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Abstract 

Trust in automation plays a leading role in human-automation interaction. As there lack of scales measuring trust 
in automation in China, the purpose of this study was to adapt the trust between People and Automation Scale 
(TPAS) into Chinese and to demonstrate its psychometric properties among Chinese adults. A total of 310 Chinese 
adults were randomly selected as sample 1, and 508 Chinese adults as sample 2. Results of the item analysis revealed 
that each item had a good quality, and the exploratory factor analysis (EFA) and confirmatory factor analysis (CFA) 
suggested that the two-factor model with 12 items was the best fitting model. In addition, the TPAS was positively 
correlated with Interpersonal Trust Scale (ITS), proving good evidence based on relations to other variables to support 
the TPAS. In sum, the study suggested that the Chinese version of the TPAS could be used as an effective tool to assess 
trust in automation in the Chinese context.
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With the development of the global economy and tech-
nology, various automation systems, such as aviation, 
maritime operations, and motor vehicle operation, are 
developing rapidly (Lee & See, 2004). This rapid develop-
ment in automation systems is accompanied with a grow-
ing number of automation system practitioners or users. 
As such, it demands human decisions on the optimal 
approach to interact with the automated systems (Merritt 
& Ilgen, 2008). Previous studies showed that trust plays 
a leading role in human-automation interaction research, 
and trust in automation has become a demanding topic 
of research in the fields of psychology, automation, and 
related fields (Lee & See, 2004).

Trust in automation refers to the attitude that an 
agent helps achieve an individual’s goals in a situation 

characterized by uncertainty and vulnerability (Lee & 
See, 2004). Existing studies have suggested trust in auto-
mation as a crucial human factor that impacts human 
reliance on automation (Hussein et al., 2020b) as well as 
a key factor in the human-automation mismatch (Case 
et  al., 1999). Moreover, trust in automation is consid-
ered a major determinant of acceptance and use of these 
advanced technologies (Drnec et  al., 2016; Dzindolet 
et al., 2003). Therefore, researchers have gradually begun 
to attach importance to research and practice of trust in 
automation.

With the development of China’s economy and tech-
nology, automation systems are widely used (Cheng, 
2009; Ling et al., 2015), warranting the necessity of inves-
tigating trust in automation and practical work in China. 
However, to the best of our knowledge, limited research 
has been done on the topic of trust in automation in 
China, likely due to the lack of effective measurement 
tools to assess trust in automation (Wang et  al., 2017). 
Western researchers, on the other hand, have devel-
oped several methods for measuring trust in automation 
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in order to explore how an individual expresses their 
trust when interacting with automation systems. These 
methods include self-report, behavioral measurement, 
and physiological measurement. Given the easiness in 
usage, self-report has become the most commonly uti-
lized measurement tool. For example, Jian et  al. (2000) 
developed the Trust between People and Automation 
Scale (TPAS), which aims to measure the degree of trust 
in automation. Yagoda and Gillan (2012) developed the 
Human-Robot Interaction Trust Scale to measure trust 
when humans interact with robots. Additionally, Gold 
et  al. (2015) developed the Trust in Automation Scale 
to assess the trust when people interact with automa-
tion systems in Germany. Therefore, the development 
of related scales has become an important foundation to 
develop applicable measurement tools in China.

The current study aimed to develop a Chinese version 
of the TPAS. The TPAS is one of the most widely used 
scales of measurements in human-automation interac-
tion scenarios and has been proven with excellent psy-
chometric properties in the Western culture (Gulati 
et  al., 2019; Hussein et  al., 2020a, b; Wei et  al., 2020), 
making the TPAS well acknowledged by the majority of 
researchers ( Manchon et al., 2021; Feng et al., 2019). The 
TPAS adopted methods of word elicitation, question-
naire, and paired comparison to generate items, allowing 
researchers to directly assess trust between humans and 
automation. In particular, the most notable advantage of 
the TPAS is its measurement of the general propensity to 
trust automated systems, providing a baseline measure-
ment for predicting individual trust in a specific auto-
mated system (Jian et al., 2000).

