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a b s t r a c t 

This systematic review aimed to explore how university students’ statistics self-concept can be determined and 

enhanced. Five databases were included in this review, with the initial search returning 217 studies, after dupli- 

cates were removed. Following the implementation of the eligibility criteria, 21 studies remained for qualitative 

synthesis. The results of this review indicated that statistics self-concept is assumed to be a dimension of statistics 

attitudes. Additionally, the impact of different methods on statistics self-concept were tested in several studies, 

but these studies were appraised as methodologically unsound. Accordingly, this review recommends randomised 

controlled trials to be conducted in further studies to claim a strong casual mechanism. 
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. Introduction 

Statistics courses are compulsory in many college/university un-

ergraduate programs ( Balo ğlu et al., 2011 ; Ncube & Moroke, 2015 ).

s a compulsory element of courses, enrolled students may encounter

ome difficulties including negative attitudes ( Schau et al., 1995 ), high

tatistics anxiety ( Onwuegbuzie & Wilson, 2003 ) and insufficient sta-

istical knowledge ( Hirsch & O’Donnell, 2001 ). Some of these issues

an be tackled by developing students’ statistics self-concept, refer-

ing to one’s evaluation of their competence in a domain ( Jones et al.,

015 ). A positive self-concept can lead to improved academic achieve-

ent and motivation ( Eccles, 1983 ; Wigfield & Eccles, 2000 ), contin-

ous effort ( Marsh et al., 1991 ; Trautwein et al., 2006 ), and better

ducational choices, such as academic persistence ( Guay et al., 2004 ;

arsh & O’Mara, 2008 ). Understanding and measuring academic self-

oncept, and more specifically statistics self-concept, is therefore impor-

ant, yet the soundness of available indicators to do so is problematic

ue to the vagueness and diversity of definitions ( Marsh, 1992 ; Marsh

 Hau, 2004 ; Shavelson et al., 1976 ). Consequently, the critical exam-

nation of widely used data collection tools for statistics self-concept

nd teaching approaches aiming to develop university students’ statis-

ics self-concept is beneficial; however, reflects a current gap within the

iterature. 
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.1. Self-concept: A multidimensional and hierarchial structure 

Self-concept has a multidimensional and hierarchical structure based

n a theoretical model established by Shavelson et al. (1976) . General

elf-concept refers to an individual’s perceptions about oneself; this is

hen divided into two subcategories of academic self-concept and non-

cademic self-concept. The next level refers to the domain-specific self-

oncept ( Fig. 1 ). Marsh and Hau (2004) advocated this theoretical model

or two reasons. First, compared with global and non-academic compo-

ents of self-concept, the correlation between academic self-concept and

cademic outcomes is higher. Second, there is a correlation between

chievement and academic self-concepts in the matching domain. An

xample of matching domains is mathematics and statistics; although

oth domains include the same topics, these are treated differently in

erms of the functions of context and data ( Burrill & Biehler, 2011 ;

obb & Moore, 1997 ; Rossman et al., 2006 ). Therefore, mathemat-

cs self-concept and statistics self-concept are assumed to be similar,

ut not identical ( Dauphinee et al., 1997 ; González et al., 2016 ). Like-

ise, Sproesser et al. (2016) found that mathematics self-concept and

tatistics self-concept are highly correlated (r = .56). On the other hand,

n example of non-matching domains is mathematics and English self-

oncept; of which Marsh (1992) found a low correlation (r = .30). 
ovember 2020 
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Fig. 1. Multidimensional and hierarchical structure of self-concept (adapted from Shavelson et al., 1976 ). 
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.2. An overview of the theoretical relations between achievement and 

cademic self-concept 

When broadly considering achievement and academic self-concept,

n integrated theoretical model on the development of academic self-

oncept suggests its relations with achievement can change across time,

ocial comparison and domains ( Marsh et al., 2018 ). 

First, the relations between self-concept and academic achievement

cross time can be explained with three models: skill development, self-

nhancement and reciprocal effects ( Green et al., 2006 ). While a skill

evelopment model postulates that self-concept in a specific domain

s formed by achievement in that domain, a self-enhancement model

roposes that academic self-concept is the principal cause of academic

chievement ( Abu-Hilal et al., 2013 ). Calsyn and Kenny (1977) com-

ared both models by using the cross-lagged panel correlation approach

o determine which model is relatively more efficient; their findings

upported a skill development model over a self-enhancement model.

owever, some (for example, Marsh, 1990a , 1990b ) criticised the cross-

agged panel correlation approach for being neither methodologically

ound nor consistent with academic self-concept theory, as both the

ath from initial achievement to self-concept, and the path from ini-

ial self-concept to achievement, are significant and positive ( Marsh &

öller, 2004 ). Consequently, the reciprocal effects model was supported.

ccording to this model, initial achievement influences self-concept,

hilst initial self-concept affects subsequent achievement ( Green et al.,

006 ). 

Moreover, the relations between self-concept and academic achieve-

ent can be explored with the big-fish-little-pond effect (BFLPE) model.

estinger (1954) proposed that social comparisons arise when individu-

ls relate their accomplishments and skills to others. Therefore, students

ight have lower or higher self-concept when they compare themselves

ith more able or less able students, respectively. The BFLPE model as-

umed that academic self-concept is positively correlated with individ-

al student achievement, yet negatively correlated with school-average

bility ( Marsh, 1994 ). Marsh et al. (2007) found that negative BFLPE is

teady and extensive, even three years after graduating from academi-

ally selective high schools. 

However, Marsh (2006) claimed that neither temporal comparison

heory nor social comparison theory perfectly explained the domain

pecificity of academic self-concept. Similarly, the Eccles’ expectancy-

alue model suggested that individuals evaluate their own capability in

 domain by comparing with others’ performances and their own ac-

omplishments across domains ( Eccles, 2009 ). This forms dimensional

omparison theory (DCT), which the internal/external frames of refer-

nce model (I/E model) uses as its foundation ( Möller & Marsh, 2013 ).

ccording to this model, academic self-concept is developed based on

wo frames of reference: internal and external ( Möller et al., 2011 ). An

nternal reference refers to temporal comparison indicating that students
ompare their accomplishments in one subject with another subject. A

ontrasting effect occurs if both subjects are related, such as mathe-

atics and physics, whereas an assimilation effect appears when two

ubjects are diverse, such as mathematics and English ( Parker et al.,

015 ). An external reference corresponds to social comparison imply-

ng that students compare their accomplishments in a subject with their

eers ( Marsh et al., 2015 ). Marsh et al. (2018) tested the integration

f the reciprocal effects model, I/E model and BFLPE model using data

ollected from 3,370 students at 42 German schools (Grade 4 through

rade 9); the results of analysis are consistent with these three models.

hese theories are important when considering academic self-concept

nd academic achievement. Despite the importance of these theories,

he theoretical framework of this review predominantly draws upon Ec-

les’ expectancy-value model. 

.3. Theoretical framework 

Wentzel and Wigfield (2009) presented a comprehensive synopsis of

heories related to motivation. Among these theories, self-determination

heory, self-efficacy theory and the Eccles’ expectancy-value model were

ound to be associated with individuals’ self-judgments of their compe-

encies. First, self-determination theory posits that competence beliefs

re a basic psychological need, and feeling higher competence increases

ntrinsic motivation. As this theory mainly focuses on the type of moti-

ation rather than the amount ( Ryan & Deci, 2009 ), it lacks relevance

or this review. Second, self-efficacy theory suggests that an individual

ith higher self-efficacy tends to select demanding tasks, whilst devot-

ng greater effort and time to accomplish challenging activities. These

otivational outcomes result in improved understanding and perfor-

ance ( Bandura, 1977 ). Even though self-efficacy and self-concept are

eliefs about self-competency, they are distinct constructs: self-efficacy

s associated with future-related evaluations whereas self-concept is ad-

usted by past-related experiences; hence, self-concept beliefs are more

table than self-efficacy beliefs ( Schunk & Pajares, 2009 ). Additionally,

elf-efficacy items are explanatory while self-concept items are explana-

ory and evaluative. Therefore, frame-of-reference effects influence re-

ponses to self-concept items but not self-efficacy items ( Marsh et al.,

019 ). Such distinguishing characteristics of self-concept can be further

xplained with the Eccles’ expectancy-value model positing that self-

oncept embodies a substantial role in individuals’ academic selections

 Eccles, 1983 ). 

According to the Eccles’ expectancy-value model, individuals’

hoices related to achievement are regulated and facilitated by their

xpectancy beliefs and subjective task value perceptions ( Eccles, 1983 ).

ore specifically, the expectancy beliefs are largely formed and affected

y students’ assessments of task difficulty and self-concept of ability

 Eccles & Harold, 1991 ; Eccles et al., 2005 ; Wigfield & Eccles, 2002 ). In

ddition, subjective task value perceptions correspond to a task’s char-
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cteristic which either decreases or increases the probability of an indi-

idual choosing such task ( Eccles, 1983 ). The characteristic of the task

s determined by four factors: attainment value, intrinsic value, utility

alue and perceived cost. Attainment value indicates the personal im-

ortance of accomplishing a task whereas intrinsic value reveals the per-

onal enjoyment of engaging in a task. Additionally, while utility value

efers to how the task relates to an individual’s future plans, perceived

ost corresponds to what else individuals can do, other than the task

 Wigfield & Eccles, 2000 ; Eccles, 2005 ). 

Although Shavelson et al. (1976) asserted that self-evaluation (cog-

itive competence) cannot be separated from self-description (affec-

ive), the Eccles’ expectancy-value model posited that these components

an be distinguishable at the domain-specific level ( Arens et al., 2016 ).

vidently, based on the Eccles’ expectancy-value model, these compo-

ents belong to recognised task value and recognised competence, re-

pectively ( Ramirez et al., 2012 ). Similarly, Marsh et al. (1999) recom-

ended that affective and cognitive competence should be appraised

s two separate components. Kadir et al. (2017) attempted to prove

his claim. In their study, 275 Singaporean 7th graders were asked

o complete a 24-item self-concept questionnaire about physics, En-

lish and mathematics. It was found that academic self-concept had

wo separable components: affective and cognitive competence. Addi-

ionally, Pinxten et al. (2013) suggested that future self-concept re-

earchers and practitioners can achieve noteworthy benefits if self-

oncept is divided into cognitive beliefs and affect components. For ex-

mple, Kadir et al. (2017) argued that while competence-oriented inter-

entions can enhance students’ achievements, affect-focused interven-

ions may improve their academic and career ambitions. 

In the context of statistics education, Dauphinee et al. (1997) and

ilton et al. (2004) argued that although there is a strong relation be-

ween the affective (for example, ‘I like statistics’) and cognitive com-

etence (for example, ‘I can learn statistics’) components, they are dis-

inct regarding their associations with other variables. For instance, in

he United States of America (USA), Del Vecchio (1994) examined the

oles of the affective and cognitive competence components according

o gender, on completion of an undergraduate introductory statistics

ourse. The authors concluded that there was a strong positive relation

etween successful course completion and the cognitive competence

omponent for both genders. However, there was a weak correlation be-

ween successful course completion and the affect component for men,

ut these were not related for women. In addition, the cognitive com-

etence component can be used to measure statistics self-concept, thus

roviding scope for research on the relations between statistics achieve-

ent and statistics self-concept ( Dauphinee et al., 1997 ). Consequently,

elf-concept and cognitive competence are interchangeably used in this

tudy. 

.4. Study Rationale 

Developing and enhancing a positive academic self-concept is pivotal

n education as it can promote learning ( Marsh, 1990b ; Marsh et al.,

015 ). In addition to the relation between academic self-concept and

chievement ( Section 1.2 ), academic self-concept is significantly related

o other motivational constructs. For instance, students’ statistics self-

oncept is positively correlated with their feelings concerning statis-

ics (r = .708), attitudes about the difficulty of statistics as a subject

r = .552), and attitudes about the usefulness, relevance and worth of

tatistics in their personal and professional life (r = .580) ( Dempster &

cCorry, 2009 ). Similarly, Gogol et al. (2017) discovered that there is a

ignificant negative correlation between mathematics self-concept and

athematics anxiety (ranging from r = -.49 to -.65). Thus, conducting

esearch on how academic self-concept can be developed is important.

ore specifically, there is an additional need to better understand data

ollection tools for domain specific self-concept, rather than general aca-

emic self-concept ( Huang, 2011 ). These data collection tools always

nclude self-report questionnaires ( Möller et al., 2009 ), but sometimes
ontain other methods such as peer ratings of competence ( Lösch et al.,

017 ) and open-ended questions ( Wolff et al., 2018 ). Thus, creating do-

ain specific inventories consisting of data collection tools for domain

pecific self-concept and teaching methods aimed at improving domain

pecific self-concept is crucial. These inventories can be explicitly gen-

rated by systematic reviews that identify widely used data collection

ools for self-concept, and compare the impact of different interventions

n students’ self-concept. 

