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Abstract
Evaluating interventions to improve the mental health among university students in China is a critical priority. Depression,
compared to other psychological problems, is one of the most commonly occurring disorders and is associated with school-
related impairment and risk of suicide. The aim of the current study is to obtain estimates for design of future definitive trial and
obtain preliminary evidence of the effect of a computerized positive mental imagery training intervention, which consisted of 8
sessions delivered across 4 weeks. Participants use ambiguous cues to generate positive scenarios repeatedly from a first-person
perspective. In the current study, the BDI-II, PANAS, and RRS were measured at baseline, post-training, and 4-week follow-up.
Forty-one participants were non-randomly assigned to either the intervention training group (n = 22) or wait-list (n = 19). Results
showed an attrition rate for interventional groupwas 20%. In addition, group × time interaction for depressive symptoms, positive
and negative affect, and rumination, with the intervention group demonstrated better outcomes than controls across time. The
largest treatment gains and clinically significant improvements were observed at follow-up. Positive mental imagery training was
successfully tested with an acceptable attrition rate. Preliminary results showed that it improved Chinese university students’
depressive symptoms, mood, and maladaptive thinking style. Future larger scale intervention trials are needed to further evaluate
the efficacy of this intervention among Chinese university students.
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The mental health of Chinese university students is of critical
importance. A recent study of 5972 undergraduates from 6
universities in mainland China found that 19.9% met criteria
for mild to high depression. More alarmingly, 7%–8% report-
ed suicidal behavior (i.e., presence of suicidal ideation or at-
tempt) in the past year (Tang et al. 2018) One study conducted
by Chen et al. (2013) indicated that 11.7% of the participants
had a BDI score ≥ 14, and 4% met criteria for Major
Depression Disorder by Structured Clinical interview
(SCID). Shi et al. (2016) found the prevalence of depression

in Chinese medical university students was high and 66.8%
met the criteria for depression based on the Center for
Epidemiologic Studies Depression Scale (CES-D). Results
of meta-analyses suggested the prevalence of depression
among university students in mainland China ranges from
23.8% to 30.39% (Jiang et al. 2015; Lei et al. 2016). These
studies highlighted the critical and urgent need to develop
interventions to address depression among university
students.

Mental health services available at universities are not suf-
ficient to meet students’ needs. According to a nationwide
survey of 24 countries, structural barriers (e.g., cost, availabil-
ity, inconvenience) were most common among young adults
with perceived need for treatment (Andrade et al. 2014).
Psychological or mental health services freely provided by
university psychological counselling centers would reduce
these barriers. However, in China, psychological profes-
sionals and services at tertiary educational institutions are
not sufficient and students expect more psychological
counseling services to be provided by universities (Liu and
Shi 2010). Another common barrier to psychological treat-
ment in university settings is the long waiting list, leading to
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delays in needed services. The Chinese government aimed to
improve this situation, which led to the creation of a mental
illness prevention curriculum (e.g., as a regular course
throughout a semester), while expanded psychological
counselling services was not considered a top priority (Yang
et al. 2015). More accessible psychological intervention and
services are needed for Chinese university students.

Given limited human resources, low-intensity interventions
may play a vital role in lessening barriers to treatment for
students and strengthen mental health services at universities.
Low-intensity interventions are brief, evidence-based,
and they may rely on self-help. Previous research
showed that low-intensity interventions could enhance
individuals’ mental health (Bowler et al. 2012; Davies et al.
2014), and found the effect in improving symptoms of
depression in university students (Hall et al. 2018; Saleh
et al. 2018).

In addition to specialist models of care, interventions need
to be developed, adapted and trialed that can be scalable to
wider group of people who may not seek the help of a thera-
pist. Positive mental imagery training (PMIT) is an interven-
tion first developed by Blackwell and Holmes (2010), and
adopted from an experimental research paradigm studying
the effect of mental imagery on emotion (Holmes and
Mathews 2005). The intervention is based on the common
characteristic of negative bias among individuals with depres-
sion, and utilizes cognitive bias modification, by which selec-
tive information processing is directly retrained (MacLeod
and Mathews 2012), in order to reduce depressive symptoms.
The intervention is delivered by computer and normally has
guidance from a researcher at the beginning and monitor
throughout the training duration (Blackwell et al. 2015).

PMIT is a novel intervention which is specific to depres-
sion. People with depression tend to ignore or discount posi-
tive information (Levens and Gotlib 2009), and are prone to
attend to negative stimulus (Bar-Haim et al. 2007). Modifying
this bias, through being exposed to positive stimuli or persis-
tently making positive attributions to ambiguous scenarios,
may alter cognitions. People with depression were also char-
acterized by verbal and ruminative processing and a third-
person perspective in mental imagery (Koster et al. 2011;
Williams and Moulds 2007). Therefore, non-verbal process-
ing and the utilization of the first-person perspective in mental
imagery modifies maladaptive thinking, and in turn, depres-
sive symptoms. According to Blackwell and Holmes (2010),
during PMIT, participants repeatedly generated positive men-
tal imagery from a first-person perspective from a variety of
ambiguous daily scenarios. This intervention was tested in
clinical trials in different populations, such as out-patients
with depression (Torkan et al. 2014) and community
populations with depression (Blackwell et al. 2015;
Pictet et al. 2016; Renner et al. 2017), but it has not
been evaluated in a Chinese population.

