 

“medication room”) and last (“medication errors” and “light”) search combination. However, because the 

last search combination gave interesting hits too, it was also included in this study. Furthermore, due to the 

amount of initial hits, it is possible that some hits aren’t recognised and assigned as valuable. Third, as used 

by eligible studies, keywords like illumination and single room could also be included in this study. However, 

this are new insights and therefore not taken into account. Zooming in on the used methods, results show 

that almost 40% of the eligible studies is based on a literature study and not on measurements, observations, 

interviews or questionnaires which can be defined as remarkable. Although the studies were mainly related 

to other subjects, these studies also contained valuable information and are therefore included. At last, 

results show that the amount of studies done to the relation between medication errors and the lighting 

situation in hospitals – in particular medication rooms – is limited. Therefore, the focus was also on to 

causes of medication errors in general. 

 

In conclusion, the literature review resulted in 29 articles that include information about the causes of 

medication errors and lighting in hospitals. These articles are dated from 2003 and later and came from 

countries all over the whole world. As already mentioned, conclusions can only be drafted for hospitals in 

general and not for specific rooms. Furthermore, a lot of studies are based on a literature study and not on 

measurements, observations, interviews and questionnaires. The method observations was mainly used to 

investigate the number of errors made.  

 

The produced overview of common causes of medication errors shows that most of the errors are related 

to humans, the working behaviour and working environment (the hospital in general). Causes that are 

mentioned are stress, lack of sleep, poor communication between nurses and nurses and doctors. Lighting 

is held responsible for approximately 1% of all errors that are reported (18) and considered as a cause by 

only one study (6). This study dates from 1991 and investigated the relation between lighting, in particular 

the illuminance, and the amount of medication errors. Considering the perception of nurses about the 

influence of lighting on documentation errors, inadequate lighting is not held responsible by 64.3% of the 

nurses (7) but only as (somewhat) helpful by 48.2 %. So, lighting can be a cause of medication errors, but 

good lighting can also prevent for medication errors. 

 

Based on the results, the conclusion is that there is a relation between light and medication errors. However, 

other causes seem to be more responsible for medication errors. 
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 title author(s) objective / aim study design results & conclusions 

(1) New technologies applied to the medication-
dispensing process, error analysis and 
contributing factors 
 
Year of publication: 2010 
Database: ScienceDirect 
Country: Spain 

A.M. Álvarez Díaz, E. Delgado 
Silveira, C. Pérez Menéndez-
Conde, R. Pintor Recuenco, E. 
Gómez de Salazar López de 
Silanes, J. Serna Pérez, T. 
Mendoza Jiménez and T. 
Bermejo Vicedo 

Calculate error prevalence occurred in 
different medication-dispensing systems, 
the stages of occurrence, and contributing 
factors. 

Room(s) 
Not mentioned. 
 
Observations 
A prospective observational study was performed which involved checking all the phases of 
medication dispensing in the different systems established in the hospital. Data collection was 
performed by one single pharmacist. 

Duration 
6 months 
 
Participants / samples 
555 samples were checked 
 
Results & Conclusions 
The found errors were 2181 of 54169 opportunities. The most common errors being the 
preparation of the order. Without computerized physician entry order: Excess medication 
1,13%; Different quantity 0,86%; Omission 0,69%; different dose 0,31%; different 
pharmaceutical type 0,12%; wrong medication 0,09%. 

(2) Incident study of medication errors in drug use 
processes: prescription, transcription, validation, 
preparation, dispensing, and administering in the 
hospital environment 
 
Year of publication: 2009 
Database: ScienceDirect 
Country: Spain 

L. Pastó-Cardona, C. Masuet-
Aumatell, B. Bara-Oliván, I. 
Castro-Cels, A. Clopés-Estela, 
F. Pàez-Vives, J.A. 
Schönenberger-Arnaiz, M.Q. 
Gorgas-Torner and C. Codina-
Jané 

To determine both the global incident, and 
the incident for stages of medication errors 
in 6 Catalonian hospitals, the types of 
error, and the consequences. 

Room(s) 
Not mentioned. 
 
Observations 
This is an observational cohort study, with prospective design that includes follow-up, whose 
principal variable is medication error. Errors of prescription, transcription, validation, pharmacy 
preparation/dispensing, and nursing preparation/administration have been considered partial or 
process variables. Other secondary variables are: number of patients reached by an error, type of 
error, consequences for the patient, and severity. Circumstances or incidents capable of causing 
error have not been included. 

Duration 
1-9 months depending on the hospital. 
 
Participants / samples 
6 hospitals, 2030 patients with an average age of 65 years. Total medication units 131378 
corresponded to 64527 medications. 
 
Results & Conclusions 
All the hospitals had a unit dose drug dispensing (UDDD) system and a medication preparation 
unit. 
0,98 errors per patient were found; 16% in prescription; 27% in transcription/validation; 48% in 
dispensing; 9% in administration. 
 
A relation has been drawn between mistakes in dispensing and a series of causes, such as, staff 
dissatisfaction, little relationship with supervision, infrequent work breaks, lack of attention, 
poor lighting, inadequate equipment and insufficient sleep. 

(3) Analysis of the Errors Associated With the 
Prescription, Preparation, and Administration of 
Cytostatic Drugs 
 
Year of publication: 2008 
Database: ScienceDirect 
Country: Spain 

J. León Villar, A. Aranda 
García, M. Tobaruela Soto and 
M.D. Iranzo Fernández 

To analyses errors relating to the process 
of prescription, validation, preparation, 
dispensing, and administration of cytostatic 
drugs, set out in the risk management 
program regarding cytostatic drugs at our 
hospital. 

Room(s) 
Not mentioned. 
 
Observations 
Prospective, descriptive and cross-sectional study, of 3-year duration on the total number of 
errors reported in the chemotherapy risk management programme. 

Duration 
01-2003 until 12-2005 (36 months). 
 
Participants / Samples 
12966 cytostatic mixtures per annum during the study period. 
 
Results & Conclusions 
Found Errors: 
Prescription      121 (45,14%)  
Validation          90 (33,58%) 
Preparation       44 (16,41%) 
Administration  11 (4,10%) 
Others                 2 (0,74%) 
 
Conclusion: The assessment of care practices and the critical, constructive analysis of the errors 
detected therein can be used as a tool that will enable the continuous improvement of 
procedures and the increased clinical safety of the patients. The collaboration of all the 
personnel involved in the circuits with known and shared objectives can enable a more exact 
dimension to be obtained of our current care situation in aspects for the clinical safety of 
patients. 

(4) The role of perception in Medication Errors : 
Implications for Non-Technological Interventions 
 
Year of publication: 2004 
Database: ScienceDirect 
Country: USA 

N. Taneja and D.A. Wiegmann The purpose of this report is to understand 
the perceptual mechanisms underlying 
medication errors and base interventions 
on sound knowledge of information 
processing characteristics. 

Room(s) 
Not mentioned. 
 
Study design 
There is no study design. 

Duration & Participants / Samples 
Not mentioned. 
 
Results & conclusions 
- Other suggested measures include the use of magnifying lens or copyholders by dispensers 
under all levels of lighting conditions [29] 
- A medication error has been defined as “any preventable event that may cause or lead to 
inappropriate medication use or patient harm while the medication is in the control of the 
healthcare professional, patient or consumer”[1] 
- Errors can potentially occur at any of the steps in the medication process, which comprises 
‘prescribing, transcribing, dispensing, administering and monitoring’[7] 
- Of these, the prescribing stage has been reported to be the most susceptible to errors, 
accounting for 49% of serious medication errors, followed by stages of administration (26%), 
dispensing (14%) and transcribing [7]. 



(7) Nurses' perceptions of how physical environment 
affects medication errors in acute care settings 
 
Year of publication: 2011 
Database: ScienceDirect 
Country: Canada 

A. Mahmood, H. Chaudhury 
and M. Valente 

- Room(s) 
Nursing unit and medication room. 
 
Questionnaire 
a multisection survey with nursing staff members, consisted of scaled items, bivariate categorical 
items, and open-ended responses. Questionnaires administered to nursing staff focused on 
nursing unit design, medication room, perceived errors and adverse events, and demographic 
information. 
 
One section of the survey focused on characteristics of the physical environmental in the nursing unit that 
were helpful or problematic to work performance; 18 items ranked from problematic to helpful 
on a scale of 1 to 5, with 1 being problematic. Items included nursing station layout, avail- ability 
of space in the charting area, and walking distance to patient rooms. A second section of the 
survey had bivariate and open-ended questions related to characteristics of the medication room and the 
nurses' role in medication dispensation, preparation, and related activities (12 items). A group of questions 
were related to frequency and factors affecting medication and documentation errors; 23 items 
with response categories of rarely to very frequently on a scale of 1 to 5, with 1 being rarely. In a 
section on organizational and physical environmental causes leading to errors, 26 items with response 
categories of not at all important to very important were rated on a scale of 1 to 4, with 1 being 
not at all important. 

Duration 
Not mentioned. 
 
Participants / Samples 
64 nurses (divided over four hospitals). Ca. 80% female. Most respondents fell within the age 
range of 26-55. average of 11.3 years in their place of employment. 
 
Results & conclusions 
57,1% nurses worked in a nursing unit (including a medication room). The errors that nurses 
identified as occurring “somewhat 
frequently” or “very frequently” were missed doses of medication (n=26, 31.3%;Table 2). 
See table 2! See also table 7 for correlations. 
These are as follows: lack of storage space for supplies, poorly designed nursing station layout, 
inadequate space in charting/documentation area, lengthy walking distances to patient rooms, 
insufficient patient surveillance opportunity/ lack of visibility to all parts of the nursing unit, 
small size of the medication room, high noise levels in patient care unit and poor lighting, and 
privacy in the nursing stations. 

(10) What Nurses Can Do Right Now to Reduce 
Medication Errors in the Neonatal Intensive Care 
Unit 
 
Year of publication: 2008 
Database: ScienceDirect 
Country: USA 

R. Clifton-Koeppel Investigate the questions: 
- medication errors in the NICA (Neonatal 
Intensive Care Unit); 
- What works to reduce medication errors 
in the NICU; 
- reporting errors helps to begin the 
medication safety process; 
- distractions and medication errors; 
- implementing safe double check of 
medications before administration: using a 
human factors approach and building a 
redundant system; 
- creating a safety culture: one nurse at a 
time; 
- culture of safety and individual 
accountability; a balance of factors. 

Room(s) 
Not mentioned. 
 
Literature study (a review) 
Method is not described. 

Results & Conclusions - literature study (a review) 
- Ligi et al (2008) reported administration errors as the most common medication error, 
specifically errors in misprogramming of infusion pumps. 
- Suresh et al (2004) demonstrated that 31% of medication errors occurred during the 
administration phase. 
- One study specifically looked at intralipid infusion errors using MEDMARX data (2000–2005) 
and found 93% of these errors occurred during the administration phase, specifically due to 
misprogramming the syringe pump resulting in delivery of the infusion too quickly. 
- For example, one study demonstrated a significant reduction in medication variances after 
computerized physician order entry (CPOE) was implemented in one NICU. 
- Although distractions are commonplace and have been identified as a major contributor to 
medication errors (and medical errors in general), there have not been many studies that have 
looked at methods to reduce distractions in the hospital. 

(11) Effects of frequency and similarity neighborhoods 
on pharmacists’ visual perception of drug names 
 
Year of publication: 2003 
Database: ScienceDirect 
Country: USA 

B.L. Lambert, K. Chang and P. 
Gupta 

This investigation examined the effect of 
similarity and prescribing frequency on 
pharmacists’ ability to accu- rately identify 
blurry, briefly presented, handwritten and 
typewritten drug names. 

Room(s) 
Meeting room. 
 
Observations 
Two research questions provided the motivation for the experiments that follow: 
(1) To what extent is a pharmacist’s ability to identify a target drug name affected by the 
prescribing frequency of the target, the number of names similar to the target, and the 
prescribing frequency of the similar names?  
(2) To what extent do the characteristics in Q1 have different effects depending on whether the 
drug name is handwritten or typewritten? 
 
Participants viewed a series of noise-masked, typewritten drug names as they were briefly 
presented on a computer monitor. The task was to correctly identify the presented name by 
typing it into a provided text box. 
 
One hundred sixty (160) three-syllable drug names were selected to fill the cells of a 2x2x2 
stratified sampling design, where the strata were stimulus frequency (high/low), neighborhood 
frequency (high/low), and neighborhood density (high/low). Names and prescribing frequencies 
were obtained from the drug databases contained within the US National Ambulatory Medical 
Care Survey (NAMCS) and the US National Hospital Ambulatory Medical Care Survey 
(NHAMCS) for the years 1992– 1996. 

Duration 
Not mentioned. 
 
Participants / Samples 
Forty-five licensed, practicing pharmacists participated in Experiment 1. 
 
Results & conclusions 
Pharmacists’ visual perception of briefly presented, blurry drug names is affected in predictable 
ways by objectively measurable properties of names (e.g., prescribing frequency, neighborhood 
frequency, and neighborhood density). All other things being equal, rare names and names in 
high-density neighborhoods are more likely to be misperceived than common names and names 
from low-density neighborhoods. The main effects of neighborhood frequency are negligible, 
although this factor does interact in important ways with neighborhood density and stimulus 
frequency (i.e., neighborhood frequency tends to amplify the effects of density). 

(12) Organizational and environmental factors that 
affect worker health and safety and patient 
outcomes 
 
Year of publication: 2002 
Database: ScienceDirect 
Country: USA 

T. Lundstrom, G. Pugliese, J. 
Bartley, J. Cox and C. Guither 

This article reviews organizational factors 
that have been shown to influence the 
satisfaction, health, safety, and well-being 
of health care workers and ultimately, the 
satisfaction, safety, and quality of care for 
patients. The impact of the work 
environment on working conditions and 
the effects on health care workers and 
patients are also addressed. 

Room(s) 
Not mentioned. 
 
Literature study (a review) 
Not described in the article. 

Duration & Participants / Samples 
Not mentioned 
 
Results & conclusions 
- Stress and job burnout also are related to specific demands of work, including overload, 
variations in workload, role conflict, and role ambiguity; 
- Organizational climate and staffing levels have also been shown to be a predictor of 
needlestick injuries in hospitals; 
- found a strong relationship between the degree of stress (on a stress continuum scale) and the 
occurrence of patient incidents; 
- Studies of shift rotation from a variety of industries uniformly show decreased worker 
satisfaction and poorer performance; 
- It is noteworthy that participants identified physical conditions only in terms of comfort 
(temperature, lighting, and cleanliness) but not in terms of illnesses. 
- Most studies correlating specific design features with health effects investigated adverse 
infectious outcomes 
- Many publications have addressed the importance of appropriate air handling during 
construction 
- Room location and design, including location of air intakes and exhaust vents, have been 
identified as critical determinants in the transmission of airborne contaminants 



(13) The Impact of Windows and Daylight on Acute-
Care Nurses' Physiological, Psychological, and 
Behavioral Health 
 
Year of publication: 2014 
Database: Puhmed 
Country: USA 

R.S. Zadeh, M. Shepley, G. 
Williams and S.S.E. Chung 

To investigate the physiological and 
psychological effects of windows and 
daylight on registered nurses. 

Room(s) 
Acute-care nursing units and patient room. 
 
Study design 
The study was carried out in two clusters of nurses’ stations, located in the north and south 
wings of an 86-bed acute-nursing unit in a community hospital in Texas. The nurses’ stations in 
the north ward have no access to daylight, where- as the nurses’ stations in the south ward have 
windows that face north and look out on portions of the hospital building, the sky, and a 
courtyard. 
 
Measurements 
A digital light meter, model 401025 by EXTECH Instruments (Nashua, NH), was used to 
measure horizontal illumination levels (light levels on the work sur- face) every 5 minutes (or 
earlier if participants changed location). The illumination measurement plane was set to remain at 
a consistent distance from the participants’ eyes (average height). If the participants were seated, 
the measurement plane would be at 30 inches (76.2 cm), which represents the height of the 
workstation. If participants were standing, the measurement plane was set at 40 inches (101.6 
cm), a typical height for a standing counter (Waggener, per- sonal communication, 2011). 
To measure physiological responses, the RNs’ vital signs—blood pressure, heart rate, oxygen 
saturation level, and body temperature—were measured bi-hourly for every participant under 
both conditions using a Carescape™ V100 monitor from GE Healthcare (Fairfield, CT). 
 
Observations 
The methods used to test the hypotheses in this study included physiological assessments (vital 
signs), behavioral mapping, momentary assessments, and records analysis. 

Duration & Participants / Samples 
Not mentioned. 
 
Results & conclusions 
In the windowless condition, T8 fluorescent ceiling-mounted lamps are the only sources of light 
available. 
 
Conclusions: 
- The best source of lighting for human health is daylight. Past studies have shown that, under 
similar conditions, daylight may have signifi- cantly greater effects than incandescent and 
fluorescent light on circadian adjustments. Therefore, although maximizing the availability of 
daylight should be one of the main goals for clinical workspace design, optimizing electric 
lighting to support circadian rhythms is an important goal given the limited presence of natural 
daylight. 
- From a psychological perspective, the availability of windows and daylight results in respite 
and mental restoration (Kaplan, 1993) and has been shown to have stress-reducing effects 
(Walch et al., 2005) on various populations.  

(14) Causes of Near Misses: Perceptions of 
Perioperative Nurses 
 
Year of publication: 2011 
Database: ScienceDirect 
Country: USA 

B. Cohoon The purpose of this study was to examine 
the near-miss experiences of RNs working 
in perioperative services to understand 
their perception of the causes of near 
misses. 

Room(s) 
perioperative setting for general surgery. 
 
Literature study (a review) 
Literature study performed to near misses reported during the past 50 years. 
 
Questionnaires 
Research questions: 1. What are types and frequency of near misses reported by perioperative 
nurses? 2. What are the causes of near misses reported by perioperative nurses using the 
Pennsylvania Patient Safety Reporting System (PARSRS) Causal Factors? 
Used method: descriptive research design using a mixed-methods approach. Used the van 
Vuuren's 1998 modified version of the Simple Model of Incident Causation and a self-developed 
and administered survey (three sections: general information, recovery factors and causal 
factors). 

Duration 
11-2003 until 03-2004 (4 months) 
 
Participants / Samples 
The final sample included all nurses who returned informed consents, a total of 55 of 377 for a 
response rate of 15% over 440 hospitals. 
 
Results & Conclusions - literature study (a review) 
Articles and research tended to focus mostly on medication errors, followed by other errors, and 
finally the larger concept of medical errors and their general relationship to patient safety. 
Furthermore is found that near misses rarely receive attention in literature. 
 
Results & Conclusions - questionnaires 
Most near misses were reported on Tuesday (24%). 
Causal factors (for medication), all about inconsistent information: medication (15,9%) from 
which order entry (4,9%), wrong medication (3,1%), wrong mixture (2,5%), wrong dose (1,8%), 
omitted (1,8%), adverse reaction (1,2%) and wrong site (0,6%). 
Possible causes of near misses are studied for team, workload, task, staff, patient characteristics, 
hospital characteristics causal factors. Poor lighting is mentioned by 'workload causal factors', 
with a Mean of 0,60 (from a scale of 1 - 10, and n = 119). 
Top ten causal factors (from highest to lowest): communication between team, distractions, 
policy(s) not followed, procedure(s) not followed, interruptions, training issue, inexperienced 
staff member(s), proficiency issue, cross-coverage and change of service. 

(15) Reporting of Medication Errors by Pediatric 
Nurses 
 
Year of publication: 2004 
Database: ScienceDirect 
Country: USA 

Stratton, Karen M. 
K.M. Stratton, M.A. Blegen, G. 
Pepper and T. Vaughn 

The purpose of this study was to estimate 
the proportion of medication errors that 
are actually reported by nurses in pediatric 
in-patient units, examine the documented 
medication error rates in light of the 
proportion of medication errors nurses say 
are reported, obtain nurses’ reasons as to 
why medication administration errors 
occur, and rea- sons for not reporting. In 
addition, a major goal of this study was to 
specifically compare the pediatric nurse 
findings with previously reported adult and 
pediatric nurse findings related to reporting 
of medication administration errors. 

Room(s) 
Patients care units including adult medical/surgical units and a range of specicalty acute care 
pediatric units. 
 
Questionnaire 
The questionnaire contained three sections related to medication administration errors, and one 
section asking for demographic information: 
          The first section asked the nurses to estimate the percent of medication errors actually 
occurring on their units that were reported. Medication errors were categorized as 18 types of 
errors: 9 non-intravenous and 9 intravenous errors. A final item asked each participant to 
estimate the overall proportion of medication errors reported on their unit. 
          The second section of the questionnaire, reasons for not reporting, asked the nurses to 
check their level of agreement (1–5 scale with 5 as highest agreement) with each of four 
management-related (named administrative reasons Q in previous publications) and seven 
individual/personal potential reasons why medication errors may not be reported on their unit. 
          The third section of the questionnaire contained 13 items assessing reasons medication 
administration errors occur developed by the members of the research team. 
          A final section of the questionnaire asked for information that described the nurses who 
responded to the survey including age, education, years of experience, hours per week work, and 
length of shift worked. 

Duration 
Not mentioned. 
 
Participants / Samples 
Useable responses were received from 284 RNs (227 adult nurses and 57 pediatric nurses) from 
33 acute care units (27 adult and 6 pediatric) in 11 hospitals in 2 states (40% response rate). 
Respondents were on average 41 years old, had 12 years of experience, and worked 36 hr/week. 
 
Results & Conclusions 
Pediatric nurses estimated that 67% of all medication errors on their patient care units are 
reported. This finding is considerably higher than the 56% reported for all medication errors by 
adult nurses ( p b .05) 
Reasons medications are not reported (scale 1-5) is because of management-related reasons 
(mean 3,14) and individual/personal reasons (mean 3,32). Reasons that medication errors occur: 
distractions and interruptions (50%), RN-to-patient ratios (37%), volumes of medications 
administered (35%), and not double- checking doses (28%). 

(16) A seasonal pattern of hospital medication errors 
in Alaska 
 
Year of publication: 1995 
Database: ScienceDirect 
Country: USA 

J.M. Booker and C. Roseman This study examines the relationship 
between 
hospital medication errors and seasonality 
in a far north work environment. Common 
work factors, potentially implicated in 
medication errors, are controlled so that 
the relation between seasonal patterns of 

Room(s) 
Three specialty units: the pediatrics, the obstetrics, and the intensive care. 
 
Background information 
At this facility, standard nursing shifts are 12 h long. The usual work pattern is three consecutive 
12-h shifts, followed by 2 days off, then three consecutive 12-h shifts plus one 8-h shift, and 5 
consecutive days off. This schedule totaled 80 work hours every 2 weeks. The majority of 
nursing staff do not work rotating shifts, and overtime is voluntary. Shift length and dayshift-

Duration 
5 consecutive years (1985 - 1989). 
 
Participants / Samples 
Not mentioned. 
 
Results & Conclusions 
Daylight and darkness tables prepared by the U.S. Weather Bureau in Anchorage, Alaska, were 



daylight/darkness and the occurrence of 
errors can be evaluated. 

nightshift differences were not, therefore, examined in this study. 
 
Observations 
Recorded medication error data were gathered at a 140-bed, acute care medical center located in 
Anchorage, Alaska. The daily inpatient census ranged between 90 and 110 patients. 
Medication errors were defined as (1) an omission of a scheduled medication; (2) medication 
given at the wrong time (30 min before or after the prescribed time); (3) medication given to the 
wrong patient, (4) in the wrong dose, or (5) the wrong medication; (6) an error in transcription of 
the physician’s order to the medication administration record; (7) medication given to a patient 
with a known allergy to the drug; (8) a medication repeated without a physician’s order; (9) a 
medication given by the wrong route of administration; or (10) a medication discontinued 
without an authorized physician’s order. The errors reported in this study were documented on 
the standard error reporting form by the nurse committing the error and/or by the staff member 
discovering the error. 
 
Statistical analyses 
To facilitate the comparison of medication error rates, the data are grouped by month over the 
5- year period of the study. 
Poisson regression, reflecting the underlying nature of the data, was used for the multivariate 
analysis. 

used to estimate the average hours of darkness each month throughout the year. Monthly 
averages ranged from 18.6 h of darkness in December to only 4.5 h in June, with an annual 
average of 11.7 h of darkness. 
Over the course of the 5 years, the largest percentage of errors occurred in the late winter, 
March (2Y/) and February (22%) with 58% of all nurses’ medication errors being reported 
during the first quarter of the year. 
Darkness also does not reach significance in this analysis. Thus, the number of medication 
errors in a given month may not be directly related to the number of hours of daylight or 
darkness during that particular month. 
These results may prove useful in drawing attention to problems associated with the 
performance of complex work tasks during winter months, such as medication administration, 
which have a high risk of error. 

(17) Common causes for medication errors identified 
 
Year of publication: 1999 
Database: ScienceDirect 
Country: USA 

S. Becker - Room(s) 
Not mentioned. 
 
Study design 
forum for health care professionals to report actual or potential medication errors confidentially. 
So no specific method. 