In order to provide further evidence for the psycho-
metric properties of the Chinese version, the current 
study aims to use interpersonal trust as the criterion 
for measurement. Interpersonal trust is the intention to 
accept vulnerability based on a reciprocal expectation 
from the trustee (Rousseau et  al., 1998). The reasons 
for taking interpersonal trust as a criterion are three-
fold. First, existing evidence showed that interpersonal 
trust and trust in automation represent situation-spe-
cific attitudes that are relevant only when something 
is exchanged in a cooperative relationship character-
ized by uncertainty (Hoff & Bashir, 2015). Such findings 
indicated a conceptual relationship between interper-
sonal trust and trust in automation, making interper-
sonal trust a valuable criterion variable to support the 
TPAS. Second, people’s trust in technological systems 
represents their trust in the designers of such systems 
to some degree (Parasuraman & Riley, 1997). Finally, 
interpersonal trust and trust in automation share some 
of the same neural mechanisms (Dimoka, 2010; Riedl 

et al., 2010), which lays the physiological foundation for 
interpersonal trust as a criterion.

In summary, the aim of the present study was to 
adapt the TPAS into Chinese. Psychometric properties 
of the Chinese version were then investigated, addition-
ally with the interpersonal trust being used as evidence 
based on relations to other variables to provide a scien-
tific basis for the Chinese version of the TPAS.

Method
Participants and procedure
Data collection occurred from July 2021 to August 
2021. We used a Chinese platform (www. wjx. cn) for 
questionnaire data collection. The recruitment pro-
cedure and research protocol were approved by the 
Institutional Review Board of the **** (masked for 
anonymous review). All participants started the survey 
after reviewing and agreeing to the informed consent. 
All individual responses were analyzed in a de-iden-
tified manner. In addition, according to the power 
analysis for the two-tailed correlative relationship, at 
an alpha level of 1%, a power of 90%, an expected cor-
relative effect size at 0.3, and at least 158 participants 
should be included. In conclusion, the sample size in 
this study had sufficient statistical power.

Sample 1
We randomly recruited 312 native Chinese speakers. 
Extreme data, operationalized as data beyond three 
standard deviations from the mean, were excluded. 
Finally, sample 1 consisted of 310 valid data (Mage = 
22.38 years, SDage = 4.46, Skewnessage = 3.15, Kurtosisage 
= 12.74, Range age = 16~50 years), which were used for 
item analysis and EFA. Table 1 presents the demographic 
characteristics.

Table 1 Demographic characteristic of sample 1 and sample 2

Variables Sample 1 (N 
=310)

Sample 2 (N 
=508)

N Percent (%) N Percent (%)

Gender Male 173 55.81 284 55.91

Female 137 44.19 224 44.09

Education Less than secondary 
school

3 0.97 17 3.35

Secondary school 16 5.16 39 7.68

College 250 80.64 362 71.25

Postgraduate or 
above

41 13.23 90 17.72

http://www.wjx.cn
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Sample 2
We randomly selected 514 native Chinese speakers (no 
overlap with sample 1; demographic characteristics see 
Table 1). The final sample 2 consisted of 508 participants 
(Mage = 25.02 years, SDage =7.05, Skewnessage = 2, Kur-
tosisage = 5.86, Rangeage = 17~58 years) after excluding 
extreme data. CFA and correlation analysis were per-
formed with Sample 2.

Instruments
Trust between People and Automation Scale (TPAS)
The original version of the scale included 12 items. Par-
ticipants rated these items based on their feeling of trust 
or impression of the system on a 7-point Likert scale (1 = 
“not at all” to 7 = “extremely”) while operating a machine 
(Jian et al., 2000). An average score of 12 items was cal-
culated, with higher scores representing a higher level of 
trust between people and automation.

The translation/back translation work of this research 
was carried out from June to July, 2021, and the following 
steps were performed to translate the TPAS into Chinese. 
First, we translated the TPAS items into simplified Chi-
nese. We followed the translation/back-translation pro-
cedure recommended by Regmi et al. (2010). We invited 
two psychology researchers to independently translate 
each TPAS item into simplified Chinese. Item transla-
tion as well as any necessary modifications were then 
discussed to determine a single translated version. The 
translated version of the TPAS was then back-translated 
into English by a professional psychologist with bilingual 
proficiency in both English and Chinese. The original 
and the back-translated versions were compared and dis-
cussed by all authors, additionally recruiting 10 partici-
pants (no overlap with sample 1 or sample 2 participants) 
to evaluate unclear items. The Chinese version of the 
TPAS was then finalized.

Interpersonal Trust Scale (ITS)
The interpersonal trust was assessed using the Interper-
sonal Trust Scale (ITS) which was developed by Rotter 
(1967). The ITS consists of 25 items (e.g., “We can be the 
Court of Justice to place,” “Seems to have hope for the 
future”). Participants rated each item on a 5-point Likert 
scale (1 = “Strongly Disagree” to 5 = “Strongly Agree”). 
The higher the mean score, the higher levels of interper-
sonal trust are. In this survey, the Cronbach’s α coefficient 
was .95, and the odd-even split-half reliability coefficient 
was .91.