Burnett Heyes et al. (2017)demonstrated that engaging in
positive mental imagery promoted positive mood. A different
mood program incorporating mental imagery found that im-
aging from a field perspective (i.e., as if they were experienc-
ing and seeing scenarios through their own eyes) were more
effective in increasing positive mood than from an observer
perspective (i.e., seeing themselves from the outside) (Grol
et al. 2017). Affect is closely associated with psychiatric con-
ditions, overall wellbeing, and mental health (Dixon-Gordon
et al. 2015; Fredrickson 2001; Watson et al. 1988). Existing
research recognizes the reciprocal relationship between rumi-
nation and negative affect (Brans et al. 2013; Schafer et al.
2017), and Torkan et al. (2014) has confirmed the effective-
ness of PMIT on rumination, which is defined as the repetitive
and passive attentiveness on one’s own symptoms of distress
(Nolen-Hoeksema et al. 1997), often observed in individuals
with depression, and considered as the cognitive process re-
lated to the onset and maintenance of depression (Watkins
2008). Thus, interventions that improve mood and rumination
are likely be effective to enhance individuals’ mental health,
particularly those with mood-related disorders, such as
depression.

Accumulating evidence demonstrated that positive mental
imagery training reduced greater depressive symptoms (Lang
et al. 2012; Pictet et al. 2016; Torkan et al. 2014), anhedonia
(Blackwell et al. 2015), as a standalone intervention
compared with a control condition (Blackwell et al.
2015; Lang et al. 2012). Adjunct to iCBT, completers
in the positive group demonstrated greater decreases in
depressive symptoms after receiving positive mental im-
agery training and completion of the whole program,
compared with the control group (Williams et al. 2015).
Various studies evaluated the effect of PMIT in different
countries, however, cognitive bias modification, the key
mechanism of PMIT, has yet to be evaluated in China
(Huang and Wang 2015).

The aim of the current pilot study is (1) obtain estimates to
inform sample size calculation and (2) obtain preliminary ev-
idence for further a definitive trial study.

Methods

Design

The study obtained approval from the university Ethics
Review Board. A pilot, non-blind, non-randomized controlled
trial with two groups was conducted. Intervention condition
(training group versus wait-list control) is between-group fac-
tor and time (pre-intervention, post-intervention, and 4-week
after the end of intervention) is within-group factor. Time
interval between pre and post-intervention assessment was
4 weeks.
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Participants

Participants were recruited via advertisement on social net-
working services (e.g., university forum, WeChat-a widely
popular Chinese social media platform), and they decided
whether to join the training that semester (training group) or
next semester (wait list). Two advertisements for each group
were prepared. They described the training as part of the re-
search project and its purpose, which is to test whether the
computerized positive imagery training can improve mood
symptoms. It also included some criteria of participants’ char-
acteristics (e.g., students enrolled in university, fluent in
Chinese), who could have benefit from it (e.g., people who
feel sad, upset, loss of interest), the study procedure, details of
the training (e.g., time for each session, frequency, training
venue), compensation, and a link and scannable code for ap-
plication for each group. People who completed the applica-
tion form of the training were considered intervention-seek-
ing. In consideration of students’ schedule and service needs,
we decided not to randomize participant into groups and
allowed them to decide when to participate to increase their
commitment to this study. Eligible participants were universi-
ty students aged 18 or above, intervention seeking, fluent in
Chinese, with no hearing impairment, or vision impairment
(or corrected to normal), and whose depression severity be-
tween minimal to moderate (BDI-II scores ≤28). Participants
were excluded if they were receiving psychological therapy or
medication, met ICD-10 criteria for substance abuse, exces-
sive drinking, mania, psychotic disorders, or if they were at
high risk of suicide, assessed by the Chinese version of Mini-
international Neuropsychiatric Interview (MINI, Version 5.0;
Sheehan et al. 1998) via phone by four first-year and five
second-year clinical psychology master students who had re-
ceived sufficient training on administering the MINI. We did
not decide a lower cut-off for depression because the help-
seeking participants believed they had some symptoms, and
we included them in the pilot study for their benefit and well-
being as they might not receive other psychological services
compared to those with severe symptoms and suicidal risk.
Enrolled participants who were not excluded after the first
screening would be contacted for MINI interview by phone
call and text message. Participants who did not answer the
phone call would receive a text message for rescheduling the
MINI interview, non-responsive participants would be
contacted again on the first and the second day after the first
call made. Participants would be categorized as cannot contact
if they failed to reply the message or answer the third call. For
those who go through the MINI screening, a phone would be
made to them to confirm their time availability for training.
Participants who did not answer the phone call would receive
a text message about training invitation with request their time
availability, non-responsive participants would be contacted
again on the first and the second day after the first call made.

Participants would be categorized as cannot contact if they
failed to reply the message or answer the third call.
Ineligible participants received a thank you email, and in cases
where they were ineligible due to psychiatric condition or
suicidality, contact information was provided for the univer-
sity psychological health center. Eligible participants were
invited to a computer room to take part in the study. The
research purpose and process of intervention were explained
to the participants before written consent was obtained.
Recruitment started from November 2017, training was com-
pleted by April 2018, and follow-up was completed by
June 2018. All assessments were completed on the Chinese
questionnaire platform www.wjx.com.