Duration & Participants / Samples 
Not mentioned. 
 
Results & conclusions 
- There are more than 10,000 abbreviations used in medicine with more than 16,000 meanings. 
Although abbreviations may initially appear to save time, they can cause time delays for those 
who must interpret them. 
- Approximately 53% of USP MER reports reveal problems and concerns about similar labeling 
and packaging. Manufacturers are required by law to place specific information on the label. 
With injectables, small vials, or ampules it is a challenge to find the appropriate space to print all 
of the required information. Table 4 provides examples of medication errors caused by 
misreading similar package labels. Color coding is usually not the answer to similar packaging 
because people may be color blind, or when the lighting is poor the colors cannot be 
differentiated. 
- Some of the common behaviors that are associated with dispensing the wrong medication 
include glancing at the label or prescription instead of reading it carefully (at least three times), 
relying on memory or image to identify medicines, or looking for medicines by color or shape of 
container. 

(18) Light for Nurses' Work in the 21st Century A 
Review of Lighting, Human Vision Limitations, 
and Medication Administration 
 
Year of publication: 2014 
Database: Webofscience 
Country: USA 

K. Graves, L. Symes and S.K. 
Cesario 

A literature review was conducted to 
determine the state of the science related to 
medication errors and light. The limited 
literature is discussed in relationship to 
human vision and light needs. 

Room(s) 
Not mentioned. 
 
Literature study (a review) 
The following Web sites and databases were searched: The Agency for Healthcare Re- search 
and Quality, the Center for Health De- sign Web site (http://www.healthdesign.org), CINAHL, 
DTIC.mil, Google, Google Scholar, MEDLINE, PsycINFO, ProQuest Dissertations & Theses, 
Science Direct, Scopus, and the Transportation Research Board. The search included texts, 
scientific reports, peer-reviewed journals, and theses and dissertations published after the 2004 
seminal report “The Role of the Physical Environment in the Hospital of the 21st Century: A 
Once-in-a-Lifetime Opportunity.” 
 
Search terms included the following: lighting, light, illumination, environment, vision, visual 
acuity, visibility, human vision, hospital design, patient safety, safety, nurse, nursing, health care 
error, hospital, acute care, medical error, treatment error, error, medication error, medication 
administration, adverse event, drug administration, medication, and administration. 

Duration & Participants / Samples 
Not mentioned. 
 
Results & conclusions 
- Proper lighting is also essential at the point of care. Attempting to be patient-and family-
friendly may run contrary to the necessary lighting conditions for safe medication 
administration. Administration of medication at night under low luminance to avoid disturbing 
the patient or family is an unsafe practice. Task or spot lighting must be available, so that visual 
confirmation of the correct patient (reading armband),medication, and administration site is not 
compromised. 
- Unfortunately, little systematic action has been taken within health care to increase awareness 
about the connection between poor lighting and the potential for patient harm in the medication 
administration process. Most literature considers lighting as one of many environmental factors 
that can impact patient safety (5, 19) 
- Researchers attempting to understand the experience of nurses administering medications 
rarely consider the lighting environment. Many working registered nurses report anecdotally that 
they frequently enter patients’ rooms at night to administer medications and complete patient 
assessments while using a pen light. 
- It is important to note that the time required for adaptation is dependent on the magnitude of 
the change in lighting. 
- Poor lighting was identified as a contributing factor in approximately 1% of all errors reported. 
- Nursing leaders and bedside nurses must be aware of the tie between lighting and vision. 
Nurses in possession of that knowledge will be more likely to ensure adequate, appropriate 
lighting and visual contrast for the complex and detailed task of administering medications. 
- Informed nurses moving from very light to very dark areas (or the reverse) will allow adequate 
time for light adaptation, planning their work so that tasks requiring greater adaptation will be 
left until visual adaptation occurs. 
- Considering the critical role that nurses have in patient care, there is a need to understand how 
nurses adapt in clinical situations where changing the lighting is contradictory to patients’ 
desires. 

(19) Workload and Environmental Factors in Hospital 
Medication Errors 
 
Year of publication: 1995 
Database: Webofscience 
Country: USA 

C. Roseman and J.M. Booker The purpose of this study was to examine 
work factors that affect hospital nurse 
medication errors, including monthly 
changes in daylight/darkness, in a extreme 
northern latitude work environment. 

Room(s) 
Three specialty units (pediatrics, obstetrics, and intensive care), four-suite operating room; and a 
recovery room. 
 
Observations 
Medication error data from october 1, 1984, through september 30, 1989, were gathered for a 
140-bed anchorage acute care medical center. 
Medication errors were defined according to established hospital protocol. 
Medications were obtained and prepared for patient administration by a pharmacy unit-dose 

Duration 
October 1, 1984 through september 30, 1989 (5 years). 
 
Results & conclusions 
Over the course of the 5 years, the largest percentage of errors occurred in the late winter, 
march (29%) and february (22%), with 58% of all nurse medication errors occurring during the 
first quarter of the year. 
 



system on all but two patient care units. In the unit-dose system, drugs are prepared, packaged, 
and labeled in ready-to-administer packets in a limited supply. 
information on nurse medication errors was obtained from nursing quality assurance records.  
 
Average darkness for each month throughout the year was estimated from daylight and darkness 
tables prepared by the U.S. Weather Bureau in anchorage, alaska. 

Increased patient days were associated with more errors when staffing levels and 
admissions/discharges, as well as darkness, were held constant. 
 
These findings suggest that hospital medication errors were sensitive to some management 
practices but were also affected by external environmental factors not usually considered. Along 
with the adverse effects of patient load, temporary staff, and shift work on nurse performance, 
seasonal variation in daylight and darkness may have posed an additional risk. 

(20) A Review of the Empirical Literature on the 
Relationships Between Indoor Environment and 
Stress in Health Care and Office Settings 
 
Year of publication: 2008 
Database: Webofscience 
Country: USA 

M. Rashid and C. Zimring This review focuses primarily on the 
evidence that relates indoor environment 
to individual and/or workplace needs in 
health care and office settings. It shows a 
growing body of literature addressing these 
relationships in both settings. 

Room(s) 
Not mentioned. 
 
Literature study (a review) 
Not described in the article. 

Duration & Participants / Samples 
Not mentioned. 
 
Results & conclusions 
It's to office and health care setting (for patients). There is no relation to light influencing 
medication errors. 
- Some findings on the effects of lighting on task performance in health care settings are also 
reported in the literature. For example, in at least two studies the rate of prescription-dispensing 
errors was associated with the level of illumination (Buchanan, Barker, Gibson, Jiang, & 
Pearson, 1991; Roseman & Booker, 1995a).  
- In another study in Alaska, it was found that 58% of all medication errors among hospital 
workers occurred during the first quarter of the year when daylight hours were less (Roseman & 
Booker, 1995b).  
- In yet another study, it was shown that by shifting the circadian rhythms of the nurses with the 
use of brighter lights, nurses were able to improve the number of correct answers given in a 
standardized exam and decrease the time to take the test (Dilouie, 1997; see Table 2) 

(21) Medication Errors in the PACU 
 
Year of publication: 2007 
Database: ScienceDirect 
Country: USA 

W. H. Hicks, S.C. Becker, P.E. 
Windle and D.A. Krenzischek 

This article summarizes selected findings 
from the report and discusses patient safety 
implications for postanesthesia nursing. 
Report: MED - MARXData Report - A 
Chartbook ofMedica- tion Error Findings 
from the Perioperative Setting from 1998–
2005 

Room(s) 
Postanestesia care unit. 
 
Observations 
Not described in the article. But some information is gathered from the findings. 
 
397 facilities reporting errors into the MEDMARX program that originated in the PACU. 
Basedon the National Coordinating Council for Medication Error Reporting and Prevention 
Index for Categorizing Medication Errors, nine categories were defined. 

Duration 
September 1, 1998 until august 31, 2005 (7 years). 
 
Participants / Samples 
Not mentioned. 
 
Results & conclusions 
Collectively, these facilities submitted 3,260 records spanning all error categories. 
 
Conclusions: 
- Slightly more than half (50.3%) of the medication errors occurred during the point of drug 
administration, whereas slightly more than one quarter of the medication errors (28.4%) 
originated during the prescribing phase of the medication use process. 
- The majority (79.1%) of medication errors involved either a prescribing error, an error of 
improper dose/quantity (wrong amount), an omission error, or an unauthorized/wrong drug 
error. 
- Prescribing (28,4%); transcribing/documenting (12,2%); dispensing (7,3%); administering 
(50,3%); monitoring (1,8%). 

(22) Nursing staffing, nursing workload, the work 
environment and patient outcomes 
 
Year of publication: 2011 
Database: ScienceDirect 
Country: Australia 

C. Duffield, D. Diers, L. 
O'Brien-Pallas, C. Aisbett, M. 
Roche, M. King and K. Aisbett 

No study has been designed to put 
together nurse staffing, nursing workload, 
the working environment, and patient 
outcomes at unit level in one design 
because data have not been available on all 
four aspects of the model in the same 
settings. This is what we attempted to do. 

Room(s) 
Medical, surgical, mixed and other (ICU, emergency department) units. 
 
Study design 
Based on the literature and the research objectives requested by NSW Health, the research 
questions were: 
1. Has nursing workload (measured as inpatient acuity, shorter LOS, patient turnover, and 
casemix) and skill mix increased over time? 
2. What are the relationships among patient outcomes (OPSN, falls, and medication errors), 
nursing skill mix, nursing workload, and the nursing work environment? 
 
Measurements 
29 items. Measures nurses' perceptions about the work environment and quality of care on the 
unit. Also demographics, job satisfaction, and intent to leave. Specific items on perception of 
emotional abuse or physical violence. 
 
Observations 
A design combining longitudinal retrospective and concurrent cross-sectional methods was used 
to analyze 5 years of administrative data and one overlapping year of primary unit-level data. 
Of the 80 hospitals, 27 (35%) provided useable workforce data for 286 units. Because these 
administrative data had never been used for analysis before, considerable effort was required to 
locate, produce, audit, and reconcile them. 

Duration 
5 years of administrative data and one overlapping year of primary unit-level data. 
 
Participants / Samples 
5885 patient recods. 2278 nurse surveys (81% respons). 
 
Results & conclusions 
Unit environments are much more variable than is revealed in state or hospital level analyses. 
This variation is evident in regard to most staffing, workload, and working environment 
measures. The provision of a quality work environment and steps to manage workload may be 
effectively managed at the unit level. The findings of this study suggest that improvements in 
these factors will lead to improvements in patient and nurse outcomes. 

(23) Medication errors and professional practice of 
registered nurses 
 
Year of publication: 2005 
Database: ScienceDirect 
Country: Australia 

C. Deans The aim of the survey was to identify and 
describe the incidence, type and causes of 
medication errors and impact that the 
administration of medications has on 
professional practice of registered nurses at 
a major regional hospital in Victoria. 

Room(s) 
Surgical units, medical units and palliative care facility. 
 
Questionnaires 
The study employed an anonymous self-report survey to collect data from registered nurses 
employed in selected settings at a major regional hospital in Victoria. Medication errors were 
defined as ‘any preventable event that may cause or lead to inappropriate medication use or 
patient harm while the medication is in the control of the health care professional, patient, or 
consumer’ (National Coordinating Council for Medication Error Reporting and Prevention 
1999: NCCMERP). 
 
The Medication Error Questionnaire (MEQ) was developed by the researcher and is based upon 
the National Coordinating Council for Medication Error Reporting and Prevention 
(NCCMERP) Taxonomy of Medication Errors. 

Duration 
One moment. But considers the medication errors in the past four weeks. 
 
Participants / Samples 
154 registered nurses. 
 
Results & conclusions 
- Mostly, medication errors were attributed to documentation issues, including: illegible 
handwriting, misunderstanding abbreviations, misplaced decimal point, misreading and 
misinterpreting written orders. 
- The following results are given in tables: 'frequency of error types', 'frequency of causes 
contributing to error', 'frequency of human factors as causes', 'frequency of environmental 
factors as causes' and 'frequency of reporting behaviours'. 
- Frequency of environmental factors as causes: 



 
The MEQ is a self-report questionnaire with 12 items requesting nurses to report on medication 
errors in the past four weeks. The MEQ also has five sections that solicit information about 
what registered nurses think was the cause of the medication error and one item asking whether 
they reported the error. The final section of the MEQ has eight items constructed as a Likert-
type scale with response sets ranging from Strongly Agree to Strongly Disagree, to questions that 
identified how drug administration impacted upon registered nurses’ level of satisfaction, 
autonomy and confidence. 
 
The MEQ was distributed by internal mail to all registered nurses rostered on duty in the 
selected research settings. 

interruptions and distractions (25,3%); Poor communication between nurses/doctors (12,7%); 
staffing - lack of other nurse (10,1%); working with inexperienced nurse (10,1%); lighting 
(3,8%); noise (2,5%); training (2,5%). 
- The five major categories of causes were (1) communication (2) name confusion (3) labelling 
(4) human factors, and (5) packaging. The most common causes of medication errors resulting 
in death were human factors (65.2%) followed by communication, transcription and 
handwriting errors (15.8%) 
 
Results & conclusions - literature review (not the main goal of the article, so for information 
only) 
- In an American study, Phillips et al (2001) reviewed all cases of medication errors reported to 
the Food and Drug Administration for a six year period (1993-1998) and found that out of 
5,366 medication reports, 68.2% resulted in serious patient outcomes and 9.8% were fatal. Four 
hundred and sixty nine deaths revealed 594 errors with 40.9% being administration of an 
improper dose, followed by 16% being administration of the incorrect drug to the patient. Fifty 
seven errors (9.5%) were caused by administering a drug by the incorrect route. 
- Osborne et al (1999) conducted a study in America of nurses’ perceptions of medication errors 
and reported the main cause was failure to identify the patient (35%) followed by fatigue and 
exhaustion (25%). 
- Mayo and Ducan (2004) conducted a survey of 983 American nurses and asked them to rank 
causes of medication errors as perceived by participants. Results showed the top three ranked 
(out of 10) perceived causes of drug errors were (1) doctors’ handwriting is difficult to read or 
illegible, (2) nurses are distracted, and (3) nurses are tired and exhausted. 

(24) Healthcare providers' perception of design factors 
related to physical environments in hospitals 
 
Year of publication: 2012 
Database: ScienceDirect 
Country: United Kingdom 

M. Mourshed and Y. Zhao This study was aimed at filling this gap by 
contributing to the evidence base on 
factors related to physical environments in 
hospitals. Healthcare providers’ 
perceptions of 16 design factors, identified 
through a review of existing literature, were 
explored by conducting a questionnaire in 
two Chinese hospitals. 

Room(s) 
Not mentioned. 
 
Interviews 
6 respondents were in addition interviewed. The interview questions focused on the assessment 
of the perreception of building design factors and their impact on healthcare providers and 
patients. 
 
Questionnaires 
Fourth, the final questionnaire included 16 structured questions to rate the perception of the 
importance of the dimensions of the physical environment in healthcare facilities. Respondents 
were asked to rate their perception of an item on a 5-point scale, ranging from 1 to 5 (1 = Least 
important; 2 = Unimportant; 3 = Neither important nor unimportant; 4 = Important and 5 
=Very important). The questionnaire also contained an open-ended question to enable 
respondents to communicate their ideas on how to improve the physical environment. 
Demographic information such as age and gender were included. Data regarding the length of 
service in the hospital and weekly working hours were recorded as well. 
 
The study was conducted among healthcare providers that included doctors, nurses, technicians, 
and administrative/mana- gerial staff in two Chinese hospitals in Qingdao, a coastal city in 
Eastern China. 
 
Statistical analyses 
Descriptive statistics on the item and scale frequencies, percentages, means and standard 
deviations (SD) were computed. Demographic and work related data were also analyzed 
descriptively by computing frequencies and percentages. Internal consistency reliability was 
assessed via Cronbach’s coefficient alpha. a > 0,70 was used as the recommended value, as this 
study involved the comparison of groups of respondents. 

Duration 
12 until 26 August 2009 (14 days) 
 
Participants / Samples 
Among 304 respondents,110 (36.2%)were male and 194 (63.8%)were female. Almost half of the 
respondents (46.1%) were aged between 26 and 35 years whereas the percentages of 
respondents at either end of the population were 17.1% and 3.9% for age groups 18e25 and 
above 50 years respectively. At the time of the survey, 31.5% and 34.9% of the respondents had 
been working in respective hospitals for periods 1e5, and 6e10 years respectively. Majority of 
them (72.4%) worked between 41 and 60 h per week while only 4.6% of the respondents 
worked more than 60 h per week. 
 
Results & conclusions 
- The perception of the factors: thermal comfort, proximity towards, adequate illumination, 
availability of daylight and spaciousness is significantly influenced by working hours per week. 
- Research indicates that staff wellbeing, productivity and satisfaction are linked with a hospital’s 
physical environment, in particular the aspects that are determined during early design stages of 
a building’s lifecycle. 
- Adequate illumination (daylight and artificial light): 55,6% important and 30,6 very important. 
- Availability of daylight: 57,2% important and 24,7% very important. 
- Adequate illumination and the availability of daylight is most related to working hours (P < 
0,050) 

(25) The impact of health facilities on healthcare 
workers’ well-being and performance 
 
Year of publication: 2009 
Database: ScienceDirect 
Country: United Kingdom 

B. Rechel, J. Buchan and M. 
McKee 

This paper argues that better-designed 
health facilities can improve working 
conditions and staff safety, and enable staff 
to do their job more effectively. 

Room(s) 
Not mentioned. 
 
Literature study (a review) 
A range of search terms were used for the search of the PubMed database. 
The initial PubMed search yielded 1058 hits. Titles and abstracts were reviewed and studies 
included when they met the following criteria: 
- published between 1985 and March 2008; 
- English language;  
- related to the impact of facility design on the healthcare workforce; 
- original research articles, literature reviews, or conceptual or case studies. 
 
Search terms: 
"Facility design" and "staff"; "Capital" and "investment" and "staff"; "Hospital development"; 
"Enabling environment"; "Positive practice environment"; "Built" and "environment"; 
"Sunlight" and "staff". 
 
All three authors reached consensus on 11 articles for inclusion. This initial search was 
complemented by a search of Google and of websites of relevant international organizations, 
such as the World Health Organization and the International Council of Nurses, as well as by 
reviewing the reference lists of articles selected as relevant. We added 22 studies as a result of 
this process; 33 studies were ultimately included. 

Duration & Participants / Samples 
Not mentioned. 
 
Results & conclusions 
- Patients, visitors and staff are all part of the same hospital environment. Many of the factors 
that influence the patient experience also impact on the people working in the hospital, such as 
the ability to control the immediate environment through ventilation or the availability of 
natural light (Pricewater- houseCoopers LLP, 2004; Paul, 2006) 
- There is some evidence from outside the health sector that sunlight penetration in the 
workplace has a direct effect on job satisfaction, intention to quit, and general well-being 
(Leather et al., 1998) 
- In the health sector, a study of 141 nurses in a university hospital in Turkey found that 
exposure to daylight for 3 h or more each day was associated with less stress and higher 
satisfaction at work. 
- dispensing errors can be lowered by providing appropriate lighting of work surfaces. Provision 
of a separate space with adjustable task lighting may reduce dispensing errors (Ulrich, 2006). 



(26) Adverse events in drug administration: a literature 
review 
 
Year of publication: 2003 
Database: PsychInfor 
Country: United Kingdom 

G. Armitage and H. Knapman This literature review has already provided 
an underpinning framework for a pilot 
questionnaire to staff who have been 
involved in drug administration errors and 
is also the basis for curricular input to 
preregistration students on the subject of 
risk management and drug administration. 

Room(s) 
Not mentioned. 
 
Literature study (a review) 
The work of O’Shea [J Clin Nurs (1999)8:496–504] is significant in structuring the review that 
bears a number of recurring themes. It is not the intention of this literature review to reappraise 
O’Shea’s original critique but to expand on her work, offer a contemporaneous perspective in 
the light of studies and reports published since 1999, and reset the topic in the context of clinical 
governance. 

Duration & Participants / Samples 
Not mentioned. 
 
Results & conclusions 
- It's a literature review, including: errors; causes or contributory factors; mathematical skills of 
nurses; length of nursing experience; knowledge of medications; length of nursing rosters; 
workload, staffing levels and delivery systems; single nurse administration; policy and procedure; 
distraction and interruptions; quality of prescriptions; child health care and drug error; media 
and political influences. 
- This literature review has already provided an underpinning framework for a pilot 
questionnaire to staff who have been involved in drug administration errors and is also the basis 
for curricular input to preregistration students on the subject of risk management and drug 
administration. 
- Future research methodologies should capture the environmental and human context of error 
and, the particular experiences of those who have made errors so as to establish a deeper 
understanding of their thought processes and any factors that affected their performance. A 
large scale, multicentred survey should be implemented to generate a sample large enough to 
provide statistically significant findings in terms of contributory factors. 

(27) Healing environment: A review of the impact of 
physical environmental factors on users 
 
Year of publication: 2012 
Database: ScienceDirect 
Country: Canada 

E.R.C.M. Huisman, E. Morales, 
J. van Hoof and H.S.M. Kort 

The aim of the review is to provide an 
overview of the evidence in the literature 
on healing environments. 
 
Therefore, the following questions are 
explored in this review: 
(1) Which findings of research related to 
PF outcomes and staff outcomes of 
healthcare design are evidence based or 
scientifically proven or are not (sufficiently) 
proven? 
(2) Which findings of research related to 
PF outcomes and staff outcomes of 
healthcare design are under discussion? 

Room(s) 
Not mentioned. 
 
Literature study (a review) 
The Cochrane Methodology [11] was used to search the data. 
The search was performed using the keywords evidence-based design, hospital design, health- 
care design, healthcare quality, outcomes, patient safety, staff safety, infection, hand washing, 
medical errors, falls, pain, sleep, stress, depression, confidentiality, social support, satisfaction, 
single rooms, noise, nature and daylight. 

Duration & Participants / Samples 
Not mentioned. 
 
Results & conclusions 
Several studies described the influence of lighting on errors. Booker & Roseman [19] 
investigated the seasonal pattern of hospital medication errors in Alaska because 58% of all 
medica- tion errors occurred during the first quarter of the year. Medication errors were 1.95 
times more likely to occur in December than in September. In a similar article, although with 
the focus on electrical lighting, three different illumination levels were evaluated (480 lx, 1100 lx, 
1570 lx). Buchanan et al. [18] associated poor illumination with errors in dispensing medications. 
An illuminance of 1570 lx (the highest level) was associated with a significantly lower error rate 
(2.6%) than the 480 lx baseline level of 3.8%. There was a linear relationship between each 
pharmacist’s error rate and that pharmacist’s corresponding daily prescription workload for all 
three illuminance levels. Consequently, the rate of prescription- dispensing errors was associated 
with the level of illumination. 
Indoor quality. This subtopic encompasses elements such as ventilation, dust, smell, relative 
humidity, and air quality. 
In addition to a complex floor plan, there are other elements that contribute to poor wayfinding 
and inadequate or conflicting cues such as colours and lighting. 

(28) Quantification and classification of errors 
associated with hand-repackaging of medications 
in long-term care facilities in Germany 
 
Year of publication: 2008 
Database: ScienceDirect 
Country: Germany 

A. Gerber, I. Kohaupt, K.W. 
Lauterbach, G. Buescher, S. 
Stock and M. Lungen 

The aim of this study was to quantify and 
classify errors associated with the 
repackaging of residents’ medications in 
long-term care facilities in Germany. 

Room(s)  
Not mentioned. 
 
Observations 
prospective 8-weeks study conducted in 3 long-term facilities. Pill organizers, each of which 
contained all repackaged solid oral dosage forms of long-term medications for a particular 
resident for an entire day, were inspected and checked against residents’ medication sheets by the 
investigator-pharmacist.  
Errors were categorized by type as follows: wrong time of administration, wrong dose, wrong 
medication, omission of a medication, extra dose, incorrect halving of tablets, and damaged 
medication. 

Duration 
Not mentioned. 
 
Participants / Samples 
8798 pill organizers were inspected for 196 residents of the 3 long-term care facilities. The 8798 
pill organizers inspected contained a total of 48,512 medications. 
 
Results & Conclusions 
Inspection of the 48,512 medications identified 645 errors, corresponding to an error rate of 
1.3%; the rate of daily pill organizers with errors was 7.3%, potentially affecting 53.0% of 
residents. Incorrect halving of tablets was the most frequently occurring error type (49.1%), 
followed by omission of a medication (22.0%). Administration of the wrong medication was the 
least frequently occurring type of error (0.2%). 