To determine if there was a research gap for systematic reviews

oncerning statistics self-concept, a scoping review was performed,

s suggested by Torgerson (2003) . The scoping review found lim-

ted resources identifying data collection tools for self-concept. For in-

tance, Wylie (1989) created a catalogue of self-concept measures, but

t was not domain-specific. Additionally, some reviews aimed to ex-

lore how self-belief constructs and achievement are related. For ex-

mple, Valentine et al. (2004) conducted a meta-analysis to examine

he relationship between self-belief constructs and achievement, whilst

uang (2011) performed a meta-analysis to explore the association be-

ween self-concept and achievement. However, neither meta-analyses

ncluded conclusions related to statistics self-concept. In addition, some

eviews focused on identifying self-report questionnaires, which aimed

o discover students’ attitudes towards statistics or their statistics anx-

ety ( Chew & Dillon, 2014 ; Nolan et al., 2012 ; Onwuegbuzie & Wil-

on, 2003 ), whilst others investigated the relationship between students’

ttitudes towards statistics and their statistics achievement ( Emmioglu

 Capa-Aydin, 2012 ; Milic et al., 2016 ). Consequently, conducting a

ystematic review on statistics self-concept is needed to better under-

tand how this variable is measured across studies. To fulfil a gap in

xisting research, this review therefore aimed to identify how univer-

ity students’ statistics self-concept can be measured and developed. 

. Method 

This systematic review examined data collection methods of, and

nterventions for developing, statistics self-concept. 

.1. Key concepts and search string 

Key concepts were identified as ‘university students’ and ‘statistics

elf-concept’, based on the participants and outcomes components of the

ICO framework. In this regard, key concepts with their synonyms were

etermined as student, course, college, university, statistics self-concept

nd cognitive competence. The following search string was therefore

enerated: 

Student AND (Course OR College OR University) AND ("Statistics

elf-concept" OR "Cognitive Competence"). 

.2. Eligibility criteria 

The following eligibility criteria was implemented in this review: 

a To ensure inclusivity, studies must be published between

01/01/1970 and 26/03/2019; the latter date refers to when

the literature was screened. 

b To ensure all studies are eligible for full-text screening and synthesis,

full-text must be accessible. 

c Due to the language profiency of the authors, studies must be written

in English. 

d As a key concept, statistics self-concept must be determined to ensure

all eligible studies are included and the review accurately syntheses

studies accordingly. 

e As a key concept, participants must be university or college students.

f If statistics self-concept scales are used, the relevant statistical data

for statistics self-concept must be reported, such as Cronbach’s alpha

values, to ensure the internal consistency of presented scales can be

measured. 
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Fig. 2. PRISMA flow diagram (adapted from Moher et al., 2009 ) 
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g When interventions are used, both means (M) and standard devi-

ations (SDs) must be reported to ensure their effectiveness can be

determined. 

This review did not exclude studies based on the geographical con-

ext or place of publication (e.g. peer review or grey literature). 

.3. Resources and collection process 

This systematic review searched education-specific databases (ERIC,

sycINFO, PsycARTICLES) and wider academic databases (Web of Sci-

nce, Scopus). The authors acknowledge the literature search was lim-

ted to the selected databases. Although there is risk of selection bias,

he selected databases were chosen for inclusivity and to minimise such

ias as they refer to a range of education-specific and general indexes

here eligible studies may be located. 

The study identification process began with implementing the above

earch string in the aforementioned databases; this search resulted in

 total of 257 entries. These studies were imported into Zotero soft-

are. After duplicate entries were removed, 217 studies were screened

y two of the authors at title and abstract. The inter-rater reliability be-

ween the reviewers was calculated as .898, representing an excellent

greement ( Cicchetti, 1994 ). Conflicting decisions were discussed un-

il a consensus was reached. At this stage, 131 studies were eliminated

y their titles and 51 studies were eliminated by their abstracts (total

umber excluded: 182). Thereafter, 35 studies remained and were ex-

mined against the eligibility criteria. Full text screening eliminated 14

tudies, resulting in 21 studies being included in the review ( Fig. 2 ). In

otal, of the 21 studies, three were conference papers ( Ghulami et al.,

015 ; Gopal et al., 2018 ; Yang et al., 2014 ), one was a dissertation
 Zonnefeld, 2016 ), and 17 were peer-reviewed journal articles. The in-

luded studies were tabulated based on the PICO framework ( Table 1 )

nd qualitatively synthesised to determine how statistics self-concept

as measured and enhanced. 

. Results and discussion 

A critical review of the results is presented in two sections: how

an statistics self-concept be measured (3.1) and how can statistics self-

oncept be improved (3.2). A summary of the eligible studies is provided

n Table 1 . 

.1. How can statistics self-concept be measured? 

Findings from the eligible studies illustrated that statistics self-

oncept is assumed to be a component of students’ attitudes towards

tatistics, which is unanimously measured through self-reported ques-

ionnaires. This is not surprising as most believe self-concept can only

e determined by self-report questionnaires ( Marsh et al., 2002 ). Self-

eport questionnaires have some advantages. First, straightforward in-

ormation can be gathered in a short period with comparatively less ef-

ort ( Denscombe, 2014 ; DePoy & Gitlin, 2011 ; Sharp, 2012 ). Moreover,

re-coded answers are easily described and compared through statisti-

al analysis ( DePoy & Gitlin, 2011 ). Denscombe (2014) also highlighted

he value of online questionnaires and revealed that such data can be

irectly imported into software, therefore removing potential coding er-

ors that may occur when transferring data from paper questionnaires.

ith respect to many details, these advantages also bring disadvantages

 Denscombe, 2014 ). For example, determining the reliability and valid-
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Table 1 

A summary of findings from included studies. 

Author Participant Intervention Comparison 

Outcome 

The name of subscale (the number of 

items): Cronbach’s alpha 

Anastasiadou, 2011 123 Greek students studying at the 

Department of Pre-School Education 

at the Western Macedonia University, 

Greece. 

N/A N/A Attitudes toward Statistics and 

Technology Scale 

Overall (28): .908 

Components: 

Statistics cognitive competence (6): 

.901 

Technology cognitive competence (4): 

.82 

Attitudes to learning statistics with 

technology (6): .735 

Value (6): .856 

Affect (6): .879 

Carlson & 

Winquist, 2011 

59 students participated in four 

sections of a college level introductory 

statistics course. 

By major: 15 in Nursing, 11 in 

Psychology, 11 in Sociology/Social 

Work, 6 in Pre-Med, 5 in Biology, 3 in 

Physical Education, 2 in Chemistry, 2 

in Arts/Humanities, 1 in Education, 3 

did not have a major. 

Age- mean:21.3 SD:5.4 

Location: USA. 

A classroom workbook 

designed on an active 

learning approach. 

Pre & Post SATS. 

There is a control 

group, yet its data are 

from another study. 

The Survey of Attitudes Toward 

Statistics – 36 

Overall (36): N/A 

Components: 

Affect (6): pre: .88 – post: .87 

Cognitive competence (6): pre: .93 - 

post: .86 

Value (9): pre: .85 – post: .58 

Difficulty (7): pre: .91 – post: .81 

Interest (4): pre: .89 – post: .84 

Effort (4): pre: .83 – post: .71 

Findings related to statistics 

self-concept: 

M post = 5.76, SD post = 1.13 for 

experimental, M post = 4.93, SD post = 1.15 

for norms, 

z-score = -5.04, p < .05, d cohen = .451 

Dempster & 

McCorry, 2009 

Pre-test: 154/162 first year 

undergraduate Psychology students. 

Post-test: 103/125 first year 

undergraduate Psychology students. 

Matched: 82 first year undergraduate 

Psychology students. 

Location: not stated but likely to be 

UK. 

N/A Pre & Post SATS. 

No control group. 

The Survey of Attitudes Toward 

Statistics – 28 

Overall (28): N/A 

Components: 

Affect (6): .81 

Cognitive competence (6): .85 

Value (9): .81 

Difficulty (7): .75 

Findings related to statistics 

self-concept: 

M change = -.96, SD pre = 6.49, SD post = 6.31, 

p > .05 

For matched: t(81) = .945, p > .05 

(Means and SDs were not provided) 

Emmioglu & 

Capa-Aydin, 2012 

Meta-analysis (17 studies). N/A Meta-analysis The Survey of Attitudes Toward 

Statistics – 28 

Overall (28): N/A 

Components including SATS-36: 

Affect (6): .80 - .85 

Cognitive competence (6): .77 - .82 

Value (9): .78 - .90 

Difficulty (7): .64 - .75 

Interest (4): .80 - .84 

Effort (4): .76 - .81 

Emmioglu- 

Sarikaya et al., 

2018 

347 university students 

Female (59%) 

Economics (n = 108) 

Engineering (n = 70) 

Education 

(n = 69) 

Psychology (n = 44) 

Business administration (n = 31) 

Applied mathematics (n = 23) 

Location: Turkey 

N/A N/A The Survey of Attitudes Toward 

Statistics – 36 

Overall (36): N/A 

Components: 

Affect (6): .85 

Cognitive competence (6): .82 

Value (9): .85 

Difficulty (7): .69 

Interest (4): .90 

Effort (4): .81 

Findings related to statistics 

self-concept: 

For male: M = 5.43, SD = .99 

For female: M = 5.25, SD = 1.17 

( continued on next page ) 
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Table 1 ( continued ) 

Author Participant Intervention Comparison Outcome 

The name of subscale (the number of 

items): Cronbach’s alpha 

Ghulami et al., 

2015 

718 engineering students enrolled in 

applied statistics course. Location: 

Malayasia. 

N/A N/A The Survey of Attitudes Toward 

Statistics – 36 

Overall (37): .893 

Components: 

Affect (6): .706 

Cognitive competence (6): .770 

Value (9): .840 

Difficulty (7): .516 

Interest (5): .879 

Effort (4): .892 

Gopal et al., 2018 293 first-year students. 

44 males (15%) and 249 females 

(65%). 

Malay (73.7%), Chinese 

(20.5%), Indian (3.4%) and other 

ethnics (2.4%). 

Faculty of Human 

Ecology (46.4%). 

Faculty of Economics & Management 

(19.5%). 

Faculty of Environmental Studies 

(14%). 

Faculty of Food Science & Technology 

(13%). 

Faculty of Educational Studies (4.4%). 

Faculty of 

Biotechnology & Biomolecular 

Sciences (1.4%). 

Faculty of Forestry (0.7%). 

Faculty of Agriculture (0.3%). 

Location: Malayasia. 

N/A N/A The Survey of Attitudes Toward 

Statistics – 28 

Overall (28): .80 

Components: 

Affect (6): 

Cognitive competence (6): 

Value (9): 

Difficulty (7): 

Findings related to statistics 

self-concept: 

r self-concept engagement = .55 

Gundlach et al., 

2015 

261 of 462 students who enrolled in 

an introductory statistical literacy 

course completed the SATS. 

Traditional: 193 undergraduate 

students. 

Online: 43 undergraduate students. 

Flipped: 25 undergraduate students. 

Location: USA. 

Three different 

approaches: 

web-augmented 

traditional, fully online 

and flipped sections. 

Pre & Post SATS. 

The control group is 

the web-augmented 

traditional group. 

The Survey of Attitudes Toward 

Statistics – 36 

Overall (36): N/A 

Components: 

Affect (6): .74 - .93 

Cognitive competence (6): .74 - .93 

Value (9): .74 - .93 

Difficulty (7): .74 - .93 

Interest (4): .74 - .93 

Effort (4): .74 - .93 

Findings related to statistics 

self-concept: 

M change = .56, SD pre = .98, SD post = .90, 

t(192) = 7.32, p < .05, d cohen = .75 (the 

web-augmented traditional group) 

Hood et al., 2012 149 second year university students 

enrolled in a Psychology statistics 

course. 

Location: Australia. 

N/A N/A The Survey of Attitudes Toward 

Statistics – 28 

Overall (28): N/A 

Components: 

Affect (6): .85 

Cognitive competence (6): .88 

Value (9): .86 

Difficulty (7): .78 

Kiekkas et al., 2015 156 students studying in the Nursing 

Department of the Technological 

Educational Institute of Southwestern 

Greece. 

141 female & 15 male. 

Median age: 21 years. 

Age ranged from 19-29 years. 

The SATS was administrated before 

and after the biostatistics course. 

A biostatistics course 

that relied on mutual 

respect, allowing 

teacher and students 

to interact and 

communicate 

effectively. In this 

course, while the 

lecturer used 

PowerPoint 

presentations, visual 

aids, clinical scenarios 

and examples; 

students were given 

opportunities to work 

with real clinical and 

research data. 

Pre & Post SATS. 

No control group. 

