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Statistics play an important role in analyzing data in applied linguistics research. 
Given the increase over time in the field’s reliance on quantitative analysis 
(Brown, 2004; Gass, 2009), statistical literacy is critical for both producers and 
consumers of L2 research. Although there has been some investigation into sta-
tistical literacy among applied linguists, no research to date has examined how 
such literacy is obtained by masters and doctoral students in the field. The pres-
ent study investigated the development of statistical literacy in a sample of such 
students taking semester-long discipline-specific quantitative research methods 
courses. Participants completed a pre-course and post-course survey. The results 
indicate that participants increased their knowledge of basic descriptive statistics 
and common inferential statistics to a great extent. Furthermore, participants 
reported that they felt more confident interpreting and using statistics. Based on 
these findings, recommendations for improving methodological practices and 
graduate training in our field are provided.
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The development of statistical literacy in Applied Linguistics graduate 
students

Although applied linguistics1 has not had a long history as a discipline (De Bot, 
2015), the field has drawn on a variety of research methods to address diverse 
questions related to language learning and teaching (Norris, Ross & Schoonen, 
2015). One prevailing methodological family is quantitative research methods. 

1. The complexity of the field of inquiry under investigation is illustrated by the various termi-
nological labels used to refer to it. For the purposes of this manuscript, we have chosen to use 
only one term: applied linguistics to capture the breadth of the field. However, we acknowledge 
that the field can be, and has been, categorized in other ways.
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The use of quantitative research methods and statistics in the field of applied lin-
guistics has increased considerably since the field’s inception (Brown, 2004; Gass, 
2009; Loewen & Gass, 2009).

Given its long-standing tradition of quantitative research, statistical literacy is 
critical for both consumers and producers of L2 research. To be sure, the quality 
of conducting and reporting statistical analyses plays a crucial role in advancing 
L2 theory and practice. That is, applied linguists must be able to choose, apply, 
carry out, and interpret the statistical methods that are most appropriate for their 
research. In the same way, readers, reviewers, and editors of L2 research must pos-
sess sufficient statistical knowledge in order to evaluate the soundness of statistical 
analyses and to fully comprehend results based on quantitative data.

In recent years, there has been an increased concern regarding the quality 
of statistical knowledge and methodology in the field. For instance, several ap-
plied linguists (e.g., Lindstromberg, 2016; Norris, 2015; Norris, Plonsky, Ross 
& Schoonen, 2015; Plonsky, 2011, 2013, 2015a; Plonsky & Gass, 2011; Plonsky 
& Gonulal, 2015; Plonsky & Oswald, 2016; Winke, 2014) have attempted to de-
scribe the current state of methodological practices as observed in published L2 
research, and have called for a better statistical rigor, if not statistical sophistica-
tion. However, to date no research has investigated how applied linguists acquire 
their statistical knowledge. Furthermore, little is known about the content and 
nature of existing statistical training in applied linguistics programs. The current 
study therefore examines the development of statistical knowledge that occurs in 
discipline-specific courses on quantitative methods.

The state of the art

As is true of all fields that employ quantitative methods, statistics play a crucial 
role in data-dependent L2 research. Several methodological surveys (e.g., Gass, 
2009; Lazaraton, 2000, 2005; Plonsky, 2013) conducted to better understand the 
methodological culture of L2 research have highlighted the predominance of 
quantitative methods in the field. These studies have collectively shown that the 
quantitative repertoire of L2 researchers includes various basic and common sta-
tistical procedures (e.g., ANOVAs, t-tests, correlations). In the last two decades, 
the field of SLA has also become “more sophisticated in its use of statistics” (Gass, 
2009, p. 19). Indeed, novel and more sophisticated statistical techniques (e.g., fac-
tor analysis, structural equation modeling, mixed effects models, bootstrapping) 
are slowly finding their ways into L2 research (Cunnings, 2012; Larson-Hall & 
Herrington, 2010; Loewen & Gonulal, 2015; Plonsky, Egbert & LaFlair, 2014; 
Plonsky & Gass, 2011; Winke, 2014).

© 2017. John Benjamins Publishing Company
All rights reserved



6 Talip Gonulal, Shawn Loewen and Luke Plonsky

In light of the “methodological and statistical reform movement” in L2 quan-
titative research (Plonsky, 2015a, p. 4), newer and more field-specific statistics 
sources (e.g., books, articles and editorial comments) to which applied linguists 
can refer are also introduced. The first in-field manual to conducting statistical 
analyses using SPSS is Larson-Hall’s (2010) A Guide to Doing Statistics in Second 
Language Research Using SPSS. This text provides a comprehensive explanation 
of basic descriptive and common inferential statistics. Similarly, another SPSS-
based, step-by-step treatment of basic and common inferential statistics necessary 
for conducting experimental research in the field of applied linguistics is Lowie 
and Seton’ (2012) Essential Statistics for Applied Linguistics. Loewen and Plonsky’s 
(2015) An A-Z of Applied Linguistics Research Methods is another useful source 
for novice researchers that provides “bite-sized” treatment of methodological 
concepts and procedures that are commonly used in applied linguistics research. 
The book also provides examples from existing, discipline-specific experimental 
research studies. Although these three books can be handy references for a wide 
range of audiences, they are particularly appropriate for newly-minted research-
ers in the field of applied linguistics. Another important and recent example of a 
book-length methodological treatment is Plonsky’s (2015a) edited volume titled 
Advancing Quantitative Methods in Second Language Research, which, as the title 
implies, covers more advanced statistical concepts and procedures (e.g., cluster 
analysis, discriminant function analysis, Rasch analysis, and Bayesian analysis). 
Such development is necessary and timely in expanding the statistical repertoire 
of the field.

Furthermore, the status quo of quantitative research methods in applied lin-
guistics has recently attracted much editorial attention. For instance, Mahboob 
et al. (2016) introduced a fairly quantitative (and qualitative) research guidelines 
for studies submitted to TESOL Quarterly in order to ensure methodological 
quality and uniformity. Similarly, the 2015 volume of the Currents in Language 
Learning series has specifically focused on the need for improving the quantita-
tive reasoning in the field of applied linguistics by addressing common problems 
and proposed solutions to these issues along with important advances in quantita-
tive research. This journal, Language Learning, also recently commissioned and 
published new guidelines for quantitative research: Norris, Plonsky, Ross, and 
Schoonen (2015).

