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Purpose: Psychosocial determinants influence healthcare workers’ compliance with surgical site infection (SSI) preventive interven-
tions. In order to design needs-based interventions promoting compliance, such determinants must first be assessed using valid and 
reliable questionnaire scales. To compare professional groups without bias, the scales must also be measurement-equivalent. We 
examine the validity/reliability and measurement equivalence of four scales using data from physicians and nurses from outside the 
university sector. Additionally, we explore associations with self-reported SSI preventive compliance.
Participants and Methods: N = 90 physicians and N = 193 nurses (response rate: 31.5%) from nine general/visceral or orthopedic/ 
trauma surgery departments in six non-university hospitals in Germany participated. A written questionnaire was used to assess the 
compliance with SSI preventive interventions and the determinants of compliance based on the Capability-Opportunity-Motivation- 
Behavior-Model. Psychometric testing involved single- and multiple-group confirmatory factor analyses, and explorative analyses used 
t-tests and multiple linear regression.
Results: The scales assessing individual determinants of compliance (capability, motivation, and planning) were found to be reliable 
(each Cronbach’s α ≥ 0.85) and valid (each Root-Mean-Square-Error of Approximation ≤ 0.065, each Comparative-Fit-Index = 0.95) 
and revealed measurement equivalence for physicians and nurses. The scale assessing external determinants (opportunity) did not 
demonstrate validity, reliability, or measurement equivalence. Group differences were found neither in compliance (p = 0.627) nor 
determinants (p = 0.192; p = 0.866; p = 0.964). Capability (β = 0.301) and planning (β = 0.201) showed associations with compliance 
for nurses only.
Conclusion: The scales assessing motivation, capability, and planning regarding SSI preventive compliance provided reliable and 
valid scores for physicians and nurses in surgery. Measurement equivalence allows group comparisons of scale means to be interpreted 
without bias.
Keywords: infection prevention and control, surgical site infections, compliance, nurses, physicians, capability-opportunity- 
motivation-behavior (COM-B) model, measurement equivalence

Introduction
Healthcare worker (HCW) non-compliance remains a key barrier in the successful implementation of evidence-based 
infection prevention and control (IPC) interventions. For example, although hand hygiene compliance (HHC) is 
consistently higher among nurses than physicians, it is still suboptimal.1–3 Thus, attempts were made to understand 
possible reasons for (non-)compliance using behavioral science approaches, among others.4,5 One promising strategy to 
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increase the effectiveness of interventions, such as training or workflow modifications, is to tailor implementation to 
HCWs and their working environment.6,7 Therefore, psychosocial determinants that influence compliance should be 
identified to inform design of interventions.

For instance, two studies8,9 have developed questionnaire items to measure such determinants on HCWs’ HHC using 
the Capability-Opportunity-Motivation-Behavior (COM-B) model.10 According to this model, there are three constructs 
that influence behavior. First, “capability” denotes physical and psychological capacities, such as knowledge and skills, to 
engage in and execute a given behavior or activity.10 Regarding surgical site infection (SSI) prevention, examples are to 
know how to correctly wear a surgical mask and to be able to implement surgical hand disinfection according to guidelines. 
Second, “opportunity” points to social and physical environmental factors, which may represent facilitators or barriers to 
given behaviors or activities.10 SSI prevention-related examples are the support by leaders and superiors, and the 
availability of, or lack thereof, hand sanitizer dispensers. Third there is “motivation”, ie, reflective and automatic processes 
such as analytical decision-making and goal setting or emotional and habitual responses that energize and direct given 
behaviors or activities.10 In the present context, examples are setting goals to correctly disinfecting one’s hands before every 
aseptic procedure and being socially acknowledged for compliant aseptic dressing change.

Both studies used pooled data from physicians and nurses to assess the psychometric properties of the newly 
developed questionnaires. A scale score is considered reliable if it is as unbiased as possible, meaning, if measurement 
errors are as small as possible. Usually Cronbach’s α is used as an indicator of reliability. Validity, defined as whether the 
items really measure the underlying, non-measurable constructs, is usually examined by confirmatory factor analysis 
(CFA). Validity is observed, for instance, if highly motivated HCWs do display high mean scores on the “motivation” 
scale.