The Survey of Attitudes Toward 

Statistics – 36 

Overall (36): pre: .916 – post: .829 

Components: 

Affect (6): pre: .682 - .796 – post: .681 

- .807 

Cognitive competence (6): pre: .682 - 

.796 – post: .681 - .807 

Value (9): pre: .682 - .796 – post: .681 

- .807 

Difficulty (7): pre: .682 - .796 – post: 

.681 - .807 

Interest (4): pre: .682 - .796 – post: 

.681 - .807 

Effort (4): pre: .682 - .796 – post: .681 

- .807 

Findings related to statistics 

self-concept: 

M change = .29 SD pre = 1.25, SD post = 1.09, 

p < .05, d cohen = .247 

( continued on next page ) 
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Table 1 ( continued ) 

Author Participant Intervention Comparison Outcome 

The name of subscale (the number of 

items): Cronbach’s alpha 

Milic et al., 2016 461 medical students. 

By university: 

336 from the Faculty of Medicine, 

University of Belgrade. 

56 from the Faculty of Medicine, 

University of Sarajevo, Foca. 

69 from the Faculty of Medicine, 

University of Pristina, Kosovska 

Mitrovica. 

Age: 21.24 ± .94 

Statistics achievement: 87.64 ± 8.89 

Blended learning 

model 

or 

lecturer centred 

lectures. 

Pre & Post SATS. 

No control group. 

The Survey of Attitudes Toward 

Statistics – 36 

Overall (36): pre: .87 – post: .77 

Components: 

Affect (6): N/A 

Cognitive competence (6): N/A 

Value (9): N/A 

Difficulty (7): N/A 

Interest (4): N/A 

Effort (4): N/A 

Findings related to statistics 

self-concept: 

M change = .48, SD paired = .95, t(89) = 4.821, 

p < .05, d cohen = .505 

Schau & 

Emmio ǧlu, 2012 

Around 2,200 students studying at 

101 higher education institutions in 

the United States of America 

completing an introductory statistics 

services course in a 

mathematics/statistics department. 

The instructors in 

participating 

institutions indicated 

that while the 

majority chose lecturer 

centred lectures, a few 

used computer 

assisted lectures with 

supplementary online 

instruction and/or 

homework. 

Pre & Post SATS. 

No control group. 

The Survey of Attitudes Toward 

Statistics – 36 

Overall (36): 

Components: 

Affect (6): pre: .81 – post: .85 

Cognitive competence (6): pre: .84 –

post: .86 

Value (9): pre: .87 – post: .90 

Difficulty (7): pre: .76 – post: .86 

Interest (4): pre: .89 – post: .91 

Effort (4): pre: .81 – post: .77 

Findings related to statistics 

self-concept: 

M change = 0.10, SD paired = 1.06, 

t(2191) = 4.417, p < .05, d cohen = -0.085 

Schau et al., 1995 1,403 students enrolled in statistics 

courses in University of New Mexico 

and University of South Dakota. 

N/A N/A The Survey of Attitudes Toward 

Statistics – 28 

Overall (28): N/A 

Components: 

Affect (6): .81 - .85 

Cognitive competence (6): .77 - .83 

Value (9): .80 - .85 

Difficulty (7): .64 - .77 

Smith, 2017 Experimental group: 

24 undergraduate students. 

Female (87.5%). 

Caucasian (54.2%) 

African American/Black (37.5%) 

Study Year: 

Second-year (25.0%). 

Third-year (20.8%). 

Fourth-year (54.2%). 

Location: not stated but likely USA. 

Pre & Post SATS-36. 

Within comparisons: 

Pre vs. Post SATS-36. 

The Survey of Attitudes Toward 

Statistics – 36 

Overall (36): N/A 

Components: 

Affect (6): N/A 

Cognitive competence (6): N/A 

Value (9): N/A 

Difficulty (7): .51 

Interest (4): N/A 

Effort (4): N/A 

Findings related to statistics 

self-concept: 

Within comparisons: 

M pre = 4.19 [3.66, 4.71], M post = 4.54 

[4.10, 4.99], 

t(23) = -1.85, p = .077, d cohen = .37 

Stanisavljevic et al., 

2014 

417 medical students enrolled in an 

introductory statistics course in 

University of Belgrade. 

N/A N/A The Survey of Attitudes Toward 

Statistics – 36 

Overall (36): .90 

Components: 

Affect (6): .60 

Cognitive competence (6): .75 

Value (9): .83 

Difficulty (7): .57 

Interest (4): .88 

Effort (4): .67 

Tempelaar et al., 

2011 

972 undergraduate students in 

Business Statistics. 

368 undergraduate students in 

Business Strategy. 

372 undergraduate students in 

Finance & Accounting. 

291 undergraduate students in 

Marketing Management. 

304 undergraduate students in 

Organization & HRM. 

Location: Netherlands. 

N/A N/A The Survey of Attitudes Toward 

Statistics – 28 

Overall (28): N/A 

Components: 

Affect (6): .75 - .88 

Cognitive competence (6): .72 - .84 

Value (9): .78 - .88 

Difficulty (7): .67 - .77 

( continued on next page ) 
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Table 1 ( continued ) 

Author Participant Intervention Comparison Outcome 

The name of subscale (the number of 

items): Cronbach’s alpha 

van Appel & 

Durandt, 2018 

Pretest: 

600 undergraduate statistics students. 

Faculty of Science (130 first-year; 39 

female, 91 male, N = 169). 

Faculty of Engineering (196 

third-year; 42 female, 154 male, 

N = 267). 

Faculty of 

Management (274 first-year students; 

155 female, 119 male, N = 483). 

Post-test: 

Faculty of Science (80 first-year; 26 

female, 54 male, N = 132). 

Faculty of Management (282 

first-year; 156 female, 126 male, 

N = 400). 

Location: South Africa. 

Both courses have 

similar outlines and 

were delivered by 

experienced lecturers. 

While both courses 

focus on contextual 

applications and 

interpretations, 

students in 

mainstream courses 

were provided a more 

vigorous theoretical 

background than those 

in service courses. 

Pre & Post SATS-36. 

Between comparisons: 

Service vs. mainstream 

courses; 

male vs. female. 

Within comparisons: 

For Service courses: 

Pre vs. Post SATS-36. 

For mainstream 

courses: 

Pre vs. Post SATS-36. 

The Survey of Attitudes Toward 

Statistics – 36 

Overall (36): N/A 

Components: 

For science: 

Affect (6): pre: .8 post: .9 

Cognitive competence (6): pre: .6 post: 

.7 

Value (9): pre: .7 post: .8 

Difficulty (7): pre: .5 post: .5 

Interest (4): pre: .8 post: .8 

Effort (4): pre: .8 post: .8 

For management: 

Affect (6): pre: .8 post: .9 

Cognitive competence (6): pre: .8 post: 

.8 

Value (9): pre: .8 post: .9 

Difficulty (7): pre: .6 post: .5 

Interest (4): pre: .9 post: .9 

Effort (4): pre: .7 post: .7 

Findings related to statistics 

self-concept: 

Posttest comparison based on course: 

M mainstream = 5.8, 

SD mainstream = .8, 

M service = 4.8, 

SD service = 1.0, 

U = 6070, p < .05 

Post-test comparison based on gender: 

U = 1459, p > .05 

Within comparison for mainstream 

courses: 

Z = -2.458, p < .05, dz = .99 

Within comparison for service 

courses: 

Z = -4.328, p < .05, dz = .99 

VanHoof et al., 

2011 

514 undergraduate students enrolling 

in introductory statistics course in the 

Katholieke Universiteit Leuven. 

N/A In this study, the 

four-factor structure of 

SATS were compared 

with its six-factor 

structure. The latter 

one was recommended 

to use in studies. 

The Survey of Attitudes Toward 

Statistics – 36 

Overall (36): N/A 

Components: 

Affect (6): N/A 

Cognitive competence (6): N/A 

Value (9): N/A 

Difficulty (7): N/A 

Interest (4): N/A 

Effort (4): N/A 

Yang et al., 2014 No details provided. Digital teaching 

materials. 

Pre & Post SATS. 

No control group. 

The Survey of Attitudes Toward 

Statistics – 36 

Overall (36): N/A 

Components: 

Affect (6): .75 - .89 

Cognitive competence (6): .75 - .89 

Value (9): .75 - .89 

Difficulty (7): .75 - .89 

Interest (4): .75 - .89 

Effort (4): .75 - .89 

Findings related to statistics 

self-concept: 

M change = .544, SD pre = .80, SD post = .77, 

t(?) = 6.008, p < .05, d cohen = -0.693 

Zimprich, 2012 346 Swiss Psychology students N/A N/A The Survey of Attitudes Toward 

Statistics – 28 

Overall (28): N/A 

Components: 

Affect (6): .84 

Cognitive competence (6): .81 

Value (9): .84 

Difficulty (7): .75 

( continued on next page ) 
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Table 1 ( continued ) 

Author Participant Intervention Comparison Outcome 

The name of subscale (the number of 

items): Cronbach’s alpha 

Zonnefeld, 2016 547 undergraduate students. 

Location: USA 

Incremental mindset 

training. 

Pre & Post SATS. 

There was a control 

group but participants 

were not randomly 

allocated and the 

control group was not 

randomly assigned. 

The Survey of Attitudes Toward 

Statistics – 36 

Overall (36): N/A 

Components: 

Affect (6): N/A 

Cognitive competence (6): N/A 

Value (9): N/A 

Difficulty (7): N/A 

Interest (4): N/A 

Effort (4): N/A 

Findings related to statistics 

self-concept: 

M treatment = 4.894, SD treatment = .522, 

M control = 5.868, SD control = 1.039, F(1, 

138) = 14.778, p > .05 

Fig. 3. Identified data collection tools for determin- 

ing statistics self-concept in eligible studies. 
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ty of questionnaires is not straightforward ( Sharp, 2012 ). Accordingly,

ugg and Petre (2006) emphasised the importance of content validity

nd stated that even when replicating a previous study, the suitabil-

ty of its questionnaire for the new context should be verified before

se. In addition, the validity of respondents’ answers may vary accord-

ng to question interpretation, as well as a probable gap between their

elf-perception and actual ability. Such limitations may consequently

ake the interpretation of data problematic ( Denscombe, 2014 ; DePoy

 Gitlin, 2011 ). The benefits and limitations of self-report question-

aires should therefore be considered when used to identify students’

tatistics self-concept. 

In relation to above, two versions of the Survey of Attitudes to-

ards Statistics are commonly used questionnaires for measuring and

etermining statistics self-concept ( Fig. 3 ). Schau et al. (1995) indi-

ated that the Survey of Attitudes toward Statistics - 28 (SATS-28) con-

ists of the following subscales: affect (6 items; Cronbach’s alpha = .81-

85), cognitive competence (6 items; Cronbach’s alpha = .81-.85), value

9 items; Cronbach’s alpha = .81-.85) and difficulty (7 items; Cron-

ach’s alpha = .81-.85). Dauphinee et al. (1997) compared this four-

actor structure of the SATS-28 with the one-factor, and three-factor,

tructure models. The one-factor and three-factor structure models re-

ected a high correlation between affect and cognitive competence

ubscales. The authors determined that the four-factor structure of

he SATS-28 demonstrated a better fit compared to the other struc-

ures. Subsequently, the SATS-28 was modified relying on the Eccles’

xpectancy-value model, and the Survey of Attitudes toward Statis-

ics - 36 (SATS-36) was created by adding two subscales to the SATS-

8. These subscales were: interest (4 items; Cronbach’s alpha = .80-.84)

nd effort (4 items; Cronbach’s alpha = .76-.81) ( Emmioglu & Capa-

ydin, 2012 ). VanHoof et al. (2011) made a comparison of the six-

actor structure of the SATS-36, with the four-factor structure of the
ATS-36, which merged the affect, cognitive competence and difficulty

ubscales. They found that the former structure showed a slightly bet-

er fit than the latter and advised using the six-factor structure of the

ATS-36 as it allowed for comparisons with previous studies. In addi-

ion, Wang et al. (2018) demonstrated the divergent and convergent

alidity of the SATS-36 in American and Chinese samples. However,

nastasiadou (2011) claimed statistics attitude scales should also assess

tudents’ attitudes towards learning statistics with technology, as it is

ften used in teaching statistics, from computing numbers to compre-

ending concepts ( Chance et al., 2007 ; Garfield et al., 2001 ; Yang et al.,

014 ). Consequently, it is recommended the SATS-36 is revised to in-

lude a subscale aiming to measure students’ attitudes of learning statis-

ics with technology. 

