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Abstract

Purpose

The objective of this study was to validate the reliability and validity of the safety attitudes
questionnaire (SAQ) in Heilongjiang province, northern China.

Methods

The SAQ was distributed to 27 public hospitals in five cities across Heilongjiang province.
The Cronbach’s a, item—dimension and dimension—dimension correlations were calculated.
Descriptive analyses and confirmatory factor analysis were also performed.

Results

The recovery rate of the questionnaire was 84.45%. The validity and reliability measures of
the SAQ were acceptable. The goodness-of-fit index from the confirmatory factor analysis
showed a reasonable model fit (CFI = 0.93, GFl = 0.91, RMSEA = 0.05). The Cronbach’s a
value for the scale was 0.91 and ranged from 0.66 to 0.91 for each of the scales. The SAQ
showed good internal consistency reliability.

Conclusion

The SAQ had satisfactory psychometric properties and could be a useful tool to measure
safety attitudes in public hospitals in Heilongjiang province in China.
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Introduction

Despite the continuous improvement of medical technology, many people are still treated with
the risk of harm. Patient safety is an important aspect of healthcare organisations. Studies in
some countries have shown that a lack of attention to patient safety will lead to medical errors,
which may result in further injury to patients and increase hospital stays [1, 2]. Patient safety is
an important component of healthcare quality[3], and this has been highlighted by healthcare
organisations following the Institute of Medicine’s (IOM) report, ‘To Err is Human: Building a
Safer Health System’[4]. This report emphasised that adverse events can be reported without
blaming individuals and when mistakes occur, lessons ought to be learned. Thus, an overarch-
ing culture of patient safety has been suggested as a core organisational mechanism of hospitals
to promote safe, effective, and timely healthcare[5]. Indeed, patient safety culture can have a
critical impact on the safety of healthcare environments[6]. Patient safety culture was defined
by the British Health & Safety Commission as ‘the product of individual and group values, atti-
tudes, perceptions, competencies, and patterns of behaviour that determine the commitment
to, and the style and proficiency of an organisation’s safety management’[7].

In the recent years, greater attention has been paid to the development of patient safety cul-
tures, given that patient safety issues are becoming more valued by countries throughout the
world. Adequate assessment is a prerequisite of research on patient safety culture. To this end,
instruments have been developed to measure patient safety culture[8-11], but only the Safety
Attitudes Questionnaire (SAQ) has been linked to patient outcomes[12]. Furthermore, the
psychometric properties of the SAQ have been established in many countries including the
United States (English version)[12], Switzerland (German version)[13], Taiwan (Chinese ver-
sion)[14], and Norway (Norwegian version)[15]. It has not been validated in northern China,
however.

The geographic positions and cultures of different regions of China and other countries
vary considerably. Thus, this study targeted public hospitals in Heilongjiang province, north-
ern China. The aim of this study was to translate the SAQ and test its reliability and validity in
this region. The results of this study will provide opportunities for follow-up studies.

Materials and methods
Safety attitudes questionnaire

The predecessor of the SAQ was used to measure airline safety cultures and was called the
Flight Management Attitude Questionnaire. Subsequently, the questionnaire was introduced
to the medical industry as a tool for evaluating the safety culture of medical institutions by Sex-
ton et al.[15, 16]. The original SAQ was developed by Sexton in 2000, which comprises 60
items, 30 of which are the core items[12]. After continuous study of the SAQ, a universal ver-
sion, called the SAQ Short Form, was created; this version comprises a total of 6 dimensions
and 30 items. Based on this survey, the selected instrument for data collection was the short
version of the generic SAQ, which included 30 items [12]. The SAQ includes six dimensions,
including teamwork climate, safety climate, job satisfaction, perception of management, stress
recognition, and working conditions, each of which consists several items. Additional ques-
tions were added to assess respondents” demographic information (e.g. gender, age, profes-
sion). A study conducted in Switzerland introduced the SAQ and expanded the 5-point Likert
scale by adding a ‘not applicable’ option[13]. This study adopted the modification. So all items
were rated on a 5-point Likert scale (1 = disagree strongly, 2 = disagree slightly, 3 = neutral,

