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Abstract  

Background 

Monitoring hand disinfection (HD) with direct observation is considered the gold standard but 

is flawed by the Hawthorne effect (HE). In our project in a German university hospital, we 

quantified the HE and evaluated possible room-specific differences. 

Methods 

Data were collected on an intensive care unit (ICU), an intermediate care unit (IMC), and a 

normal ward (NW) each categorized into ‘patient’, ‘utility/waste’ and ‘other’ rooms. While 

dispensers were monitored by sensors of a full-time active electronic monitoring system 

(EMS), the infection prevention and control staff performed step-by-step observations 

according to the WHO ‘5 Moments’. Periods with and without direct observations were 

compared regarding the number of HDs performed per patient-day (HD/PD) using descriptive 

evaluation and a linear mixed model. 

Results 

The HE was detected in ‘patient’ rooms on the NW and ICU (+31.4%, +27.4% HD/PD; both 

p < 0.01) during observation periods. Opposite effects, expressed by significant decreases in 

HD/PD during observations, occurred in ‘utility/waste’ rooms on the NW (−57.7%), IMC 

(−99.4%) and ICU (−32.9%).  

Discussion & Conclusion 

In our setting, the HE varied considerably between wards and room-types. As HE occurred in 

patient rooms, the usual HD compliance during patient care may be lower than directly 

observed.  
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Highlights 

• Direct observations for measuring hand disinfection rates are biased by the 

Hawthorne effect. 

• Electronic monitoring systems may help to quantify the Hawthorne effect. 

• The Hawthorne effect is present in patient rooms and appears to be dependent on 

ward- and room-type. 

• Depending on the room-type, the number of hand disinfections may increase or 

decrease during compliance observation periods. 
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Introduction 

Hand disinfection (HD) is considered the most effective single infection prevention measure 

to protect patients from healthcare-associated infections. It is estimated that the proportion of 

healthcare-associated infections that could be prevented by implementing infection prevention 

bundles including HD is 35–55% (1). Indications for hand disinfection during patient care 

have been defined by the World Health Organization (WHO) in the ‘5 moments of HD’ (2) 

and were introduced globally in 2009 as part of the global ‘Clean care is safer care’ campaign 

(3). The gold standard for determining HD rates of healthcare-workers is direct observation of 

compliance by trained observers (3). The observation results are used to assess whether the 

staff’s HD compliance is adequate. However, implementing HD-compliance improvement 

strategies—particularly with sustained impact—is challenging (4–6), partly due to 

weaknesses in the established compliance monitoring methods (7,8). The validity of 

compliance observations can be flawed by several factors, such as the observer’s expertise 

and the timing and duration of the observation (9–12). One of the most important confounding 

factors is known as the Hawthorne effect (HE) and represents a form of observation bias. The 

HE is based on the fact that healthcare-workers who are aware that they are being observed 

change their usual behavior (13,14), typically leading to falsely elevated HD-compliance 

rates. In a systematic review, the HE ranged from −7% to 65%(14). Furthermore, the HE 

differs between wards, specialties, occupational groups and over time (9,14–16). To monitor 

HD-compliance without bias from the HE and to obtain more accurate data, electronic 

monitoring systems (EMSs) have been increasingly used in recent years (31, 34). The main 

advantages of EMSs include the generation of large datasets around the clock and the ability 

to provide detailed information on several other factors associated with HD behavior, such as 

the time- and position-dependent utilization of alcohol-based hand rub dispensers and used 

volumes of hand rubs (19,20). On the contrary, EMSs are usually not able to correctly assign 

HD events to all of the ‘5 moments’ or to document information on HD-compliance during 
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complex workflows (21–23), which is why combining an EMS with direct observation 

appears most promising at the moment (21,23).  

So far, little is known about the extent and specifications of the HE in healthcare facilities 

regarding different room types within the same ward. For example, it is unclear whether, and 

to which extent, the HE would affect HD rates during direct patient care in patient rooms. We 

collected data regarding the number of HD from different room types on three wards of a 

German university hospital using an EMS. The data were obtained and compared with and 

without parallel direct compliance observations to evaluate and quantify the HE by ward- and 

room-type specifically. 

 

Materials and Methods 

Study design 

We conducted a prospective observational project on an 18-bed surgical intensive care unit 

(ICU), a 12-bed surgical intermediate care unit (IMC), and a 36-bed surgical normal ward 

(NW) in a university hospital in Germany. The project was favorably evaluated by the Ethics 

Committee of Witten/Herdecke University, Germany. It took place between February 2022 

and May 2023.  