Although data collection tools such as the Survey of Attitudes to-

ards Statistics (28/36) are available for measuring and determining

tatistics self-concept, there are a limited number of questionnaires for

xamining statistics self-concept and attitudes towards computer useful-

ess in learning statistics. One example is the Attitudes toward Statistics

nd Technology Scale (SASTc), of which Anastasiadou (2011) aimed to

etermine its reliability and validity. To this end, 123 Greek university

tudents were asked to complete the scale. Anastasiadou (2011) found

hat the overall Cronbach’s alpha for the SASTc scale was .908. In

ddition, a factor analysis illustrated that the SASTc scale comprises

ve subscales: statistics cognitive competence (6 items; Cronbach’s

lpha = .901), technology cognitive competence (4 items; Cronbach’s

lpha = .82), learning statistics with technology (6 items; Cronbach’s

lpha = .735), value (6 items; Cronbach’s alpha = .856) and affect (7

tems; Cronbach’s alpha = .879). These factors also showed a good fit of

he data. Thus, it was concluded that the SASTc scale was reliable. How-

ver, the content validity of this scale is arguable. Schau (2003) claimed

hat statistics attitude scales should not have less than four dimensions:
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Fig. 4. Attitudes towards statistics based on the Eccles’ expectancy-value model 

and recent innovations in statistics education. 
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1 Introductory statistics courses with no mathematics prerequisite or with an 

algebra prerequisite taught in a mathematics/statistics department ( Schau and 

Emmio ǧlu, 2012 ). 
2 Sections refer to students, instructors, instructional approaches, content, 

and the physical locations students and instructors meet ( Schau and Em- 

mio ǧlu, 2012 ). 
ffect, cognitive competence, value and difficulty, but the SASTc scale

oes not include any items related to difficulties which students face

hile studying statistics. 

Briefly, it can be argued that the three outlined self-reported ques-

ionnaires are reliable measures as Cronbach’s alpha values for their

ubscales are greater than, or close to .7 ( Cohen et al., 2013 ). On the

ne hand, according to the Eccles’ expectancy-value model, the SATS-

6 is the best among these three questionnaires for measuring statistics

elf-concept and students’ attitudes towards statistics, but it does not

ave items regarding students’ perceptions of computer usefulness and

heir experiences of using computers while learning statistics. Hence,

n studies aiming to improve students’ statistical self-concept through

omputer based interventions, the SATS-36 should be used with an ad-

itional subscale that assesses computer usefulness and experience in

earning statistics (for example, see Fig. 4 ). 

Moreover, it should be acknowledged that variation of Cronbach’s

lpha values reported in studies may reflect differences in context, sam-

le and item interpretation. This highlights the importance of consid-

ring such factors when interpreting the presented results as they may

nfluence reported outcomes. 

.2. How can Statistics Self-Concept be Improved? 

Seven of the 21 studies explored the influences of different teach-

ng approaches on statistics self-concept. The number of participants

n these studies ranged from 24 to 2,200, and were conducted in

arious countries including: the USA ( Carlson & Winquist, 2011 ;

undlach et al., 2015 ; Schau & Emmio ǧlu, 2012 ; Zonnefeld, 2016 ),

outh Africa ( van Appel & Durandt, 2018 ), Greece ( Kiekkas et al.,

015 ), Bosnia and Herzegovina ( Milic et al., 2016 ), Serbia and Kosovo

 Milic et al., 2016 ). While the estimated average age of participants was

etween 21 and 22, most participants were female. Additionally, the

eaching methods in these studies varied and included: lecturer centred

ectures, gamified modules, computer assisted lectures, blended learning

pproach, courses based on mutual respect, active learning approach,

eb augmented approach and incremental mindset training ( Table 1 ). 

Instructors in lecturer centred lectures delivered lessons to students

n the classroom, whereas instructors in computer assisted lectures pre-

ented lessons to students but also asked them to interact with sup-

lementary digital teaching materials, online instruction and/or home-

ork ( Schau & Emmio ǧlu, 2012 ; Yang et al., 2014 ). In the gamified

odules, games consisted of empirically proven taxonomy components

iming to enhance students’ attitudes towards the tasks. In gamified

odules, students were asked to complete a fictional scenario with ex-

licit aims and guidelines ( Smith, 2017 ). In addition, courses in the

lended learning approach consisted of classroom meetings and course

ebsites. While instructors answered students’ questions and led discus-

ions in classroom settings, students had access to multimedia course
aterials, websites and communication tools such as a web forum and

mail ( Milic et al., 2016 ; Milic et al., 2016 ). Moreover, learning set-

ings relying on mutual respect aimed to provide effective interaction

nd communication between instructors and students ( Kiekkas et al.,

015 ). Active learning approaches explored concepts and put particular

uestions to students to determine the extent to which they compre-

ended such concepts ( Carlson & Winquist, 2011 ). Furthermore, in the

eb augmented approach, the lead instructor presented course content

n a lecture hall twice weekly, and students interacted with the con-

ent using classroom response system questions. A teaching assistant

lso delivered weekly recitations and provided students with quizzes.

tudents could also access online lectures ( Gundlach et al., 2015 ). Stu-

ents in the incremental mindset training were provided with informa-

ion about mindsets, the physiology of the brain, reaction to negative

eedback, goals, and the role of effort. These pieces of information were

elivered with a short video, article, presentation or activity, introduc-

ng these concepts in incremental theory. Students were expected to

ersonalize the newly provided information in consolidation activities

ia a small group discussion or an individual writing task. Moreover,

tudents were shown how they could successfully use online material

nd tutoring ( Zonnefeld, 2016 ). Finally, mainstream and service courses

ncluded contextual applications and interpretations, with students in

ainstream courses being delivered a more vigorous theoretical back-

round ( van Appel & Durandt, 2018 ). 

Of importance to this review, effect sizes for independent samples

orresponded to the ratio of mean differences to pooled standard devi-

tion ( Cohen, 1988 ). This formula was adapted for dependent samples

f the t-value, effect size or the correlation between pre-test and post-

est was not provided in any study ( Morris & DeShon, 2002 ). Subse-

uently, the ratio of the effect size to pooled standard deviation for each

tudy was computed to indicate how a teaching approach, on average,

ncreased students’ statistics self-concept. These studies are classified by

heir methodologies in the following subsections. 

.2.1. Pre-Test and Post-Test Only Design 

Schau and Emmio ǧlu (2012) examined how introductory statistics

ervice courses 1 , taught in mathematics/statistics departments in higher

ducation institutions across the USA, changed students’ attitudes to-

ards statistics. A total of approximately 2,200 students in 101 sec-

ions 2 were included in the study, with 92% of these sections consist-

ng of between 10 and 50 students. Participating students were asked

o complete the SATS–36 before and after their course to determine

hanges in their statistics attitudes. The instructors in participating insti-

utions indicated that while the majority chose lecturer centred lectures,

 few used computer assisted lectures. Due to various teaching methods,

hanges in students’ self-concept were examined at the section and in-

ividual level. The section-level analysis illustrated that students’ self-

oncept was not significantly changed as differences between pre- and

ost-tests fell within range of -0.5 and + 0.5. On the other hand, when

tudents were the units of analysis, introductory statistics classes slightly

mproved students’ statistics self-concept (M change = .10, SD pooled = 1.10,

 < .05). Cohen’s d was computed as 0.08, which suggests a slight effect.

he results indicate that conducting research that aims to determine

he effect of various teaching methods on statistics self-concept is rea-

onable. 

Correspondingly, Smith (2017) examined the impact of gamified

odules on students’ attitudes towards statistics, including statistics

elf-concept. Twenty-four undergraduate students were asked to carry

ut the SATS–36 before and after practicing three gamified modules. The
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omparison of pre-test and post-test results indicated that there was an

ncrease of .35 in students’ statistics self-concept, but this was not sta-

istically significant (t(23) = -1.85, p > .05). The small sample size of the

tudy may have been insufficient to test the teaching approach of gam-

fied modules. The lower statistical power of the analysis due to the

mall sample size may subsequently explain the presented null effect.

oreover, Kiekkas et al. (2015) designed a biostatistics course in the

echnological Educational Institute of Southwestern Greece, which re-

ied on mutual respect. In this course, the lecturer used PowerPoint pre-

entations, visual aids, clinical scenarios and examples. Students were

lso given opportunities to work with real clinical and research data.

o discover the impact of this course on students’ attitudes towards

tatistics, 156 university students were requested to perform the SATS–

6 before and after their course. When students’ responses to pre-tests

ere compared to their post-test responses, it was found students’ statis-

ics self-concept was significantly enhanced (M change = .29 SD pre = 1.25,

D post = 1.09, p < .05) 3 . Cohen’s d was calculated as .25, suggesting a

mall to medium effect. 

Similarly, Milic et al. (2016) conducted a multi-site study with 461

hird year medical students enrolled in three universities (University

f Belgrade, University of Sarajevo and University of Pristina) to de-

ermine changes in their attitudes towards statistics. The introductory

tatistics course was mandatory in the participating institutions and was

elivered through lecturer centred lectures or a blended learning ap-

roach. Milic et al. (2016) reported similarities and differences between

hese approaches. Lecturer centred lectures often involve three hours of

ectures delivered with PowerPoint presentations, whereas the blended

earning include an hour of classroom meeting and online learning ma-

erials on the course website. Additionally, while the course materials

f the lecturer centred lectures consisted of textbooks, notes, home-

ork, classroom activities and quizzes, those of the blended learning

ourse contained multimedia and web browsing instead of textbooks

nd notes. In addition, students in the lecturer centred lectures inter-

cted with their lecturers through classroom discussions, questions and

onsultation, but those in the blended learning course could also use web

nnouncements and forums to communicate. The interaction among

tudents in the lecturer centred lectures existed during group work,

lassroom discussions and projects. In addition to these methods, stu-

ent interactions in the blended learning course was supported with

eb forum and email. While the students in the study conducted by

ilic et al. (2016) performed the Serbian version of SATS-36 before

ompleting a mandatory introductory courses in biostatistics, a random

ample of 90 students from one institutions completed this survey after

he course. A comparison of students’ pre- and post-test responses re-

ealed their statistics self-concept significantly increased (M change = .48,

D paired = .95, t(89) = 4.821, p < .05). Cohen’s d was calculated as .51, re-

ecting a medium to large effect. Nevertheless, changes in students’

tatistics self-concept may be due to either the lecturer centred lectures,

he blended learning approach, or both. 

Likewise, Yang et al. (2014) tested students’ attitudes towards statis-

ics according to the effectiveness of computer assisted lectures with

omplimentary digital teaching materials. The materials were designed

elying on teaching needs to simulate statistical concepts, their process

nd real life events such as: computing InterQuartile Range, drawing

oxplots and rolling two dices. Students were asked to complete SATS-

6 before and after the course. The comparison of students’ responses at

re- and post-test indicated that their statistics self-concept significantly

mproved (M change = .544, SD pre = .80, SD post = .77, p < .05). Cohen’s d was

omputed as 0.69, indicating a medium to large effect. 

However, van Appel and Durandt (2018) identified the effect of

ervice and mainstream courses on students’ attitudes towards statis-
ics in the South African context. Both courses had similar outlines 

3 These values were computed based on the formula provided by 

an et al. (2014) . 

c

 

t  

s  

3  
nd were delivered by experienced lecturers. While both courses fo-

used on contextual applications and interpretations, students in main-

tream courses were provided a more vigorous theoretical background

han those in service courses. Two paired two-sample Wilcoxon Signed

ank tests were performed to calculate the effect of service and

ainstream courses on students’ self-concept. It was found that stu-

ents’ self-concept in both courses significantly increased (for main-

tream: M change = -.3, SD pre = .7, SD post = .8, Z = -2.458, p < .05; for service:

 change = -.4, SD pre = .9, SD post = 1.0, Z = -4.328, p < .05). In this study, post-

est scores of two courses were also compared, but this comparison had

ome methodological issues; there were statistically significant differ-

nces between students at the beginning of both courses, and the result

f this comparison was in line with the gender composition of groups. 

Although Kiekkas et al. (2015) , Milic et al. (2016) and

ang et al. (2014) reported that students’ statistics self-concept

an be developed with different teaching approaches, they did not

mploy a control group in their respective studies. If a control group

as included in their studies, their findings would be more rigorous

 DePoy & Gitlin, 2011 ; Gorard, 2001 , 2003 ; Neuman, 2002 ), as lecturer

entred lectures might also increase students’ statistics self-concept.

ccasionally, however, having a control group may not be possible.

n this case, a comparison group might be included to increase the

trength of studies ( Sullivan, 2011 ). Eligible studies using a comparison

r control group in analysis are explored in the next section. 