However, CFA results of pooled data from different subgroups, such as physicians and nurses, do not reveal whether 
these groups understand questionnaire items in an equivalent manner. As an extension to validity testing, measurement 
equivalence (ME; synonym: measurement invariance) ensures that item comprehension is comparable across subgroups 
and that underlying constructs are interpreted the same in each subgroup.11 For instance, if there is ME, a nurse and 
a physician with the same level of motivation would respond similarly to items measuring “motivation”. Thus, ME 
strictly speaking is a prerequisite for ensuring that comparisons of means are unbiased and reflect reality.12,13 ME is 
usually tested by multiple-group confirmatory factor analysis (MGCFA), an extension of CFA.14

To explore the ME of physicians and nurses in COM factors, this study follows up on a previous study in which the 
COM-B model was applied to compliance with surgical site infection (SSI) preventive interventions of orthopedic 
physicians in a tertiary care university clinic.15 In this previous study, exploratory factor analysis of 12 items on 
individual COM determinants produced three scales covering the constructs of “capability”, “motivation”, and “plan-
ning”. Another exploratory factor analysis of six items on environmental determinants resulted in one scale, 
“opportunity”.15 In the present analysis, we determine the validity, reliability, and ME of these scales15 using data 
from physicians and nurses from outside the university sector. Thus, we go beyond the former study15 by testing the 
scales not only among physicians, but nurses as well, conducting confirmatory, not only exploratory analyses, and using 
a new sample approximately five times as large. Additionally, we explore associations between valid, reliable, and cross- 
group equivalent scale scores and self-reported SSI prevention compliance.

Materials and Methods
From March to October 2019, a cross-sectional survey was conducted as part of the baseline data collection of the 
WACH trial (“Wundinfektionen und Antibiotikaverbrauch in der Chirurgie” [“Wound Infections and Antibiotic Use in 
Surgery”]) using a self-administered written questionnaire.16 The WACH study used the behavioral approach of 
a previous university hospital study17 to promote compliance with SSI preventive intervention measures in six non- 
university hospitals.16 The study was approved by the Ethics Committee of the Medical Faculty of the University of 
Leipzig (vote no. 034/18-ek) and the ethics committees of the medical associations of the participating federal states. The 
baseline survey was approved by the staff councils of all participating hospitals.

The IPC team at each hospital distributed the questionnaire to physicians and nurses working in either the general/ 
visceral surgery, orthopedic/trauma surgery, or anesthesia department. The two surgical specialties were selected on the 
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basis of epidemiological considerations, ie, prevalence in Germany.18 Questionnaires were anonymous, ie, included no 
unique identifier, were accompanied by a data privacy statement which included all necessary assurances, and were 
returned via devices such as boxes placed across departments in which they could be dropped. Reminders were verbally 
communicated to clinicians by the IPC team for as often as they judged it appropriate. The duration of data collection 
ranged from 14 to 97 days depending on the size of the hospital, the number of participating departments, and the work 
capacity of the IPC team. Informed consent was obtained from all participants.

The questionnaire included 94 items addressing compliance with 26 clinical SSI preventive interventions, COM 
determinants, socio-demographics, and awareness of in-house implementation strategies (not reported here). The COM 
determinants were surveyed using 18 items on a 7-point-Likert-scale (“strongly disagree“ to “strongly agree”). In 
accordance with the previous exploratory factor analysis (EFA),15 the number of items measuring ‘capability’, “oppor-
tunity”, “motivation”, and “planning” were six, six, four, and two, respectively (for items, see Table S1). The SSI 
preventive intervention measures for which self-reported compliance was assessed were selected in accordance with 
national recommendations (see Table S2). For each of the interventions, participants were asked to indicate in what 
percentage of the opportunities in which an intervention is indicated they actually performed the intervention com-
pliantly. Participants could select ”not applicable” if they felt an intervention was outside their area of responsibility. The 
overall compliance rate for all interventions combined was calculated as in:15 summing the compliance rate for each 
intervention divided by the number of interventions for which responsibility was indicated.

Participants indicated their gender, age, and specialty. Based on the latter including such information, participants 
were categorized as physician or nurse. Age was recorded in categories (<18, 18–30, 31–40, 41–50, 51–60, >60 years) to 
comply with data protection regulations.