4 = agree slightly, 5 = agree strongly) and a ‘not applicable option’ was included for each item.
The SAQ was chosen as the evaluation tool because it is one of the most commonly used and
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rigorously validated tools for measuring the safety climate in healthcare[17]. To make the SAQ
more consistent with the original questionnaire in terms of concepts, connotation, and culture,
the original English-language version was translated, back-translated, and reviewed by a panel
of experts[18]. Four experts with backgrounds in medical and public health management
translated the original questionnaire into Chinese. Then, the items were translated by English
speaking medical graduates into English to confirm that the meaning of the original question-
naire was unchanged. Five experts consisting of a public health professional, nurse, physician,
researcher, and healthcare administrator then reviewed the questionnaire and offered feedback
to ensure cross-cultural consistency and applicability in China. With the first draft of the ques-
tionnaire, a survey among Harbin medical staff, who had worked for more than five years, was
conducted. Based on the analysis of the survey results, inappropriate parts of the questionnaire
were revised to arrive at the final version.

Sample

A cross-sectional survey was conducted in July and August 2014 by contacting 2,000 health-
care workers. The total population of Heilongjiang in 2014 was 38.33 million. According to
‘Statistical yearbook of health and family planning in China (2014)’, there are 301 secondary
hospitals and 82 tertiary hospitals in Heilongjiang province. According to the geographical dis-
tribution, time, and resources, we investigated the areas in the north (Jiamusi), south (Mudan-
jiang), west (Qiqihar and Dagqing), and centre (Harbin) of the province. Purposive sampling
was used to select 35 hospitals. However, only 27 hospitals (15 tertiary hospitals and 12 second-
ary hospitals) agreed to participate in the study, including general hospitals, specialised hospi-
tals, and traditional medicine hospitals, all of which were public hospitals.

All hospitals provided permission to conduct the investigation. With the assistance of hospi-
tal managers, the questionnaire was distributed during staff meetings at the hospital outpatient
departments, inpatient departments, medical technology departments, and some administrative
departments. All respondents were hospital workers and able to influence and be influenced by
the hospital’s patient safety culture. Respondents were informed of the general content and pur-
pose of the survey, and they voluntarily completed the questionnaire. Participants were encour-
aged to ask for clarification if they did not understand the questionnaire. Hospital managers
were asked to request the healthcare workers to complete any outstanding questionnaires. Com-
pleted questionnaires were collected seven days after they had been distributed. Questionnaires
were considered valid if at least 70% of the items were completed. Questionnaires were collected
and stored by the management team. Individuals who could not complete the questionnaire on
time were asked to mail the questionnaire to the research team in order to improve the response
rate.

Data analysis

All data were analysed using SAS 9.3 (SAS Institute, Cary, NC, USA). Descriptive statistics
(means and standard deviations for quantitative data, and frequencies and percentages for
qualitative data) were used to describe the demographic characteristics, items, and factors.
Mean scores and standard deviations (SD) were calculated for all SAQ items. Scores greater
than 3 were considered positive responses. The rate of positive responses was calculated to
obtain an indication of positive patient safety attitudes in the sample. The positive response
rate was also used to evaluate attitudes toward patient safety culture on different dimensions
and items. The scores on negatively worded items (e.g. ‘In this clinical area, it is difficult to
speak up if I perceive a problem with patient care’, ‘In this clinical area, it is difficult to discuss
errors’) were reversed before the analysis.
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Pearson’s correlation coefficients were calculated to describe the relationships of different
factors as well as items with corresponding factors. Cronbach’s o coefficient was used to evalu-
ate the reliability of the SAQ, and confirmatory factor analysis (CFA) was used to evaluate the
validity. Statistical significance was defined as P < 0.05.

The laboratory protocols of this study have been deposited in protocols.io (DOI: http://dx.
doi.org/10.17504/protocols.io.h5cb82w).

Ethical issues

This study was based on data regarding patient safety culture among healthcare workers.
Responding to the questionnaire was anonymous. All participants were informed about the
purpose of the study in advance, and data were collected voluntarily. The study was approved
by the Institutional Review Board of Harbin Medical University.

Results
Demographics

A total of 2,000 questionnaires were distributed to 27 hospitals and 1,689 valid responses were
returned (response rate 84.45%). The average age of the respondents was 34.76. Among the
respondents, 463 (27%) were males and 1,219 (72%) were females, 703 (42%) were physicians,
712 (42%) were nurses, and 109 (6%) were technicians. Most of the healthcare staff had worked
for their current hospital for five years or more. Table 1 shows the detailed demographic
characteristics.