Methodological quality in applied linguistics

In order to properly conduct L2 research, it is critical to adhere to rigorous re-
search and reporting practices because, as Gass, Fleck, Leder, and Sveticks (1998) 

© 2017. John Benjamins Publishing Company
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highlighted, “respect for the field of SLA can come only through sound scientific 
progress” (p. 407). Fortunately, as the field of applied linguistics develops and be-
comes more sophisticated in its use of statistical techniques, a number of schol-
ars (e.g., Godfroid & Spino, 2015; Gonulal, 2016; Larson-Hall & Plonsky, 2015b; 
Lindstromberg, 2016; Loewen et al., 2014; Norris, 2015; Norris, Ross & Schoonen, 
2015; Paquot & Plonsky, 2017; Plonsky, 2011, 2013, 2015c; Plonsky & Oswald, 
2016) have drawn attention to the quality of statistical knowledge and methodol-
ogy in the field. Several frequent methodological problems have been observed in-
cluding (a) under- and overuse of certain statistical tests, (b) frequent violation of 
statistical assumptions, (c) omission of non-statistical results, and (d) poor report-
ing practices (e.g., Chaudron, 2001; Plonsky, 2013; Plonsky & Gass, 2011; Plonsky 
& Gonulal, 2015; Plonsky & Oswald, 2016; Norris, 2015; Winke, 2014).

Methodological syntheses in L2 research are another new and promising av-
enue in which the application of certain statistical methods in the field are exam-
ined, with an eye toward problems and data reporting practices associated with 
the statistical methods. Taking a meta-analytic approach, a number of quantita-
tively-minded researchers (Plonsky & Gonulal, 2015; Winke, 2014) have recently 
conducted such studies. For instance, Winke (2014) examined 39 structural equa-
tion modelling (SEM) studies published between 2008 and 2013. Winke, in her 
review, has focused specifically on the quality of the employment of SEM by ap-
plied linguists, in adherence to standards of methodological rigor. Winke reported 
that although the application of SEM was optimal in some studies, four areas (i.e., 
sample size, model presentation, reliability, and Likert-scale points) appeared to be 
recurrently problematic. In another study, Plonsky and Gonulal (2015) reviewed 
51 exploratory factor analysis (EFA) in L2 research, and discussed how such types 
of methodological syntheses could contribute to the field. Plonsky and Gonulal 
found that EFA was often applied in a relatively unsophisticated way by applied 
linguists. In a fair number of EFA studies, applied linguists made less than optimal 
decisions regarding exploratory factor analytic procedures and/or showed poor 
reporting practices. In a recent study, Plonsky and Oswald (2016) discussed L2 
researchers’ tendency to rely on mean-based comparisons, and the abundant use 
of ANOVA in particular. Given that “the constructs and processes central in L2 
research – learning, teaching, use, and assessment – are almost always multivariate 
in nature” (p. 8), Plonsky and Oswald suggested that multiple regression would be 
a better option instead of ANOVA in some instances, and can allow L2 researchers 
to obtain a better understanding of the relationships being modeled by their data.

When all taken together, the use of statistics in L2 research, particularly more 
advanced and sophisticated statistical procedures, is less than ideal. The ability 
of researchers to carry out sound research, to some extent, depends on the qual-
ity of the methodological training they receive (Henson, Hull & Williams, 2010). 

© 2017. John Benjamins Publishing Company
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Likewise, the methodological infelicities in applied linguistics studies can be at-
tributed, in part, to limited statistical literacy – and perhaps graduate training – of 
researchers (Gonulal, 2016; Norris, Ross, & Schoonen, 2015; Plonsky, 2013).

Statistical literacy in applied linguistics

Although statistical literacy has been investigated in different fields, it is a rela-
tively new term to L2 researchers. Several researchers have proposed slightly dif-
ferent definitions and operationalizations of this multi-componential construct. In 
a broad sense, Wallman (1993) defined statistical literacy as “the ability to under-
stand and critically evaluate statistical results that permeate our daily lives” (p. 1). 
In accordance with Wallman’s definition, Gal (2002) provided another compre-
hensive definition:

(a) people’s ability to interpret and critically evaluate statistical information, data 
related arguments, or stochastic phenomena, which they may encounter in di-
verse contexts, and when relevant (b) their ability to discuss or communicate their 
reactions to such statistical information, such as their understanding of the mean-
ing of the information, their opinions about the implications of this information, 
or their concerns regarding the acceptability of given conclusions. (p. 2–3)

Following the key points in these definitions, Gonulal (2016) presented a detailed 
definition of statistical literacy within the field of SLA:

…statistical literacy is more than the ability to read, understand and interpret 
statistical information presented in tabular and graphical format, but the ability to 
(a) choose correct statistical methods suitable for research questions, (b) conduct 
statistical analyses properly, (c) understand and interpret the results of statistical 
analyses, (d) evaluate the soundness of statistical analyses, and (e) report statisti-
cal results properly. (p. 102)

Despite the apparent importance of statistical literacy as a necessary skill to be ac-
quired by L2 researchers, reviewers, and consumers of research, to our knowledge, 
very few studies have investigated the state of statistical knowledge among such 
researchers. The first comprehensive study investigating applied linguists’ statisti-
cal knowledge and attitudes was Lazaraton, Riggenbach and Ediger’s (1987) study. 
Lazaraton et al. surveyed 121 L2 researchers regarding their degree of familiarity 
with 23 statistical concepts and procedures, and their attitudes towards statistics 
and quantitative research methods. As might be expected, L2 researchers were 
more comfortable in interpreting and using more basic statistical concepts and 
procedures (e.g., mean, median, and standard deviation) than more sophisticated 

© 2017. John Benjamins Publishing Company
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statistical methods and procedures (e.g., implicational scaling, power, and Scheffé 
test). Although attitudes towards the use of statistics and quantitative research 
methods varied, the majority of the participants considered statistical literacy as a 
necessary skill and stressed the need for applied linguists to undergo formal train-
ing (i.e., coursework) in research design/statistics.