Intervention

Four hundred and sixteen scenarios of auditory material in
English from (Blackwell et al. 2015) were translated into
Chinese by 3 s-year master students. Several expressions were
adapted for Chinese culture (e.g. “Christmas” changed to
“Chinese New Year”). After thorough discussion by three
master students, 15 scenarios which were not common in
China and 56 scenarios deemed irrelevant to Chinese univer-
sity students were deleted, and 71 scenarios which were com-
mon and related to Chinese university students’ daily life were
added, (e.g., “You felt lost in looking for a summer internship.
So, you sent out a number of resumes to various companies
for different positions and have had some interviews. Finally,
you are offered yourmost desired internship position.”). There
were 416 auditory materials obtained and recorded by two
students (one male and one female). A total number of 416
non-copyright colored pictures related to Chinese university
students’ everyday life were provided by one undergraduate
and one master students. All pictures were adjusted to photo
size of 640 × 480 pixel, and relevant Chinese description was
added by three master students. The original PMIT used by
(Blackwell et al. 2015) consisted of 12 sessions across 4 wks.
The first week included six sessions, and the remaining 3 wks
included two sessions for each week. Starting with an
auditory session, PMIT proceeds with alternate types of
training material (auditory versus picture-word). Due to
the tight schedule of university students, PMIT used in
this study was adjusted to a four-week training
consisting of eight sessions, and each week included
one auditory session and one picture-word session.
Each session was comprised of a warm-up scenario
and 64 training scenarios (eight blocks per session,
eight trials per block), and no scenario was used more
than once. The whole intervention (including warm-up)
comprised 260 scenarios for auditory sessions (equal
number of male and female voice) and 260 for
picture-word session, which were randomly selected.
All materials of the intervention were in Chinese. The
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average duration for an auditory scenario was 14 s.
Each session lasted about 30 min.

Training Group Positive mental imagery training is a comput-
erized intervention completed on Matlab 2014. During the
auditory sessions, participants listened to some daily scenari-
os, closed their eyes to generate corresponding mental imag-
eries as if they were experiencing and seeing it from their own
eyes. Scenarios start from an ambiguous description, and end
with a positive outcome (e.g. “You take charge of a project
and have fallen behind on deadlines. Your friend offers you
some help, and you are glad that you were supported.”).
During the picture-word sessions, participants were exposed
to some colored and ambiguous daily photos with positive
description (Fig. 1), and then they were asked to combine
the picture and word to generate the mental imagery.
Participants rated the vividness of each mental imagery before
moving to the next scenario, rating on a five-point scale,
where 1 indicates not at all vivid and 5 indicates extremely.
Each session started with a warm-up to allow participants to
become familiar with the operation of the computerized inter-
vention. A self-paced resting interval occurred before the par-
ticipants moved to the next block (Fig. 2). After each session,
participants were asked to respond to a 1-item question on
their feeling that day as moodmonitoring (−7 = very unhappy,
0 = neutral, 7 = very happy).

In the first session, participants were instructed to learn the
skills of mental imagery and reminders of positive imagery
training by Power Point slides on computer and that took
about 5 min. Participants were provided the opportunity to
ask questions about mental imagery and the training.

Ensuring participants had no question, the first session of
training started. All the trainings were done in a university
computer room. Our guidance model included two parts: in-
person assistance in computer room and on demand text mes-
sage and phone support outside computer room. In-person
assistance in computer room was to deal with technical
problems using the program while on demand was to
provide support or reschedule the training when needed
during the training phase. Participants were offered 50
RMB (~9USD) following training completion and another 50
RMB at follow-up.

Wait-List The wait-list did not receive the training during the
study period and was informed via e-mail to join the training
after the trial period concluded. After learning the purpose of
the research, participants provided consent and started the first
assessment (baseline). When they finished the baseline assess-
ment, they were told the date of the second (post-training) and
the third assessment (follow-up). Participants were offered 50
RMB and 30 RMB following the second and third assess-
ments, to coincide with the post-training and follow-up for
the training group.

Measurements

Assessment on depressive symptoms, positive and negative
mood, and rumination were conducted at pre-training, post-
training, and four-week follow-up.

Demographic Information Demographics obtained included
age, gender, degree type, and current level of depression.

 

Lively

Fig. 1 Sample demonstration of
picture-word material
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Beck Depression Inventory-II (BDI-II)-Chinese Version BDI-II
was developed by Beck et al. (1996). The Chinese version of
BDI-II was translated by Wang et al. (2011) among Chinese,
which has been found positively related to Hamilton
Depression Scale (HAMD) Chinese version, and whose
two-factor construct was decided by EFA. The Chinese
BDI-II has been widely used to measure depression severity
among Chinese (Yang et al. 2012)It is a self-reported ques-
tionnaire consisting of 21 items. Each item is rated on a 4-
point scale ranging from 0 to 3 based on severity. The total
score ranges from 0 to 63, where 0 to 13 indicates minimal
depression, 14–19 indicates mild depression, 20–28 indicates
moderate depression, and 29–63 indicates severe depression.
In this study, the Chinese version of BDI-II showed excellent
internal consistency among Chinese university students
(α = .90).

Positive Affect and Negative Affect Schedule (PANAS)-
Chinese Version PANAS is a self-reported questionnaire that
consists of 2 10-item scales to measure positive affect and
negative affect (Watson et al. 1988). The current study used
a valid and reliable Chinese revised version of PANAS for
university students (Qiu et al. 2008), consists of two nine-item
scales to measure both positive (e.g., excited, proud) and neg-
ative affect (e.g., upset, ashamed). Each item was rated on a
five-point scales that ranges from 1 (very little or not at all) to
5 (extremely strong) to reflect how strong the described affect
that one has experience in the past 3 wks was. The revised

version of both positive and negative scales showed good
internal consistency among Chinese university students,
α = .85 andα = .84 respectively (Qiu et al. 2008). The internal
consistency of the positive and negative affect scales in this
study were Cronbach’s α = .92 and α = .88, respectively.