Data analysis
Data analyses were performed using IBM SPSS 26.0 and 
Amos 21.0. Item analysis, exploratory factor analysis 

(EFA), confirmatory factor analysis (CFA), correlation 
analysis, and reliability analysis were used. First, we per-
formed item analysis using the independent samples 
t test and item-total correlation to assess the quality of 
items. After that, EFA was performed to explore the fac-
tor structure and CFA was performed to verify the fac-
tor structure. The goodness-of-fit of the CFA models was 
evaluated by chi-square/degree of freedom ratio (χ2/df), 
comparative fit index (CFI), Tucker-Lewis index (TLI), 
root mean square error of approximation (RMSEA), and 
root mean squared residual (SRMR). Among these indi-
cators, the χ2/df values of up to 3 are treated as accept-
able, CFI and TLI value above .90 represents reasonable 
fit, and RMSEA values equal and SRMR values equal 
to or less than 0.08 are considered as acceptable (Hu & 
Bentler, 1999; Medsker, 1994). Third, we used Pearson 
product-moment correlation analysis to test the evidence 
based on relations to other variables. Finally, we assessed 
the reliability of the Chinese version of the TPAS by 
Cronbach’s alphas coefficient and the odd-even split-half 
reliabilities.

Result
Item analysis
First, we selected the participants with the highest 27% of 
the total scores as the high score group and the partici-
pants with the lowest 27% as the low score group (Kelley, 
1939) and then performed a t test to examine the differ-
ences between the high and low score groups for each 
item. As presented in Table  2, the results showed that 
each item significantly differed between the high and low 
score groups. Furthermore, we calculated item-total cor-
relations, results of which indicated that all items exceed 
the acceptable criterion of .30 (Nunnally & Bernstein, 
1994). In other words, the results of the item analysis 
demonstrated the suitable quality of each item.

Exploratory factor analysis
We conduct an EFA using the principal component 
method with oblique rotation in this section. The Kai-
ser-Meyer-Olkin (KMO) value was .92, while the Bart-
lett’s test of sphericity showed χ2/df = 31.54, p < 0.001, 
thus indicating that this sample was suitable for con-
ducting EFA. Subsequently, we used parallel analysis 
to examine factor structure, which is one of the most 
accurate methods for determining a number of factors 
(Hayton et al., 2004). The results of the parallel analysis 
showed that this sample supported a two-factor solu-
tion. Finally, two factors were extracted by the principal 
component method with oblique rotation, the eigenval-
ues of the two factors were 5.67 and 2.27, respectively. 
And seven items were loaded on factor 1 and five items 
loaded on factor 2. The total interpretation rate of 
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variance was 66.14%. Table 3 presents the factor load-
ings for each item and the loadings of the items are all 
greater than .5 (in a range of .59 to .85).

Confirmatory factor analysis
The result showed that all fitting indices met the statis-
tical standards (see Table  4). The factor loadings were 
between .56 and .82, as shown in Fig. 1.

Evidence based on relations to other variables
The results showed that the scale had a significantly posi-
tive correlation with the ITS average score (r = .22, p < 
0.001), indicating good evidence based on relations to 
other variables for the Chinese version of the TPAS.

Reliability analysis
The Cronbach’s alphas of the TPAS in samples 1 and 
2 were .89 and .85, respectively. The odd-even split-
half reliabilities of samples 1 and 2 were .85 and .87, 

Table 2 Results of item analysis (sample1 N = 310)

Note: **p < .01, ***p < .001; I-T denotes item-total correlation

Item M SD t I-T

1. The system is deceptive 4.19 1.99 –7.56*** .38**

2. The system behaves in an underhanded manner 3.58 1.77 –5.12*** .36**

3. I am suspicious of the system’s intent, action, or outputs 3.85 1.81 –7.96*** .43**

4. I am wary of the system 3.54 1.72 –5.19*** .36**

5. The system’s actions will have a harmful or injurious outcome 3.87 1.79 –5.85*** .35**

6. I am confident in the system 5.13 1.53 –9.11*** .54**

7. The system provides security 4.96 1.56 –8.67*** .51**

8. The system has integrity 4.89 1.60 –8.43*** .48**

9. The system is dependable 4.99 1.48 –9.61*** .54**

10. The system is reliable 5.00 1.48 –9.56*** .53**

11. I can trust the system 4.87 1.47 –10.55*** .53**

12. I am familiar with the system 4.61 1.70 –5.27*** .31**

Table 3 Results of exploratory factor analysis (sample1 N = 310)

