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Abstract
Background Long waiting time in hospital leads to patient’s low satisfaction. In addition to reducing the actual 
waiting time (AWT), we can also improve satisfaction by adjusting the expected waiting time (EWT). Then how much 
can the EWT be adjusted to attribute a higher satisfaction?

Methods This study was conducted though experimental with hypothetical scenarios. A total of 303 patients who 
were treated by the same doctor from August 2021 to April 2022 voluntarily participated in this study. The patients 
were randomly divided into six groups: a control group (n = 52) and five experimental groups (n = 245). In the control 
group, the patients were asked their satisfaction degree regarding a communicated EWT (T0) and AWT (Ta) under 
a hypothetical situation. In the experimental groups, in addition to the same T0 and Ta as the control group, the 
patients were also asked about their satisfaction degree with the extended communicated EWT (T1). Patients in five 
experimental groups were given T1 values with 70, 80, 90, 100, and 110 min respectively. Patients in both control and 
experiment groups were asked to indicate their initial EWT, after given unfavorable information (UI) in a hypothetical 
situation, the experiment groups were asked to indicate their extended EWT. Each participant only participated 
in filling out one hypothetical scenario. 297 valid hypothetical scenarios were obtained from the 303 hypothetical 
scenarios given.

Results The experimental groups had significant differences between the initial indicated EWT and extended 
indicated EWT under the effect of UI (20 [10, 30] vs. 30 [10, 50], Z = -4.086, P < 0.001). There was no significant 
difference in gender, age, education level and hospital visit history (χ2 = 3.198, P = 0.270; χ2 = 2.177, P = 0.903; χ2 = 3.988, 
P = 0.678; χ2 = 3.979, P = 0.264) in extended indicated EWT. As for patient’s satisfaction, compared with the control 
group, significant differences were found when T1 = 80 min (χ2 = 13.511, P = 0.004), T1 = 90 min (χ2 = 12.207, P = 0.007) 
and T1 = 100 min (χ2 = 12.941, P = 0.005). When T1 = 90 min, which is equal to the Ta, 69.4% (34/49) of the patients 
felt “very satisfied”, this proportion is not only significantly higher than that of the control group (34/ 49 vs. 19/52, 
χ2 = 10.916, P = 0.001), but also the highest among all groups. When T1 = 100 min (10 min longer than Ta), 62.5% (30/48) 
of the patients felt “very satisfied”, it is significantly higher than that of the control group (30/ 48 vs. 19/52, χ2 = 6.732, 
P = 0.009). When T1 = 80 min (10 min shorter than Ta), 64.8% (35/54) of the patients felt “satisfied”, it is significantly 
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Background
The experience of waiting in outpatient is usually the 
beginning of interaction between patients and hospitals 
[1]. So waiting time is regarded as one of the important 
indicators of service quality [2]. Because the demand for 
medical resources is greater than the supply, the problem 
of long waiting time in outpatient service is very common 
[3, 4]. Long waiting time can worsen patient’s health con-
ditions [5], affect public confidence in health facilities [6] 
and reduce patient’s satisfaction [7–10].

Scholars and hospital managers have focused on efforts 
to lessen the actual waiting time (AWT) by improv-
ing the medical treatment process [11–23]. Some hos-
pitals in China simplify the medical treatment process 
through online payment, which directly reduces the 
AWT of patients in the hospitals [15, 16]. Appointment 
is another way to reduce the AWT by matching the needs 
of patients with the supply of medical resources in time 
[17–20]. However, appointment no-show can reduce 
hospitals operational efficiency [21]. Hospital helps 
patients complete imaging examinations or laboratory 
tests before they consulting doctors through artificial 
intelligence technology to reduce the AWT [22]. They 
also try to reduce the AWT of patients by strengthen-
ing the personnel on duty during peak hours [23]. How-
ever, because patients in China prefer senior experts and 
advanced medical equipment, it leads to the short supply 
of high-quality medical resources and results in further 
dissatisfaction in large hospitals [24, 25].