Ruminative Response Scale (RRS)- Chinese Version RRS mea-
sured individuals’ reaction style to depression (Nolen-
Hoeksema and Morrow 1991). It consists of 22 items and 3
subscales which are symptoms rumination (e.g., think about
how angry you are with yourself), brooding (e.g., think “Why
do I always react this way?”), and reflective pondering (e.g.,
analyze recent events to try to understand why you are de-
pressed). Items are rated on a 4-point scale (1 = almost never,
2 = sometimes, 3 = often, 4 = almost always). The range of
total score is 22–88, with higher score indicating stronger
tendency of ruminative thinking style, and vice versa. The
current study used a reliable and valid Chinese version of
RRS that was revised by Han and Yang (2009), which had
good criterion validity and acceptable model fit in CFA, and
showed excellent reliability among university students,
α = .90. The internal consistency of the RRS in the present
study was excellent, α = .92.

Vividness Scale The vividness scale consists of one self-
reported question in Chinese to measure the vividness of men-
tal imagery to evaluate the participants’ engagement in train-
ing. The question was displayed on screen after each trial. The

Fig. 2 Illustration of training procedure
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item was rated on five-point scale from 1 (not at all) to 5
(extremely).

Statistical Analysis

According to the effect size reported by Lang and her col-
league (Lang et al. 2012), the effect size of group × time
interaction on BDI-II is ηp

2 = .19 (f = .48). We used f = .40 as
a conservative estimate of effect size. Calculated by G*Power
3.1.9.2, a total of 34 participants would be needed to provide
80% power to detect a significant group × time interaction on
the primary outcome at a significance level of 5%, two-tailed.
We intended to recruit 42 participants to allow for attrition up
to 20%.

Statistical analysis was carried out by IBM SPSS Statistics
21. Independent samples t-test and Chi-square tests were used
to examine the group difference of target variables and demo-
graphics at baseline. Two-way repeated-measures MANOVA

was used to examine the differences in change among target
variables across the three time-points between two groups,
where group is between-group factor (training group vs.
wait-list) and time is within-group factor (pre-training, post-
training, and follow-up). Chi-square and Fisher’s exact tests
were used to detect the clinically significant change of PMIT
on depression, where clinical significance is defined by the
reliable change index (RCI). According to Jacobson and
Truax (1991) RCI is change index at 95% confident interval
calculated by the reliability of measurement. Our study
adopted the RCI of 7.16 calculated by Blackwell and
Holmes (2010) that followed the method proposed by
Jacobson and Truax (1991). Clinically significant change
was met when the change scores of BDI-II was larger than
7.16. Decline of severity was not used as a criterion to decide
clinically significant change in this study because some
participants’ severity of depression was categorized as
minimal level, which means they would not be able to
move to a lower level.

Results

Participants

Recruitment started from November 2017. All follow-ups
were conducted by June 2018. Demographic variables and
the outcomes of MINI are shown in Table 1. A total of 176
of students were screened, 66 students were identified as eli-
gible participants, and 51 of them completed baseline assess-
ment. Among those completed assessment at baseline, 44 of
them finished a second assessment after four-week since the
first assessment was done, 41 completed the final assessment
(see Fig. 2). Demographic and clinical characteristics are
shown in Table 2.

For those who thoroughly completed the training and all
assessments, training group consisted of 7 (31.8%) men and

Table 2 Correlations for Main Study Variables at Pre-training

1 2 3 4 5 6 7

1. Age –

2. Gender a .196 –

3. Education b .717** .081 –

4. BDI-II −.046 .143 .206 –

5. PA −.107 .159 −.208 −.438** –

6. NA .292 .120 .451** .710** −.180 –

7. RRS .202 −.061 .131 .523** −.181 .623** –

Note: N = 41; a. 0 = female, 1 =male; b. 1 = undergraduates, 2 =master’s
students, 3 = PhD students; BDI-II = BeckDepressive Inventory, 2nd edi-
tion; PA = Positive affect; NA = Negative affect; RRS = Ruminative
Response Scale, * p < .05, **p < .01

Table 1 Demographic variables and the outcome of structural clinical
interview

Training (n = 30) (%) Wait-list (n = 21) (%)

Age 22.3 ± 2.83 22.19 ± 2.77

Gender

Male 8 (26.67) 7 (33.33)

Female 22 (73.33) 14 (66.67)

Degree type

Undergraduate 13 (43.33) 10 (47.62)

Postgraduate(master) 16 (53.33) 6 (25.57)

Postgraduate(doctoral) 1 (3.30) 5 (23.81)

BDI-II 16.00 ± 6.73 14.48 ± 7.53

0–13 10 9

14–28 20 12

Comorbidity

Maximum 4 4

Minimal 0 0

OCD 3 (10.00) 2 (9.52)

Agoraphobia 5 (16.67) 2 (9.52)

Panic disorder 1 (3.33) 1 (4.76)

Hypomania 10 (33.33) 3 (14.28)

Depressive episode 7 (23.33) 7 (33.33)

GAD 6 (20.00) 1 (4.76)

dysthymia 1 (3.33) 0 (0.00)

Social anxiety 5 (16.67) 2 (9.52)

PTSD 2 (6.67) 0 (0.00)

Panic attack 2 (6.67) 0 (0.00)

Bulimia nervosa 0 (0.00) 1 (4.76)