Electronic monitoring system 

More than 200 wall-mounted, point-of-care or portable disinfectant dispensers were equipped 

with the EMS NosoEx® (HYPROS GmbH, Stralsund, Germany) (24,25), which recorded the 

date, time, and room type of the HDs performed on each of the three wards. Magnetic- or 

pressure-based sensors facilitated the detection of each HD performed and transmitted the 

data via Bluetooth Low Energy to local data hubs. After receiving a date and time stamp, the 

data bundles were passed on to the manufacturers’ server for filtering and processing.        
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Only data on the number of hand disinfections per patient day collected by the electronic 

system were considered in this project. The electronic system was installed specifically for the 

purpose of the project. Staff members were informed about the existence, capabilities, and 

features of the system, but they did not receive any further feedback regarding the collected 

data. Wearable devices were provided to staff members additionally, enabling the 

classification by professional groups. Participation in wearing these devices was entirely 

voluntary, and the data collected were not utilized for the purposes of the present project. 

Definition of room types 

The rooms of each ward were categorized into ‘patient’ rooms, ‘utility/waste’ rooms, or 

‘other’ rooms. While ‘patient’ rooms included all 1- or 2-bedrooms for patient 

accommodation, ‘utility/waste’ rooms were rooms used for disinfectant dosing devices, 

bedpan cleaning and disinfection devices, or waste disposal among other things. The category 

‘other’ included hallways but also nursing stations, kitchens, common rooms and storage 

rooms among others.  

Direct observation 

In addition to the data collected by the EMS, infection prevention and control staff performed 

open hand disinfection compliance observations according to the WHO’s 5 Moments, using a 

standardized, paper-based observations sheet. During the compliance observations the 

infection prevention and control staff used pens and the standardized sheets on clipboards. 

Healthcare workers were aware of the observation-situation. Six observers we involved, three 

of which observed on all three project wards and on at least 3 different weekdays. These three 

observers were responsible for more than 75% of all observations. Compliance observations 

were not announced in advance and were carried out openly. The vast majority of 

observations took place in and in front of the patient rooms. Depending on the location and 

structure of the particular ‘patient’ room, hallways and nursing stations might have been 
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visible for the observers during their observations from locations in and in front of the 

‘patient’ rooms, which was not the case for ‘utility/waste’ rooms. If processes begun or ended 

outside the patient rooms the observers followed the healthcare workers. As the EMS did not 

record data comparable to the compliance observation results, we used the number of hand 

disinfections per patient day with and without observations for our analysis of the Hawthorne 

effect. The compliance rates measured during observations are not presented in this project. 

Definition of observation periods and shifts 

Observations were performed on weekdays during morning shifts (i.e., between 6:00 AM and 

2:00 PM) and afternoon shifts (i.e., between 2:00 PM and 10:00 PM). Observation periods 

were classified according to the time intervals ‘before’, ‘during’, or ‘after’ compliance 

observation took place. The ‘before’ period was defined as the time between the shift started 

and the first observation. It most closely corresponds to usual behavior. The ‘during’ period 

was defined as the time between the first and the end of the last observation, and ‘after’ as the 

period between the last observation and end of the shift. Assuming that observers entered the 

ward shortly before the first observation and left shortly after the last observation, the 

observation period ‘during’ was extended by 5 minutes at both the beginning and the end.  

Statistical modelling 

The impact of observation periods on the HD rates, measured in number of HD per patient 

day (HD/PD), was assessed by a Linear Mixed Model (LMM), including the variables period 

(i.e., before/during/after), ward, shift, room type and whether observations were performed on 

that day. We included all 2- to 5-way interactions among time, ward, observation status and 

room type, as well as all 2- to 4-way interactions among time, ward, observation day, and 

shift. A random effect for observation day, nested within the observer, accounted for daily 

repetitive observation effects and the respective observer. Unable to estimate a saturated 

model, we included all relevant terms for subsequent comparisons. If multiple observers were 
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active per day, their IDs were combined into a new one. Due to the unmet assumptions of 

homoscedasticity and normality of the residuals, evaluated by residual plots and histograms, 

the target variable HD/PD of LMM was square root-transformed to improve the fit. After the 

square root-transformation, diagnostic plots showed no violations of model assumptions. This 

transformation also ensures positive values upon back-transformation, and, unlike e.g., 

gamma regression, accommodates actual zeros in the target variable, which was crucial for 

short time intervals without recorded HD. 

