
 

 

 

 INTERNATIONAL ELECTRONIC JOURNAL OF MATHEMATICS EDUCATION 

e-ISSN: 1306-3030. 2020, Vol. 15, No. 2, em0576 

https://doi.org/10.29333/iejme/7598  

 

 

Article History: Received 30 November 2019  Revised 3 January 2020  Accepted 3 January 2020 

 

© 2020 by the authors; licensee Modestum Ltd., UK. Open Access terms of the Creative Commons Attribution 4.0 

International License (http://creativecommons.org/licenses/by/4.0/) apply. The license permits unrestricted use, distribution, 

and reproduction in any medium, on the condition that users give exact credit to the original author(s) and the source, 

provide a link to the Creative Commons license, and indicate if they made any changes. 

 

 

 

OPEN ACCESS 

A Meta-Analysis: The Effects of CBT as a Clinic- & School-Based 

Treatment on Students’ Mathematics Anxiety 

Ali Bicer 1*, Celal Perihan 2, Yujin Lee 3 

1 University of Wyoming, USA 
2 Idaho State University, USA 
3 Indiana University-Purdue University, USA 

 

* CORRESPONDENCE:  abicer@uwyo.edu  

 

ABSTRACT 

The purpose of this meta-analysis was to examine the effects of Cognitive Behavioral Therapy 

(CBT) interventions as a clinic-based treatment on students’ mathematics anxiety level. A total of 

7 studies containing 14 effect sizes were selected for inclusion in the present meta-analysis. 

Results indicated that the overall effect size was moderate to strong (g = -0.76 with SD = 0.04). 

The implication from the present study is that CBT can be a useful intervention to reduce students’ 

mathematics anxiety. 
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INTRODUCTION 

Mathematics anxiety can be defined as the emotional reaction of fear, tension, helplessness, and mental 

disorganization when dealing with a mathematics problem (Ashcraft, 2002; Fennema & Sherman, 1976; 

Zettle, 2003). More generally, this negative emotional reaction or feeling may also be experienced toward 

mathematics itself. In other words, mathematics anxiety can be considered as a negative feeling toward 

mathematics or the prospect of doing mathematics (Anderson, 2007; Hembree, 1990; Lyons & Beilock, 2010). 

Mathematics anxiety among students has been a global concern as international comparisons of students such 

as the Trends in International Mathematics and Science Study (TIMSS) indicated that students in many 

countries experienced mathematics anxiety (Beilock & Willingham, 2014). 

Mathematics anxiety can have a substantial physical, psychological, and educational impact on students. 

Students who had mathematics anxiety showed diverse symptoms such as nausea, stomachache, and 

concentration issues (Kitchens, 1995; Uusimaki et al., 2004). Furthermore, when experienced long-term, 

mathematical anxiety negatively impacted students’ mathematics achievement as well as their academic 

success in college (Erden & Akgul, 2010; Foss & Hadfield, 1993; Vitasari, Herawan, Wahab, Othman, & 

Sinnadurai, 2010). Given the long-term damaging effects of mathematics anxiety, determining what 

interventions are effective in reducing mathematics anxiety is essential.  

Teachers can adopt one of several research-based interventions in their classrooms that may help lessen 

their students’ mathematical anxiety, thereby increasing students’ positive attitudes toward mathematics. 

These interventions include but are not limited to cooperative and small grouping (Duffy & Furner, 2002; Lee, 

Capraro, & Bicer, 2019), use of manipulatives and technology-based instruction (Bicer et al., 2018), the 

identification of problem areas and use of proactive positive approaches (Fotoples, 2000), and incorporation of 

journal writing and bibliotherapy (Duffy & Furner, 2002). These interventions have reduced students’ 
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mathematical anxiety, and eventually improved their mathematics achievement (Beilock & Maloney, 2015; 

Hembree, 1990; Ramirez, Chang, Maloney, Levine, & Beilock, 2016; Zakaria, Zain, Ahmad, & Erlina, 2012). 

One of the most effective interventions focused on reducing the level of anxiety in children is Cognitive-

Behavioral Therapy (CBT).  

