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Abstract

Objectives

To explore the key components when designing best practice inspection interventions, so

as to induce high compliance with safety guidelines for laboratory workers.

Methods

Five key components of an inspection intervention, identified from a focus group discus-

sion, were used as the attributes of a discrete choice experiment (DCE). In the DCE,

participants were presented with two hypothetical scenarios and asked to choose the

scenario in which they were more willing to comply with the laboratory safety guidelines.

Data were collected from 35 clinical laboratories in seven healthcare institutes located

in Chengdu, China. In total, 188 laboratory workers completed the DCE. The collected

data were analyzed using conditional logit regression and latent class analysis.

Results

Five key attributes were identified as the most important ones to best ensure laboratory

safety: the inspector, the inspection frequency, the inspection timing, the communication of

the inspection outcome, and a follow-up with either a reward or a punishment. By investigat-

ing the laboratory workers’ responses to the attributes, properly implementing the five attri-

butes could improve the workers’ compliance from 25.86% (at the baseline case) to

74.54%. Compliance could be further improved with the consideration of the laboratory

workers’ heterogeneous reactions. In this study, two classes of workers, A and B, were iden-

tified. Compliance percentages for Classes A and B would be improved to 85.48% and

81.84%, respectively, when the key attributes were properly implemented for each class.

The employment type and the size of the laboratory could be used to predict class

membership.
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Conclusion

The findings indicate the importance of an employee-centered approach in encouraging a

worker’s compliance. This approach also supports the design of tailored interventions by

considering the laboratory workers’ heterogeneous responses to the interventions.

Introduction

Clinical laboratories play a crucial role in modern medical care, as about 70% of medical deci-

sions are made, based on laboratory test results [1]. Clinical laboratory workers conduct and

analyze diagnostic tests to aid physicians in the diagnosis, treatment, and management of their

patients. As their roles involve handling clinical specimens collected from patients, including

biochemical, microbiological, hematological, serological, pathological, and cytological tests,

the laboratory workers are exposed to hazardous substances, including chemicals and biologi-

cal agents [2].

Clinical laboratory workers are subject to infectious agents and laboratory-acquired infec-
tions, increasing the risk of serious occupational hazards [3–5]. For example, literature showed

that the probability for clinical laboratory workers to acquire a tuberculosis infection was

about seven times higher than that for the general population in the United Kingdom [6]. In

addition, the 2014 Ebola outbreak presented another example of high risks in clinical laborato-

ries [7].

Although the importance of safety guidelines has been recognized by clinical laboratory

workers, full compliance with the guidelines has not been achieved. For example, one study

found that when culturing specimens of patients with suspected brucellosis, a clinical labora-

tory worker did not adhere to the biosafety procedure by using proper personal protective

equipment (PPE), which resulted in an occupational exposure [5]. In addition, many other

studies have found that compliance with biosafety guidelines is subpar; despite the laboratory

worker’s knowledge of the required code of conduct [8–10].

Workplace safety inspection, which is an important intervention mechanism in safety man-

agement, has been proved as an essential way of ensuring the safety behavior of workers in a

variety of industries, such as the construction industry [11], the coal mining industry [12], and

the manufacturing industry [13]. Inspections were also emphasized in the safety guidelines to

ensure that a clinical laboratory worker would be compliant with required biosafety guidelines.

The purpose of this study, therefore, was to identify the best practice inspection interventions

needed to improve clinical laboratory workers’ compliance in an effective way. More specifi-

cally, this study aimed to (i) identify the key attributes to be considered when designing an

inspection intervention; (ii) measure the effect of these attributes on the laboratory workers’

intention for compliance with safety guidelines; (iii) examine the effect of heterogeneous

responses to the inspection intervention; and (iv) identify best practice inspection

interventions.

Our study contributes to the extant literature in several ways. First, we addressed a signifi-

cant gap in the safety management of clinical laboratories by identifying evidence-based best

practices for inspection interventions. Secondly, we adopted an employee-centered approach,

rather than a top-down approach, to gather solid evidence for identifying the most suitable

interventions. Specifically, these inspection interventions systematically addressed the clinical

lab workers’ preferences to the interventions. Since the ultimate goal of an intervention is to

ensure that lab workers are more willing to comply with biosafety guidelines, understanding
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how clinical lab workers respond to interventions is essential and indispensable when design-

ing effective interventions.

Methods

Study design

A discrete choice experiment (DCE) was designed to assess the laboratory workers’ responses

toward the components of an inspection intervention. DCEs are widely used in the healthcare

field to assess a participant’s responses using hypothetical scenarios, for instance, over the pre-

ferred forms of medication. DCEs were also used to investigate a patient’s preferences for vari-

ous treatments [14, 15], the choice of health providers [16, 17], or the choice of healthcare

insurance [18, 19]. In Chen and Tseng [20], a DCE was conducted to evaluate the health care

workers’ (HCWs’) responses for hand hygiene interventions.

In a DCE, a hypothetical scenario is characterized by attributes; and each attribute is

described by different levels. To identify the relevant attributes and levels, a focus group dis-

cussion was conducted with 3 directors and 5 laboratory workers from the West China Hospi-

tal of Sichuan University, the Sichuan Cancer Hospital, and the CapitalBio Medlab in

Chengdu, China in January 2022. In the discussion, a semi-structured interview guide, whose

development was based on a literature review and by consultation with an expert panel, was

used by the facilitator of the focus group. The discussion lasted about 60 minutes and a study

staff member was present to take notes. After the analysis, which was conducted independently

by two research assistants, five attributes were identified for inspection interventions. These

attributes were the lab safety inspector, the inspection frequency, the inspection timing, the

communication of the outcome, and a follow-up with either a reward or a punishment. The

final version of the attributes and levels used in this study can be found in Table 1.