Quantification of the Hawthorne effect 

Instead of using hidden direct observation, the HE was quantified based on HDs performed, 

continuously recorded by the EMS for each dispenser. The number of HDs recorded for each 

of the three observation periods (before/during/after) was divided by the period duration and 

the number of patient days of the respective day to calculate the specific disinfection rate in 

HD/PD. For each period with observation, a control period without observation but matching 

in terms of year, month, weekday, time and ward, was searched for in the system. 

Additionally, a month was considered only when direct observation took place. For 

quantification of the HE, the rates of HD/PD were averaged for periods without observation 

and compared to each period with observation (Figure 1). The final dataset included ward 

(NW, IMC, ICU), room type (‘patient’, ‘utility/waste’, ‘other’), shift (morning, afternoon), 

observation day (with, without) and the disinfection rate in HD/PD (Table 1). Considerations 

were made for each room type on every ward separately. 

Furthermore, the percentage ratios between HD/PD on days with versus without observations 

were estimated per ward and room type as a separate descriptive evaluation (Figure 2).  

Software 

Statistical analyses and visualizations were performed using R, version 4.3.3 (26). 

Additionally, the R packages lme4, lmerTest and emmeans were used for modelling and 
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testing (27–29). The ggplot2 (30) package was used for visualizations. P-values ≤ 0.05 were 

regarded as statistically significant. 

 

Results 

A total of 476,935 HDs were electronically recorded, comprising 80,351 HDs on the NW 

(‘patient’: 62836; ‘utility/waste’: 4,817; ‘other’: 12,698), 107,119 HDs on the IMC (‘patient’: 

46,926; ‘utility/waste’: 4,772; ‘other’: 55,421), and 289,465 HDs on the ICU (‘patient’: 

203,141; ‘utility/waste’: 17,482; ‘other’: 68,842). After processing the data, 194 compliance 

observation periods on 40 days, carried out during nine of the 16 project months (seven months 

without observations), were used for the analysis.  Of the remaining 15,872 HDs carried out on 

during the ‘before’, ‘during’ and ‘after’ periods on observation- and matching days, 3,385 HDs 

were performed on the NW, 2,231 HDs on the IMC, and 10,256 HDs on the ICU. Using the 

LMM, we investigated the effects of each observation documented by the infection prevention 

and control staff during three observation periods. At the same time, dispenser-wise monitoring 

by the EMS allowed conclusions to be drawn about the room-type where HD was performed.  

Room type-specific impact of compliance observations 

In ‘patient’ rooms, the highest disinfection rate in HD/PD was estimated for the ICU, while 

the NW showed the lowest rate. Unexpectedly, the number of HD/PD was significantly 

decreased on observation days in the observation period ‘before’ in ‘other’ and ‘utility/waste’ 

rooms on the NW (p≤ 0.05). The HE was present in ‘patient’ rooms on NW and ICU. Here, 

significantly more HDs were documented in the observation period ‘during’ on the NW 

(p≤ 0.01) and the ICU (p≤ 0.001) compared to periods without observations. The results for 

‘utility/waste’ and ‘other’ rooms were less consistent. Here, compliance observations could 

lead to both, increasing or decreasing disinfection rates or remained unaltered (Table 1; 

Figure 2).  
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Influence of compliance observations among periods of observation 

Comparing the ‘before’ with the ‘during’ compliance observation period, the disinfection 

rates significantly increased on all three ward-types in ‘patient’ rooms and significantly 

decreased again after the observation ended comparing the ‘during’ with the ‘after’ period 

(Table 1). However, on the IMC, this in- and decrease of HD/PD in ‘patient’ rooms was also 

observed without compliance observations. Overall, differences in disinfection rates between 

the periods with observation were less pronounced in ‘other’ and ‘utility/waste’ rooms than in 

‘patient’ rooms. We observed a significant decrease in the disinfection rate between the 

’before’ and ’during’ periods in the ’utilities/waste’ rooms on the IMC (Table 1). The 

declining disinfection rates between the ‘during’ and ‘after’ periods in ‘other’ rooms on the 

NW without CO, was statistically significant as well. Apart from the exception in ‘patient’ 

rooms on the IMC, effects without observation were found comparing the ’during’ and ’after’ 

periods on the IMC and in ‘utility/waste’ or ‘other’ rooms on the NW. 
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Table 1: Summarized influence of compliance observation periods onto hand disinfection 

rates before, during and after observations (please also note Fig. 1 for illustration) 

Ward Room type 1. Comparison 

with vs. w/o CO 

2. Comparison 

‘before’ vs. 