CBT is an evidence-based practice for internalizing a variety of problems in children with or without 

disabilities (Kendall et al., 2005; Manassis et al., 2010). The core CBT was developed by Beck in 1976 to treat 

anxiety and depression symptoms, and has been used to treat other types of problems or disorders such as 

anger, stress management, and bipolar disorders (Hofmann Asnaani, Vonk, Sawyer, & Fang, 2012). The main 

goal of CBT is to teach individuals how to replace their automatic thoughts with more realistic and meaningful 

thoughts to change core beliefs that affects an individual’s thoughts and behaviors (Beck, Davis, & Freeman, 

2015). Thus, during the CBT sessions, therapists work with clients (1) to identify the thoughts and beliefs that 

cause anxiety with psychoeducation sessions, (2) to analyze the relationship between thoughts and anxiety 

with cognitive-based interventions, and (3) to teach coping techniques to control and minimize the problem 

behaviors (Barrett, Dadds, & Rapee, 1996; Kendall et al. 2005). The CBT can be delivered with individual or 

group formats with a variety of lengths, up to six months (James, James, Cowdrey, Soler, & Choke, 2013). In 

some cases, intervention can extend beyond six months and include the application of “booster sessions” to 

help children manage, generalize, and internal problems in new situations (Seligman & Ollendick, 2011). 

Numerous studies have demonstrated the efficacy of CBTs on different types of problems across different 

settings (e.g., Perihan et al., 2019; Schneider, 1993; Wadlington, Austin, & Bitner, 1992; Zettle, 2003). To date 

more than 250 meta-analyses were conducted to demonstrate the effects of CBT for a variety of disorders 

including anxiety-related disorders, and they reported that CBT had significant beneficial effects for children 

in clinical settings. Although a number of studies have demonstrated the effects of CBT in a variety of problems 

in children and adults in clinic settings, recent studies have transferred CBT from clinical to school settings 

with modifications to treat children in school settings, and moderate to large effects have been obtained for 

controlling anxiety symptoms with school-based CBT compared to control groups (Bernstein, Layne, Egan & 

Tennison, 2005; Neil & Christensen, 2009). Within this emerging evidence, CBT has also been one of the 

potential interventions for lessening mathematical anxiety (Hembree, 1990; Karimi & Venkatesan, 2009; 

Lyons & Beilock, 2010; Maloney, 2012; Zettle, 2003). Underlying CBT is the idea that thoughts create feelings, 

feeling create behaviors, and behaviors create thoughts (see Figure 1). Therefore, applying CBT as an 

educational intervention in mathematics classes may have a substantial and direct impact on students’ 

mathematics anxiety because students’ mathematical thoughts, feelings, and behaviors are interrelated.  

However, there has been no published meta-analysis showing the effects of CBT in reducing students’ 

mathematics anxiety. The purpose of the present study was to investigate the effects of CBT intervention on 

students’ mathematics anxiety by conducting a meta-analysis. 

 
Figure 1. Cognitive Behavioral Therapy 
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THEORETICAL FRAMEWORK 

Cognitive Behavior Therapy (CBT) Interventions on Mathematics 

CBT was developed by Aaron T. Beck in the 1960’s and is defined as an outcome-focused, client-centered, 

collaborative treatment designed to address individuals’ problems, emotions, thoughts, and behaviors (Beck, 

1976). CBT programs typically include using cognitive interventions to change automatic beliefs, and 

behavioral intervention for coping with the anxiety symptoms (Kendall & Hedtke, 2006). The primary purpose 

of CBT is to support individuals by teaching them cognitive and behavioral strategies that will foster and 

improve their well-being (Cayoun, 2014; Kendall, 1993). As of today, several types of child and adolescent CBT 

programs have been used in school settings, such the ‘Coping Koala’ (Barrett et al.,1996), ‘Skills for Academic 

and Social Success’ (Warner, Warner, Fisher, & Klein, 2007) and many of modular format CBTs. Many 

researchers have investigated the effects of various pedagogical interventions on reducing students’ 

mathematics and test anxiety, but few have examined how students’ cognition and behavior change in relation 

to their mathematics anxiety after receiving CBT intervention. One reason for disregarding the effects of CBT 

on reducing students’ mathematics anxiety might be that “most researchers, however, consider mathematics 

anxiety to be a construct that is distinct from attitude towards mathematics” (Ma, 1999, p. 520). On the other 

hand, studies related to mathematics anxiety noted that mathematics anxiety has two forms: affective (e.g., 

attitudinal and emotional element) and cognitive (Hart, 1989; Ho et al., 2000; Wigfield & Meece, 1988; Wei, 

2010; Zettle, 2003). CBT as an intervention involving both affective and cognitive elements of students’ 

learning should be considered to cope with students’ mathematics anxiety. 