Loewen et al. (2014), partially replicating Lazaraton et al.’s study after almost 
three decades, investigated the statistical knowledge of 331 L2 researchers, includ-
ing both doctoral students and professors. Their results largely mirrored the find-
ings of Lazaraton et al. in that L2 researchers were relatively comfortable with most 
basic descriptive and common inferential statistics such as t-test and ANOVA, but 
they were substantially less familiar with more complex and advanced inferential 
statistics. Further, L2 researchers had largely positive attitudes towards statistics 
and quantitative research.

More recently, Gonulal (2016) examined the state of statistical knowledge and 
statistical training of 120 doctoral students of SLA in North America. Gonulal 
used a statistical literacy assessment for second language acquisition (SLA for SLA) 
survey which consists of 28 scenario-based items to measure doctoral students’ 
knowledge of statistical methods that are typically encountered in L2 research. 
The results showed that SLA doctoral students were good at understanding basic 
and common inferential statistics whereas they were less comfortable in interpret-
ing statistical analyses. Gonulal also found that the number of statistics courses 
taken, quantitative research orientation and self-training in statistics were signifi-
cant predictors of statistical literacy. Furthermore, the participants expressed the 
need for more discipline-specific statistics courses to equip them with the essential 
knowledge and skills to deal with statistical analyses particular to applied linguis-
tics research.

Although these studies are valuable in providing a snapshot of statistical litera-
cy in the field, they indicate very little about the process by which applied linguists 
gain their statistical knowledge. In order to better understand this process, the 
current study investigates the development in statistical knowledge among mas-
ters and doctoral students in applied linguistics during semester-long courses in 
research methods and statistics. The following research question guided this study:

1. To what extent does the statistical literacy of MA and PhD students in applied 
linguistics improve during a semester-long statistics course?

© 2017. John Benjamins Publishing Company
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Method

Participants

Participants consisted of graduate students enrolled in research methods/statistics 
courses in one of four applied linguistics programs offered at American universi-
ties over the course of three years. These four programs were selected on the basis 
that they were offering not only foundational research methods courses but also 
higher-level statistics courses. A total of 50 participants completed the pre-course 
survey and 31 participants completed the post-course survey. Due to participant 
attrition, the number of participants who took the pre-course and post-course 
surveys is not equal. For example, in some cases, participants took only the pre-
course survey and missed the post-course survey. In some other cases, partici-
pants used a different ID in the post-course survey than they did in the pre-course 
survey, which made it difficult to link participants to their corresponding sur-
vey data. We are sensitive to a potential self-selection bias in our sample, a point 
we return to below.

Table 1 presents the demographic information about the participants. The ma-
jority were female and enrolled in a doctoral program in applied linguistics or a 
related field (e.g., TESOL, SLA).

Table 1. Participant demographic information

Pre-test Post-test

Category N = 50 % N = 31 %

Gender

Female 37 74 21 68

Male 13 26 10 32

Academic Position

MA student 12 24  7 23

PhD student 37 74 23 74

Other  1  2  1  3

Major Field

Applied Linguistics 23 46 16 52

SLA 15 30  6 19

TESOL/TEFL  7 14  4 13

Education  1  2  1  3

Other  4  8  4 13

© 2017. John Benjamins Publishing Company
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As can be seen in Table 2, participants were drawn from five different statistics 
courses. In order to understand the representativeness of the current sample, the 
researchers conducted internet searches to determine the total number of enrol-
ments in the research methods/statistics courses selected for the study. Table  2 
indicates that, in total, 100 students were enrolled in these five courses from Fall 
2013 to Spring 2015. Consequently, 50% of the target population took the pre-test, 
and 31% took the pre-test. Thus, while potentially smaller than desirable for the 
purpose of statistical analyses, the current sample size represents a relatively good 
proportion of the target population, namely American post-graduate students 
in applied linguistics research methods courses. Again, however, we recognize 
the potential of students who have stronger and/or more positive feelings about 
quantitative methods to have self-selected to participate and therefore to be over-
represented in our sample.

Table 2. Number of enrollments in statistics courses

Course name 2013 2014 2015

Fall Spring Fall Spring

Program A

Quantitative second language studies research  5 N/A  8  9a

Program B

Statistics for linguistic research  3 N/A 16  9a

Program C

Quantitative research methods 11 N/A 13 12a

Program D

Research methods in applied linguistics  9 17 N/A  9

Intermediate statistics in applied linguistics N/A N/A  9 N/A

Total 28 17 46 39

Note.
a. No participants were recruited in these semesters because data collection had finished. However, we 
provide enrollment numbers as further evidence of the relatively small population under investigation.

Statistics courses

The titles of the courses in which students were enrolled are listed in Table 2. In 
order to investigate course content, the course syllabi were collected and analyzed. 
The analysis revealed that the statistical procedures covered in these statistics 
courses include basic statistical procedures (e.g., standard deviation, correlation, 
mean, median), graphic and tabular presentation of data, as well as common infer-
ential statistics (e.g., t-tests, ANOVAs, regression, chi-square and non-parametric 

© 2017. John Benjamins Publishing Company
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tests). One course in Program D (i.e., Intermediate statistics in applied linguistics) 
introduced more advanced and sophisticated statistical methods, such as factor 
analysis, cluster analysis, discriminant function analysis, and logistic regression. 
However, other advanced statistical procedures such as structural equation model-
ing (SEM), implicational scaling, and Rasch analysis were not found in the syllabi. 
Stated course requirements included methodological critiques of research articles, 
small-scale statistical analyses, and final course projects, such as a quantitative re-
search proposal or a synthesis of the use of specific statistical procedure in applied 
linguistics research. Classroom assignments consisted largely of practice using 
SPSS. In terms of textbooks, Larson-Hall’s (2010) A Guide to Doing Statistics in 
Second Language Research Using SPSS and Field’s (2013) Discovering statistics using 
IBM SPSS statistics were the most commonly used textbooks. No additional infor-
mation regarding course content was collected other than syllabi. Consequently, it 
is possible that topics not explicitly mentioned in the syllabi may have been cov-
ered; however, the full and detailed syllabi left little room for additional material.

