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Abstract Purpose: Prevention of
ventilator-associated pneumonia
(VAP) requires a complex approach
that should include factors affecting
healthcare workers’ (HCWs) behav-
ior. This study attempted to assess
change of individual factors through-
out a multifaceted program focusing
on VAP prevention. Methods: The
prevention program involved all
HCWs in a 20-bed medical intensive
care unit (ICU) and included a
multidisciplinary task force, an
educational session, direct observa-
tions and performance feedback,
technical improvements, and
reminders. Knowledge, beliefs, and
perceptions (cognitive factors) were
assessed with a test and a self-
reporting questionnaire based on
social-cognitive theories. They were
completed before and 1 and
12 months after the educational
session. Results: Of the 100 HCWs
initially evaluated, 84 were present

1 year later. Overall, individual
factors (knowledge and cognitive
factors) changed positively and
significantly, immediately after the
educational session. Five cognitive
factors were significantly associated
with knowledge: perceived suscepti-
bility, seriousness, knowledge,
benefits, and self-efficacy (P \ 0.05).
The other factors, i.e., perceived bar-
riers, subjective and behavioral norm,
intention to perform action, and
motivation, were not. The positive
cognitive change was significantly
reinforced at 1 year. Three distinct
cognitive profiles derived from
answers to the baseline questionnaire
were individualized. The positive
impact of our behavioral approach
was highest for the HCW group with
the lowest baseline cognitive profiles.
Conclusions: Behavior changed
gradually throughout the program and
was especially pronounced for HCWs
with the lowest baseline cognitive
profiles.
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Introduction

Although well-documented evidence-based ventilator-
associated pneumonia (VAP) prevention guidelines exist
[1], they remain poorly implemented in most intensive
care units (ICUs) [2, 3]. The results of some studies
indicate that multimodal interventions have the greatest
chance of successfully improving adherence to practices
[4–9].

We recently showed that a multifaceted program sig-
nificantly improved compliance with most preventative
measures that resulted in a significant, sustained reduction
of VAP cases (per 1,000 ventilator-days) during the year
before and 1 and 2 years after its implementation: 23.5,
14.9, and 11.5, respectively [10].

Learning from the behavioral science and social-cog-
nitive models could improve our understanding of human
behavior and HCWs’ compliance with guidelines [11,
12]. The concept of behavior is dependent on factors that
predispose (knowledge, perceptions, and beliefs), enable
(access), and reinforce (feedback) an individual to engage
in a particular behavior. The present study assessed the
modification of predisposing factors throughout our
multifaceted prevention program.

Methods

Setting

Bichat–Claude-Bernard Hospital is a 950-bed university
hospital, serving as a primary and tertiary care facility,
located in Paris, France. The medical ICU (MICU) has 20
beds, and admits an average of 750 patients/year. The
hospital’s Institutional Review Board and its Ethics
Committee approved the study. All participants gave
written consent prior to participation.

Study design

We prospectively assessed all HCWs’ predisposing fac-
tors (knowledge and cognitive factors: beliefs and
perceptions) throughout a multifaceted behavioral pro-
gram (Fig. 1), which combined: an educational session to
encourage HCWs to adopt recommended practices; reg-
ular reminders and performance assessment feedback to
reinforce changes; and technical improvements to facili-
tate compliance with the less feasible measures. Two
simple devices were adopted: (1) a bicolored plastic rib-
bon attached at the head of the bed to indicate its
appropriate elevation, and (2) continuous monitoring of
tracheal cuff pressure, triggering an alarm when pressure
fell below 20 cmH2O.

Recommendations focusing on eight targets, previ-
ously detailed [10], were selected on the following
criteria: they had to be (1) included in recently pub-
lished guidelines [1], (2) easily and precisely defined
acts, and (3) directly concerned with HCWs’ bedside
behaviors.

The centerpiece of the educational session consisted of
a 3-h mandatory slide presentation (all aspects of VAP)
with interactive discussion. After that session, each par-
ticipant received a booklet containing a summary of the
program.

Reminders were displayed on computer screensavers,
and A3-sized color posters illustrating the eight targeted
preventative measures were also posted throughout the
MICU.

Performance feedback consisted of regular meetings,
graphs documenting compliance, and VAP rates posted
in visible places for HCWs and used as screensavers
throughout the MICU.