A “lab safety inspector” was defined as a professional, who specialized in evaluating the

safety practices of the lab. Having an appropriate safety inspector is crucial in ensuring compli-

ance with relevant safety guidelines to prevent accidents, injuries, and illnesses from occurring.

Based on the focus group discussion, four different levels or types of safety inspectors were

determined for this attribute. They were the lab director, the group leader, the safety commit-

tee member, and the external expert.

The attribute “inspection frequency” referred to how often safety inspections were con-

ducted in a clinical lab. A safety inspection could be conducted regularly or not. A regular

safety inspection may help to identify safety hazards and unsafe practices in a timely manner

and could provide a consistent level of safety oversight. Based on the discussion of the focus

group, four levels were assigned to describe this attribute. They were a weekly inspection, a

monthly inspection, an inspection only before an audit, or an inspection after an audit.

The attribute “inspection timing” indicated whether each safety inspection would be sched-

uled at a fixed (pre-scheduled) or a random time. Unlike a pre-scheduled safety inspection, a

randomized inspection would be unpredictable and may help inspectors to see the real safety

condition of a lab, but the random occurrence of the inspection may disrupt their operations

and undermine a lab’s capability for planning.

The attribute “communication of outcome” referred to how a clinical lab provided its work-

ers with feedback about the results of the safety inspections. Feedback, if delivered properly,

helps workers to improve their performance. There were various ways of delivering feedback.

In this study we considered four feedback delivery options, following the discussion of the

focus group. They were either no feedback provided, sending an email to each inspected lab

worker, verbally communicating the results with lab workers through their supervisors, or

publicly posting the inspection outcomes.
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The last attribute “reward/punishment” indicated the consequences of safety inspections.

The consequence could either be a reward or a punishment given to lab workers based on

their adherence to safety guidelines. Based on the focus group discussion, four levels or conse-

quence options were identified. They were no consequence at all, having a discussion with a

supervisor, receiving retraining, and receiving recognition.

In a DCE, it is important to select a reference level for each attribute. The reference level

serves as the point of comparison against which all other levels of the attribute are evaluated. It

establishes a benchmark for making meaningful comparisons. One commonly used approach

to determine the reference level is by opting for the most fundamental level of the attribute

[21]. In this study, after careful deliberation with an expert panel, the reference levels for each

attribute were determined and presented in Table 1.

In our study, we utilized effects coding. This approach involved creating a number of new

variables, which was the number of levels of an attribute being coded, minus one. For instance,

the attribute of lab safety inspector had four levels, so we created three new variables, namely

GROUP, SAFETY, and EXTERNAL. Since the level “lab director” was defined as the reference

level, we set the values of GROUP, SAFETY, and EXTERNAL for “lab director” to be -1, as

shown in Table 1.

As can be seen in Table 1, five total experimental attributes were identified, four with four

levels and one with two levels. This led to a full factorial design with (44 x 2) 512 profiles, result-

ing in (512 x 511 / 2) 130,816 combinations of pair-wise choice sets. Given the large number, a

Table 1. Attributes and levels used in the discrete choice experiment.

Attribute Levels Variables for Coding

GROUP SAFETY EXTERNAL

Lab Safety Inspector Lab director† -1 -1 -1

Group leader 1 0 0

Safety committee member 0 1 0

External expert 0 0 1

MONTHLY BEFORE AFTER

Inspection Frequency Weekly† -1 -1 -1

Monthly 1 0 0

Before an audit 0 1 0

After a safety incident 0 0 1

RANDOM

Inspection Timing Fixed day and time† -1

Random day and time 1

EMAIL SUPERVISOR POST

Communication of Outcome No feedback on an inspection outcome† -1 -1 -1

Feedback sent by email to each individual 1 0 0

Feedback delivered verbally by a supervisor 0 1 0

Inspection outcome posted publicly 0 0 1

DISCUSSION RETRAIN RECOGNITION

Reward / Punishment No consequence regardless of the inspection outcome† -1 -1 -1

Meet & discuss with a supervisor for an unsatisfactory outcome 1 0 0

Receive retraining following an unsatisfactory outcome 0 1 0

Receive recognition following a satisfactory outcome 0 0 1

†: Reference level

https://doi.org/10.1371/journal.pone.0292940.t001

PLOS ONE Best practices for implementing biosafety inspections in a clinical laboratory

PLOS ONE | https://doi.org/10.1371/journal.pone.0292940 October 13, 2023 4 / 16

https://doi.org/10.1371/journal.pone.0292940.t001
https://doi.org/10.1371/journal.pone.0292940


D-efficient design was employed to maintain optimal orthogonality in a fractional design and

to reduce the number of profiles. Using macros in SAS, including Mktruns, MktEX, and Choi-

ceEff, 32 profiles were selected from this pool of 512 profiles to meet the criteria of a D-efficient

design. The selected 32 profiles were then divided into two blocks using Mktblock in SAS;

each block contained 8 choice sets, each of which consisted of two profiles. As a result, there

were two versions of the DCE questionnaire. Regardless of the version, each questionnaire

included demographic questions about the respondents.

The original questionnaire was presented to 2 laboratory directors and 4 workers. The pre-

sentation of the choice sets was slightly modified to enhance clarity, after their feedback was

received. In addition, an explanation of the choice experiments was given at the beginning of

the questionnaire, followed by a demonstration to the participants on how to answer the

choice questions.

Ethics approval was granted by the Human Research Ethics Committee of the University of

Electronic Science and Technology of China (Approval Number: 1061420211102001) in

November 2021. Additional information regarding the ethical, cultural, and scientific consid-

erations specific to inclusivity in global research is included in the S1 File.