(29) Prioritising the prevention of medication handling 
errors 
 
Year of publication: 2008 
Database: Webofscience 
Country: Germany 

T. Bertsche, D. Niemann, Y. 
Mayer, K. Ingram, T. Hoppe-
Tichy and W.E. Haefeli 

Medication errors are frequent in a hospital 
setting and often caused by inappropriate 
drug handling. Systematic strategies for 
their prevention how- ever are still lacking. 
We developed and applied a classification 
model to categorise medication handling 
errors and defined the urgency of 
correction on the basis of these findings 

Room(s) 
Medical wards (including intermediate and intensive care units). 
 
Observations 
Predefined types of medication handling errors concerning drug storage, preparation, and 
administration were evaluated on medical wards (including intermediate and intensive care units) 
of a 1,680-bed university hospital providing tertiary care in gastroenterology, cardiology, 
haematology, and psychosomatic medicine. 
A risk score was defined by the committee for quality assurance to weight the prevalence of the 
observed errors with respect to their potential risk. 
 
Questionnaires 
The theoretical knowledge of the nurses working on the monitored wards was assessed in an 
anonymous questionnaire survey addressing the causes of the predefined types of medication 
handling errors. For each error, a specific true–false question was included in the questionnaire; 
demographic characteristics of the respondents were collected as well. 

Duration 
Not mentioned. 
 
Participants / Samples 
169 nurses from which 85% were female. Mean age is 33.2. 
 
Results & conclusions 
1,376 observed processes 833 medication handling errors were detected. Errors concerning 
preparation (mean 0.88 errors per observed process [95% CI: 0.81–0.96], N = 645) were more 
frequent than administration errors (0.36 [0.32–0.41], N = 701, P\0.001). 
Of the 833 observed medication errors 30.9% concerned processes of high risk, 19.0% of 
moderate risk, and 50.1% of low risk. Of these errors 11.4% were caused by critical dose drugs, 
81.6% by uncomplicated drugs, and 6.9% by nutritional supplements or diluents without active 
ingredient 
 
Conclusions: 
The high prevalence of medication errors observed in a nursing staff with long professional 
experience is alarming. Strategies to avoid them are needed. However, resources are limited and 
preventive strategies are time-consuming, and expensive training is likely not affordable to 
address all identified errors. A structured analysis regarding the prevalence of different errors 
including the corresponding knowledge deficits is a promising way to tailor quality management 
in this area. This study revealed that combining the assessment of knowledge and performance 
in the population committing the errors by a classification model is a suitable method to 
structure medication errors according to their priority and type of quality improvement 
strategies. 



(30) The Effect of Environmental Design on 
Reducing Nursing Errors and Increasing 
Efficiency in Acute Care Settings 
 
Year of publication: 2009 
Database: Webofscience 
Country: Colombia 

H. Chaudhury, A. Mahmood 
and M. Valente 

To conduct a systematic literature review 
on environmental factors related to nursing 
efficiency, error, and other outcomes, a 
conceptual approach (Figure 1) was used as 
a guide to develop research questions and 
to select keywords. 

Room(s)  
Not mentioned. 
 
Literature study (a review) 
Research questions that guided this study were: 
(1) What are the effects of physical environmental variables on nursing errors, nurses’ efficiency, 
and quality of patient care in medical/surgical nursing units? 
(2) What are the effects of physical environmental variables on nurses’ job satisfaction and 
performance, health, and safety in medical/surgical nurs- ing units? 
 
1. Keyword search in relevant databases; 
2. Potential studies were identified by a systematic review of issues of relevant journals in the 
area of health care design, management, nursing research, and infection control. 
3. Reference lists were inspected in articles included in this review to identify literature items that 
dealt directly with nursing work environmental issues. 

Duration & Participants / Samples 
Not mentioned. 
 
Results & conclusions 
In total, 204 empirical (evidence based) and 148 non-empirical (descriptive and conceptual) 
journal articles, books, book chapters, and reports were reviewed and analyzed. Among these 
352 items, 112 were specifically on nursing and medication errors. However, the majority of 
these 112 items addressed organizational- and management- related issues on errors and very 
few directly examined the role of the physical environment on errors. 
 
Conclusions: 
- High illumination levels result in fewer errors; Bright lights improve patient outcomes; 
Exposure to sunlight results in improved health. (degree of evidence 4/5 stars). 
- As with the management and organizational aspects, the physical environmental aspects could 
potentially affect the occurrence of errors in direct ways, for example, lack of adequate lighting 
causing misreading a medication label, or in indirect ways by creating error-producing 
conditions. 
- Exposure to artificial lights, on the other hand, has a negative effect, as nurses find them to be 
very draining (Scott, 2004). 
- Dispensing errors are associated with a high prescription volume, overwork, fatigue, 
interruptions, and drugs that look alike or sound alike. 
- Buchanan, Barker, Gibson, Jiang, and Pearson (1991) evaluated the impact of three different 
illumination levels on the dispensing errors of pharmacists. In general, errors were reduced 
when lighting levels were high. Medication error was 3.8% at illumination levels of 450 l×, 
whereas they decreased to 2.6% when illumination levels increased to 1,500 l×. 
- Adequate lighting is necessary for a nurse to perform tasks required for patient care. In 
addition, as the average age of nurses is increasing, bright work surface illumination levels (1500-
2000 l×) may be necessary to reduce errors in dispensation and to aid in paper-based tasks 
(Ulrich & Barach, 2006). 
- In addition, countertop space was increased, supplies were better organized, undercabinet task 
lighting was installed, and acoustical panels were used to absorb noise. With this new design, 
error rates were decreased by 30% (Simmons, 2003) 
- It is claimed (e.g., Harrison, 2004; McCarthy, 2004; Reiling, Breckbill, Murphy, McCullough, & 
Chernos, 2003; Rollins, 2004; Scott, 2004) that specific environmental conditions, such as type 
of lighting (artificial versus natural lighting), degree of lighting in nurses’ workspace (e.g., 
artificial lighting producing the effect of feeling drained and tired; inadequate lighting leading to 
medication error), and thermal conditions in work areas affect performance. 
Less information is available on the effect of different workspace design and environmental 
features, such as size and layout of nurses’ station, privacy, task lighting, visual access, access to 
support spaces, and so on. 

(31) Identification and quantification of prescription 
errors 
 
Year of publication: 2014 
Database: ScienceDirect 
Country: India 

P. Mohan, A.K. Sharma and 
S.S. Panwar 

Not mentioned. 
 
We conducted a random audit of prescriptions 
received in service dispensary of a tertiary care 
hospital and analyzed them for prescription errors. 

Room(s) 
Not mentioned 
 
Observations 
A total of 1000 prescriptions were randomly selected, out of all the prescriptions received in one 
month at central hospital dispensary from various OPDs. Prescription errors were stratified 
according to nuisance they may cause by hampering the dispensing work, a method suggested by 
Neville et al. According to this method, prescription errors are classified into four types. 
Three pharmacists, who have been working in the hospital dispensary, were asked to screen 
these randomly selected prescriptions under the supervision of the authors. 

Duration & Participant / Samples 
Not mentioned. 
 
Results & conclusions 
- Found causes of errors are: Strength of preparation not mentioned, use of brand names, 
incomplete description of dosering, illegible handwriting, diagnosis not mentioned, age of the 
patient not mentioned or gender not mentioned. 
- Out of a total of 1000 prescriptions, 650 prescriptions (65%) were found to have one or more 
errors. The total number of errors was 1012 as many prescriptions had more than one error. 
- Prescription errors are recognized as a cause of concern that requires proactive, continuous 
and meticulous monitoring in a non-punitive manner with emphasis on what mistake was made 
rather than who made the mistake 
 
Conclusions: 
The only conclusion out of this article is that prescribing errors are enormous. 



(32) Healing Environment: Enhancing Nurses’ 
Performance through Proper Lighting Design 
 
Year of publication: 2012 
Database: ScienceDirect 
Country: Malaysia 

N.J. Kamali and M. Yusoff 
Abbas 

Based on a pilot study, this paper 
investigated how the quality services 
provided by the nurses could be achieved 
through proper lighting design in a recently 
built healthcare centre in Putrajaya, 
Malaysia. 

Room(s) 
Not mentioned. 
 
Literature study 
Method is not described. 
 
Observations 
Familiarisation exercise with the observation of the overall environment of the hospital. The 
personal observation of the designated area was completed during the follow-up successive visits 
with photos documented. 
 
Interviews 
A detailed explanation about their tasks within a 24-hour schedule was noted. This included the 
type of task, the place the task was conducted; and more importantly the type of lighting which 
aided with the tasks. 
 
Questionnaires 
The questionnaires survey formulated was for the purpose of improving the quality of the nurses 
work environment, in particular to determine the nurses’ perception and impression on the level 
of lighting in their current work status. 

Duration  
Not mentioned. 
 
Participants / samples 
120 nurses. 
 
Results & Conclusions - literature study 
Boyce et al (2003) pointed that performance on visual tasks gets better as light level increases. 
Their studies suggested that daylight is not inherently better than artificial lighting for 
performance of most visual tasks. However, natural light has benefits over artificial light such as 
electric-light sources in regulating circadian rhythms and maintaining overall health of staff in a 
healthcare center. 
There is a need for further research to investigate the influence of natural lighting to staffs, as 
well as the effect of artificial light on their mood and performance and behaviour. The night 
shift staffs indicated the effects that brighter lights have on medical facility staffs and depicts the 
positive effects of well lighting conditions in medical buildings and health centers. 
 
Results & Conclusions - others 
It can be seen from the research that age has a significant effect in the performance of the 
nurses as regards to lighting design even in performing simple tasks. The results showed that 
respondents above 40 years old showed more sensitivity to lighting while bed-making of 
patients in their rooms using natural lighting while the same task seemed to be done more easily 
by the younger group of respondents. It was also shown that serving medication orally in the 
open wards using natural lighting is performed with more difficulty by respondents older than 
40. 

(33) Factors affecting working conditions in public 
hospitals: A literature review 
 
Year of publication: 2017 
Database: ScienceDirect 
Country: South Africa 

Z.M. Manyisa and E.J. van 
Aswegen 

The objective of this paper is to describe 
the working conditions in public hospitals. 

Room(s) 
Not mentioned. 
 
Literature study (a review) 
Data sources: A literature review was conducted using the following databases: Google Scholar, 
Pub Med, Science Direct, EHBSCO, the LANCET and MEDLINE. Articles published in 
English between 2000 and 2014 in peer-reviewed journals were reviewed. Search terms namely: 
working conditions, occupational health, public hospitals and health care personnel were used to 
obtain the relevant articles. 

Duration & Participants / Samples 
Not mentioned. 
 
Results & Conclusions 
Findings: Workload, HIV/AIDS epidemic, shift work, long working hours, poor infrastructure, 
inadequate resources and shortage of staff were found to be the main factors attributed to poor 
working conditions. 
 
Conclusions: 
- Workload has been found to be the most imported predictor of burnout, lack of involvement 
and dehumanization of patients by health care personnel. 
- Irregular hours and shift work poses serious physical, psychological and social health risks to 
individuals. 
- Many studies of health care personnel indicate that accidents are significantly higher for health 
care personnel whose state of mental health is poor, than for those with a good mental health 
status. Several studies reported that the percentage of nurses who had committed medical errors 
such as drug administration errors or errors in patient identification, increased significantly with 
shift lengths exceeding 12-h and was higher among those who were not mentally in good health. 
- Literature on night shift and long shifts suggests that women who work irregular hours are at 
increased risk of developing breast cancer and have reduced immune functioning. This has been 
attributed to the excessive exposure to artificial light during the night or early morning which 
leads to suppression of melatonin which has a tendency to induce incessant production of 
estrogen which is involved in breast carcinogenesis. 
- Studies involving physicians who work long hours with recurrent 24-h shifts indicate that 36% 
make more serious medical errors than those whose schedule is limited to 16 h, 61% of them 
suffer needle stick injuries after exceeding their 20th consecutive hour of work. 

 



 
 

Appendix B - Invitation for survey 
 

  



Onderwerp: Vragenlijst over de invloed van omgevingsfactoren op medicatie handelingen 
 
Geachte mevrouw, meneer, 
 
Mijn naam is Erwin Slotboom en ik ben momenteel aan het afstuderen bij de Faculteit Bouwkunde 
aan de Technische Universiteit Eindhoven (TU/e). Voor mijn afstudeeronderzoek ben ik 
geïnteresseerd naar uw ervaringen bij het uitdelen, sorteren en toedienen van medicatie in relatie 
tot omgevingsfactoren. 
 
Doel en relevantie van het onderzoek 
Het doel van dit onderzoek is om te bepalen in welke mate sommige omgevingsfactoren uw 
werkzaamheden op een positieve manier kunnen beïnvloeden.  
Dit onderzoek bestaat uit een vragenlijst, waar ik uw hulp voor nodig heb en metingen van deze 
omgevingsfactoren op de afdeling. Voor de metingen hoeft u niets te doen. 
 
Het onderzoek is goedgekeurd door, en wordt ondersteund vanuit het ziekenhuis. Mijn begeleidster 
vanuit de TU/e is Mariëlle Aarts (universitair docent) en mijn contactpersoon bij uw ziekenhuis is 
[naam] (adviseur verpleegkundig onderzoek). 
 
Invullen vragenlijst 
U kunt de vragenlijst invullen door te klikken op onderstaande link. Het invullen kan op de computer 
of tablet en kost ongeveer 20 minuten. Gelieve de vragenlijst voor 25 november invullen. Let op: het 
is niet mogelijk om de vragenlijst halverwege af te sluiten en op een later moment weer te vervolgen. 
 
[Link naar enquete] 
 
Vragen? 
Wanneer u vragen of opmerkingen heeft kunt u deze mailen naar e.slotboom@student.tue.nl. 
 
Alvast hartelijk bedankt voor het invullen van de vragenlijst. 
 
Met vriendelijke groet, 
 
Erwin Slotboom 
 
 
  

mailto:e.slotboom@student.tue.nl


Reminder 
Geachte mevrouw, meneer, 
  
Enige tijd geleden heeft u een mail ontvangen over mijn afstudeeronderzoek. Hiervoor ben ik 
geïnteresseerd naar uw ervaringen bij het uitdelen, sorteren en toedienen van medicatie in relatie 
tot omgevingsfactoren.  
  
Met deze mail herinner ik u graag nog eens aan de online vragenlijst die in te vullen is op de 
computer of tablet. Uit de al binnengekomen reacties blijkt dat het invullen tussen de 10-15 minuten 
duurt. Heeft u hem nog niet ingevuld en wilt u dit nog wel doen? Graag! Gelieve de vragenlijst dan 
voor 29 december in te vullen. U kunt de vragenlijst invullen via onderstaande link. Let op: het is niet 
mogelijk om de vragenlijst halverwege af te sluiten en op een later moment weer te vervolgen. 
  
[Link naar enquete] 
  
Indien u de vragenlijst al heeft ingevuld, kunt u deze mail als niet verzonden beschouwen. 
  
Wanneer u vragen of opmerkingen heeft kunt u deze mailen naar e.slotboom@student.tue.nl. 
  
Alvast hartelijk bedankt voor het invullen van de vragenlijst. 
  
Met vriendelijke groet, 
  
Erwin Slotboom 
 

mailto:e.slotboom@student.tue.nl


 
 

Appendix C - Survey (in Dutch) 
 

 

  



Fijn dat u mee wilt doen aan dit onderzoek!

In dit onderzoek zijn wij geïnteresseerd naar uw ervaringen bij het uitdelen, sorteren en
toedienen van medicatie in relatie tot omgevingsfactoren. Hierbij zal ook ingegaan worden op de
relatie met de verlichting.
 
De vragenlijst kost 10 - 15 minuten en bestaat uit vier onderdelen, namelijk:

persoonsgegevens
het sorteren, uitdelen en toedienen van medicatie
verlichting en medicatie
verlichting op de afdeling.

Vragen met een * zijn verplichte vragen.

Wanneer u vragen heeft over de vragenlijst kunt u mailen naar: e.slotboom@student.tue.nl.

beginpagina

Invloed omgevingsfactoren op medicatie handelingen
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Onderdeel 1: persoonsgegevens (pagina 1 / 3)

Invloed omgevingsfactoren op medicatie handelingen

1. Wat is uw geslacht?*

man

vrouw

anders

wil ik niet zeggen

 dag maand jaar

Geboortedatum

2. Wat is uw geboortedatum?*

3. Wat is uw hoogst voltooide opleiding?*

MBO

HBO

Universiteit

anders, namelijk:

4. Wat is uw achtergrond?*

verpleegkundige

arts of assistent arts

medewerker ziekenhuisapotheek

anders, namelijk:

 dichtbij (+) veraf (-) multifocaal (+ en -) nee

bril

lenzen

5. Draagt u een bril of lenzen?
(meerdere antwoorden mogelijk)

*

Opmerking
Wanneer u bij vraag 5 aan heeft gegeven geen bril en lenzen te dragen, kunt u vraag 6 en 7 overslaan.
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6. Wat is uw sterkte (ongeveer)?

7. Wanneer was uw laatste oogcontrole?

minder dan 1 maand geleden

1-6 maanden geleden

6-12 maanden geleden

meer dan 1  jaar geleden

n.v.t.

8. Heeft u een oogziekte en/of heeft u in het verleden een oogoperatie gehad? 
(meerdere antwoorden mogelijk)

*

nee

oogziekte glaucoom

oogziekte maculaire degeneratie

oogziekte retinopathie (door diabetes)

oogoperatie voor staar

laserbehandeling

anders, namelijk:
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Onderdeel 1: persoonsgegevens (pagina 2 / 3)

Invloed omgevingsfactoren op medicatie handelingen

9. Wat is uw huidige functie?*

algemeen verpleegkundige

senior verpleegkundige

medium care verpleegkundige

intensive care verpleegkundige

gespecialiseerd verpleegkundige

trainee verpleegkundige

anders, namelijk:

10. Hoeveel jaren werkervaring heeft u?*

0 45

 uur minuten

starttijd

eindtijd

11. Wat zijn uw werktijden vandaag? (of van uw laatste dienst)*

4



Onderdeel 1: persoonsgegevens (pagina 3 / 3)

Invloed omgevingsfactoren op medicatie handelingen

12. In welk ziekenhuis bent u werkzaam?*

Hospital A

Hospital B

Hospital C

13. Op welke afdeling bent u (de meeste tijd) werkzaam?*

chirurgie

cardiologie

apotheek

anders, namelijk:

14. Wat is de gemiddelde verblijfsduur van patiënten op deze afdeling? (u mag een schatting geven)*

1 dag 50 dagen

5



Uit onderzoek blijkt dat medicatiefouten vele oorzaken kunnen hebben. Er volgen nu enkele
vragen omtrent medicatiefouten. Vraag 16 gaat in op mogelijke oorzaken. Vraag 17, 18 en 19
gaan in op mogelijke maatregelen die kunnen worden genomen om dergelijke fouten te
voorkomen.

De vragen gaan in op drie verschillende processen (sorteren, uitdelen en toedienen van
medicatie) die mogelijk niet allemaal bij uw takenpakket horen. Geef daarom in vraag 15 aan
welke processen behoren tot uw takenpakket.

Onderdeel 2: sorteren, uitdelen en toedienen van medicatie (pagina 1 / 2)

Invloed omgevingsfactoren op medicatie handelingen

15. Welke processen horen bij uw takenpakket?*

sorteren van medicatie

uitdelen van medicatie

toedienen van medicatie

anders, namelijk:

 1 2 3

onleesbaar handschrift

foute patiëntnaam op bestelling

gebrekkige communicatie tussen personeel

stress

te weinig personeel

deskundigheid personeel

vermoeidheid

gebrekkige verlichting

geluidsoverlast

weet ik niet

Opmerking of toelichting:

16. Waar kunnen fouten die gemaakt worden bij het sorteren, uitdelen of toedienen van medicatie
volgens u aan liggen? Geef de top 3.
(Ten minste 1 antwoord vereist. Wanneer een mogelijke oorzaak mist, kunt u dit aangeven bij 'opmerking of toelichting')

*
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17. Welke maatregelen in de organisatie kunnen volgens u helpen bij het verbeteren van het sorteren,
uitdelen of toedienen van medicatie?
(meerdere antwoorden mogelijk; maximaal 3)

*

uitvoeren dubbele controles

verstoringen door patiënten verminderen

contact met artsen inzake patiënt(en)

verstoringen door artsen verminderen

weet ik niet

anders, namelijk:

18. Welke technische maatregelen kunnen volgens u helpen bij het verbeteren van het sorteren, uitdelen
of toedienen van medicatie?
(meerdere antwoorden mogelijk; maximaal 3)

*

mogelijkheid tot scannen medicatie

ander computersysteem

(meer) computers (op wielen)

weet ik niet

anders, namelijk:

19. Welke omgevingsmaatregelen kunnen volgens u helpen bij het verbeteren van het sorteren, uitdelen
of toedienen van medicatie?
(meerdere antwoorden mogelijk; maximaal 3)

*

geluid(soverlast) van patiënten verminderen

geluid(soverlast) van bezoek verminderen

hoeveelheid verlichting

kleur verlichting

temperatuur van ruimten

luchtvochtigheid

hoeveelheid ventilatie

vergroten medicatieruimte

weet ik niet

anders, namelijk:
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20. Heeft u nog andere suggesties om het sorteren, uitdelen of toedienen van medicatie op uw afdeling,
of in het algemeen, te kunnen verbeteren?

8



Onderdeel 2: sorteren, uitdelen en toedienen van medicatie (pagina 2 / 2)

Invloed omgevingsfactoren op medicatie handelingen

 
(nooit
alert)

1 2 3 4 5 6 7 8 9

(altijd
alert)

10 n.v.t.

nachtdienst

dagdienst

avonddienst

21. Hoe alert voelt u zich gedurende de dag? 
(schaal 1 - 10)

*

 
(nooit)

1 2 3 4 5 6 7 8 9
(altijd)

10 n.v.t.

nachtdienst

dagdienst

avonddienst

22. Voelt u zich ooit slaperiger en/of minder alert dan u zou willen bij het sorteren, uitdelen of toedienen
van medicatie?
(schaal 1 - 10)

*

23. Eventuele opmerkingen kunt u hier kwijt.

9



Er volgen nu enkele vragen die gericht zijn op het bekijken en beoordelen van medicatie.

Onderdeel 3: verlichting en medicatie (pagina 1 / 1)

Invloed omgevingsfactoren op medicatie handelingen

 
(nooit)

1 2 3 4 5 6 7 8 9
(altijd)

10 n.v.t.

etiketten/teksten op medicijnverpakkingen
(medicijnrollen / baxter-zakjes) in de
medicatieruimte

etiketten/teksten op medicijndoosjes in kasten in de
medicatieruimte

aflezen/invoeren van medicijngegevens via een
computerscherm in de medicatieruimte

aflezen/invoeren van medicijngegevens via een
computerscherm in een patiëntenkamer

aflezen/invoeren van medicijngegevens via een
computerscherm op de gang

prepareren van infuuszakken in de
medicatieruimte

Controleren of infuusvloeistof nog doorloopt in
patiëntenkamer

24. Heeft u moeite met/bij het goed kunnen zien van:*

Opmerking
Indien u bij de voorgaande vraag alle onderdelen met 'nooit' heeft beantwoord, kunt u de volgende drie vragen overslaan en
doorgaan naar de volgende pagina.