IBM SPSS Statistics v27 was used for t-tests and regressions, and R’s lavaan-package v0.6–12 for CFA and MGCFA. 
To account for missing data and multivariate normality assumptions, a robust full-information-maximum-likelihood 
estimate was used.19,20 Two models were tested based on the earlier EFA:15 one with the three individual determinants 
“capability”, “motivation”, and “planning”, and one with the environmental determinants (“opportunity”).

CFA was used to test for construct validity with a good model fit determined by Root-Mean-Square-Error of 
Approximation (RMSEA) ≤ 0.08,21 Standardized Root Mean Square Residual (SRMR) ≤ 0.08,22 and Comparative-Fit- 
Index (CFI) ≥ 0.9.23 The reliability of the scales was tested using Cronbach’s α, with values > 0.7 being considered 
acceptable.20

In case of satisfactory model fit in CFA, MGCFA was used to test for ME across physicians and nurses. To perform 
MGCFA, the assumption of sufficient model fit must be met in both groups, therefore stratified CFAs were performed 
beforehand.12

ME is not dichotomous but has three hierarchical levels.11,12 During the steps of MGCFA, the model is increasingly 
constrained, ie forced to be equal across both groups.12 Configural equivalence is the lowest level and achieved when the 
model fit is good despite the number of constructs and the pattern of items loading on constructs being the same in both 
groups.12 The next higher levels, metric and scalar equivalence, are confirmed if the respective model fit does not 
decrease compared with the respective less constrained model, with ∆CFI < 0.01 as cut-off.11,12 For testing metric 
equivalence, factor loadings, that is the correlation between item and construct, are constrained, implying that the 
constructs’ relationships within the model can be compared across groups.11,12 For testing scalar equivalence, item 
intercepts are additionally constrained, implying that cross-group comparisons of constructs’ means are possible.11,12

Based on results of CFA and MGCFA, further explorative analyses were conducted. To compare physicians and 
nurses, t-tests were performed for the overall compliance rate for all interventions, COM scales with ME, and the number 
of SSI preventive interventions participants considered to be responsible for (“responsibility”). Multiple hierarchical 
linear regressions were performed to examine associations between COM scales with ME and overall compliance in 
order to provide first indications of their criterion-related validity. In the first regression model in each case, ie, for 
physicians and for nurses, the variables “responsibility” (as the number of SSI preventive interventions which partici-
pants had rated to fall into their field of responsibility) and participants’ specialty (surgery vs anesthesiology) were 
entered as confounders. The scale “motivation” was added in the second model, followed by “capability” in the third 
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model, respectively. As an additional factor that had emerged in the earlier study,15 “planning” was added in the final 
model.

Results
N = 336 of 1,068 HCWs participated (response rate: 31.5%; broken down by hospitals in ascending order: 19.9%, 23.1%, 
41.5%, 41.8%, 49.6%, and 52.7%). For N = 18 participants the information on specialty was missing, implying response 
rates of 28.4% for physicians (by hospital: 17.9%, 27.7%, 41.0%, 26.9%, 20.8%, and 66.7%) and 30.4% for nurses 
(17.9%, 20.3%, 35.8%, 40.0%, 65.8%, and 47.2%). Furthermore, N = 3 physicians and N = 32 nurses were excluded 
because they answered less than 20% of the COM items. The analysis sample consisted of N = 90 physicians and N = 
193 nurses (Table 1). More than a three-quarters majority of nurses were women, while among physicians, they did not 
represent a majority. Younger age groups (30 year or less) were more strongly represented among nurses than physicians. 
Surgical specialists among physicians and ward nurses represented the majority in their respective professional group. 
Finally, most respondents worked at a orthopedics/trauma surgery department, both overall and among professional 
groups.