Data collection

Data were collected in 35 clinical laboratories from 7 healthcare institutes in the city of

Chengdu, China, from March to July of 2022. During this period, laboratories in Chengdu had

returned to normal operation, despite the COVID pandemic. According to the literature, 20–

30 respondents per version could provide a precise estimation for the parameters [22]. Since

there were two versions of the questionnaire, the appropriate sample size was 40–60. Consider-

ing the response rate, 222 laboratory workers were invited.

Participants were randomly selected by using a stratified sampling. The name list was given

to each laboratory manager by a study investigator, so that the manager could invite laboratory

workers on the list to fill in the questionnaires. To be more specific, the distribution of ques-

tionnaires among various healthcare institutes was as follows: the West China Hospital of Sich-

uan University received 65 questionnaires, the Sichuan Hospital for Women and Children

received 36, the Sichuan Cancer Hospital received 26, the No. 3 People’s Hospital of Chengdu

received 15, the Nuclear Industry No. 416 Hospital received 3, the People’s Hospital in Wen-

jiang District received 23, and the CapitalBio Medlab received 54.

Information about the purpose of the study and the assurance of confidentiality was pre-

sented to the participants before they started to fill the questionnaires. To reduce hypothetical

bias, defined as the discrepancies between responses identified in the DCE and those identified

in reality, the participants were encouraged to answer the questions as if they were making

actual decisions. The participation in the study was completely voluntary, and prior to answer-

ing the questionnaire, each participant gave their informed consent by signing a written con-

sent form.

Data analysis

The data were analyzed by Stata V.15.1 for Windows. A conditional logit model was used to

investigate the impact of the key attributes of an inspection intervention on the laboratory

workers’ compliance with safety guidelines. Similar to a cluster analysis, a latent class model

(LCM) was used to evaluate the heterogeneity among the respondents. The LCM divided the

respondents into several subgroups based on their responses to the choice sets [22] such that

respondents in the same subgroup were more similar to each other than they were to respon-

dents in another subgroup. The first step was to determine the appropriate number of
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subgroups, which could be determined by assessing a set of performance indicators, such as

the Akaike Information Criterion (AIC), the Constrained Akaike Information Criterion

(CAIC), and the Bayesian Information Criterion (BIC). The number of subgroups was com-

monly determined based on the minimum values of these performance indicators [23]. After

the number of subgroups was determined, based on the posterior probabilities of membership

in each subgroup, each respondent was assigned to the subgroup with the highest probability

of membership. In other words, the LCM divided the respondents into subgroups, based on

their similar response patterns while also maximizing the differences between these

subgroups.

A notable advantage of the DCE is its capability to systematically estimate the willingness of

clinical laboratory workers to adhere to safety guidelines in different hypothetical scenarios, all

without the need for actual implementation. This estimation can be converted to the probabil-

ity of individual workers complying with safety guidelines in a specific scenario [24]. This

powerful feature enables the identification of best practices that effectively promote safety

compliance.

In DCEs, each scenario was analyzed against a baseline case, which referred to the scenario

where all attributes were set to their reference levels as defined in Table 1. This includes the

laboratory safety inspector being the lab director, a weekly inspection frequency with a fixed

day and time, no feedback on an inspection outcome, and no consequences irrespective of the

inspection outcome.

Results

Study population

The questionnaire was completed by 222 respondents with 34 excluded from the analysis due

to incomplete or incorrect answers. Data from the remaining 188 (85%) questionnaires were

included in the analysis. Table 2 summarizes the socio-demographic details of the participants.

Most respondents were female (72.87%), between ages 26 and 35 (54.79%), employed as con-

tractors (71.81%), and worked in a midsized lab with 50–100 people (45.74%).

Impact of the attributes for a homogeneous population

The coefficients of a conditional logit model are displayed in Table 3. From the table, it can be

seen that the laboratory workers had positive responses (when compared with the correspond-

ing references) to having members from the safety committee to conduct the safety inspection

(coefficient = 0.2155, p<0.001), receiving monthly inspections (coefficient = 0.2493, p<0.001)

and being retrained as the consequence of an unsatisfactory inspection (coefficient = 0.3558,

p<0.001). On the other hand, the workers felt less willing to comply with safety guidelines if

safety inspections took place only after safety incidents (coefficient = -0.3451, p<0.001). In

addition, the workers were insensitive to the feedback of an inspection outcome delivered ver-

bally by a supervisor (coefficient = 0.0914, p>0.1).

Best practice inspection interventions for a homogeneous population

Implementing an intervention requires a significant investment of time and resources. Fur-

thermore, the outcomes of an intervention are often unpredictable, which increases the risk

associated with implementing it. However, owing to the prominent characteristics of DCEs, it

becomes possible to predict intervention outcomes through probability analyses. This analyti-

cal approach not only enables the anticipation of intervention outcomes, but also aids in iden-

tifying the best practice intervention with the greatest probability of success. For example, one
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Table 2. Socio-demographic characteristics of the participants.

Characteristics Percentage of sample (%)

Gender

Male 27.13

Female 72.87

Age in years

< 26 21.81

26–35 54.79

> 36 23.40

Education

Junior college or lower 24.47

Undergraduate 48.94

Postgraduate or above 26.59

Years of Working in a Laboratory

< 1 18.09

1–5 26.60

6–10 25.53

> 10 29.79

Employment Type

Permanent 17.55

Contract 71.81

Temporary 10.64

Size of the Laboratory (No. of people)

< 50 26.60

50–100 45.74

> 100 27.66

https://doi.org/10.1371/journal.pone.0292940.t002

Table 3. Regression results for a conditional logit model.