Note: BDI-II=Beck Depression Inventory-II; OCD = obsessive compul-
sive disorder; GAD = generalized anxiety disorder; PTSD = Post-trau-
matic stress disorder
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15 (68.2%) women with a mean age of 22.1 (SD = 2.8) and a
mean BDI-II score of 15.73 (7.5). Among them, there were 11
(52.4%) undergraduates, 10 (47.6%) master students, and
1(4.8%) PhD student. The wait-list included 6 men and 13
women with a mean age of 21.5 (SD = 1.8) and a mean

BDI-II score of 13.9 (7.7). Among them, there were 10
(52.6%) undergraduates, 5 (26.3%) master students, and
4 (21.1%) PhD students. The rate of screen-positive (i.e.
identified as eligible participants) is 37.5% and the at-
tr i t ion rate at post- intervention assessment for

Enrolled (n=176)

Excluded (n=56)

Age < 18 (n=4)

Declined to participate (n=10)

BDI-II score ≥ 28 (n=31)

Cannot contact or not in Beijing (n= 

56)

MINI screening (n=75) Excluded (n=24)

Alcohol abuse (n=2)

High suicidal risk (n=2)

Psychotic symptoms (n=2)

Mania (n=2)

Declined to participate (n=1)

Cannot contact or not in Beijing later 

(n=15)

Complete (n=20)

Lost to post-assessment 

(n=1)

Waiting group (n=21)

Complete (n=19)

Lost to follow-up (others) 

(n=1)

Follow-Up assessment

Post-assessment

Analysed (n=19)

Excluded from analysis 
(incomplete data for 

three time-points) (n=1)

Analysis

Complete (n=22)
Lost to follow-up (others) 

(n=2)

Complete (n=24)

Discontinued training 

(busy) (n=6)

PMIT group (n=30)

Accept training (n=30)

Pre-assessment

Analysed (n=22)
Excluded from analysis 

(incomplete data for 

three time-points) (n= 2)

Eligible Allocation (n=51)

Fig. 3 CONSORT flow diagram

Table 3 Means (Standard Deviation) of Key Variables at three timepoints

Pre-training Post-training 4-week follow-up

Training Wait-list Training Wait-list Training Wait-list

BDI-II 14.68 (9.40) 12.37 (9.27) 7.41 (6.41) 11.95 (7.88) 7.14 (6.14) 10.16 (10.18)

PA 22.36 (6.74) 24.84 (7.54) 27.32 (8.44) 25.11 (8.37) 25.55 (7.96) 26.00 (8.14)

NA 19.64 (6.42) 16.79 (7.55) 15.82 (5.1) 17.05 (6.21) 15.68 (6.36) 15.89 (6.21)

RRS 54.41 (12.90) 49.90 (11.22) 47.50 (10.96) 51.00 (14.72) 47.41 (14.43) 50.74 (13.65)

Note: Ntraining = 22, Nwaitlist = 19; BDI-II=Beck Depression Inventory-II; PA = Positive Affect; NA =Negative Affect
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interventional group and the wait-list is 20% and 4.8%.
The intervention completion rate of those who complet-
ed all assessments was 94.3%.

Baseline Measures

A significant difference was observed in educational level,
Fisher’s exact test: p = .043. There were no significant group
differences discovered in terms of sex, age, BDI-II, PA, NA,
and RRS, sex: χ 2 = .26, p = .607; age, t(49) = .14, p = .891;
BDI-II: t(49) = .90, p = .372: PA = t(49) = .75, p = .460; NA:
t(49) = 1.23, p = .226; RRS: t(49) = .1.35, p = .184. For those
who thoroughly completed the training and all assessments, the
differences between two groups in terms of BDI-II, PA, NA,
and RRS scores at baseline were not significant, BDI-II:
t(39) = .79, p = .434, PA: t(39) = 1.11, p = .273, NA: t(39) =
1.31, p = .200, RRS: t(39) = 1.19, p = .243. There was no sig-
nificant difference on gender and educational level between

two groups, gender: χ2 = .000, p = .987; educational level:
Fisher’s exact test: p = .200. Table 2 shows the correlations
between baseline measures. The average vividness scores of
training group is 3.53 ± .58.

Primary Outcomes

No significant differences were found on BDI-II, PA, NA, and
RRS between the controls who fully completed all assessments
at three time points and those did not, BDI-II: t(19) = .69,
p = .501; PA: t(19) = 1.44, p = .167; NA: t(19) = −1.04,
p = .312; RRS: t(19) = 1.00, p = .331. In training group, there
were no significant differences between participants who fully
completed the assessment at three time points and those who did
not, BDI-II: t(28) = −.40, p = .695; PA: t(28) = .13, p = .901;
NA: t(28) = −.04, p = .965: RRS: t(28) = 1.90, p = .069.

A MANOVA was conducted with group and time as inde-
pendent variables on BDI-II, PA, NA, and RRS. Mauchly’s

Fig. 4 Ntraining = 22, Nwaitlist = 19; Scores on outcome measures at pre-training, post-training and follow-up for the two groups. Error bars represent
standard deviation (±1SD)
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assumptions were met, BDI-II: χ2 = 2.40, p = .302; PA:
χ2 = .66, p = .718; NA: χ2 = 4.38, p = .112; RRS: χ2 = 1.50,
p = .473. There was a significant group × time interaction on
BDI-II, PA, NA, and RRS, F(8,150) = 2.19, p = .031, Wilks’
Lambda = .80, ηp

2 = .105. Significant interaction effects on
univariate ANOVA of the above variables was also found:
BDI-II: F(2, 78) = 5.82, p = .004, ηp

2 = .130; PA: F(2, 78)
=3.22, p = .045, ηp

2 = .076; NA: F(2, 78) = 3.81, p = .026,
ηp

2 = .089; RRS: F(2, 78) = 3.80, p = .027, ηp
2 = .089. There

were significant main effects of time on the all outcome var-
iables except RRS, BDI-II: F(2, 78) = 11.88, p < .001,
ηp

2 = .223; PA: F(2, 78) = 4.54, p = .014, ηp
2 = .104; NA:

F(2, 78) = 5.33, p = .007, ηp
2 = .120; RRS: F(2, 78) = 2.17,

p = .121, ηp
2 = .053. No main effect of group on all variables

was found, ps > .05. Scores on outcome measures at pre-train-
ing, post-training and follow-up for the two groups are shown
in Table 3.

