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  High-stakes exams can determine one’s future 
in terms of promotion, graduation, acceptance 
into a university, or employment. School 
mathematics exams are especially high-stake in 
East-Asian cultures where examinations have 
long been a prime means of advancement. Fears 
over how math test performance may affect 
one’s future, or how family and peers might 
react can lead to considerable test anxiety. This 
can create a cycle where anxiety impairs 
performance, and impaired performance 
exacerbates anxiety. Zuo & Wang [Frontiers in 
Psychology] used quantitative and qualitative 
methods to investigate how a mindfulness-
based intervention affected math test 
performance in Chinese middle-school students. 
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The researchers selected an eighth-grade class 
of middle school students (67% male: age 
range = 12-13 years) in an urban area of 
Jiangsu Province, China. The study lasted for 
one month, during which the students took 
four weekly geometry tests rated as 
equivalent in difficulty. The first and third 
tests were taken as usual, but for the second 
and fourth tests, the students listened to a 15-
minute audio tape prior to the test. The audio 
tape contained a breath-and-body focused 
meditation and included relaxation 
instructions. The tape also instructed students 
to imagine having negative thoughts and 
emotions during a math test, and to identify 
these thoughts and emotions non-
judgmentally and return to present-moment 
awareness.  
 
After the fourth test, students participated in 
group discussions about whether they found 
the meditations useful. Two students who 
benefitted from meditation and two students 
who did not were selected for subsequent in-
depth interviews. The discussion and  
interviews were transcribed, coded, and 
thematized to offer qualitative insights into 
how the meditations affected student math 
anxiety and self-efficacy. 
 
The results showed that students performed 
better on average after the meditations than 
without them (Cohen’s d = 0.27).  All math 
tests were scored on a 10-point scale, with an 
average score of 6.73 without meditation and 
7.11 with meditation. The qualitative analysis 
revealed that the meditations helped students 
to focus more on math problems in the 
moment, worry less about performance 
outcomes, and obsess less over test time-
constraints or difficult problems. The 
students who didn’t benefit reported finding 
the meditations “mysterious” or “magic” and 
associated them negatively with Buddhist 
religion.  
 
The study shows a mindfulness meditation 
specifically designed to address math anxiety 
can objectively improve math exam 
performance. Qualitative interviews revealed 

that the students who benefited from 
meditation were able to focus more on solving 
math problems without being distracted. The 
study is limited by its reliance on a single 
classroom sample and only four measurement 
points.   

 
 

  Although behavior therapies are increasingly 
integrating mindfulness meditation, little is 
known about how this practice affects reward-
based conditioning. Some research suggests that 
mindfulness can assist individuals in responding 
more rapidly to changes in reward 
contingencies, but it is not clear why. One 
possibility is that people learn verbal rules that 
help them respond to specific reward schedules, 
and mindfulness enables people to let go of 
previously learned verbal rules that no longer 
apply when reward schedules change. Another 
possibility is that mindfulness helps people pay 
closer attention to the reward schedule that is 
currently in effect. 
 
Reed [Journal of Experimental Psychology: 
Animal Learning and Cognition] conducted 
four experiments to investigate how 
mindfulness affects responses to changes in 
reward schedule. Two different reward 
schedules were used in the experiments: 1) a 
random ratio (RR) schedule, which rewarded 
participants only after a certain number of 
responses, and 2) a random interval (RI) 
schedule, which rewarded participants only 
after a certain amount of time had elapsed. The 
RR schedule encouraged rapid bursts of 
responses, whereas the RI schedule encouraged 
participants to pause for a while after receiving 
a reward. All four studies used healthy, 
meditation-naïve participants drawn from a 
university psychology department. 
 
The first study explored whether mindfulness 
could help people better differentiate between 
schedules—that is, to respond at higher rates 
during an RR schedule and lower rates during 
an RI schedule. Forty participants (58% male; 
average age = 21 years) sat at a computer and 
pressed a space bar with the goal of maximizing 
game points. Every participant completed 8 
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alternating RR and RI schedule trials. A yellow 
or brown screen icon appeared that indicated 
the trial was an RR or RI trial, but participants 
were not informed of what the color signified. 
A rewarded trial earned participants 60 
points, but each space bar press cost them one 
point. The RR schedule offered a reward after 
20 space bar presses, whereas the RI schedule 
offered a reward for the first space bar press 
after a certain period of time had elapsed.  
 
Prior to playing the game, participants were 
randomly assigned to a 10-minute 
mindfulness or relaxation intervention, 
delivered via audio recording. The 
mindfulness intervention asked participants 
to focus on their breath and return to it 
whenever their minds wandered. The 
relaxation intervention asked participants to 
relax and let their minds wander. Both groups 
gradually increased their response rates 
during RR and decreased them during RI, but 
the mindfulness group showed a significantly 
greater differentiation between the schedules. 
This supports the hypothesis that mindfulness 
helps one pay better attention to reward 
schedules. 
 
The second study investigated whether a 
mindfulness group would respond faster to a 
change in contingency schedule than a 
relaxation control. Thirty-two participants 
(75% male, average age = 21 years) were 
randomly assigned to a mindfulness or 
relaxation intervention. The experimental 
situation was the same as in study 1, except 
that the color icons associated with each 
schedule were switched midway through the 
game. The results showed that, once again, 
the mindfulness group was better able to 
differentiate between the schedules than the 
control group.  In addition, they responded 
faster to changes in reward contingency and 
to changes in the color signaling the 
contingency, compared to the controls.  
 
The third study compared the effects of 
mindfulness versus a no-intervention control 
on the speed of contingency reversal learning 
using 32 participants (69% male; average age 

= 24 years). In this study, participants were 
asked to verbalize the rule they thought was in 
effect after each trial.  In study 3, participants 
first completed four trials of the game before 
experiencing the mindfulness or control 
intervention. They then played eight trials, as in 
study 2. The mindfulness group significantly 
outperformed controls in differentiating 
between the RR and RI schedules and accurately 
verbalizing the contingency in effect for each 
trial. 
 
The fourth study examined whether 
mindfulness works by promoting awareness of 
current contingencies or by reducing 
interference from previously learned 
contingencies using 80 participants (64% 
female; average age = 21 years). Participants 
were trained on an alternating RR/RI schedule 
until their response rate was higher during the 
RR schedule. They then randomly assigned to 
mindfulness or relaxation training. Half of each 
group play the game as noted before, while the 
other half played the game with the color icon 
signaling the reward contingency switched. The 
results were consistent with the prior studies. 
The mindfulness group recognized changes in 
contingency faster and showed a more 
differentiated response to them than controls. 
Moreover, the mindfulness group responded 
appropriately to the changed contingencies after 
the icon switching faster than controls. The 
results support the hypothesis that mindfulness 
promotes situational awareness, leading to 
more appropriate responding to reward 
contingencies. 
 
Taken together, these studies demonstrate 
mindfulness increases behavior differentiation 
between reward schedules compared to 
relaxation and no-treatment controls. 
Mindfulness also leads to faster learning of 
reward schedule switches. Finally, it appears to 
enhance performance by increasing present-
moment awareness, rather than by reducing 
interference from previous learning. Although 
the study’s “relaxation” intervention conflates 
relaxation with mind-wandering, it does not 
alter the overall interpretation of the findings.  