Attributes Levels Coefficients Standard error

Lab Safety Inspector Group leader -0.0671 0.0630

Safety Committee member 0.2155*** 0.0633

External expert -0.1205 0.0622

Inspection Frequency Monthly 0.2493*** 0.0644

Before an audit -0.0087 0.0655

After a safety incident -0.3451*** 0.0620

Inspection Timing Random day and time 0.0766* 0.0312

Communication of Outcome By an individual email 0.1776** 0.0639

By a supervisor, given verbally 0.0914 0.0599

Outcome posted publicly 0.0618 0.0604

Reward / Punishment Meet a supervisor if unsatisfactory 0.0435 0.0633

Receive retraining if unsatisfactory 0.3558*** 0.0655

Receive recognition if satisfactory 0.3231*** 0.0626

***p<0.001,

**p<0.01,

*p<0.1

https://doi.org/10.1371/journal.pone.0292940.t003
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possible intervention could involve using a lab director as the inspector, conducting inspec-

tions weekly, at a random day and time, and after the inspection, feedback is sent by email,

with no consequence regardless of the inspection outcome; and there are in total 512 (=

4×4×2×4×4) possible combinations of the attribute levels in Table 1. We show in detail how

the probability analysis was conducted using the baseline as an example in S3A File. In S3B

File, we provide a spreadsheet showing how the probabilities of all 512 intervention scenarios

were calculated.

After exhaustively evaluating all possible interventions, the intervention yielding the highest

probability of compliance with safety guidelines was identified as the best practice inspection

intervention, which included a monthly inspection, but at a random day and time, and con-

ducted by a safety committee member. Furthermore, when the inspection is done, feedback is

sent to each laboratory worker by email; if found unsatisfactory, the worker shall receive

retraining. The projected compliance of this best practice intervention could improve the

probability of compliance from 25.86% at the baseline case (Homogeneous Scenario # 186 in

S3B File) to 74.54% (Homogeneous Scenario # 488 in S3B File).

Impact of the attributes for a heterogeneous population

Additional analyses were conducted by controlling the respondents’ demographics, including

age, gender, education, years of work experience, employment type, and lab size. The corre-

sponding results were presented in S1–S6 Tables. Each table focuses on a specific demographic

variable, dividing the respondents into different groups. Each table shows that the coefficients

vary in terms of direction and significance among the different groups, indicating the presence

of heterogeneity. To further understand how heterogeneity affected the results across multiple

demographics, rather than just one characteristic, a more sophisticated method based on the

LCM was employed. Using the LCM, two subgroups (Class A and Class B) of the respondents

with distinct responses to safety guidelines were identified, where Class A represented 31.91%

of the cohort, and Class B was the remaining 62.09%.

Using Class B as the reference, a regression was conducted to show how the intention of

safety compliance for Class A members could be predicted by the demographic characteristics.

Table 4 shows the regression results, indicating that the only two characteristics that could sig-

nificantly differentiate the cohort are whether they were permanently employed and whether

they worked in a midsize laboratory with 50–100 workers. Specifically, a permanent employee

was more likely to be in Class A (coefficient = 0.9238, p<0.01), while a worker in a midsize lab-

oratory was more likely to be in Class B (coefficient = -0.6159, p<0.01).

Table 5 shows the regression results within Classes A and B, where each class revealed a dis-

tinct intention for compliance. The laboratory workers in Class A showed no significant pref-

erence for inspection timing, how the inspection outcome was communicated, or whether or

not there was a corresponding reward or punishment. The results in Table 5, however, indicate

that Class A members were less likely to comply with safety guidelines if the inspection was

carried out by their group leader (coefficient = -0.5874, p<0.1); and they were more likely to

comply if the inspection was conducted monthly (coefficient = 0.7706, p<0.01). Class A mem-

bers also indicated they were less likely to follow the safety guidelines if they were inspected

only after safety incidents (coefficient = -0.9027, p<0.001).

On the other hand, for members in Class B, their intention for compliance could be signifi-

cantly influenced by the inspector, the way in which the outcome was communicated, and by

the reward or the punishment. They were more likely to comply if the inspector was a safety

committee member (coefficient = 0.3677, p<0.001) but were less likely to comply if they were

inspected by an external expert (coefficient = -0.4627, p<0.01). In terms of the manner of
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communication, Class B members were more likely to comply if the inspection outcome was

conveyed to them verbally by their supervisors (coefficient = 0.3094, p<0.1). The result also

showed that they were more likely to comply with the safety guidelines if they could receive

recognition for a satisfactory outcome (coefficient = 0.5206, p<0.001), and retraining if the

inspection outcome was unsatisfactory (coefficient = 0.5412, p<0.001).

According to the above discussion, clinical lab workers in Class A could be described as

more “process-oriented”. This is because their preferences were determined mainly by how

the inspection was conducted (e.g., the inspector and the frequency of the inspection). On the

other hand, Class B lab workers were more “outcome-oriented”, as their compliance strongly

depended on the consequence of the inspection (e.g., reward or punishment).

Best practice inspection interventions for a heterogeneous population

Likewise, by exhaustively evaluating all possible interventions, the best practice inspection

interventions were identified for laboratory workers in both Classes A and B as the ones that

yielded the highest compliance with the safety guidelines. Like the overall best practice

Table 4. Two-class membership: Regression results of Class A (31.91%) against the demographic characteristics,

with Class B (62.09%) as the reference level.