In addition to focusing on the impact of objective fac-
tors such as the AWT and the hospital environment, 
scholars have paid attention to the psychological feelings 
of patients [26–28], because people’s evaluation or judg-
ment of objective things is based on the reference point. 
Anything above the reference point is regarded as a gain, 
and people tend to give a positive evaluation when they 
gain something; by contrast, anything below the refer-
ence point is regarded as a loss, and people tend to give 
a negative evaluation when they lose something [29]. 
People’s evaluation of the same objective situation will 
change when the reference point changes [30]. Patients in 
the waiting area have a common feeling that they do not 
know how long they need to wait, and this uncertainty 
about waiting time will aggravate their dissatisfaction. 
In order to reduce uncertainty, it is proved that when 

individuals receive unfavorable information (UI), their 
expected waiting time (EWT) will be extended, and when 
the AWT is between the initial EWT and the extended 
EWT, the individuals are more satisfied than those 
who does not extend EWT [31]. This provides another 
direction besides focusing on the AWT for hospitals to 
improve patient’s satisfaction. Meanwhile, in the field of 
transportation, the AWT of passengers has been accu-
rately predicted [32, 33]. This provides a possibility for 
the prediction of the AWT in outpatient. In fact, models 
that can be established to predict the needs of patients 
and the arriving time based on the previous outpatient 
data has been studied [34–36]. It is a step forward to pre-
dicting the AWT of patients.

Hence, in order to improve patient’s satisfaction and 
make the adjustment of the EWT can be more maneuver-
able, based on research before and around the AWT, this 
paper investigate how much can the EWT be adjusted 
to attribute a higher satisfaction. The main innovation is 
that we designed five different experimental groups with 
extended EWT around the AWT, and compared them 
with the control group that without the extended EWT 
one by one. And this experimental is conducted in the 
hospital and the experimental subjects are the patients.

Methods
Experiment design
It was found in healthy people that UI extended the 
EWT of subjects, and that, moreover, when the AWT 
was between the initial EWT and the extended EWT, 
patient’s satisfaction was improved significantly [31]. In 
order to investigate how much can the EWT be adjusted 
to attribute a higher satisfaction? By experiment, we 
designed a control group and five experimental groups 
with hypothetical scenarios. All the six groups of experi-
ments consist of three parts: the first part is that patients 
indicate the EWT under the hypothetical situation. This 
part mainly explores the impact of UI on the EWT; in 
the second part, patients are asked to report satisfaction 
degree with communicated AWT and EWT in hypothet-
ical scenarios. This part mainly discusses how much can 
the EWT be adjusted to attribute a higher satisfaction. 
The third part is the basic information of patients.

Specifically, in the first part of the experiments, 
patients in all groups were asked to indicate their initial 

higher than that of the control group (35/ 54 vs. 17/52, χ2 = 10.938, P = 0.001). However, no significant difference was 
found when T1 = 70 min (χ2 = 7.747, P = 0.052) and T1 = 110 min (χ2 = 4.382, P = 0.223).

Conclusions Providing UI prompts can extend the EWT. When the extended EWT is closer to the AWT, the patient’s 
satisfaction level can be improved higher. Therefore, medical institutions can adjust the EWT of patient’s through UI 
release according to the AWT of hospitals to improve patient’s satisfaction.

Keywords Expected waiting time, Patient’s satisfaction, Actual waiting time
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EWT (T*
0), and then, patients in experimental groups 

were asked to report their extended EWT (T*
1) with the 

effect of UI in hypothetical scenarios. In the second part 
of the hypothetical scenario experiments, in the control 
group, the patients were asked to report their satisfaction 
of the initial communicated EWT (T0) and the communi-
cated AWT (Ta) under hypothetical scenarios (Table 1). 
In the experimental group scenarios, in addition to the 
same T0 and Ta as the control group, the patients were 
also asked about their satisfaction when the T0 was 
extended to the communicated EWT (T1). The difference 
between the five experimental groups was that patients 
were given different T1 values (experimental group 1: 
T1 = 70; experimental group 1: T1 = 80; experimental 
group 1: T1 = 90; experimental group 1: T1 = 100; experi-
mental group 1: T1 = 110 min). In this way when T0 and 
Ta are fixed, patient’s satisfaction changing at different T1 
can be intuitively analyzed. However, in actual situations, 
the T*

0, T*
1 and AWT of patients are different, this will 

make it difficult to distinguish between the AWT and the 
EWT when analyzing the satisfaction data. Gender, age, 
hospital experiences, and other basic information were 
also obtained.