Descriptive statistics

Item responses on the SAQ are shown in Table 2 (items 2 and 11 are reverse-scored). The
means for the 30 items ranged from 3.02 to 4.27, with SD between 0.75 and 1.17. Item 6 (‘The

physicians and nurses here work together as a well-coordinated team’) had the highest mean
(4.27), and item 11 (‘In this clinical area, it is difficult to discuss errors’) had the lowest (3.02).

Table 1. Demographic characteristics of respondents (N = 1,689).

Characteristic
Age (years)
Gender

Profession

Years in current hospital

Mean (SD) Frequency (n) Percentage

34.76+9.08
Male 463 0.27
Female 1219 0.72
Missing 7 0.01
Physician 703 0.42
Nurse 712 0.42
Technician 109 0.06
Administrator 102 0.06
Other 35 0.02
Missing 28 0.02
<1 185 0.11
1-5 484 0.29
6-10 323 0.19
11-15 163 0.1
16-20 213 0.12
>21 305 0.18
Missing 16 0.01

https://doi.org/10.1371/journal.pone.0179486.t001
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Table 2. SAQ items descriptions (N = 1,689).

Dimension, item number, and item text Missing data and Mean NPR |NPR Item-dimension Item factor
answered not applicable |(SD) (%) correlation loading
(%)

Teamwork climate

1. Nurse input is well received in this clinical area. 31(0.018) 3.81 1,070 | 0.63 0.73 0.69
(0.93)

2. Inthis clinical area, it is difficult to speak up if | perceivea | 211 (0.125) 3.41 845 |0.5 0.27 0.09

problem with patient care. (R)* (1.16)

3. Disagreements in this clinical area are appropriately 30 (0.018) 4.04 1,242 | 0.74 0.73 0.69

resolved. (0.87)

4. 1 have the support | need from other personnel to care for | 21 (0.012) 3.91 1,150 | 0.68 0.72 0.71

patients. (0.89)

5. ltis easy for personnel in this clinical area to ask questions | 50 (0.03) 4.03 1,232 0.73 0.75 0.73

when there is something that they do not understand. (0.84)

6. The physicians and nurses here work together as a well- | 32 (0.019) 4.27 1,402 | 0.83 0.68 0.63

coordinated team. (0.75)

Safety climate

7. 1 would feel safe being treated here as a patient. 18 (0.011) 3.83 1,085 | 0.64 0.73 0.64
(0.9)

8. Medical errors are handled appropriately in this clinical 15 (0.009) 3.9 1,178 1 0.7 0.8 0.82

area. (0.83)

9. | know the proper channels to direct questions regarding 23(0.014) 3.76 1,012 0.6 0.79 0.82

patient safety in this clinical area. (0.89)

10. | receive appropriate feedback about my performance. 17 (0.01) 3.68 981 |0.58 0.73 0.72
(0.97)

11. In this clinical area, it is difficult to discuss errors. (R)* 84 (0.05) 3.02 564 |0.33 0.19 0.12
(1.13)

12. 1 am encouraged by my colleagues to report any patient | 17 (0.01) 3.73 998 |0.59 0.69 0.63

safety concerns | may have. (0.9)

13. The culture in this clinical area makes it easy to learn 11 (0.007) 3.9 1,185/ 0.7 0.75 0.73

from the errors of other. (0.86)

Job satisfaction

14. | like my job. 13 (0.008) 3.79(1) | 1,063|0.63 | 0.81 0.75

15. Working in this hospital is like being part of a large family. | 6 (0.004) 3.91 1,166 | 0.69 0.87 0.85
(0.9)

16. This is a good place to work. 5(0.003) 3.73 1,011 0.6 0.84 0.81
(0.99)

17. 1 am proud to work in this clinical area. 5(0.003) 3.82 1,068 | 0.63 0.92 0.91
(0.95)

18. Morale in this clinical area is high. 3(0.002) 3.74 1,009 | 0.6 0.86 0.81
(0.98)

Stress recognition

19. When my workload becomes excessive, my 50 (0.03) 3.46 851 |05 0.85 0.77

performance is impaired. (1.13)