.2.2. Pre-test and post-test with a comparison or control group 

To improve the robustness and accuracy of research findings and

onclusions, studies can have a comparison or control group. One

ethod of conducting research with a comparison group is to com-

are one’s own findings with secondary data. For example, in the USA,

arlson and Winquist (2011) aimed to determine the impact of a class-

oom workbook, based on an active learning approach relating to stu-

ents’ attitudes towards statistics. They presumed that active learning

pproaches should involve the explanation of concepts and asking ques-

ions to students to determine their understanding. In their study, before

oming to class, students were instructed to read a five page document

hich aimed to introduce the topic through conceptual explanations,

 computational problem with its solution, and summary instructions

n interpreting the analytical results. After reviewing these documents,

tudents were asked to solve a simple computational problem and sub-

it their solutions to an online course management system for feed-

ack. Students were given time to revise their solutions and explanations

ased on the feedback. During in-class meetings, the lecturer outlined

nd responded to questions regarding the homework, and presented the

ask for that day. The duration of this lecture was 15-20 minutes of

he 75 minute in-class meeting, which was held twice weekly. In their

tudy, 59 students participating in the four sections of a college level

ntroductory statistics course completed the SATS-36 on the first and

ast day of the course. Their responses were compared to a comparison

roup whose data were taken from Schau through personal communi-

ation on June 27, 2010. The authors found that a classroom work-

ook approach significantly increased students’ statistics self-concept

M post = 5.76, SD post = 1.13 for experimental, M post = 4.93, SD post = 1.15 for

orms, z-score = -5.04, p < .05). Cohen’s d was computed as .45, suggest-

ng a small to medium effect. However, this study had some method-

logical limitations. First, teaching approaches used in the comparison

roup were not known; they could be an active learning approach or

ecturer centred lectures. Additionally, differences in curriculum in the

xperimental and comparison groups might adversely influence the re-

ults. Hence, the impact of educational activities on students’ statistics

elf-concept should be tested with research designs that have equivalent

ontrol groups. 

Accordingly, Zonnefeld (2016) employed a pre-test - post-test con-

rol group design to detect the impact of incremental mindset training on

tudents’ attitudes towards statistics in an American college. The SATS-

6 was completed as the pre-test and post-test by 30 students in the
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reatment group and 111 students in the control group. There was no

andomisation at the individual or group level. Students in the treatment

roup received incremental mindset training once every three weeks, in

our 15 minute sessions. In this training, students were informed about

indsets, the physiology of the brain, responses to feedback, goals, and

he role of effort. These were provided with a short video, article, pre-

entation or activity that aimed to present these topics in incremental

heory. In addition, consolidation activities, which consisted of a small

roup discussion and an individual writing task, aimed to assist students

n personalising the newly gained knowledge. Moreover, techniques for

astering statistics such as online material and tutoring were intro-

uced. Students in the control group were not presented any training.

he students’ responses to the SATS-36 were analysed with ANCOVA.

hen pre-test scores were controlled, it was evident there was no statis-

ically significant difference between the treatment group and the con-

rol group, in terms of students’ statistics self-concept (M treatment = 4.894,

D treatment = .522, M control = 5.868, SD control = 1.039, F(1, 138) = 14.778,

 > .05). 

Furthermore, Gundlach et al. (2015) examined the effects of tradi-

ional web augmented, online, and flipped teaching approaches, on stu-

ents’ attitudes towards statistics in an American college. Students in

ll sections were asked to use Perdisco Online Homework system, Stat-

Portal Learning Curve and an online discussion board. There were 333

tudents enrolled in the traditional section. In this section, course con-

ent was delivered by the lead instructor in a lecture hall twice weekly,

ithin which students engaged using classroom response system ques-

ions. Weekly recitations were provided by a teaching assistant and stu-

ents were given quizzes. Additionally, online lectures were available.

n the other hand, 74 students participated in the online section. This

ection consisted of online lectures and surveys on the course website

iming to gather students’ perceptions concerning the course but there

ere no quizzes. In the flipped section, there were 56 students who were

o watch online lectures before class. Once a week, they had an onsite

lass involving active learning, group work and quizzes. In total, 261

tudents (193 traditional, 43 online and 25 flipped) completed the SATS-

6 before and after the course to determine changes in their attitudes

oward statistics due to these sections. A statistically significant interac-

ion between time and section was investigated (F(2, 255) = 6.46, p < .05,
2 

partial = .048). Follow-up tests indicated that only web augmented tra-

itional section significantly improved students’ statistics self-concept

M change = .56, SD pre = .98, SD post = .90, t(192) = 7.32, p < .05). Cohen’s d

as calculated as 0.75, showing a medium to large effect. 

Nonetheless, the results of these studies are subject to selection bias

nd ascertainment bias. These types of biases can be minimized with

andom allocation and blinding ( Connolly et al., 2017 ). Randomisation

f participants can eliminate the impact of predominant factors related

o the outcome before the implementation of interventions ( Torgerson

 Torgerson, 2008 ). On the other hand, in the case that participants

re aware of their group assignment, it may affect their motivation to

earn. Such knowledge might also influence their answers in subjec-

ive outcome measures such as questionnaires ( Karanicolas et al., 2010 ;

ullivan, 2011 ). Hence, the causal mechanism is debatable in studies us-

ng a pre-test and post-test with a comparison or control group design. 

.3. Summary 

The above section examined the impact of different teaching meth-

ds on improving students’ statistics self-concept. The reported effect

izes (Cohen’s d) of the eligible studies ranged from small to large, high-

ighting variation in the impact of teaching methods on students’ statis-

ics self-concept and outcomes. Schau and Emmio ǧlu (2012) reported

hat for existing teaching methods in introductory statistics courses

cross the USA, where only a few instructors provided online home-

ork and/or lectures beside lecturer centred lectures, Cohen’s d was

08. This suggests that existing teaching methods have a slight influ-

nce. Moreover, Kiekkas et al. (2015) reported that the effect size for
 biostatistics course based on mutual respect, had a low to medium

mpact in the Nursing Department of the Techological Educational In-

titute of Southwestern Greece (d = .21). On the other hand, in the USA,

arlson and Winquist (2011) found that an active learning approach had

 relatively higher effect (d = .45). Furthermore, Milic et al. (2016) ob-

ained data from university students receiving introductory courses in

iostatistics through lecturer centred lectures with PowerPoint presen-

ations or blended learning in three universities (Belgrade, Sarajevo and

ristina). The authors found these courses had a noteworthy practical

nfluence (d = .51), whilst Yang et al. (2014) found that the effect size

Cohen’s d) for digital teaching materials was greater at .69. Finally,

undlach et al. (2015) examined the influence of a web augmented

earning approach and reported a large effect in the USA (d = .75). Over-

ll, these studies employed distinct teaching methods but reflected prob-

ematic research designs. As a result, the quantitative analysis of these

tudies was not possible. Instead, Fig. 5 illustrates the computed effects

Cohen’s d) of different teaching methods from the eligible studies pre-

ented in this section. 

.0. Recommendations for practitioners 

Marsh et al. (2018) found the reciprocal effects model can explain

he relation between self-concept and achievement. Therefore, they rec-

mmended educators to use absolute and individualised grading as

eacher-assigned grades influenced students’ academic self-concept de-

elopment. In addition to teaching academic skills, educators are re-

uired to promote positive self-beliefs by considering the reciprocal re-

ations, which can be challenging ( Marsh et al., 2018 ). Accordingly, the

uestion of how lecturers should teach statistics can arise; this is ad-

ressed below. 

This systematic review has shown statistics self-concept is part of stu-

ents’ attitudes towards statistics and related to other attitude compo-

ents such as affect, value, difficulty, effort and interest. In addition, stu-

ents with higher statistics self-concept have lower anxiety and higher

ngagement. Moreover, students’ previous experience in mathematics

r statistics are crucial for their self-concept. Hence, students’ previ-

us knowledge of basic mathematics and statistics skills should be mea-

ured; then, individualised feedback ought to be provided for students.

his feedback should address students’ development, effort and learn-

ng ( Lüdtke et al., 2005 ). Afterwards, teaching methods emphasising

tatistics self-concept such as active learning, digital teaching materials

nd web augmented learning should be implemented. Finally, students

hould be given absolute grading and specific feedback. 

The effectiveness of these approaches was not tested as the eligible

tudies lacked methodologically robust designs. Consequently, the au-

hors of this review could not identify which approach is best. However,

he authors can evaluate other teaching approaches such as peer tutor-

ng, co-operative learning and metacognitive strategies. Peer tutoring

as been repeatedly shown to improve mathematics self-concept ( Alegre

 Moliner, 2017 ; Alegre et al., 2018 ; Topping et al., 2003 ; Tsuei, 2012 ),

nd may address time constraints faced by lecturers. Despite this, there

re limited studies examining which components of peer tutoring cause

uccess in statistics courses. For instance, Cantinotti et al. (2017) found

hat tutors’ prior knowledge, availability, conversation and support

kills were important factors to achieve success but their gender was

ot. Furthermore, co-operative learning has been reported to improve

tudents’ mathematics self-concept by enhancing their understanding of

opics, whilst improving their active participation and engagement in

earning ( Davies, 2009 ; Sofroniou & Poutos, 2016 ). However, instruc-

ors are central to the success of this approach and must ensure the

roup tasks reflect a level of complexity to ensure all students equally

articipate in the learning activity ( Davies, 2009 ). Finally, metacogni-

ive strategies have been found to improve mathematics self-concept,

hilst also enhancing learning, problem solving and attainment ( Jaafar

 Ayub, 2010 ). However, greater research with methodologically ro-
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Fig. 5. The impact of seven teaching approaches on students’ statistics self-concept, as outlined in eligible studies ( Section 3.3 ). 
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ust designs is needed on these approaches to determine their effects on

tudents’ statistics self-concept in higher education institutions. 

.1. Recommendations for researchers 

In this review, no eligible study examined theories of self-concept.

ubsequently, for future research, the authors advise researchers to ex-

lore if the reciprocal effects model, BFLPE model and I/E model are

ffective in statistics education. The use of self-concept related models

o explain the theoretical phenomenon is therefore necessary in future

esearch. 

In addition, this review showed that there was no single question-

aire measuring both statistics self-concept and attitudes towards learn-

ng with technology, based on Eccles’ expectancy-value model and re-

ent innovations in statistics. Therefore, a gap is apparent within the

eld and the development of such questionnaires is recommended. 

Finally, studies in this review used the following research designs:

ne-group pre-test/post-test designs and two-group pre-test/post-test

esigns with either a comparison group or control group. Since these re-

earch designs have several limitations and are not Randomised Control

rials (RCT), a causal mechanism cannot be claimed. Hence, conduct-

ng methodologically robust RCT is essential to examine the impact of

ifferent teaching approaches on students’ statistics self-concept. 

.0. Conclusion 

Self-concept corresponds to individuals’ judgement of their own abil-

ty. According to the Eccles’ expectancy-value model, this general judge-

ent (general self-concept) can be in two discrete forms: evaluative or

escriptive. However, it is important to acknowledge that domain spe-

ific self-concept only refers to self-evaluative judgements (cognitive

ompetence). This model also suggests that domain specific self-concept

s constantly constructed by internal and external comparisons. 

Self-concept researchers have investigated how positive self-concept

an produce noteworthy educational outcomes such as consistency in ef-

ort, enhanced achievement and increased motivation. Correspondingly,

he number of studies examining domain specific self-concept has in-

reased. Subsequently, systematic reviews encompassing these studies

re increasingly necessary. This systematic review identified the most

ommonly used data collection tools for domain specific self-concept
nd effective teaching approaches aiming to promote domain specific

elf-concept. 

This systematic review reported that the SASTc, SATS-28 and SATS-

6 scales are the self-report questionnaires which have been employed

or the assessment of statistics self-concept across geographical loca-

ions. These questionnaires were examined in accordance with the Ec-

les’ expectancy-value model and developments in statistics education

uch as learning statistics through technology. According to Eccles’

xpectancy-value model, the SATS–36 is the most effective scale for as-

essing statistics self-concept as a component of statistics attitude. Al-

hough, the SASTc scale cannot be used for the measurement of diffi-

ulty, interest and effort; recent innovations in statistics education sug-

est the SASTc scale is most appropriate for examining students’ atti-

udes towards learning statistics with technology. Thus, the SATS–36,

long with the adaption of a scale that determines students’ attitudes

owards learning statistics with technology, should be used in further

tudies. 

In addition, this systematic review examined the impact of different

eaching methods on statistics self-concept. The range of teaching meth-

ds, with exception of the gamified modules and incremental mindset

raining, significantly enhanced students’ statistics self-concept. More

pecifically, the statistical effects of web augmented learning approach

nd computer assisted lectures with digital teaching materials on stu-

ents’ statistics self-concept, were larger than those of active learning

pproach, courses based on mutual respect, and the combination of lec-

urer centred lectures and computer assisted lectures. However, these

ndings are subject to some limitations. As a result, RCT should be con-

ucted in subsequent studies to better understand the causal mechanism.