Bedside observation was used to evaluate hand
hygiene, and gowning and gloving. Backrest elevation
was measured six times per day and tracheal cuff pressure
was measured twice daily, at random periods. The acts
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Feedback of performance
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Technical improvement
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Fig. 1 Schema of our multifaceted behavioral approach aimed at preventing ventilator-acquired pneumonia. (A) introduction of a
bicolored plastic ribbon to indicate backrest elevation. (B) Start of continuous tracheal cuff pressure monitoring
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necessary to satisfy the other four measures (avoid ven-
tilator circuit disconnection and perform tracheal
aspiration only when necessary, provide good oral
hygiene, use an orogastric rather than a nasogastric tube,
and avoid gastric overdistension) were recorded on daily
nursing surveillance forms.

Two questionnaires were filled out just before the
educational session, and 1 and 12 months thereafter. A
30-question test (30 min) assessed theoretical knowledge,
and a self-reporting questionnaire (5 min), based on
social-cognitive theories applied to health-related behav-
iors, assessed cognitive factors predicting a behavior
(Table 1) [12, 13]. By using single questions for each
item and a Likert seven-point scale for answers, we
assessed ten cognitive factors. Scale points of 6 or 7, the
highest positive perceptive evaluations, were considered
positive answers; all other points were considered nega-
tive answers. Motivation to prevent VAP was assessed
using a three-point scale, and only the response ‘‘yes’’
was considered a positive answer.

We distinguished an early phase, up to 1 month after
the educational session, and a late phase between 1 month
and 1 year thereafter.

Statistical analysis

Categorical variables expressed as percentage and contin-
uous variables as mean ± standard deviation (SD) were
compared using parametric or nonparametric tests, as
appropriate. We performed two-way repeated-measures
analysis of variance (with the factors being time and group).

The data satisfied assumptions for two-way analysis
of variance for repeated measures. When appropriate,
post hoc analysis was performed using a pairwise multiple-
comparison procedure (Dunn’s test). P B 0.05 in a two-
tailed test was considered statistically significant. All
statistics and graphs were obtained with GraphPad Prism
version 4.0 (GraphPad Software, San Diego, CA). Ward’s
method was applied for hierarchical cluster analysis to
identify groups of HCWs with similar response patterns to
the self-reporting questionnaire at baseline, e.g., similar
cognitive profiles, using the statistical software program
XLSTAT-Pro v7.1 for Windows (Microsoft Corp.,
Redmond, CA).

Results

Among 104 HCWs, 102 (98%) completed the educational
session and 100 (96%) completed the two questionnaires
(14 physicians, 53 nurses, 28 nurse’s aides, 5 physio-
therapists); a total of 84 were still working in the MICU
1 year later. The nurses and physiotherapists were
analyzed jointly, hereafter referred to as nurses.

Impact of the educational session on predisposing
factors

The proportion of correct answers to the knowledge test at
baseline was 39 ± 11%; 1 month after the educational
session it had increased to 58 ± 16% (P \ 0.001).

Table 1 Self-reporting questionnaire: assessment of cognitive factors predicting a behavior, adapted from [13]

Cognitive factor Definition
Question concerning ventilator-acquired pneumonia (VAP) prevention

Measure

Perceived susceptibility Self-opinion of the likelihood of disease acquisition
‘‘Is the intubated patient at risk of developing VAP?’’

Seven-point scale
(no risk–major risk)

Perceived seriousness Self-opinion of how serious a condition VAP is
‘‘Does VAP affect the patient’s health?’’

Seven-point scale
(not at all–certainly)

Perceived knowledge Self-opinion about knowledge on the target behavior
‘‘Do you know the guidelines for VAP prevention?’’

Seven-point scale
(not at all–entirely)

Perceived benefits Self-opinion of the efficacy of the recommended action to reduce the risk
‘‘Do you perceive prevention measures as useless/useful to prevent VAP?’’

Seven-point scale
(useless–useful)

Perceived barriers Self-opinion of the tangible and psychological costs of the recommended action
‘‘Is it difficult/easy to comply with VAP-prevention measures?’’

Seven-point scale
(difficult–easy)

Perceived behavioral norm Self-opinion of how compliant colleagues are with the target behavior
‘‘Do your colleagues perform VAP prevention according to the guidelines?’’