CBT & Mathematics Anxiety 

Mathematics anxiety has an affective dimension and a cognitive dimension. Affective mathematics anxiety 

is an emotional component of anxiety that refers to nervousness, tension, fear, and unpleasant physiological 

reactions toward mathematics (Uusimaki et al., 2004). On the other hand, cognitive mathematics anxiety 

pertains to an individual’s negative expectations and self-deprecatory thoughts toward an anxiety-causing 

situation in mathematics (Ho et al., 2000; Sarason, 1987; Vukovic, Kieffer, Bailey, & Harari, 2013). Findings 

from previous studies have indicated that affective mathematics anxiety and cognitive mathematics anxiety 

had a more or less significant relationship to students’ mathematics performance in both positive and negative 

directions (Deffenbacher, 1978; Ho et al., 2000; Sharma & Rao, 1983; Vukovic et al., 2013). Although affective 

mathematics anxiety has been primarily shown to have a negative correlation with students’ mathematical 

performance, cognitive mathematics anxiety has been mainly shown to have a positive correlation with the 

mathematical performance. For instance, cognitive mathematics anxiety may manifest itself in a students’ 

concern about low achievement in mathematics. In response to this anxiety, a student may meticulously and 

thoroughly study, and this effort would likely result in higher academic achievement (Ashcraft, 2002; Ma & 

Xu, 2004; Namkung, Peng, & Lin, 2019; Wigfield & Meece, 1988). However, cognitive mathematics anxiety 

may not always have a positive correlation with student performance; in fact, this type of anxiety could foster 

affective mathematics anxiety (e.g., feeling of tensions, dislike, or fear towards mathematics). A student who 

is worried a lot about their mathematics performance may “develop negative attitudes towards tasks involving 

mathematics, drop out of elective mathematics classes or avoid taking them altogether” (Devine, Fawcett, 

Szucs, & Dowker, 2012, p. 2). In longer term, a student who possesses both cognitive and affective mathematics 

anxiety can avoid pursuing careers that require quantitative skills (Ma & Xu, 2004). In this instance, cognitive 

mathematics anxiety could have a negative correlation with mathematics achievement (Ashcraft, 2002; Ma & 

Xu, 2004; Namkung et al., 2019). Therefore, researchers and educators should implement interventions 

focusing on reducing students’ cognitive mathematics anxiety that can also reduce students’ affective 

mathematics anxiety.  

Overcoming affective mathematics anxiety through interventions targeting cognitive mathematics anxiety 

can enable students to achieve their potential in mathematics. One of the recent studies conducted by Birgin, 

Baloglu, Catioglu, and Gurbuz (2010) reported that that the highest contribution to students’ mathematics 

anxiety was from their poor mathematics performance. Another study conducted by Ma and Xu (2004) also 

noted that young students who had poor mathematics performance later demonstrated high level of 

mathematics anxiety. All of these recent studies supported the Deficit Theory (Tobias, 1986) which claims that 

mathematics anxiety emerges as a result of an individuals’ awareness of poor mathematics performance in 

the past. Being aware of prior poor mathematics performance may decrease students’ self-efficacy in 

mathematics (Devine et al., 2012). Self-efficacy was defined by Bandura (1994) as the belief in one’s ability to 
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influence course of events that can shape one’s life and control over the way these events are experienced. 

Researchers who investigated the relationship between early mathematics achievement, mathematics 

anxiety, and self-efficacy in mathematics found that lower mathematics achievement could lead to lower self-

efficacy in mathematics, and low self-efficacy in mathematics was one of the most vital predictors of students 

later increasing mathematics anxiety (Bates, Latham, & Kim, 2011; Hoffman, 2010). Self-efficacy, as only one 

dimension of affect in mathematics like other dimensions (e.g, belief, value in mathematics), proved to be 

related to students’ early performance in mathematics. The present study adopted the Deficit Theory (Tobias, 

1986) claim and hypothesized that students’ mathematics anxiety can be avoided by implementing an 

intervention (e.g., CBT) focused on reducing students’ cognitive mathematics anxiety.  

Cognitive mathematics anxiety and its relation to affective mathematics anxiety and mathematics 

performance can be explained by applying CBT in mathematics to mathematical thoughts (e.g., “I am worried 

about math tests because I was never successful.”) that create mathematical feelings (e.g, “I dislike 

mathematics.”), which in turn create mathematical behaviors (e.g., “I will not take any elective mathematics 

courses,” or “I will not listen my math teacher because there is no way I can understand what he/she is 

describing.”), and these behaviors reinforce mathematical thoughts (e.g., “I am definitely not good at 

mathematics and will never be successful in math.”). Figure 2 demonstrates this model as an individual’s 

mathematical thoughts refer to personal thoughts about mathematics that are interrelated with his/her 

mathematical feelings. Negative mathematical feelings (e.g., being worried about math test due to previous 

poor math performance) arise when a person performs poorly in mathematics and, based on his/her feelings, 

presents certain mathematical behavior (e.g., “I will not work on my math test because there is no way I can 

be successful.”). The argument presented earlier for poor mathematics performance results from cognitive 

mathematics anxiety. 