Instrument

The data for this study were collected using the statistical literacy survey used in 
Loewen et al. (2014). The survey consisted of four main sections: (a) demographic 
information, (b) knowledge of statistical concepts and procedures, (c) attitudes to-
wards statistics, and (d) statistical self-efficacy (based on Finney & Schraw, 2003). 
The reliability of sections b, c, and d was generally quite high (Cronbach’s α = .97, 
.88, .96, respectively; see Plonsky & Derrick, 2016). The same survey, administered 
using an online survey tool – Survey Monkey, was used for pre-test and post-test.

Procedure

An online version of the survey was created, and the data were collected over four se-
mesters. At the beginning and end of each semester, the researchers emailed course 
instructors and asked them to forward an invitation to participate, which included 
a link to the survey to their students. Four classes were contacted in Fall 2013, one 
class in Spring, 2014, four classes in Fall, 2014 and one class in Spring, 2015 (see 
Table 2). The survey took participants approximately 15 minutes to complete.

Analysis

It is quite important to decide on the types of statistical analysis appropriate for 
specific data and research questions. Wilkinson (1999) perhaps gives the best ad-
vice regarding which statistical procedures to use:

© 2017. John Benjamins Publishing Company
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Although complex designs and state-of-the-art methods are sometimes necessary 
to address research questions effectively, simpler classical approaches often can 
provide elegant and sufficient answers to important questions. Do not choose an 
analytic method to impress your readers or to deflect criticism. If the assumptions 
and strength of a simpler method are reasonable for your data and research prob-
lem, use it. (p. 598)

Because of the small sample size, participant attrition and unequal numbers of 
pre-test and post-test responders, it was not appropriate to submit the data in this 
study to common inferential and/or advanced statistical methods. Following the 
suggestion of Wilkinson (1999) and others such as Norris (2015) and Larson-Hall 
(2010) we decided to use “minimally sufficient analysis” in this study. Therefore, 
we calculated aggregate pre-course and post-course averages, and then calculat-
ed gain scores to investigate the development of statistical literacy that occurred 
during these one semester-long courses. We then computed confidence intervals, 
effect sizes, and utilized graphical data representation methods to address our 
research question.

Results

Fifty-six percent of participants indicated that they had taken an introductory 
research methods course prior to the current course, with an average of 1.75 
(SD = 1.35) courses. As shown in Table  3, approximately one-fourth of partici-
pants took these research methods courses within applied linguistics programs, 
with education comprising the next largest department.

Table 3. Departments in which previous statistics courses were taken

Category N = 50 %

Applied Linguistics 11 22

Education  8 16

Psychology  2  4

Linguistics  2  4

Mathematics  2  4

Statistics  1  2

Other  7 14

Table 4 indicates that, on the whole, participants believed that the adequacy of 
their statistical training improved from the beginning to the end of the semester. 
Although 26% of participants felt their statistical training was not adequate at the 

© 2017. John Benjamins Publishing Company
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time of pre-testing, only 13% of participants felt this to be the case at the end of a 
semester-long course.

Table 4. Adequate statistical training

Pre-test Post-test

Frequency % Frequency %

No 13 26  4 13

Somewhat 24 48 15 48

Yes 10 20 12 39

Participants were asked to report the type and frequency of statistical help they 
usually sought. At the beginning of the semester, the most frequently reported 
source was the internet; however, statistics textbooks were the most popular 
source after a semester-long statistics course, followed by internet.

Table 5. Type and frequency of statistical assistance

Pre-test Post-test Gain Score

Source M (SD) M (SD) M (SD)

Statistical textbooks 3.87 (1.86) 5.35 (0.98)  1.48 (1.04)

Colleagues 3.34 (1.69) 4.42 (1.38)  1.08 (0.76)

Internet 4.17 (1.77) 4.81 (1.22)  0.64 (0.45)

Stats seminar 1.76 (1.35) 2.48 (1.89)  0.72 (0.51)

Stats workshop 2.00 (1.18) 1.84 (1.34) −0.16 (0.11)

Professional consultants 1.87 (1.61) 1.68 (1.46) −0.19 (0.13)

University help center 1.57 (1.29) 1.10 (0.30) −0.47 (0.33)

Other 1.88 (1.83) 3.00 (2.17)  1.12 (0.79)

Note. 1 = never, 6 = very frequently

Participants were also asked to report the methods by which they calculated sta-
tistics. On both the pre-test and post-test, the most frequent method was SPSS, 
followed by Excel. However, by the end of the semester, all students reported using 
SPSS, while the number using Excel dropped 16%. The percent of participants 
who reported that they did not compute statistics dropped from 16% to 3%.

© 2017. John Benjamins Publishing Company
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Table 6. Type of statistical computation

Pre-test Post-test

Type N % N %

SPSS  37  74  31 100

Excel  32  64  15  48

R   7  14   5  16

By hand   7  14   5  16

SAS   2   4   0   0

I don’t compute   8  16   1   3

Other   4   8   1   3

Participants were asked to rate their ability to interpret 28 statistical terms, on 
a 6-point Likert scale. Following the results from the factor analysis in Loewen 
et al. (2014), these 28 statistical terms were analyzed in three groups: basic de-
scriptive statistics, common inferential statistics, and advanced statistics. In ad-
dition to empirical support from Loewen et al.’s results, these groupings largely 
align with those employed in previous reviews of statistical techniques in applied 
linguistics (e.g., Teleni & Baldauf, 1989) and other social sciences (e.g., Bangert & 
Baumberger, 2005).