In line with the confirmatory approach pursued in the present study, only the one-factor model of environmental 
determinants and the three-factor model of individual determinants were tested. CFA revealed insufficient model fit (Χ² = 
86.6, df = 9, p < 0.001, RMSEA = 0.175, SRMR = 0.067, CFI = 0.83), precluding consideration of this scale in further 
analysis. For the three-factor model of individual determinants, CFA revealed an excellent model fit (Χ² = 111.3, df = 51, 
p < 0.001, RMSEA = 0.065, SRMR = 0.039, CFI = 0.95), with reliability for “capability” (Cronbach’s α = 0.90), 
“motivation” (α = 0.85), and “planning” (α = 0.89; see Figure 1). Criteria for MGCFA were met, thus ME testing was 

Table 1 Sample Description by Gender, Age, Specialty and Department

Physicians 
(Ntotal = 90)  
N (%)

Nurses 
(Ntotal = 193)  
N (%)

Total  
(Ntotal = 283)  
N (%)

Gender Nsubtotal 89 188 277
Female 41 (46.1) 155 (82.4) 196 (70.8)

Male 48 (53.9) 33 (17.6) 81 (29.2)

Age (in years) Nsubtotal 88 185 273
18 − 3 (1.6) 3 (1.1)

18–30 13 (14.8) 51 (27.6) 64 (23.4)
31–40 28 (31.8) 48 (25.9) 76 (27.8)

41–50 23 (26.1) 36 (19.5) 59 (21.6)

51–60 18 (20.5) 39 (21.1) 57 (20.9)
>60 6 (6.8) 8 (4.3) 14 (5.1)

Specialty Nsubtotal 90 193 283

Surgical specialist 42 (46.7) − 42 (14.8)
Surgical resident 19 (21.1) − 19 (6.7)

Anesthesiology specialist 14 (15.6) − 14 (4.9)

Anesthesiology resident 13 (14.4) − 13 (4.6)
Physician assistant 2 (2.2) − 2 (0.7)

Ward nurse − 97 (50.3) 97 (34.3)

Perioperative nurse − 62 (32.1) 62 (21.9)
Anesthesiology nurse − 34 (17.6) 34 (12.0)

Department Nsubtotal 90 193 283

Orthopedics/Trauma surgery 37 (41.1) 71 (36.8) 108 (38.2)
General/Visceral surgery 21 (23.3) 53 (27.5) 74 (26.1)

Both surgical departments 5 (5.6) 35 (18.1) 40 (14.1)

Anesthesiology 27 (30.0) 34 (17.6) 61 (21.6)

Note: All totals that do not add to 100% are due to rounding.
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performed. MGCFA revealed both metric and scalar equivalence, as the decline in model fit was tolerable (∆CFI = −.006 
and ∆CFI = 0.005, respectively) (Table 2).

Physicians and nurses did not differ in self-reported compliance or individual determinants (capability, motivation, 
and planning), but physicians reported being responsible for a significantly higher number of interventions (p < 0.001) 
(Table 3).

On linear regression (Table 4), for physicians, the final model explained 6% of the variance in self-reported 
compliance (F(5;79) = 2.08, p = 0.077). Being a surgeon (vs being an anesthetist) was the regressor with the highest 
standardized coefficient (β = 0.196), ie, surgeons reported higher compliance than anesthetists. However, as for all others, 
ie, the numerically positive associations of motivation, capability, and planning, this effect was not statistically significant 
(p = 0.123).

For nurses, the first model (“specialty” and “responsibility”) explained 10.2% of the variance. The final model 
explained 25.4% of the variance (F(5;164)=12.52, p < 0.001) and “capability” (β = 0.301, p = <0.001) and “planning” (β 
= 0.201, p = 0.006) showed the strongest associations. That is, both of these COM-B factors were positively linked to 
self-reported SSI preventive compliance.

Discussion
The scales “motivation”, “capability”, and “planning”, which were created to assess the individual determinants of 
compliance with SSI preventive interventions,15 proved to be valid and reliable for both physicians and nurses. Neither 
validity nor reliability could be demonstrated for the scale to assess the environmental determinants. Due to the sample 

Figure 1 Standardized solution for confirmatory factor analysis on three-factor model of individual determinants of compliance with surgical site infection prevention 
(N=283). 
Notes: The arrows pointing from the measurement errors (e1 to e12) to the items (rectangles) display error variances, while those pointing from the constructs (capability, 
motivation, and planning) to the items display factor loadings, and the curved double arrows correlations between constructs; α is Cronbach’s alpha and should exceed 0.7.
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recruitment in six hospitals, the data have a hierarchical structure. Presumably, the assessment of the environmental 
determinants was influenced more by hospital-specific characteristics than that of the individual determinants. This could 
have led to the participants’ responses to the environmental determinants being more inconsistent across all hospitals. 
However, due to the sample size, the CFA could not be conducted in subgroups per hospital. As previous studies have 
emphasized the importance of environmental determinants of IPC compliance,24–27 developing valid and reliable 
measures of environmental determinants remains an important task.