In this study, the information related to the peak flow 
of patients was defined as UI. Satisfaction level was cate-
gorized as “very dissatisfied”, “dissatisfied”, “satisfied”, and 
“very satisfied”. The subjects were asked to choose one of 
the above four levels above to express their satisfaction 
degree.

Subjects and setting
The study participants were patients who came to the 
hospital for treatment due to various vision problems. 
The reason for choosing such patients was to exclude the 
impact of objective factors on the evaluation results, such 
as physical pain and disease severity. All patients partici-
pating in the experiment were treated by the same doc-
tor (doctor Guo) during the peak hours in every Monday 
morning from August 2021 to March 2022. In this way, 
the impact of different doctors’ medical skills and ser-
vice attitudes on the evaluation results of patients can 

be weakened. The doctor we chose was a general expert 
and not a specialized expert, because the appointment 
of a specialized expert is relatively difficult for patients; 
then the psychological effect of compensation due to 
the appointment of a specialized expert would make the 
patients more willing to wait.

Experimental implementation
The study was conducted in the outpatient department of 
Zhejiang Eye Hospital in Hangzhou from August 2021 to 
March 2022. The formula of sample size is expressed as 
follows: n = (t1−α+tk)2σ2

β2P (1−P ) , where n  is the minimum sample 
size required for the experiment; with 5% significance 
level and 80% efficacy,(t1−α + tk)

2 = (1.96 + 0.84)2 = 7.84
;P  is the proportion of experimental group to total sam-
ple; β  is the intervention effect of experimental group 
compared to control group; σ  is the standard deviation 
[37]. Let β = 0.5σ  [38], According to the formula, the 
minimum sample size is 226, expand the sample size by 
approximately 30% to carry out the survey. Firstly, we 
conducted professional training for the experiments’ 
organizer. Secondly, we randomly rank six groups of 
hypothetical scenarios, and patients on each Monday fill 
in one hypothetical scenario, and patients on the next 
Monday fill in another hypothetical scenario in random 
order. All hypothetical scenarios are available as supple-
mentary information (Additional file 1). Thirdly, during 
peak hours every Monday morning, after the patients 
were registered, they went to the waiting room. Before 
the patients saw the doctor, the experiment organizer 
explained to them the purpose of the study and the 
efforts to protect privacy. Then, with the consent of the 
patients, the experiment organizer gave the hypotheti-
cal scenario to patients and collected them. A total of 
approximately 500 patients were approached, and 303 
patients agreed to volunteer to participate in this experi-
ment. Only 297 valid hypothetical scenarios, including 
52 in the control group and 245 in the five experimental 
groups, were obtained. Finally, we transferred the data of 
the paper hypothetical scenario into the computer.

Ethics statement
This experiment obtained the ethical permission of the 
Office of Research Ethics, Eye Hospital of Wenzhou Med-
ical University, and each patient also signed an informed 
consent form when participating in the experiment. 
The study was conducted in accordance with the ethi-
cal principles of the Declaration of Helsinki. Participants 
were informed at the top of the hypothetical scenario 
about the purpose of the study and privacy protection. 
They were also told that they could quit at any time. The 
obtained data was analyzed anonymously.

Table 1 Experimental design of control group and experimental 
groups (minutes)
Group Ta T0 T1

Control group 1 90 60 --

Experimental group 1 90 60 70

Experimental group 2 90 60 80

Experimental group 3 90 60 90

Experimental group 4 90 60 100

Experimental group 5 90 60 110
Ta, the communicated actual waiting time; T0, initial communicated expected 
waiting time; T1, extended communicated expected waiting time.

“--” means no information.
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Variables
Demographic variables
The demographic variables included gender, age, hospital 
history, and education level.