Table 7 and Figure 1 show the development of self-reported statistical knowl-
edge in each category over the semester. As can be seen in Table 7, participants’ 
reported ability to interpret the three different types of statistics was statistically 
different, as indicated by the non-overlapping 95% confidence intervals (CIs) for 
the three groups. Furthermore, the ability to interpret basic descriptive and com-
mon inferential statistics increased substantially from pretest to posttest, as indi-
cated by the non-overlapping 95% CIs and the large effect sizes for two of the three 
groups (basic descriptives and common inferential statistics). The mean score in 
the ‘basic statistics’ category (5.46), in fact, nearly reached the upper limit of the 

Table 7. Descriptive statistics for the ability to interpret statistical procedures

Pre-test Post-test Mean Gain Cohen’s 
d

M (SD) 95% CI M (SD) 95% CI (SD)

Basic descriptives 4.55 (0.59) [4.14, 4.97] 5.46 (0.48) [5.12, 5.79] 0.90 (0.23) 1.67

Common infer-
entials

3.29 (0.52) [3.03, 3.56] 4.82 (0.80) [4.42, 5.23] 1.53 (0.45) 2.26

Advanced sta-
tistics

1.74 (0.31) [1.42, 2.02] 1.97 (0.77) [1.29, 2.64] 0.22 (0.48) 0.38

Note. CI = confidence interval

© 2017. John Benjamins Publishing Company
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6-point scale. In contrast, there was minimal improvement in participants’ self-
reported ability to interpret more advanced statistics, and the posttest mean for 
this category remained quite low (1.97) with relatively little change from pre- to 
post-test (d = 0.38).

In addition to calculating scores for the three general categories of statistics, 
we also calculated gain scores for individual statistical procedures listed in the sur-
vey (see Appendix A for full set of descriptive statistics). As shown in Table 8, for 
common inferential statistics, most of the concepts and procedures (e.g., degrees 
of freedom, post hoc tests, nonparametric tests, power analysis, confidence interval, 
and effect size) increased by more than one point. For advanced statistics, the only 
statistical procedure with a similarly high gain score was factor analysis. For basic 
descriptives, the gain scores on null hypothesis, random assignment, and standard 
deviation were high whereas the lowest gain scores were on mean and median, 
which were already rated as quite high on the pre-test.

Participants were also asked to rate their ability to use the three types of sta-
tistical knowledge on a 6-point Likert scale, and gain scores were calculated (see 
Appendix B for full set of descriptive statistics). As can be seen in Table 9, the re-
sults for participants’ ability to use statistics are similar to their ability to interpret 
them. All three groups had non-overlapping 95% CIs on the pre-test, meaning 
that students’ ability to use different types of statistics coming into the class was 

6

5

4

3

2

1

0

Type

(Error bars show 95% CI)

A
bi

lit
y 

to
 in

te
rp

re
t

pre-test post-test

common inferential
statistics knowledge
advanced statistics
knowledge
basic descriptive statistics 
knowledge

Figure 1. Development of self-reported ability to interpret statistical concepts
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Table 8. Gain scores for the ability to interpret different statistical terms

Statistical term Common inferentials Advanced statistics Basic descriptives

1. Degrees of freedom 2.15

2. Post hoc tests 1.97

3. Nonparametric tests 1.87

4. Power 1.82

5. Confidence interval 1.76

6. Effect size 1.76

7. Analysis of variance 
(ANOVA)

1.69

8. p-value 1.64

9. Chi-square 1.63

10. t-test 1.58

11. Variance 1.46

12. Regression 1.17

13. Standard score 1.16

14. Item analysis 0.70

15. Multivariate analysis of 
variance (MANOVA)

0.56

16. Factor analysis  0.99

17. Discriminant function 
analysis

 0.37

18. Structural equation mod-
eling (SEM)

 0.02

19. Rasch analysis −0.07

20. Implicational scaling −0.19

21. Null hypothesis 1.22

22. Random assignment 1.06

23. Standard deviation 1.02

24. Correlation 0.97

25. Reliability 0.94

26. Validity 0.84

27. Median 0.70

28. Mean 0.47
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significantly different. Furthermore, the 95% CIs for the post-test scores for both 
basic descriptive and common inferential statistics do not overlap with those from 
the pre-test, and the effect sizes for the first two categories are, again, quite large, 
indicating substantial improvement in these two categories. Improvement on ad-
vanced statistics was less dramatic but present nonetheless (d = 0.67)

Table 9. Descriptive statistics for the ability to use statistical procedures

Pre-test Post-test Mean Gain Cohen’s 
d

M (SD) 95% CI M (SD) 95% CI (SD)

Basic descriptives 4.08 (0.71) [3.58, 4.57] 5.28 (0.62) [4.85, 5.71] 1.21 (0.29) 1.81

Common infer-
entials

3.01 (0.53) [2.74, 3.27] 4.53 (0.89) [4.08, 4.98] 1.52 (0.46) 2.07

Advanced statistics 1.51 (0.12) [1.41, 1.61] 1.80 (0.60) [1.27, 2.33] 0.30 (0.49) 0.67

Note. CI = confidence interval

(Error bars show 95% CI)
pre-test post-test
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Figure 2. Development of self-reported ability to use statistical concepts

In parallel to our analysis of participants’ ability to interpret different statistical 
techniques, we further analyzed the highest and lowest gain scores for individual 
statistical procedures in each category. As shown in Table 10, for common infer-
entials the gain scores on almost all the statistical concepts and procedures were 
high, except for MANOVA and item analysis. For advanced statistics, the gain 
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Table 10. Gain scores for the ability to use different statistical terms

Statistical term Common inferentials Advanced statistics Basic descriptives

1. Regression 2.09

2. Variance 1.92

3. Analysis of variance 
(ANOVA)

1.91

4. Effect size 1.91

5. Degree of freedom 1.80

6. Power 1.78

7. Confidence interval 1.72

8. Post hoc tests 1.68

9. T-test 1.54

10. Chi-square 1.52

11. Nonparametric tests 1.50

12. Standard score 1.13

13. P-value 1.01

14. Multivariate analysis of 
variance (MANOVA)

0.84

15. Item analysis 0.50

16. Factor analysis  1.12

17. Discriminant function 
analysis

 0.36

18. Structural equation 
modeling (SEM)

 0.09

19. Implicational scaling −0.07

20. Rasch analysis −0.04

21. Null hypothesis 1.58

22. Random assignment 1.48

23. Correlation 1.40

24. Reliability 1.34

25. Median 1.15

26. Validity 0.97

27. Standard deviation 0.92

28. Mean 0.80
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scores on all the statistical procedures were quite low, apart from factor analysis. 
As for basic descriptives, the gain scores on null hypothesis and random assignment 
were high whereas the lowest gain scores were on mean and standard deviation, 
likely due to scores close to the ceiling on the pre-test.