Whereas in original COM-B terminology, planning represents a facet of motivation,10 CFA results replicated 
“planning” as an independent construct.15 The contents of these two items, i.e, action and coping planning, represent 
cognitions oriented toward the implementation of behavior, and seem to stand out as a specific determinant of (at least 
self-reported) behavior, especially given the large number of SSI preventive interventions. In addition, the mean values 
for “planning“ for physicians and nurses were by far the lowest of all the scales (see Tables 3 and S1). It appears that 

Table 3 Results of T-tests for Comparing Physicians and Nurses in Regard to 
Overall Self-Reported Surgical Site Infection Preventive Compliance (in %), 
Capability, Motivation, and Planning (Scales of 1–7, Respectively), and the 
Number of Preventive Interventions for Which Responsibility Was Stated 
(Maximum Possible Score: 26)

Nurses Physicians t df p

N M SD N M SD

Compliance (%) 193 88.3 9.8 90 88.8 7.5 0.486 281 0.627
Capability 186 5.6 1.0 86 5.7 1.1 −1.312 153.7 0.192

Motivation 185 6.2 0.9 89 6.2 1.1 0.169 138.5 0.866

Planning 184 3.9 1.7 89 3.9 1.8 −0.045 165.1 0.964
Responsibility 193 10.1 4.7 90 17.1 4.9 10 167.5 <0.001

Abbreviations: M, mean value; SD, standard deviation; t, t-test statistic, p, p-value; df, degrees of 
freedom.

Table 2 CFA and MGCFA Results for Measurement Equivalence of the Scale “Opportunity”, and 
of the Scales “Capability”, “Motivation”, and “Planning” (N = 283)

Χ² p df RMSEA (90% CI) SRMR CFI ∆CFIa

One-factor model of “opportunity”

CFA
Total 86.6 < 0.001 9 0.175 (0.145; 0.206) 0.067 0.83

MGCFAb

Three-factor model of “capability”, “motivation” and “planning”

CFA
Total 111.3 < 0.001 51 0.065 (0.050; 0.079) 0.039 0.95

Physicians 97.8 < 0.001 51 0.101 (0.073; 0.128) 0.052 0.93
Nurses 97.7 < 0.001 51 0.069 (0.050; 0.088) 0.041 0.94

MGCFA
Configural equivalence 195.5 < 0.001 102 0.081 (0.065; 0.096) 0.045 0.935
Metric equivalence 195.8 < 0.001 111 0.073 (0.058; 0.089) 0.047 0.941 − 0.006

Scalar equivalence 211.4 < 0.001 120 0.073 (0.058; 0.088) 0.050 0.936 0.005

Notes: a∆CFI was only calculated during MGCFA; bMGCFA was not performed on the one-factor model due to insufficient 
model fit in CFA. 
Abbreviations: CFA, confirmatory factor analysis; MGCFA, multiple-group confirmatory factor analysis; Χ², Χ²-test statistic; 
p, p-value; df, degrees of freedom; RMSEA, Root-Mean-Square-Error of Approximation; SRMR, Standardized Root Mean 
Square Residual; CFI, Comparative-Fit-Index.
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HCWs have high intentions to comply with SSI prevention guidelines but do not adequately plan how to translate this 
into behavior. To help HCWs overcome this intention-behavior gap,28,29 tailored implementation strategies may speci-
fically address action and coping planning to promote compliance. In general, we emphasize that this result should not be 
considered as an extension of the COM-B model, even though the labels “motivation” and ”capability” have been 
retained for the other factors representing individual determinants.