Satisfaction level
Satisfaction level was categorized as “very dissatisfied”, 
“dissatisfied”, “satisfied”, and “very satisfied”.

Hypothetical scenarios and tools
In the first part of the hypothetical scenarios, the control 
group was only asked to indicate their T*

0. Experimental 
groups 1–5 were asked to indicate their T*

0 and T*
1. In 

the second part of the hypothetical scenarios, the control 
group were asked to report satisfaction evaluation with 
T0 and Ta. The experimental groups 1–5 were given dif-
ferent extended T1 with 70, 80, 90, 100 and 110 min. In 
the third part of the experiment, all subjects were asked 
about their gender, age, education, and hospital visit 
experience.

The experiment organizer distributed paper hypotheti-
cal scenarios to the patients in the waiting room, and the 
patients filled in the hypothetical scenarios and returned 
them to the staff. Each patient completed the whole pro-
cess within 8–10 min.

Statistical analysis
Data analysis was performed on SPSS 22.0 and involved 
the non-parametric test of two independent samples. 
P < 0.05 indicates a significant difference between the two 
sample data. We also used descriptive statistical methods.

Results
Baseline characteristics
A total of 303 patients participated in the experiment, 
and 297 valid hypothetical scenarios were obtained. The 
proportion of valid hypothetical scenarios was 98.0%, 
including 52 cases in the control group and 245 cases in 

the experimental groups. The experimental and control 
groups had 155 (63.3%) and 27 (51.9%) females respec-
tively (Table 2). No significant differences in gender com-
position ratios were observed (P > 0.05). The median age 
of the subjects was 35.5 years old in the control group and 
37.0 years old in the experimental group. The two groups 
had no significant differences in median age (P > 0.05). In 
the control group, 57.7% of the subjects received gradu-
ate education, which was equivalent to the proportion of 
subjects with the same education level in the experimen-
tal groups (P > 0.05). Most subjects (78.8%) had a history 
of hospital visits.

In the five experiment groups, there were no signifi-
cant differences in gender, age, education and hospital 
visit history (χ2 = 8.642, P = 0.071; χ2 = 3.284, P = 0.512; 
χ2 = 0.250, P = 0.993; χ2 = 8.371, P = 0.079).

Unfavorable information extends EWT
In the experimental groups, the median of T*

0 was 
20  min before UI was given, 57.1% (140/245) of the 
patients extended their EWT after UI was given, and 
the median of patient’s T*

1 was 30 min. patient’s T*
0 and 

T*
1 in the experimental groups had a significant differ-

ence (20 [10, 30] vs. 30 [10, 50], Z = − 4.086, P < 0.001). 
There were no significant differences of the patient’s T*

1 
in gender (χ2 = 3.198, P = 0.270), age (χ2 = 2.177, P = 0.903), 
or education levels (χ2 = 3.988, P = 0.678). Moreover, the 
patient’s T*

1 between patients with and without a hospi-
tal visit history was similar (χ2 = 3.979, P = 0.264). Ratio 
of the patients extended the EWT by 1–20 min is 35.9%, 
and ratio of the patients extended their EWT by 41 min 
or more is 3.7% (Table 3).

The extended EWT closer to AWT attribute a higher 
satisfaction
Patient’s satisfaction was compared between the con-
trol and experimental groups. All groups were given 
the same Ta and T0 as shown in Table  4. Significant 

Table 2 Baseline characteristics of the study subjects
Group Female Age (years old) Graduate Hospital visit history
Control group
(n = 52)

27 (51.9%) 35.5 [29.0, 40.0] 30 (57.7%) 41 (78.8%)

Experimental group
(n = 245)

155 (63.3%) 37.0 [34.0, 40.0] 142 (58.0%) 193 (78.8%)

 Experimental group 1
 (n = 45)

20 (44.4%) 38.0 [33.0, 42.0] 27 (60.0%) 31 (68.9%)

 Experimental group 2
 (n = 54)

35 (64.8%) 36.0 [33.5, 40.0] 32 (59.3%) 45 (83.3%)

 Experimental group 3
 (n = 49)

34 (69.4%) 36.0 [30.0, 40.0] 25 (51.0%) 42 (85.7%)