Mathematics anxiety can affect a student’s degree of success throughout his/her education and adult life. 

During their education, students’ mathematics anxiety hindered their ability to relate mathematics to their 

real-life situations; this hinderance was found to adversely impact students’ mathematics aptitudes 

(Rossanan, 2006). In addition, students who had mathematics anxiety while completing mandatory 

mathematics courses were more predisposed later in their academic program to avoid mathematics-related 

courses offered by their school (Erden & Akgul, 2010; Felson & Trudeau, 1991; Vitasari et al., 2010) and 

abstained from pursuing professional and personal math-related activities because of their fear of performing 

poorly in mathematics. (Erden & Akgul, 2010; Tobias, 1993; Vitasari et al., 2010). Decreasing mathematics 

anxiety could encourage students to engage in mathematics without worry and foster their interest in and 

pursuit of professional opportunities that involve mathematics. Therefore, students should be surrounded by 

a positive learning environment in which they feel completely free from tension and nervousness often 

associated with mathematics anxiety (Ashcraft, 2002; Miller & Mitchell, 1994; Uusimaki et al., 2004). 

Fostering this positive environment will require educators to take a more proactive role in encouraging 

students to engage in mathematics and see themselves as successful mathematical problem solvers (Furner 

 
Figure 2. CBT applied to mathematics anxiety 
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& Berman, 2003). Hence, finding suitable and effective treatments should be a priority of educators and 

researchers. Without an effective treatment for reducing mathematics anxiety, students will sustain their 

anxiety and unreasonable beliefs (Baroody & Costlick, 1998; Beck, Davis, & Freeman, 2015; Kendall & Hedtke, 

2006). Therefore, an intervention focused on understanding, and if necessary, altering students’ cognition in 

mathematics along with their behaviors and thoughts in mathematics was needed. CBT is of the educational 

interventions that mathematics educators adopted in an effort to reduce students’ mathematics anxiety. There 

have been a few published studies of cognitive or behavioral interventions to deliver children with 

mathematics anxiety (e.g., Karimi et al., 2009; Wei, 2010). Results from these studies, in general, showed 

medium positive effects on reducing students’ mathematics anxiety (Hembree, 1990; Karimi & Venkatesan, 

2009; Lyons & Beilock, 2010; Maloney, 2012). For instance, Karimi et al. (2010) administered the Cognitive 

Behavioral Group Therapy (CBGT) to reduce mathematics anxiety in middle school students. There were 33 

participants from 400 students in the range of 13-16 years old. The participants were randomly assigned either 

to the control group (n = 16) or the CBGT intervention group (n = 17). The CBGT group received two weekly 

sessions for 1.5 hours during the 15 weeks to control as well as reduce mathematics anxiety. The first three 

sessions were psychoeducation sessions that aimed to provide both education and information about the 

purpose of the program for the participants. Sessions 4 through 9 included cognitive interventions to teach 

students how to identify negative thoughts, and provided coping skills to manage their level of anxieties. 

During the last 6 sessions, the researchers taught assertiveness training and modeling methods. The pre-

posttest was administered to demonstrate the effectiveness of CBGT with using the Mathematics Anxiety 

Rating Scale MARS. Results of the study showed that CBGT for reducing math anxiety is efficacious, and they 

found a statistically significant decrease in mathematics anxiety by post-treatment compared to the control 

group. Some studies also focused on specific components of CBT treatments instead of using a modular CBT. 

Sharp et al. (2000) used relaxation training as a coping strategy to manage the level of mathematics anxiety. 

The relation training was delivered the beginning of each class with 5- to 7-minute sessions across the 6 weeks. 

The experimental group who received treatment (n = 30) evidenced a significant low mathematics anxiety 

level at the post-treatment. Furthermore, students who received CBT demonstrated higher mathematics 

performance for their course subjects. 

However, there have been no large scale or comprehensive meta-analytic studies published showing the 

general effects of CBT as a clinic-based treatment on reducing students’ mathematics anxiety. Therefore, 

researchers in the present study aimed to examine whether CBT interventions, in general, have positive 

effects on reducing students’ mathematics anxiety. 