20. | am less effective at work when fatigued. 18 (0.011) 3.71 1,054 | 0.62 0.87 0.84
(1.07)

21. I am more likely to make errors in tense or hostile 38 (0.023) 3.47 883 |0.52 0.91 0.87

situations. (1.17)

22. Fatigue impairs my performance during emergency 30(0.018) 3.59 965 | 0.57 0.91 0.91

situations. (1.13)

Perception of management

23. Management supports my daily efforts. 16 (0.01) 3.72 944 | 0.56 0.85 0.77
(0.9)

(Continued)
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Table 2. (Continued)

Dimension, item number, and item text Missing data and Mean NPR |NPR Item-dimension Item factor
answered not applicable |(SD) (%) correlation loading
(%)

24. Management does not knowingly compromise the safety | 19 (0.011) 3.9 1,183 /0.7 0.82 0.74

of patients. (0.81)

25. | get adequate, timely information about events in the 17 (0.01) 3.75 1,015/ 0.6 0.88 0.83

hospital that might affect my work from the unit (0.87)

management.

26. The levels of staffing in this clinical area are sufficientto | 38 (0.023) 3.64 928 | 0.55 0.82 0.73

handle the number of patients. (0.93)

Working conditions

27. This hospital does a good job of training new personnel. | 21 (0.012) 3.99 1,237 1 0.73 0.81 0.72

(0.83)

28. All the necessary information for diagnostic and 9 (0.005) 4.07 1,285 0.76 0.87 0.82

therapeutic decisions is routinely available to me. (0.87)

29. Trainees in my discipline are adequately supervised. 7 (0.004) 4(0.91) | 1,240 0.73 |0.87 0.83

30. Problem personnel in this clinical area are dealt with 17 (0.01) 4.04 1,255 | 0.74 0.84 0.78

constructively by our management. (0.89)

Note: SD, standard deviation; NPR, number of positive responses (including agree slightly and agree strongly)
(R)*, reverse-scored item.

https://doi.org/10.1371/journal.pone.0179486.t002

The number of missing responses and items answered with not applicable are also shown
in Table 2 and ranged from 0.2% to 12.5%. Item 2 (‘In this clinical area, it is difficult to
speak up if I perceive a problem with patient care’), from the teamwork climate dimen-
sion, had the highest proportion of not applicable answers (12.5%), while item 18 (‘Morale
in this clinical area is high’), from the job satisfaction dimension, had the lowest propor-
tion (0.2%). The number of positive responses (items answered with agree slightly and
agree strongly) ranged from 564 (33%) to 1,402 (83%), thus most items were positively
responded. Correlation coefficients for the relationship between each item and the corre-
sponding dimensions ranged from 0.19 to 0.92 (P < 0.01). Item 2 (‘In this clinical area, it
is difficult to speak up if I perceive a problem with patient care’) and item 11 (‘In this clini-
cal area, it is difficult to discuss errors’) had item-dimension correlations of below 0.30,
indicating a weak relationship with the other items. The correlations of the other items
and dimensions were better (0.68-0.92). The item factor loadings were between 0.09 and
0.91. Both item 2 and item 11 had factor loadings below the acceptable threshold of 0.3.
Detailed information is shown in Table 2.

Internal consistency

The Cronbach’s o was used to measure the internal consistency of the scale items. For the
whole scale, Cronbach’s o was 0.91 and ranged between 0.66 and 0.91 for the six dimensions,
indicating the strong reliability of the SAQ. The Cronbach’s o coefficients for job satisfaction
and stress recognition were both 0.91. Coefficients for all dimensions and total scales are
shown in Table 3.

Pearson’s correlation coefficients were used to describe the correlations between the differ-
ent dimensions. This analysis indicated that all scales were positively related, and the correla-
tion coefficients ranged from 0.09 to 0.58 (P < 0.01). However, the stress recognition

dimension was less relevant to other dimensions. The correlation coefficients are shown in
Table 4.
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Table 3. SAQ dimension descriptions and scale reliability (N = 1689).