‘during’ period 

3. Comparison 

with vs. w/o CO 

4. Comparison 

‘during’ vs. 

‘after’ period 

5. Comparison 

with vs. w/o CO 

in ‘before’ 

period 

a) with 

CO 

b) w/o 

CO 

in ‘during’ 

period 

a) with 

CO 

b) w/o 

CO 

in ‘after’     

period 

NW Patient n. s. ↗ *** n. s. ↗ ** ↘ *** n. s. n. s. 

Utility/Waste ↘ * n. s. n. s. ↘ ** n. s. ↘ ** n. s. 

Other ↘ * n. s. n. s. ↘ *** n. s. ↘ ** n. s. 

IMC Patient n. s. ↗ ** ↗ ** n. s. ↘ *** ↘ * n. s. 

Utility/Waste n. s. ↘ * n. s. ↘ *** n. s. ↘ ** n. s. 

Other n. s. n. s. n. s. n. s. n. s. n. s. n. s. 

ICU Patient n. s. ↗ *** n. s. ↗ *** ↘ *** n. s. n. s. 

Utility/Waste n. s. n. s. n. s. ↘ * n. s. n. s. n. s. 

Other n. s. n. s. n. s. ↗ *** ↘ *** n. s. n. s. 

Results from the estimation of disinfection rates [HD/PD] all derived by the EMS by the linear 

mixed model. Days with observations were compared to those without (w/o). Change of the 

disinfection rate from one period to the following (1. before to during; 2. during to after). 

Significantly increasing rates = ↗; decreasing rates = ↘, with asterisks marking the level of 

significance: ≤ 0.05 = *; ≤ 0.01 = **; ≤ 0.001 = ***. n. s. = not significant. CO= compliance 

observation; ICU= intensive care unit; IMC= intermediate care unit; NW= normal ward. 
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Figure 1: Illustration of the comparisons presented in Table 1 with explanation for each 

column (please note consecutive numbers in table and illustration)  

Vertical dashed lines marking the beginning and end of compliance observations; CO= 

compliance observation; w/o= without 

 

Quantification of the Hawthorne effect 

Alterations of the number HD/PD in the ‘during’ observation period with actual CO compared 

to the number without CO most closely corresponds to the presence of the HE. As specified in 

Figure 2, the comparison between days without and with observation showed increased 

disinfection rates in ‘other’ rooms on the IMC (+5.3%; LMM: not significant) and ICU 

(+32%; LMM: p < 0.01), whereas the disinfection rate decreased on the NW (−70.5%; LMM: 

p < 0.0001). The HE was also detected in ‘patient’ rooms on all three wards, with significance 

in the observation period ‘during’ on the NW (+31.4%; LMM: p < 0.01) and ICU (+27.4%; 

LMM: p < 0.001), while the disinfection rate on the IMC remained unchanged (+3.5%; 

LMM: not significant). In addition, significant decreases in disinfection rates were noticed in 
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‘utility/waste’ rooms on the NW (−57.7%; LMM: p < 0.01), the IMC (−99.4%; LMM: 

p < 0.001), and the ICU (−32.9%; LMM: p < 0.05).  

 

Figure 2: Extent of the Hawthorne effect during compliance observation periods 

determined by an electronic monitoring system 

 

Estimation of the hand disinfection rates [HD/PD] exclusively for the observation period 

‘during’, differentiated by ward and room type (‘other’; ‘utility/waste’; ‘patient’). Purple bars 

= days without (w/o) observation; green bars = days with observation. Numbers above the 

green columns indicate differences between days w/o and with observation in %. Asterisks mark 

the level of significance: ≤ 0.05 = *; ≤ 0.01 = **; ≤ 0.001 = ***. Estimations based on the 

linear mixed model. HD/PD, hand disinfections per patient day; ICU, intensive care unit; IMC, 

intermediate care unit; NW, normal ward.  

 

Discussion 

The positive Hawthorne effect is strongest in patient rooms 

In our project, direct compliance observations significantly increased the number of HDs per 

patient day on the NW and the ICU in the observation period ‘during’ in ‘patient’ rooms, where 

HD is most critical for infection prevention. On the IMC, in contrast, the number of HDs did 

not change significantly in ‘patient’ rooms during observation compared to the number without. 