Research Questions 

1) What are the overall effect sizes of CBT interventions on students’ mathematics anxiety? 

2) To what extent does students’ mathematics anxiety through CBT interventions vary across the studies? 

METHOD 

Literature Search 

The primary research question of the present study was the following: “What is the effect of CBT related 

intervention on reducing students’ mathematics anxiety?” To address our research question, the electronic 

databases of ERIC, JSTOR, and CrossRef, PyschINFO, ProQest and online resources, such as Google Scholar 

were searched. The preferred reporting items for meta-analyses was used for the searching protocol (Moher, 

Liberati, Tetzlaff, & Altman, 2009). The studies contained the following keywords: “CBT,” “cognitive-

behavioral therapy,” “cognitive-behavioral intervention,” “Mathematics Anxiety,” “cognitive-behavioral 

therapy and mathematics anxiety”, and “mathematics anxiety and cognitive-behavioral therapy”. The abstract 

of each study was reviewed, and the studies were accepted based on the following inclusion and exclusion 

criteria. 

Inclusion and Exclusion Criteria 

Experimental and/or quasi-experimental studies that met the following inclusion criteria were included in 

the present meta-analysis: (1) published in English; (2) measured students’ mathematics anxiety; (3) involved 

students in grades K-12 and college; (4) included examinations of students’ fear, anxiety, and any other 

negative feelings toward mathematics, and (5) included at least one standardized measure of anxiety. Studies 

that lacked any of the inclusion criteria were excluded from the present meta-analysis. A large number of 
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studies were excluded from this meta-analytic study because they focused on the impacts of CBT related 

interventions on students’ general anxiety and test anxiety. Figure 3 shows a flowchart diagram for selection 

of the studies. The researchers also performed a backwards search using the studies cited in reviewed articles 

to locate additional sources. As a result, a total of 7 quantitative and mixed method studies that included 14 

effect sizes that examined the impact of CBT intervention on students’ mathematics anxiety were identified. 

Figure 3 provides an overview of the identification, screening, eligibility, and inclusion steps. To address the 

research quality of the experimental and quasi-experimental studies, the 27 items Downs and Black (1998) 

checklist was adopted. West et al. (2002) identified that Downs and Black was the best evaluation system 

among many other quality assessment system. The 27 items included the quality index of reporting, external 

quality, internal validity-bias, internal validity-confounding. Overall, according to Downs s and Black (1998)’ 

s score ranges, the studies included in the present meta-analytic study received good score (20-25) on the scale 

of reporting (e.g. objectives, outcomes, statistical findings), external validity (generalizability), internal 

validity, and confounding and selection bias. 

Variable Coding and Coding Reliability  

Each study was coded independently for the following information; study name, sample size, participant’s 

age, gender, intervention type, study design, treatment duration, settings, grade level, and outcome measure. 

House et al.’s formula (1981) was used to calculate an inter-coder agreement within coders (sum of 

agreement/total number of agreements + disagreements × 100). The coding procedure was done by two 

researchers independently and inter-coder agreement between the two coders for the variable coding was 

excellent, measured as 94%. 

 
Figure 3. Selection of the studies in the meta-analysis of the effects of CBT intervention on students’ 

mathematics anxiety 
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Analysis of Effect Sizes 

Standard mean differences were used to compute Cohen’s d effect sizes from means, standard deviations, 

and sample sizes (Cohen, 1969). The studies involved in the present meta-analysis employed either 

experimental or quasi experimental design. If the studies employ true-experimental design, the effect size for 

each study was calculated based on students’ post-test scores from surveys for mathematics anxiety. If the 

studies employed quasi-experimental design, the effect size for each study was calculated based on students’ 

pre- and post-test scores from survey for mathematics anxiety (Ehrenreich-May et al., 2014; Maskey, Lowry, 

Rodgers, McConachie, & Parr, 2014; Steensel & Bogels, 2015). If there was more than one effect size within a 

single study, the effect sizes were averaged through robust variance estimation (RVE). Applying RVE was 

appropriate estimation method as the simulation studies revealed that RVE yielded accurate results with as 

few as 10 studies for estimating an averaged effect size (Hedges, Tipton, & Johnson, 2010; Tanner-Smith & 

Tipton, 2014). When a study reported effect sizes for different groups as multiple samples within one study, 

each effect size was treated as an individual study. To correct for sampling bias, all effect sizes were converted 

to Hedges’s g effect sizes, and 95% confidence intervals were calculated (Lipsey & Wilson, 2001). 