Item Factor 1 Factor 2

1. The system is deceptive –.17 .82
2. The system behaves in an underhanded manner –.17 .75
3. I am suspicious of the system’s intent, action, or outputs –.11 .85
4. I am wary of the system –.19 .80
5. The system’s actions will have a harmful or injurious outcome –.22 .84
6. I am confident in the system .79 –.08

7. The system provides security .80 –.19

8. The system has integrity .77 –.22

9. The system is dependable .83 –.15

10. The system is reliable .82 –.16

11. I can trust the system .79 –.15

12. I am familiar with the system .59 –.36

Table 4 Assessment of measurement models

Model χ2 df χ2/df SRMR CFI TLI RMSEA

Two-factor model 122.97 53 2.32 .05 .97 .97 .05
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respectively. These coefficients indicated that the scale 
had a good reliability.

Discussion
The current study aimed to adapt the TPAS into Chinese 
and to demonstrate its psychometric properties among 
Chinese adults by investigating the item quality, factor 
structure, and evidence based on relation to other vari-
ables and reliability. In general, our findings were consist-
ent with the original English version (Jian et  al., 2000). 
Overall, the Chinese version of the TPAS is a valid and 
reliable measurement to assess trust in automation in 
China.

We conducted a series of analyses following the rec-
ommended steps of scale revision (Li et  al., 2021; Ma 
& Liu, 2019), the results of EFA supported a two-factor 
structure of the TPAS, with each item having a high 
loading on its own factor and a low loading on the other 

factor. The total interpretation rate of variance was 
66.14%, reaching the ideal criterion (Hair et al., 2012). 
This fully replicated the structure of the original English 
version of the TPAS (Jian et  al., 2000). Moreover, the 
results of CFA confirmed a good fit of the two-factor 
model with 12 items, and all the factor loadings were 
significant, and correlations between two dimensions 
were in the expected direction, which was also consist-
ent with the original scale (Jian et  al., 2000). In addi-
tion, the evidence based on relations to other variables 
for the TPAS was tested via the relationship between 
the TPAS and the ITS. The result showed a significant 
positive correlation, indicating that the higher the indi-
vidual’s trust in others, the higher the trust in automa-
tion. It is possible that trust in automation focuses on 
assessing the trust between human and automation, 
and it also represents their trust in the designers of 
such automation, indicating trust in automation can be 

Fig. 1 Standardized coefficient model of CFA
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viewed as a specific type of interpersonal trust (Hoff & 
Bashir, 2015). Together, the current results suggested 
that the Chinese version of the TPAS had high psycho-
metric properties (Cortina, 1993), providing strong evi-
dence of the Chinese TPAS being a reliable, effective, 
and culturally suitable measurement tool.

This study makes two key contributions to the lit-
erature. First, the Chinese version of the TPAS has 
good psychometric properties, providing an important 
research tool for research and practice of trust in auto-
mation in China. Given the previously reported signifi-
cant cultural differences in trust in automation (Chien 
et al., 2016; Yerdon et al., 2017), our research will also 
be helpful for conducting cross-cultural comparative 
research to deepen the understanding of trust in auto-
mation. Second, interpersonal trust can be served as 
a valuable criterion to verify the effectiveness of trust 
in automation in the context of China. Previous stud-
ies have shown both interpersonal trust and trust in 
automation represent situation-specific attitudes that 
are relevant only when something is exchanged in a 
cooperative relationship characterized by uncertainty, 
which is the most fundamental reason for the correla-
tion (Hoff & Bashir, 2015). However, previous studies 
were based on western culture, while there lacks related 
research in China. Our research revealed that interper-
sonal trust is also an effective criterion of trust in auto-
mation in Chinese culture.

Although this research has important strengths, sev-
eral limitations should be addressed when interpreting 
the current findings. First, this study only assessed by one 
measurement tool (i.e., ITS) to provide evidence based 
on relations to other variables. Future studies should 
increase additional tools to deepen our understanding of 
the scale. Second, we only focused on Cronbach’s alpha 
and odd-even split-half reliability, other reliability indices 
(e.g., test-retest reliability of the scale) should be exam-
ined in the future. Third, most of our subjects were well-
educated, possibly limiting the generalizability of our 
results. Additional research is needed to test the TPAS in 
more diverse subpopulations in China, such as those with 
lower education levels.

Conclusions
The current study is among the first to adapt a trust in 
automation scale among Chinese adults and extend the 
applicability of the trust in automation scale to Chinese 
culture. The results indicate that the Chinese version of 
the TPAS is a valid and reliable tool for developing the 
research and practice of trust in automation in the Chi-
nese context.
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