25. Op welke plekken is dit meestal het geval?
(meerdere antwoorden mogelijk)

medicatieruimte

patiëntenkamer

gang

anders, namelijk:
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26. In welke dienst is dit voornamelijk het geval?
(meerdere antwoorden mogelijk)

nachtdienst

dagdienst

avonddienst

anders, namelijk:

27. Wat denkt u dat hiervan de oorzaak is?
(meerdere antwoorden mogelijk)

lettergrootte

lettertype

kleur van de letters

lichtweerkaatsing op verpakking

hoeveelheid verlichting

anders, namelijk:
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Onderdeel 4: verlichting op de afdeling (pagina 1 / 4)

Invloed omgevingsfactoren op medicatie handelingen

 
veel te veel

daglicht te veel daglicht normaal/goed
te weinig
daglicht

veel te weinig
daglicht n.v.t.

over het algemeen op
de afdeling

medicatieruimte

patiëntenkamer

gang

informatiebalie

Opmerking of toelichting:

28. Hoe ervaart u de hoeveelheid daglicht?*

 veel te donker iets te donker normaal/goed iets te licht veel te licht n.v.t.

over het algemeen op
de afdeling

medicatieruimte

patiëntenkamer

gang

informatiebalie

Opmerking of toelichting:

29. Hoe ervaart u de hoeveelheid kunstlicht?*

 veel te kil iets te kil normaal/goed iets te warm veel te warm n.v.t.

over het algemeen op
de afdeling

medicatieruimte

patiëntenkamer

gang

informatiebalie

Opmerking of toelichting:

30. Hoe ervaart u de kleur van het kunstlicht?*

12



 nooit soms regelmatig vaak altijd n.v.t.

over het algemeen op
de afdeling

medicatieruimte

patiëntenkamer

gang

informatiebalie

Opmerking of toelichting:

31. Ervaart u verstoring door flikkerend kunstlicht?*

 nooit soms regelmatig vaak altijd n.v.t.

over het algemeen op
de afdeling

medicatieruimte

patiëntenkamer

gang

informatiebalie

Opmerking of toelichting:

32. Ervaart u verstoring door verblinding van kunstlicht (bijvoorbeeld doordat u snel direct in lampen kijkt) ?*

13



Onderdeel 4: verlichting op de afdeling (pagina 2 / 4)

Invloed omgevingsfactoren op medicatie handelingen

 ja,
nooit

ja,
minder dan 1x per

week

ja,
minder dan 1x per

dag
ja,

elke dag

nee,
de verlichting is
niet te dimmen

over het algemeen op
de afdeling

medicatieruimte

patiëntenkamer

gang

informatiebalie

33. Kunt u het kunstlicht dimmen? En zo ja, hoe vaak gebruikt u deze mogelijkheid?*

34. Kunt u uw keuze(n) toelichten?

 vaak minder licht soms minder licht soms meer licht vaak meer licht n.v.t.

over het algemeen op
de afdeling

medicatieruimte

patiëntenkamer

gang

informatiebalie

35. Hoe verandert (dimt) u de verlichting? Of, hoe zou de verlichting willen veranderen (dimmen)?*
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Onderdeel 4: verlichting op de afdeling (pagina 3 / 4)

Invloed omgevingsfactoren op medicatie handelingen

 

veel minder licht minder licht

nee,
niet

meer/minder
licht meer licht veel meer licht n.v.t.

totale ruimte

bij de computer

werkblad

kasten

opmerking of aanvulling:

36. Zijn er plekken in de medicatieruimte waarbij u de hoeveelheid licht zou willen veranderen?*

 

veel minder licht minder licht

nee,
niet

meer/minder
licht meer licht veel meer licht n.v.t.

totale ruimte

werkblad

patiënt

opmerking of aanvulling:

37. Zijn er plekken in de patiëntenkamer waarbij u de hoeveelheid licht zou willen veranderen?*
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Onderdeel 4: verlichting op de afdeling (pagina 4 / 4)

Invloed omgevingsfactoren op medicatie handelingen

 
(ja,

soms)
1 2 3 4 5 6 7 8 9

(ja,
vaak)

10 nee

over het algemeen op
de afdeling

medicatieruimte

patiëntenkamer

gang

informatiebalie

38. Gebruikt u een zaklamp bij uw werkzaamheden? (bijvoorbeeld tijdens uw laatste nacht-/avonddienst)*

39. Waar gebruikt u deze zaklamp voor?
(meerdere antwoorden mogelijk)

lezen van etiketten/teksten op medicijnverpakkingen

uitdelen medicatie aan patiënten

prepareren infuuszakken

controleren infuuszakken

beoordeling patiënt

anders, namelijk:
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Bedankt voor het invullen van de vragenlijst! U kunt nu op 'Gereed' drukken.

Einde

Invloed omgevingsfactoren op medicatie handelingen

40. Wanneer u nog aanvullingen, opmerkingen of suggesties heeft kunt u dit in onderstaande tekstvak
kwijt.
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Appendix D - Results of  the survey 
 

  



Results per question 

 

Part 1: demographic data 
Question 1, 2 and 12 

1. Wat is uw geslacht? 

 
Remark: in total 5 of hospital A and 1 of hospital B had not complete the survey. 
 

2. Wat is uw geboortedatum? 

 
Age is calculated on the date 01-01-2019 and rounded. 
 

 
 
 
 
 
  



Question 3, 4 and 12 
3. Wat is uw hoogst voltooide opleiding? 
4. Wat is uw achtergrond? 
12. In welk ziekenhuis bent u werkzaam? 

 
MBO = secondary vocational education 
HBO = higher professional education 
 
Question 5 and 12 

5. Draagt u een bril of lenzen? 
12. In welk ziekenhuis bent u werkzaam? 

 
 

 

 
 
  



Question 6 and 12 
6. Wat is uw sterkte (ongeveer)? 
12. In welk ziekenhuis bent u werkzaam? 

 
 

 
 



Question 7 and 12 
7. Wanneer was uw laatste oogcontrole? 
12. In welk ziekenhuis bent u werkzaam? 

 
 
Question 8 and 12 

8. Heeft u een oogziekte en/of heeft u in het verleden een oogoperatie gehad? 
12. In welk ziekenhuis bent u werkzaam? 

 
 
Question 9 and 12 

9. Wat is uw huidige functie 
12. In welk ziekenhuis bent u werkzaam? 

 
 
 
 
 
 
 
 
 
 
 
  



Question 10 and 12 
10. Hoeveel jaren werkervaring heeft u? 
12. In welk ziekenhuis bent u werkzaam? 

 
 
Question 11 

11. Wat zijn uw werktijden? 

 
 
 
 
 
 
 
 



Question 12 and 13 
12. In welk ziekenhuis bent u werkzaam? 
13. Op welke afdeling bent u (de meeste tijd) werkzaam? 

 
 
Question 14, 13 ( and 12) 

13. Op welke afdeling bent u (de meeste tijd) werkzaam? 
14. Wat is de gemiddelde verblijfsduur van patiënten op deze afdeling? (u mag een inschatting geven) 

 



Part 2: sorting and dispensing medicines 
Question 15 (and 12) 

15. Welke processen horen bij uw takenpakket? (sorteren, uitdelen, toedienen) 

 
 
Question 16 (and 12) 

16. Waar kunnen fouten die gemaakt worden bij het sorteren, uitdelen of toedienen van medicatie 
volgens u aan liggen? Geef de top 3. 

 
Given comments or remarks 
Hospital A 

- 2: verstoringen tijdens de werkzaamheden (telefoon, vragen van collega/patient) 
- 2: gestoord worden tijdens medicatie delen (telefoontjes) Stress = drukte 
- Bij stress bedoel ik: hoge werkdruk, waardoor het snel-snel moet, waardoor fouten kunnen 

worden gemaakt 
- Het verkeerd lezen van hoe het medicijn op te lossen 
- Ik ga altijd met de COW onder de lamp staan 
- Met stress bedoel ik een acute situatie op de afdeling 
- Soms onduidelijke medicatieopdrachten, regelmatig aanpassingen van protocollen waardoor de 

bereiding/dosering is aangepast 
- Storingen, gestoord worden, afgeleid zijn 
- Stress = tijdsdruk. Deskundigheid personeel = niet alert met dubbele controle omgaan 
- Tijdsdruk 
- Verkeerde dosering voorschrijven 
- Verstoringen door telefoon en collega’s tijdens het sorteren, uitdelen en toedienen 



Hospital B 
- Storing gedurende medicatie ronde, urgente zaken!! 
- Nr 3 verkeerd recept voorgeschreven (recepten worden niet meer met de hand geschreven, alles 

gaat digitaal) 
- Onduidelijk voorgeschreven 
- Vooral niet goed gecontroleerd vanaf de apotheek en niet geteld vanaf de apotheek wbt aantal 

medicijnen 
 
Question 17 (and 12) 

17. Welke maatregelen in de organisatie kunnen volgens u helpen bij het verbeteren van het sorteren, 
uitdelen of toedienen van medicatie? 

 
 
Given comments or remarks 
Hospital A 
- Beter voorschrijf en deel systeem. In klinicom kunnen dubbele medicatieopdrachten zitten, werkt 

traag. eenduidigheid: soms staat iets als stuks voorgeschreven en soms als milligrammen 
- Bovengenoemde punten hanteren we al 
- Dubbel check met gebruik van computer 
- Dubbelcheck tussen artsen bij het voorschrijven van de medicatie 
- ip moet dit altijd worden gedaan 
- Rust 
- Telefonisch niet bereikbaar zijn 
- Tijdelijk niet bereikbaar kunnen/mogen zijn voor telefoon (patientbel op telefoon) tijdens medicatie 

delen 
- verstoringen door iedereen (patienten/bezoekers/collega’s verminderen 
- Verstoringen telefoon/piepers 
- Werkdruk verminderen 
 
Hospital B 
- allerhande verstoringen verminderen en de werkdruk verminderen waardoor er tijd is om medicatie 

te delen 
- Minder verstoringen door collega’s o.a. fysio, vpk, diëtiste, zorgassistent etc. 
- Rustigere omgeving 
- Verstoringen door bezoek verminderen 
- verstoringen door patienten en collega's verminderen. Meer tijd om medicatie te controleren 
 
 
  



Question 18 (and 12) 
18. Welke technische maatregelen kunnen volgens u helpen bij het verbeteren van het sorteren, 

uitdelen of toedienen van medicatie? 

 
 
Given comments or remarks 
Hospital A 
- Meer computers 
- Uit ervaring ander ziekenhuis = scannen 
 
Hospital B 
- Duidelijker bij het scannen (switch van pagina’s); 
- Functionele WIFI; 
- Geen verstoringen; 
- Goede internet verbinding; 
- Wifi goed regelen en als de apotheek goed uitzet, kan je bij de patient aan het bed delen; 
 
Question 19 (and 12) 

19. Welke omgevingsmaatregelen kunnen volgens u helpen bij het verbeteren van het sorteren, 
uitdelen en toedienen van medicatie? 

 
 
Given comments or remarks 
Hospital A 
- afleiding door patiënten en bezoekers 
- bij medicatie delen kan ik me over het algemeen goed concentreren en word ik niet snel afgeleid 

door de omgeving 
- niet gestoord worden door collega’s en studenten 
- Persoonlijk ben ik niet goed op de hoogte wat de invloeden zijn van omgevingsfactoren zoals licht, 

temperatuur, etc. 
- rond 20u gaan soms de lampen uit, dan zijn laatjes van een COW + baxterrol slecht zichtbaar 
- Tijdens nachtdiensten moet ik altijd in de medicatieruimte aan het fellere licht wennen 



Hospital B 
- het is bezoekuur tijdens medicatieronde van 17u. Daarnaast ook medicatieruimte minder ver weg 

van patiëntenkamers hebben zou kunnen helpen om niet 'even snel' wat te gaan halen 
- minder ruis/storen van/door bezoek, patienten en collega’s en minder stress 
- peieper en telefoon kunnen afgeven aan collega als je aan het delen bent. Niet naar OK hoeven als je 

aan het delen bent 
- rustige ruimte/plaats voor uitdelen medicatie 
 
Question 20 

20. Heeft u nog andere suggesties om het sorteren, uitdelen en toedienen van medicatie op uw 
afdeling of in het algemeen, te kunnen verbeteren? 

Hospital A 
- Met name de communicatie tussen arts en verpleegkundige kan beter. De arts schrijft soms iets voor 

wat niet klopt, of noemt mondeling iets, maar schrijft het vervolgens niet voor 
- Nee 
- rust tijdens uitdelen medicatie 
- scannen medicatie + automatisch uitprinten medicatielabels ipv deze met de hand te moeten 

schrijven 
 
Hospital B 
- Apotheek langer laten werken. Bij ons op de afdeling komen de medicijnen rond 16.30u en om 17u 

is de aptotheek dicht. En zeker de apotheek beter laten uitzetten; 
- Meer rust; 
- Storingen tijdens medicatieronde minimaliseren; 
 
Question 21 and 22 (and 12) 

21. Hoe alert voelt u zich gedurende de dag? 
22. Voelt u zich ooit slaperiger en/of minder alert dan u zou willen bij het sorteren, uitdelen of 

toedienen van medicatie? 

 
 

 
 
 
 
  



Question 23 
23. Eventuele opmerkingen kunt u hier kwijt. 

Hospital A 
- Gedurende een nachtdienst is slaperigheid de reden van minder alert zijn. Tijdens dag- en 

avonddienst is de werkdruk/verstoringen door anderen de reden van minder alert zijn; 
- Vroeg in de dagdienst of laat in de avonddienst ben je ook niet altijd even fit; 
 
Hospital B 
- Alertheid fluctueert gedurende de diensten; 
 

Part 3: lighting and medication 
Question 24 (and 12) 

24. Heeft u moeite met/bij het goed kunnen zien van: 

 

 
 
Question 25 (and 12) 

25. Op welke plekken is dit meestal het geval? 

 
 
Given comments or remarks 
Hospital A 
- voornamelijk in de nacht last van; 
 
  



Question 26 (and 12) 
26. In welke dienst is dit voornamelijk het geval? 

 
 
Given comments or remarks 
Hospital A 
- Ik werk geen avond- en nachtdienst; 
 
Question 27 (and 12) 

27. Wat denkt u dat hiervan de oorzaak is? 

 
 
Given comments or remarks 
Hospital A 
- baxterrollen zijn doorzichtig en indien de pt veel medicijnen gebruikt en je deze moet controleren 

ben ik geneigd de rol weer terug om op te rollen waardoor het medicijn + dag + tijdstip minder goed 
zichtbaar zijn. Enkel moet je kunnen zien hoeveel pillen erin zitten dus kan het niet anders; 

- je probeert rekening te houden met de patient en verlichting tijdens slapen; 
- met name wanneer ik 's nachts het licht liever niet aan wil doen om de patient niet te storen in zijn of 

haar slaap. dus wel verklaarbaar. 
- onhandig computersysteem; 
- tijdens de nacht doe je liever niet alle lichten aan voor de pt; 
 
Hospital B 
- Hoeveelheid bezoek op de kamer; 
- je wilt geen licht aanzetten als patiënt ligt te slapen in de nachtdienst, dus gaat met een zaklampje te 

werken, wel lastiger te zien; 
 

Part 4: lighting at the department 
Question 28 (and 12) 

28. Hoe ervaart u de hoeveelheid daglicht? 

 



Given comments or remarks 
Hospital A 
- Er is maar een klein raam in de medicatieruimte die uitkijkt op de gang 
- geen ramen op gangen en in de medicatieruimte 
- In de medicatieruimte, gang en informatiebalie is geen daglicht aanwezig. Er is alleen kunstlicht 
- In medicatieruimte is goed kunstlicht 
 
Hospital B 
- geen natuurlijk daglicht op afdeling behalve op patiënten kamers, ook erg weinig, altijd extra licht aan 
- Veel ruimtes waar vpk vaak zijn, zijn zonder ramen. Patientenkjamers voor de helft van de afdeling 

uitzicht op een muur van de buurafdeling. Wel licht maar lucht niet te zien 
- we zien door de smalle ramen op de kamer weinig daglicht 
 
Question 29 (and 12) 

29. Hoe ervaart u de hoeveelheid kunstlicht? 

 
 
Given comments or remarks 
Hospital A 
- De tl lampen geven gewoon heel fout scherp licht, zeker met een bril is dit vreselijk en krijg je last 

van je ogen en je hoofd.Met name in de kantoorruimtes, vreslijk! 
- Om 20:00 gaat het grote licht op de afdeling uit, terwijl we dan ook nog de medicatie van 20:00 en 

22:00 delen 
- opde afdeliing is snachts altijd te veel licht er zijn meerdere lampen die niet uit kunnen ook op de 

patienten kamers is er een klein lampje wat niet uit kan, er is voor wondinspectie + andere inspectie 
te weinig kunstlicht om dingen goed te kunnen zien bij een patient 

- patiënten klagen soms over licht bij hoofdeinde van het bed 
- patienten kunnen hier nachts niet van slapen 
 
Hospital B 
- De kleine lampen geven te weinig licht en de grote lampen geven veel te veel licht 
- Op afdeling weinig tot nauwelijks daglicht alles met kunstlicht 
- op patiëntenkamer wel moeilijk te variëren in sterkte licht van 'nachtlampje', deze is extreem fel en 

niet te dimmen 
 
Question 30 (and 12) 

30. Hoe ervaart u de kleur van het kunstlicht? 

 
 
 
 



Given comments or remarks 
Hospital A 
- geen last van 
- het licht is niet fijn maar ik weet niet wat het precies is 
 
Hospital B 
- nachtlampje van patiënt is erg geel, verdere licht prima 
 
Question 31 (and 12) 

31. Ervaart u verstoringen door flikkerend kunstlicht? 

 
 
Given comments or remarks 
Hospital B 
- alleen als lampen kapot zijn 
 
Question 32 (and 12) 

32. Ervaart u verstoring door verblinding van kunstlicht (bijvoorbeeld doordat u snel direct in 
lampen kijkt)? 

 
 
Given comments or remarks 
Hospital A 
- ja, als je achter je bureau zit met een tl lamp er boven 
 
Question 33 (and 12) 

33. Kunt u het kunstlicht dimmen? En zo ja, hoe vaak gebruikt u deze mogelijkheid? 

 
 
 
 
 
  



Question 34 (and 12) 
34. Kunt u uw keuze(n) toelichten? 

Hospital A 
- Alleen in de teampost; 
- Alleen in de transport is het licht te dimmen 
- alleen in kantoor en daar dimmen we vooral in de avond/ nacht het licht; 
- Bij patienten hangt er een lampenbuis die verschillende lichten geeft, die gebruik ik vaak in 

nachtdienst. die geeft bij bij één tik, niet zo fel licht; 
- Dimmen is prettig 
- In de nacht en af en toe ook overdag worden de lichten op de gang, bij de informatiebalie en in de 

teampost gedimd. In de patientenkamer en in de medicatieruimte is dimmen niet mogelijk. op de 
patientenkamers is er wel mogelijkheid om een kleiner lampje aan te doen. 

- Op de patiëntenkamer kunnen we de lampen niet dimmen, maar er zijn verschillende lampen en in 
andere richtingen. Daarmee kunnen we de hoeveelheid licht bepalen. 

- snachts en savond een nachtlampje wat gedimd kan worden 
- Verlichting is naar mijn weten alleen in de teampost te dimmen. 
 
Hospital B 
- je werkt met collega's samen en soms moet je daarin schipperen. 
- op patiënten kamer afhankelijk van hoeveelheid daglicht; 
- op patientenkamer is licht te dimmen maar ik zet het juist harder. Lichtbalken staan meestal uit. 
 
Question 35 (and 12) 

35. Hoe verandert (dimt) u de verlichting? Of, hoe zou de verlichting willen veranderen (dimmen)? 

 
 
Question 36 (and 12) 

36. Zijn er plekken in de medicatieruimte waarbij u de hoeveelheid licht zou willen veranderen? 

 
 
Given comments or remarks 
Hospital A 
- Meer daglicht. Medicijnkamer heeft geen raam, dus er is alleen kunstlicht 
 
Hospital B 
- lampje in de kast die automatisch aangaat? om achterin de la te kijken 
- vooral doordat er veel medicijnen achterin de bak zitten. 
 
 
 
 



Question 37 (and 12) 
37. Zijn er plekken in de patiëntenkamer waarbij u de hoeveelheid licht zou willen veranderen? 

 
 
Given comments or remarks 
Hospital A 
- Als er handelingen gedaan moeten worden, meer licht. Als er geen handelingen gedaan moeten 

worden, minder licht. Wat vooral erg storend is, is het lichtbalkje iets boven de vloer welke 's nachts 
niet uitgedaan kan worden. Hier wordt ook regelmatig door patienten over geklaagd. 

- Bijvoorbeeld bij wondverzorging of andere observaties zou het makkelijk zijn om tijdelijk meer licht 
te kunnen creeeren. 

- in de nachtdienst minder licht voor de patiënt maar meer licht voor de vpk. 
- Met name als wondzorg nodig is, dan is er onvoldoende licht op de patientenkamer om licht op een 

wond te schijnen 
- minder licht voor de patiënt tijdens de nachten. Patienten klagen vaker over de hoeveelheid licht 

'snachts door lampen onder het bed 
- Wanneer we wondzorg doen hebben we soms slechte verlichting om goed te kijken hoe de wond er 

uit ziet. Hier is een verrijdbare lamp voor aangeschaft. 
 
Hospital B 
- Bij de bedden afzonderlijk meer licht overdag, minder in de nacht. Bedlampen veel te fel in de nacht 
 
Question 38 (and 12) 

38. Gebruikt u een zaklamp bij uw werkzaamheden? (bijvoorbeeld bij uw laatste nacht-/avonddienst) 

 

 
 
 
 
 
 
 
 
 



Question 39 (and 12) 
39. Waar gebruikt u deze zaklamp voor? 

 
 
Given comments or remarks 
Hospital A 
- Aflezen apparatuur 
- Alleen s`nachts op de patiëntenkamers 
- Beoordelen van wonden 
- katheterzakken legen, draininstellingen controleren 
- Nachtdienst 
- Snachts 
- Wondzorg 
 
Hospital B 
- alleen bij de nachtdienst 
- Alleen in nachtdiensten 
- controleren katheters 
- In de nacht bij alles wat ik doe op een patientenkamer, zodat de patienten niet wakjer worden, maar 

ik voldoende licht heb. 
 
Question 40 

40. Wanneer u nog aanvullingen, opmerkingen of suggesties heeft kunt u dit in onderstaande 
tekstvak kwijt. 

Hospital A 
- Met name bij het prikken van een infuus of het beoordelen/ verbinden van een wond veel te weinig 

licht 
- Verlichting gangen s`nachts te fel. Patiënten klagen daar regelmatig over dat zij slecht slapen door 

het vele, felle licht. Vooral de TL buizen die gericht naar de kamers branden. 
- vooral bij patienten zorg/ wonden enz ervaar ik te weinig goed helder licht op de patiëntenkamer 
 
Hospital B 
- begrijp niet hellemaal waarom ik mijn geboortedatum in moet vullen. Wat heeft dit te maken met het 

onderzoek?? Leeftijd is toch volgens mij voldoende. Heb nu zeker echt gevoel dat ik gecontroleerd 
wordt op wat ik in dit onderzoek schrijf. Hoop ook zeker dat er iets gedaan wordt met alles wat wij 
noteren. Meeste gaat mis omdat de apotheek vaak niet goed of voldoende medicijnen uitzet en ook 
niet alles uitzet. Dat moet je dan weer in de medicijnkamer halen. Juist dat maakt dat ik niet altijd 
eerst bij de patiënt uit zet, omdat ik anders steeds heen en weer moet lopen om de missende 
medicijnen te halen. Is zeker fout gevoelig. 

  



Statistical analyses (chi-square tests) 
 
Shapiro-Wilk test (normality test) 
Hypotheses: 
H0 : the data is normally distributed 
H1 : the data is not normally distributed 
 

 
 
 



 
Independent-Samples Mann-Whitney U Test (2-sided test) 
Test about the distribution of two groups: hospital A and hospital B. 
H0 : the distribution of the variable [e.g. alertness] is the same between both hospitals 
H1 : the distribution of the variable [e.g. alertness] is not the same between both hospitals 
 

 
 



 
 



 
 



 
 

 
 



 
 

Appendix E - Results of  the lighting measurements 
  



Measurement data – A: medication room 
Reference : (Mennen, 2017) 

Construction date : December 2013 

Unit, floor : A2 – Orthopedics 

Measurement day : November 9, 2016 (9:22) 

Longitude | latitude : 5.39° | 52.16° 

Occupancy : used 7 days/ week 

Luminaire : ceiling mounted – TBS260 P HFP P WA 

Lamp : ceiling – 2 x TL5-28W/830 

Weather : n/a 

 

Floor plan 

 

  

  

 

Measurement results 
 luminance [cd/m²] reflectance reflectance 

 reference actual reference  

wall behind desk 91.95 93.51 0.927 0.91 

back wall 58.46 62.61 0.927 0.87 

dark closet 39.14 84.58 0.927 0.43 

light closet 64.27 95.33 0.927 0.63 

floor 38.01 59.88 0.927 0.59 

desk 94.88 135.9 0.927 0.65 

 

 H 
[m] 

Ēday 
[lx] 

CCTday  
[K] 

RAday 

[-] 
 

 
H 

[m] 
Ēday 
[lx] 

CCTday  
[K] 

RAday 

[-] 
A  horizontal 0.96 203.7 2820 84  L vertical 1.5 236.2 2849 84 
B  horizontal 0.96 239.5 2808 84  M vertical 1.6 281.6 2822 84 
C  horizontal 0.96 213.6 2761 84  N vertical 1.6 416.6 2828 84 
D  horizontal 0.96 458.3 2822 84  O vertical 1.6 369.4 2817 84 

E  horizontal 0.96 614.0 2839 83       
F  horizontal 0.96 615.5 2834 84       
G  horizontal 0 343.7 2832 83       
H  horizontal 0 320.6 2838 84       
I  horizontal 0 296.9 2812 83       
J  horizontal 1.6 357.0 2816 84       
K  horizontal 1.6 519.6 2844 83       



 

Luminance pictures - P

 
 

Luminance picture  Q 

 

 



Measurement data – A: patient room (1-person) 
Construction date : December 2013 

Unit, floor : B6 – Cardiology, floor 6 

Measurement day : August 15, 2018 (day 14:30 and night: 21:30) 

Longitude | latitude : 5.39° | 52.16° 

Occupancy : used 7 days/ week 

Luminaire : couch – interior design (n/a) 

: above bed - TBS000 P2x154 HFP/HFR A 830 PI D/I 30GR 

: worktop – ledstrip in eased frame (see picture)  

Lamp : above bed – Philips Master TL5 HO 54W\830 

: worktop – ledstrip (specifications not known) 

Weather : overcast sky 

Weather (De Bilt) 

on 14:00-15:00 

: T ≈ 21.7°; duration of sunshine approximately 0 – 0.4 hour / hour 

  Cloud cover: 8 out of 9 (9 is ‘upper air invisible’) 

 

Floor plan 

 

 

 
 

Measurement results 
 luminance [cd/m²] reflectance reflectance 

 reference actual reference  

floor 67.12 15.79 0.83* 0.20 

walls 59.86 63.52 0.83* 0.88 

couch: light gray 262.2 92.25 0.83* 0.29 

couch: dark gray 155.2 23.29 0.83* 0.12 

couch: green 75.75 41.93 0.83* 0.46 

couch: tabletop 228.9 95.58 0.83* 0.35 

stand behind bed 47.12 37.09 0.83* 0.65 

worktop 43.26 38.98 0.83* 0.75 

bed 127.6 56.82 0.83* 0.37 

wall behind bed 97.66 81.25 0.83* 0.69 
* The reference reflectance is not validated and is an expectation of the used standard white paper. 