Dimensions Cronbach’s a

1. Teamwork climate 0.66

2. Safety climate 0.76

3. Job satisfaction 0.91

4. Stress recognition 0.91

5. Perceptions of management 0.86

6. Working conditions 0.87
Whole scale 0.91

https://doi.org/10.1371/journal.pone.0179486.t003

Factor structure of the SAQ

The confirmatory factor analysis (CFA) showed that each of the six dimensions (teamwork cli-
mate, safety climate, job satisfaction, stress recognition, perceptions of management, and
working conditions) fitted the data well and indicated a good model fit for the overall safety
construct. For the six dimensions, CFI = 0.93, GFI = 0.91, and RMSEA = 0.05. The goodness-
of-fit indices for these six dimensions are presented in Table 5, and P-values were significant
for all factors (P < 0.05).

Discussion

This cross-sectional study assessed the psychometric properties of the SAQ in Heilongjiang
province using a purposively selected sample. The response rate of 84.45% was the highest
among similar studies, in which rates were 59% -78.6% [5-7, 13, 15, 17, 19, 20]. The rate was
also better than that found in a study in Taiwan (69.4%)[14]. Because studies on patient safety
culture in Heilongjiang are not very common, and patients’ safety in the hospital is also con-
sidered as a sensitive topic in today’s society. Medical staffs of these hospitals showed interest
in this study and were willing to cooperate with us. This study is also their usual demand. In
addition, the cooperation of the hospital managers during the course of our investigation and
the rigour of the process led to an increase in the rate of positive responses. The highest per-
centage of the missing and not applicable answers for an item (‘It is easy for personnel in this
clinical area to ask questions when there is something that they do not understand’) was
12.5%, which was less than the acceptability rate (13%)[19]. Therefore, no items were removed
in the analyses, and previous studies have shown similar results[19, 21-23].

Internal consistency

In this study, the Cronbach’s o coefficient was used to test the reliability of the scale. The Cron-
bach’s o for the total scale was high (0.91), and removing any items from the analysis only

Table 4. Inter-correlations of SAQ dimensions (N = 1,689).

Dimensions 2 3 4 5 6
1. Teamwork climate 1

2. Safety climate 0.54 1

3. Job satisfaction 0.47 0.58 1

4. Stress recognition 0.11 0.19 0.1 1

5. Perception of management 0.39 0.54 0.51 0.09 1

6. Work conditions 0.54 0.57 0.49 0.14 0.45 1

Note: All coefficients were significant at the P< 0.0001 level.

https://doi.org/10.1371/journal.pone.0179486.1004

PLOS ONE | https://doi.org/10.1371/journal.pone.0179486 June 21, 2017

7/11


https://doi.org/10.1371/journal.pone.0179486.t003
https://doi.org/10.1371/journal.pone.0179486.t004
https://doi.org/10.1371/journal.pone.0179486

@° PLOS | ONE

Validation study of the SAQ in public hospitals of Heilongjiang province, China

Table 5. Results of confirmatory factor analysis (CFA) (N = 1,689).

Dimensions Model-fit indices
CFI GFI RMSEA NFI

1. Teamwork climate 0.94 0.96 0.11 0.93
2. Safety climate 0.96 0.97 0.08 0.96
3. Job satisfaction 0.99 0.99 0.07 0.99
4. Stress recognition 0.97 0.96 0.19 0.97
5. Perceptions of management 0.98 0.98 0.15 0.98
6. Working conditions 0.93 0.99 0.08 0.99
Whole scale 0.93 0.91 0.05 0.91

Note: CFI, comparative fit index; GFI, goodness-of-fit index; RMSEA, root mean square error of
approximation; NFI, normal fit index.

https://doi.org/10.1371/journal.pone.0179486.t1005

caused minor improvements to this score. Values close to 1 indicate a high internal consis-
tency of the scale. Cronbach’s o coefficients higher than 0.8 indicate excellent internal consis-
tency, 0.6-0.8 are good, and lesser than 0.6 are poor[24]. The values of other studies ranged
from 0.56 to 0.89, suggesting acceptable levels of internal consistency [12-15, 17, 19, 21-23].
Thus, this study had better results than the previous studies. Furthermore, the relatively high
Cronbach’s o values demonstrated a good internal consistency on all scale dimensions, that is,
all values were between 0.76 and 0.91, except for teamwork climate (0.66), which was still
within the acceptable range. The result of lower Cronbach’s o value for teamwork climate is
similar to previous studies on Norwegian and Swiss samples [13, 15]. One possible reason for
this relatively poor, albeit still acceptable, reliability may be that the second item on this dimen-
sion was inversely scored. It may have been difficult for the respondents to understand the
reverse rating of this item. They often queried about the meaning of this negative item. There-
fore, it is likely that it may have been interpreted incorrectly by some respondents.