It was also obvious that HD rates decreased significantly in ‘utility/waste’ rooms, where no 

direct patient care takes place, on all three wards during CO. These results base on 194 

compliance observation periods on 40 days and 15,872 HDs used for the analysis. The 

Hawthorne effect depended on the observed ward type in our setting. To the best of our 
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knowledge, we showed for the first time that the Hawthorne effect might also depend on the 

observed room type. It was pronounced in ‘patient’ rooms and we recorded a decrease of the 

number of hand disinfections per patient day in ‘utility/waste’ rooms, which is remarkable, 

because usually the number of hand disinfections rises during compliance observations. Thus, 

healthcare workers behavior under observation might be more complex than presumed. 

Overall, our results are in line with other studies, which also determined a relevant HE during 

HD compliance observations (9,13–15,17,32). The fact that the HE was most evident in 

‘patient’ rooms in our project suggests that HD-compliance according to the WHO’s ‘5 

Moments’ in everyday practice is lower than assumed when relying solely on compliance 

observations. These findings indicate that the HE is particularly relevant during direct patient 

care. One reason for these results might be, that the vast majority of observations took place 

openly in or in front of the ‘patient’ rooms. This might have pronounced the effect in this room 

type. Nevertheless, the usual compliance observations also concentrate on activities in patient 

rooms, where most procedures are carried out, which makes our results comparable. 

Additionally, we recorded significant changes in ‘other’ rooms and ‘utility/waste’ rooms as 

well.  

A negative Hawthorne effect may occur in segregated rooms unrelated to direct patient care 

To our knowledge, this is the first project providing detailed information on the specifications 

of the HE with regard to different room-types on three different wards. Interestingly, while we 

observed a ‘typical’ HE, i.e., an increase of HDs during observation, in ‘patient’ rooms on the 

ICU and NW, we recorded an ‘atypical’ HE, i.e., a decrease, in ‘utility/waste’ rooms on each 

of the observed wards (ICU, IMC, and NW). With −99.4%, this effect was strongest and also 

highly significant for the IMC. One explanation may be that ‘utility/waste’ rooms were separate 

rooms of limited size in our setting. Therefore, healthcare-workers were fully aware of whether 

they were being observed while working in this type of room. Situations were often less clear 
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for the healthcare-workers in ‘patient’ and ‘other’ rooms because compliance observers may 

have observed them without their awareness. The knowledge of being observed is stressful, 

which may have led to reactance among the healthcare-workers in a usually unobserved, 

controlled and ‘private’ situation in ‘utility/waste’ rooms. On the other hand, these results are 

surprising because HDs after body fluid exposure are frequently carried out in these room types. 

Since this indication is an important self-protection measure, it usually achieves high HD-

compliance rates during observations and showed the highest rates (79%) among the WHO’s 

‘5 Moments’, according to the NRZ data in 2023 (31).  

At the same time the negative HE has to be interpreted with caution, as the number of HDs in 

‘utility/waste’ rooms was generally limited compared to the other room types. 

Reactance effects may also have played a role in the recorded decrease of HD/PD during 

observations in the ‘before’ period in ´utility/waste´ and ´other´ rooms on the NW, at least if 

the healthcare-workers would have been aware of the impending observations. Nevertheless, 

this awareness of healthcare-workers is unlikely, the level of significance was low and the effect 

should be interpreted with caution.  

The Hawthorne effect differs between ward types 

The HE in our project also appeared to be ward dependent, as it was not observed in ‘patient’ 

and ‘other’ rooms on the IMC with statistical significance. Others have also reported varying 

HEs depending on the ward type. For example, Wu et al. observed a moderate HE on the 

ICU, while it was almost three times higher in the outpatient clinic (16). Likewise, McLaws 

and Kwok found the HE to be stronger on the medical ward than on the surgical ward (9). 

Reasons for these differences could be, e.g., a different degree of standardization of infection 

prevention-relevant processes on the observed wards, different levels of self-confidence and 

self-perception of the observed staff, and differences in the interaction of the observed staff 

with the observers.  
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To put our results into context and compare them with representative data from other German 

hospitals and wards, we used data from the National Reference Center for Surveillance of 

Nosocomial Infections (NRZ). The comparison with the reference data from the surveillance 

surveys of 2022 and 2023 (31) revealed that our NW (9 ± 3 HD/PD) achieved an overall 

disinfection rate similar to the NRZ data from normal wards for 2022 (9 HD/PD) and 2023 (8 

HD/PD). On average, the HD/PD on our NW was 5.9% higher than the average performance 

of other NWs between 2022 and 2023. More pronounced than the data for the NW, our IMC 

(47 ± 13 HD/PD) showed a disinfection rate nearly twice as high as the NRZ IMC standards 

for 2022 (26 HD/PD) and 2023 (25 HD/PD). The HD performance on our IMC exceeded the 

averaged standards by 84.3%. The ICU also reached a higher disinfection rate (57 ± 10 

HD/PD) than the NRZ ICU standards for 2022 (50 HD/PD) and 2023 (47 HD/PD). In this 

case, the overall HD performance was 17.5% higher than the averaged NRZ ICU standard. 