Random-Effects Model 

Random-effects models were used, as the studies’ characteristics functionally differed such as the different 

settings, types of CBT treatments, age range, etc. Therefore, it was expected that the true effect size would be 

different for each study in this meta-analysis. Selecting a random-effects model was also desirable because 

the goal was to compute the common effect size to generalize across the high-quality studies. The random-

effects model allowed the researchers to generate results that were not found in the studies included in the 

current meta-analysis (Hedges & Vevea, 1998). The Q statistics were used to identify homogeneity of effect 

sizes, and forest and funnel plots were used for visual demonstration, and identification of substantial outliers 

(Moher et al., 2009). The present meta-analysis also applied a random effects model to investigate potential 

moderators; however, the results of moderator analysis did not provide consistent results due to the small 

number of effect sizes located in the existing literature. 

A total of 120 studies were identified during the researchers’ electronic search. After reviewing titles and 

abstracts based on the inclusion and exclusion criteria and removing duplicates, 7 studies with 14 effects sizes 

were included in this current meta-analysis. This meta-analysis contained more effect sizes than the number 

of studies it included, as some of the included studies reported different effect sizes for different groups. In 

such studies, effect sizes of different groups were reported for the same construct; in the current study, each 

of these instances, when found in one of the 7 selected studies, were calculated and reported as one effect size. 

All studies were randomized controlled trials compared to a waitlist. These studies’ sample sizes varied; 

however, the overall, total sample size was 2,283. Moderator analysis was not conducted because of the small 

number of studies included in the meta-analysis, but a random effects model was adopted because the studies’ 

characteristics functionally differed. 

RESULTS 

Results of a random-effects model on the current study showed a range in values from Hedge’s g = -2.74 to 

0.06. Within this range, only one effect size was not negative and was very close to zero (g = 0.06). The overall 

mean of the weighted effect sizes was statistically significant (g = -0.76, CI95% = -0.99, -0.53, p < .05) with 

significant heterogeneity, Q (13) = 83.85, p < .05. The forest and funnel plot in Figures 4 and 5, respectively, 

revealed that there is only one substantial outlier among the 14 effect sizes in the present study. However, 

this outlier was not excluded because the sample size of this outlier (n = 24) was relatively small compared to 

the other studies’ sample sizes included in the meta-analysis, meaning that the outlier’s effect would not have 

a substantial effect on the average weighted effect size due to small sample size of the outlier. 
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The funnel plot (see Figure 5) also revealed that there was no publication bias in the present study. The 

weighted overall effect size equaled (g) -0.64 with SD = 0.04. As cited in Cooper (2010) and Lipsey and Wilson 

(2001), Cohen identified any effect size between (g) 0.20 and (g) 0.80 as a medium effect size. Because the area 

of interest in the present study is the degree to which CBT intervention reduced students’ mathematics 

anxiety, a negative mean effect size would indicate that CBT intervention was effective in reducing 

mathematics anxiety. Therefore, the weighted mean effect size computed here may simply reflect a medium 

and positive effect of CBT related interventions on reducing students’ mathematics anxiety. 

As stated in the literature, there have been several types of child and adolescent CBT programs, and 

researchers applied its various types to reduce students’ general academic anxiety in school settings (Barrett 

et al., 1996; Warner, Warner, Fisher, & Klein, 2007). Similarly, studies included in the present meta-analytic 

Study Hedges’ g LL UL Hedges’ g and 95% CI 

      

Karimi et al. (2009) -1.31 -2.05 -0.58 

Zettle (2003) -2.74 -3.62 -1.87 

Foss et al. (1993) -0.68 -1.31 -0.05 

Foss et al. (1993) -1.00 -1.60 -0.40 

Foss et al. (1993) -1.41 -1.92 -0.90 

Wadlington et al. (1992) -1.28 -2.44 -0.13 

Schneider (1993) -0.84 -1.62 -0.07 

Schneider (1993) -0.36 -1.15 0.43 

Hembree et al. (1990) -1.15 -1.36 -0.94 

Hembree et al. (1990) -1.04 -1.20 -0.88 

Hembree et al. (1990) -0.48 -0.94 -0.02 

Hembree et al. (1990) -0.03 -0.45 0.39 

Hembree et al. (1990) -0.51 -0.66 -0.36 

Wei (2010) 0.06 -0.30 0.42 

Overall ES -0.76 -0.84 -0.67 

 

    

Figure 4. Forest plot of studies included in the meta-analysis. A horizontal line represents the 95% confidence 

intervals of each study. The black box represents the effect size of the study. The diamond represents the 

overall effects across 14 effect sizes. LL = lower limit; UL = upper limit 

 
Figure 5. Funnel plot of included studies 
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study investigated the effects of CBT intervention on reducing students’ mathematics anxiety through several 

CBT types (e.g., CBGT, ACT, and SD). Because the number of studies included in this meta-analysis is limited, 

providing a short description (See Table 1) of each CBT method applied by the studies presented in this meta-

analysis is reasonable and helpful for readers to comprehend specific CBT interventions that can be used to 

reduce students’ mathematics anxiety. 