Table 11. Descriptive statistics for the attitudes towards statistics

Pre-test Post-test Mean Gain Cohen’s d

M (SD) 95% CI M (SD) 95% CI (SD)

Statistical 
confidence

3.94 (0.49) [3.55, 4.33] 4.24 (0.27) [4.02, 4.46] 0.30 (0.60) 0.75

Importance 
of statistics

4.99 (0.61) [4.57, 5.41] 5.17 (0.70) [4.68, 5.66] 0.20 (0.34) 0.27

Note. CI = confidence interval

Participants were asked to rate their attitudes towards statistics on a 6-point Likert 
scale. Following Loewen et al. (2014), the attitudes statements were grouped under 
two factors: statistical confidence and importance of statistics. We calculated gain 
scores for these two factors, computing the difference between the pre-test and 
post-test mean scores (see Appendix C for full set of descriptive statistics). As can 
be seen in Table 11 and Figure 3, there was some increase in the scores for both 
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Figure 3. Change in attitudes towards statistics after a semester-long statistics course
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categories; however, the 95% CIs overlap from pre-test to post-test, suggesting that 
students’ attitudes towards statistics did not change during the semester. The gain 
scores from the individual questionnaire items are presented in Table 12.

Table 12. Gain scores on the attitudes towards statistics

Statistical 
confidence

Importance of 
statistics

12. I feel confident giving advice about statistics to others.  0.70

4. I feel comfortable working with statistics in research.  0.56

13. The field of applied linguistics/SLA should have more 
rigorous standards for the use of statistics.

 0.42

3. It is possible to be well informed about research without 
knowing anything about statistics.

 0.26

2. I trust others for advice about statistics more than myself. −0.17

1. I skim over statistics in result sections of research reports. −0.92

6. Statistical findings are useful for practical things (e.g., teach-
ing, designing tests).

 0.72

7. A course in statistics should be required for students in ap-
plied linguistics/SLA.

 0.48

11. It is important for me to understand statistics.  0.24

9. It is important for me to be able to use statistics in my 
research.

 0.19

10. There are strict standards of appropriateness in statistics.  0.14

8. In quantitative research, there are rules that have to be fol-
lowed.

 0.14

5. I have more faith in the results of quantitative studies than 
those of qualitative studies.

−0.05

14. There is no need for me to be knowledgeable about statis-
tics.

−0.42

Note. 1 = strongly disagree 6 = strongly agree

The final part of the survey asked participants to rate their statistical self-efficacy 
on a 6-point Likert scale. The total score from pre-test (M = 3.44, SD = 0.41, 95% 
CIs [3.23, 3.65]) to post-test (M = 4.82, SD = 0.49, 95% CIs [4.56, 5.08]) increased 
by almost one and half points (M = 1.38, SD = 0.32). The non-overlapping 95% 
CIs and the very large effect size (d = 3.05) indicate that there was a statically sig-
nificant and substantial increase in students’ self-reported statistical self-efficacy. 
The gain scores from each of the fourteen items are presented in Table 13 (see 
Appendix D for descriptive statistics for pre-test and post-test).
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Table 13. Gains in statistical self-efficacy

Gain score

1. Identify the scale of measurement for a variable. 1.79

8. Distinguish between a Type I error and a Type II error in hypothesis testing. 1.78

12. Distinguish between a population parameter and a sample statistic. 1.69

2. Interpret the probability value (p-value) from a statistical procedure. 1.66

11. Distinguish between the information given by the three measures of central 
tendency.

1.47

3. Identify if a distribution is skewed when given the values of three measures of 
central tendency.

1.46

6. Identify the factors that influence statistical power. 1.41

4. Select the correct statistical procedure to be used to answer a research question. 1.36

14. Explain the difference between a sampling distribution and a population 
distribution.

1.34

5. Interpret the results of a statistical procedure in terms of the research question. 1.33

13. Identify when the mean, median, and mode should be used as a measure of 
central tendency.

1.20

10. Distinguish between the objective of descriptive versus inferential statistical 
procedures.

1.13

9. Explain what the numeric value of the standard error is measuring. 0.97

7. Explain what the value of the standard deviation means in terms of the variable 
being measured.

0.63

Note. 1 = no confidence at all, 6 = complete confidence

Discussion and conclusions

The current study examined the development of statistical literacy in a sample of 
applied linguistics graduate students during semester-long statistics courses. The 
students’ scores indicated substantial gains in their self-reported ability to inter-
pret and use both basic descriptive and common inferential statistics. In addition, 
significant gains were found in their statistical self-efficacy. However, smaller gains 
were found for students’ self-reported ability to interpret and use advanced statis-
tics and for students’ attitudes towards statistics.

It is also gratifying to see that most students came into their statistics cours-
es having already taken at least one (M = 1.75, SD = 1.35) quantitative methods 
course (this number would be higher when the statistics courses in which they 
were drawn were included). This finding is also in line with Gonulal’s (2016) study 
in which SLA doctoral students reported having taken more than two statistics 
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courses on average (M = 2.19, SD = 1.56). It is also important to note here that 
many of those courses were taken in applied linguistics programs, unlike Loewen 
et al.’s (2014) study in which participants took statistics courses mostly in educa-
tion and psychology departments. Almost 40% of the participants felt that their 
training was adequate while only 13% didn’t feel that way. Similarly, doctoral stu-
dents in Gonulal’s study were in the middle ground in terms of their overall statis-
tical training, but they were dissatisfied with their training in inferential statistics, 
particularly advanced statistics. Loewen et al.’s study also painted a similar picture 
in that only 13% of doctoral students felt that their statistical training was ad-
equate, while 40% felt that their training was inadequate.

When looking more closely at the course syllabi, the range of statistical train-
ing offerings varied only slightly  – most quantitative research methods courses 
offered in-depth coverage of basic descriptive statistics and common inferential 
statistics but not advanced statistics. In fact, we see that the areas in which the 
students reported making gains corresponded with the content of the courses, 
namely basic descriptive and common inferential statistics. Some of the highest 
gain scores were found for concepts such as degrees of freedom, statistical power, 
post hoc tests, ANOVA, and effect size. Though the larger field of applied linguistics 
may still lack in its understanding and application of some of these terms (see 
Plonsky, 2013, 2015c), these gains indicate that many researchers are finding their 
way into the content of methodological training in the field.