Within Group Comparison

Means and standard deviations across all time points are
shown in Table 3 and Figs. 3 and 4, and correlation coeffi-
cients, effect sizes (Cohen’s d), and 95% confident intervals of
pairwise differences in change scores of key variables are
shown in Table 4.

Training Group A repeated measure ANOVA was conducted
with time as independent variable on BDI-II, PA, NA, and
RRS. Mauchly’s assumption of all variables is met, BDI-
II:χ2(2) = 4.90, p = .086; PA: χ2(2) = .44, p = .801; NA:
χ2(2) = 1.47, p = .478; RRS: χ2(2) = .37, p = .830. There
are significant changes across the three time points on BDI-
II, PA, NA, and RRS, BDI-II: F(2, 42) = 22.25, p < .001,

ηp
2 = .514; PA: F(2, 42) = 6.47, p = .004, ηp

2 = .235; NA:
F(2, 42) = 10.33, p < .001, ηp

2 = .330; RRS: F(2, 42) = 5.18,
p = .010, ηp

2 = .198. After training, the BDI-II scores dropped
significantly from pre-training to post-training, t(21) = 5.02,
p < .001, d = .84, and from pre-training to follow-up, t(21) =
5.40, p < .001, d = .86. The PA score increased significantly
from pre-training to post-training, t (21) = 3.66, p = .001,
d = .63, and from pre-training to follow-up, t(21) = 2.13,
p = .045, d = .45. The NA score decreased significantly from
pre-training to post-training, t(21) = 3.61, p = .002, d = .64,
and from pre-training to follow-up, t(21) = 4.67, p < .001,
d = .62. The RRS score decreased significantly from pre-
training to post-training, t(21) = 2.9, p = .008, d = .57, and
from pre-training to follow-up, t(21) = 2.64, p = .971, d = .51.

Wait-List A repeated measure ANOVA was conducted with
time as independent variable on BDI-II, PA, NA, and RRS.
Mauchly’s assumptions of all variables are met except RRS
and BDI-II:χ2 (2) = .12, p = .941; PA: χ2 (2) = 1. 30, p = .538;
NA: χ2 (2) = 4.68, p = .096, RRS: χ2(2) = 9.23, p = .010, ad-
justed by Greenhouse & Geisser, ε = .705. No significant
changes was found across the three time points on BDI-II,
PA, NA, and RRS, BDI-II in the wait-list, BDI-II: F(2,
36) = .93, p = .403, ηp

2 = .049; PA: F(2, 36) = .54, p = .588,
ηp

2 = .029; PA: F(2, 36) = .51, p = .602, ηp
2 = .028; Adjusted

by Greenhouse & Geisser, RRS: F(1.409, 25.371) = .15,
p = .860, ηp

2 = .009.

Clinically Significant Change

At post-training, there are eight participants in the training
group with a change score larger than RCI, while only two
participants in the wait-list met this criterion, Fisher’s exact

Table 4 Correlation Coefficient,
Effect Size, and 95%CI inWithin
Group Comparison

Pre-Post Pre-FU Post-FU

r d 95%CI r d 95%CI r d 95%CI

BDI-II

Training 0.69 0.84 (4.26, 10.29) 0.72 0.86 (4.64, 10.45) 0.75 0.04 (−1.68, 2.23)
Waitlist 0.62 0.05 (−3.25, 4.09) 0.69 0.23 (−1.49, 5.91) 0.71 0.19 (−1.67, 5.25)
PA

Training 0.67 0.63 (−7.77, −2.14) 0.56 0.43 (−6.29, −.07) 0.71 0.22 (−1.00, 4.55)
Waitlist 0.85 0.03 (−2.41, 1.88) 0.79 0.15 (−3.64, 1.33) 0.77 0.11 (−3.61, 1.82)
NA

Training 0.66 0.64 (1.62, 6.02) 0.81 0.62 (2.19, 5.71) 0.66 0.02 (−2.03, 2.31)
Waitlist 0.59 0.04 (−3.33, 2.80) 0.78 0.13 (−1.39, 3.18) 0.76 0.19 (−.932, 3.25)
RRS

Training 0.58 0.57 (1.98, 11.84) 0.59 0.51 (1.48, 12.52) 0.62 0.01 (−5.01, 5.19)
Waitlist 0.63 0.08 (−6.72, 4.51) 0.79 0.07 (−4.51, 6.72) 0.89 0.02 (−3.24, 2.94)

Note: Ntraining = 22, Nwaitlist = 19; BDI-II=Beck Depression Inventory-II; PA = Positive Affect; NA =Negative
Affect; FU = follow-up
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test, p = .075. At 4-week follow-up, eleven participants in
training group had a change score greater than RCI, compared
to only three participants in the wait-list, χ2 = 5.31, p = .021
(see Table 5).