 

 



 H 
[m] 

Ēday  
[lx] 

Ēnight;1 

[lx] 
Ēnight;2 

[lx] 
 

H 
[m] 

Ēday  
[lx] 

Ēnight;1 

[lx] 
Ēnight;2 

[lx] 
 H 

[m] 
Ēday  
[lx] 

Ēnight;1 

[lx] 
Ēnight;2 

[lx] 

1 0.75 2493 48.4 1.6 4 0.75 875.6 70.2 3.0 7 0.75 505.8 56.6 5.2 

2 0.863 1262 69.3 1.8 5 0.75 758.4 96.9 3.1 8 0.75 432.3 79.9 7.9 

3 0.75 1610 64.8 1.5 6 0.75 670.6 111.9 2.2 9* - - - - 
* On measurement point 9 stands the cabinet and could therefore not be measured. 

 

 H 
[m] 

Ēday 
[lx] 

Ēnight;1 

[lx] 
Ēnight;2 

[lx] 
CCTday  

[K] 
CCTnight;1 

[K] 
CCTnight;2 

[K] 
RAday 

[-] 
RAnight;1 

[-] 
RAnight;2 

[-] 
A  horizontal 0 242.1 69.9 1.9 4188 2908 2819 91 80 66 
B  horizontal 0 485.4 60.6 3.9 4950 2908 2871 93 80 68 
C  horizontal 0 542.3 57.3 1.1 5593 2947 2930 94 80 66 
D  horizontal 0 737.7 53.9 1.7 5746 2923 2865 94 80 67 
E  horizontal 0.74 439.4 109.2 2.3 4738 2940 2863 93 80 65 
F  horizontal 0.74 431.3 111.8 1.8 4674 2940 2840 93 80 61 
G  horizontal 0.74 506.2 103.1 2.8 4929 2942 2894 93 80 61 
H  horizontal 0.74 430.6 90.8 2.6 4863 2946 2874 93 80 61 
I  horizontal 0.96 266.1 99 23 4168 2901 2857 90 76 60 
J  vertical 1.26 371.3 65.7 5.7 4943 2888 2789 93 78 60 
K  vertical 1.26 178.1 50.2 7.1 4432 2880 2795 92 78 60 
L  vertical 1.60 376.9 54.2 1.8 5155 2907 2851 94 80 61 
M  vertical 0.97 241.1 60.6 1.6 4767 2948 2872 94 80 63 
N  vertical 1.60 184.4 73.1 3.1 4162 2932 2947 91 79 61 
I horizontal 
half-light 

0.96 - - 11.8 - - - - - - 

I horizontal 
soft-light 

0.96 - - 1.6 - - - - - - 

outside - 26990 - - 6062 - - 100 - - 

 

  



Luminance pictures - day 

 

 

 

  

Luminance pictures - night 

 

 

 
Remark: the vertical illuminance was less than 100 lux by the luminance pictures in the evening (night). 



Measurement data – B: medication room 
Construction date : October 2012 

Unit, floor : E1 – Surgery, floor 1 

Measurement day : December 8, 2018 (day 9:45 and night: -) 

Longitude | latitude : 5.14° | 52.11° 

Occupancy : used 7 days/ week 

Luminaire : Fagerhult Recesso 3x14W/83 (product nr: 259440111; serial nr: 5214390) 

Lamp : Philips Master TL5 HE 14W/830 (1200 lm; 300 K; 80-89 Ra) 

Weather : n/a 

 

Floor plan 

 
 

 

Measurement results 
 luminance [cd/m²] reflectance reflectance 

 reference actual reference  

floor 115.4 38.71 0.927 0.31 

walls 133.1 115.5 0.927 0.80 

worktop 186.9 172.9 0.927 0.86 

cabinets 151.0 145.7 0.927 0.89 

 

 H 
[m] 

Ēday 
[lx] 

CCTday  
[K] 

RAday 

[-] 
 

 
H 

[m] 
Ēday 
[lx] 

CCTday  
[K] 

RAday 

[-] 
A  horizontal 0 155.1 2908 84  M vertical 1.41 459.9 2903 84 
B  horizontal 0 460.0 2918 84  N vertical 1.60 321.0 2937 84 
C  horizontal 0 578.4 2903 84  O vertical 1.60 162.7 2954 84 
D  horizontal 0 542.0 2908 84  P vertical 1.60 145.5 2956 84 
E  horizontal 0 402.9 2911 84  Q vertical 1.60 637.8 2909 84 

F  horizontal 0.93 664.4 2888 84       
G  horizontal 0.93 722.6 2891 84       
H  horizontal 0.93 568.8 2892 84       
I  horizontal 0.93 637.8 2906 84       
J  horizontal 1.60 482.6 2916 84       
K  horizontal 1.60 133.5 2908 84       
L  horizontal 1.60 108.7 2905 84       

Light was broken 



Luminance pictures 

 

 

 

 



Measurement data – B: patient room (1-person) 
Construction date : October 2012 

Unit, floor : E1 – Surgery, floor 1 

Measurement day : December 8, 2018 (day 12:30 and night: 20:30) 

Longitude | latitude : 5.14° | 52.11° 

Occupancy : used 7 days/ week 

Luminaire : spot – Fagerhult Pleiad GII CMP (product nr. 77307-1011; serial nr. 5003539) 

: bed – n/a 

: kitchen – Osram Mini 5 ECO 8W 

Lamp : spot – 2 x 18 W/830 

: bed – on top: 2 x 54W/840; under: 1 x 24W/840 

: kitchen – 72810 Lumilux L 

Weather : cloudy sky, rainy 

Weather (De Bilt) 

on 12:00-13:00 

: T = 10.3°; duration of sunshine approximately 0 hour / hour 

  Cloud cover: 8 out of 9 (9 is ‘upper air invisible’) 

 

Floor plan 

 

 

Remark: the third picture shows the hallway before the room. 

 

Measurement results 
 luminance [cd/m²] reflectance reflectance 

 reference actual reference  

floor 10.52 4.235 0.927 0.37 

See results ‘Patiënt room 4-persons’ 

 

 

 

 

 

 



 H 
[m] 

Ēday  
[lx] 

Ēnight 

[lx] 
 

H 
[m] 

Ēday  
[lx] 

Ēnight 

[lx] 
 H 

[m] 
Ēday  
[lx] 

Ēnight 

[lx] 

1 0.75 160.8 107.9 4 0.75 212.9 113.8 7 0.75 131.9 85.1 

2 0.75 356.8 126.2 5* - - - 8 0.75 160.4 104.5 

3* - - - 6* - - - 9 0.75 150.2 106.7 
* Due to the presence of a patient in isolation, it was not possible to measure on every measurement point. 

 

 H 
[m] 

Ēday 
[lx] 

Ēnight 

[lx] 
CCTday  

[K] 
CCTnight 

[K] 
RAday 

[-] 
RAnight 

[-] 
A  horizontal 0 113.0 - 4328 - 92 - 
B  horizontal 0 147.7 64.8 4644 3221 94 82 
C  horizontal 0 105.4 75.2 3556 3376 85 81 
D  horizontal 0 95.5 - 3557 - 84 - 
E  horizontal 0 65.4 43.9 3489 2839 90 84 
F  horizontal 0.95 100.2 84.4 3703 3436 86 81 
G  horizontal* - - - - - - - 
H  horizontal* - - - - - - - 
I  horizontal* - - - - - - - 
J  horizontal* - - - - - - - 
K  vertical* - - - - - - - 
L  vertical 1.60 46.5 43.0 3227 2803 89 84 
M  vertical 1.25 89.4 61.0 3881 3395 89 81 
N  vertical 1.60 117.6 81.1 3807 3317 88 82 
O vertical 1.60 36.2 36.3 3045 2765 87 84 
P vertical 1.60 143.8 117.4 3598 3381 85 82 
outside - 5968 - 6007 - 98 - 

* Due to the presence of a patient in isolation, it was not possible to measure on the bed. 

Luminance pictures - day 

 

 

 

Luminance pictures - night 

 

 

 
Remark: the vertical illuminance was less than 100 lux by the luminance pictures in the evening (night). 



Measurement data – B: patient room (4-person) 
Construction date : October 2012 

Unit, floor : E1 – Surgery, floor 1 

Measurement day : December 8, 2018 (day 11:15 and night: 19:15) 

Longitude | latitude : 5.14° | 52.11° 

Occupancy : used 7 days/ week 

Luminaire : spot – Fagerhault Pleiad GII CMP (product nr. 77307-1011; serial nr. 5003539) 

: bed – n/a 

: kitchen – Osram Mini 5 ECO 28 W 

Lamp : spot – 2 x 18 W/830 

: bed – on top: 2 x 54W/840; under: 1 x 24W/840 

: kitchen – 72814 Lumilux T5 HE 

Weather : cloudy sky, rainy 

Weather (De Bilt)  

on 11:00-12:00 

: T = 10.3°; duration of sunshine approximately 0 hour / hour 

  Cloud cover: 8 out of 9 (9 is ‘upper air invisible’) 

 

Floor plan 

 

 

 

Remark: during the measurements by day, one patient was present. Furthermore, the room was disorganized because of the needed 

cleaning which was done after the last patient left the room that day. This can be seen on the first two pictures. 

 



Measurement results 
 luminance [cd/m²] reflectance reflectance 

 reference actual reference  

floor 22.44 9.255 0.927 0.38 

walls 22.40 19.10 0.927 0.79 

stand behind bed 33.75 28.50 0.927 0.78 

worktop 7.274 7.608 0.927 0.97 

 

 H 
[m] 

Ēday  
[lx] 

Ēnight 

[lx] 
 

H 
[m] 

Ēday  
[lx] 

Ēnight 

[lx] 
 H 

[m] 
Ēday  
[lx] 

Ēnight 

[lx] 

1 0.75 172.5 41.3 4 0.75 50.3 38.1 7 0.75 19.8 15.5 

2 0.82 239.6 86.4 5 0.75 74.9 63.4 8 0.75 38.4 32.7 

3 0.75 228.2 144.5 6 0.75 102.3 109.6 9 0.75 17.9 18.0 

 

 H 
[m] 

Ēday 
[lx] 

CCTday  
[K] 

RAday 

[-] 
H 

[m] 
Ēnight 

[lx] 
CCTnight 

[K] 
RAnight 

[-] 
A  horizontal 0 148.1 5547 95 0 37.2 3344 82 
B  horizontal 0 129.3 5140 94 0 43.5 3292 82 
C  horizontal 0 271.3 5095 93 0 90.8 3449 81 
D  horizontal 0 100.0 4320 88 0 101.2 3465 81 
E  horizontal 0 34.4 3727 86 0 31.1 3351 81 
F  horizontal 0 40.8 3720 86 0 41.3 3344 81 
G  horizontal 0 90.5 3654 83 0 71.9 3454 81 
H  horizontal 0 73.0 3608 82 0 77 3502 81 
I  horizontal 0 - - - 0 11 2934 82 
J  horizontal 0 18.4 3254 88 0 19.7 3073 82 
K  horizontal 0 24.4 3290 87 0 22.0 2974 83 
L  horizontal 0 18.7 3222 87 0 17.0 2940 82 
M  horizontal * 0.98 78.2 3614 83 1.10 73.9 3416 81 
M horizontal * 
Night lighting 

- - - - 1.10 5.3 2783 83 

N  horizontal * 0.98 63.4 3593 84 1.10 65.0 3382 81 
N horizontal * 
Night lighting 

- - - - 1.10 5.4 2767 83 

O horizontal * 0.98 83.0 3630 83 0.96 79.8 3443 81 
O horizontal * 
Night lighting 

- - - - 0.96 4.9 2745 83 

P horizontal * 0.98 68.7 3602 84 0.96 75.1 3419 81 
P horizontal * 
Night lighting 

- - - - 0.96 4.9 2738 83 

Q horizontal ** 0.77 210.7 3736 82 1.15 295.7 3618 80 
R horizontal ** 0.77 215.2 3801 83 1.15 289.4 3629 80 
S horizontal ** 0.58 176.8 3817 83 0.97 217.3 3579 81 
T horizontal ** 0.58 145.4 3962 85 0.97 151.5 3484 81 
U horizontal 
Light off 

0.95 17.0 3460 88 0.95 2.0 2554 84 

U horizontal 
Light on 

0.95 384.7 2589 85 0.95 1032 2672 84 

V vertical * 1.07 61.6 3828 86 1.45 127.8 3432 82 
W vertical ** 1.28 49.6 3524 86 1.40 57.4 3676 83 
X vertical 1.46 61.2 3924 88 1.40 66.1 3214 83 
Y vertical  - - - 1.40 37 3279 81 
Z vertical 1.60 76.5 3801 86 1.60 93.4 3215 82 
AA vertical 1.25 34.9 4047 90 1.25 1487 2683 84 
AB vertical 1.60 41.9 3574 89 1.60 38.0 2788 83 
outside - 5968 6007 98 - - - - 

Remark: the lights where on different levels due to the available dim (see photo’s).  
* Light above bed (both the indirect and direct light) was off. 

** Light above bed (indirect) was on and the direct lighting off. 



Luminance pictures - day 

 

 

 

 

Luminance pictures - night 

 

 

 

 
Remark: the vertical illuminance was less than 100 lux by the luminance pictures in the evening (night). 

 



 
 

Appendix F - Results of  the simulations 
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Partner for Contact: 
Order No.: 
Company: 
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Tekstvak
simulations of the medication room at hospital A



Project 1
14.05.2019
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Fax
e-Mail
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Project 1
14.05.2019

Operator
Telephone

Fax
e-Mail

PHILIPS TBS260 2xTL5-28W HFS P_830 / Luminaire Data Sheet

Luminous emittance 1: 

Luminaire classification according to CIE: 100
CIE flux code: 63  90  98  100  61

Luminous emittance 1: 

DIALux 4.13 by DIAL GmbH Page 3



Project 1
14.05.2019

Operator
Telephone

Fax
e-Mail

Room 1 / Summary

Height of Room: 2.600 m, Mounting Height: 2.600 m, Maintenance factor: 
0.85

Values in Lux, Scale 1:56

Surface  [%] Eav [lx] Emin [lx] Emax [lx] u0

Workplane / 583 378 711 0.649
Floor 59 225 6.48 528 0.029
Ceiling 70 189 9.12 404 0.048
Walls (6) 87 147 1.19 668 /

Workplane:
Height: 0.750 m
Grid: 128 x 128 Points 
Boundary Zone: 0.600 m

Illuminance Quotient (according to LG7): Walls / Working Plane: 0.304, Ceiling / Working Plane: 0.324. 

Luminaire Parts List

Specific connected load: 10.51 W/m² = 1.80 W/m²/100 lx (Ground area: 11.79 m²) 

No. Pieces Designation (Correction Factor)  (Luminaire) [lm]  (Lamps) [lm] P [W]

1 2 PHILIPS TBS260 2xTL5-28W HFS P_830 
(1.000) 3203 5250 62.0

Total: 6405 Total: 10500 124.0
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Project 1
14.05.2019

Operator
Telephone

Fax
e-Mail

Room 1 / Luminaire parts list

2 Pieces PHILIPS TBS260 2xTL5-28W HFS P_830
Article No.: 
Luminous flux (Luminaire): 3203 lm
Luminous flux (Lamps): 5250 lm
Luminaire Wattage: 62.0 W
Luminaire classification according to CIE: 100
CIE flux code: 63  90  98  100  61
Fitting: 2 x TL5-28W/830 (Correction Factor 
1.000).
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Project 1
14.05.2019

Operator
Telephone

Fax
e-Mail

Room 1 / Photometric Results

Total Luminous Flux: 6405 lm
Total Load: 124.0 W
Maintenance factor: 0.85
Boundary Zone: 0.600 m

Surface Average illuminances [lx] Reflection factor [%] Average luminance [cd/m²] 
direct indirect total

Workplane 367 216 583 / / 
Floor 110 115 225 59 42
Ceiling 0.00 189 189 70 42
Wall 1 82 186 268 87 74
Wall 2 96 177 273 87 76
Wall 3 0.00 7.77 7.77 87 2.15
Wall 4 56 137 193 87 53
Wall 5 11 75 86 87 24
Wall 6 25 98 123 87 34

Uniformity on the working plane
u0: 0.649 (1:2) 
Emin / Emax: 0.532 (1:2) 

Illuminance Quotient (according to LG7): Walls / Working Plane: 0.304, Ceiling / Working Plane: 0.324. 

Specific connected load: 10.51 W/m² = 1.80 W/m²/100 lx (Ground area: 11.79 m²) 
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Project 1
14.05.2019

Operator
Telephone

Fax
e-Mail

Room 1 / Calculation points (results overview)

Scale 1 : 49

Calculation Points List

No. Designation Type Position [m] Rotation [°] Value [lx]
X Y Z X Y Z

1 Free Calculation Point 1 free, normal 1.200 0.550 0.960 0.0 0.0 0.0 708
2 Free Calculation Point 1 free, normal 1.200 1.100 0.960 0.0 0.0 0.0 707
3 Free Calculation Point 1 free, normal 1.200 1.650 0.960 0.0 0.0 0.0 666
4 Free Calculation Point 1 free, normal 0.500 2.675 0.960 0.0 0.0 0.0 299
5 Free Calculation Point 1 free, normal 0.500 3.150 0.960 0.0 0.0 0.0 297
6 Free Calculation Point 1 free, normal 0.500 3.625 0.960 0.0 0.0 0.0 262
7 Free Calculation Point 1 free, normal 1.550 3.400 0.000 0.0 0.0 0.0 405
8 Free Calculation Point 1 free, normal 2.050 1.900 0.000 0.0 0.0 0.0 499
9 Free Calculation Point 1 free, normal 2.250 0.300 0.000 0.0 0.0 0.0 454
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Project 1
14.05.2019

Operator
Telephone

Fax
e-Mail

Room 1 / Calculation points (results overview)

Calculation Points List

Summary of Results

No. Designation Type Position [m] Rotation [°] Value [lx]
X Y Z X Y Z

10 Free Calculation Point 1 free, normal 2.500 2.750 1.600 0.0 0.0 0.0 810
11 Free Calculation Point 1 free, normal 2.550 1.862 1.600 0.0 0.0 0.0 433
12 Free Calculation Point 1 free, normal 2.500 2.750 1.600 0.0 -90.0 0.0 493
13 Free Calculation Point 1 free, normal 2.550 1.862 1.600 0.0 -90.0 0.0 387

Calculation Point Types Quantity Average [lx] Min [lx] Max [lx] u0 Emin / Emax
Free, normal 13 494 262 810 0.53 0.32
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Room 1 / False Colour Rendering
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Simulations / Luminaire parts list

4 Pieces Fagerhult 25944 Recesso 3xT16 14 W 3xT16 14 
W 3xT16 14 W 3xT16 14 W 3xT16 14 W 3xT16 
14 W 3xT16 14 W 3xT16 14 W 3xT16 14 W 
(Type 1) 
Article No.: 25944
Luminous flux (Luminaire): 2638 lm
Luminous flux (Lamps): 3600 lm
Luminaire Wattage: 42.0 W
Luminaire classification according to CIE: 100
CIE flux code: 68  99  100  100  73
Fitting: 1 x User defined (Correction Factor 
1.000).

2 Pieces Fagerhult 77307 Pleiad Compact G2 2X18W
Article No.: 77307
Luminous flux (Luminaire): 1287 lm
Luminous flux (Lamps): 2400 lm
Luminaire Wattage: 36.0 W
Luminaire classification according to CIE: 100
CIE flux code: 74  98  100  100  54
Fitting: 2 x 18W (Correction Factor 1.000).

See our luminaire 
catalog for an image of 

the luminaire. 

1 Pieces OSRAM GmbH 4008321931399 OSRAM MINI5 
ECO, 8W
Article No.: 4008321931399
Luminous flux (Luminaire): 314 lm
Luminous flux (Lamps): 430 lm
Luminaire Wattage: 7.5 W
Luminaire classification according to CIE: 71
CIE flux code: 30  56  80  71  73
Fitting: 1 x OSRAM L 8W/827 (Correction Factor 
1.000).

See our luminaire 
catalog for an image of 

the luminaire. 

1 Pieces PHILIPS BN120C L600 1xLED19S/830
Article No.: 
Luminous flux (Luminaire): 1900 lm
Luminous flux (Lamps): 1900 lm
Luminaire Wattage: 20.0 W
Luminaire classification according to CIE: 91
CIE flux code: 42  72  90  91  100
Fitting: 1 x LED19S/830/- (Correction Factor 
1.000).

2 Pieces PHILIPS TBS411 1xTL5-54W HFP A_830
Article No.: 
Luminous flux (Luminaire): 3560 lm
Luminous flux (Lamps): 4450 lm
Luminaire Wattage: 60.0 W
Luminaire classification according to CIE: 100
CIE flux code: 47  78  96  100  80
Fitting: 1 x TL5-54W/830 (Correction Factor 
1.000).
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Simulations / Luminaire parts list

5 Pieces PHILIPS TBS415 1xTL5-24W HFP T MLO-
PC_840
Article No.: 
Luminous flux (Luminaire): 1155 lm
Luminous flux (Lamps): 1750 lm
Luminaire Wattage: 28.0 W
Luminaire classification according to CIE: 100
CIE flux code: 71  95  99  100  66
Fitting: 1 x TL5-24W/840 (Correction Factor 
1.000).

5 Pieces PHILIPS TBS415 2xTL5-54W HFP T MLO-
PC_840
Article No.: 
Luminous flux (Luminaire): 4183 lm
Luminous flux (Lamps): 8900 lm
Luminaire Wattage: 118.0 W
Luminaire classification according to CIE: 100
CIE flux code: 72  94  99  100  47
Fitting: 2 x TL5-54W/840 (Correction Factor 
1.000).

1 Pieces PHILIPS TCH085 1xTL5-28W EI_827
Article No.: 
Luminous flux (Luminaire): 2336 lm
Luminous flux (Lamps): 2625 lm
Luminaire Wattage: 32.0 W
Luminaire classification according to CIE: 70
CIE flux code: 29  56  80  70  89
Fitting: 1 x TL5-28W/827 (Correction Factor 
1.000).
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PHILIPS BN120C L600 1xLED19S/830 / Luminaire Data Sheet

Luminous emittance 1: 

Luminaire classification according to CIE: 91
CIE flux code: 42  72  90  91  100

CoreLine Batten – the clear choice for LED  
Whether for a new building or renovation of an existing space, customers 
want 
lighting solutions that provide quality of light and substantial energy and 
maintenance savings. The new CoreLine Batten range of LED products can 
be used 
to replace traditional battens with fluorescent lamps. The process of 
selecting, 
installing and maintaining is so easy – it’s a simple switch

Luminous emittance 1: 
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PHILIPS TBS411 1xTL5-54W HFP A_830 / Luminaire Data Sheet

Luminous emittance 1: 

Luminaire classification according to CIE: 100
CIE flux code: 47  78  96  100  80

SmartForm – the new standard for office lighting with slender recessed 
luminaires 
Reflecting Philips’ drive for simplicity and sustainability, SmartForm 
recessed is a complete family of highly versatile modular and semi-modular 
luminaires. These luminaires are available with a choice of LED or MASTER 
TL5 
light sources in very small, slender versions. Designed to fit in a wide range 
of ceiling types, this complete family can fulfill the majority of project 
requirements in most applications 
Energy efficiency 
As well as incorporating energy-efficient light sources and electronic 
ballasts, the SmartForm recessed family can be equipped with lighting 
controls. 
These include solutions for presence detection and daylight regulation 
(ActiLume) or daylight regulation only (Luxsense), thereby further reducing 
energy consumption (W/m² is very low). In this way, this Green Flagship 
range 
lowers overall cost of ownership as well as CO2 levels, making SmartForm 
an 
environmentally friendly choice. 
SmartForm recessed TBS411 – ‘light beam’ semi-modular – 600 mm module 

These slender SmartForm recessed luminaires are designed for integration 
in 
variety of linear ceiling systems: exposed and concealed T-bar, plaster and 
the 
extended versions for bandraster ceilings. 
‘Light beam’ TBS411 1-lamp 
Micro-optics and covers (MLO-PC and Opal) in smallest concept, width 90 
mm. 
Modular length 600, 900, 1200 and 1500 mm. To extend till 2400 mm. 
‘Light beam’ TBS411 1-lamp with AIR 
Micro-optics and covers in smallest concept with AIR function, width 100 
mm. 
Modular length 600, 900, 1200 and 1500 mm. To extend till 2400 mm.