Characteristics Class A (31.91%)

Coefficient SE

Gender

Male Ref Ref

Female 0.1147 0.1993

Age in years

< 26 Ref Ref

26–35 0.6000 0.5479

> 36 -0.0568 0.3227

Education

Junior college or lower Ref Ref

Undergraduate -0.2392 0.3541

Postgraduate or above -0.0036 0.2482

Years of Working in a Laboratory

< 1 Ref Ref

1–5 -0.5622 0.5300

6–10 -0.4959 0.3598

> 10 0.0394 0.3354

Employment Type

Permanent 0.9238** 0.4501

Contract -0.0254 0.3518

Temporary Ref Ref

Size of the Laboratory (No. of people)

< 50 Ref Ref

50–100 -0.6159** 0.3096

> 100 0.1598 0.3333

***p<0.001,

**p<0.01,

*p<0.1.

https://doi.org/10.1371/journal.pone.0292940.t004
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intervention, a best practice inspection for Class A included monthly and random inspections.

However, the best practice intervention specifically for Class A laboratory workers also

included safety inspections to be conducted by an external expert, feedback to be posted pub-

licly, and unsatisfactory performance to be followed up with a discussion with their supervisor.

For Class A, this inspection configuration could yield compliance at 85.48% (Class_A Scenario

# 301 in S3B File).

As for Class B laboratory workers, they performed best when the inspector was a safety

committee member, inspections occurred randomly and weekly, supervisors communicated

inspection outcomes verbally, and poor outcomes were responded to with retraining. With

this intervention configuration, Class B compliance could be as high as 81.40% (Class_B Sce-

nario # 500 in S3B File). This implementation may be viewed as a best practice for the Class B

cohort.

Discussion

Principal findings

This study found that a set of five key attributes, including the inspector, the inspection fre-

quency, the inspection timing, the communication of the inspection outcome, and a follow-up

with either a reward or a punishment, were critical to the effectiveness of an inspection inter-

vention. In general, retraining and inspection after a safety incident could yield the highest

increase and decrease on the compliance from the baseline case, respectively. More specifically,

if one could only change a single attribute level from the baseline case, providing retraining

when a worker violated safety guidelines could enhance the compliance probability the most

from 25.86% to 50.62% (Homogeneous Scenarios # 186 and 188 in S3B File), while conducting

inspections only after safety incidents could decrease compliance to the largest extent from

25.86% to 18.20% (Homogeneous Scenarios # 186 and 138 in S3B File). In addition, it was also

found that heterogeneous responses from laboratory workers toward an inspection

Table 5. Regression result for a latent class model.

Attributes Levels Class A Class B

Coefficients Standard error Coefficients Standard error

Lab Safety Inspector By a group leader -0.5874* 0.2475 0.2162 0.1289

By a safety committee member -0.0114 0.1999 0.3677*** 0.0963

By an external expert 0.4243 0.2548 -0.4627** 0.1461

Inspection Frequency Monthly 0.7706** 0.2667 0.0769 0.1115

Before an audit -0.0670 0.1836 -0.0915 0.1259

After a safety incident -0.9027*** 0.2158 -0.1655 0.1273

Inspection Timing Random day and time 0.0329 0.0837 0.0781 0.0544

Communication of Outcome By an individual email 0.0467 0.1553 0.2214 0.1133

By a supervisor, given verbally -0.1860 0.1972 0.3094* 0.1213

Outcome posted publicly 0.4339 0.2316 -0.0872 0.0993

Reward / Punishment Meet a supervisor if unsatisfactory 0.1115 0.1855 0.0489 0.1148

Receive retraining if unsatisfactory 0.0173 0.1750 0.5412*** 0.1364

Receive recognition if satisfactory 0.1084 0.1593 0.5206*** 0.1412

***p<0.001,

**p<0.01,

*p<0.1

https://doi.org/10.1371/journal.pone.0292940.t005
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intervention occurred when the heterogeneity could be characterized by the type of employ-

ment and the size of the laboratory. Tailored intervention design would be much more effec-

tive than a one-size-fits-all inspection intervention in terms of improving the laboratory

workers’ intention of compliance with safety guidelines.

Comparison with other studies and possible explanations

Although an inspection plays a vital role in ensuring workplace safety, a systematic review con-

ducted by Cornish et al. [10] found that the lack of inspection interventions to improve the lab-

oratory workers’ compliance was a typical gap in a clinical laboratory’s safety management.

Our study filled this gap by identifying evidence-based best practice inspection interventions.

Our findings indicated that with an appropriate design of an inspection intervention, labora-

tory workers would be more likely to comply with safety guidelines. This result was consistent

with those found in other industries [11–13].

To design an appropriate inspection intervention, our study confirmed that the five attri-

butes considered in this study were crucial to the success of an intervention. The first attribute

was about the inspector. As suggested by Woodcock [25], a suitable inspector should be expe-

rienced and knowledgeable, so as to have a better understanding about the safety regulations

and standards. Additionally, a suitable inspector should be characterized by objectivity to pro-

vide unbiased and objective evaluations of compliance. From the perspective of the clinical lab

workers, our study supported Woodcock’s argument by showing that the person responsible

for inspection could affect a worker’s willingness to comply with the safety guidelines. There-

fore, selecting a suitable inspector is critical to ensure the effectiveness of inspection

intervention.

In terms of the inspection frequency, we found that clinical lab workers preferred regular

inspections, such as monthly inspections. This might be because regular inspections could

translate an organization’s commitment to maintain a safe working environment into per-

ceivable actions, and promote a culture of safety in the workplace [26, 27]. Regarding the tim-

ing of a safety inspection, although both the fixed and the randomized timings of an

inspection had their merits, we found that lab workers preferred random inspections over

fixed ones. This finding was consistent with the recommendations made by Berte [28] and

Wyllie et al. [29]. One possible reason for this preference was that a randomized inspection

was more effective in enhancing the lab workers’ safety awareness to motivate them to remain

vigilant at all times, thereby reducing the risk of safety incidents. The result that the lab work-

ers preferred regular but randomized safety inspections (e.g., when an inspection occurred on

an unspecified day per month) implied that they welcomed random but not too random

inspections. This indicates that the workers appreciated a balance between safety practices and

smooth business operations.