Subgroup Analysis

Means and SDs of study variables for people with BDI-II
≥14 at three time points are presented in Table 6. No group
difference was found in the BDI-II, PA, NA, and RRS at
baseline, ps > .05. No significant interaction effects on univar-
iate ANOVA of the above variables were found, ps > .05. No
significant main effect of group of the above were found, p-
s > .05. There were significant main effects of time on BDI
only, F(2, 46) = 11.81, p < .001, ηp

2 = .339.
At post-training, there are eight participants in the training

group with a change score larger than RCI, while only two
participants in the wait-list met this criterion, Fisher’s exact
test, p = .211. At 4-week follow-up, ten participants in training
group had a change score greater than RCI, compared to only
three participants in the wait-list, Fisher’s exact test, p = .111.

Discussion

The aim of the current study was to obtain estimates to inform
sample size primary result of PMIT among Chinese popula-
tion. It provided rate of screen-positive and attrition rate, effect
sizes for sample size calculation for the definitive trial study.
Furthermore, it examined the effect of positive mental

imagery on depressive symptoms, positive and negative af-
fect, and rumination among Chinese university students.
Globally, there is a need to develop, adapt, scale-up and pro-
mote low-intensity psychological interventions for popula-
tions with mental health concerns but who are unlikely to seek
a professional for help. To our knowledge, this was the first
evaluation of the PMIT among Chinese adults. Due to the lack
of psychological professionals and insufficient psychological
services for university students in China (Hu 2010; Liu and
Shi 2010), new interventions need to be evaluated that can
reach a large group of students. PMIT is a novel and accessi-
ble psychological intervention for depression, which can be
scaled up to reach people with psychological distress and re-
duce the treatment gap.

There is a change about the number of target participants in
this study. The study originally targeted to have up to 42
eligible participants enrolled to the study, but 66 eligible par-
ticipants were practically identified during the screening pro-
cess. A general rule of thumb prefers larger sample size in
clinical study, so a larger number of eligible participants
seems to be innocuous to the study and participants.

The pilot study obtained estimates to inform sample size of
the definitive trial. We obtained a screen-positive rate of
37.5%, using online social networking platform for recruit-
ment. Meanwhile, a portion of registered participants were
considered ineligible because they could not made to attend
the study process. Overall, there are 71 out of 176 enrolled
participants whomwere not able to be contacted after effortful
contact throughout the screening process or they were not in
the city where the study was conducted. It is possible that the
current study design limited potential participants from other
Chinese areas to take part in the study, but it also showed that
online advisement might reach participants without geograph-
ical barrier. Considering the strengths and weakness of this
recruitment tunnel, online recruitment is considered an accept-
able approach. The attrition rate is 20% at post-training, which
is relatively high compared with previous studies (i.e.,
Blackwell et al. 2015; Torkan et al. 2014), but relatively lower
than Torkan et al. (2014) in follow-up. A recent pilot study
(Bibi et al. 2020) found a high attrition rate amongst university

Table 6 Means (Standard Deviation) of Key Variables for people with moderate depression at three timepoints

Pre-training Post-training 4-week follow-up

Training Wait-list Training Wait-list Training Wait-list

BDI-II 18.87 (8.51) 17.70 (9.2) 9.73 (6.31) 14.00 (8.79) 8.73(6.38) 14.80 (11.94)

PA 21.67 (6.95) 22.10 (7.34) 25.47 (8.95) 22.30 (8.00) 23.47 (8.08) 23.10 (7.68)

NA 21.60 (6.53) 18.30 (9.30) 16.93 (5.51) 18.10 (6.81) 17.53 (6.63) 18.30 (7.07)

RRS 57.87 (13.31) 52.00 (11.20) 48.87 (11.26) 51.40 (12.91) 50.13 (16.46) 53.10(14.12)

Note: Ntraining = 15, Nwaitlist = 10; BDI-II=Beck Depression Inventory-II; PA = Positive Affect; NA =Negative Affect

Table 5 Clinically Significant Change at Post-training and at Follow-up

Post-
training

Follow-up

RCI > 7.16 RCI > 7.16

Training(n = 22) 8 11

Wait-list(n = 19) 2 3

Note: RCI = reliable change index; CSC= clinically significant change
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students in positive mental imagery intervention in post-
intervention (17.2%) and particularly at follow-up (44.8%),
and identified some possible factors hindering their participa-
tion, such as negotiating the schedule with other activity com-
mitments and duration of training. Dropout of intervention in
the current study was mainly caused by participants becoming
busier or not being able to attend sessions due to their
coursework. Collecting outcomes remotely was recommend-
ed to lower the attrition rate (Bibi et al. 2020). We conducted
follow-up assessment online by sending the assessment link
via email and obtained a lower attrition rate compared with the
previous study at follow-up (44.8%, Bibi et al. 2020; 38.5%,
Torkan et al. 2014). Our experience suggest that collecting
outcomes remotely can reduce attrition in this population.
Future studies are also suggested to deliver the intervention
at students’ convenience (e.g., delivery online or allow them
to practice at home instead of coming to a computer room) to
reduce attrition.

Generally, a decline in depressive symptoms, negative af-
fect, rumination, and an increase in positive affect were ob-
served across time in the training group. Significant changes
in depressive symptoms, positive and negative affect at post-
training assessment, moderate to large effect size
(d = .70–.95). In addition, there was an interaction effect of
time and group. However, our result did not demonstrate a
significant difference of the target variables between post-
training and follow-up assessment.