In contrast to basic descriptive and common inferential statistics, strong gains 
in advanced statistics were not observed, nor were those topics included in most 
of the course syllabi. In fact, these findings might, to some extent, explain the less 
than optimal use of some advanced statistical methods in linguistics research (see 
Plonsky & Gonulal, 2015; Winke, 2014). Brown (2015) and Plonsky and Oswald 
(2016) both argue that, in many cases, techniques that go beyond t-tests, ANOVAs, 
and correlation might shed light on the inherently multivariate nature of L2 learn-
ing and use. However, in order to maximize our field’s potential to apply such 
techniques, training beyond what is currently offered is certainly needed.

While it may seem uninteresting that students reported learning what they 
were taught, we would argue that so far the field of applied linguistics has little idea 
of what is being taught in quantitative research methods courses nor what students 
are learning. This study, then, provides empirical evidence to support what many 
people may have viewed as commonsensical. Additionally, the current results raise 
the question of the means and rate by which masters and doctoral students, and 
(future) faculty are gaining knowledge of more advanced statistical procedures.

Finally, the results of the attitudes and self-efficacy surveys shed additional 
light on the development of statistical literacy in the field. There were no sub-
stantial increases in participants’ statistical confidence or in their views on the 
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importance of statistics. Both of these scores were already quite high on the pretest 
(M = 3.94, SD = 0.49 for statistical confidence; M = 4.99, SD = 0.61 for importance 
of statistics), and did not increase much on the posttest (M = 4.24, SD = 0.27; 
M = 5.17, SD = 0.70, respectively). In contrast, there was a significant increase on 
the statistical self-efficacy survey (M = 3.44, SD = 0.41 for the pre-test; M = 4.82, 
SD = 0.49 for the post-test). These results suggest that perhaps the students were 
relatively confident of their statistical abilities in the abstract before beginning the 
courses, but when asked about their confidence in performing specific tasks such 
as identifying the scale of measurement in a study, or distinguishing between a 
Type I and Type II error, they were less confident initially. These results indicate 
the importance of research into specific aspects of statistical literacy, in addition to 
students’ attitudes. Indeed, Gonulal (2016) found three related components (i.e., 
understanding of descriptive statistics, understanding of inferential statistics, and 
interpretation of inferential statistics) of statistical literacy, and reported that doc-
toral students’ performances on the third component (i.e., interpretation of infer-
ential statistics), which requires slightly more sophisticated way of thinking, were 
lower than those on the two other components.

Even though the current study indicates a number of positive developments 
during semester-long statistics courses, there are several limitations that should 
be kept in mind. First and foremost is the sample size, which is small. However, 
as argued earlier, we do see it as likely to be fairly representative of the popula-
tion of students taking graduate courses in applied linguistics research methods 
in the US, which is also quite small. On a related note, participant attrition during 
the study limited the statistical analyses and, more importantly, may have pro-
vided us with a sample of post-course participants that are more positively dis-
posed towards statistics than the larger population of interest. In addition, the 
current study relies on self-report data to investigate students’ statistical literacy 
development. Therefore, to accurately investigate the development of statistical 
literacy, instruments that can provide direct evidence of participants’ statistical 
capabilities should be used, as opposed to merely gathering self-report data. What 
learners think they can do in the abstract may differ from their ability to interpret 
or perform specific statistical problems. This is certainly an area worthy of the at-
tention. Further, future research investigating statistical literacy should also take 
self-training in statistics into consideration. As Gonulal (2016) pointed out, self-
training in statistics among SLA doctoral students might not be very common 
but it plays a crucial role on the development of statistical literacy, along with the 
number of statistics courses taken and quantitative research orientation. Although 
we conducted a syllabus review, future research would do well to observe classes, 
and to interview course instructors in order to better understand course content 
and instructional activities. Finally, the use of surveys with closed-items does not 
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provide participants the opportunity to add their own views and perspectives on 
the development of statistical knowledge. It would be useful and informative to 
interview both students and teachers to explore the challenges and successes of 
developing statistical literacy.

In spite of these limitations, we feel that this small-scale study makes an im-
portant contribution to our understanding of methodological development in ap-
plied linguistics students, an area that we know virtually nothing about but that is 
critical to our ability to advance L2 theory and practice through empirical research. 
This study shows that although the current statistical training in the field seems to 
address basic descriptive statistics and common inferential statistics, many of the 
advances in statistical analyses (e.g., bootstrapping, SEM, mixed-effects models) 
remain outside the scope of existing statistical training in the field. Due to the im-
portant and continuing role that quantitative analysis plays in L2 research, a better 
understanding of methodological instruction and statistical literacy is critical and 
certainly worthy of the field’s attention.
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Appendix A. Full set of descriptive statistics for the ability to interpret 
different statistical terms

Statistical term Pre-test Post-test

M (SD) M (SD)

Degrees of freedom 2.95 (1.60) 5.10 (0.83)

Discriminant FA 1.60 (1.24) 1.97 (1.47)

Variance 3.57 (1.76) 5.03 (0.87)

Standard score 3.19 (1.80) 4.35 (1.49)

Regression 2.86 (1.68) 4.03 (1.72)

Factor analysis 2.30 (1.49) 3.29 (1.88)

Post hoc tests 3.09 (1.99) 5.06 (0.96)

Effect size 3.59 (1.74) 5.35 (0.71)

Rasch model 1.68 (1.33) 1.61 (1.08)

p-value 4.20 (2.00) 5.84 (0.37)

Confidence interval 3.59 (1.96) 5.35 (0.95)

Implicational scaling 1.58 (1.44) 1.39 (1.02)

Mean 5.50 (1.25) 5.97 (0.18)

Null hypothesis 4.75 (1.81) 5.97 (0.18)

t-test 4.19 (1.83) 5.77 (0.53)

ANOVA 3.86 (1.88) 5.55 (0.68)