Thus, with an increase of 84.3%, the number of HDs per patient day on our IMC was 

considerably higher than the German standard values evaluated by the NRZ for 2022 and 

2023, while the HD rates on our NW and ICU exceeded the standard to a lesser but notable 

extent. As the disinfection rate for the IMC was already very high, the HE may have been 

reduced as there were likely only few additional indications for further HDs.  

Compliance observations appear to have weaknesses in determining daily HD rates. We found 

a ward- and room-type-dependent HE, which most likely led to an overestimation of HD rates 

especially in ‘patient’ rooms and thus during patient care on two out of three wards in our 

project. Monitoring instruments such as EMSs or hand disinfectant consumption may be more 

suitable for assessing daily HD rates (18,33–34). Covert observation is another option but is not 

recommended by the WHO as it could encourage mistrust between healthcare-workers and 

covert observers if the healthcare-workers become aware of the observation (3).  
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Although direct observations may lead to a systematic overestimation of HD-compliance, the 

results may be helpful. They allow a sophisticated determination of compliance rates for each 

indication and the observer may get an impression of possible reasons for non-compliance 

(knowledge deficit, infrastructure etc.). Thus, compliance observations serve as the basis for 

process optimization and differentiated education programs.  

The HE on HD-compliance during compliance observations has been detected all over the 

world in studies from North and South America, Asia, Australia, and Europe (13,14). Therefore, 

it should not be considered as an individual misconduct of the observed healthcare-workers but 

as a general, culture-independent phenomenon of human behavior. 

Limitations 

Our project had several strengths but also some limitations. One of the limitations was that there 

tended to be more HDs during the observation periods compared to other periods, regardless of 

whether an observation actually took place. An unlikely reason for this is that observed 

healthcare-workers might have expected an observer to appear at the corresponding times. 

However, it is more reasonable to assume the observers chose observing periods when many 

procedures were carried out by ward staff, to maximize the number of HD opportunities 

observed per time. Therefore, we had to separately compare periods ‘before’, ‘during’, and 

‘after’ observations on days with and without observations of the same periods to reliably 

determine the HE.  

Another limitation of our project is that compliance observations were exclusively conducted 

during morning and afternoon shifts and on weekdays, excluding night shifts and weekends. 

However, since fewer patients are admitted on weekends and during night shifts and therefore 

fewer procedures, rounds, etc. take place, we assume that concentrating the observations on the 

morning and afternoon shifts is unlikely to have caused significant bias. As the EMS did not 

record data comparable to the compliance observation results, compliance results were not 
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analyzed for this project or included in the results. Instead, we used the number of hand 

disinfections per patient day with and without observations for our analysis of the Hawthorne 

effect. An EMS which offers reliable compliance observation results for WHO`s ‘5 Moments’ 

would have provided a more detailed analysis of the Hawthorne effect but is currently not 

available. Additionally, it was not possible to exclude HD of visitors from the data set. 

However, the number of HD performed by visitors should be very low compared to the number 

of HD carried out by hospital staff so the impact is most likely negligible.  

 Based on the collected data, we were only able to make statements regarding the number 

of hand disinfections per patient day, but not about their quality. Although the EMS used in our 

project is, in principle, capable of measuring the amount of alcohol-based disinfectant dispensed 

per hand disinfection, this analysis was not possible in our project due to technical reasons. 

Future studies should also assess the coverage of the entire hand surface with the alcohol-based 

disinfectant, the duration of hand disinfection, and similar quality-related parameters. 

There were also limitations associated with the use of the LMM. In some cases, the 

extrapolation to determine the HD/PD rate may have been subject to large variance due to very 

short observation periods. To address this, we analyzed the periods with a slack time of 5 min 

before the first and after the last observation.  