Due to missing symmetry properties, no UGR table 
can be displayed for this luminaire.
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PHILIPS TCH085 1xTL5-28W EI_827 / Luminaire Data Sheet

Luminous emittance 1: 

Luminaire classification according to CIE: 70
CIE flux code: 29  56  80  70  89

T5 Essential Batten TCH086C – A brighter way to extra savings 
When it comes to selecting a batten, customers want a trunkable solution 
that 
combines safety and lifetime reliability with a slim design and ease of 
installation – so that they can meet the different requirements of different 
applications. Our T5 Essential Batten is extremely safe, highly reliable and 
offers significant energy savings compared with a T8 batten. With its slim 
housing it is easy to install and conceal in tight spaces, and trunking is 
straightforward

Luminous emittance 1: 
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OSRAM GmbH 4008321931399 OSRAM MINI5 ECO, 8W / Luminaire Data Sheet

See our luminaire catalog for an image of the 
luminaire. 

Luminous emittance 1: 

Luminaire classification according to CIE: 71
CIE flux code: 30  56  80  71  73

Due to missing symmetry properties, no UGR table 
can be displayed for this luminaire.
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Fagerhult 77307 Pleiad Compact G2 2X18W / Luminaire Data Sheet

See our luminaire catalog for an image of the 
luminaire. 

Luminous emittance 1: 

Luminaire classification according to CIE: 100
CIE flux code: 74  98  100  100  54

Luminous emittance 1: 
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PHILIPS TBS415 1xTL5-24W HFP T MLO-PC_840 / Luminaire Data Sheet

Luminous emittance 1: 

Luminaire classification according to CIE: 100
CIE flux code: 71  95  99  100  66

SmartForm – the new standard for office lighting with slender recessed 
luminaires 
Reflecting Philips’ drive for simplicity and sustainability, SmartForm 
recessed is a complete family of highly versatile modular and semi-modular 
luminaires. These luminaires are available with a choice of LED or MASTER 
TL5 
light sources in very small, slender versions. Designed to fit in a wide range 
of ceiling types, this complete family can fulfill the majority of project 
requirements in most applications 
Energy efficiency 
As well as incorporating energy-efficient light sources and electronic 
ballasts, the SmartForm recessed family can be equipped with lighting 
controls. 
These include solutions for presence detection and daylight regulation 
(ActiLume) or daylight regulation only (Luxsense), thereby further reducing 
energy consumption (W/m² is very low). In this way, this Green Flagship 
range 
lowers overall cost of ownership as well as CO2 levels, making SmartForm 
an 
environmentally friendly choice 
SmartForm recessed TBS415 – ‘light beam’ semi-modular – 600 mm module 

SmartForm recessed luminaires are designed for integration in linear ceiling 
systems with a width of 148 mm (half module 300 mm) for exposed and 
concealed 
T-bar and the extended versions for bandraster ceilings. 
‘Light surface’ TBS415 1-lamp 
MLO and asymmetrical optic in 1/2 modular concept, width 148 mm. Modular 

length 600, 900, 1200 and 1500 mm. To extend till 2400 mm. ‘Light beam’ 
TBS415 
1-lamp: micro-optics in 1/2 modular concept with AIR function, width 148 
mm. 
Modular length 600, 900, 1200 and 1500 mm. To extend till 2400 mm.

Luminous emittance 1: 
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PHILIPS TBS415 2xTL5-54W HFP T MLO-PC_840 / Luminaire Data Sheet

Luminous emittance 1: 

Luminaire classification according to CIE: 100
CIE flux code: 72  94  99  100  47

SmartForm – the new standard for office lighting with slender recessed 
luminaires 
Reflecting Philips’ drive for simplicity and sustainability, SmartForm 
recessed is a complete family of highly versatile modular and semi-modular 
luminaires. These luminaires are available with a choice of LED or MASTER 
TL5 
light sources in very small, slender versions. Designed to fit in a wide range 
of ceiling types, this complete family can fulfill the majority of project 
requirements in most applications 
Energy efficiency 
As well as incorporating energy-efficient light sources and electronic 
ballasts, the SmartForm recessed family can be equipped with lighting 
controls. 
These include solutions for presence detection and daylight regulation 
(ActiLume) or daylight regulation only (Luxsense), thereby further reducing 
energy consumption (W/m² is very low). In this way, this Green Flagship 
range 
lowers overall cost of ownership as well as CO2 levels, making SmartForm 
an 
environmentally friendly choice 
SmartForm recessed TBS415 – ‘light beam’ semi-modular – 600 mm module 

SmartForm recessed luminaires are designed for integration in linear ceiling 
systems with a width of 148 mm (half module 300 mm) for exposed and 
concealed 
T-bar and the extended versions for bandraster ceilings. 
‘Light surface’ TBS415 1-lamp 
MLO and asymmetrical optic in 1/2 modular concept, width 148 mm. Modular 

length 600, 900, 1200 and 1500 mm. To extend till 2400 mm. ‘Light beam’ 
TBS415 
1-lamp: micro-optics in 1/2 modular concept with AIR function, width 148 
mm. 
Modular length 600, 900, 1200 and 1500 mm. To extend till 2400 mm.

Luminous emittance 1: 
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Fagerhult 25944 Recesso 3xT16 14 W 3xT16 14 W 3xT16 14 W 3xT16 14 W 3xT16 14 W 
3xT16 14 W 3xT16 14 W 3xT16 14 W 3xT16 14 W / Luminaire Data Sheet

Luminous emittance 1: 

Luminaire classification according to CIE: 100
CIE flux code: 68  99  100  100  73

Installation 
Luminaire for recessed mounting in suspended ceiling. Only for suspended 
ceilings with visible T-bars (15 or 25 mm). 

Connection 
Supplied with 2.5m mains cable and earthed plug. Snap-in terminal block 3-
way. Can also be equipped with the Wieland connection system. 

Design 
Body of white enamelled sheet steel (NCS 0500/RAL 9016). Openings along 
the entire body, outside the edge of the louvre for flow-through ventilation. 

Louvre 
Double parabolic reflector louvre with side and cross blades of satin matt, 
metallized aluminium with excellent reflection characteristics (>92 %), 
integrated into a single unit. The louvre remains attached when opened. 
Earthed. The louvre in its standard design is equipped with protective foil 
over the light opening. The protective foil is easily removed after final 
cleaning. 

Miscellaneous 
The luminaire is equipped with Cold Spot Stabilizer. This stabilises the light 
flow with flow-through ventilation. This does not have a negative effect on 
non-ventilated suspended ceilings. Delivered with light source 3000 K.

Luminous emittance 1: 
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B - medication room / Luminaire parts list

4 Pieces Fagerhult 25944 Recesso 3xT16 14 W 3xT16 14 
W 3xT16 14 W 3xT16 14 W 3xT16 14 W 3xT16 
14 W 3xT16 14 W 3xT16 14 W 3xT16 14 W 
(Type 1) 
Article No.: 25944
Luminous flux (Luminaire): 2638 lm
Luminous flux (Lamps): 3600 lm
Luminaire Wattage: 42.0 W
Luminaire classification according to CIE: 100
CIE flux code: 68  99  100  100  73
Fitting: 1 x User defined (Correction Factor 
1.000).
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B - medication room / Current situation (1 lamp broken) / Summary

Height of Room: 2.700 m, Mounting Height: 2.770 m, Maintenance factor: 
0.85

Values in Lux, Scale 1:57

Surface  [%] Eav [lx] Emin [lx] Emax [lx] u0

Workplane / 380 64 675 0.167
Floor 31 242 0.93 531 0.004
Ceiling 80 152 1.14 275 0.007
Walls (6) 80 148 0.14 663 /

Workplane:
Height: 0.750 m
Grid: 128 x 128 Points 
Boundary Zone: 0.000 m

Illuminance Quotient (according to LG7): Walls / Working Plane: 0.473, Ceiling / Working Plane: 0.399. 

Luminaire Parts List

Specific connected load: 6.17 W/m² = 1.62 W/m²/100 lx (Ground area: 20.43 m²) 

No. Pieces Designation (Correction Factor)  (Luminaire) [lm]  (Lamps) [lm] P [W]

1 3
Fagerhult 25944 Recesso 3xT16 14 W 3xT16 
14 W 3xT16 14 W 3xT16 14 W 3xT16 14 W 
3xT16 14 W 3xT16 14 W 3xT16 14 W 3xT16 
14 W (Type 1)* (1.000) 

2638 3600 42.0

*Modified Technical Specifications Total: 7915 Total: 10800 126.0
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B - medication room / Current situation (1 lamp broken) / Photometric Results

Total Luminous Flux: 7915 lm
Total Load: 126.0 W
Maintenance factor: 0.85
Boundary Zone: 0.000 m

Surface Average illuminances [lx] Reflection factor [%] Average luminance [cd/m²] 
direct indirect total

Workplane 212 168 380 / / 
Hor - H 0,75 m 245 182 427 / / 
Hor - Hfloor 196 176 372 / / 
Floor 124 118 242 31 24
Ceiling 0.00 152 152 80 39
Wall 1 5.23 35 41 80 10
Wall 2 8.55 59 67 80 17
Wall 3 6.59 90 96 80 25
Wall 4 3.73 88 92 80 23
Wall 5 90 140 230 80 59
Wall 6 74 157 231 80 59

Uniformity on the working plane
u0: 0.167 (1:6) 
Emin / Emax: 0.094 (1:11) 

Illuminance Quotient (according to LG7): Walls / Working Plane: 0.473, Ceiling / Working Plane: 0.399. 

Specific connected load: 6.17 W/m² = 1.62 W/m²/100 lx (Ground area: 20.43 m²) 
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B - medication room / Current situation (1 lamp broken) / Calculation points 
(results overview)

Scale 1 : 51

Calculation Points List

No. Designation Type Position [m] Rotation [°] Value [lx]
X Y Z X Y Z

1 HOR - A horizontal, normal 4.876 3.764 0.000 0.0 0.0 0.0 142
2 HOR - B horizontal, normal 2.736 3.164 0.000 0.0 0.0 0.0 393
3 HOR - C horizontal, normal 1.368 3.164 0.000 0.0 0.0 0.0 484
4 HOR - D horizontal, normal 1.368 1.912 0.000 0.0 0.0 0.0 466
5 HOR - E horizontal, normal 2.736 1.912 0.000 0.0 0.0 0.0 368
6 HOR - F horizontal, normal 0.420 4.001 0.933 0.0 0.0 0.0 587
7 HOR - G horizontal, normal 0.420 3.241 0.933 0.0 0.0 0.0 595
8 HOR - H horizontal, normal 0.420 1.100 0.933 0.0 0.0 0.0 513
9 HOR - I horizontal, normal 0.420 1.860 0.933 0.0 0.0 0.0 571
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B - medication room / Current situation (1 lamp broken) / Calculation points 
(results overview)

Calculation Points List

Summary of Results

No. Designation Type Position [m] Rotation [°] Value [lx]
X Y Z X Y Z

10 HOR - J horizontal, normal 1.736 0.650 1.600 0.0 0.0 0.0 444
11 HOR - K horizontal, normal 2.697 0.650 1.600 0.0 0.0 0.0 165
12 HOR - L horizontal, normal 3.589 1.535 1.600 0.0 0.0 0.0 154
13 VER - M vertical, normal 0.100 4.001 1.413 0.0 0.0 0.0 458
14 VER - N vertical, normal 1.736 0.650 1.600 0.0 0.0 90.0 325
15 VER - O vertical, normal 2.697 0.650 1.600 0.0 0.0 90.0 182
16 VER - P vertical, normal 3.589 1.535 1.600 0.0 0.0 -180.0 187
17 VER - Q vertical, normal 4.104 3.766 1.600 0.0 0.0 -180.0 277

Calculation Point Types Quantity Average [lx] Min [lx] Max [lx] u0 Emin / Emax
Horizontal, normal 12 407 142 595 0.35 0.24
Vertical, normal 5 286 182 458 0.64 0.40
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B - medication room / all lights on / Summary

Height of Room: 2.700 m, Mounting Height: 2.770 m, Maintenance factor: 
0.85

Values in Lux, Scale 1:57

Surface  [%] Eav [lx] Emin [lx] Emax [lx] u0

Workplane / 522 83 821 0.158
Floor 31 331 1.19 689 0.004
Ceiling 80 194 1.02 328 0.005
Walls (6) 80 175 0.20 717 /

Workplane:
Height: 0.750 m
Grid: 128 x 128 Points 
Boundary Zone: 0.000 m

Illuminance Quotient (according to LG7): Walls / Working Plane: 0.405, Ceiling / Working Plane: 0.371. 

Luminaire Parts List

Specific connected load: 8.22 W/m² = 1.58 W/m²/100 lx (Ground area: 20.43 m²) 

No. Pieces Designation (Correction Factor)  (Luminaire) [lm]  (Lamps) [lm] P [W]

1 4
Fagerhult 25944 Recesso 3xT16 14 W 3xT16 
14 W 3xT16 14 W 3xT16 14 W 3xT16 14 W 
3xT16 14 W 3xT16 14 W 3xT16 14 W 3xT16 
14 W (Type 1)* (1.000) 

2638 3600 42.0

*Modified Technical Specifications Total: 10553 Total: 14400 168.0
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B - medication room / all lights on / Photometric Results

Total Luminous Flux: 10553 lm
Total Load: 168.0 W
Maintenance factor: 0.85
Boundary Zone: 0.000 m

Surface Average illuminances [lx] Reflection factor [%] Average luminance [cd/m²] 
direct indirect total

Workplane 296 226 522 / / 
Hor - H 0,75 m 343 247 590 / / 
Hor - Hfloor 272 242 514 / / 
Floor 170 161 331 31 33
Ceiling 0.00 194 194 80 49
Wall 1 5.23 41 47 80 12
Wall 2 10 75 86 80 22
Wall 3 6.59 111 117 80 30
Wall 4 3.72 108 112 80 29
Wall 5 92 182 274 80 70
Wall 6 75 193 268 80 68

Uniformity on the working plane
u0: 0.158 (1:6) 
Emin / Emax: 0.101 (1:10) 

Illuminance Quotient (according to LG7): Walls / Working Plane: 0.405, Ceiling / Working Plane: 0.371. 

Specific connected load: 8.22 W/m² = 1.58 W/m²/100 lx (Ground area: 20.43 m²) 
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B - patient room (1 person) / Luminaire parts list

1 Pieces Fagerhult 77307 Pleiad Compact G2 2X18W
Article No.: 77307
Luminous flux (Luminaire): 1287 lm
Luminous flux (Lamps): 2400 lm
Luminaire Wattage: 36.0 W
Luminaire classification according to CIE: 100
CIE flux code: 74  98  100  100  54
Fitting: 2 x 18W (Correction Factor 1.000).

See our luminaire 
catalog for an image of 

the luminaire. 

1 Pieces OSRAM GmbH 4008321931399 OSRAM MINI5 
ECO, 8W
Article No.: 4008321931399
Luminous flux (Luminaire): 314 lm
Luminous flux (Lamps): 430 lm
Luminaire Wattage: 7.5 W
Luminaire classification according to CIE: 71
CIE flux code: 30  56  80  71  73
Fitting: 1 x OSRAM L 8W/827 (Correction Factor 
1.000).

See our luminaire 
catalog for an image of 

the luminaire. 

1 Pieces PHILIPS TBS415 1xTL5-24W HFP T MLO-
PC_840
Article No.: 
Luminous flux (Luminaire): 1155 lm
Luminous flux (Lamps): 1750 lm
Luminaire Wattage: 28.0 W
Luminaire classification according to CIE: 100
CIE flux code: 71  95  99  100  66
Fitting: 1 x TL5-24W/840 (Correction Factor 
1.000).

1 Pieces PHILIPS TBS415 2xTL5-54W HFP T MLO-
PC_840
Article No.: 
Luminous flux (Luminaire): 4183 lm
Luminous flux (Lamps): 8900 lm
Luminaire Wattage: 118.0 W
Luminaire classification according to CIE: 100
CIE flux code: 72  94  99  100  47
Fitting: 2 x TL5-54W/840 (Correction Factor 
1.000).
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Simulations
14.05.2019

Operator
Telephone

Fax
e-Mail

B - patient room (1 person) / Daylight (8-12-2018 12:30) / Summary

Height of Room: 2.700 m, Maintenance factor: 0.85 Values in Lux, Scale 1:86

Surface  [%] Eav [lx] Emin [lx] Emax [lx] u0

Workplane / 229 33 692 0.146
Floor 38 121 0.81 344 0.007
Ceiling 80 224 1.90 1727 0.008
Walls (6) 79 115 1.71 1431 /

Workplane:
Height: 0.750 m
Grid: 128 x 128 Points 
Boundary Zone: 0.000 m

Illuminance Quotient (according to LG7): Walls / Working Plane: 0.475, Ceiling / Working Plane: 0.975. 

Luminaire Parts List

Specific connected load: 9.63 W/m² = 4.20 W/m²/100 lx (Ground area: 15.99 m²) 

No. Pieces Designation (Correction Factor)  (Luminaire) [lm]  (Lamps) [lm] P [W]

1 1 Fagerhult 77307 Pleiad Compact G2 2X18W 
(1.000) 1287 2400 36.0

2 1 PHILIPS TBS415 2xTL5-54W HFP T MLO-
PC_840 (1.000) 4183 8900 118.0

Total: 5470 Total: 11300 154.0
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14.05.2019

Operator
Telephone

Fax
e-Mail

B - patient room (1 person) / Daylight (8-12-2018 12:30) / Photometric Results

Total Luminous Flux: 5470 lm
Total Load: 154.0 W
Maintenance factor: 0.85
Boundary Zone: 0.000 m

Surface Average illuminances [lx] Reflection factor [%] Average luminance [cd/m²] 
direct indirect total

Workplane 98 131 229 / / 
Floor 45 77 121 38 15
Ceiling 123 101 224 80 57
Wall 1 3.15 35 38 79 9.68
Wall 2 0.95 42 43 79 11
Wall 3 3.10 12 15 79 3.78
Wall 4 77 125 202 79 51
Wall 5 35 137 172 79 43
Wall 6 28 81 110 79 28

Uniformity on the working plane
u0: 0.146 (1:7) 
Emin / Emax: 0.048 (1:21) 

Illuminance Quotient (according to LG7): Walls / Working Plane: 0.475, Ceiling / Working Plane: 0.975. 

Specific connected load: 9.63 W/m² = 4.20 W/m²/100 lx (Ground area: 15.99 m²) 
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Simulations
14.05.2019

Operator
Telephone

Fax
e-Mail

B - patient room (1 person) / Daylight (8-12-2018 12:30) / Calculation points 
(results overview)

Scale 1 : 77

Calculation Points List

No. Designation Type Position [m] Rotation [°] Value [lx]
X Y Z X Y Z

1 HOR - 1 horizontal, normal 0.500 6.192 0.769 0.0 0.0 0.0 499
2 HOR - 2 horizontal, normal 1.576 6.192 0.750 0.0 0.0 0.0 548
3 HOR - 3 horizontal, normal 2.652 6.192 0.750 0.0 0.0 0.0 351
4 HOR - 4 horizontal, normal 0.500 4.898 0.750 0.0 0.0 0.0 271
5 HOR - 5 horizontal, normal 1.576 4.898 0.750 0.0 0.0 0.0 317
6 HOR - 6 horizontal, normal 2.652 4.898 0.750 0.0 0.0 0.0 279
7 HOR - 7 horizontal, normal 0.500 3.604 0.750 0.0 0.0 0.0 129
8 HOR - 8 horizontal, normal 1.576 3.604 0.750 0.0 0.0 0.0 158
9 HOR - 9 horizontal, normal 2.652 3.604 0.750 0.0 0.0 0.0 151
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Simulations
14.05.2019

Operator
Telephone

Fax
e-Mail

B - patient room (1 person) / Daylight (8-12-2018 12:30) / Calculation points 
(results overview)

Calculation Points List

Summary of Results

No. Designation Type Position [m] Rotation [°] Value [lx]
X Y Z X Y Z

10 HOR - A horizontal, normal 2.551 5.654 0.000 0.0 0.0 0.0 273
11 HOR - B horizontal, normal 1.351 5.654 0.000 0.0 0.0 0.0 341
12 HOR - C horizontal, normal 1.351 4.154 0.000 0.0 0.0 0.0 109
13 HOR - D horizontal, normal 2.551 4.154 0.000 0.0 0.0 0.0 103
14 HOR - E horizontal, normal 0.684 1.368 0.000 0.0 0.0 0.0 51
15 HOR - F horizontal, normal 1.745 3.181 0.948 0.0 0.0 0.0 112
16 HOR - G horizontal, normal 2.751 5.054 0.700 0.0 0.0 0.0 273
17 HOR - H horizontal, normal 2.751 4.754 0.700 0.0 0.0 0.0 249
18 HOR - I horizontal, normal 2.051 4.904 0.600 0.0 0.0 0.0 310
19 HOR - J horizontal, normal 1.351 4.904 0.600 0.0 0.0 0.0 305
20 VER - K vertical, normal 2.911 4.904 0.900 0.0 0.0 180.0 196
21 VER - L vertical, normal 0.650 0.000 1.600 0.0 0.0 90.0 46
22 VER - M vertical, normal 1.745 2.854 1.248 0.0 0.0 90.0 138
23 VER - N vertical, normal 0.714 2.854 1.600 0.0 0.0 90.0 138
24 VER - O vertical, normal 0.714 2.854 1.600 0.0 0.0 -90.0 39
25 VER - P vertical, normal 1.576 6.691 1.600 0.0 0.0 -90.0 228

Calculation Point Types Quantity Average [lx] Min [lx] Max [lx] u0 Emin / Emax
Horizontal, normal 19 254 51 548 0.20 0.09
Vertical, normal 6 131 39 228 0.30 0.17
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14.05.2019

Operator
Telephone

Fax
e-Mail

B - patient room (1 person) / Night (8-12-2018) / Summary

Height of Room: 2.700 m, Maintenance factor: 0.85 Values in Lux, Scale 1:86

Surface  [%] Eav [lx] Emin [lx] Emax [lx] u0

Workplane / 145 19 297 0.134
Floor 38 78 0.58 197 0.007
Ceiling 80 201 1.30 1695 0.006
Walls (6) 79 87 1.29 1388 /

Workplane:
Height: 0.750 m
Grid: 128 x 128 Points 
Boundary Zone: 0.000 m

Illuminance Quotient (according to LG7): Walls / Working Plane: 0.583, Ceiling / Working Plane: 1.384. 

Luminaire Parts List

Specific connected load: 9.63 W/m² = 6.66 W/m²/100 lx (Ground area: 15.99 m²) 

No. Pieces Designation (Correction Factor)  (Luminaire) [lm]  (Lamps) [lm] P [W]

1 1 Fagerhult 77307 Pleiad Compact G2 2X18W 
(1.000) 1287 2400 36.0

2 1 PHILIPS TBS415 2xTL5-54W HFP T MLO-
PC_840 (1.000) 4183 8900 118.0

Total: 5470 Total: 11300 154.0
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Operator
Telephone

Fax
e-Mail

B - patient room (1 person) / Night (8-12-2018) / Photometric Results

Total Luminous Flux: 5470 lm
Total Load: 154.0 W
Maintenance factor: 0.85
Boundary Zone: 0.000 m

Surface Average illuminances [lx] Reflection factor [%] Average luminance [cd/m²] 
direct indirect total

Workplane 38 107 145 / / 
Floor 20 58 78 38 9.44
Ceiling 123 77 201 80 51
Wall 1 0.05 24 24 79 5.96
Wall 2 0.09 28 28 79 7.13
Wall 3 0.08 8.63 8.71 79 2.19
Wall 4 59 103 162 79 41
Wall 5 33 104 137 79 35
Wall 6 14 63 77 79 19

Uniformity on the working plane
u0: 0.134 (1:7) 
Emin / Emax: 0.065 (1:15) 

Illuminance Quotient (according to LG7): Walls / Working Plane: 0.583, Ceiling / Working Plane: 1.384. 