Rumination involves cognitive processing related to de-
pressive symptoms (Schafer et al. 2017; Watkins 2008). Our
result supported that positive mental imagery training can ef-
fectively reduce ruminative thinking in training and follow-
up, consistent with a previous study (Torkan et al. 2014). A
previous internet-based mental imagery training also showed
a similar effect on depressive symptoms (Pictet et al. 2016).
Healthy individuals (BDI-II < 14) were included in our study,
so the overall depressive level in our study was lower than
studies used depressive sample, and that probably caused in-
consistence in comparison with results of previous studies.

Affect is related to psychological health (Dixon-Gordon
et al. 2015) in which cognitive processing is involved
(Verstraeten et al. 2011). The improvement of affect can be
attribute to the decrease of rumination (Verstraeten et al.
2011). Inconsistent with Murphy et al. (2015), our results
not only showed a main effect time in NA, but also found an
interaction effect in NA and PA and main effect of time in PA,
which suggested that the PMIT can improve positive and neg-
ative mood in general. Overall, our result supports that posi-
tive mental imagery training can alleviate depressive symp-
toms, improve emotional well-being, and alter maladaptive
thinking style. Individuals with depression were characterized
by verbal and ruminative processing and a third-person per-
spective in mental imagery (Koster et al. 2011; Williams and
Moulds 2007). Participants were trained to use concrete

information and instruction to generate mental imagery from
the first-person perspective during the training, which
prevented them from using maladaptive strategies, and thus
the symptoms were alleviated.

In terms of clinically significant change, our study found a
trend toward significance at post training assessment. After
the 4-week training, about 36% of participants in training
group had a change score larger than RCI, which still hold a
lower proportion comparing with similar studies by Lang et al.
(2012) and (Torkan et al. 2014) where they adopted a stricter
criterion to decide clinically significant change, 46.2% and
69.2% respectively. At follow-up, half of participants in train-
ing group had a change score larger than RCI. The difference
of clinically significant change was significant between train-
ing group and the waiting-list. The result indicated that no
sufficient evidence to support more participants in training
group than the wait-list had mitigation of depression at post-
training. However, it indicated that more participants in train-
ing group than the wait-list had mitigation of depression
4 week after post-training. Overall, comparison in terms of
clinically changes with other studies cannot be fairly made
because the composition of sample in our study is a mix of
minimal to moderate depression.

Limitations

This study is a pilot study without randomization. Allocation
was decided by participants’ application to PMIT in semester
1(training group) or a second semester (waitlist control
group), which was helpful to increase their motivation to en-
roll in the study. However, participants were not randomly
assigned, so other unmeasured factors might partially account
for treatment outcome (Leon 2011), such as readiness of par-
ticipation, and factors influencing motivation. According to
report standards Quantitative Research in Psychology
(Appelbaum et al. 2018), registration is not compulsory for
studies using non-randomized assignment. However, studies
without registration may lead to biases. Future studies should
be registered and utilize randomized controlled trial design to
minimize risk for bias and. In addition, using a wait list as a
control comparison is not as strong as an active control (e.g.,
identical intervention but removing mental imagery proce-
dure), which is recommended for future larger randomized
controlled trial. Both participants and researchers were not
blind to their condition in the current study, and future studies
should avoid it and using a double-blind approach for elimi-
nate bias. Although the actual training was different from the
ideal experimental manipulation, it was more in line with real
life conditions and has higher ecological validity, but a full
trial is needed to evaluate treatment effectiveness.

This study included participants with minimal depression,
who could possibly have little decrease in BDI-II across the
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study, which influenced the overall outcomes on depressive
symptoms.Murphy et al. (2015) discovered that positive men-
tal imagery training did not have interaction effect but a main
effect of time on healthy population (mean BDI-II scores <5),
which was partially consistent with our study. The inclusion
of participants with minimal depression made it difficult to
explore a rigorous clinically significant change and to interpret
the effect of training on depressive symptoms in terms of BDI-
II scores. In addition, the current study excluded serious psy-
chotic problems, protentional cognitive dysfunction and sui-
cidal risk to eliminate possible confounding and potential risk
of severe mental illness and cognitive damage. These may
lead a bias that people with severe depressive symptoms or
non-severe depression serious psychopathological comorbid-
ity were not included. Future study should decide a more
rigorous criteria and evaluation for depression.

The measurements used in the study merely relied on self-
report, which was consistent with previous studies on the
topics of depressive symptoms, affectivity, and rumination
(Blackwell et al. 2015; Murphy et al. 2015; Torkan et al.
2014). Structured clinical interview was not used as an assess-
ment throughout the study. Future study is suggested to
use clinical interview to evaluate depression at each
assessment time-point to follow the status of depression
and use more objective indicators such as bio-marker
and implicit measurement. Moreover, the current study
only included participants who responded to assessments
at all three time points. Intention-to-treat analysis is rec-
ommended for future studies to eliminate bias caused by
removing non-compliance, withdrawal, and missing data
(Gupta 2011).

Conclusion

Our study obtained estimates for sample size calculation and
acquire preliminary evidence of PMIT for a future definitive
trial study. Future study is suggested to recruit participant via
online and decide an adequate sample size by consulting the
finding of the current study. Successful rumination reduction
with the aid of PMIT might reduce students’ suicidal ideation
(Miranda and Nolen-Hoeksema 2007). In addition, PMIT can
work as a stand-alone intervention, which would be helpful to
prepare clients for cognitive behavioral therapy (CBT)
(Williams et al. 2015). A larger, more rigorous study is needed
to examine the efficacy and effectiveness of PMIT among
Chinese populations which is helpful to inform or aid in de-
veloping university psychological services, and are likely to
reduce the treatment gap in university settings.
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