Regarding the differences in HD between different ward types, the specific behavior of the 

wards` medical teams and its team composition may have played an additional role. Since we 

collected our EMS data on the ward- and not on an individual level and we did not for example 

use questionnaires to evaluate the attitude towards HD of different medical teams, we are unable 

to provide additional information on this matter. 
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Conclusions 

In this work, we found a ward- and room-type-specific Hawthorne effect with alterations 

between -99.4% to +31.4% hand disinfections per patient day during compliance observations. 

Further scientific evidence is needed to verify our observations and to improve and specify the 

reliability of HD-compliance measurement tools. 

 

Literature 

1.  Schreiber PW, Sax H, Wolfensberger A, Clack L, Kuster SP. The preventable 

proportion of healthcare-associated infections 2005-2016: Systematic review and meta-

analysis. Infect Control Hosp Epidemiol. 2018;39(11):1277–95.  

2.  Sax H, Allegranzi B, Uçkay I, Larson E, Boyce J, Pittet D. “My five moments 

for hand hygiene”: a user-centred design approach to understand,  train, monitor and 

report hand hygiene. J Hosp Infect. 2007 Sep;67(1):9–21.  

3.  World Health Organization. WHO guidelines on hand hygiene in health care. 

2009.  

4.  Saharman YR, Aoulad Fares D, El-Atmani S, Sedono R, Aditianingsih D, 

Karuniawati A, et al. A multifaceted hand hygiene improvement program on the 

intensive care units of  the National Referral Hospital of Indonesia in Jakarta. 

Antimicrob Resist Infect Control. 2019;8:93.  

5.  de Kraker MEA, Tartari E, Tomczyk S, Twyman A, Francioli LC, Cassini A, et 

al. Implementation of hand hygiene in health-care facilities: results from the WHO  

Hand Hygiene Self-Assessment Framework global survey 2019. Lancet Infect Dis. 

2022 Jun;22(6):835–44.  

6.  Gould DJ, Moralejo D, Drey N, Chudleigh JH, Taljaard M. Interventions to 

improve hand hygiene compliance in patient care. Cochrane Database Syst Rev. 2017 

Sep;9(9):CD005186.  

7.  Gould DJ, Creedon S, Jeanes A, Drey NS, Chudleigh J, Moralejo D. Impact of 

observing hand hygiene in practice and research: a methodological  reconsideration. J 

Hosp Infect. 2017 Feb;95(2):169–74.  

8.  Bredin D, O’Doherty D, Hannigan A, Kingston L. Hand hygiene compliance by 

direct observation in physicians and nurses: a  systematic review and meta-analysis. J 

Hosp Infect. 2022 Dec;130:20–33.  

9.  McLaws ML, Kwok YLA. Hand hygiene compliance rates: Fact or fiction? Am 

J Infect Control. 2018 Aug;46(8):876–80.  

10.  Larson E. Monitoring hand hygiene: Meaningless, harmful, or helpful? Am J 

Infect Control. 2013 May;41(5 SUPPL.):S42-45.  

Jo
ur

na
l P

re
-p

ro
of



Major article 

20 
 

11.  Gould DJ, Drey NS, Creedon S. Routine hand hygiene audit by direct 

observation: Has nemesis arrived? Vol. 77, Journal of Hospital Infection. 2011. p. 290–

3.  

12.  Chen LF, Carriker C, Staheli R, Isaacs P, Elliott B, Miller BA, et al. Observing 

and Improving Hand Hygiene Compliance Implementation and Refinement of an 

Electronic-Assisted Direct-Observer Hand Hygiene Audit Program. Infect Control 

Hosp Epidemiol. 2013 Feb;34(2):207–10.  

13.  Jeanes A, Coen PG, Gould DJ, Drey NS. Validity of hand hygiene compliance 

measurement by observation: A systematic review. Am J Infect Control. 2019 

Mar;47(3):313–22.  

14.  Purssell E, Drey N, Chudleigh J, Creedon S, Gould DJ. The Hawthorne effect 

on adherence to hand hygiene in patient care. J Hosp Infect. 2020 Oct;106(2):311–7.  

15.  Gould D, Lindström H, Purssell E, Wigglesworth N. Electronic hand hygiene 

monitoring: accuracy, impact on the Hawthorne effect and  efficiency. J Infect Prev. 

2020 Jul;21(4):136–43.  

16.  Wu KS, Lee SSJ, Chen JK, Chen YS, Tsai HC, Chen YJ, et al. Identifying 

heterogeneity in the Hawthorne effect on hand hygiene observation: a  cohort study of 

overtly and covertly observed results. BMC Infect Dis. 2018 Aug;18(1):369. 