Nonparametric tests 2.84 (2.00) 4.71 (1.55)

Item analysis 2.95 (1.92) 3.65 (1.91)

Chi-square 3.27 (1.81) 4.90 (1.19)

Standard deviation 4.59 (1.56) 5.61 (0.67)

MANOVA 2.41 (1.66) 2.97 (1.66)

SEM 1.56 (0.98) 1.58 (0.99)

Median 5.14 (1.67) 5.84 (0.37)

Random assignment 3.59 (2.09) 4.65 (1.83)

Statistical power 2.86 (1.81) 4.68 (1.62)

Validity 4.16 (1.80) 5.00 (1.23)

Correlation 4.45 (1.85) 5.42 (0.99)

Reliability 4.25 (1.79) 5.19 (1.25)
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Appendix B. Full set of descriptive statistics for the ability to use different 
statistical terms

Statistical term Pre-test Post-test

M (SD) M (SD)

Degrees of freedom 2.88 (1.94) 4.66 (1.32)

Discriminant FA 1.51 (1.21) 1.87 (1.48)

Variance 3.17 (1.82) 4.67 (1.21)

Standard score 2.80 (1.82) 3.93 (1.67)

Regression 2.49 (1.71) 3.50 (1.85)

Factor analysis 1.68 (1.11) 2.80 (1.94)

Post hoc tests 3.02 (2.09) 4.93 (0.98)

Effect size 3.22 (1.84) 4.90 (1.61)

Rasch model 1.54 (1.23) 1.63 (1.43)

p-value 4.05 (2.16) 5.77 (0.57)

Confidence interval 3.43 (2.01) 4.97 (1.63)

Implicational scaling 1.44 (1.07) 1.40 (1.30)

Mean 5.10 (1.67) 5.90 (0.31)

Null hypothesis 4.39 (1.92) 5.97 (0.18)

t-test 3.85 (2.09) 5.77 (0.50)

ANOVA 3.34 (2.02) 5.43 (0.82)

Nonparametric tests 2.71 (2.01) 4.23 (1.68)

Item analysis 2.49 (1.86) 3.33 (1.95)

Chi-square 3.07 (1.71) 4.87 (1.33)

Standard deviation 4.46 (1.83) 5.38 (0.98)

MANOVA 2.10 (1.59) 2.60 (1.69)

SEM 1.37 (0.86) 1.30 (0.75)

Median 4.68 (1.96) 5.83 (0.46)

Random assignment 2.95 (2.13) 4.43 (1.76)

Statistical power 2.46 (1.70) 4.37 (1.65)

Validity 3.46 (1.73) 4.43 (1.46)

Correlation 3.90 (2.07) 5.30 (1.12)

Reliability 3.66 (1.87) 5.00 (1.26)
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Appendix C. Descriptive statistics for attitudes toward statistics

Pre-test Post-test

M (SD) M (SD)
*1. I skim over statistics in result sections of research reports. 3.31 (1.65) 4.23 (1.30)

2. I trust others for advice about statistics more than myself. 4.20 (1.28) 4.03 (1.03)

3. It is possible to be well informed about research without knowing 
anything about statistics.

2.61 (1.35) 2.87 (1.61)

4. I feel comfortable working with statistics in research. 3.54 (1.69) 4.10 (1.21)

5. I have more faith in the results of quantitative studies than those 
of qualitative studies.

3.78 (1.59) 3.73 (1.53)

6. Statistical findings are useful for practical things (e.g., teaching, 
designing tests).

4.41 (1.48) 5.13 (0.86)

7. A course in statistics should be required for students in applied 
linguistics/SLA.

5.29 (1.29) 5.77 (0.42)

8. In quantitative research, there are rules that have to be followed. 5.46 (0.89) 5.60 (0.56)

9. It is important for me to be able to use statistics in my research. 5.41 (1.07) 5.60 (0.72)

10. There are strict standards of appropriateness in statistics. 4.93 (1.10) 5.07 (0.82)

11. It is important for me to understand statistics. 5.56 (0.97) 5.80 (0.49)

12. I feel confident giving advice about statistics to others. 2.90 (1.51) 3.60 (1.19)

13. The field of applied linguistics/SLA should have more rigorous 
standards for the use of statistics.

4.28 (1.43) 4.70 (1.12)

*14. There is no need for me to be knowledgeable about statistics. 5.08 (1.08) 4.67 (2.09)

Note.
* shows reverse coded items
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Appendix D. Descriptive statistics for statistics self-efficacy

Pre-test Post-test

M (SD) M (SD)

1. Identify the scale of measurement for a variable. 3.51 (1.89) 5.30 (0.95)

2. Interpret the probability value (p-value) from a statistical proce-
dure.

4.07 (1.88) 5.73 (0.52)

3. Identify if a distribution is skewed when given the values of three 
measures of central tendency.

3.68 (1.84) 5.14 (0.99)

4. Select the correct statistical procedure to be used to answer a 
research question.

3.17 (1.53) 4.53 (0.90)

5. Interpret the results of a statistical procedure in terms of the 
research question.

3.60 (1.41) 4.93 (0.64)

6. Identify the factors that influence statistical power. 2.76 (1.61) 4.17 (1.09)

7. Explain what the value of the standard deviation means in terms 
of the variable being measured.

4.07 (1.63) 4.70 (0.99)

8. Distinguish between a Type I error and a Type II error in hypoth-
esis testing.

3.35 (2.03) 5.13 (1.01)

9. Explain what the numeric value of the standard error is measur-
ing.

2.73 (1.50) 3.70 (1.29)

10. Distinguish between the objective of descriptive versus inferential 
statistical procedures.

3.73 (2.09) 4.86 (1.68)

11. Distinguish between the information given by the three measures 
of central tendency.

3.53 (2.20) 5.00 (1.37)

12. Distinguish between a population parameter and a sample 
statistic.

3.08 (1.89) 4.77 (1.43)

13. Identify when the mean, median, and mode should be used as a 
measure of central tendency.

3.60 (1.78) 4.80 (1.32)

14. Explain the difference between a sampling distribution and a 
population distribution.

3.33 (1.80) 4.67 (1.30)
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