Seven-point scale
(never–always)

Perceived subjective norm Self-opinion of the expectations of others (whom I admire) on how I perform
‘‘Do you think that your behavior concerning VAP prevention

is taken as an example?’’

Seven-point scale
(not at all–certainly)

Self-efficacy Confidence in self-ability to take action
‘‘Do you feel able to apply VAP-prevention measures?’’

Seven-point scale
(never–always)

Intention to perform action Individual’s readiness to perform a given behavior
‘‘Do you perform VAP prevention as recommended?’’

Seven-point scale
(never–always)

Motivation Desire to carry out the target behavior
‘‘Do you feel that you can improve your compliance with VAP prevention?’’

Three-point scale
(yes/possibly/no)
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After the educational session, positive perceptive
evaluation was significantly more frequent for all cogni-
tive factors (P \ 0.05) except ‘‘perceived benefits’’
(P = 0.06) and ‘‘motivation’’ (P = 0.20) (Table 2).

Positive perceptive evaluation was significantly asso-
ciated with knowledge for five cognitive factors before
and after the educational session (Table 2).

To summarize the data, three composite scores were
calculated as the sums of the positive answers: (1) to all
questions in the self-reporting questionnaire (sum 1, from
0 to 10), (2) to questions concerning knowledge-centered
cognitive factors (sum 2, from 0 to 5), (3) to questions of
non-knowledge-centered cognitive factors (sum 3, from 0
to 5).

We used sums 1–3 at baseline to determine cognitive
profiles, individualizing three groups according to dis-
similarity indices. Profiles A (n = 22), B (n = 33), and C
(n = 45) were constituted, respectively, of 4, 5 and 19
nurse’s aides; 16, 20, and 22 nurses; and 2, 8 and 4
physicians. Profile C had significantly more nurse’s aides
than nurses or physicians, and profile B included more
physicians than nurse’s aides. No differences in terms of
other demographic data (age, sex, seniority) were
observed among the three profiles (data not shown).
Baseline sums 1–3 were significantly higher for profile A
than for profiles B and C, and significantly higher for
profile B than for profile C (P \ 0.05).

The impact of the educational program on individual
factors according to the HCWs’ profession or baseline
cognitive profile is described in Table E1 in the

Electronic Supplementary Material (ESM). In particular,
sums 1–3 changed significantly after the educational
session for the three HCWs professions and for the three
cognitive profiles, except sum 3 for physicians and
sums 1 and 3 for profile A.

Changes 1 year later

The evolutions of sums 1–3 during the study period are
shown for the three different HCW populations and the
three cognitive profiles in Fig. 2a and b, respectively.
When factors were time and the three HCW professions,
two-way repeated-measures analyses of variance indi-
cated a group effect for sums 1 and 2 (P \ 0.01), a time
effect for the three sums (P \ 0.01), and no significant
interaction. When factors were time and the three cog-
nitive profiles, analyses indicated a group and a time
effect for all three sums (P \ 0.01), and a significant
interaction (P \ 0.01) with reinforcing effect over time
for cognitive profile C.

Discussion

We evaluated the association between knowledge and
cognitive factors of HCWs from an MICU, as part of a
multifaceted program aimed at improving compliance
with VAP-prevention measures. Moreover the individual

Table 2 Self-reporting questionnaire answers and relationships with test score before and 1 month after educational session