Table 4 Results of Hierarchical Multiple Linear Regressions for Physicians and Nurses: Self-Reported Overall Surgical Site Infection 
Preventive Compliance by Surgical vs Anesthesiological Background, Number of Preventive Interventions Self-Reportedly Being 
Responsible for, and Individual Determinants of Compliance (Capability, Motivation, and Planning)

Nurses (N=170) Physicians (N=85)

Model 1 2 3 4 1 2 3 4

F 10.63 10.96 13.18 12.52 2.92 2.78 2.53 2.08

corr R sq 0.102 0.150 0.224 0.254 0.044 0.060 0.068 0.060

p <0.001 <0.001 <0.001 <0.001 0.060 0.047 0.047 0.077
(Constant)

t 45.84 12.29 11.22 11.55 23.45 13.31 12.77 12.71

p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Surgical (ref. anesthesiological)

t 3.58 2.79 1.70 1.74 1.93 1.83 1.58 1.56

β 0.265 0.207 0.125 0.126 0.241 0.227 0.198 0.196
95%-CI:

Lower limit 0.119 0.061 −0.002 −0.017 −0.007 −0.019 −0.051 −0.054

Upper limit 0.411 0.354 0.270 0.268 0.488 0.473 0.447 0.447
p <0.001 0.006 0.091 0.084 0.057 0.070 0.118 0.123

Responsibility

t 3.46 3.11 3.17 2.86 0.25 0.26 0.09 ‒.01
β 0.256 0.225 0.220 0.196 0.031 0.033 0.011 ‒.001

95%-CI:

Lower limit 0.110 0.082 0.083 0.061 −0.217 −0.213 −0.236 −0.252

Upper limit 0.402 0.369 0.357 0.331 0.278 0.278 0.258 0.250

p <0.001 0.002 0.002 0.005 0.806 0.792 0.929 0.996

Motivation
t 3.23 0.53 0.24 1.55 0.45 0.32

β 0.237 0.044 0.020 0.164 0.060 0.043
95%-CI:

Lower limit 0.092 −0.123 −0.144 −0.047 −0.204 −0.228

Upper limit 0.382 0.211 0.184 0.375 0.324 0.314
p 0.002 0.602 0.811 0.126 0.653 0.754

Capability

t 4.09 3.42 1.30 1.19
Β 0.357 0.301 0.180 0.166

95%-CI:

Lower limit 0.185 0.127 −0.094 −0.112
Upper limit 0.530 0.475 0.454 0.445

p <0.001 <0.001 0.196 0.238

Planning
t 2.78 0.60

β 0.201 0.071

95%-CI:
Lower limit 0.058 −0.164

Upper limit 0.343 0.306

p 0.006 0.550

Abbreviations: F, F-test statistic; corr R sq, corrected R square; p, p-value; t, t-test statistic; β, standardized regression coefficient; CI, confidence interval.
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Unlike previous studies,24–27,30 physicians and nurses in this sample did not differ in psychosocial determinants of 
compliance. By identifying ME between physicians and nurses, comparisons of scale means between these groups are 
unbiased and can be meaningfully interpreted. This raises the question of whether the differences found in previous 
studies are spurious.31 In other words, if questionnaires with no or inadequate ME have been used, any differences found 
in the determinants of compliance may be due to different understandings of the items and may not reflect true 
differences in the underlying construct. On the other hand, existing differences may not be found due to a lack of, or 
insufficient, ME. This supports the call for greater attention to issues of construct validity in IPC research,32 not only in 
measuring compliance but also in measuring the determinants of compliance.

Although physicians and nurses did not differ in self-reported compliance rate, differences were found in the 
regressions modeling self-reported compliance. For physicians, the explained variance of compliance was <10% and 
no regressor showed a significant relationship. In contrast, for nurses, the final model explained over 25% of the variance, 
and “planning“ and “capability” showed a significant association. Considering that self-reported compliance was similar 
in both groups and that observed compliance is consistently lower among physicians,1–3,33 these differences in 
determinants predicting compliance can be interpreted in three different ways. First, the determinants may be less 
predictive of physicians’ self-reported compliance because their overestimation is greater than that of nurses,33 and thus 
these self-reports do not reflect compliance but rather overestimation. Second, the individual facets of the COM-B model 
may simply be not that relevant to physicians’ compliance, at least when measured with the scales used here. This would 
be consistent with the limited success of previous research in promoting physician IPC compliance,1–3,7,17 and raising the 
question of which factors are relevant to physicians. Third, there is the possibility that things are more chaotic than theory 
suggests, that is highly context-specific and/or dependent on unknown factors. This would be supported by previous 
regression results for physicians in a university orthopedic hospital15 being similar to those for nurses in this non- 
university sample. The “chaos” might highlight the need to tailor any intervention to promote compliance to the situation 
“on the ground” in an even more careful way. This could be demonstrated by studies linking data on psychosocial 
determinants to observed compliance at the individual level of each HCW. However, such designs face ethical and data 
protection barriers.