 Experimental group 4
 (n = 48)

33 (68.8%) 37.5 [35.0, 39.75] 29 (60.4%) 34 (70.8%)

 Experimental group 5
 (n = 49)

33 (67.3%) 37.0 [34.0, 40.0] 29 (59.2%) 41 (83.7%)
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differences in patient’s satisfaction were found compared 
with the control group when T1 = 80  min (χ2 = 13.511, 
P = 0.004), T1 = 90  min (χ2 = 12.207, P = 0.007), and 
T1 = 100  min (χ2 = 12.941, P = 0.005). However, no sig-
nificant differences in patient’s satisfaction were found 
when T1 = 70 min (χ2 = 7.747, P = 0.052) and T1 = 110 min 
(χ2 = 4.382, P = 0.223) compared with the control group. 
This result is basically consistent with research before 
[31].

When T1 = 80  min, 64.8% (35/54) of the patients felt 
“satisfied” after a longer T1 was given (Table  4). This 
ratio was higher than that of the control group (35/54 vs. 
17/52, χ2 = 10.938, P = 0.001). Moreover, the patients who 
felt “dissatisfied” significantly decreased (5/54 vs. 13/52, 
χ2 = 4.656, P = 0.031). When T1 = 90 min, 69.4% (34/49) of 
the patients felt “very satisfied”. This proportion was sig-
nificantly higher than that of the control group (34/49 vs. 
19/52, χ2 = 10.916, P = 0.001) and it was the highest among 
all groups. When T1 = 100  min, the individuals who felt 
“dissatisfied” significantly decreased (1/48 vs. 13/52, 
χ2 = 10.887, P = 0.001), however the patients who felt 
“very satisfied” increased significantly (30/48 vs. 19/52, 
χ2 = 6.732, P = 0.009).

Discussion
The disadvantages of waiting for a long time are obvi-
ous, such as increased hospital costs [39] and decreased 
patient’s satisfaction. In China, many hospitals have 
implemented online appointment and mobile payment, 
which has partially alleviated the overcrowding and 
improved patient’s satisfaction in recent years [40]. But 
the tertiary hospitals have a large number of critically ill 
patients from rural areas; compared with limited medical 
resources, waiting for a long time in the tertiary hospitals 
is still a prominent problem in China [24].

The initial EWT of the patients is usually based on the 
previous experience. After patients arrive at the hospi-
tal, their EWT will be affected by the medical conditions 
observed by the patient and the information provided by 
the hospital. The EWT of patients can be considerably 
prolonged under the influence of UI. This finding is con-
sistent with the result of a previous experiment [31]. Indi-
viduals tend to be more alert to UI to eliminate potential 
hazards [41]. By doing so, their sense of loss will not make 
them particularly uncomfortable when their expecta-
tions are adjusted to be closer to the final actual situation. 
However, we also noticed that 42.6% of the patients in 
the experimental groups did not extend their EWT after 

Table 3 Extension of expected waiting time (EWT) in the experimental groups
N ≤ 0 min 1–20 min 21–40 min ≥ 41 min

All subjects 245 105(42.6%) 88(35.9%) 43(17.6%) 9(3.7%)

Gender

 Male 90 40(44.4%) 30(33.3%) 19(21.1%) 1(1.1%)

 Female 155 65(41.9%) 58(37.4%) 24(15.5%) 8(5.2%)

Hospital visit history

 Yes 193 83(43.0%) 73(37.8%) 29(15.0%) 8(4.1%)

 No 46 20(43.5%) 13(28.3%) 12(26.1%) 1(2.2%)

Education level

 High school and below 71 34(47.9%) 26(36.6%) 9(12.7%) 2(2.8%)

 Graduate 142 58(40.8%) 49(34.5%) 29(20.4%) 6(4.2%)

 Post Graduate 30 13(43.3%) 13(43.3%) 3(10%) 1(3.3%)

Age

 18 years old and under 37 16(43.2%) 15(40.5%) 5(13.5%) 1(2.7%)

 19–36 years old 77 35(45.5%) 23(29.9%) 16(20.8%) 3(3.9%)