Finally, providing performance feedback was also a critical component in the design of an

inspection intervention. Consistent with previous studies [30, 31], our study found that lab

workers were more likely to comply with safety guidelines if they were informed about the

inspection results. This is reasonable because having performance feedback is helpful to create

a sense of accountability, reinforce safe habits and encourage continued engagement in the

safety process. In addition to providing performance feedback, consequences based on perfor-

mance should be considered as well. We found that compared to no consequences, providing

appropriate rewards or punishments could encourage lab workers to comply with safety guide-

lines. If there were a lack of consequences after a safety inspection, a negative safety culture

might arise, where safety was not seen as a priority, leading to poor or no safety awareness

among individuals.
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Furthermore, in our study, it was found that the laboratory workers in Class A were much

more compliant than Class B workers, e.g., 45.23% (Class_A Scenario # 186 in S3B File) vs.

17.17% (Class_B Scenario # 186 in S3B File) in the baseline case. In previous studies, age was

used as a predictor for the workers’ compliance with safety guidelines [32]. However, our

study did not support this conclusion. Rather than age, the employment type and the size of

the laboratory were the predictors in our study. We found that Class A members were more

likely to be permanent employees and were more likely to be part of a small laboratory envi-

ronment. Laboratory workers with a permanent work contract could have a stronger sense of

belonging and a higher level of organizational commitment, which yielded a higher level of

compliance with safety guidelines and regulations. In addition, individuals in a smaller-sized

laboratory were less likely to “hide in a crowd” than those in a larger-sized laboratory, which

increased task visibility and, therefore, resulted in a higher compliance.

In this study, we found that the responses from the laboratory workers in Class A and

Class B were different. For instance, Class A workers preferred inspections by external

experts instead of their group leader, indicating that they favored professionalism. Further-

more, Class A workers were less receptive to training and feedback, showing that they may

have had more confidence in their professional abilities than Class B workers, who were

more likely to have preferred retraining and verbal communication from supervisors. This

may indicate that more experienced laboratory workers or those in higher positions are less

adaptive to interventions. Laboratory workers come from many different backgrounds; thus,

personalization of professional practices can be beneficial. With the inspection customized

to their preferences, both classes could achieve high compliance rates (85.48% for Class A,

81.40% for Class B).

Strengths and limitations

The main strength of this paper is to propose an evidence-based approach to identify best

practice inspection interventions while considering the perspective of laboratory workers,

which can be extremely useful when a healthcare facility is contemplating the introduction of

new interventions. Since an intervention is implemented to ensure the laboratory workers’

compliance, their preferences and responses to the intervention ought to be considered. As

shown in this paper, the workers’ responses to interventions may be heterogeneous, which

makes it difficult to predict the outcomes of new interventions. Uncertain outcomes may cre-

ate additional stress and pressure for the workers. A failed trial may increase the difficulty for

the workers to seriously adapt to future changes. The proposed DCE presents a new “interven-
tion-without-implementation” approach that can be used to mitigate the risks associated with

implementing new interventions. Using this approach, decision-makers can obtain ex-ante

insights about the effects of newly introduced interventions and observe how the effects vary

according to changing factors and individual characteristics. A probability analysis can be

applied to predict compliance, given an intervention’s design, which helps to identify best

practices that yield satisfactory compliance.

There are several limitations in our study. First, the laboratory workers’ responses to inspec-

tion interventions were examined in hypothetical scenarios. It would be interesting to measure

and compare their responses in actual life. That said, this study provides valuable preliminary

understanding of the laboratory workers’ responses to five key intervention attributes. There

may be other attributes that can also affect the laboratory workers’ compliance that were not

considered in this study. In addition, this study does not provide a full answer about how the

key attributes of the interventions enhance the laboratory workers’ compliance. This approach

does not guarantee that after a high compliance rate is reached, it will be sustainable.
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Implications to clinicians and administrators

Our findings indicate the importance of an employee-centered approach, rather than a top-

down strategy, to reduce the risk of introducing new interventions. The employee-centered

approach is also helpful in designing customized interventions by providing information

about the individuals’ heterogeneous responses to the interventions. In recent studies, custom-

ization has been recognized as a promoting factor for intervention success, and, therefore, has

started to receive attention in intervention design [33, 34].

In practice, customization could be conducted at both the laboratory and individual levels.

Take the intervention of using safety committee members as lab safety inspectors as an exam-

ple. If a clinical laboratory predominantly comprised individuals from Class A, who were rela-

tively insensitive to this intervention, implementing this intervention might not significantly

improve compliance. Conversely, in a clinical laboratory with most individuals from Class B,

who favored being inspected by safety committee members, this intervention could be consid-

ered appropriate. In situations where the proportion of laboratory workers in each class was

evenly distributed, the laboratory could choose interventions that were well-received by both

classes to enhance overall compliance.

Furthermore, customization of interventions can also be implemented at the individual

level. For example, the intervention involving receiving recognition for satisfactory inspection

outcomes received heterogeneous responses. As a result, the laboratory should consider

requiring only those individuals who had positive attitudes towards this intervention to sign

up for the inspection outcome.