Self-concept researchers also claimed that feedback has the potential

o improve domain specific self-concept such as statistics self-concept.

owever, statistics educators may encounter challenges in both iden-

ifying their students’ weaknesses and giving effective feedback fre-

uently, as introductory statistics class sizes are large ( Im & Yin, 2009 ;

onsdottir et al., 2017 ). Consequently, educators can use computer ap-

lications to deliver feedback and implement peer tutoring to ensure

eneficial feedback outlets. Thus, in future studies, the effects of com-

uter applications that provide teacher and peer feedback on statistics

elf-concept can be examined with RCT. In addition, changes in students’

eneral attitudes towards statistics and their statistics self-concept can
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e detected with the SATS–36 and a scale aiming to investigate students’

ttitudes toward learning statistics through technology. 

eclaration of interests 

The authors declare that they have no known competing financial

nterests or personal relationships that could have appeared to influence

he work reported in this paper. 

unding 

This research did not receive any specific grant from funding agen-

ies in the public, commercial, or not-for-profit sectors. 

cknowledgements 

An earlier version of this manuscript was a part of the first author’s

octoral thesis. 

eferences 

bu-Hilal, M. M., Abdelfattah, F. A., Alshumrani, S. A., Abduljabbar, A. S., &

Marsh, H. W. (2013). Construct validity of self-concept in TIMSS’s student background

questionnaire: A test of separation and conflation of cognitive and affective dimen-

sions of self-concept among Saudi eighth graders. European Journal of Psychology of

Education, 28 (4), 1201–1220. https://doi.org/10.1007/s10212-012-0162-1 . 

legre, F. J. , & Moliner, L. (2017). Emotional and cognitive effects of peer tutoring among

secondary school mathematics students. International Journal of Mathematical Educa-

tion in Science and Technology, 48 (8), 1185–1205 https://doi.org/10/gfxndg . 

legre, F. , Moliner, L. , Maroto, A. , & Lorenzo-Valentin, G. (2018). Peer tutoring in mathe-

matics in primary education: A systematic review. Educational Review, 71 (6), 767–791

https://doi.org/10/gfv9tj . 

nastasiadou, S. D. (2011). Reliability and validity testing of a new scale for measuring

attitudes toward learning statistics with technology. Acta Didactica Napocensia, 4 (1),

1–10 . 

rens, A. K., Marsh, H. W., Craven, R. G., Yeung, A. S., Randhawa, E., & Hassel-

horn, M. (2016). Math self-concept in preschool children: Structure, achievement re-

lations, and generalizability across gender. Early Childhood Research Quarterly, 36 ,

391–403. https://doi.org/10.1016/j.ecresq.2015.12.024 . 

alo ğlu, M., Deniz, M. E., & Kesici, Ş . (2011). A descriptive study of individual and cross-

cultural differences in statistics anxiety. Learning and Individual Differences, 21 (4),

387–391. https://doi.org/10.1016/j.lindif.2011.03.003 . 

andura, A. (1977). Social learning theory . Englewood Cliffs, NJ: Prentice Hall . 

urrill, G. , & Biehler, R. (2011). Fundamental statistical ideas in the school curriculum

and in training teachers. In C. Batanero, G. Burrill, & C. Reading (Eds.), Teaching

statistics in school mathematics-Challenges for teaching and teacher education (pp. 57–69).

Dordrecht, Holland: Springer . 

alsyn, R. J., & Kenny, D. A. (1977). Self-concept of ability and perceived evaluation of

others: Cause or effect of academic achievement? Journal of Educational Psychology,

69 (2), 136–145. https://doi.org/10.1037/0022-0663.69.2.136 . 

antinotti, M., Désormeaux-Moreau, M., & Balbinotti, M. (2017). Mapping psychology stu-

dents’ perspective on group peer-tutoring in statistics. Mentoring & Tutoring: Partner-

ship in Learning, 25 (4), 466–484. https://doi.org/10.1080/13611267.2017.1403609 . 

arlson, K. A., & Winquist, J. R. (2011). Evaluating an active learning approach to teaching

introductory statistics: A classroom workbook approach. Journal of Statistics Education,

19 (1). https://doi.org/10.1080/10691898.2011.11889596 . 

hance, B., Ben-Zvi, D., Garfield, J., & Medina, E. (2007). The role of technology in im-

proving student learning of statistics. Technology Innovations in Statistics Education,

1 (1). Retrieved from http://escholarship.org/uc/item/8sd2t4rr.pdf . 

hew, P. K., & Dillon, D. B. (2014). Statistics anxiety update refining the construct and

recommendations for a new research agenda. Perspectives on Psychological Science,

9 (2), 196–208. https://doi.org/10.1177/1745691613518077 . 

icchetti, D. V. (1994). Guidelines, criteria, and rules of thumb for evaluating normed and

standardized assessment instruments in psychology. Psychological Assessment, 6 (4),

284–290. https://doi.org/10.1037/1040-3590.6.4.284 . 

obb, G. W. , & Moore, D. S. (1997). Mathematics, statistics, and teaching. The American

Mathematical Monthly, 104 (9), 801–823 . 

ohen, J. (1988). Statistical power analysis for the behavior science (Revised ed). New York:

Academic Press, inc . 

ohen, L. , Manion, L. , & Morrison, K. (2013). Research methods in education (7th ed).

London, UK: Routledge . 

onnolly, P. , Biggart, A. , Miller, S. , O’Hare, L. , & Thurston, A. (2017). Using randomised

controlled trials in education . London, UK: Sage . 

auphinee, T. L., Schau, C., & Stevens, J. J. (1997). Survey of attitudes to-

ward statistics: Factor structure and factorial invariance for women and

men. Structural Equation Modeling: A Multidisciplinary Journal, 4 (2), 129–141.

https://doi.org/10.1080/10705519709540066 . 

avies, W. M. (2009). Groupwork as a form of assessment: Common

problems and recommended solutions. Higher Education, 58 , 563–584.

https://doi.org/10.1007/s10734-009-9216-y . 
el Vecchio, A. M. (1994). A psychological model of introductory statistics course completion

(dissertation) . Albuquerque, NM: University of New Mexico . 

empster, M., & McCorry, N. K. (2009). The role of previous experience and

attitudes toward statistics in statistics assessment outcomes among un-

dergraduate psychology students. Journal of Statistics Education, 17 (2).

https://doi.org/10.1080/10691898.2009.11889515 . 

enscombe, M. (2014). The good research guide: For small-scale social research projects . Berk-

shire, UK: McGraw-Hill Education Open University Press . 

ePoy, E. , & Gitlin, L. N. (2011). Introduction to research: Understanding and applying mul-

tiple strategies (4th ed). St. Louis, Missouri: Elsevier Health Sciences . 

ccles, J. S. (1983). Expectancies, values, and academic behaviors. In J. T. Spence

(Ed.), Achievement and Achievement Motives: Psychological and Sociological Approaches

(pp. 75–146). San Francisco, CA: W. H. Freeman and Company . 

ccles, J. S. (2005). Subjective task value and the Eccles et al. model of achievemen-

t-related choices. In A. J. Elliot, & C. S. Dweck (Eds.), Handbook of competence and

motivation (pp. 105–121). London, UK: The Guilford Press . 

ccles, J. S. (2009). Who am i and what am i going to do with my life? Personal and

collective identities as motivators of action. Educational Psychologist, 44 (2), 78–89.

https://doi.org/10.1080/00461520902832368 . 

ccles, J. S., & Harold, R. D. (1991). Gender differences in sport involvement: Applying

the Eccles’ expectancy-value model. Journal of Applied Sport Psychology, 3 (1), 7–35.

https://doi.org/10.1080/10413209108406432 . 

ccles, J. S. , O’Neill, S. , & Wigfield, A. (2005). Ability self-perceptions and subjective task

values in adolescents and children. In K. A. Moore, & L. H. Lippman (Eds.), What do

children need to flourish? Conceptualizing and Measuring Indicators of Positive Develop-

ment (pp. 237–249). New York: Springer-Verlag New York Inc . 

mmioglu, E. , & Capa-Aydin, Y. (2012). Attitudes and achievement in statistics: A meta–

analysis study. Statistics Education Research Journal, 11 (2), 95–102 . 

mmioglu-Sarikaya, E., Ok, A., Capa-Aydin, Y., & Schau, C. (2018). Turkish ver-

sion of the survey of attitudes toward statistics: Factorial structure invari-

ance by Gender. International Journal of Higher Education, 7 (2), 121–127.

https://doi.org/10.5430/ijhe.v7n2p121 . 

estinger, L. (1954). A theory of social comparison processes. Human Relations, 7 (2), 117–

140. https://doi.org/10.1177/001872675400700202 . 

arfield, J. , Chance, B. , & Snell, J. L. (2001). Technology in college statistics courses. In

D. Holton, M. Artigue, U. Kirchgräber, J. Hillel, M. Niss, & A. Schoenfeld (Eds.), The

Teaching and Learning of Mathematics at University Level (pp. 357–370). London, UK:

Kluwer Academic Publishers . 

hulami, H. R. , Ab Hamid, M. R. , & Zakaria, R. (2015). Students’ attitudes towards learn-

ing statistics. In M. F. Ramli, A. K. Junoh, N. Roslan, M. J. Masnan, & M. H. Kharuddin

(Eds.), International Conference on Mathematics, Engineering and Industrial Applications

2014 (icomeia 2014) . Melville: Amer Inst Physics Vol. 1660 . 

ogol, K., Brunner, M., Martin, R., Preckel, F., & Goetz, T. (2017). Affect and motivation

within and between school subjects: Development and validation of an integrative

structural model of academic self-concept, interest, and anxiety. Contemporary Educa-

tional Psychology, 49 , 46–65. https://doi.org/10.1016/j.cedpsych.2016.11.003 . 

onzález, A., Rodríguez, Y., Faílde, J. M., & Carrera, M. V. (2016). Anxiety in the statis-

tics class: Structural relations with self-concept, intrinsic value, and engagement in

two samples of undergraduates. Learning and Individual Differences, 45 , 214–221.

https://doi.org/10.1016/j.lindif.2015.12.019 . 

opal, K., Salim, N. R., & Ayub, A. F. M. (2018). The influence of attitudes towards statis-

tics on statistics engagement among undergraduate students in a Malaysian public uni-

versity. Proceeding of the 25th National Symposium on Mathematical Sciences (SKSM25),

1974 , Article 050004–1–050004–050007. https://doi.org/10.1063/1.5041704 . 

orard, S. (2001). Quantitative methods in educational research: The role of numbers made

easy . London, UK: Continuum . 

orard, S. (2003). Quantitative methods in social science research: The role of numbers made

easy . London, UK: Continuum . 

reen, J. , Nelson, G. , Martin, A. J. , & Marsh, H. (2006). The causal ordering of self-con-

cept and academic motivation and its effect on academic achievement. International

Education Journal, 7 (4), 534–546 . 

uay, F., Larose, S., & Boivin, M. (2004). Academic self-concept and educational

attainment level: A ten-year longitudinal study. Self and Identity, 3 (1), 53–68.

https://doi.org/10.1080/13576500342000040 . 

undlach, E., Richards, K. A. R., Nelson, D., & Levesque-Bristol, C. (2015).

A comparison of student attitudes, statistical reasoning, performance, and

perceptions for web-augmented traditional, fully online, and flipped sec-

tions of a statistical literacy class. Journal of Statistics Education, 23 (1).

https://doi.org/10.1080/10691898.2015.11889723 . 

ilton, S. C., Schau, C., & Olsen, J. A. (2004). Survey of Attitudes Toward Statistics: Fac-

tor structure invariance by gender and by administration time. Structural Equation

Modeling, 11 (1), 92–109. https://doi.org/10.1207/S15328007SEM1101_7 . 

irsch, L. S., & O’Donnell, A. M. (2001). Representativeness in statistical reason-

ing: Identifying and assessing misconceptions. Journal of Statistics Education, 9 (2).

https://doi.org/10.1080/10691898.2001.11910655 . 

ood, M. , Creed, P. A. , & Neumann, D. L. (2012). Using the expectancy value model of

motivation to understand the relationship between student attitudes and achievement

in statistics. Statistics Education Research Journal, 11 (2), 72–85 . 

uang, C. (2011). Self-concept and academic achievement: A meta-analysis

of longitudinal relations. Journal of School Psychology, 49 (5), 505–528.

https://doi.org/10.1016/j.jsp.2011.07.001 . 

m, S., & Yin, Y. (2009). Diagnosing skills of statistical hypothesis testing us-

ing the Rule Space Method. Studies in Educational Evaluation, 35 (4), 193–199.

https://doi.org/10.1016/j.stueduc.2009.12.004 . 