DISCUSSION 

The overall effect size (g) was -0.76, and the average of the weighted mean effect sizes (g) was -0.64 with 

SD = 0.04. The weighted mean effect size computed here reflects a medium and positive effect of CBT related 

interventions on reducing students’ mathematics anxiety. The finding of the present study suggests that use 

of CBT related interventions is helpful to reduce students’ mathematics anxiety. This finding is crucial because 

decreasing students’ mathematics anxiety could remove a barrier to pursuing employment opportunities 

related to mathematics and other STEM disciplines. When teachers adopt CBT related interventions to reduce 

mathematics anxiety, students could feel free from tension and worries often experienced with mathematics 

anxiety when working on mathematical problems, which may increase their desire to pursue more complex 

and in-depth mathematics courses (Erden & Akgul, 2010; Miller & Mitchell, 1994; Vitasari et al., 2010). While 

some level of anxiety is normal and probably useful (Wigfield & Meece, 1988), there should be a concerted 

effort to identify and implement effective treatments such as CBT for reducing mathematics anxiety, because 

students often report paralyzing and detrimental levels of mathematics anxiety that negatively impact both 

their desire to pursue and engage in mathematical activities (Baroody & Costlick, 1998; Furner & Berman, 

2003).  

Table 1. Treatment descriptions of each study 

Author (year)  Treatment Descriptions 

Karimi et al. 

(2009) 

Cognitive Behavior Group Therapy (CBGT) was designed to identify and cope with negative 

automatic thoughts. The CBGT included components of psychoeducation (3 sessions), 

cognitive restructuring (6 sessions), and behavioral activation (6 sessions). The CBGT was 

given in 15 sessions for 1.5 hour- two times in a week. 

Zettle, (2003) Acceptance and Commitment Therapy (ACT; Hayes et al., 1999) aimed at “(a) clarifying life 

values and identifying barriers to realizing related goals, (b) committing to actions necessary 

to attain such goals, (c) evaluating private events based upon the degree to which they are 

useful in goal attainment, and (d) experiencing private events without engaging in 

counterproductive avoidance behavior (psychological acceptance).” 6 weekly sessions were 

administered. The First four sessions included cognitive and behavioral based treatments 

that aimed to create hopelessness and control the unwanted level of mathematics anxiety 

while the last two sessions focused to generalize the learned skills.  

Foss et al. 

(1993) 

Variety of CBT components, including systematic desensitization, anxiety management 

training, and psychoeducation, were used to identify negative thoughts, and their effects on 

mathematics anxiety, and then to teach relaxation techniques to cope anxiety. The 

intervention also included sessions for succeeding in mathematics. The treatments were 7 

to 10 weeks in duration, with the weekly session lasting one to one-half hours. 

Wadlington et 

al. (1992) 

Systematic desensitization (SD; Wolpe, 1961), one of the behavioral therapies, was designed 

to establish a hierarchy of anxiety situations using common types of cognitive and related 

techniques. The SD was adapted to remove the fear response of mathematics anxiety. The 

intervention was demonstrated in three individual sessions lasting one-hour. 

Schneider 

(1993) 

Stress inoculation (SI) training and systematic desensitization (SD) were used in the 

treatment of mathematics anxiety during the 6 weeks with 60-minute sessions. 

Hembree et al. 

(1990) 

Cognitive-Behavioral Treatment in this current study was a combination of cognitive 

restructuring with systematic desensitization to decrease the level of mathematics anxiety. 

The intervention included a variety of relation training and techniques to identify faulty 

beliefs and building self-confidence in mathematics. 60-minute individual sessions were 

demonstrated between 3 and 12 weeks.  