This study also implies that the laboratory workers recognized important factors, such as

retraining and giving recognition as a means to make them more compliant with the bio-

safety guidelines. Even for both Classes A and B, the LCM showed a heightened probability

of compliance to such scenarios, despite their perceived differences. In terms of retraining,

the nature of the work in a clinical laboratory may be evolving and fast changing, therefore,

requiring the laboratory workers to learn, unlearn, and relearn to keep up-to-date [35]. This

study was conducted during a period when COVID had subsided in China and laboratories

had returned to operating normally. The subjects of this study had just had a renewed expe-

rience on the importance of retraining. As indicated by Marin [36], in the time of the

COVID pandemic, no one could be exempt from unlearning old habits, because relearning

is the new basis of how we work, and adapt to new environments. Embracing these practices

can influence not only the acceptance of interventions but also increase open-mindedness to

future possibilities. Similarly, recognition of performance can potentially improve job satis-

faction for lab personnel and set examples for other members while improving intervention

success.

Conclusion

This study considers an intervention design for lab safety inspections. Five key intervention

attributes were identified. It was demonstrated that each attribute had a significant impact on

a laboratory worker’s behavior toward compliance. Using latent class analysis, the laboratory

workers were classified into two classes with distinct compliant behaviors and responses in the

intervention. A unique best practice intervention that yielded the highest predicted compli-

ance was identified for each class. Although, initially, the workers in one class were much

more compliant than those in the other class in the baseline case, both best practice interven-

tions resulted in satisfactory compliance rates. The conclusion of this study is that it is critical

for decision-makers to understand a worker’s responses for intervention attributes in order to

develop a suitable intervention that can induce high compliance.
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14. Phillips EA, Himmler SF, Schreyögg J. Preferences for e-mental health interventions in Germany: a dis-

crete choice experiment. Value in Health. 2021; 24(3):421–30. https://doi.org/10.1016/j.jval.2020.09.

018 PMID: 33641777

15. Sculpher M, Bryan S, Fry P, de Winter P, Payne H, Emberton M. Patients’ preferences for the manage-

ment of non-metastatic prostate cancer: discrete choice experiment. Bmj. 2004; 328(7436):382. https://

doi.org/10.1136/bmj.37972.497234.44 PMID: 14751919

16. Schwartz AJ, Yost KJ, Bozic KJ, Etzioni DA, Raghu T, Kanat IE. What is the value of a star when choos-

ing a provider for total joint replacement? A discrete choice experiment. Health Affairs. 2021; 40

(1):138–45. https://doi.org/10.1377/hlthaff.2020.00085 PMID: 33400583

17. Zhu J, Li J, Zhang Z, Li H, Cai L. Exploring determinants of health provider choice and heterogeneity in

preference among outpatients in Beijing: a labelled discrete choice experiment. BMJ open. 2019; 9(4):

e023363. https://doi.org/10.1136/bmjopen-2018-023363 PMID: 30948563

18. Abiiro GA, Leppert G, Mbera GB, Robyn PJ, De Allegri M. Developing attributes and attribute-levels for

a discrete choice experiment on micro health insurance in rural Malawi. BMC health services research.

2014; 14(1):1–15. https://doi.org/10.1186/1472-6963-14-235 PMID: 24884920

19. Wang Q, Abiiro GA, Yang J, Li P, De Allegri M. Preferences for long-term care insurance in China:

results from a discrete choice experiment. Social Science & Medicine. 2021; 281:114104.

20. Chen W, Tseng C-L. What are healthcare workers’ preferences for hand hygiene interventions? A dis-

crete choice experiment. BMJ Open. 2021; 11(11):e052195. https://doi.org/10.1136/bmjopen-2021-

052195 PMID: 34732487

21. Hensher DA, Rose JM, Greene WH. Applied choice analysis: a primer. Cambridge, UK: Cambridge

University Press; 2005.

22. Viney R, Lancsar E, Louviere J. Discrete choice experiments to measure consumer preferences for

health and healthcare. Expert review of pharmacoeconomics & outcomes research. 2002; 2(4):319–26.

https://doi.org/10.1586/14737167.2.4.319 PMID: 19807438

PLOS ONE Best practices for implementing biosafety inspections in a clinical laboratory

PLOS ONE | https://doi.org/10.1371/journal.pone.0292940 October 13, 2023 15 / 16

https://www.cdc.gov/csels/dls/strengthening-clinical-labs.html
https://www.cdc.gov/csels/dls/strengthening-clinical-labs.html
https://doi.org/10.1128/CMR.8.3.389
http://www.ncbi.nlm.nih.gov/pubmed/7553572
https://doi.org/10.3390/tropicalmed3020036
http://www.ncbi.nlm.nih.gov/pubmed/30274433
http://www.ncbi.nlm.nih.gov/pubmed/16761663
https://doi.org/10.1007/BF02850162
http://www.ncbi.nlm.nih.gov/pubmed/16912023
https://doi.org/10.1128/CMR.00126-18
http://www.ncbi.nlm.nih.gov/pubmed/34105993
https://doi.org/10.1016/j.jval.2020.09.018
https://doi.org/10.1016/j.jval.2020.09.018
http://www.ncbi.nlm.nih.gov/pubmed/33641777
https://doi.org/10.1136/bmj.37972.497234.44
https://doi.org/10.1136/bmj.37972.497234.44
http://www.ncbi.nlm.nih.gov/pubmed/14751919
https://doi.org/10.1377/hlthaff.2020.00085
http://www.ncbi.nlm.nih.gov/pubmed/33400583
https://doi.org/10.1136/bmjopen-2018-023363
http://www.ncbi.nlm.nih.gov/pubmed/30948563
https://doi.org/10.1186/1472-6963-14-235
http://www.ncbi.nlm.nih.gov/pubmed/24884920
https://doi.org/10.1136/bmjopen-2021-052195
https://doi.org/10.1136/bmjopen-2021-052195
http://www.ncbi.nlm.nih.gov/pubmed/34732487
https://doi.org/10.1586/14737167.2.4.319
http://www.ncbi.nlm.nih.gov/pubmed/19807438
https://doi.org/10.1371/journal.pone.0292940


23. Burnham KP, Anderson DR. Multimodel Inference:Understanding AIC and BIC in Model Selection.

Sociological Methods & Research. 2004; 33(2):261–304.