aafar, W. M. W., & Ayub, A. F. M. (2010). Mathematics self-efficacy and meta-cognition

https://doi.org/10.1007/s10212-012-0162-1
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0002
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0002
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0002
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0002
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0003
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0003
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0003
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0003
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0003
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0003
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0004
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0004
https://doi.org/10.1016/j.ecresq.2015.12.024
https://doi.org/10.1016/j.lindif.2011.03.003
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0007
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0007
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0008
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0008
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0008
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0008
https://doi.org/10.1037/0022-0663.69.2.136
https://doi.org/10.1080/13611267.2017.1403609
https://doi.org/10.1080/10691898.2011.11889596
http://escholarship.org/uc/item/8sd2t4rr.pdf
https://doi.org/10.1177/1745691613518077
https://doi.org/10.1037/1040-3590.6.4.284
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0016
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0016
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0016
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0016
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0017
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0017
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0018
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0018
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0018
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0018
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0018
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0019
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0019
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0019
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0019
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0019
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0019
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0019
https://doi.org/10.1080/10705519709540066
https://doi.org/10.1007/s10734-009-9216-y
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0022
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0022
https://doi.org/10.1080/10691898.2009.11889515
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0024
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0024
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0025
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0025
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0025
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0025
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0026
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0026
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0027
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0027
https://doi.org/10.1080/00461520902832368
https://doi.org/10.1080/10413209108406432
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0030
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0030
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0030
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0030
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0030
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0031
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0031
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0031
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0031
https://doi.org/10.5430/ijhe.v7n2p121
https://doi.org/10.1177/001872675400700202
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0034
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0034
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0034
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0034
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0034
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0035
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0035
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0035
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0035
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0035
https://doi.org/10.1016/j.cedpsych.2016.11.003
https://doi.org/10.1016/j.lindif.2015.12.019
https://doi.org/10.1063/1.5041704
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0039
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0039
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0040
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0040
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0041
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0041
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0041
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0041
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0041
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0041
https://doi.org/10.1080/13576500342000040
https://doi.org/10.1080/10691898.2015.11889723
https://doi.org/10.1207/S15328007SEM1101_7
https://doi.org/10.1080/10691898.2001.11910655
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0047
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0047
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0047
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0047
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0047
https://doi.org/10.1016/j.jsp.2011.07.001
https://doi.org/10.1016/j.stueduc.2009.12.004


M. Filiz, E. Early, A. Thurston et al. International Journal of Educational Research Open 1 (2020) 100020 

 

J  

 

 

J  

 

 

K  

 

K  

K  

 

 

L  

 

 

L  

M  

 

M  

 

M  

 

M  

 

M  

M  

 

 

 

M  

 

 

 

M  

 

M  

 

 

M  

 

 

M  

 

 

M  

 

 

M  

 

 

M  

 

 

M  

 

 

M  

 

M  

 

 

 

M  

 

 

 

M  

 

M  

M  

 

 

M  

 

 

M  

 

N  

 

 

N  

N  

 

 

O  

 

 

P  

 

 

P  

 

 

R  

R  

 

 

 

R  

R  

 

S  

 

f 

S  

S  

 

S  

S  

S  

 

S  

 

S  

S  

 

S  

 

 

among university students. Procedia - Social and Behavioral Sciences, 8 , 519–524.

https://doi.org/10.1016/j.sbspro.2010.12.071 . 

ones, B. D. , Ruff, C. , & Osborne, J. W. (2015). Fostering students’ identification with

mathematics and science. In K. A. Renninger, M. Nieswandt, & S. Hidi (Eds.), Interest

in mathematics and science learning (pp. 331–352). Washington, DC: American Educa-

tional Research Association . 

onsdottir, A. H., Bjornsdottir, A., & Stefansson, G. (2017). Difference in learning

among students doing pen-and-paper homework compared to web-based homework

in an introductory statistics course. Journal of Statistics Education, 25 (1), 12–20.

https://doi.org/10.1080/10691898.2017.1291289 . 

adir, M. S., Yeung, A. S., & Diallo, T. M. (2017). Simultaneous testing of four decades

of academic self-concept models. Contemporary Educational Psychology, 51 , 429–446.

https://doi.org/10.1016/j.cedpsych.2017.09.008 . 

aranicolas, P. J. , Farrokhyar, F. , & Bhandari, M. (2010). Blinding: Who, what, when,

why, how. Canadian Journal of Surgery, 53 (5), 345–348 . 

iekkas, P., Panagiotarou, A., Malja, A., Tahirai, D., Zykai, R., Bakalis, N., & Stefanopou-

los, N. (2015). Nursing students’ attitudes toward statistics: Effect of a biostatistics

course and association with examination performance. Nurse Education Today, 35 (12),

1283–1288. https://doi.org/10.1016/j.nedt.2015.07.005 . 

ösch, T., Lüdtke, O., Robitzsch, A., Kelava, A., Nagengast, B., & Trautwein, U. (2017).

A well-rounded view: Using an interpersonal approach to predict achievement by

academic self-concept and peer ratings of competence. Contemporary Educational Psy-

chology, 51 , 198–208. https://doi.org/10.1016/j.cedpsych.2017.07.003 . 

üdtke, O., Köller, O., Marsh, H. W., & Trautwein, U. (2005). Teacher frame of reference

and the big-fish–little-pond effect. Contemporary Educational Psychology, 30 (3), 263–

285. https://doi.org/10.1016/j.cedpsych.2004.10.002 . 

arsh, H. W. (1990a). A multidimensional, hierarchical model of self-concept: The-

oretical and empirical justification. Educational Psychology Review, 2 (2), 77–172.

https://doi.org/10.1007/BF01322177 . 

arsh, H. W. (1990b). Causal ordering of academic self-concept and academic achieve-

ment: A multiwave, longitudinal panel analysis. Journal of Educational Psychology,

82 (4), 646. https://doi.org/10.1037/0022-0663.82.4.646 . 

arsh, H. W. (1992). Content specificity of relations between academic achieve-

ment and academic self-concept. Journal of Educational Psychology, 84 (1), 35–42.

https://doi.org/10.1037/0022-0663.84.1.35 . 

arsh, H. W. (1994). Using the national longitudinal study of 1988 to evaluate theoret-

ical models of self-concept: The self-description questionnaire. Journal of Educational

Psychology, 86 (3), 439–456. https://doi.org/10.1037/0022-0663.86.3.439 . 

arsh, H. W. (2006). Self-concept theory, measurement and research into practice: The role

of self-concept in educational psychology . Leicester, UK: British Psychological Society . 

arsh, H. W., Abduljabbar, A. S., Morin, A. J. S., Parker, P., Abdelfattah, F., Nagen-

gast, B., & Abu-Hilal, M. M. (2015). The big-fish-little-pond effect: Generalizabil-

ity of social comparison processes over two age cohorts from Western, Asian, and

Middle Eastern Islamic countries. Journal of Educational Psychology, 107 (1), 258–271.

https://doi.org/10.1037/a0037485 . 

arsh, H. W., Abduljabbar, A. S., Parker, P. D., Morin, A. J., Abdelfattah, F., Na-

gengast, B., Möller, J., & Abu-Hilal, M. M. (2015). The internal/external frame

of reference model of self-concept and achievement relations age-cohort and

cross-cultural differences. American Educational Research Journal, 52 (1), 168–202.

https://doi.org/10.3102/0002831214549453 . 

arsh, H. W. , Craven, R. , & Debus, R. (1999). Separation of competency and affect compo-

nents of multiple dimensions of academic self-concept: A developmental perspective.

Merrill-Palmer Quarterly, 45 (4), 567–601 . 

arsh, H. W., Ellis, L. A., & Craven, R. G. (2002). How do preschool chil-

dren feel about themselves? Unraveling measurement and multidimen-

sional self-concept structure. Developmental Psychology, 38 (3), 376–393.

https://doi.org/10.1037//0012-1649.38.3.376 . 

arsh, H. W., & Hau, K.-T. (2004). Explaining paradoxical relations between aca-

demic self-concepts and achievements: Cross-cultural generalizability of the inter-

nal/external frame of reference predictions across 26 countries. Journal of Educational

Psychology, 96 (1), 56–67. https://doi.org/10.1037/0022-0663.96.1.56 . 

arsh, H. W., & Köller, O. (2004). Unification of theoretical models of academic self-

concept/achievement relations: Reunification of east and west German school systems

after the fall of the Berlin Wall. Contemporary Educational Psychology, 29 (3), 264–282.

https://doi.org/10.1016/S0361-476X(03)00034-1 . 

arsh, H. W., & O’Mara, A. (2008). Reciprocal effects between academic self-concept, self-

esteem, achievement, and attainment over seven adolescent years: Unidimensional

and multidimensional perspectives of self-concept. Personality and Social Psychology

Bulletin, 34 (4), 542–552. https://doi.org/10.1177/0146167207312313 . 

arsh, H. W., Pekrun, R., Murayama, K., Arens, A. K., Parker, P. D., Guo, J., &

Dicke, T. (2018). An integrated model of academic self-concept development: Aca-

demic self-concept, grades, test scores, and tracking over 6 years. Developmental Psy-

chology, 54 (2), 263. https://doi.org/10.1037/dev0000393 . 

arsh, H. W., Pekrun, R., Parker, P. D., Murayama, K., Guo, J., Dicke, T., &

Arens, A. K. (2019). The murky distinction between self-concept and self-efficacy:

Beware of lurking jingle-jangle fallacies. Journal of Educational Psychology, 111 (2),

331–353. https://doi.org/10.1037/edu0000281 . 

arsh, H. W., Trautwein, U., Lüdtke, O., Baumert, J., & Köller, O. (2007). The big-

fish-little-pond effect: Persistent negative effects of selective high schools on self-

concept after graduation. American Educational Research Journal, 44 (3), 631–669.

https://doi.org/10.3102/0002831207306728 . 

arsh, H. W., Walker, R., & Debus, R. (1991). Subject-specific components of academic

self-concept and self-efficacy. Contemporary Educational Psychology, 16 (4), 331–345.

https://doi.org/10.1016/0361-476X(91)90013-B . 

ilic, N. M., Masic, S., Milin-Lazovic, J., Trajkovic, G., Bukumiric, Z., Savic, M.,

Milic, N. V., Cirkovic, A., Gajic, M., Kostic, M., Ilic, A., & Stanisavljevic, D. (2016).
The importance of medical students’ attitudes regarding cognitive competence for

teaching applied statistics: Multi-site study and meta-analysis. PLoS ONE, 11 (10).

https://doi.org/10.1371/journal.pone.0164439 . 

ilic, N. M., Trajkovic, G. Z., Bukumiric, Z. M., Cirkovic, A., Nikolic, I. M.,

Milin, J. S., Milic, N. V., Savic, M. D., Corac, A. M., Marinkovic, J. M., &

Stanisavljevic, D. M. (2016). Improving education in medical statistics: Imple-

menting a blended learning model in the existing curriculum. PloS One, 11 (2).

https://doi.org/10.1371/journal.pone.0148882 . 

oher, D., Liberati, A., Tetzlaff, J., & Altman, D. G.The PRISMA Group. (2009). Preferred

reporting items for systematic reviews and meta-analyses: The PRISMA statement.

PLOS Medicine, 6 (7), 1–6. https://doi.org/10.1371/journal.pmed.1000097 . 

öller, J., & Marsh, H. W. (2013). Dimensional comparison theory. Psychological Review,

120 (3), 544–560. https://doi.org/10.1037/a0032459 . 

öller, J., Pohlmann, B., Köller, O., & Marsh, H. W. (2009). A meta-analytic path

analysis of the internal/external frame of reference model of academic achieve-

ment and academic self-concept. Review of Educational Research, 79 (3), 1129–1167.

https://doi.org/10.3102/0034654309337522 . 

öller, J., Retelsdorf, J., Köller, O., & Marsh, H. W. (2011). The reciprocal inter-

nal/external frame of reference model: An integration of models of relations between

academic achievement and self-concept. American Educational Research Journal, 48 (6),

1315–1346. https://doi.org/10.3102/0002831211419649 . 

orris, S. B., & DeShon, R. P. (2002). Combining effect size estimates in meta-analysis

with repeated measures and independent-groups designs. Psychological Methods, 7 (1),

105–125. https://doi.org/10.1037/1082-989X.7.1.105 . 

cube, B., & Moroke, N. D. (2015). Students’ perceptions and attitudes towards statis-

tics in South African university: An exploratory factor analysis approach. Jour-

nal of Governance and Regulation, 4 (3), 231–240. https://doi.org/10.22495/jgr_v4_

i3_c2_p5 . 

euman, L. W. (2002). Social research methods: Qualitative and quantitative approaches (7th

ed.). Essex, UK: Pearson Education . 

olan, M. M., Beran, T., & Hecker, K. G. (2012). Surveys assessing students’attitudes

toward statistics: A systematic review of validity and reliability. Statistics Edu-

cation Research Journal, 11 (2). Retrieved from https://iase-web.org/documents/

SERJ/SERJ11(2)_Nolan.pdf . 

nwuegbuzie, A. J., & Wilson, V. A. (2003). Statistics Anxiety: Nature, etiol-

ogy, antecedents, effects, and treatments–a comprehensive review of the lit-

erature. Teaching in Higher Education, 8 (2), 195–209. https://doi.org/10.1080/

1356251032000052447 . 

arker, P. D., Marsh, H. W., Morin, A. J. S., Seaton, M., & Van Zanden, B. (2015). If one

goes up the other must come down: Examining ipsative relationships between math

and English self-concept trajectories across high school. British Journal of Educational

Psychology, 85 (2), 172–191. https://doi.org/10.1111/bjep.12050 . 

inxten, M., Marsh, H. W., Fraine, B. D., Noortgate, W. V. D., & Damme, J. V. (2013).