In terms of practice, this questionnaire may be used as a survey tool to provide data that can guide healthcare 
managers and practitioners in tailoring interventions to promote implementation, and thus in how to optimize, SSI 
preventive compliance.

This study has several strengths, including being confirmatory not only by its statistical approach but also by 
replicating previous analyses15 and, to our knowledge, being the first study examining the ME of psychosocial 
determinants of compliance with IPC interventions.

Nevertheless, the study has some limitations. To begin with, the survey response rate in the present study was just 
above 30%, which was lower than the global average of 53% among surgical physicians reported in an overview paper 
on survey response rates in surgery.34 This led to a nearly undersized sample for the MGCFA among physicians. 
Probably questionnaire length, as well as the lack of tangible incentives and questionnaire personalization,35 affected the 
response rate. The earlier study achieved a response rate of 73% among surgical physicians, likely because healthcare 
professionals in a university hospital demonstrate a higher affinity for research and the study received exceptional 
support from the medical director.15 While efforts should be made to increase response rates, there is a declining trend in 
response rates among surgical physicians,35 and the current rate is at least within one standard deviation of the 2019 
mean.35

Second, the 18 COM items represent only a sample of facets of all compliance determinants. For example, the 
Theoretical Domains Framework, the most integrative and granular classification of theoretical constructs relevant to 
behavior change, maps 84 constructs into 14 domains.36 Nevertheless, all of these 84 constructs can be mapped onto the 
COM components.36 The present items therefore reflect the need for a concise survey instrument. The selection of the 
most relevant facets was based on the best available evidence and the expertise of the transdisciplinary WACH study 
group.

Third, the items used to collect the determinants referred to all preventive interventions within the participant’s area 
of responsibility. It could be argued that this may bias the relationship between the determinants and the overall 
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compliance score. Models such as the COM-B model were developed to identify determinants of individual behaviors in 
order to design behavior change interventions. However, different determinants may be important for different 
behaviors.10 While this argument certainly holds validity, a key trend in SSI prevention has been the use of 
bundles,37–39 ie, sets of “…evidence-based interventions that, when implemented together, will result in significantly 
better outcomes than when implemented individually”.40, Compliance is therefore increasingly defined and measured on 
the basis of more than one intervention. In this sense, the operationalization of SSI prevention compliance used in this 
study may be seen as a kind of “subjective bundle” approach. However, we acknowledge that such bundles may need 
unbundling to describe specific interventions to promote compliance.

Fourth, no specific direction of causality could be established because of the cross-sectional design of this observa-
tional study. Thus, the use of the scales in longitudinal studies is necessary to assess their causal structure and sensitivity 
to change.

Fifth, we did not contrast women vs men in our analyses, simply because it is not these groups that define target 
groups for interventions to promote implementation of SSI prevention, but physicians and nurses are. Additionally, 
both dimensions are correlated, which would have left N = 33 male nurses for any gender-sensitive analysis. Studies 
with even larger samples are needed to disentangle any differences or similarities between same-sex physicians and 
nurses.

Finally, the data were collected before the COVID-19 pandemic. Physicians and nurses may now differ in self- 
reported compliance and COM factors. However, the results of CFA and MGCFA, ie, the evidence base for the validity, 
reliability, and ME of the scales, should be robust because these statistical analyses are based on the structure of the item 
responses, not the item scores themselves.

Conclusion
In summary, this study provides scales to assess capability, motivation, and action and coping planning as individual 
determinants of compliance with SSI preventive interventions. As scales with proven ME among physicians and nurses, 
they allow a valid interpretation of group comparisons, at least for the original German version. Thus, they contribute to 
the understanding of how and why healthcare professions (do not) differ in IPC compliance. In conclusion, the study 
contributes to physicians’ IPC compliance as a current key topic in this area7 and meets the demand for “…easy-to-use, 
valid tools to provide data on the factors that influence the…behavior of healthcare professionals”.8
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