Question Answer Before 1 Month after

n Test scoreb

mean ± SD
P n Test scoreb

mean ± SD
P

1. Perceived susceptibilitya Yes 65 41 ± 10 \0.01 86 61 ± 13 \0.01
No 35 33 ± 11 14 43 ± 20

2. Perceived seriousnessa Yes 58 42 ± 9 \0.01 76 62 ± 14 \0.01
No 42 33 ± 12 24 47 ± 16

3. Perceived knowledgea Yes 14 46 ± 11 0.02 64 62 ± 14 \0.01
No 86 37 ± 11 36 51 ± 16

4. Perceived benefits Yes 88 40 ± 11 \0.01 96 59 ± 15 0.03
No 12 27 ± 7 4 39 ± 17

5. Perceived barriersa Yes 30 41 ± 9 0.12 63 60 ± 13 0.22
No 70 37 ± 11 37 54 ± 18

6. Perceived behavioral norma Yes 15 36 ± 8 0.19 35 59 ± 16 0.46
No 85 39 ± 11 65 57 ± 15

7. Perceived subjective norma Yes 18 38 ± 8 0.92 46 59 ± 16 0.71
No 82 39 ± 11 54 57 ± 16

8. Self-efficacya Yes 60 41 ± 10 0.01 78 61 ± 14 \0.01
No 40 35 ± 11 22 48 ± 17

9. Intention to perform an actiona Yes 45 40 ± 8 0.23 74 59 ± 14 0.33
No 55 37 ± 13 26 54 ± 19

10. Motivation Yes 88 39 ± 11 0.13 82 59 ± 15 0.34
No 12 33 ± 9 18 55 ± 17

a P \ 0.05 for the answers before versus 1 month after the educational session
b Test score is expressed as the percentage of correct answers
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Fig. 2 Changes in composite scores throughout the multifaceted
program according to HCW profession (a) or cognitive profile (b)
(two-way analysis of variance). a Sum of the positive answers to all
questions in the self-reporting questionnaire (from 0 to 10). b Sum of
the positive answers to questions concerning knowledge-centered

cognitive factors: perceived susceptibility, seriousness, knowledge,
benefits, and self-efficacy (from 0 to 5). c Sum of the positive
answers to questions of non-knowledge-centered cognitive factors:
perceived barriers, behavioral norm, subjective norm, intention-
to-perform action, and motivation (from 0 to 5)
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factors were evaluated thrice, thereby allowing appreci-
ation of change over time. Three main conclusions can be
drawn from our study.

First, overall, individual factors changed positively
and significantly, immediately after the educational ses-
sion, and some cognitive factors were significantly linked
to knowledge. Pertinently, knowledge is clearly neces-
sary, but not sufficient, to induce significant behavioral
changes [14, 15]. Thus, interventions to modify behavior
need to consider cognitive factors and empirical
knowledge.

Second, the gradual positive modification of cognitive
factors throughout the multifaceted program after the
educational session suggests that the different compo-
nents coalesced to induce behavioral change. Indeed, the
transtheoretical approach views health behavioral change
in several distinct stages [16]. This point suggests that an
educational session alone is unlikely to induce profound
behavioral changes, without an associated behavioral
strategy.

Third, the educational session and more broadly the
prevention program had its greatest impact on HCWs with
the lowest baseline cognitive profiles, suggesting that
targeting interventions to improve clinical practices to
selected cognitive profiles might be more effective. Per-
tinently, we were able to distinguish three distinct
cognitive profiles at baseline that were not linked to
demographic characteristics. The cognitive profile
depends on many factors and, consequently, cannot be
predicted by simple demographic or socio-professional
characteristics. However, poor impact of multidimen-
sional approach on physicians was reported previously
[17, 18]. We observed no significant change in sum 3
(assessing cognitive factors unrelated to knowledge)
among physicians, but their small number did not allow
us to draw any conclusions.

Our study has several limitations. First, other factors
might have occurred concomitantly with the intervention
that could have altered knowledge, beliefs, and percep-
tions. Such spontaneous positive changes are highly
unlikely, in light of the well-known difficulty we humans
have changing our bad habits. Second, it was not possible
to link each individual predisposing factor with compli-
ance at bedside, given the complexity of such clinical
evaluations of compliance. Third, even though the sample
size was large overall, the study may have lacked suffi-
cient power to detect significant subgroup changes, e.g.,
physicians or profile A. Fourth, our study concerned a
single MICU and these results might not be applicable to
other ICUs, hospitals or another field. This possibility
seems unlikely given the successful implementation of
similar programs in a variety of fields and hospital set-
tings. Finally, we are unable to predict the long-term
impact of our program on cognitive factors because of the
high HCW turnover in our MICU, as rapid decline over
time of other initially successful procedural improvement
interventions has been described [19, 20]. However, the
sustained improvement at the 2-year evaluation was
encouraging [10].

To our knowledge, this is the first study to document
the complex relationship between knowledge and cogni-
tive factors in the field of infection control, and to assess
changes over a 1-year period. The modifications achieved
might provide additional insights to devise successful
strategies to promote change. We recommend that logistic
and financial support be provided to prioritize educational
programs targeting the most responsive populations
according to their baseline cognitive profiles.
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