The factor loadings of item 2 (‘In this clinical area, it is difficult to speak up if I perceive a
problem with patient care’) and item 11 (‘In this clinical area, it is difficult to discuss errors’)
were 0.09 and 0.12, respectively. These values were below the acceptable threshold of 0.03[19],
which indicated that they had a weak relationship with the other items on the scale. Notably,
the factor loading for item 2 was similar to that obtained in studies in Denmark and Turkey
[19, 25]. It would thus be necessary to study these two items further in a future study. The cor-
relations of each item with the total score of its dimension (P < 0.01) were significant. The cor-
relation coefficients of the two negative items with their respective dimensions were small. A
possible reason is that the medical staff did not understand the reverse-scored items well
enough. This result is similar to that of the samples from Sweden and Denmark[19, 21]. How-
ever, one study of Swedish pharmacies showed that measurement results did not differ regard-
less of positive or negative wording[21]. Further research of this item is required, including
item translation, back-translation, and item-content descriptions. For the dimension-dimen-
sion correlations, strong positive correlations were found for the most part, although stress
recognition had a somewhat weaker correlation with the other dimensions. Similar results
have been found in a previous study[14, 17]. Therefore, further validation is needed for this
dimension.

Factor structure of the SAQ

The content validity of the whole questionnaire was confirmed as good by experts, indicating
that the items accurately expressed the intended content. The construct validity, by contrast,
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refers to whether the questionnaire as a whole measures the theoretical concept it is designed
to measure. This can be judged by the goodness-of-fit indicators in a confirmatory factor anal-
ysis. The six-dimensional model (teamwork climate, safety climate, job satisfaction, stress rec-
ognition, working conditions, and perceptions of management) fitted the data well.
Furthermore, the CFI (0.93) was better than what it was in other studies and exceeded the
threshold value[26]. The CFI of other studies ranged from 0.9 to 0.99[12-15, 25, 27], while the
RMSEA ranged from 0.03 to 0.07[12-15, 25, 27]. In this study, the RMSEA was 0.05, which is
better than the values found in a Danish study (0.053)[19] and a Taiwanese study (0.06)[14].
One of the possible reasons for this is that different countries use a slightly different SAQ.

Limitations of the study

Due to time and resource restrictions, this study has the limitation of using purposive sam-
pling for recruiting individuals from Heilongjiang province alone rather than using systemic
sampling. The findings of this study may not be generalised to all hospitals in Heilongjiang
province. It is necessary to explore more effective research methods for safety attitudes ques-
tionnaire. The cluster effect of each healthcare setting may exist, which may affect the results
of reliability and validity. Therefore, this problem should be considered in the selection of hos-
pitals and the process of data analysis.

Conclusions

Based on this investigation of medical staff in public hospitals in Heilongjiang province, a ver-
sion of the SAQ with acceptable psychometric properties was obtained, including good reli-
ability and acceptable validity. However, due to the differences in geographic positions and
cultures among different regions in China and other countries, including Taiwan (China), fur-
ther research and discussion should be conducted to confirm whether the stress recognition
dimension should be deleted. Furthermore, the reverse-scored items need to be studied in the
future due to the low positive response rates and factor loadings. This study is an initial step to
establishing the psychometric properties of the SAQ, and further research is needed to refine
the instrument and re-examine its psychometric properties in the light of these results. The
study of patient safety culture will be an important motivator for policymakers and managers
to improve patient safety. This study is the first step in the patient safety culture research. How-
ever, this step is very important. Validating the SAQ has laid a solid foundation for research on
the status quo of patient safety culture, and future studies could explore the strengths and
weaknesses of patient safety culture in hospitals, and draw attention of hospital managers,
health employees, people related to patient safety culture education, and other stakeholders to
patient safety culture.

Supporting information

S1 File. The dataset and descriptions underlying the findings in our study was supplied in
the supplemental files.
(XLSX)
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