Enjoying mathematics or feeling competent in mathematics? Reciprocal effects on

mathematics achievement and perceived math effort expenditure. British Journal of

Educational Psychology, 84 (1), 152–174. https://doi.org/10.1111/bjep.12028 . 

amirez, C. , Schau, C. , & Emmio ğlu, E. (2012). The importance of attitudes in statistics

education. Statistics Education Research Journal, 11 (2), 57–71 . 

ossman, A. , Chance, B. , & Medina, E. (2006). Some important comparisons between

statistics and mathematics, and why teachers should care. In G. F. Burrill (Ed.), Think-

ing and reasoning with data and chance: Sixty-eighth annual yearbook of the National

Council of Teachers of Mathematics (pp. 323–333). Reston, VA: National Council of

Teachers of Mathematics . 

ugg, G. , & Petre, M. (2006). A gentle guide to research methods . Berkshire, UK: McGraw-Hill

Education Open University Press . 

yan, R. M. , & Deci, E. L. (2009). Promoting self-determined school engagement: Moti-

vation, learning, and well-being. In K. R. Wentzel, & A. Wigfield (Eds.), Handbook of

motivation at school (pp. 171–195). New York, NY: Routledge . 

chau, C. (2003). Students’ attitudes: The “other ” important outcome in statistics educa-

tion . San Francisco, CA Presented at the the Joint Statistical MeetingsRetrieved from

https://pdfs.semanticscholar.org/2f3f/ea35c8c2ef110caa0de95124ddebd2e8185b.pd

. 

chau, C. , & Emmio ǧlu, E. (2012). Do introductory statistics courses in the United States

improve students’ attitudes. Statistics Education Research Journal, 11 (2), 86–94 . 

chau, C., Stevens, J., Dauphinee, T. L., & Del Vecchio, A. (1995). The development and

validation of the survey of attitudes toward statistics. Educational and Psychological

Measurement, 55 (5), 868–875. https://doi.org/10.1177/0013164495055005022 . 

chunk, D. H. , & Pajares, F. (2009). Self-efficacy theory. In K. R. Wentzel, & A. Wigfield

(Eds.), Handbook of motivation at school (pp. 35–53). New York, NY: Routledge . 

harp, J. G. (2012). Success with your education research project . Exeter, UK: Learning Mat-

ters Ltd . 

havelson, R. J., Hubner, J. J., & Stanton, G. C. (1976). Self-concept: Valida-

tion of construct interpretations. Review of Educational Research, 46 (3), 407–441.

https://doi.org/10.3102/00346543046003407 . 

mith, T. (2017). Gamified modules for an introductory statistics course and

their impact on attitudes and learning. Simulation & Gaming, 48 (6), 832–854.

https://doi.org/10.1177/1046878117731888 . 

ofroniou, A., & Poutos, K. (2016). Investigating the effeciveness of group work in math-

ematics. Education Sciences, 6 (30). https://doi.org/10.3390/educsci6030030 . 

proesser, U. , Engel, J. , & Kuntze, S. (2016). Fostering self-concept and interest for

statistics through specific learning environments. Statistics Education Research Jour-

nal, 15 (1), 28–54 . 

tanisavljevic, D., Trajkovic, G., Marinkovic, J., Bukumiric, Z., Cirkovic, A., &

Milic, N. (2014). Assessing attitudes towards statistics among medical students: Psy-

chometric properties of the Serbian Version of the Survey of Attitudes Towards Statis-

tics (SATS). PLoS ONE, 9 (11). https://doi.org/10.1371/journal.pone.0112567 . 

https://doi.org/10.1016/j.sbspro.2010.12.071
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0051
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0051
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0051
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0051
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0051
https://doi.org/10.1080/10691898.2017.1291289
https://doi.org/10.1016/j.cedpsych.2017.09.008
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0054
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0054
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0054
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0054
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0054
https://doi.org/10.1016/j.nedt.2015.07.005
https://doi.org/10.1016/j.cedpsych.2017.07.003
https://doi.org/10.1016/j.cedpsych.2004.10.002
https://doi.org/10.1007/BF01322177
https://doi.org/10.1037/0022-0663.82.4.646
https://doi.org/10.1037/0022-0663.84.1.35
https://doi.org/10.1037/0022-0663.86.3.439
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0063
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0063
https://doi.org/10.1037/a0037485
https://doi.org/10.3102/0002831214549453
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0066
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0066
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0066
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0066
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0066
https://doi.org/10.1037//0012-1649.38.3.376
https://doi.org/10.1037/0022-0663.96.1.56
https://doi.org/10.1016/S0361-476X\05003\05100034-1
https://doi.org/10.1177/0146167207312313
https://doi.org/10.1037/dev0000393
https://doi.org/10.1037/edu0000281
https://doi.org/10.3102/0002831207306728
https://doi.org/10.1016/0361-476X\05091\05190013-B
https://doi.org/10.1371/journal.pone.0164439
https://doi.org/10.1371/journal.pone.0148882
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1037/a0032459
https://doi.org/10.3102/0034654309337522
https://doi.org/10.3102/0002831211419649
https://doi.org/10.1037/1082-989X.7.1.105
https://doi.org/10.22495/jgr_v4_i3_c2_p5
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0083
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0083
https://iase-web.org/documents/SERJ/SERJ11\0502\051_Nolan.pdf
https://doi.org/10.1080/1356251032000052447
https://doi.org/10.1111/bjep.12050
https://doi.org/10.1111/bjep.12028
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0089
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0089
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0089
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0089
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0089
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0090
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0090
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0090
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0090
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0090
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0091
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0091
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0091
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0091
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0092
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0092
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0092
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0092
https://pdfs.semanticscholar.org/2f3f/ea35c8c2ef110caa0de95124ddebd2e8185b.pdf
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0094
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0094
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0094
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0094
https://doi.org/10.1177/0013164495055005022
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0096
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0096
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0096
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0096
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0097
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0097
https://doi.org/10.3102/00346543046003407
https://doi.org/10.1177/1046878117731888
https://doi.org/10.3390/educsci6030030
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0101
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0101
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0101
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0101
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0101
https://doi.org/10.1371/journal.pone.0112567


M. Filiz, E. Early, A. Thurston et al. International Journal of Educational Research Open 1 (2020) 100020 

S  

 

T  

 

T  

 

 

T

T  

T  

 

T  

 

V  

 

v  

 

 

V  

 

W  

 

W  

 

W  

 

W  

W  

 

 

W  

 

 

W

Y  

 

 

Z  

Z  

 

ullivan, G. M. (2011). Getting off the “gold standard ”: Randomized controlled tri-

als and education research. Journal of Graduate Medical Education, 3 (3), 285–289.

https://doi.org/10.4300/JGME-D-11-00147.1 . 

empelaar, D. T., van der Loeff, S. S., Gijselaers, W. H., & Nijhuis, J. F. H. (2011). On

subject variations in achievement motivations: A study in business subjects. Research

in Higher Education, 52 (4), 395–419. https://doi.org/10.1007/s11162-010-9199-7 . 

opping, K. , Campbell, J. , Douglas, W. , & Smith, A. (2003). Cross-age peer tutor-

ing in mathematics with seven-and 11-year-olds: Influence on mathematical vo-

cabulary, strategic dialogue and self-concept. Educational Research, 45 (3), 287–308

https://doi.org/10/bnnbqz . 

orgerson, C. (2003). Systematic reviews . London, UK: Continuum . 

orgerson, D. J. , & Torgerson, C. J. (2008). Designing randomised trials in health, education

and the social sciences: An introduction . New York: Palgrave Macmillan . 

rautwein, U., Lüdtke, O., Schnyder, I., & Niggli, A. (2006). Predicting homework effort:

Support for a domain-specific, multilevel homework model. Journal of Educational

Psychology, 98 (2), 438. https://doi.org/10.1037/0022-0663.98.2.438 . 

suei, M. (2012). Using synchronous peer tutoring system to promote elementary

students’ learning in mathematics. Computers & Education, 58 (4), 1171–1182

https://doi.org/10/csmr4m . 

alentine, J. C., DuBois, D. L., & Cooper, H. (2004). The relation between self-beliefs

and academic achievement: A meta-analytic review. Educational Psychologist, 39 (2),

111–133. https://doi.org/10.1207/s15326985ep3902_3 . 

an Appel, V., & Durandt, R. (2018). Dissimilarities in attitudes between students in ser-

vice and mainstream courses towards statistics: An analysis conducted in a develop-

ing country. Eurasia Journal of Mathematics, Science and Technology Education, 14 (8).

https://doi.org/10.29333/ejmste/91912 . 

anHoof, S. , Kuppens, S. , Sotos, A. E. C. , Verschaffel, L. , & Onghena, P. (2011). Measuring

statistics attitudes: Structure of the survey of attitudes toward Statistics (SATS-36).

Statistics Education Research Journal, 10 (1), 35–51 . 
an, X., Wang, W., Liu, J., & Tong, T. (2014). Estimating the sample mean and stan-

dard deviation from the sample size, median, range and/or interquartile range. BMC

Medical Research Methodology, 14 . https://doi.org/10.1186/1471-2288-14-135 . 

ang, P. , Palocsay, S. W. , Shi, J. , & White, M. M. (2018). Examining undergraduate stu-

dents’ attitudes toward business statistics in the United States and China. Decision

Sciences Journal of Innovative Education, 16 (3), 197–216 https://doi.org/10/gfxpjs . 

igfield, A., & Eccles, J. S. (2000). Expectancy–value theory of achieve-

ment motivation. Contemporary Educational Psychology, 25 (1), 68–81.

https://doi.org/10.1006/ceps.1999.1015 . 

entzel, K. R. , & Wigfield, A. (2009). Handbook of motivation at school (eds.) . New York,

NY: US: Routledge . 

igfield, A. , & Eccles, J. S. (2002). The development of competence beliefs, expectancies

for success, and achievement values from childhood through adolescence. In A. Wig-

field, & J. S. Eccles (Eds.), Development of achievement motivation (pp. 91–121). London,

UK: Academic Press . 

olff, F., Nagy, N., Helm, F., & Möller, J. (2018). Testing the internal/external

frame of reference model of academic achievement and academic self-

concept with open self-concept reports. Learning and Instruction, 55 , 58–66.

https://doi.org/10.1016/j.learninstruc.2017.09.006 . 

ylie, R. C. (1989). Measures of self-concept . London, UK: University of Nebraska Press . 

ang, L. , Weng, T. , Yang, D. , & Wu, P. (2014). The effectiveness of digital teaching mate-

rials on introduction statistics. In T. Shaw (Ed.), Proceedings of the 2014 international

conference on education reform and modern management (pp. 267–270). Paris: Atlantis

Press. Vol. 75 . 

imprich, D. (2012). Attitudes toward statistics among swiss psychology students. Journal

of Psychology, 71 (3), 149–155. https://doi.org/10.1024/1421-0185/a000082 . 

onnefeld, V. L. (2016). Mindsets, attitudes, and achievement in undergraduate statistics

courses (PhD dissertation) (Faculty Work: Comprehensive List, University of South

Dakota). Retrieved from http://digitalcollections.dordt.edu/faculty_work/199 . 

https://doi.org/10.4300/JGME-D-11-00147.1
https://doi.org/10.1007/s11162-010-9199-7
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0105
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0105
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0105
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0105
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0105
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0105
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0106
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0106
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0107
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0107
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0107
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0107
https://doi.org/10.1037/0022-0663.98.2.438
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0109
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0109
https://doi.org/10.1207/s15326985ep3902_3
https://doi.org/10.29333/ejmste/91912
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0112
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0112
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0112
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0112
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0112
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0112
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0112
https://doi.org/10.1186/1471-2288-14-135
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0114
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0114
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0114
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0114
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0114
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0114
https://doi.org/10.1006/ceps.1999.1015
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0122
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0122
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0122
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0122
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0116
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0116
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0116
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0116
https://doi.org/10.1016/j.learninstruc.2017.09.006
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0118
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0118
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0119
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0119
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0119
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0119
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0119
http://refhub.elsevier.com/S2666-3740(20)30020-0/sbref0119
https://doi.org/10.1024/1421-0185/a000082
http://digitalcollections.dordt.edu/faculty_work/199

	Measuring and improving university students’ statistics self-concept: A systematic review
	1 Introduction
	1.1 Self-concept: A multidimensional and hierarchial structure
	1.2 An overview of the theoretical relations between achievement and academic self-concept
	1.3 Theoretical framework
	1.4 Study Rationale

	2 Method
	2.1 Key concepts and search string
	2.2 Eligibility criteria
	2.3 Resources and collection process

	3 Results and discussion
	3.1 How can statistics self-concept be measured?
	3.2 How can Statistics Self-Concept be Improved?
	3.2.1 Pre-Test and Post-Test Only Design
	3.2.2 Pre-test and post-test with a comparison or control group

	3.3 Summary

	4.0 Recommendations for practitioners
	4.1 Recommendations for researchers

	5.0 Conclusion
	Declaration of interests
	Funding
	Acknowledgements
	References