 37 years old and above 131 55(42.0%) 49(37.4%) 22(16.8%) 5(3.8%)

Table 4 Satisfaction in the control and experimental groups
Group Cases Very dissatisfied Dissatisfied Satisfied Very satisfied
Control group

T0 = 60, Ta = 90 52 3 (5.8%) 13 (25.0%) 17 (32.7%) 19 (36.5%)

Experimental groups

T0 = 60, T1 = 70 Ta = 90 45 0 (0.0%) 4 (8.9%) 21 (46.7%) 20 (44.4%)

T0 = 60, T1 = 80, Ta = 90 54 0 (0.0%) 5 (9.3%) a 35 (64.8%) a 14 (25.9%)

T0 = 60, T1 = 90, Ta = 90 49 0 (0.0%) 6 (12.2%) 9 (18.4%) 34 (69.4%) a

T0 = 60, T1 = 100, Ta = 90 48 2 (4.2%) 1 (2.1%) a 15 (31.3%) 30 (62.5%) a

T0 = 60, T1 = 110, Ta = 90 49 5 (10.2%) 5 (10.2%) 16 (32.7%) 23 (46.9%)
aCompared to control group, P < 0.05.
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receiving UI about the waiting time. We speculated that 
it might be because there are fewer people in the wait-
ing area than they expected; therefore, they adjusted the 
EWT according to the actual situation on the spot rather 
than the hypothetical scenario given in the experiment.

Patient’s satisfaction was improved by extending the 
EWT. For the same AWT, the experimental groups had 
higher satisfaction levels compared with the control 
group. The difference was that the experimental groups 
received UI and adjusted the EWT. The EWT can be 
regarded as a reference point [31], and the reference 
point is the core factor determining people’s evaluation 
results [42]. People will depend on the reference point, 
which means that individuals make decisions based on 
gains and losses relative to the reference point and not 
only on the actual result [43]. If the actual situation is 
better than the reference point, then individuals tend to 
give a positive evaluation; otherwise, they tend to give a 
negative evaluation [44].

However, the adjustment of the EWT caused by UI 
prompts provided cannot substantially improve patient’s 
satisfaction in all cases. It was found that when the AWT 
was between the initial EWT and the extended EWT 
under the influence of UI, the patient’s satisfaction was 
significantly improved [31]. This shows that the impact 
of extended EWT on patient’s satisfaction is limited. 
On this basis, this study further investigated how much 
can the EWT be adjusted to attribute a higher satisfac-
tion, we found that patient’s satisfaction was improved 
when the EWT was adjusted closer to the AWT. Because 
uncertainty is one of the most significant factors leading 
to anxiety and other negative emotions [45]. Information 
about the waiting time can reduce the uncertainty of the 
waiting time and reduce the pressure on patients. More-
over, accurate information can enhance the patient’s trust 
in the hospital service level and thus increase patient’s 
satisfaction. However, patient’s satisfaction does not 
improve when the adjusted EWT is far from the AWT. It 
was probably because the patients felt cheated when they 
found that the AWT was very different from the informa-
tion released by the hospital.

Limitations
The main limitation of this study is that this experiment 
was carried out only in the consulting room of a doctor 
in an optometry hospital, and most of the patients have 
only slight physiological discomfort. Therefore, the tol-
erance of waiting time may be different from those with 
other types of diseases and physiological pain. Therefore, 
patient’s tolerance to the AWT under different degrees 
of physiological discomfort and the satisfaction with 
the adjustment of the EWT are topics worthy of further 
discussion.

Conclusions
Through the behavioral experiment in the hospital, we 
conclude that the release of UI based on the actual medi-
cal situation in the hospital can extend patient’s EWT. 
An extended EWT closer to the AWT results in a higher 
overall satisfaction level. It helps the adjustment of the 
EWT more targeted. The method of improving patient’s 
satisfaction through real-time information release is 
applicable to hospitals with a serious queuing problem. 
Therefore, medical institutions can also pay attention to 
the EWT of patients while reducing the AWT, because 
this economical method can also help improve patient’s 
satisfaction and more practical for hospital management.
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