Specific connected load: 9.63 W/m² = 6.66 W/m²/100 lx (Ground area: 15.99 m²) 
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14.05.2019

Operator
Telephone

Fax
e-Mail

B - patient room (1 person) / Night (8-12-2018) / Calculation points (results 
overview)

Scale 1 : 77

Calculation Points List

No. Designation Type Position [m] Rotation [°] Value [lx]
X Y Z X Y Z

1 HOR - 1 horizontal, normal 0.500 6.192 0.769 0.0 0.0 0.0 296
2 HOR - 2 horizontal, normal 1.576 6.192 0.750 0.0 0.0 0.0 275
3 HOR - 3 horizontal, normal 2.652 6.192 0.750 0.0 0.0 0.0 177
4 HOR - 4 horizontal, normal 0.500 4.898 0.750 0.0 0.0 0.0 189
5 HOR - 5 horizontal, normal 1.576 4.898 0.750 0.0 0.0 0.0 223
6 HOR - 6 horizontal, normal 2.652 4.898 0.750 0.0 0.0 0.0 198
7 HOR - 7 horizontal, normal 0.500 3.604 0.750 0.0 0.0 0.0 93
8 HOR - 8 horizontal, normal 1.576 3.604 0.750 0.0 0.0 0.0 119
9 HOR - 9 horizontal, normal 2.652 3.604 0.750 0.0 0.0 0.0 116
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Simulations
14.05.2019

Operator
Telephone

Fax
e-Mail

B - patient room (1 person) / Night (8-12-2018) / Calculation points (results 
overview)

Calculation Points List

Summary of Results

No. Designation Type Position [m] Rotation [°] Value [lx]
X Y Z X Y Z

10 HOR - A horizontal, normal 2.551 5.654 0.000 0.0 0.0 0.0 154
11 HOR - B horizontal, normal 1.351 5.654 0.000 0.0 0.0 0.0 189
12 HOR - C horizontal, normal 1.351 4.154 0.000 0.0 0.0 0.0 90
13 HOR - D horizontal, normal 2.551 4.154 0.000 0.0 0.0 0.0 87
14 HOR - E horizontal, normal 0.684 1.368 0.000 0.0 0.0 0.0 29
15 HOR - F horizontal, normal 1.745 3.181 0.948 0.0 0.0 0.0 81
16 HOR - G horizontal, normal 2.751 5.054 0.700 0.0 0.0 0.0 182
17 HOR - H horizontal, normal 2.751 4.754 0.700 0.0 0.0 0.0 175
18 HOR - I horizontal, normal 2.051 4.904 0.600 0.0 0.0 0.0 212
19 HOR - J horizontal, normal 1.351 4.904 0.600 0.0 0.0 0.0 207
20 VER - K vertical, normal 2.911 4.904 0.900 0.0 0.0 180.0 113
21 VER - L vertical, normal 0.650 0.000 1.600 0.0 0.0 90.0 25
22 VER - M vertical, normal 1.745 2.854 1.248 0.0 0.0 90.0 77
23 VER - N vertical, normal 0.714 2.854 1.600 0.0 0.0 90.0 93
24 VER - O vertical, normal 0.714 2.854 1.600 0.0 0.0 -90.0 26
25 VER - P vertical, normal 1.576 6.691 1.600 0.0 0.0 -90.0 194

Calculation Point Types Quantity Average [lx] Min [lx] Max [lx] u0 Emin / Emax
Horizontal, normal 19 163 29 296 0.18 0.10
Vertical, normal 6 88 25 194 0.29 0.13
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14.05.2019

Operator
Telephone

Fax
e-Mail

B - patient room (1 person) / Night (only cabinet light) / Summary

Height of Room: 2.700 m, Maintenance factor: 0.85 Values in Lux, Scale 1:86

Surface  [%] Eav [lx] Emin [lx] Emax [lx] u0

Workplane / 5.31 1.13 36 0.213
Floor 38 3.23 0.02 12 0.006
Ceiling 80 2.49 0.04 4.89 0.017
Walls (6) 79 3.46 0.04 386 /

Workplane:
Height: 0.750 m
Grid: 128 x 128 Points 
Boundary Zone: 0.000 m

Illuminance Quotient (according to LG7): Walls / Working Plane: 0.650, Ceiling / Working Plane: 0.469. 

Luminaire Parts List

Specific connected load: 0.47 W/m² = 8.84 W/m²/100 lx (Ground area: 15.99 m²) 

No. Pieces Designation (Correction Factor)  (Luminaire) [lm]  (Lamps) [lm] P [W]

1 1 OSRAM GmbH 4008321931399 OSRAM 
MINI5 ECO, 8W (1.000) 314 430 7.5

Total: 314 Total: 430 7.5
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Operator
Telephone

Fax
e-Mail

B - patient room (1 person) / Night (only cabinet light) / Photometric Results

Total Luminous Flux: 314 lm
Total Load: 7.5 W
Maintenance factor: 0.85
Boundary Zone: 0.000 m

Surface Average illuminances [lx] Reflection factor [%] Average luminance [cd/m²] 
direct indirect total

Workplane 2.54 2.76 5.31 / / 
Floor 1.44 1.79 3.23 38 0.39
Ceiling 0.00 2.49 2.49 80 0.63
Wall 1 0.00 1.38 1.38 79 0.35
Wall 2 0.00 2.05 2.05 79 0.51
Wall 3 12 2.93 15 79 3.82
Wall 4 0.01 1.38 1.39 79 0.35
Wall 5 0.00 2.22 2.22 79 0.56
Wall 6 0.73 2.50 3.23 79 0.81

Uniformity on the working plane
u0: 0.213 (1:5) 
Emin / Emax: 0.032 (1:32) 

Illuminance Quotient (according to LG7): Walls / Working Plane: 0.650, Ceiling / Working Plane: 0.469. 

Specific connected load: 0.47 W/m² = 8.84 W/m²/100 lx (Ground area: 15.99 m²) 
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Operator
Telephone

Fax
e-Mail

B - patient room (1 person) / Night (only cabinet light) / Calculation points (results 
overview)

Scale 1 : 77

Calculation Points List

No. Designation Type Position [m] Rotation [°] Value [lx]
X Y Z X Y Z

1 HOR - 1 horizontal, normal 0.500 6.192 0.769 0.0 0.0 0.0 1.98
2 HOR - 2 horizontal, normal 1.576 6.192 0.750 0.0 0.0 0.0 2.01
3 HOR - 3 horizontal, normal 2.652 6.192 0.750 0.0 0.0 0.0 1.84
4 HOR - 4 horizontal, normal 0.500 4.898 0.750 0.0 0.0 0.0 2.92
5 HOR - 5 horizontal, normal 1.576 4.898 0.750 0.0 0.0 0.0 3.11
6 HOR - 6 horizontal, normal 2.652 4.898 0.750 0.0 0.0 0.0 2.21
7 HOR - 7 horizontal, normal 0.500 3.604 0.750 0.0 0.0 0.0 9.53
8 HOR - 8 horizontal, normal 1.576 3.604 0.750 0.0 0.0 0.0 26
9 HOR - 9 horizontal, normal 2.652 3.604 0.750 0.0 0.0 0.0 1.25
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14.05.2019

Operator
Telephone

Fax
e-Mail

B - patient room (1 person) / Night (only cabinet light) / Calculation points (results 
overview)

Calculation Points List

Summary of Results

No. Designation Type Position [m] Rotation [°] Value [lx]
X Y Z X Y Z

10 HOR - A horizontal, normal 2.551 5.654 0.000 0.0 0.0 0.0 1.24
11 HOR - B horizontal, normal 1.351 5.654 0.000 0.0 0.0 0.0 1.43
12 HOR - C horizontal, normal 1.351 4.154 0.000 0.0 0.0 0.0 11
13 HOR - D horizontal, normal 2.551 4.154 0.000 0.0 0.0 0.0 5.82
14 HOR - E horizontal, normal 0.684 1.368 0.000 0.0 0.0 0.0 1.92
15 HOR - F horizontal, normal 1.745 3.181 0.948 0.0 0.0 0.0 99
16 HOR - G horizontal, normal 2.751 5.054 0.700 0.0 0.0 0.0 2.10
17 HOR - H horizontal, normal 2.751 4.754 0.700 0.0 0.0 0.0 2.91
18 HOR - I horizontal, normal 2.051 4.904 0.600 0.0 0.0 0.0 4.32
19 HOR - J horizontal, normal 1.351 4.904 0.600 0.0 0.0 0.0 4.37
20 VER - K vertical, normal 2.911 4.904 0.900 0.0 0.0 180.0 2.59
21 VER - L vertical, normal 0.650 0.000 1.600 0.0 0.0 90.0 1.56
22 VER - M vertical, normal 1.745 2.854 1.248 0.0 0.0 90.0 109
23 VER - N vertical, normal 0.714 2.854 1.600 0.0 0.0 90.0 4.86
24 VER - O vertical, normal 0.714 2.854 1.600 0.0 0.0 -90.0 2.00
25 VER - P vertical, normal 1.576 6.691 1.600 0.0 0.0 -90.0 2.89

Calculation Point Types Quantity Average [lx] Min [lx] Max [lx] u0 Emin / Emax
Horizontal, normal 19 9.72 1.24 99 0.13 0.01
Vertical, normal 6 20 1.56 109 0.08 0.01
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Operator
Telephone

Fax
e-Mail

B - patient room (4 person) / Luminaire parts list

1 Pieces Fagerhult 77307 Pleiad Compact G2 2X18W
Article No.: 77307
Luminous flux (Luminaire): 1287 lm
Luminous flux (Lamps): 2400 lm
Luminaire Wattage: 36.0 W
Luminaire classification according to CIE: 100
CIE flux code: 74  98  100  100  54
Fitting: 2 x 18W (Correction Factor 1.000).

See our luminaire 
catalog for an image of 

the luminaire. 

4 Pieces PHILIPS TBS415 1xTL5-24W HFP T MLO-
PC_840
Article No.: 
Luminous flux (Luminaire): 1155 lm
Luminous flux (Lamps): 1750 lm
Luminaire Wattage: 28.0 W
Luminaire classification according to CIE: 100
CIE flux code: 71  95  99  100  66
Fitting: 1 x TL5-24W/840 (Correction Factor 
1.000).

4 Pieces PHILIPS TBS415 2xTL5-54W HFP T MLO-
PC_840
Article No.: 
Luminous flux (Luminaire): 4183 lm
Luminous flux (Lamps): 8900 lm
Luminaire Wattage: 118.0 W
Luminaire classification according to CIE: 100
CIE flux code: 72  94  99  100  47
Fitting: 2 x TL5-54W/840 (Correction Factor 
1.000).

1 Pieces PHILIPS TCH085 1xTL5-28W EI_827
Article No.: 
Luminous flux (Luminaire): 2336 lm
Luminous flux (Lamps): 2625 lm
Luminaire Wattage: 32.0 W
Luminaire classification according to CIE: 70
CIE flux code: 29  56  80  70  89
Fitting: 1 x TL5-28W/827 (Correction Factor 
1.000).
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Operator
Telephone

Fax
e-Mail

B - patient room (4 person) / Daylight (8-12-2018 11:15) / Summary

Height of Room: 2.700 m, Maintenance factor: 0.80 Values in Lux, Scale 1:99

Surface  [%] Eav [lx] Emin [lx] Emax [lx] u0

Workplane / 139 35 391 0.252
Floor 38 73 3.39 211 0.046
Ceiling 80 149 4.41 1717 0.030
Walls (8) 79 71 1.76 1433 /

Workplane:
Height: 0.750 m
Grid: 128 x 128 Points 
Boundary Zone: 0.000 m

Illuminance Quotient (according to LG7): Walls / Working Plane: 0.630, Ceiling / Working Plane: 1.075. 

Luminaire Parts List

Specific connected load: 7.88 W/m² = 5.68 W/m²/100 lx (Ground area: 44.90 m²) 

No. Pieces Designation (Correction Factor)  (Luminaire) [lm]  (Lamps) [lm] P [W]

1 3 PHILIPS TBS415 2xTL5-54W HFP T MLO-
PC_840 (1.000) 4183 8900 118.0

Total: 12549 Total: 26700 354.0
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Operator
Telephone

Fax
e-Mail

B - patient room (4 person) / Daylight (8-12-2018 11:15) / Photometric Results

Total Luminous Flux: 12549 lm
Total Load: 354.0 W
Maintenance factor: 0.80
Boundary Zone: 0.000 m

Surface Average illuminances [lx] Reflection factor [%] Average luminance [cd/m²] 
direct indirect total

Workplane 48 91 139 / / 
Floor 22 51 73 38 8.86
Ceiling 90 59 149 80 38
Wall 1 1.81 62 64 79 16
Wall 2 39 62 102 79 26
Wall 3 2.50 11 13 79 3.38
Wall 4 5.69 38 44 79 11
Wall 5 5.02 38 43 79 11
Wall 6 1.87 36 38 79 9.50
Wall 7 2.57 9.02 12 79 2.91
Wall 8 39 60 100 79 25

Uniformity on the working plane
u0: 0.252 (1:4) 
Emin / Emax: 0.090 (1:11) 

Illuminance Quotient (according to LG7): Walls / Working Plane: 0.630, Ceiling / Working Plane: 1.075. 

Specific connected load: 7.88 W/m² = 5.68 W/m²/100 lx (Ground area: 44.90 m²) 
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Operator
Telephone

Fax
e-Mail

B - patient room (4 person) / Daylight (8-12-2018 11:15) / Calculation points 
(results overview)

Scale 1 : 88

Calculation Points List

No. Designation Type Position [m] Rotation [°] Value [lx]
X Y Z X Y Z

1 HOR - 1 horizontal, normal 0.500 0.750 0.750 0.0 0.0 0.0 206
2 HOR - 2 horizontal, normal 3.210 0.750 0.750 0.0 0.0 0.0 290
3 HOR - 3 horizontal, normal 5.920 0.750 0.750 0.0 0.0 0.0 223
4 HOR - 4 horizontal, normal 0.500 3.360 0.750 0.0 0.0 0.0 148
5 HOR - 5 horizontal, normal 3.210 3.360 0.750 0.0 0.0 0.0 107
6 HOR - 6 horizontal, normal 5.920 3.360 0.750 0.0 0.0 0.0 139
7 HOR - 7 horizontal, normal 0.500 5.970 0.750 0.0 0.0 0.0 45
8 HOR - 8 horizontal, normal 3.210 5.970 0.750 0.0 0.0 0.0 47
9 HOR - 9 horizontal, normal 5.920 5.970 0.750 0.0 0.0 0.0 37

DIALux 4.13 by DIAL GmbH Page 37



Simulations
14.05.2019

Operator
Telephone

Fax
e-Mail

B - patient room (4 person) / Daylight (8-12-2018 11:15) / Calculation points 
(results overview)

Calculation Points List

Summary of Results

No. Designation Type Position [m] Rotation [°] Value [lx]
X Y Z X Y Z

10 HOR - A horizontal, normal 0.600 1.321 0.000 0.0 0.0 0.0 157
11 HOR - B horizontal, normal 1.800 1.321 0.000 0.0 0.0 0.0 190
12 HOR - C horizontal, normal 4.620 1.321 0.000 0.0 0.0 0.0 200
13 HOR - D horizontal, normal 5.820 1.321 0.000 0.0 0.0 0.0 166
14 HOR - E horizontal, normal 0.600 2.981 0.000 0.0 0.0 0.0 98
15 HOR - F horizontal, normal 1.800 2.981 0.000 0.0 0.0 0.0 110
16 HOR - G horizontal, normal 4.620 2.981 0.000 0.0 0.0 0.0 110
17 HOR - H horizontal, normal 5.820 2.981 0.000 0.0 0.0 0.0 99
18 HOR - I horizontal, normal 0.600 4.641 0.000 0.0 0.0 0.0 39
19 HOR - J horizontal, normal 1.800 4.641 0.000 0.0 0.0 0.0 52
20 HOR - K horizontal, normal 4.620 4.641 0.000 0.0 0.0 0.0 40
21 HOR - L horizontal, normal 5.820 4.641 0.000 0.0 0.0 0.0 27
22 HOR - M horizontal, normal 6.020 3.741 0.700 0.0 0.0 0.0 107
23 HOR - N horizontal, normal 6.020 4.041 0.700 0.0 0.0 0.0 92
24 HOR - O horizontal, normal 5.320 3.891 0.600 0.0 0.0 0.0 110
25 HOR - P horizontal, normal 4.620 3.891 0.600 0.0 0.0 0.0 96
26 HOR - Q horizontal, normal 6.020 1.921 0.700 0.0 0.0 0.0 197
27 HOR - R horizontal, normal 6.020 2.221 0.700 0.0 0.0 0.0 190
28 HOR - S horizontal, normal 5.320 2.071 0.600 0.0 0.0 0.0 219
29 HOR - T horizontal, normal 4.620 2.071 0.600 0.0 0.0 0.0 183
30 HOR - U horizontal, normal 1.737 6.396 0.974 0.0 0.0 0.0 40
31 VER - V vertical, normal 6.180 2.071 0.900 0.0 0.0 -180.0 141
32 VER - W vertical, normal 6.180 3.891 0.900 0.0 0.0 -180.0 82
33 VER - X vertical, normal 0.240 2.071 0.900 0.0 0.0 0.0 132
34 VER - Y vertical, normal 0.240 3.891 0.900 0.0 0.0 0.0 87
35 VER - Z vertical, normal 3.765 0.000 1.600 0.0 0.0 90.0 85
36 VER - AA vertical, normal 1.707 6.720 1.247 0.0 0.0 -90.0 70
37 VER - AB vertical, normal 3.215 7.673 1.600 0.0 0.0 -90.0 50

Calculation Point Types Quantity Average [lx] Min [lx] Max [lx] u0 Emin / Emax
Horizontal, normal 30 126 27 290 0.22 0.09
Vertical, normal 7 92 50 141 0.54 0.36
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Operator
Telephone

Fax
e-Mail

B - patient room (4 person) / Night (8-12-2018) / Summary

Height of Room: 2.700 m, Maintenance factor: 0.80 Values in Lux, Scale 1:99

Surface  [%] Eav [lx] Emin [lx] Emax [lx] u0

Workplane / 103 24 234 0.236
Floor 38 56 2.65 153 0.047
Ceiling 80 141 3.14 1689 0.022
Walls (8) 79 64 1.54 1389 /

Workplane:
Height: 0.750 m
Grid: 128 x 128 Points 
Boundary Zone: 0.000 m

Illuminance Quotient (according to LG7): Walls / Working Plane: 0.791, Ceiling / Working Plane: 1.376. 

Luminaire Parts List

Specific connected load: 8.69 W/m² = 8.47 W/m²/100 lx (Ground area: 44.90 m²) 

No. Pieces Designation (Correction Factor)  (Luminaire) [lm]  (Lamps) [lm] P [W]

1 1 Fagerhult 77307 Pleiad Compact G2 2X18W 
(1.000) 1287 2400 36.0

2 3 PHILIPS TBS415 2xTL5-54W HFP T MLO-
PC_840 (1.000) 4183 8900 118.0

Total: 13836 Total: 29100 390.0
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Operator
Telephone

Fax
e-Mail

B - patient room (4 person) / Night (8-12-2018) / Photometric Results

Total Luminous Flux: 13836 lm
Total Load: 390.0 W
Maintenance factor: 0.80
Boundary Zone: 0.000 m

Surface Average illuminances [lx] Reflection factor [%] Average luminance [cd/m²] 
direct indirect total

Workplane 19 84 103 / / 
Floor 11 46 56 38 6.81
Ceiling 90 51 141 80 36
Wall 1 15 53 69 79 17
Wall 2 33 58 90 79 23
Wall 3 0.21 9.25 9.46 79 2.38
Wall 4 0.82 31 32 79 8.07
Wall 5 0.70 31 31 79 7.87
Wall 6 0.22 27 27 79 6.73
Wall 7 0.06 7.82 7.87 79 1.98
Wall 8 33 55 88 79 22

Uniformity on the working plane
u0: 0.236 (1:4) 
Emin / Emax: 0.103 (1:10) 

Illuminance Quotient (according to LG7): Walls / Working Plane: 0.791, Ceiling / Working Plane: 1.376. 

Specific connected load: 8.69 W/m² = 8.47 W/m²/100 lx (Ground area: 44.90 m²) 
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Operator
Telephone

Fax
e-Mail

B - patient room (4 person) / Night (8-12-2018) / Calculation points (results 
overview)

Scale 1 : 88

Calculation Points List

No. Designation Type Position [m] Rotation [°] Value [lx]
X Y Z X Y Z

1 HOR - 1 horizontal, normal 0.500 0.750 0.750 0.0 0.0 0.0 93
2 HOR - 2 horizontal, normal 3.210 0.750 0.750 0.0 0.0 0.0 234
3 HOR - 3 horizontal, normal 5.920 0.750 0.750 0.0 0.0 0.0 108
4 HOR - 4 horizontal, normal 0.500 3.360 0.750 0.0 0.0 0.0 123
5 HOR - 5 horizontal, normal 3.210 3.360 0.750 0.0 0.0 0.0 86
6 HOR - 6 horizontal, normal 5.920 3.360 0.750 0.0 0.0 0.0 115
7 HOR - 7 horizontal, normal 0.500 5.970 0.750 0.0 0.0 0.0 36
8 HOR - 8 horizontal, normal 3.210 5.970 0.750 0.0 0.0 0.0 37
9 HOR - 9 horizontal, normal 5.920 5.970 0.750 0.0 0.0 0.0 27
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Operator
Telephone

Fax
e-Mail

B - patient room (4 person) / Night (8-12-2018) / Calculation points (results 
overview)

Calculation Points List

Summary of Results

No. Designation Type Position [m] Rotation [°] Value [lx]
X Y Z X Y Z

10 HOR - A horizontal, normal 0.600 1.321 0.000 0.0 0.0 0.0 88
11 HOR - B horizontal, normal 1.800 1.321 0.000 0.0 0.0 0.0 130
12 HOR - C horizontal, normal 4.620 1.321 0.000 0.0 0.0 0.0 142
13 HOR - D horizontal, normal 5.820 1.321 0.000 0.0 0.0 0.0 101
14 HOR - E horizontal, normal 0.600 2.981 0.000 0.0 0.0 0.0 94
15 HOR - F horizontal, normal 1.800 2.981 0.000 0.0 0.0 0.0 93
16 HOR - G horizontal, normal 4.620 2.981 0.000 0.0 0.0 0.0 93
17 HOR - H horizontal, normal 5.820 2.981 0.000 0.0 0.0 0.0 95
18 HOR - I horizontal, normal 0.600 4.641 0.000 0.0 0.0 0.0 34
19 HOR - J horizontal, normal 1.800 4.641 0.000 0.0 0.0 0.0 42
20 HOR - K horizontal, normal 4.620 4.641 0.000 0.0 0.0 0.0 31
21 HOR - L horizontal, normal 5.820 4.641 0.000 0.0 0.0 0.0 22
22 HOR - M horizontal, normal 6.020 3.741 0.700 0.0 0.0 0.0 86
23 HOR - N horizontal, normal 6.020 4.041 0.700 0.0 0.0 0.0 73
24 HOR - O horizontal, normal 5.320 3.891 0.600 0.0 0.0 0.0 89
25 HOR - P horizontal, normal 4.620 3.891 0.600 0.0 0.0 0.0 76
26 HOR - Q horizontal, normal 6.020 1.921 0.700 0.0 0.0 0.0 148
27 HOR - R horizontal, normal 6.020 2.221 0.700 0.0 0.0 0.0 147
28 HOR - S horizontal, normal 5.320 2.071 0.600 0.0 0.0 0.0 167
29 HOR - T horizontal, normal 4.620 2.071 0.600 0.0 0.0 0.0 151
30 HOR - U horizontal, normal 1.737 6.396 0.974 0.0 0.0 0.0 30
31 VER - V vertical, normal 6.180 2.071 0.900 0.0 0.0 -180.0 86
32 VER - W vertical, normal 6.180 3.891 0.900 0.0 0.0 -180.0 56
33 VER - X vertical, normal 0.240 2.071 0.900 0.0 0.0 0.0 81
34 VER - Y vertical, normal 0.240 3.891 0.900 0.0 0.0 0.0 60
35 VER - Z vertical, normal 3.765 0.000 1.600 0.0 0.0 90.0 161
36 VER - AA vertical, normal 1.707 6.720 1.247 0.0 0.0 -90.0 47
37 VER - AB vertical, normal 3.215 7.673 1.600 0.0 0.0 -90.0 33

Calculation Point Types Quantity Average [lx] Min [lx] Max [lx] u0 Emin / Emax
Horizontal, normal 30 93 22 234 0.23 0.09
Vertical, normal 7 75 33 161 0.45 0.21
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Operator
Telephone

Fax
e-Mail

B - patient room (4 person) / Night (only cabinet) / Summary

Height of Room: 2.700 m, Maintenance factor: 0.80 Values in Lux, Scale 1:99

Surface  [%] Eav [lx] Emin [lx] Emax [lx] u0

Workplane / 20 4.06 205 0.202
Floor 38 12 0.33 78 0.027
Ceiling 80 9.99 0.77 36 0.077
Walls (8) 79 15 0.27 1314 /

Workplane:
Height: 0.750 m
Grid: 128 x 128 Points 
Boundary Zone: 0.000 m

Illuminance Quotient (according to LG7): Walls / Working Plane: 1.040, Ceiling / Working Plane: 0.496. 