Wei (2010) Cognitive-Behavioral Therapy for Generalized Anxiety Disorder (Dugas & Robichaud’s, 2007) 

was adopted by the author. A series of mathematics anxiety treatment messages were 

delivered via MathGirls, like computer software. Treatment consisted of a one-class hour for 

four sessions in a computer lab. The mathematics anxiety treatment messages provided 

detail information related to identifying of mathematics anxiety and treatment techniques. 
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The results of this study well demonstrated of the relationship between cognitive mathematics anxiety and 

affective mathematics anxiety, and the positive impact of reducing cognitive mathematics engagement on 

reducing students’ affective mathematics anxiety. The present meta-analytic study was conducted by adopting 

the Deficit Theory’s (Tobias, 1986) claim that a mathematics anxiety emerges as a result of recognition of prior 

poor mathematics performance or cognition. In the light of the Deficit Theory, the hypothesis of this study an 

intervention focusing on students’ cognitive mathematics anxiety may have potential to reduce their 

mathematics anxiety was supported by the results of this meta-analytic study. The treatments related to CBT 

interventions measured in the study were arranged to relieve both expressed worry about the mathematics 

(cognition element) and emotionally (e.g., fears, tensions) towards mathematics (behavioral element). For 

example, one of the therapies focusing on both students’ cognition and behavioral outcomes in mathematics 

was implemented by Karimi et al. (2009). The finding of this therapy is located in the present meta-analytic 

study as a measure of students’ mathematics anxiety and its responses to CBT. In this therapy, participants 

received materials used in sessions at schools and for home practice. The sessions’ foci were on identifying 

what students’ negative mathematical thoughts related to their prior poor mathematics performances (three 

sessions for cognitive mathematics anxiety) and how to cope with negative behaviors associated with negative 

thoughts in mathematics (six sessions for behavioral part). Like we explained about the relationship between 

cognitive mathematics anxiety and affective mathematics anxiety in the literature review section, decreasing 

cognitive mathematics anxiety impacted minimizing students’ affective mathematics anxiety (e.g., Karimi et 

al., 2009; Sharp et al., 2000; Wei, 2010). Therefore, reducing students’ mathematical anxiety might be due to 

the fact that CBT related interventions enable students to become aware of their own negative feelings 

towards mathematics. This might be the first step for students to overcome their mathematical anxiety. In 

addition, CBT related interventions implement techniques (e.g., relaxation, desensitization) that may create 

a growth mathematical mindset rather than a fixed one by reducing their fear, tension, helplessness when 

they perform in mathematics. After students reduce their mathematical anxiety, they can recognize their own 

potential to solve mathematical problems and enjoy their mathematics courses. CBT related interventions 

encourage students to shift their cognitive and affective mathematical feelings from “Mathematics is a subject 

I am not good” at to “Mathematics is a subject I can perform well.” All in all, by considering the Deficit Theory 

and the findings from the present meta-analytic study, it is possible to conclude that CBT is a helpful 

intervention on reducing students’ cognitive mathematics anxiety and was also helpful to reduce students’ 

affective mathematics anxiety. 

IMPLEMENTATIONS 

The findings from this meta-analytic study allowed a more complete picture of how a CBT related 

environment can help students overcome their mathematics anxiety. These techniques can help teachers 

implement appropriate CBT related interventions (e.g., relaxation, desensitization) to reinforce their students’ 

mathematical learning by eliminating their existing mathematical anxiety. Not all CBT related interventions 

are equal, and teachers should implement the most appropriate one based on his/her students’ specific 

mathematics anxiety case. Through implementing the most appropriate techniques of CBT and other 

interventions have shown a potential to reduce students’ mathematical anxiety, teachers can find that a simple 

change creates a more positive mathematics classroom. The implementation of CBT related interventions to 

mathematics classrooms provides opportunities for students to become successful not only in mathematics, 

but also in other subjects as mathematics is considered a gatekeeper for other STEM related fields. When 

students feel more secure to perform in mathematics, and share their mathematical ideas with others during 

mathematics instructions, their mathematical learning will be enriched, and they build up confidence, 

motivation, and preference level in mathematics. 

LIMITATIONS 

The present meta-analytic study included studies varying in terms of types of CBT intervention, 

participants’ ages, and duration of intervention. That is one reason a random sampling method was applied 

to identify any potential moderator analysis. However, the investigation of moderator analysis was not 

consistent due to the small number of effect sizes in the present study. Further meta-analytic investigations 

about the effects of CBT on reducing students’ mathematics anxiety is required when the number of published 

studies increases. A note of caution again, the present study presents only 7 studies with 14 effect sizes about 

the effects of CBT interventions on students’ mathematics anxiety; thus, any result of this meta-analysis needs 

to be considered carefully. 
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