24. Lancsar E, Louviere J, Flynn T. Several methods to investigate relative attribute impact in stated prefer-

ence experiments. Social Science & Medicine. 2007; 64(8):1738–53. https://doi.org/10.1016/j.

socscimed.2006.12.007 PMID: 17257725

25. Woodcock K. Model of safety inspection. Safety science. 2014; 62:145–56.

26. Hofmann DA, Morgeson FP, Gerras SJ. Climate as a moderator of the relationship between leader-

member exchange and content specific citizenship: safety climate as an exemplar. Journal of applied

psychology. 2003; 88(1):170–8. https://doi.org/10.1037/0021-9010.88.1.170 PMID: 12675404

27. Wu C, Song X, Wang T, Fang D. Core dimensions of the construction safety climate for a standardized

safety-climate measurement. Journal of Construction Engineering and Management. 2015; 141

(8):04015018.

28. Berte LM. Laboratory quality management: a roadmap. Clinics in laboratory Medicine. 2007; 27(4):771–

90. https://doi.org/10.1016/j.cll.2007.07.008 PMID: 17950897

29. Wyllie R, Lee K, Morris-Benavides S, Matos B. What to expect when you’re inspecting: A summary of

academic laboratory inspection programs. Journal of Chemical Health & Safety. 2016; 23(2):18–24.

30. Fuller C, Michie S, Savage J, McAteer J, Besser S, Charlett A, et al. The Feedback Intervention Trial

(FIT)—Improving Hand-Hygiene Compliance in UK Healthcare Workers: A Stepped Wedge Cluster

Randomised Controlled Trial. Plos One. 2012; 7(10):e41617.

31. Iversen A-M, Stangerup M, From-Hansen M, Hansen R, Sode LP, Kostadinov K, et al. Light-guided

nudging and data-driven performance feedback improve hand hygiene compliance among nurses and

doctors. American journal of infection control. 2021; 49(6):733–9. https://doi.org/10.1016/j.ajic.2020.11.

007 PMID: 33186676

32. Gyekye SA, Salminen S. Age and workers’ perceptions of workplace safety: A comparative study. The

International Journal of Aging and Human Development. 2009; 68(2):171–84. https://doi.org/10.2190/

AG.68.2.d PMID: 19445348

33. Gray P, Senabe S, Naicker N, Kgalamono S, Yassi A, Spiegel JM. Workplace-based organizational

interventions promoting mental health and happiness among healthcare workers: A realist review. Inter-

national journal of environmental research and public health. 2019; 16(22):4396. https://doi.org/10.

3390/ijerph16224396 PMID: 31717906

34. Ejlertsson L, Heijbel B, Andersson IH, Troein M, Brorsson A. Strengthened workplace relationships

facilitate recovery at work–qualitative experiences of an intervention among employees in primary

health care. BMC Family Practice. 2021; 22(1):1–10.

35. Warrell M. Learn, unlearn & relearn: What got you here won’t get you there: Forbes; 2020 [https://www.

forbes.com/sites/margiewarrell/2020/06/12/learn-unlearn—relearn-what-got-you-here-wont-get-you-

there/?sh=783a6f2b20a6

36. Martin S. Learning, unlearning and relearning in the time of COVID. Op-ed, Geneva Centre for Security

Policy: Geneva Centre for Security Policy; 2022 [https://www.gcsp.ch/global-insights/learning-

unlearning-and-relearning-time-covid

PLOS ONE Best practices for implementing biosafety inspections in a clinical laboratory

PLOS ONE | https://doi.org/10.1371/journal.pone.0292940 October 13, 2023 16 / 16

https://doi.org/10.1016/j.socscimed.2006.12.007
https://doi.org/10.1016/j.socscimed.2006.12.007
http://www.ncbi.nlm.nih.gov/pubmed/17257725
https://doi.org/10.1037/0021-9010.88.1.170
http://www.ncbi.nlm.nih.gov/pubmed/12675404
https://doi.org/10.1016/j.cll.2007.07.008
http://www.ncbi.nlm.nih.gov/pubmed/17950897
https://doi.org/10.1016/j.ajic.2020.11.007
https://doi.org/10.1016/j.ajic.2020.11.007
http://www.ncbi.nlm.nih.gov/pubmed/33186676
https://doi.org/10.2190/AG.68.2.d
https://doi.org/10.2190/AG.68.2.d
http://www.ncbi.nlm.nih.gov/pubmed/19445348
https://doi.org/10.3390/ijerph16224396
https://doi.org/10.3390/ijerph16224396
http://www.ncbi.nlm.nih.gov/pubmed/31717906
https://www.forbes.com/sites/margiewarrell/2020/06/12/learn-unlearnrelearn-what-got-you-here-wont-get-you-there/?sh=783a6f2b20a6
https://www.forbes.com/sites/margiewarrell/2020/06/12/learn-unlearnrelearn-what-got-you-here-wont-get-you-there/?sh=783a6f2b20a6
https://www.forbes.com/sites/margiewarrell/2020/06/12/learn-unlearnrelearn-what-got-you-here-wont-get-you-there/?sh=783a6f2b20a6
https://www.gcsp.ch/global-insights/learning-unlearning-and-relearning-time-covid
https://www.gcsp.ch/global-insights/learning-unlearning-and-relearning-time-covid
https://doi.org/10.1371/journal.pone.0292940