17.  Hagel S, Reischke J, Kesselmeier M, Winning J, Gastmeier P, Brunkhorst FM, 

et al. Quantifying the Hawthorne Effect in Hand Hygiene Compliance Through 

Comparing Direct Observation with Automated Hand Hygiene Monitoring. Infect 

Control Hosp Epidemiol. 2015;36(8):957–62. 

18.  Seferi A, Parginos K, Jean W, Calero C, Fogel J, Modeste S, et al. Hand hygiene 

behavior change: a review and pilot study of an automated hand hygiene reminder 

system implementation in a public hospital. Antimicrob Steward Healthc Epidemiol. 

2023;3(1):e122. 

19.  Tseng C, He X, Chen W, Tseng CL. Evaluating automatic hand hygiene 

monitoring systems: A scoping review. Public Health Pract Oxf Engl. 2022 

Dec;4:100290.  

20.  Cheng X, Li Y, Chen N, He W, Peng H, Chen X, et al. Electronic monitoring 

versus manual paper-based monitoring for hand hygiene  compliance: a comprehensive 

health economic assessment analysis. BMC Health Serv Res. 2024 Sep;24(1):1126.  

21.  Boyce JM. Hand Hygiene, an Update. Infect Dis Clin North Am. 2021 

Sep;35(3):553–73.  

22.  Srigley JA, Gardam M, Fernie G, Lightfoot D, Lebovic G, Muller MP. Hand 

hygiene monitoring technology: A systematic review of efficacy. J Hosp Infect. 2015 

Jan 1;89(1):51–60.  

23.  Boyce JM. Electronic monitoring in combination with direct observation as a 

means to significantly improve hand hygiene compliance. Am J Infect Control. 

2017;45(5):528–35.  

Jo
ur

na
l P

re
-p

ro
of



Major article 

21 
 

24.  Senges C, Herzer C, Norkus E, Krewing M, Mattner C, Rose L, et al. Workflows 

and locations matter - insights from electronic hand hygiene monitoring  into the use of 

hand rub dispensers across diverse hospital wards. Infect Prev Pract. 2024 

Jun;6(2):100364.  

25.  Dick A, Sterr CM, Dapper L, Nonnenmacher-Winter C, Günther F. Tailored 

positioning and number of hand rub dispensers: the fundamentals for  optimized hand 

hygiene compliance. J Hosp Infect. 2023 Nov;141:71–9.  

26.  R Core Team. R: A Language and Environment for Statistical Computing 

[Internet]. Vienna, Austria: R Foundation for Statistical Computing; 2024. Available 

from: https://www.R-project.org/ 

27.  Kuznetsova A, Brockhoff PB, Christensen RHB. lmerTest Package: Tests in 

Linear Mixed Effects Models. J Stat Softw. 2017;82(13):1–26.  

28.  Bates D, Mächler M, Bolker B, Walker S. Fitting Linear Mixed-Effects Models 

Using lme4. J Stat Softw. 2015;67(1):1–48.  

29.  Lenth RV. emmeans: Estimated Marginal Means, aka Least-Squares Means 

[Internet]. 2024. Available from: https://CRAN.R-project.org/package=emmeans 

30.  Wickham H. ggplot2: Elegant Graphics for Data Analysis [Internet]. Springer-

Verlag New York; 2016. Available from: https://ggplot2.tidyverse.org 

31.  KISS Krankenhaus-Infektions-Surveillance-System. Referenzdaten 2023. 

Available at https://www.nrz-hygiene.de/files/Referenzdaten/HAND/ Accessed 

October 10, 2024. 2023.  

32.  Bruchez SA, Duarte GC, Sadowski RA, Custódio da Silva Filho A, Fahning WE, 

Belini Nishiyama SA, et al. Assessing the Hawthorne effect on hand hygiene 

compliance in an intensive care  unit. Infect Prev Pract. 2020 Jun;2(2):100049.  

33.  Kommission für Krankenhaushygiene und Infektionsprävention (KRINKO) 

beim Robert Koch-Institut. Händehygiene in Einrichtungen des Gesundheitswesens. 

Bundesgesundheitsblatt-Gesundheitsforschung-Gesundheitsschutz. 2016;9:1189–220.  

34.  Braß P, Alefelder C. Technisches Feedback System verbessert Händehygiene 

und reduziert durch MRE verursachte nosokomiale Infektionen. Epidemiol Bull. 

2020;5:3–9. 

Jo
ur

na
l P

re
-p

ro
of