Luminaire Parts List

Specific connected load: 0.71 W/m² = 3.54 W/m²/100 lx (Ground area: 44.90 m²) 

No. Pieces Designation (Correction Factor)  (Luminaire) [lm]  (Lamps) [lm] P [W]

1 1 PHILIPS TCH085 1xTL5-28W EI_827 (1.000) 2336 2625 32.0
Total: 2336 Total: 2625 32.0
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Operator
Telephone

Fax
e-Mail

B - patient room (4 person) / Night (only cabinet) / Photometric Results

Total Luminous Flux: 2336 lm
Total Load: 32.0 W
Maintenance factor: 0.80
Boundary Zone: 0.000 m

Surface Average illuminances [lx] Reflection factor [%] Average luminance [cd/m²] 
direct indirect total

Workplane 9.84 10 20 / / 
Floor 5.60 6.69 12 38 1.49
Ceiling 0.00 9.99 9.99 80 2.54
Wall 1 1.72 5.41 7.13 79 1.79
Wall 2 0.84 4.71 5.55 79 1.39
Wall 3 0.03 1.81 1.84 79 0.46
Wall 4 2.38 12 14 79 3.56
Wall 5 0.56 8.65 9.21 79 2.32
Wall 6 0.00 8.34 8.34 79 2.10
Wall 7 71 25 97 79 24
Wall 8 2.65 7.07 9.72 79 2.44

Uniformity on the working plane
u0: 0.202 (1:5) 
Emin / Emax: 0.020 (1:50) 

Illuminance Quotient (according to LG7): Walls / Working Plane: 1.040, Ceiling / Working Plane: 0.496. 

Specific connected load: 0.71 W/m² = 3.54 W/m²/100 lx (Ground area: 44.90 m²) 
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Operator
Telephone

Fax
e-Mail

B - patient room (4 person) / Night (only cabinet) / Calculation points (results 
overview)

Scale 1 : 88

Calculation Points List

No. Designation Type Position [m] Rotation [°] Value [lx]
X Y Z X Y Z

1 HOR - 1 horizontal, normal 0.500 0.750 0.750 0.0 0.0 0.0 5.81
2 HOR - 2 horizontal, normal 3.210 0.750 0.750 0.0 0.0 0.0 6.51
3 HOR - 3 horizontal, normal 5.920 0.750 0.750 0.0 0.0 0.0 4.21
4 HOR - 4 horizontal, normal 0.500 3.360 0.750 0.0 0.0 0.0 18
5 HOR - 5 horizontal, normal 3.210 3.360 0.750 0.0 0.0 0.0 15
6 HOR - 6 horizontal, normal 5.920 3.360 0.750 0.0 0.0 0.0 7.64
7 HOR - 7 horizontal, normal 0.500 5.970 0.750 0.0 0.0 0.0 8.94
8 HOR - 8 horizontal, normal 3.210 5.970 0.750 0.0 0.0 0.0 48
9 HOR - 9 horizontal, normal 5.920 5.970 0.750 0.0 0.0 0.0 4.50
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Operator
Telephone

Fax
e-Mail

B - patient room (4 person) / Night (only cabinet) / Calculation points (results 
overview)

Calculation Points List

Summary of Results

No. Designation Type Position [m] Rotation [°] Value [lx]
X Y Z X Y Z

10 HOR - A horizontal, normal 0.600 1.321 0.000 0.0 0.0 0.0 3.71
11 HOR - B horizontal, normal 1.800 1.321 0.000 0.0 0.0 0.0 4.11
12 HOR - C horizontal, normal 4.620 1.321 0.000 0.0 0.0 0.0 6.26
13 HOR - D horizontal, normal 5.820 1.321 0.000 0.0 0.0 0.0 2.99
14 HOR - E horizontal, normal 0.600 2.981 0.000 0.0 0.0 0.0 7.07
15 HOR - F horizontal, normal 1.800 2.981 0.000 0.0 0.0 0.0 7.02
16 HOR - G horizontal, normal 4.620 2.981 0.000 0.0 0.0 0.0 9.97
17 HOR - H horizontal, normal 5.820 2.981 0.000 0.0 0.0 0.0 4.41
18 HOR - I horizontal, normal 0.600 4.641 0.000 0.0 0.0 0.0 40
19 HOR - J horizontal, normal 1.800 4.641 0.000 0.0 0.0 0.0 52
20 HOR - K horizontal, normal 4.620 4.641 0.000 0.0 0.0 0.0 15
21 HOR - L horizontal, normal 5.820 4.641 0.000 0.0 0.0 0.0 8.83
22 HOR - M horizontal, normal 6.020 3.741 0.700 0.0 0.0 0.0 7.93
23 HOR - N horizontal, normal 6.020 4.041 0.700 0.0 0.0 0.0 8.07
24 HOR - O horizontal, normal 5.320 3.891 0.600 0.0 0.0 0.0 9.18
25 HOR - P horizontal, normal 4.620 3.891 0.600 0.0 0.0 0.0 6.53
26 HOR - Q horizontal, normal 6.020 1.921 0.700 0.0 0.0 0.0 6.08
27 HOR - R horizontal, normal 6.020 2.221 0.700 0.0 0.0 0.0 6.43
28 HOR - S horizontal, normal 5.320 2.071 0.600 0.0 0.0 0.0 6.68
29 HOR - T horizontal, normal 4.620 2.071 0.600 0.0 0.0 0.0 6.61
30 HOR - U horizontal, normal 1.737 6.396 0.974 0.0 0.0 0.0 556
31 VER - V vertical, normal 6.180 2.071 0.900 0.0 0.0 -180.0 10
32 VER - W vertical, normal 6.180 3.891 0.900 0.0 0.0 -180.0 13
33 VER - X vertical, normal 0.240 2.071 0.900 0.0 0.0 0.0 12
34 VER - Y vertical, normal 0.240 3.891 0.900 0.0 0.0 0.0 28
35 VER - Z vertical, normal 3.765 0.000 1.600 0.0 0.0 90.0 7.98
36 VER - AA vertical, normal 1.707 6.720 1.247 0.0 0.0 -90.0 551
37 VER - AB vertical, normal 3.215 7.673 1.600 0.0 0.0 -90.0 9.84

Calculation Point Types Quantity Average [lx] Min [lx] Max [lx] u0 Emin / Emax
Horizontal, normal 30 30 2.99 556 0.10 0.01
Vertical, normal 7 90 7.98 551 0.09 0.01
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Operator
Telephone

Fax
e-Mail

A - patient room (1 person) / Luminaire parts list

1 Pieces PHILIPS BN120C L600 1xLED19S/830
Article No.: 
Luminous flux (Luminaire): 1900 lm
Luminous flux (Lamps): 1900 lm
Luminaire Wattage: 20.0 W
Luminaire classification according to CIE: 91
CIE flux code: 42  72  90  91  100
Fitting: 1 x LED19S/830/- (Correction Factor 
1.000).

2 Pieces PHILIPS TBS411 1xTL5-54W HFP A_830
Article No.: 
Luminous flux (Luminaire): 3560 lm
Luminous flux (Lamps): 4450 lm
Luminaire Wattage: 60.0 W
Luminaire classification according to CIE: 100
CIE flux code: 47  78  96  100  80
Fitting: 1 x TL5-54W/830 (Correction Factor 
1.000).
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Operator
Telephone

Fax
e-Mail

A - patient room (1 person) / Daylight (15-08-2018 14:30) / Summary

Height of Room: 3.350 m, Maintenance factor: 0.80 Values in Lux, Scale 1:45

Surface  [%] Eav [lx] Emin [lx] Emax [lx] u0

Workplane / 723 153 2524 0.212
Floor 20 365 8.62 929 0.024
Ceiling 88 341 219 452 0.642
Walls (4) 83 315 0.15 15210 /

Workplane:
Height: 0.750 m
Grid: 128 x 128 Points 
Boundary Zone: 0.000 m

Illuminance Quotient (according to LG7): Walls / Working Plane: 0.474, Ceiling / Working Plane: 0.471. 

Luminaire Parts List

Specific connected load: 9.45 W/m² = 1.31 W/m²/100 lx (Ground area: 14.81 m²) 

No. Pieces Designation (Correction Factor)  (Luminaire) [lm]  (Lamps) [lm] P [W]

1 1 PHILIPS BN120C L600 1xLED19S/830 
(1.000) 1900 1900 20.0

2 2 PHILIPS TBS411 1xTL5-54W HFP A_830 
(1.000) 3560 4450 60.0

Total: 9020 Total: 10800 140.0
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Operator
Telephone

Fax
e-Mail

A - patient room (1 person) / Daylight (15-08-2018 14:30) / Photometric Results

Total Luminous Flux: 9020 lm
Total Load: 140.0 W
Maintenance factor: 0.80
Boundary Zone: 0.000 m

Surface Average illuminances [lx] Reflection factor [%] Average luminance [cd/m²] 
direct indirect total

Workplane 417 305 723 / / 
Floor 168 197 365 20 23
Ceiling 62 278 341 88 95
Wall 1 120 261 382 88 107
Wall 2 150 233 383 88 107
Wall 3 39 165 204 69 45
Wall 4 21 280 300 88 84

Uniformity on the working plane
u0: 0.212 (1:5) 
Emin / Emax: 0.061 (1:16) 

Illuminance Quotient (according to LG7): Walls / Working Plane: 0.474, Ceiling / Working Plane: 0.471. 

Specific connected load: 9.45 W/m² = 1.31 W/m²/100 lx (Ground area: 14.81 m²) 
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Operator
Telephone

Fax
e-Mail

A - patient room (1 person) / Daylight (15-08-2018 14:30) / Calculation points 
(results overview)

Scale 1 : 40

Calculation Points List

No. Designation Type Position [m] Rotation [°] Value [lx]
X Y Z X Y Z

1 HOR - 1 horizontal, normal 0.500 0.500 0.750 0.0 0.0 0.0 1131
2 HOR - 2 horizontal, normal 0.500 1.730 0.783 0.0 0.0 0.0 846
3 HOR - 3 horizontal, normal 0.500 2.960 0.750 0.0 0.0 0.0 1203
4 HOR - 4 horizontal, normal 2.140 0.500 0.750 0.0 0.0 0.0 481
5 HOR - 5 horizontal, normal 2.140 1.730 0.750 0.0 0.0 0.0 570
6 HOR - 6 horizontal, normal 2.140 2.960 0.750 0.0 0.0 0.0 1643
7 HOR - 7 horizontal, normal 3.780 0.500 0.750 0.0 0.0 0.0 361
8 HOR - 7 horizontal, normal 3.780 1.730 0.750 0.0 0.0 0.0 440
9 HOR - A horizontal, normal 3.131 2.937 0.000 0.0 0.0 0.0 483
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Operator
Telephone

Fax
e-Mail

A - patient room (1 person) / Daylight (15-08-2018 14:30) / Calculation points 
(results overview)

Calculation Points List

Summary of Results

No. Designation Type Position [m] Rotation [°] Value [lx]
X Y Z X Y Z

10 HOR - B horizontal, normal 3.131 0.737 0.000 0.0 0.0 0.0 394
11 HOR - C horizontal, normal 1.258 2.937 0.000 0.0 0.0 0.0 797
12 HOR - D horizontal, normal 1.258 0.737 0.000 0.0 0.0 0.0 674
13 HOR - E horizontal, normal 1.967 2.994 0.740 0.0 0.0 0.0 1671
14 HOR - F horizontal, normal 2.267 2.994 0.740 0.0 0.0 0.0 1620
15 HOR - G horizontal, normal 2.117 2.289 0.740 0.0 0.0 0.0 778
16 HOR - H horizontal, normal 2.117 1.584 0.740 0.0 0.0 0.0 551
17 HOR - I horizontal, normal 3.997 2.472 0.960 0.0 0.0 0.0 791
18 VER - J vertical, normal 4.280 2.472 1.260 0.0 0.0 180.0 380
19 VER - K vertical, normal 3.977 2.787 1.260 0.0 0.0 -90.0 516
20 VER - L vertical, normal 4.280 1.290 1.600 0.0 0.0 180.0 0.00
21 VER - M vertical, normal 2.117 3.260 1.040 0.0 0.0 -90.0 499
22 VER - N vertical, normal 0.000 1.744 1.600 0.0 0.0 0.0 331

Calculation Point Types Quantity Average [lx] Min [lx] Max [lx] u0 Emin / Emax
Horizontal, normal 17 849 361 1671 0.42 0.22
Vertical, normal 5 345 0.00 516 0.00 0.00
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Operator
Telephone

Fax
e-Mail

A - patient room (1 person) / Night (15-08-2018) / Summary

Height of Room: 3.350 m, Maintenance factor: 0.80 Values in Lux, Scale 1:45

Surface  [%] Eav [lx] Emin [lx] Emax [lx] u0

Workplane / 284 20 1498 0.071
Floor 20 126 3.69 409 0.029
Ceiling 88 205 103 311 0.504
Walls (4) 83 151 0.09 15440 /

Workplane:
Height: 0.750 m
Grid: 128 x 128 Points 
Boundary Zone: 0.000 m

Illuminance Quotient (according to LG7): Walls / Working Plane: 0.618, Ceiling / Working Plane: 0.719. 

Luminaire Parts List

Specific connected load: 9.45 W/m² = 3.33 W/m²/100 lx (Ground area: 14.81 m²) 

No. Pieces Designation (Correction Factor)  (Luminaire) [lm]  (Lamps) [lm] P [W]

1 1 PHILIPS BN120C L600 1xLED19S/830 
(1.000) 1900 1900 20.0

2 2 PHILIPS TBS411 1xTL5-54W HFP A_830 
(1.000) 3560 4450 60.0

Total: 9020 Total: 10800 140.0
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Operator
Telephone

Fax
e-Mail

A - patient room (1 person) / Night (15-08-2018) / Photometric Results

Total Luminous Flux: 9020 lm
Total Load: 140.0 W
Maintenance factor: 0.80
Boundary Zone: 0.000 m

Surface Average illuminances [lx] Reflection factor [%] Average luminance [cd/m²] 
direct indirect total

Workplane 123 161 284 / / 
Floor 40 85 126 20 8.00
Ceiling 63 142 205 88 57
Wall 1 20 135 156 88 44
Wall 2 95 135 231 88 65
Wall 3 0.20 91 91 69 20
Wall 4 20 120 140 88 39

Uniformity on the working plane
u0: 0.071 (1:14) 
Emin / Emax: 0.013 (1:74) 

Illuminance Quotient (according to LG7): Walls / Working Plane: 0.618, Ceiling / Working Plane: 0.719. 

Specific connected load: 9.45 W/m² = 3.33 W/m²/100 lx (Ground area: 14.81 m²) 
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Operator
Telephone

Fax
e-Mail

A - patient room (1 person) / Night (15-08-2018) / Calculation points (results 
overview)

Scale 1 : 40

Calculation Points List

No. Designation Type Position [m] Rotation [°] Value [lx]
X Y Z X Y Z

1 HOR - 1 horizontal, normal 0.500 0.500 0.750 0.0 0.0 0.0 124
2 HOR - 2 horizontal, normal 0.500 1.730 0.783 0.0 0.0 0.0 161
3 HOR - 3 horizontal, normal 0.500 2.960 0.750 0.0 0.0 0.0 172
4 HOR - 4 horizontal, normal 2.140 0.500 0.750 0.0 0.0 0.0 162
5 HOR - 5 horizontal, normal 2.140 1.730 0.750 0.0 0.0 0.0 240
6 HOR - 6 horizontal, normal 2.140 2.960 0.750 0.0 0.0 0.0 1350
7 HOR - 7 horizontal, normal 3.780 0.500 0.750 0.0 0.0 0.0 163
8 HOR - 7 horizontal, normal 3.780 1.730 0.750 0.0 0.0 0.0 238
9 HOR - A horizontal, normal 3.131 2.937 0.000 0.0 0.0 0.0 367
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Operator
Telephone

Fax
e-Mail

A - patient room (1 person) / Night (15-08-2018) / Calculation points (results 
overview)

Calculation Points List

Summary of Results

No. Designation Type Position [m] Rotation [°] Value [lx]
X Y Z X Y Z

10 HOR - B horizontal, normal 3.131 0.737 0.000 0.0 0.0 0.0 172
11 HOR - C horizontal, normal 1.258 2.937 0.000 0.0 0.0 0.0 373
12 HOR - D horizontal, normal 1.258 0.737 0.000 0.0 0.0 0.0 136
13 HOR - E horizontal, normal 1.967 2.994 0.740 0.0 0.0 0.0 1349
14 HOR - F horizontal, normal 2.267 2.994 0.740 0.0 0.0 0.0 1350
15 HOR - G horizontal, normal 2.117 2.289 0.740 0.0 0.0 0.0 445
16 HOR - H horizontal, normal 2.117 1.584 0.740 0.0 0.0 0.0 219
17 HOR - I horizontal, normal 3.997 2.472 0.960 0.0 0.0 0.0 629
18 VER - J vertical, normal 4.280 2.472 1.260 0.0 0.0 180.0 172
19 VER - K vertical, normal 3.977 2.787 1.260 0.0 0.0 -90.0 342
20 VER - L vertical, normal 4.280 1.290 1.600 0.0 0.0 180.0 0.00
21 VER - M vertical, normal 2.117 3.260 1.040 0.0 0.0 -90.0 211
22 VER - N vertical, normal 0.000 1.744 1.600 0.0 0.0 0.0 153

Calculation Point Types Quantity Average [lx] Min [lx] Max [lx] u0 Emin / Emax
Horizontal, normal 17 450 124 1350 0.28 0.09
Vertical, normal 5 176 0.00 342 0.00 0.00

DIALux 4.13 by DIAL GmbH Page 55



Simulations
14.05.2019

Operator
Telephone

Fax
e-Mail

A - patient room (1 person) / Night_2 (15-08-2018) / Summary

Height of Room: 3.350 m, Maintenance factor: 0.80 Values in Lux, Scale 1:45

Surface  [%] Eav [lx] Emin [lx] Emax [lx] u0

Workplane / 36 3.97 101 0.111
Floor 20 18 0.42 43 0.023
Ceiling 88 33 18 57 0.552
Walls (4) 83 46 0.01 15477 /

Workplane:
Height: 0.750 m
Grid: 128 x 128 Points 
Boundary Zone: 0.000 m

Illuminance Quotient (according to LG7): Walls / Working Plane: 1.472, Ceiling / Working Plane: 0.935. 

Luminaire Parts List

Specific connected load: 1.35 W/m² = 3.77 W/m²/100 lx (Ground area: 14.81 m²) 

No. Pieces Designation (Correction Factor)  (Luminaire) [lm]  (Lamps) [lm] P [W]

1 1 PHILIPS BN120C L600 1xLED19S/830 
(1.000) 1900 1900 20.0

Total: 1900 Total: 1900 20.0
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Operator
Telephone

Fax
e-Mail

A - patient room (1 person) / Night_2 (15-08-2018) / Photometric Results

Total Luminous Flux: 1900 lm
Total Load: 20.0 W
Maintenance factor: 0.80
Boundary Zone: 0.000 m

Surface Average illuminances [lx] Reflection factor [%] Average luminance [cd/m²] 
direct indirect total

Workplane 1.29 35 36 / / 
Floor 0.37 18 18 20 1.14
Ceiling 0.93 32 33 88 9.36
Wall 1 3.00 33 36 88 9.99
Wall 2 77 45 122 88 34
Wall 3 0.00 13 13 69 2.85
Wall 4 0.24 25 25 88 7.04

Uniformity on the working plane
u0: 0.111 (1:9) 
Emin / Emax: 0.039 (1:26) 

Illuminance Quotient (according to LG7): Walls / Working Plane: 1.472, Ceiling / Working Plane: 0.935. 

Specific connected load: 1.35 W/m² = 3.77 W/m²/100 lx (Ground area: 14.81 m²) 
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Simulations
14.05.2019

Operator
Telephone

Fax
e-Mail

A - patient room (1 person) / Night_2 (15-08-2018) / Calculation points (results 
overview)

Scale 1 : 40

Calculation Points List

No. Designation Type Position [m] Rotation [°] Value [lx]
X Y Z X Y Z

1 HOR - 1 horizontal, normal 0.500 0.500 0.750 0.0 0.0 0.0 23
2 HOR - 2 horizontal, normal 0.500 1.730 0.783 0.0 0.0 0.0 25
3 HOR - 3 horizontal, normal 0.500 2.960 0.750 0.0 0.0 0.0 19
4 HOR - 4 horizontal, normal 2.140 0.500 0.750 0.0 0.0 0.0 34
5 HOR - 5 horizontal, normal 2.140 1.730 0.750 0.0 0.0 0.0 38
6 HOR - 6 horizontal, normal 2.140 2.960 0.750 0.0 0.0 0.0 29
7 HOR - 7 horizontal, normal 3.780 0.500 0.750 0.0 0.0 0.0 47
8 HOR - 7 horizontal, normal 3.780 1.730 0.750 0.0 0.0 0.0 95
9 HOR - A horizontal, normal 3.131 2.937 0.000 0.0 0.0 0.0 19
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Simulations
14.05.2019

Operator
Telephone

Fax
e-Mail

A - patient room (1 person) / Night_2 (15-08-2018) / Calculation points (results 
overview)

Calculation Points List

Summary of Results

No. Designation Type Position [m] Rotation [°] Value [lx]
X Y Z X Y Z

10 HOR - B horizontal, normal 3.131 0.737 0.000 0.0 0.0 0.0 40
11 HOR - C horizontal, normal 1.258 2.937 0.000 0.0 0.0 0.0 13
12 HOR - D horizontal, normal 1.258 0.737 0.000 0.0 0.0 0.0 20
13 HOR - E horizontal, normal 1.967 2.994 0.740 0.0 0.0 0.0 27
14 HOR - F horizontal, normal 2.267 2.994 0.740 0.0 0.0 0.0 30
15 HOR - G horizontal, normal 2.117 2.289 0.740 0.0 0.0 0.0 37
16 HOR - H horizontal, normal 2.117 1.584 0.740 0.0 0.0 0.0 37
17 HOR - I horizontal, normal 3.997 2.472 0.960 0.0 0.0 0.0 498
18 VER - J vertical, normal 4.280 2.472 1.260 0.0 0.0 180.0 64
19 VER - K vertical, normal 3.977 2.787 1.260 0.0 0.0 -90.0 246
20 VER - L vertical, normal 4.280 1.290 1.600 0.0 0.0 180.0 0.00
21 VER - M vertical, normal 2.117 3.260 1.040 0.0 0.0 -90.0 26
22 VER - N vertical, normal 0.000 1.744 1.600 0.0 0.0 0.0 32

Calculation Point Types Quantity Average [lx] Min [lx] Max [lx] u0 Emin / Emax
Horizontal, normal 17 61 13 498 0.22 0.03
Vertical, normal 5 74 0.00 246 0.00 0.00
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	Question Title
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	* 15. Welke processen horen bij uw takenpakket?
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	Question Title
	* 22. Voelt u zich ooit slaperiger en/of minder alert dan u zou willen bij het sorteren, uitdelen of toedienen van medicatie? (schaal 1 - 10)
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	Question Title
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	Question Title
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	* 28. Hoe ervaart u de hoeveelheid daglicht?

	Question Title
	* 29. Hoe ervaart u de hoeveelheid kunstlicht?

	Question Title
	* 30. Hoe ervaart u de kleur van het kunstlicht?

	Question Title
	* 31. Ervaart u verstoring door flikkerend kunstlicht?

	Question Title
	* 32. Ervaart u verstoring door verblinding van kunstlicht (bijvoorbeeld doordat u snel direct in lampen kijkt)?
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	Question Title
	* 33. Kunt u het kunstlicht dimmen? En zo ja, hoe vaak gebruikt u deze mogelijkheid?

	Question Title
	34. Kunt u uw keuze(n) toelichten?

	Question Title
	* 35. Hoe verandert (dimt) u de verlichting? Of, hoe zou de verlichting willen veranderen (dimmen)?
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	Question Title
	* 36. Zijn er plekken in de medicatieruimte waarbij u de hoeveelheid licht zou willen veranderen?

	Question Title
	* 37. Zijn er plekken in de patiëntenkamer waarbij u de hoeveelheid licht zou willen veranderen?
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	* 38. Gebruikt u een zaklamp bij uw werkzaamheden? (bijvoorbeeld tijdens uw laatste nacht-/avonddienst)

	Question Title
	39. Waar gebruikt u deze zaklamp voor? (meerdere antwoorden mogelijk)
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	Einde
	Bedankt voor het invullen van de vragenlijst! U kunt nu op 'Gereed' drukken.
	Question Title
	40. Wanneer u nog aanvullingen, opmerkingen of suggesties heeft kunt u dit in onderstaande tekstvak kwijt.
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